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FROM THE AUTHOR

This document is written for multiple levels of comprehension. While most of the text uses plain language, it incorporates code and
mathematics where necessary to bridge the transition from theory to application. For readers unfamiliar with these technical
elements, | have worked to convey their essential meaning while maximizing overall accessibility. After all, this system has to be
built—and while theory and principles matter, this document aims to help get the project underway.

| encourage readers not to shy away from code and mathematical formulas. These elements are simply more contextually efficient
languages for the specific goals being pursued. If we wish to update our social and economic organization in an optimized way,
modern methods are required. The more familiar people become with the technical vocabulary of Integral, the more effective the
project can be—because Integral does not merely seek a new form of mass direct democracy in economic management and
governance; it requires it.

The complexity inherent in this systems-of-systems approach may appear daunting. | wish to assure readers that what is proposed
here is not impractical when approached step by step. At higher levels of application, Integral exhibits complexity comparable to the
IT architectures already used in major commercial logistics operations. At lower levels, fragments of the core architecture can be
distilled, allowing processes to adhere to the same fundamental system at much smaller scale. This scalability is critical to
communicating Integral in its early stages.

Transition, while inherently murky, is deeply embedded in the structure itself—moving from small to large, and from simple to
complex. As will be described, Integral is a hybrid of pre-existing mutual aid concepts and management cybernetics. The term
Integral refers to integration: bringing together ideas and institutional processes that already exist in simpler forms. The overall
empirical basis for this work is readily apparent. What differs is the degree of integration, which Integral seeks to advance to new
levels.

This document intentionally leaves the entire conception open to peer review and improvement. While certain areas appear
detailed, the work remains functionally preliminary. It is my hope that thoughtful readers will thoroughly review this document to
expand needed dialogue. The website integralcollective.io will provide links to the peer review process and suggested instructions
on how feedback and discussion can begin.

A GitHub repository has been created for core software development, which will be accessible through integralcollective.io once
there is sufficient confidence that the project is ready to proceed. Ideally, volunteers—working in the spirit of Integral collaborative
development—will help bring this initial effort forward, as is common in community-driven open-source projects. If a volunteer-
based approach proves unfeasible—which would not be unexpected, given modern scarcity pressures and the relatively fringe
nature of a subculture willing to devote substantial time to a project of this scope—fundraising will commence to support
professional development of the software suite.

| do not encourage detached, independent development of this core software due to the importance of interoperability. It is critical
that the core systems be developed collectively, with consensus, to ensure seamless internodal communication. Once the initial
software suite becomes operational, it will be accessible to regional nodes. This stage represents the first truly operational and
developmental phase of the project.

As with all open-source software, nothing is set in stone. However, this foundational software suite must be established for the
network to start functioning as intended. At the same time, the total system does not need to be fully defined according to every
potential specification at the outset. Software development—Ilike the overall project itself—should begin in a reduced, simplified
form and expand in comprehensiveness strategically over time.

Assuming foundational development can get underway, | anticipate annual community and developer conferences for Integral.
These gatherings, whether virtual or in person, would help refine existing system mechanics, propose new modules, and, at more
advanced stages, showcase fully realized projects that have emerged through the system. For example, if a node community
develops a peer-to-peer rideshare network using the Integral protocol—including its mobile application and supporting technical
infrastructure—such a project could be presented at the annual conference alongside others.



Finally, regardless of whether one believes something of this nature is technically feasible—or considers the numerous political and
social barriers that currently exist—I wish to emphasize that Integral is not merely an activist project. It also fundamentally engages
with the epistemological foundations of what a real economy actually is. | state this not out of conceit, but as a matter of objective
observation—particularly when contrasted with the dramatic failures of the current global system dominated by market economics,
a system that can only gesturally be referred to as an "economy," as it lacks most of the core properties the term implies.

It also makes no difference whether the reader considers themselves a capitalist, socialist, anarchist, or anything else. Such labels
are of little relevance here, as they are largely heuristic abstractions. What follows is not driven by historical ideology. It is driven by
advances in the science of systems management, and by the practical realities of what it means for civilization to survive in
harmony with its habitat and with itself—in an optimized and sustainable way. That is what an economy actually is, and what it is
meant to do. No label beyond the word itself is necessary.

~Peter Joseph, December 2025
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ABSTRACT

Modern industrial civilization faces a convergence of systemic failures—ecological overshoot, structural inequality, political polarization, and widespread economic
insecurity. These crises are not anomalies or policy errors; they are the predictable outcomes of a socio-economic architecture rooted in competitive markets, perpetual
growth, and price-driven coordination. Because these failures are structural, they cannot be resolved through conventional reforms, regulations, or technological
optimism alone. What is required is a new framework of economic organization: one that is democratic, cooperative, ecologically aligned, and cybernetically coherent.

Integral is a federated, post-monetary cooperative system designed to meet this need. It integrates five interdependent subsystems—Collaborative Decision System
(CDS), Open Access Design (OAD), Integral Time Credits (ITC), Cooperative Organization System (COS), and the Feedback & Review System (FRS)—into a unified
architecture capable of coordinating production, allocation, and governance without markets, private ownership, or centralized state control. Rather than relying on
prices and profit incentives, Integral uses transparent designs, contextualized labor reciprocity, distributed deliberation, and real-time feedback to align human
behavior with social and planetary well-being.

The system is structured to grow gradually and non-coercively. Integral nodes can begin as small mutual-aid cooperatives, operate in parallel with existing market
institutions, and federate over time through shared standards and open design repositories. As participation expands, the network exhibits increasing returns to
cooperation: production becomes more efficient, automation and efficiency increases reduces necessary labor, ecological impacts decline, and access to goods and
services approaches post-scarcity as an emergent property rather than an ideological claim.

By embedding cybernetic feedback, non-transferable contribution accounting, and open-source design into the core of economic organization, Integral provides a
foundation for true economic calculation—one grounded in physical reality rather than speculative price signals. The result is an adaptive, transparent, and resilient
socio-economic system that enables coordinated production, democratic governance, and equitable access while operating within ecological boundaries. Integral is not
a utopian blueprint; it is an evolutionary architecture capable of transforming how societies organize to meet human needs, from the local to the planetary scale.

1. INTRODUCTION
1.1 Purpose of the Paper



The purpose of this paper is to articulate a coherent, technically grounded alternative to the dominant socio-economic systems of the modern world. Integral is
proposed as a practical response to the structural failures of market capitalism and the parallel limitations of centralized state planning. The aim is to detail a
framework capable of coordinating production, allocation, and governance in a manner that is ecologically sustainable, socially equitable, and cybernetically viable.

Integral exists because the prevailing economic architecture—rooted in competition, perpetual growth, and price-mediated coordination—cannot adapt to the
constraints of a finite planet or meet the needs of an increasingly complex global society. The problems we face today are not aberrations. They emerge from the
underlying logic of systems that reward scarcity manipulation, externalize ecological costs, concentrate wealth, and erode democratic agency. These dynamics are not
solved by better leadership, improved policy, or external moral appeals, because they arise from incentives embedded in the very structure of the system.

A new architecture must therefore be democratic, voluntary, cooperative, and cybernetic:

¢ Democratic, because legitimate coordination cannot operate above or against the people who sustain it.

* Voluntary, because coercive systems—whether market-based or state-based—ultimately reproduce hierarchy and domination.

* Cooperative, because competition over essential resources inevitably leads to inequality, inefficiency, and conflict.

e Cybernetic, because only a feedback-driven, adaptive, information-rich system can manage modern complexity without collapsing into chaos or authoritarian
oversight.

This paper lays out the rationale, structure, and operational logic of Integral, showing how these principles integrate into a unified, scalable economic system.

1.2 Core Goals of Integral

Integral is built around a set of core goals grounded in the practical needs of a sustainable, equitable, and modern society. These goals are not ideological preferences
but structural requirements for a viable post-market civilization.

Sustainability

Ensuring long-term system viability through regenerative provisioning, stabilized resource cycles, and the elimination of extractive or parasitic economic behavior.
Sustainability here refers to the endurance of social and material conditions over time. This means production cannot be based on linear throughput or depletion,
but must operate as a metabolic cycle that renews its inputs. A sustainable economy is one that does not require crisis to function.

Human Well-Being

The system prioritizes access to essential goods, security, autonomy, and meaningful participation. Economic success is measured by indicators of social health rather
than growth or capital accumulation. Well-being becomes the baseline metric—not profit—meaning progress is defined by improved quality of life, time affluence, and
psychosocial stability. In Integral, a prosperous society is one where human potential expands, not one where consumption increases.

Democratic Coordination

Decision-making is participatory, transparent, and structured to preserve agency and legitimacy. Cybernetic governance tools allow communities to coordinate
effectively without hierarchy or coercion. Instead of delegating authority to central administrators or relying on price as a proxy for preference, decision pathways
remain open, collaborative, and evidence-driven. Democracy becomes a process of feedback, not a periodic vote.

Ecological Balance

Production and consumption remain aligned with planetary boundaries through real-time ecological feedback. The system is designed to remain within biophysical
limits rather than treating them as externalities. Resource flows are continuously monitored, allowing adaptive planning before scarcity or damage occurs. Instead of
reacting to crises, Integral anticipates and avoids them through systemic awareness.

True Economic Calculation

Integral replaces speculative price signals with real biophysical metrics, transparent design information, and cybernetic feedback. Allocation and coordination are
grounded in physical reality, enabling efficient, adaptive, and accurate economic calculation that markets and state planning alike cannot achieve. This means decisions
are informed by energy cost, material availability, labor capacity, ecological impact, and actual need—not by the willingness or ability to pay. In a system where data
replaces distortion, rational allocation becomes possible.

Non-Accumulative Reciprocity

The Integral Time Credit system recognizes contributions without enabling wealth hoarding. Credits decay over time, preventing hierarchical stratification and
reinforcing equity. This maintains incentive for contribution while ensuring no class of permanent winners or idle rentiers can emerge. Economic participation becomes
circular, not accumulative—rewarding engagement rather than ownership.

Cooperative Production

The Cooperative Organization System (COS) replaces competitive markets with collaborative production units that share designs, workflows, and improvements.
Efficiency emerges through cooperation, not rivalry, enabling high-quality production without exploitation. Innovation becomes cumulative and open rather than
privatized and exclusive. The goal is not to outperform competitors, but to iteratively elevate collective capacity.

Adaptive Transition

Integral is designed to emerge gradually, non-coercively, and in parallel with existing market and state systems. Rather than overthrowing or abruptly replacing current
structures, it grows through scalable cooperative nodes, commons-based provisioning, open design networks, and time-credit reciprocity that meet real needs long
before they challenge entrenchment.

Toward Post-Scarcity

Integral aims to reduce scarcity through open design, shared production capacity, and continuously improving resource efficiency. Rather than relying on artificial
scarcity and competitive access, it builds abundance by cutting waste, automating routine labor, and designing goods for longevity and repair. As cooperative
production grows and knowledge becomes openly accessible, the labor and resource cost of essentials declines, making provisioning easier and more stable. Post-
scarcity here means essential needs can be reliably met for all—without deprivation or competition—because access is structurally guaranteed, not rationed.



2. AHUMAN-LEVEL ANALOGY
2.1 A Pre-Industrial Village

Imagine a small pre-industrial village of a few dozen families. Over time, the villagers notice that the natural environment stays stable through cycles of feedback and
gradual adjustment. No authority controls this order; it emerges from information flow. They decide their own society can function the same way—through shared
knowledge, open coordination, and transparent responsibility.

They hold open meetings where anyone may contribute and maintain a communal ledger tracking work, materials, and household needs. The ledger is not a device for
status but a practical memory system: it shows who is contributing, where support is needed, and how resources should be allocated. Labor is counted hour for hour,
with minor adjustments for difficulty, urgency, or individual capacity. These adjustments remain narrow and predictable, ensuring no one gains advantage or influence.

Many goods they produce—simple tools, common foods, basic repairs—are abundant and functionally free. But when something requires concentrated effort, rare
materials, or specialized skill, its access value arises directly from the production record. The ledger shows the hours spent, the materials withdrawn, and the wear on
shared tools. It also notes ecological impact, since the villagers understand that a good is not truly “finished"” if creating it imposes unsustainable costs on the land that
supports them. Value is therefore not a price but a reflection of embodied labor, material use, and environmental effect.

This becomes clear when the village constructs a simple bicycle to help a worker with long travel needs. Building it requires careful shaping of metal, use of limited
stores, and specialized labor. The ledger logs this effort, and the finished bicycle carries an access requirement proportional to these recorded inputs. A household that
has contributed enough labor may obtain it by exchanging part of its ledger balance; someone with limited physical capacity may receive an adjusted requirement so
that access remains fair and non-punitive. Equity is built into the calculation, not added afterward as charity.

Public design proposals in a shared notebook guide infrastructure decisions—wells, mills, storage buildings—evaluated according to available materials and labor. Small
rotating teams handle day-to-day coordination, ensuring work remains balanced without forming hierarchy. Every two weeks, rotating pairs visit households to gather
feedback on workloads, resource conditions, and emerging needs. This information is reviewed openly and used to make timely adjustments, preventing minor issues
from becoming major ones.

Over time the village becomes more stable and predictable. Workloads stay manageable, and conflict is rare because planning is transparent. Cooperation reduces
waste, improves efficiency, and gradually lowers the embodied effort of many goods—including future bicycles. As production becomes easier, access requirements fall
naturally. The village approaches a modest form of post-scarcity: not abundance, but reliable sufficiency.

Neighboring villages adopt similar methods, forming a loose cooperative network based on shared norms and transparent ledgers rather than centralized authority.
Even with simple tools, the social architecture is notable: order emerges without markets, domination, or price-based allocation.

Modern Integral builds directly on this logic—using advanced tools to scale the same cooperative, feedback-driven structure across larger populations and more
complex production systems.

2.2 Principles lllustrated by the Analogy

This village example demonstrates several core principles that underpin Integral’s architecture. Although the tools are simple and the scale is small, the underlying logic
mirrors what a modern cooperative economic system requires.

First, coordination can occur without markets or centralized authority when information is transparent and shared. The villagers rely on open meetings, public records,
and routine feedback to align their actions. Order emerges from participation rather than command or price signals.

Second, equitable access does not require monetary exchange. A communal ledger that records labor, materials used, and the ecological impact of production provides
a reliable basis for fair distribution. Access reflects the realities of what was required to produce a good—not bargaining power, scarcity manipulation, or competition.

Third, value arises directly from embodied effort and resource use. When a good requires significant labor, specialized skill, or limited materials, its access requirement
reflects those inputs. This includes consideration for how production affects the external environment, ensuring designs remain regenerative and sustainable rather
than merely efficient for the producers.

Fourth, the system integrates human need as a structural feature. Access adjustments ensure that individuals with reduced physical capacity or other limitations are
not disadvantaged. Equity is embedded in the calculation itself, not granted afterward as charity.

Fifth, the community remains adaptive because decisions and allocations are continuously revisited. Shifts in resources, workloads, or needs are incorporated through
recurring feedback cycles. Stability comes not from rigid rules but from ongoing correction and refinement.

Sixth, cooperative organization reduces waste, unnecessary labor, and conflict. Shared design decisions, transparent resource accounting, and collaborative planning
minimize duplicated effort and increase overall efficiency. As the community improves its methods, the embodied effort of producing valued goods decreases—
lowering access requirements organically.

Finally, modest post-scarcity can emerge through cooperation. As efficiency rises and waste declines, essential goods and even some valued items become reliably
obtainable with less effort. Prosperity is defined by sufficiency and reliability, not surplus accumulation.

Together, these principles show that the foundational elements of Integral—transparency, equitable contribution, open design, distributed coordination, ecological
awareness, and continuous feedback—are not technological inventions but enduring organizational dynamics. Modern Integral uses advanced tools only to scale these
dynamics into a fully viable cooperative economic system.

Table 2 — Village Practices: Integral System Equivalents
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3. WHAT INTEGRAL SOLVES

Market economics emerged in a context of low social complexity, abundant resources, small-scale production, and limited ecological awareness. Its central mechanism
—price competition—was never designed to internalize environmental costs, manage delicate resource cycles, or promote long-term stability. As the industrial era
accelerated, market systems became dominant not because they were efficient, but because they were expansionary. Their success was tied to the exploitation of
labor, the extraction of resources, and the ability to push ecological and social costs outside the sphere of calculation.

Today's accelerating crises—climate change, biodiversity collapse, widening inequality, supply-chain fragility, and political destabilization—are not incidental. They are
the predictable results of a system that treats ecological degradation as an “externality,” human development as a cost to be minimized, and infinite growth as a
necessary condition for stability.

3.1 Failures of Markets

Market economies are frequently defended on the assumption that competitive exchange and price signals produce efficient outcomes. However, when examined at
the level of system dynamics, several persistent failures emerge that are not anomalies but inherent features of the structure itself.

First, markets externalize a significant portion of ecological and social costs. Because firms must remain competitive, they are structurally compelled to treat
environmental degradation, community impacts, and long-term resource depletion as costs to be displaced rather than addressed. Prices do not—and cannot—capture
the full biophysical reality of production.

Second, market systems require continuous growth to maintain stability. Employment, investment returns, public revenue, and the viability of firms all depend on
expanding output. This creates a feedback loop in which ecological limits are systematically overridden, and efficiency gains lead to increased throughput rather than
reduced impact.

Third, markets reward scarcity manipulation. Profit is maximized not by meeting human needs efficiently, but by maintaining or manufacturing conditions of scarcity
through pricing strategies, intellectual property restrictions, planned obsolescence, and artificial differentiation. This routinely misaligns production with actual social
need.

Fourth, markets generate structural inequality. Competitive advantage concentrates wealth and power over time, and accumulated capital reinforces its own
dominance. This leads to political capture, erosion of democratic processes, and entrenched hierarchy.

Finally, markets misallocate labor. Because labor value is mediated by demand rather than social utility, essential but low-profit work—such as care labor, ecological
restoration, infrastructure maintenance, or public health—remains undervalued or unsupported. Conversely, high-profit activities with little social value are expanded.

These failures are not moral lapses or regulatory oversights. They are consequences of a coordination mechanism that prioritizes competitive advantage and profit over
ecological and social coherence.

3.2 Why These Failures Are Structural, Not Moral

It is tempting to attribute the shortcomings of market systems to corrupt actors, weak regulations, or short-sighted leadership. However, the failures enumerated above
arise from the systemic logic of the market itself, not from deviations in individual behavior.



Competitive markets operate through incentive alignment, not through collective intention. Firms that internalize environmental costs or voluntarily reduce
production to protect long-term resource health are systematically outcompeted by those that do not. The system penalizes ecological responsibility and rewards
externalization, regardless of personal values or ethical commitments.

Similarly, inequality is not primarily the result of immoral behavior. It is a mathematical consequence of differential returns on capital, cumulative advantage, and
network effects. Even well-intentioned actors participating in competitive markets cannot prevent wealth concentration from emerging.

Price signals, often described as efficient conveyors of information, reflect only the willingness and ability to pay—not actual social need, ecological impact, or long-term
viability. As the earlier village analogy illustrated at a smaller scale, fair and accurate economic calculation requires information that markets cannot incorporate: the
physical properties of production, the ecological cost of materials, the distribution of capacities within a population, and the real conditions of collective need.

Because these failures stem from the foundational rules of market coordination, they cannot be corrected by individual virtue, managerial reform, or better policy
design. They persist even under strong regulation and high levels of public awareness.

Given the structural nature of these problems, reform efforts consistently encounter predictable limits.

Regulatory interventions—such as environmental standards, labor protections, or anti-monopoly laws—operate downstream of the competitive pressures that create
the harms in the first place. Regulatory bodies are quickly overwhelmed by the scale and complexity of modern economic activity, while political capture undermines
enforcement.

Market-based incentives, including carbon pricing, cap-and-trade systems, and offset markets, embed ecological concerns inside the very price mechanism that
produced the problem. They convert biophysical constraints into commodities rather than addressing the underlying drivers of throughput and growth.

Social welfare programs attempt to compensate for inequality generated by the system but do nothing to prevent its reproduction. Redistribution treats symptoms,
not causes.

Calls for ethical consumption misplace responsibility onto individuals who lack structural power, and cannot alter patterns of production or investment.

Technological optimism, which assumes that innovation can outpace ecological degradation, ignores the rebound effects and scaling dynamics inherent to profit-
driven growth.

Most critically, none of these reforms alter the fundamental misalignment between what the economy must do for competitive survival and what society needs for long-
term resilience. The system remains organized around price-mediated competition, rather than around biophysical reality or collective well-being. For this reason, the
failures of market economics cannot be meaningfully addressed without changing the underlying architecture of coordination. A system that must grow to remain
stable, that rewards externalization, and that treats essential information as “external” to price cannot be reformed into sustainability or equity; it must be replaced by a
form of coordination capable of incorporating real ecological limits, social needs, and accurate feedback. Integral is designed to meet precisely this requirement. The
next sections outline the architecture that enables it.

4. WHAT INTEGRAL CREATES

If Section 3 outlined the structural problems that market economies cannot overcome, this section describes the core systemic outcomes that Integral enables by
design. These outcomes emerge not from ideological intent or policy preferences, but from the functional properties of a cooperative, cybernetically coordinated
economic architecture. Each represents a structural advantage of Integral relative to competitive market systems and centralized state planning.

4.1 Post-Scarcity Trajectory

Integral does not assume abundance; it creates the conditions under which scarcity diminishes over time. “Post-scarcity” in this context does not mean unlimited
resources or frictionless production. It refers to a trajectory in which essential goods and services become increasingly accessible with decreasing labor and ecological
cost.

Four mechanisms drive this trajectory:

1. Open access, open source design continuously improves tools, appliances, and infrastructure through collective refinement. Because designs are shared
rather than proprietary, improvements reduce labor requirements and material intensity across the entire system, lowering future access costs without
requiring competitive incentives.

2. Cooperative organization eliminates redundant effort. Instead of parallel firms producing similar goods in isolation, Integral coordinates production through
shared designs and distributed workflows. This minimizes waste, unnecessary duplication, and the inefficiencies created by competitive market partitioning.

3. Adaptive feedback prevents misallocation. Real-time sensing and transparent data ensure that resources, labor, and materials flow where they are actually
needed. This avoids the chronic overproduction, shortages, and speculative distortions that arise when systems rely on price signals rather than direct
information.

4. A fundamental incentive shift distinguishes Integral from market economics. In market systems, firms must generate demand, turnover, and continuous
consumption to remain profitable—creating structural incentives for planned obsolescence, resource-intensive marketing, and product redundancy. Integral
has no such pressures. Because there is no profit motive, no competitive struggle for market share, and no advantage gained by increased throughput, the
system is inherently oriented toward durability, repairability, material conservation, and long-term sufficiency. The absence of growth imperatives removes the
economic driver of waste itself.

As these dynamics compound, fewer labor hours are needed to maintain stable access to essentials, and resource intensity declines across the system. This is the
structural basis for Integral's post-scarcity trajectory: efficiency and sufficiency emerge from cooperation, open design, cybernetic feedback and true
economizing—not from growth, competition, or manufactured demand.
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This diagram illustrates how Integral generates a post-scarcity trajectory not by assuming abundance but by systematically reducing the labor and material intensity
required to meet essential needs. Four reinforcing mechanisms drive this process. Open Access Design (OAD) continuously improves tools, technologies, and methods
across all nodes, reducing the difficulty and resource requirements of production. Cooperative Organization (COS) eliminates redundant effort by coordinating shared
designs and distributed workflows, preventing the parallel, competitive duplication found in market systems. Adaptive Feedback (FRS) aligns resources with actual
conditions, preventing misallocation and ensuring that production follows real patterns of need rather than price fluctuations or speculative demand. Finally, the
fundamental incentive shift—arising from the absence of profit pressures, market share competition, and turnover requirements—removes the structural drivers of
waste, planned obsolescence, and unnecessary throughput.

As these mechanisms operate together, the labor and material requirements of production decline, lowering ITC access costs and stabilizing access to essential goods
and services. This reduction feeds back into each subsystem: improved capacity accelerates design innovation; more efficient coordination reduces logistical overhead;
and higher-quality feedback enhances signal accuracy. Over time, these recursive improvements create a trajectory in which scarcity progressively diminishes—not
because resources are infinite, but because cooperation, open design, cybernetic feedback, and the removal of growth imperatives collectively expand the system'’s
ability to meet human needs with less effort and fewer materials. This is the structural meaning of post-scarcity within Integral.

4.2 Ecological Balance

Integral embeds ecological constraints directly into the economic process. Unlike markets, which treat environmental impact as an externality, Integral incorporates
biophysical information at every stage of production and allocation.

Ecological balance emerges through several mechanisms:

e Continuous environmental feedback, where reporting mechanisms track resource cycles, material flows, and ecological thresholds.
¢ Design constraints that prevent high-impact production from scaling unless it meets ecological safety criteria.

¢ Lifecycle assessment integrated into design repositories, ensuring that material use, repairability, recyclability, and end-of-life impacts are known and
accounted for.

o Collective oversight, where communities can see the ecological implications of their production choices.

Ecology is not an afterthought. It is structurally coupled with economic calculation, ensuring that production stays within planetary boundaries and that ecological
degradation is detected and corrected before it becomes systemic.

4.3 Trust, Transparency, and Equity

Market systems generate opacity because competitive advantage depends on withholding information. Centralized systems generate opacity because authority is
concentrated. Integral eliminates both dynamics by structuring economic coordination around transparency.

Trust emerges not from interpersonal goodwill, but from institutional design:

* Open records ensure that contributions, resource use, and access allocation are visible and auditable.

* Non-transferable time credits prevent accumulation and eliminate the possibility of converting contribution into long-term power.

¢ Shared design repositories allow anyone to inspect how products are made, what materials they require, and how they affect community resources.

¢ Fair-access protocols ensure that essential goods are available regardless of individual capacity, disability, or temporary hardship. It is built into overall
economic calculation.



Equity is not enforced through redistribution; it is maintained organically, structurally by preventing hierarchy and accumulation from emerging in the first place and by
ensuring that capacity differences are accounted for in the contribution system. Importantly, the nature of the system also provides no viable incentive for manipulative
or dishonest behavior since it is foundationally a collaborative design, not a competitive one. This means violating collaborative integrity ultimately hurts everyone and
fosters no long-term advantage for anyone.

4.4 A Method of Transition

Integral is designed to grow through voluntary adoption, not by replacing existing systems through force or political capture. Its transition pathway mirrors the
cooperative logic of the system itself.

Early-stage implementation begins with small mutual-aid groups that operate within the legal and cultural framework of existing societies. These groups create
practical value—shared tools, community food infrastructure, open design libraries—without threatening existing institutions.

Mid-stage growth occurs as multiple nodes adopt shared standards and begin coordinating labor, design improvements, and resource exchanges. Network effects
increase the efficiency and reliability of cooperative production, attracting further participation.

Late-stage federation emerges as nodes integrate through open protocols. This produces regional and eventually global coordination without centralization, allowing
Integral to coexist with, and gradually displace, market-based production as the more efficient and equitable system.

Throughout this process, participation remains voluntary, local autonomy is preserved, and the system expands only where it demonstrably improves quality of life.
Transition is built into the design, not imposed from outside.

4.5 True Economic Calculation

Accurate economic coordination requires far more information than market prices can provide. Prices measure willingness and ability to pay—not the physical
properties of production, the ecological costs of material extraction, the long-term viability of resource flows, or the real social need for a good or service. As a result,
price-driven economies routinely miscalculate: essential goods may be undervalued, destructive activities may appear profitable, and resource-intensive production can
expand even when it undermines future capacity. These failures are not anomalies or moral deviations; they stem from the structural limits of a one-dimensional signal
that collapses complex realities into a monetary abstraction.

Integral resolves this limitation by replacing price with a multi-signal form of economic calculation grounded directly in biophysical and social conditions. Instead
of expressing value through markets, Integral derives value from the production system itself. COS provides the real production metrics, OAD reduces embodied
labor and material intensity through design refinement, FRS monitors ecological strain and fairness distributions, and CDS establishes normative thresholds when
systemic decisions are required. Economic calculation is no longer an emergent side effect of exchange but an explicit, transparent, cybernetically guided process.

Three categories of information guide access valuation:

First, weighted labor signals capture the actual human effort required for production—including time, skill, difficulty, urgency, and diverse capacities. Labor is not
treated as a commodity; it is contextualized according to real conditions and constraints.

Second, ecological impact signals account for material composition, embodied energy, regenerative limits, recyclability, repairability, and the broader influence of
production on shared ecological systems. These signals ensure that access values reflect not only present conditions but also the long-term stability of the resource
base.

Third, access and fairness signals track need, availability, usage patterns, essentiality, queuing pressure, and equitable distribution across households and regions.
These prevent scarcity from producing exclusion and ensure that goods are allocated according to real social function rather than bargaining power.

These signals converge through a transparent and adaptive valuation process that determines the ITC access value for each good. Because the calculation is anchored
in physical metrics, ecological boundaries, and social context, it yields valuations that are more accurate and more sustainable than those produced by markets.
Instead of attempting to approximate real conditions through the indirect mechanism of price fluctuations, Integral directly incorporates the relevant variables. And
because all signals feed continuously into the valuation process, access values dynamically adjust as production efficiency improves, ecological limits shift, or
community needs evolve.

The result is a cybernetically coherent mode of economic coordination—one capable of aligning production and distribution with actual human needs and planetary
boundaries. Integral performs the very task that market theorists claim prices achieve but empirically fail to deliver: true economic calculation grounded in reality
rather than exchange.
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This diagram illustrates how Integral replaces market price with a multi-signal valuation process rooted directly in biophysical and social conditions. COS supplies
embodied labor and production metrics; OAD contributes design efficiencies and material-intensity data; FRS provides ecological impact and fairness signals; and CDS
sets normative thresholds and policy boundaries. These inputs converge in a multi-signal valuation engine that determines the ITC access value of each good. Once
goods are distributed, usage patterns and resource effects feed back into all four systems, updating the signals that guide future valuations. This adaptive loop ensures
that economic calculation remains grounded in real conditions—labor effort, ecological constraints, and community need—rather than speculative demand or
purchasing power.

5. THE FIVE CORE SUBSYSTEMS (MEZZO LEVEL)

5.1 Overview

From Village Logic to Scalable Architecture

The five core systems of Integral translate the cooperative logic of the village example into a structured framework capable of scaling across numerous participants. In
the village, coordination occurred through open meetings, shared records, rotating responsibilities, transparent design decisions, and continual feedback. These same
functional roles, once formalized and digitized, become Integral's five subsystems:

* Collective deliberation — CDS (Collaborative Decision System)

¢ Shared knowledge and design — OAD (Open Access Design)

¢ Fair contribution and access — ITC (Integral Time Credits)

¢ Cooperative production — COS (Cooperative Organization System)

e Continuous sensing and correction — FRS (Feedback & Review System)

This mapping ensures that the reader sees these systems not as abstract technological constructs but as the scaled, formalized versions of patterns that can be
understood in less complex, more "organic" arrangements. The mezzo layer is therefore the “translation layer” between human intuitions about cooperation and the
cybernetically enhanced architecture that supports large-scale societies. Hence, Integral's five systems function as interdependent components of a living, self-
regulating whole. Each system is semi-autonomous—responsible for a distinct domain—yet tightly coupled through shared information flows. Decisions generate
designs; designs structure production; production invokes labor and materials; contribution is recorded and allocated; feedback signals shape future decisions. The
result is a continuous, intuitive, adaptive cycle that aligns human well-being, ecological balance, and cooperative productivity.

This section introduces each system at the conceptual level before the next section details their micro-architecture.

INTEGRAL

|

CDS\Decision + Governance OAD\Open Design Commons COS\Cooperative Production ITC\Reciprocity + Valuation FRS\Feedback + Learning

5.2 CDS — Collaborative Decision System

Democratic Coordination and Collective Judgment



In the village, decisions were made in open meetings where everyone understood the context. Proposals were discussed, adjustments were negotiated, and plans were
approved only when the group felt conditions were suitable. CDS generalizes this process into a scalable, structured decision pipeline.

CDS provides Integral with a consistent, uniform, transparent method for:

¢ identifying needs

® generating proposals
e evaluating trade-offs
¢ resolving objections

e authorizing collective action

CDS ensures that decisions are made with the people they affect, not for them. Instead of majority rule, CDS employs weighted consensus, objection mapping,
contextual evidence review, and transparent traceability. Participants can express not just “yes or no” but degrees of support, conditional approval, or principled
objection—mirroring the way villagers collectively gauge readiness, conditions, and consequences before acting. At larger scales, CDS nests local decisions into
federated ones, allowing autonomy at small scales and coherence at broader scales. It functions as the cognitive layer of the economic organism.

As an aside, while Integral is conceived first and foremost as a democratic economic system, its overlap with broader democratic processes is entirely fluid. The same
tools that enable cooperative economic coordination—direct participation, transparent deliberation, and algorithmic assistance—naturally extend to community
decision-making at every level. In principle, this framework could replace the entire architecture of representative democracy itself. That said, this is not the immediate
focus. Given the transitional realities faced, the priority is to establish economic intelligence and coordination first; political transformation emerges downstream from
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This chart illustrates the structured decision-making cycle of the Collaborative Decision System. A need or issue is first identified through member input, contextual
evidence, or signals arising from other systems such as FRS or COS. Individuals or working groups draft proposals, which move into a deliberation stage where
participants refine ideas, generate alternatives, and articulate conditions for approval. Objection mapping captures principled concerns and enables modification of the
proposal through design changes, scope adjustments, or mitigation plans. Once refined, the proposal enters a weighted consensus process in which participants
register degrees of support rather than binary votes.

If the consensus threshold is met, the decision is authorized, logged with full traceability, and executed. If not, the proposal returns for revision. When disagreements
remain unresolved after reasonable refinement—or when the issue is complex enough to exceed the bandwidth of standard deliberation—the system escalates to a
Syntegrity Session. Syntegrity provides a high-structure, high-bandwidth dialogue process that surfaces distributed knowledge and integrates multiple perspectives. The
output is a clarified, often more robust proposal that reenters the CDS pipeline for consensus testing. Results feed into local and federated nodes, supporting
coherence across scales. In this way, CDS ensures that decisions are transparent, adaptive, democratic, and collectively owned, while Syntegrity acts as a specialized
mechanism for resolving complexity when conventional deliberation is insufficient.

5.3 OAD — Open Access Design

The Shared Knowledge and Innovation Commons

The village kept a notebook where tools, well designs, irrigation plans, and repair methods were recorded and improved, democratically, over time. OAD transforms this
into a continuously updated, globally accessible analytical efficacy system and repository and of all designs, processes, and technical knowledge used across Integral
nodes. This collaborative, creative process replaces the development stage of private enterprise within the competitive market economy.

OAD is the epistemic backbone of the system. It includes, in part:

e product blueprints
e agricultural and manufacturing methods
* material specifications
¢ safety and lifecycle analyses
e repair and disassembly guides
e simulation and testing data
There is no intellectual property. Knowledge is treated as a commons: transparent, shareable, and continuously improved. When a design is optimized—made easier to

build, more repairable, or more resource-efficient—every node benefits immediately. This global learning effect is one of the primary engines of Integral’s post-scarcity
trajectory. OAD supplies the structured knowledge that production cooperatives turn into real goods and infrastructure.
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This diagram illustrates how the Open Access Design system functions as the knowledge infrastructure of Integral. Design ideas and technical needs enter OAD from
communities, production cooperatives, and feedback signals gathered through FRS. These proposals are collected and formalized into blueprints, specifications,
methods, and process descriptions. They then undergo peer review, simulation, validation, and safety analysis to ensure feasibility and reliability. The resulting
approved designs enter the shared, version-controlled knowledge commons, where they remain transparent, accessible, and universally available across all nodes.

Designs are continually refined and optimized—made easier to build, more repairable, more durable, or less resource-intensive—and these improvements propagate
instantly to every cooperative that uses them. Production cooperatives (COS) draw directly from the OAD repository to create real goods and infrastructure, while CDS
may define standards or constraints that guide design acceptability. Performance data, failures, wear patterns, and lifecycle information flow back into OAD through
FRS, informing further refinement. When improvements reduce labor or material intensity, ITC valuations adjust accordingly. In this way, OAD acts as the epistemic
backbone of Integral, enabling global learning, accelerating innovation, and driving the system'’s long-term post-scarcity trajectory.

5.4 ITC — Integral Time Credits

Fair Reciprocity and Cybernetic Access Valuation

In the village, effort was recorded in a shared ledger that accounted for skill, timing, seasonal demands, and differences in capacity. When households received goods,
the corresponding credits were removed. Access reflected the quantified work and materials involved rather than negotiation, bargaining power, or artificial scarcity.
ITC formalizes this logic into a scalable system that regulates both contribution and access without functioning as money.

Where the village relied on simple estimations of effort, Integral extends the method: ITC values emerge directly from COS production metrics—the labor embodied
in a good, the materials and tools required, and the ecological impact of producing it—combined with fairness and accessibility signals from FRS. This ensures that
access values reflect real system conditions rather than market dynamics.

e ITC records and regulates:
o Verified labor contributions, contextualized by skill, difficulty, urgency, and individual capacity differences (health, disability, age).
o Access to goods and services, determined by a cybernetic valuation process grounded in COS production data rather than demand or exchange.
o Labor-weighted effort, ecological impact, materials usage, and fairness/need signals, which together generate /TC access values for all produced goods.
o Extinguishing of credits upon use, preventing accumulation, trade, speculation, or conversion into power.
o Cross-node participation, allowing labor and access to remain coherent across a federated network.

ITC is not a currency. It cannot be transferred, saved, or used as leverage. Instead, it functions simultaneously as:

1. Areciprocity ledger — recognizing and contextualizing contribution.

2. An economic-calculation engine — determining the access value of goods based on embodied labor, material cost, ecological impact, scarcity conditions, and
fairness adjustments.



The three-signal valuation method—Ilabor, ecology, and fairness—ensures that allocation reflects real conditions rather than price or demand. When a person
accesses a good, the required ITCs are extinguished. The Feedback & Review System (FRS) continuously monitors ITC flows and production patterns to preserve
systemic balance without requiring monetary-style equilibrium between total credits and total goods.

This dual function—contribution recognition and adaptive access valuation—makes ITC the metabolic regulator of Integral. As OAD improves designs and COS increases
production efficiency, the ITC access cost of goods naturally declines. This decline is not a subsidy but a structural outcome of cooperation, refined design, reduced

material intensity, and continuous optimization. Over time, ITC guides the system toward lower labor burdens, greater sufficiency, and reliable access without relying on
money, growth imperatives, or competitive incentives.
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Above Diagram: Labor — ITC (Contribution Recognition Loop)

This chart illustrates how Integral recognizes and contextualizes human contribution without treating labor as a commaodity. Work activity flows into COS, where tasks
are logged and characterized according to difficulty, urgency, and individual capacity. These labor metrics are then evaluated by FRS, which ensures workloads remain
balanced and that no person or demographic group is structurally disadvantaged. CDS provides the normative rules—multipliers, protected-category adjustments, and
thresholds—that guide how contributions are valued. Together, these systems determine how many ITCs are recorded in a person’s ledger. The process is non-
monetary, non-transferable, and free of accumulation dynamics. Feedback loops from FRS and CDS adjust future task allocation and valuation rules, ensuring labor
recognition remains fair, adaptive, and locally responsive. This loop defines how ITCs come into existence as a record of meaningful participation.
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This chart shows how access values for goods and services are generated through cybernetic economic calculation rather than markets or price signals. COS captures
detailed production metrics—embodied labor, material usage, tool wear, and throughput constraints—while OAD shapes the available designs, influencing efficiency
and resource requirements. FRS evaluates these metrics from two angles: ecological viability and resource strain, and equity in access and distribution. CDS supplies
policy-level guidance when systemic adjustments are needed, such as priority classes or need-based access modifiers. These inputs converge in a three-signal valuation
node—Ilabor, ecology, fairness—which determines the ITC access value of each good or service. When a person obtains the good, the corresponding ITCs are
extinguished, preventing accumulation or leverage. Usage patterns, strain, and distributional outcomes flow back through FRS to COS, OAD, and CDS, forming a
continuous adaptation cycle. This loop replaces market pricing entirely, grounding valuation in measurable production realities and community-defined fairness.

Walkthrough:

1. People contribute labor.
This may involve building, repairing, caregiving, growing food, or any other recognized work.
2. That contribution is recorded in the ITC ledger.
Nothing is traded or bought—participation is simply logged fairly.
3. From production data, the system generates access values for goods or services.
Using COS metrics (labor embodied, materials used, tooling wear, ecological cost) and FRS fairness signals, the system determines the ITC value of each good.
Your contribution determines access—not money, demand, or negotiation.
4. People obtain goods.
Whether it is food, a repaired item, or a bicycle, access is based on the real effort that produced it.
5. When goods are received, the ITCs used to access them disappear.
They cannot be saved or exchanged. They burn off like calories after energy is spent.

Where improvement happens — the adaptive loop:



1. The ledger and usage patterns are monitored by FRS (Feedback & Review System).
This allows the system to evaluate:
o s access fair?
o s labor balanced?
o s there scarcity or surplus?
o Are ecological limits respected?
2. If something is inefficient, FRS sends update signals outward — not just back to ITC.
It identifies where improvement should occur:
o OAD, if the design needs refinement
(easier to build, repair, sustain, or less material-intensive)
o COS, if workflow or labor organization requires adjustment
(better scheduling, smoother throughput, reduced bottlenecks)
3. Updates from OAD and COS feed back into production.
o Better designs — less labor — lower access values
o Better coordination — greater throughput — more availability
o Better material practices — reduced ecological cost — improved sustainability
4. This is how post-scarcity emerges naturally.
Not from abundance or ideology, but from continuous cooperative refinement.

Dynamic Valuation and Continuous Adjustment:

Both labor valuation and access valuation within ITC remain dynamically adjustable. ITC values shift in response to changes in production efficiency, ecological
conditions, community needs, and fairness requirements. COS provides real production metrics; FRS identifies imbalances or emerging constraints; OAD reduces
embodied labor and material intensity through design refinement; and CDS establishes normative guidelines when systemic decisions are required. Together, these
mechanisms ensure that ITC values are never rigid or arbitrary, but evolve continuously to reflect real conditions and collective priorities. This dynamic recalibration is
what allows Integral to achieve accurate economic calculation without markets, prices, or monetary incentives

5.5 COS — Cooperative Organization System

Distributed Production, Coordination, and Flow Management

In the village, small rotating groups ensured tasks were done, tools maintained, crops harvested, and resources distributed. They did not command; they coordinated.
COS formalizes this function into a distributed production and resource system that organizes real-world activities across a node.

COS handles:

e creation, management, and continual re-formation of cooperatives

e task and workflow planning

¢ skill-matching and labor distribution

* resource and material allocation

e acquisition of required resources, whether already available within the node or obtained externally
¢ production schedules and throughput

e internodal resource sharing

* generation of production metrics used for ITC valuation

COS replaces corporate hierarchy and market competition with transparent, needs-driven cooperation. Its role is not managerial authority but cybernetic coordination:
ensuring that labor, materials, and tools flow where they are actually needed, without bottlenecks or duplication. When production requires materials or components
not currently present in the node, COS is also responsible for sourcing them—first through internal inventories or nearby nodes, and only then through external
procurement channels.

A critical function of COS is producing the quantitative data used by the ITC valuation system. For every good or service, COS records:

* embodied labor hours
o skill-weight and task difficulty
e urgency and seasonal timing
* material usage and tooling wear
* production throughput and constraints
This information feeds directly into the multi-signal valuation process that determines ITC access values. As production methods improve (via OAD updates) or as

feedback identifies inefficiencies (via FRS), COS updates workflows accordingly. When improvements reduce labor or material intensity, the ITC access cost for goods
naturally declines.

COS is the operational engine that turns OAD designs into real goods, generates the metrics required for accurate economic calculation, and enables the adaptive
coordination on which the entire system depends.
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This flow diagram shows how COS converts community needs, design specifications, and policy boundaries into coordinated production. Cooperative formation and
planning occur continuously, allowing COS to create or reorganize production groups as conditions change. Once a production task is defined, COS matches skills,
acquires required resources—drawing first from internal inventories, then from nearby nodes, and finally from external sources if necessary—and allocates materials
accordingly. Scheduling organizes the workflow that leads to actual production.

As goods are produced, COS generates detailed production metrics, including labor hours, difficulty weighting, material use, and throughput constraints. These metrics
feed directly into the ITC valuation system, enabling accurate, multi-signal economic calculation. Feedback from FRS and design improvements from OAD continuously
update planning and metrics, ensuring that COS remains adaptive, efficient, and aligned with ecological and social needs.

5.6 FRS — Feedback & Review System

Adaptive Monitoring, Diagnostics, and Systemic Learning

In the village, a rotating team gathered observations from households and brought them to community meetings. This ensured that unexpected conditions—workload
imbalance, resource shortages, timing issues—were identified before they became disruptive. FRS scales this essential function into a continuous sensing and
diagnostic framework.

FRS monitors:

e ecological conditions and resource limits
¢ material and energy throughput

e production efficiency and workflow bottlenecks



e fairness in contribution, access, and labor distribution
e ITC dynamics: contribution patterns, access patterns, valuation effects, and systemic balance
e node autonomy, inter-node/resource dependencies, and resilience

* system performance, risk conditions, and anomaly detection

FRS then feeds this information back to CDS, OAD, COS, and ITC, triggering adjustments across all systems. It validates the integrity of incoming data, detects
misalignment between valuations and real conditions, and highlights where design, coordination, or policy changes are needed.

FRS is the adaptive nervous system of Integral: continuously observing, analyzing, diagnosing, and guiding improvements. Without FRS, the system would drift; with FRS,
it becomes self-correcting, continuously aligning production, access, and ecological conditions across the entire network.

. COS production and ITC contribution and access Node status and inter-node Member feedback and
Ecological and resource data N
throughput data patterns dependencies reports
Monitor and aggregate
signals

|

Analyze patterns and trends

l

Detect risks, anomalies,
and imbalances

l

Generate recommendations

and alerts
CDS - Decision and policy OAD - Design and standards COS - Coordination and ITC - Valuation and rule
updates updates workflow adjustments adjustments

Above Diagram: This diagram shows how FRS functions as Integral's diagnostic and regulatory nervous system. Multiple categories of information—ecological data,
production metrics, ITC contribution and access patterns, node-level conditions, and direct member feedback—flow into FRS, where they are continuously monitored
and aggregated. FRS analyzes these signals to identify trends, inefficiencies, risks, or emerging imbalances, and then performs diagnostic checks to detect anomalies or
misalignments between actual conditions and system operation.

Based on this analysis, FRS generates targeted recommendations that update the other four systems: CDS receives policy-level guidance, OAD receives design or
standards refinements, COS receives coordination and workflow adjustments, and ITC receives valuation or rule modifications. Through this ongoing loop, FRS ensures
that Integral remains adaptive, fair, efficient, and ecologically aligned, allowing the system to correct itself before small issues become structural problems.

6. HOW THE FIVE SYSTEMS WORK AS ONE

The five systems of Integral—CDS, OAD, ITC, COS, and FRS—are not independent components. They form an integrated, continuously cycling architecture in which each
subsystem feeds, constrains, and corrects the others. This coupling transforms Integral from a set of tools into a coherent economic organism. Through their
interaction, the system identifies needs, designs solutions, coordinates production, regulates contribution and access, and improves itself through continuous feedback.

6.1 High-Level Interaction Flow

At the mezzo level, an Integral node operates through a continuous cybernetic cycle. In simplified form:

1. CDS — Identifies Needs and Authorizes Action
The Collaborative Decision System captures proposals, evaluates alternatives, maps objections, and authorizes projects. CDS defines what the community intends to do
and the normative or ecological boundaries within which it should occur.

2. OAD — Translates Needs into Validated Designs

Approved projects enter Open Access Design, where they become transparent, version-controlled technical specifications. OAD ensures each design is feasible,
efficient, safe, and ecologically aligned before COS initiates production. When ITC or FRS data indicate that a design is too labor- or material-intensive, OAD triggers a
review that prompts the responsible design teams to explore revisions that improve efficiency, reduce resource use, or simplify production. In this way, OAD serves as
the system’s technical refinement layer—continuously guiding designs toward lower labor burden, longer lifecycle performance, and stronger ecological alignment.

3. COS — Coordinates Production and Resource Flow

The Cooperative Organization System operationalizes OAD designs: forming or reforming cooperatives, scheduling tasks, allocating materials, matching skills, and
acquiring resources internally or externally. COS ensures production aligns with real labor capacity, resource availability, and ecological constraints while generating the
production metrics needed for accurate ITC valuation.

4.ITC — Regulates Contribution and Access
Integral Time Credits record verified labor contributions (adjusted for skill, difficulty, urgency, and capacity) and determine the access value of all produced goods. ITC
provides:



e afair reciprocity mechanism
e anon-monetary method of economic calculation

e an allocation system grounded in labor, ecology, and need

Credits extinguish upon use, preventing accumulation, speculation, or influence. ITC signals also inform COS and OAD when certain goods require redesign, increased
capacity, or workflow improvements.

5. FRS — Evaluates Outcomes and Signals Corrections
The Feedback & Review System monitors ecological impacts, resource throughput, production efficiency, ITC contribution and access patterns, fairness, and node
interdependencies. FRS identifies imbalances or risks and issues structured feedback:

® to CDS for policy or boundary adjustments
e to OAD for design refinement

e to COS for workflow and coordination changes
e to ITC for recalibration of access values or weighting

FRS ensures that Integral does not drift; it continually realigns the system with real conditions.

6. The Loop Repeats

Each cycle becomes the input of the next: needs — design — production — contribution/access — feedback — new needs. This recursive, self-correcting metabolism
replaces the price mechanism, corporate hierarchy, and state command with a continuous, adaptive flow of information and cooperation. It is the structural core that
enables Integral to function as a viable, post-monetary economic system.

6.2 Example: Greenhouse

Consider a community that wants to improve year-round food stability. Several residents propose building a greenhouse, and the idea enters the Collaborative Decision
System.

1. Democratic Need Identification (CDS)

The CDS brings people together—in person or through its digital platform—to discuss why a greenhouse is needed, who benefits, and what concerns exist. Different
locations are debated, maintenance implications are raised, and participants build a shared understanding of the project.

CDS tools such as objection mapping, argument clustering, evidence tagging, and scenario comparison help clarify where agreement exists and where uncertainty
remains. A consensus-gradient display shows whether the group is converging or requires further deliberation. If dialogue stalls, the system can invoke Beer's Syntegrity
process to surface constraints and resolve bottlenecks.

Through this process, the community reaches a democratic consensus that the greenhouse should be built and outlines its purpose, scale, and operational boundaries.
2. Collective Design Development (OAD)

The approved project moves into the Open Access Design environment. Anyone may contribute—those with engineering or horticultural experience often take the lead,
but expertise is not a requirement. Most participation is voluntary unless the community formally designates the project as urgent, in which case certain OAD tasks may
earn ITC.

Participants explore existing open-source greenhouse designs or assemble a new one collaboratively within the OAD workspace. They refine questions such as:

e size and structural form

e local material suitability

¢ insulation and energy efficiency

e water cycling and soil systems

¢ ecological footprint and lifecycle considerations

All design iterations are stored transparently, allowing community review and incremental improvement. OAD also acts as a global repository: every node benefits from
the accumulated knowledge and refinements of others.

As the design progresses, subjective disagreements naturally diminish. The functional and ecological requirements of a greenhouse constrain options, reducing
arbitrary preference-divergence. Creative differences may remain, but these can be resolved through CDS if necessary.

If ITC or FRS later reveal that the greenhouse design results in high labor or material burden, OAD triggers a design-review process, prompting the responsible team to
improve efficiency or reduce resource use.

3. Cooperative Production (COS)

Once the design is finalized, the project enters the Cooperative Organization System. COS is not a managerial authority but a coordination framework used by
community members who volunteer to organize the work.

COS decomposes the design into clear tasks, schedules workflows, matches skills, and ensures material readiness. Participants sign up for tasks they are capable of
performing and earn ITC for their contribution.

COS also manages resource acquisition.

¢ If materials exist within the node, COS reserves them through existing cooperatives (such as tool libraries or fabrication groups).
¢ If materials must be sourced externally, COS forms a temporary acquisition cooperative to purchase, trade for, or negotiate inter-node transfers of the required
items.

To carry out the work, COS forms the necessary cooperatives—carpentry, glazing, irrigation, soil preparation, and ongoing maintenance. Some become permanent;
others dissolve after the project. COS keeps everything visible and organized so that work flows smoothly, no one is overburdened, and no hierarchy is required.



As production proceeds, COS generates the quantitative data—labor hours, skill-weighting, material use, and throughput—used later by ITC to determine access values.
4. Fair Contribution and Access (ITC)

All verified contributions to the greenhouse earn ITCs. The system accounts for differences in skill, difficulty, urgency, and personal capacity, ensuring fairness and
preventing hidden labor inequalities.

Once operational, the greenhouse becomes part of the community’s food infrastructure. ITC determines access values for produce based on three integrated signals:

1. real labor embedded in production and maintenance
2. material and ecological costs
3. fairness and community need, ensuring that essentials remain accessible regardless of age or ability

When someone collects produce, the required ITCs are simply extinguished. They are not saved, traded, or converted into influence. Over time, if OAD and COS improve
production efficiency, the ITC access value of produce naturally declines, moving toward "zero marginal cost."

5. Continuous Review and Improvement (FRS)
Once the greenhouse is active, the Feedback & Review System monitors how it performs. Members see simple, intuitive indicators:

* harvest output trends

e water and energy use

e maintenance cycles

e access patterns and equity

* emerging bottlenecks
People can submit quick notes—"north row drying out,” “vent sticking,” “overflow of herbs"—and FRS aggregates these signals to detect patterns.
FRS modules highlight issues:

¢ design performance — signals OAD
o effort imbalance — signals ITC
e coordination friction — signals COS
¢ policy questions — signals CDS

The greenhouse becomes more efficient each season because feedback is easy to contribute, easy to view, and easy to act on.

Result

The greenhouse becomes a living part of the community's infrastructure—democratically initiated, collaboratively designed, cooperatively built, fairly accessed, and
continuously improved. No competition, prices, or bargaining are needed. The system works because each subsystem reinforces the others, creating a self-correcting
economic metabolism.
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Above Diagram:
This diagram shows how the greenhouse project moves through all five Integral systems in a continuous adaptive loop. The process begins in CDS, where the
community deliberates and authorizes the project. OAD then develops the collaborative design, drawing on shared knowledge and open iterations. COS coordinates

production by forming cooperatives, scheduling tasks, acquiring resources, and carrying out construction. As work proceeds, COS generates the labor and material data
used by ITC to record contributions and assign access values for the produce that the greenhouse will generate.

Once the greenhouse is operational, FRS monitors its performance—tracking harvest output, ecological conditions, labor rotation, maintenance needs, and access
patterns. If FRS or ITC data reveal inefficiencies, such as excessive labor burden or material use, these signals trigger an OAD design review. The responsible design
teams then revise the greenhouse design to improve efficiency or sustainability. Updated designs flow back into COS for implementation, and the cycle begins again.

7. ARCHITECTURE: MODULES OF EACH SYSTEM (MICRO LEVEL)



These modules are the functional “cells” of the Integral organism—micro-level units that break down each subsystem into executable logic. Each module performs a
discrete, formally definable operation: capturing input, organizing knowledge, validating feasibility, allocating labor, updating credits, monitoring ecological constraints,
or analyzing system behavior. These are not only conceptual abstractions; they are the objects and functions that will become code. In implementation, the modules
form the class structures, APIs, state machines, and data flows that animate the software itself.

When interconnected, these micro-modules scale into workflows that govern cooperatives, nodes, and ultimately the global federation. Higher layers of Integral do not
introduce new logic—they simply federate, synchronize, and recurse these same micro-operations. The mezzo and macro layers are therefore scaled reflections of what
is defined here: repeating patterns of coordination, decision, verification, allocation, and feedback.

We begin with the Collaborative Decision System (CDS)—the subsystem that encodes participatory governance for all of Integral. Every normative choice—design
approvals, project initiation, labor weighting rules, ecological thresholds, access constraints, and the evaluation of feedback signals—ultimately passes through CDS. Its
micro-architecture is the foundation for the other four systems, providing the decision logic that contextualizes OAD, COS, ITC, and FRS.

7.1 CDS Modules

The Collaborative Decision System (CDS) is Integral’s participatory governance engine—a recursive, multi-stage deliberation pipeline that transforms raw human
input into coherent, transparent, collectively rational decisions. CDS replaces voting, market negotiation, managerial decree, and bureaucratic hierarchy with a
structured cybernetic process that integrates human judgment, ecological constraint, and system feedback.

CDS operates as a decision metabolism, not a parliament. It does not aggregate preferences through majority rule or price signals, but instead coordinates distributed
intelligence through sequential cognitive functions that mirror how adaptive organisms make viable choices under constraint.

Specifically, CDS:

e gathers and authenticates proposals, objections, and system signals

e organizes issues into coherent frames, scopes, and decision spaces

e integrates relevant evidence, historical precedent, and ecological limits

* evaluates scenarios against fairness, safety, and constitutional boundaries

® supports transparent, structured human deliberation

¢ synthesizes weighted consensus and objection-mapped acceptability ranges
e escalates irreducible value conflicts into high-bandwidth human processes

e records every step for auditability and democratic memory

o dispatches approved decisions into coordinated system action

¢ periodically revisits past decisions in light of real-world outcomes and FRS feedback

CDS is not a digital legislature. It is a cybernetic governance system modeled on how adaptive systems coordinate perception, reasoning, constraint enforcement,
learning, and correction over time. Each module performs a necessary cognitive function—perception, structuring, contextualization, boundary checking, deliberation,
synthesis, coordination, memory, escalation, and revision.

CDS MODULE OVERVIEW TABLE:



CDS Module

1. Issue Capture & Signal
Intake

2. Issue Structuring & Framing
Module

3. Knowledge Integration &
Context Engine

4. Norms & Constraint
Checking Module

5. Participatory Deliberation
Workspace

6. Weighted Consensus
Mechanism

7. Decision Recording,
Versioning & Accountability

8. Implementation Dispatch
Interface

9. Human Deliberation & High-
Bandwidth Resolution

10. Review, Revision &
Override Module

Primary Function

Collect proposals, objections, and triggers from participants, FRS alerts,
and ITC weighting signals

Organize issues into coherent problem frames, scopes, dependencies,
and decision parameters

Aggregate evidence, models, ecological thresholds, historical records,
and node-specific constraints

Test scenarios against ecological limits, fairness rules, ITC access
policies, safety and harm boundaries

Enable transparent, multi-user discussion, objection mapping, and
proposal refinement

Synthesize preference gradients, identify acceptability ranges, detect
blocking objections, and quantify consensus

Archive decisions, rationale, evidence links, version history, and full
process trace

Translate approved decisions into actionable instructions for OAD, COS,
ITC, and FRS

Resolve irreducible value conflicts, cultural meaning disputes, and
ethical tensions beyond computational inference

Reevaluate, amend, or reopen past decisions based on FRS feedback,
implementation outcomes, or changed conditions

Real-World Analogs / Technical Basis

Decidim intake portals, civic petition systems,
authenticated identity gateways

Argument mapping tools, policy templates,
ontology-based structuring

Research aggregators, GIS dashboards,
evidence commons

Policy engines, OPA/Rego-style rule systems

Polis, Kialo, Loomio, semantic deliberation
systems

Condorcet logic, quadratic-style weighting,
consensus analytics

Git-style versioning, append-only ledgers,
cryptographic attestations

Workflow engines, orchestration APIs, event
dispatch systems

Facilitated deliberation, Syntegrity, ethical
review panels

Constitutional review processes, adaptive
governance loops

Module 1: Issue Capture & Signal Intake

Purpose
Serve as the authenticated perceptual gateway through which all governance-relevant input enters the Collaborative Decision System.

Description
Module 1 collects, validates, and timestamps all incoming governance signals, ensuring that CDS operates on real, attributable, non-duplicated input rather than
noise or manipulation.

Inputs include:

* human-generated proposals, concerns, objections, and supporting evidence
e preference gradients and conditional approvals

* micro-surveys for rapid situational sensing

e alerts and signals from FRS (ecological risk, system stress)

e adjustment requests from ITC (weighting, fairness, access strain)

* operational triggers from COS (capacity constraints, workflow failures)

Every submission is identity-verified (human or system), deduplicated, and normalized into a clean issue bundle. Module 1 performs no evaluation or prioritization —
it exists solely to ensure that nothing relevant is lost and nothing illegitimate enters the system.

Example
Residents submit proposals to renovate a shared tool library. Others submit concerns about accessibility and noise. COS flags repeated tool damage. FRS adds a signal
about airflow-related corrosion. Module 1 authenticates and bundles all inputs into a single issue object for structuring.

Module 2: Issue Structuring & Framing Module

Purpose
Transform raw, unstructured input into coherent problem frames that can be collectively reasoned about.

Description
Module 2 converts a flat list of submissions into a cognitive map of the issue space. Using semantic clustering, argument mapping, and scope analysis, it:

* groups related proposals and objections

¢ reveals shared assumptions and hidden conflicts
¢ identifies sub-issues and dependencies

e extracts implicit values and priorities

e defines what is and is not within scope



This module does not judge proposals. It clarifies what the actual decision is so participants are not talking past one another or arguing at incompatible levels of
abstraction.

Example
Tool-library submissions cluster into themes: ventilation, accessibility, storage layout, noise, and material constraints. The module reveals that most concerns stem from
airflow, not misuse — reframing the problem from “behavior” to “design.”

Module 3: Knowledge Integration & Context Engine

Purpose
Provide a shared, evidence-rich decision context grounded in physical, ecological, historical, and operational reality.

Description
Module 3 aggregates all relevant knowledge needed to responsibly evaluate proposals, including:

e ecological thresholds and environmental indicators (from FRS)

* material availability, tool capacity, and labor windows (from COS)

¢ fairness and access constraints (from ITC)

¢ historical precedents and past decision outcomes

e safety standards, architectural constraints, and design references (from OAD)

The result is a unified context model that replaces opinion-based debate with situational awareness. Module 3 does not advocate outcomes; it ensures that all
participants deliberate within the same factual landscape.

Example
The system compiles airflow data, corrosion logs, accessibility standards, past renovations, and existing OAD design templates. It reveals that overcrowding and
humidity — not overuse — explain most tool damage.

Module 4: Norms & Constraint Checking Module

Purpose
Ensure that all proposed scenarios remain within ecological, social, technical, and constitutional boundaries.

Description
Module 4 acts as CDS's viability filter. It tests candidate scenarios against:

e ecological ceilings and regeneration limits

* material and energy availability

e labor capacity and skill constraints

e accessibility, fairness, and non-coercion rules

¢ node-level constitutional principles and federated standards

Scenarios are never rejected silently. If a constraint is violated, the module returns explicit modification requirements, enabling revision rather than deadlock or
power-based veto.

Example
A proposal includes powered dust extraction but exceeds energy constraints. Module 4 returns a condition: the design is permissible only if paired with passive
ventilation or renewable augmentation.

Module 5: Participatory Deliberation Workspace

Purpose
Provide a transparent, structured environment for collective reasoning and proposal refinement.

Description
Module 5 is where human sense-making happens. Participants explore structured issues using tools for:

e objection mapping

e semantic discussion threads
® scenario comparison

e preference gradients

e pros/cons visualization

Deliberation is non-coercive and fully transparent. Arguments evolve in public view, and objections are treated as information — not obstacles. This module ensures
that disagreement becomes productive rather than adversarial.

Example
Participants refine a hybrid renovation plan combining airflow improvements, reorganized storage, and an outdoor workbench. Accessibility objections lead to widened
aisles and assisted lifting mechanisms.



Module 6: Weighted Consensus Engine

Purpose
Synthesize preferences and principled objections into a non-coercive, mathematically transparent decision signal.

Description
Rather than binary voting, Module 6 evaluates:

e strength of support across participants

* severity and scope of objections

e acceptability ranges and conditional approvals
¢ unresolved value conflicts

It produces outcomes such as approval, conditional approval, revision requests, or escalation — while ensuring minority concerns cannot be overridden by numerical
dominance alone.

Example
A renovation plan shows high support but a blocking objection about noise near the entrance. The engine suggests relocating the workbench and adding sound
damping, resolving all objections without a vote.

Module 7: Transparency, Versioning & Accountability

Purpose
Create a tamper-evident, publicly inspectable record of the entire decision lifecycle.

Description
Module 7 archives:

e all submissions and revisions
® structured issue maps

* contextual evidence

e constraint reports

e deliberation outcomes

e consensus calculations

o final decisions and rationales

Records are append-only, cryptographically linked, and accessible through public dashboards. This module prevents governance drift, silent revision, and bureaucratic
opacity — making CDS auditable by design.

Example
Any resident can trace a tool-library decision from initial proposals through airflow data, constraint checks, consensus refinement, and final approval.

Module 8: Implementation Dispatch Interface

Purpose
Translate approved decisions into coordinated action across OAD, COS, ITC, and FRS.

Description
Module 8 converts governance outcomes into machine- and human-readable dispatch packets, specifying:

e tasks and workflows (for COS)

e design updates (for OAD)

e labor weighting or access rules (for ITC)

® monitoring parameters and success metrics (for FRS)

This ensures that decisions do not stall at the symbolic level — they become executable instructions integrated into the operational metabolism of Integral.

Example
A renovation decision dispatches design updates to OAD, forms carpentry and ventilation teams in COS, adjusts ITC contribution rules, and instructs FRS to track airflow
efficiency and tool-damage rates post-implementation.

Module 9: Human Deliberation & High-Bandwidth Resolution

Purpose
Resolve irreducible value conflicts, cultural meaning disputes, ethical tensions, and symbolic concerns that cannot be settled through computational inference,
modeling, or weighted consensus alone.

Description
Module 9 is activated when CDS detects that disagreement is not rooted in data insufficiency, feasibility constraints, or scenario optimization, but in human meaning—
identity, culture, ethics, aesthetics, or lived experience.



This module initiates structured, high-bandwidth human deliberation processes, such as:

* facilitated deliberation circles

* Syntegrity sessions

e cultural or symbolic review assemblies
e ethical reflection panels

Module 9 does not override earlier CDS logic; it extends it into domains where algorithmic reasoning is insufficient. Outcomes are not informal or advisory—every
resolution produced here is formally captured by Module 7 (Transparency & Versioning) and routed into execution through Module 8 (Implementation Dispatch),
preserving full continuity with the CDS pipeline.

Module 9 ensures that Integral never collapses into technocracy, majoritarianism, or false rationality by acknowledging that some decisions require collective human
sense-making rather than further calculation.

Example
A proposal to repaint a shared tool library in bright colors meets strong resistance from long-time members who associate muted tones with shared-space respect and
cultural continuity. Computational consensus stalls despite high overall support.

Module 9 convenes a short facilitated deliberation session. Participants agree on a compromise: preserve the original palette while incorporating subtle accent
elements from the proposed design. The outcome is logged, versioned, and dispatched as a finalized directive.

Module 10: Review, Revision & Override Module

Purpose
Ensure long-term governance viability by periodically reevaluating, amending, or reopening past decisions in response to real-world outcomes, new evidence, ecological
shifts, or systemic feedback.

Description

Module 10 operates as CDS's adaptive correction loop. It is not concerned with unresolved disagreement at decision-time (Module 9), but with post-decision
divergence—when implemented outcomes no longer align with projections, constraints, or constitutional principles.

This module is triggered by:

e FRS signals indicating ecological stress, risk, or drift

e COS reports of persistent implementation bottlenecks

e [TCindicators of emerging inequity or coercive dynamics

¢ evidence that modeled assumptions were incomplete or incorrect
* changes in environmental, social, or material conditions

Module 10 can reaffirm a decision, amend it with updated constraints, partially revoke it, or reopen it for full re-deliberation. Revision is treated as a normal and
expected function of governance, not as failure or blame.

All revisions are transparently recorded through Module 7 and, when necessary, routed back through Modules 2-6 for renewed deliberation and consensus.

Example

A raised walkway approved to prevent storm flooding performs well initially. Six months later, FRS detects accelerated riverbank erosion and COS logs recurring
maintenance strain. Module 10 initiates a formal review. The decision is amended: slope gradients are reduced, rest platforms added, and construction schedules
adjusted seasonally. The revised plan is logged, dispatched, and monitored—without political conflict or loss of legitimacy.
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Above Diagram: Collaborative Decision System (CDS) Micro-Architecture

This diagram illustrates the micro-level architecture of the Collaborative Decision System (CDS)—Integral’s participatory governance metabolism. Modules 1-6 form the
core decision pipeline, transforming raw human input and system signals into structured issues, contextualized knowledge, constrained scenarios, deliberated options,
and mathematically synthesized consensus. Module 7 records every step of this process in a transparent, tamper-evident public ledger, while Module 8 translates
approved decisions into coordinated action across OAD, COS, ITC, and FRS.



When computational consensus cannot resolve a dispute—due to cultural meaning, ethical tension, or irreducible value conflict—Module 9 is invoked as a high-
bandwidth human resolution layer, using facilitated deliberation or Syntegrity to surface shared coherence beyond algorithmic inference. Outcomes from Module 9 re-
enter the formal CDS pipeline through recording and dispatch, preserving continuity and legitimacy.

Module 10 operates as a post-decision supervisory loop, continuously reviewing implemented outcomes using feedback from FRS, COS, and ITC. It enables amendment,
reopening, or reaffirmation of past decisions when real-world behavior diverges from projections or constraints change. Importantly, Module 10 is not part of the
primary decision flow; it exists to ensure long-term viability, learning, and adaptive correction without undermining democratic process or system coherence.

Together, the diagram depicts CDS not as a legislature or voting system, but as a cybernetic governance architecture—capable of perception, reasoning, constraint
enforcement, collective sense-making, execution, memory, and continuous self-correction across time.

Narrative Snapshot — A Full CDS Walkthrough

Example: Flooded Access Bridge Edition
To illustrate how the Collaborative Decision System (CDS) operates as a complete, adaptive governance cycle, consider the following real-world scenario.

A key pedestrian bridge connecting a residential area to a local Access Center begins to flood repeatedly during heavy storms. People with mobility challenges are
disproportionately affected, emergency deliveries are delayed, and temporary closures are becoming more frequent. Residents propose a range of responses:

e elevating the existing bridge,

¢ building a secondary raised walkway,
¢ reinforcing the riverbank,

* or rerouting the path entirely.

The issue enters CDS—not as a vote, but as a governance signal.

Module 1 — Issue Capture & Signal Intake
CDS begins by gathering all relevant input into a single, authenticated issue bundle.
This includes:

¢ photos and videos of storm flooding,

* maintenance logs and prior repair records,

o delivery delay reports,

e accessibility incident reports,

¢ resident proposals and objections,

¢ and FRS alerts indicating increased storm severity, erosion rates, and upstream hydrological change.

All submissions are identity-verified (human or system), timestamped, deduplicated, and tagged. No prioritization occurs yet. The system ensures only that everything
relevant enters the decision space intact.

Module 2 — Issue Structuring & Framing
Raw inputs are then transformed into a structured problem space.
Submissions cluster into coherent themes:

e mobility and universal access,

e storm frequency and climate projections,

e ecological sensitivity of the riparian zone,

e construction labor and material requirements,

® emergency services continuity.
Through this structuring, CDS identifies a shared underlying objective:
Uninterrupted, equitable access during increasingly extreme weather conditions.

This reframing clarifies that the issue is not merely about “fixing a bridge,” but about access resilience under ecological change.

Module 3 — Knowledge Integration & Context Engine
CDS now constructs a unified decision context by integrating relevant evidence and system data:

* historical storm and erosion modeling (FRS),

® past bridge repairs and failure modes,

¢ ecological constraints on riverbank disturbance,

e OAD design references for raised walkways, ramps, and permeable surfaces,
e (COS data on available cooperatives, tools, and seasonal labor capacity,

¢ |TC data on labor distribution and accessibility impacts.



A critical insight emerges:
Simply raising the bridge height will not solve the problem unless upstream flow and bank stability are also addressed.

All participants now deliberate within a shared factual landscape, rather than competing interpretations of reality.

Module 4 — Norms & Constraint Checking
Each candidate scenario is tested against explicit boundaries:

e ecological disturbance thresholds,
e material availability,

* labor capacity,

* accessibility standards,

* node-level constitutional principles.

Results include:

® aconcrete-heavy bridge design that violates ecological disruption limits,
* asteep ramp option that fails accessibility slope requirements,

* ariverbank fortification proposal constrained by protected habitat zones.

Rather than rejecting proposals, CDS returns specific modification requirements: prioritize permeable materials, modular construction, and strict accessibility
constraints. Only constraint-compliant scenarios advance.

Module 5 — Participatory Deliberation Workspace
With constraints visible, residents enter a structured deliberation environment.
Key discussions focus on:

¢ whether redundancy is preferable to a single elevated structure,
e how to balance aesthetics with ecological responsibility,
¢ long-term maintenance burdens,

® construction timing relative to nesting seasons.
Objections are mapped transparently:

¢ noise concerns during sensitive ecological periods,
e accessibility fatigue over long slopes,

* worries about future maintenance labor.

Through iterative refinement, proposals converge toward a hybrid solution: a raised, fully accessible secondary walkway combined with limited, ecologically sensitive
riverbank reinforcement.

Module 6 — Weighted Consensus Mechanism
Participants express graded support and principled objections, rather than binary votes.
The consensus engine detects:

¢ strong overall support for the hybrid solution,
¢ a blocking objection related to slope grade and maintenance burden,

e conditional concerns about construction timing.
Instead of forcing a decision, CDS synthesizes conditions for approval:

* maximum allowable slope,
e inclusion of rest platforms,
e construction scheduled outside sensitive ecological windows,

e modular components to reduce long-term labor demand.

With these conditions met, consensus is achieved without marginalizing minority concerns.

Module 7 — Decision Recording, Versioning & Accountability
The entire decision lifecycle is then permanently recorded:

e all submissions and revisions,
e structured issue frames,
e contextual evidence,

e constraint reports,



e deliberation history,
e consensus metrics,
e and the final, condition-bound decision.

Records are append-only, cryptographically linked, and publicly inspectable. Any resident can trace exactly how and why the decision emerged.

Module 8 — Implementation Dispatch Interface
The approved decision is translated into coordinated action.
CDS dispatches:

¢ design specifications and constraints to OAD,
* cooperative formation and scheduling tasks to COS,
e contribution-weighting and maintenance rules to ITC,

e monitoring directives to FRS (erosion, usage, accessibility compliance).

Governance now becomes operational reality.

Module 9 — Human Deliberation & High-Bandwidth Resolution

Before construction begins, a value-based concern remains unresolved:

Long-time residents fear the new structure will erase the cultural identity of the original bridge.

Because this concern is symbolic rather than computational, CDS escalates to Module 9.

A facilitated deliberation session brings together elders, designers, and younger residents. The group reaches a shared resolution:

e preserve the original rail style,

e reuse salvaged timbers as decorative elements,

¢ include a small commemorative plaque,

e integrate traditional aesthetics into the modular design.

The outcome is formally recorded (Module 7) and dispatched (Module 8), maintaining full continuity with the CDS pipeline.

Module 10 — Review, Revision & Override (Post-Decision Loop)

Six months after implementation, FRS detects unexpected riverbank erosion downstream of the new walkway, and COS logs higher-than-expected maintenance
strain.

Module 10 initiates a formal review.
The decision is amended:

¢ slope gradients are slightly reduced,
* additional rest platforms are added,

e construction schedules are seasonally adjusted.

The revision is transparently logged and re-dispatched—without political conflict, blame, or loss of legitimacy.

Final Outcome
The node adopts an accessible, ecologically responsible, and culturally respectful access solution that reflects:

e real-world constraints,

e community values,

* ecological thresholds,

¢ inclusive access,

¢ |ong-term maintenance capacity,
¢ and institutional learning.

No hierarchical command. No competitive bidding. No profit motive. No majoritarian coercion. Instead, CDS functions as a living cybernetic governance system—
capable of perception, reasoning, constraint enforcement, collective sense-making, execution, memory, and adaptive correction over time.



Formal CDS Specification: Pseudocode + Math Sketches

The preceding subsections described the Collaborative Decision System (CDS) in conceptual and narrative terms: what each module does, how it supports democratic
coordination, and how the modules interact to turn raw human input into coherent, constrained, collectively legitimate decisions. To move from description to
implementation, this section presents a formal, programmable view of CDS.

What follows is not production code, but implementation-oriented pseudocode and simple mathematics showing how CDS can be represented in software. Each
module is expressed as:

¢ asmall set of core data types (issues, submissions, scenarios, votes, objections, decisions, and review artifacts),

e functions that transform these types (intake, clustering, context building, constraint checking, deliberation support, consensus synthesis, recording/versioning,
dispatch, and review loops), and

¢ where appropriate, explicit formulas for key quantities such as similarity scores, constraint checks, consensus gradients, and objection indices.

The goal here is threefold:

1. Demonstrate feasibility. Show that the deliberative pipeline described earlier is not vague or magical; it can be encoded in clear data structures and
algorithms.

2. Clarify information flow. Make explicit how signals move from one module to another (e.g., from submissions — structured issue map — context —
constraints — deliberation — consensus — record — dispatch — review).

3. Provide a bridge for implementers. Give engineers, data scientists, and system designers a concrete starting point for prototyping CDS within real software
stacks (e.g., integrating with tools like Decidim, Loomio, Polis, or custom agent-centric architectures).

Readers who are not interested in the technical details can skim or skip the code while still grasping the high-level intent: CDS is a cybernetic governance engine with
clearly defined inputs, outputs, and transformation rules—not an abstract “platform for discussion.” For those building Integral nodes in practice, these sketches
provide a baseline blueprint that can be refined, modularized, or replaced with more sophisticated implementations over time.

With that in mind, we begin with a set of shared data types that all CDS modules use. The code below defines the core entities that make democratic deliberation
computable:

e anlssue is a decision to be resolved

* aSubmission is any proposal, objection, evidence, comment, or system signal
® aScenario represents one possible solution path

* Votes and Objections encode gradient preference and principled resistance
e a Decision is the synthesized outcome of the deliberation pipeline

e Participants have identity, role context, and decision weight

(Modules 9 and 10 include structured human resolution and post-decision review, respectively; while these cannot be reduced to computation alone, their inputs and outputs are
still represented formally and recorded in the same auditable pipeline.)

from _ future_ import annotations

1

2

3 from dataclasses import dataclass, field

4 from typing import Any, Dict, List, Optional, Literal, Tuple
5 from datetime import datetime
6

7

8

#
9 # Core CDS enums / literals
10 #
11
12 SupportLevel = Literall[
13 "strong_support",
14 "support",
15 "neutral",
16 "concern",
17 "block",
18 | ]
19
20 SubmissionType = Literall[
21 "proposal",
22 "objection",
23 "evidence",
24 "comment",
25 "signal", # e.g. alerts from FRS, ITC, COS
26 | 1]
27

28 IssueStatus = Literal|

29 "intake", # Module 1 active
30 "structured", # Module 2 complete
31 "context_ready", # Module 3 complete
52 "constrained", # Module 4 complete
33 "deliberation", # Module 5 active



34
35
36
37
38
3
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92

94
95
96
97
98
99
100
101
102
103
104
105
106

"consensus_check", Module 6 active
"decided",

"dispatched",

decision chosen + recorded
Module 8 executed (dispatch emitted)
"under_review", Module 10 active

"reopened", returned to Module 1/2 due to review outcome

HH oW W W W %

"archived", closed / historical

DecisionStatus = Literal]|
"approved",
"rejected",

"revise_and_retry",

"amended", # Module 10: decision modified
"revoked", # Module 10: decision reversed
"reopened", # Module 10: sent back into pipeline

ConsensusDirective = Literall
"approve",
"revise",

"escalate_to_module9",

ReviewReason = Literal[
"frs_risk_signal",
"cos_implementation_failure",
"itc_equity drift",
"constraint_violation",
"new_evidence",
"changed_conditions",

"other",

ReviewOutcomeStatus = Literal|
"reaffirmed",
"amended",
"revoked",

"reopen_deliberation",

#
# Foundational entities
#

@dataclass
class Participant:

CDS participant with an identity and a decision weight.

weight is normally 1.0, but may be adjusted by CDS constitutional rules

(e.g., bounded equalization, protected-category considerations, etc.).

id: str

weight: float = 1.0

roles: List[str] = field(default factory=list) # e.g. ["resident", "engineer"]
metadata: Dict[str, Any] = field(default_factory=dict)

@dataclass
class Submission:

Any input into CDS: proposal, objection, evidence, comment, or system signal.
id: str

author_id: str # human participant or system agent ID
issue_id: str

type: SubmissionType

content: str # free text or structured JSON-as-string
created_at: datetime

metadata: Dict[str, Any] = field(default_factory=dict) # tags, links, source system, etc.



107
108
109
110
111
112
1Lig
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
13l
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179

@dataclass

class Issue:

A governance question to be resolved by CDS.
id:
title:

str

str

description: str

created_at: datetime

"intake"

status: IssueStatus =

submissions: List[Submission] = field(default_ factory=list)

# Optional structured metadata for routing/federation:
tags: Dict[str, str] = field(default factory=dict)
priority: Optional[str] = None

last_updated_at: Optional[datetime] = None

@dataclass

class Scenario:

A candidate solution path for an Issue.
id:
issue_id: str

label:

str

str # e.g. "Raised walkway",

parameters: Dict[str, Any] = field(default_factory=dict)

indicators: Dict[str,

@dataclass

class Vote:

Gradient preference signal, not a binary ballot.
participant_id: str

issue_id: str

scenario_id: str

support: SupportLevel

comment: str =

created at: datetime =

@dataclass

class Objection:

#

# CDS Module artifacts

#

A principled objection with severity and scope.
participant_id: str
issue_id: str
scenario_id: str
severity: float
scope: float

description: str

# 0—1 (how serious is the

# e.g. {"sector": "infrastructure", "node": "A"}

# e.g. "routine" | "urgent"

"Alternative route"

# inputs used to evaluate/implement

float] = field(default_ factory=dict) # projected outcomes (filled by modeling)

field(default_factory=datetime.utcnow)

objection?)

# 0—1 (how widely does it apply?)

created at: datetime = field(default_ factory=datetime.utcnow)

metadata: Dict[str, Any] = field(default_ factory=dict)

(1-10)

@dataclass

class StructuredIssueView:

Output of Module 2 (structuring). A transient computational scaffold.

issue_id: str

themes: List[str] = field(default_ factory=list)

clusters: List[Dict[str, Any]] = field(default_ factory=list)

scope_notes: str =

metadata: Dict[str, Any] = field(default_factory=dict)

# can store cluster labels + submission ids



180
181
182
183
184
185
186
187
188
189
190
191
192
895
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252

@dataclass
class ContextModel:

won

Output of Module 3 (knowledge integration). A transient computed context layer.
issue_id: str

ecological: Dict[str, Any] = field(default_factory=dict)

resources: Dict[str, Any] = field(default_ factory=dict)

labor: Dict[str, Any] = field(default_factory=dict)

historical: List[Dict[str, Any]] = field(default_ factory=list)

dependencies: Dict[str, Any] = field(default_factory=dict)

social: Dict[str, Any] = field(default_factory=dict)

metadata: Dict[str, Any] = field(default_factory=dict)

@dataclass
class ConstraintReport:

Output of Module 4 (constraint checking).

issue_id: str

scenario_id: str

passed: bool

violations: List[Dict[str, Any]] = field(default_factory=list)
required modifications: List[str] = field(default_ factory=list)
created_at: datetime = field(default_ factory=datetime.utcnow)
metadata: Dict[str, Any] = field(default_factory=dict)

@dataclass
class DeliberationState:

Output of Module 5 (deliberation workspace). Transient but recordable.
issue_id: str

active_scenarios: List[Scenario] = field(default_ factory=list)
objections: List[Objection] = field(default_factory=list)

notes: List[Dict[str, Any]] = field(default_factory=list)

updated_at: datetime = field(default_ factory=datetime.utcnow)
metadata: Dict[str, Any] = field(default_ factory=dict)

@dataclass
class ConsensusResult:

Output of Module 6 (weighted consensus).

issue_id: str

scenario_id: str

consensus_score: float

objection_index: float

directive: ConsensusDirective # approve | revise | escalate_to_module9
required conditions: List[str] = field(default_ factory=list)

created at: datetime = field(default_ factory=datetime.utcnow)

metadata: Dict[str, Any] = field(default_ factory=dict)

@dataclass
class Decision:

Canonical governance output. Must be recorded (Module 7) and dispatched (Module 8).

id: str

issue_id: str

scenario_id: str

status: DecisionStatus

consensus_score: float

objection_index: float

decided_at: datetime

rationale_hash: str # hash/link to tamper-evident record chain (Module 7)
supersedes_decision_id: Optional[str] = None # for amendments/revocations (Module 10)

metadata: Dict[str, Any] = field(default_factory=dict)



253
254
255 @dataclass

256 class LogEntry:

257 e

258 Module 7: append-only log entry for transparency/versioning.
259 e

260 id: str

261 issue_id: str

262 stage: str # e.g. "intake", "structured", "context ready", "decided", ...
263 timestamp: datetime

264 payload: Dict[str, Any]

265 prev_hash: str

266 entry_hash: str

267

268

269 @dataclass
270  class DispatchPacket:

271 e

272 Module 8: structured action bundle for OAD/COS/ITC/FRS.

273 e

274 id: str

275 issue_id: str

276 scenario_id: str

277 created_at: datetime

278

279 tasks: List[Dict[str, Any]] = field(default_factory=list) # COS tasks

280 materials: Dict[str, Any] = field(default_factory=dict)

281 schedule: Dict[str, Any] = field(default_factory=dict)

282

283 oad_flags: Dict[str, Any] = field(default factory=dict) # design updates

284 itc_adjustments: Dict[str, Any] = field(default_ factory=dict) # weighting/access rules (if relevant)
285 frs_monitors: List[str] = field(default factory=list) # what to monitor post-implementation
286

287 metadata: Dict[str, Any] = field(default_ factory=dict)

288

289

290 @dataclass

291 class Module90utcome:

292 e

293 Module 9: structured output of high-bandwidth human deliberation.
294 This is not computed, but its outputs are formal and auditable.
295 e

296 issue_id: str

297 scenario_id: str

298 outcome_summary: str

299 modifications: List[str] = field(default_factory=list) # e.g. amendments to scenario parameters
300 unresolved_notes: str = ""

301 concluded_at: datetime = field(default_factory=datetime.utcnow)
302 metadata: Dict[str, Any] = field(default_factory=dict)

303

304

305 @dataclass

306 class ReviewRequest:

307 e

308 Module 10: trigger to reassess a past decision.

309 e

310 id: str

311 issue_id: str

312 decision_id: str

313 reason: ReviewReason

314 created at: datetime

315 submitted by: str # "FRS" | "cOsS" | "ITC" | "member:<id>" | etc.
316 evidence_refs: List[str] = field(default_factory=list)
317 metadata: Dict[str, Any] = field(default_ factory=dict)
318

319

320 @dataclass

321 class ReviewOutcome:

322 e

323 Module 10: the result of the review loop.
324 e

B25 id: str



326 issue_id: str

327 decision_id: str

328 status: ReviewOutcomeStatus # reaffirmed | amended | revoked | reopen_deliberation
329 new_constraints: Dict[str, Any] = field(default_factory=dict)

330 amendments: Dict[str, Any] = field(default_factory=dict) # scenario/dispatch amendments

331 rationale: str = ""

332 decided at: datetime = field(default_ factory=datetime.utcnow)

333 metadata: Dict[str, Any] = field(default_factory=dict)

334

Module 1 (CDS) — Issue Capture & Signal Intake

Purpose:
Collect all proposals, concerns, objections, evidence, and relevant system signals in a clean, authenticated format.

Inputs

* Raw user input (forms, comments, uploads)
* Participant identities (for authentication)
e Structured signals from other systems (e.g., FRS alerts, ITC adjustment requests, COS capacity flags)

Outputs
* An Issue with attached, authenticated submission objects ready for structuring (Module 2)

Core Logic (pseudo-code):

from datetime import datetime

from typing import Dict, Optional

1
2
8
4 def authenticate_actor(actor_id: str, actor_type: str) -> bool:
5
6

Identity/authentication check for submissions.

8 actor_type:

9 - "human" -> verify DID/credential/session

10 - "system" -> verify service identity, signing keys, and allowlist
11 (e.g. FRS, ITC, COS)

12 e

13 # Placeholder: always passes

14 return True

15

16

17  def normalize_actor(

18 participant: Optional[Participant],

19 system actor_id: Optional[str],

20 ) -> tuple[str, str]:

21 e

22 Return (actor_id, actor_type) for either human participants or system sources.
28 e

24 if participant is not None:

25 return participant.id, "human"

26 assert system actor_id is not None, "must provide participant or system actor_id"
27 return system actor_id, "system"

28

29

30 def intake_submission(

31 issue: Issue,

B2 content: str,

33 sub_type: SubmissionType,

34 metadata: Dict,

35 participant: Optional[Participant] = None,

36 system actor_id: Optional[str] = None, # e.g. "FRS", "ITC", "cCOS"
37 ) —-> Issue:

38 e

39 Module 1 — Issue Capture & Signal Intake

40

41 Adds a submission into the CDS intake stage with authentication,
42 deduplication, and structured storage.

43

44 sub_type can be:

45 - "proposal"



46 - "objection"

47 - "evidence"

48 - "comment"

49 - "signal" (e.g. FRS alert, ITC warning)

50

51 Notes:

52 - Human and system submissions are both valid.

58 - This module does not evaluate merit; it ensures integrity and traceability.
54 e

55

56 actor_id, actor_type = normalize_actor(participant, system actor_ id)

57

58 # Reject input unless identity (human or system) is confirmed

59 assert authenticate actor(actor_id, actor_type), "unauthenticated input"
60

61 submission = Submission(

62 id=generate_id("sub"),

63 author_id=actor_id,

64 issue_id=issue.id,

65 type=sub_type,

66 content=content,

67 created at=datetime.utcnow(),

68 metadata={

69 **metadata,

70 "actor_type": actor_type, # "human" | "system"

71 Bo

72 )

73

74 # Prevent spam and repeated entries:

75 # If near-duplicate, we do NOT store a second full submission by default.
76 # Instead, we can increment a counter and store an evidence pointer.

77 dup of = find near duplicate(issue.submissions, submission) # returns submission id or None
78

79 if dup of is None:

80 issue.submissions.append(submission)

81 else:

82 # Record deduplication transparently in metadata (keeps auditability)
83 # without bloating downstream clustering.

84 issue.submissions.append(

85 Submission(

86 id=generate_id("sub"),

87 author_id=actor_id,

88 issue_id=issue.id,

89 type="comment", # treated as a linked confirmation rather than a new argument
90 content="(deduplicated submission reference)",

91 created_at=submission.created_at,

92 metadata={

93 "deduplicated of": dup_of,

94 "original_type": sub_type,

95 "original_content_hash": hash_text(content),

96 "actor_ type": actor_type,

97 Y,

98 )

99 )

100

101 # Maintain issue state + timestamps

102 issue.status = "intake"

103 issue.last_updated_at = datetime.utcnow()

104

105 return issue

106

Duplicate Detection — Math Sketch
To avoid manufactured consensus and redundancy, near-duplicate submissions can be detected using cosine similarity over text embeddings.

Let e(s) be the embedding of submission text s.
For a new submission syey and existing submissions {s,} define:

. €(Snew) - €(54)
sim(Spew, $i) =

 lleCsne)ll leCs)



max sim(Snew, $i) > Tdup
7

for some chosen threshold 7qy, € (O7 1),
then spew is marked as a near-duplicate and can be merged, collapsed, or flagged rather than added as a distinct submission.

This keeps intake scalable and prevents repetition from overwhelming the later modules.

Module 2 (CDS) — Issue Structuring & Framing
Purpose

Convert raw, heterogeneous submissions—proposals, objections, comments, and system signals—into coherent issue frames consisting of clusters, themes, sub-
issues, and decision parameters that later CDS modules can reason about.

Inputs

® An Issue with attached submission objects (from Module 1)
e Optional configuration parameters for semantic clustering:

o embedding model selection

o similarity thresholds

©o maximum cluster count

o minimum cluster size
Outputs

® A structuredIssueview containing
o clustered submissions
o inferred themes
o scoped sub-issues
e Updated issue lifecycle state:
O Issue.status = "structured"

O 1Issue.last_updated_at Set
Design Notes

¢ Evidence submissions are intentionally excluded from semantic clustering.
Evidence is indexed and contextualized in Module 3 (Knowledge Integration & Context Engine) to prevent conflating claims with sources.

¢ Deduplicated placeholder submissions (inserted by Module 1) are ignored to preserve signal clarity.

® StructuredIssueview and SubmissionCluster are transient computational artifacts, not canonical CDS records. They exist to support downstream
reasoning and deliberation.

Helper Types (for structuring)

1 from dataclasses import dataclass
2 from typing import List, Dict, Any
3

4 @dataclass

5 class SubmissionCluster:

6 id: str

7 issue_id: str

8 label: str

9 submission_ids: List[str]

10 centroid_vector: List[float]
11

12

13 @dataclass

14  class StructuredIssueView:

15 issue_id: str
16 clusters: List[SubmissionCluster]
17 themes: List[str]
18 metadata: Dict[str, Any]
Core Logic

from datetime import datetime

from typing import List, Dict, Any



5 def embed_text(text: str) -> List[float]:

6 W

7 Convert text into a semantic vector.

8 In practice this may call a local embedding model or an external service.
9 won

10 return some_embedding model (text)

11

12

13 def is_clusterable_ submission(s: Submission) -> bool:

14 e

15 Determine whether a submission should be clustered.
16

17 Clusterable:

18 - proposals

19 - objections

20 - comments

21 - system signals (e.g. FRS alerts)

22,

28 Excluded:

24 - evidence submissions (handled in Module 3)

25 - deduplication placeholders inserted by Module 1
26 e

27 if s.type not in ["proposal", "objection", "comment", "signal"]:
28 return False

29

30 # Ignore deduplication placeholders

31 if isinstance(s.metadata, dict) and "deduplicated of" in s.metadata:
32 return False

I3

34 if not s.content or not s.content.strip():

S5 return False

36

37 return True

38

39

40  def cluster_submissions(

41 issue: Issue,
42 max_clusters: int = 8,
43 min_cluster_size: int = 2,

44 ) -> StructuredIssueView:

45 e

46 Module 2 — Issue Structuring & Framing

47

48 Takes clusterable submissions attached to an Issue, computes embeddings,
49 clusters them into thematic groups, and returns a structured issue view.
50 e

51 now = datetime.utcnow()

52

53 # 1. Collect clusterable submissions

54 subs: List[Submission] = [

55 s for s in issue.submissions if is_clusterable_submission(s)
56 ]

57/ texts: List[str] = [s.content for s in subs]

58

59 if not texts:

60 issue.status = "structured"

61 issue.last_updated_at = now

62 return StructuredIssueView(

63 issue_id=issue.id,

64 clusters=[],

65 themes=[],

66 metadata={

67 "note": "no clusterable submissions",

68 "clustered types": ["proposal", "objection", "comment", "signal"],
69 "excluded_types": ["evidence"],

70 T

71 )

72

73 # 2. Compute embeddings

74 embeddings: List[List[float]] = [embed_text(t) for t in texts]
75

76 # 3. Run clustering algorithm (e.g. k-means, agglomerative)

77 cluster labels: List[int] = run_clustering algorithm(



78 embeddings,

79 max_clusters=max_clusters,

80 )

81

82 # 4. Group submissions by cluster

83 grouped: Dict[int, List[Submission]] = {}

84 for label, sub in zip(cluster_ labels, subs):

85 grouped.setdefault(label, []).append(sub)

86

87 submission_clusters: List[SubmissionCluster] = []
88 themes: List[str] = []

89

90 # 5. Build clusters and infer labels

91 for cluster_id, sub_list in grouped.items():

92 if len(sub_list) < min_cluster_size:

93 label = f"misc_{cluster_id}"

94 else:

95 label = infer cluster_label([s.content for s in sub_list])
96 themes.append(label)

97

98 centroid = compute_centroid(

99 [e for e, lab in zip(embeddings, cluster_labels) if lab == cluster_id]
100 )

101

102 submission_clusters.append(

103 SubmissionCluster

104 id=generate_id("cluster"),

105 issue_id=issue.id,

106 label=label,

107 submission_ids=[s.id for s in sub_list],
108 centroid_vector=centroid,

109 )

110 )

111

112 issue.status = "structured"

113 issue.last_updated_at = now

114

115 return StructuredIssueView (

116 issue_id=issue.id,

117 clusters=submission_clusters,

118 themes=sorted(list(set(themes))),

119 metadata={

120 "clustering method": "kmeans",

121 "num_clusters": len(submission clusters),
122 "clustered types": ["proposal", "objection", "comment", "signal"],
123 "excluded_types": ["evidence"],

124 "max_clusters": max clusters,

125 "min_cluster_size": min_cluster_size,

126 },

127 )

Math Sketch — Clustering and Similarity

Let there be IV clusterable submissions

{s1,82,...,8n}
with semantic embeddings e(s;) € R%.

The goal is to partition them into K clusters
Ci,...,Ck (with K < max_clusters)
such that submissions within each cluster are semantically similar.

A standard objective (e.g. k-means) is:

K
o min, Do llelsi) = pell?

K k=1 5;€C,

where the centroid of cluster C}, is:

Cluster similarity can be assessed via cosine similarity of centroids:



sim(C,, Cy) = —Le Kb _ (5)
llzall 2ol

For theme extraction, a simple heuristic is to:

e extract top-n key phrases from all texts in C}, or

* choose a label that maximizes semantic coherence within the cluster.

The specific clustering algorithm and labeling method are implementation choices. What matters is that Module 2 transforms a flat list of submissions into a
structured, navigable representation of the decision space—a prerequisite for contextual grounding, constraint checking, and deliberation in later CDS modules.

Module 3 (CDS) — Knowledge Integration & Context Engine
Purpose

Module 3 aggregates all relevant knowledge—submitted evidence, historical records, ecological constraints, resource and labor data, past decisions, and system-
generated signals—into an organized contextual substrate that later modules (4-6) can reason about.

It is the cognitive “memory + analysis layer” of CDS. Where Module 2 structures the shape of public reasoning, Module 3 ensures the system has a complete and
accurate information environment for evaluating scenarios responsibly.

Inputs

® StructuredIssueview (clusters +themes from Module 2)
e Evidence submissions (from Module 1/ Issue.submissions)
¢ Contextual system data:
o FRS ecological metrics and risk signals
o COS capacity, labor windows, resource availability
o |TC fairness constraints and weighting context
e Historical decisions and rationale logs
e External datasets (e.g., climate, hydrology, geospatial layers, safety codes)

Outputs

* A contextModel containing consolidated, queryable indicators:
o ecological limits and risk exposures
o resource and labor constraints
o historical precedent and comparable past outcomes
o social/fairness considerations
o dependency couplings and infrastructural interactions
* Updated issue lifecycle state:
O issue.status = "context ready"

O issue.last_updated_at Set

This becomes the input for Module 4 (Norms & Constraint Checking) and Module 5 (Participatory Deliberation Workspace).

Helper Type (for context layer)

1 from dataclasses import dataclass

2 from typing import Dict, List, Any

3

4 @dataclass

5 class ContextModel:

6 issue_id: str

7 ecological: Dict[str, Any] # thresholds, footprints, risk metrics
8 resources: Dict[str, Any] # materials, tooling, bottlenecks

9 labor: Dict[str, Any] # capacity windows, skills, constraints
10 historical: List[Dict[str, Any]] # similar past decisions + outcomes
11 dependencies: Dict[str, Any] # couplings with other infrastructure
12 social: Dict[str, Any] # accessibility, equity signals
113 evidence_index: List[Dict[str, Any]] # structured evidence pointers + summaries
14 metadata: Dict[str, Any]

(Note: contextModel is a computed context layer, not a permanent CDS record.)

Core Logic

1 from datetime import datetime



w

w

from typing import Dict, List, Any

def

def

extract_evidence_ submissions(issue: Issue) -> List[Submission]:

Pull evidence submissions from Module 1 intake.
Evidence is not clustered in Module 2; it is indexed here.

return [s for s in issue.submissions if s.type == "evidence"]

index evidence(evidence_ submissions: List[Submission]) -> List[Dict[str, Any]]:

Build a light evidence index: pointers, tags, short summaries.
This is not full document processing—just a contextual scaffold.
indexed = []
for s in evidence_submissions:
indexed.append({
"submission_id": s.id,
"author_ id": s.author_id,
"created_at": s.created_at.isoformat(),
"tags": s.metadata.get("tags", []),
"source": s.metadata.get("source", "member"),
"link": s.metadata.get("link"),

"summary": s.metadata.get("summary") or (s.content[:200] + "...

})

return indexed

build_context model(

issue: Issue,

structured: StructuredIssueView,
frs_data: Dict[str, Any],

cos_data: Dict[str, Any],

itc_data: Dict[str, Any],
historical_records: List[Dict[str, Any]],

external_datasets: Dict[str, Any],

) -> ContextModel:

Module 3 — Knowledge Integration & Context Engine

Aggregates contextual information relevant to an Issue

so Modules 4—6 can evaluate feasibility, limits, and consequences.

Note: Module 3 builds context; it does not decide.

now = datetime.utcnow()

# 1) Evidence indexing (from Module 1 submissions)
evidence_subs = extract_evidence_submissions(issue)

evidence_idx = index_ evidence(evidence_subs)

# 2) Context extraction from system sources

ecological_signals = extract_ecological_indicators(structured, frs_data,

resource_profile = extract_resource_metrics(structured, cos_data)
labor_profile = extract_labor_capacity(structured, cos_data)
fairness_profile = extract_fairness_signals(itc_data)

# 3) Historical matching + dependency mapping

if len(s.content) > 200 else

external_datasets)

historical_links = match_to_historical_precedent(issue, historical_records, structured)

dependency_graph = map_system dependencies(issue, cos_data, frs_data, external_datasets)

context = ContextModel (
issue_id=issue.id,
ecological=ecological_signals,
resources=resource_profile,
labor=labor_profile,
historical=historical_links,
dependencies=dependency_graph,
social=fairness_profile,
evidence_index=evidence_idx,
metadata={

"source_modules": ["FRS", "cos", "ITC"],

s.content),



75 "external_sources_present": list(external_datasets.keys()),

76 "num_clusters": len(structured.clusters),
77 "num_evidence_items": len(evidence_idx),
78 "built_at": now.isoformat(),

79 }

80 )

81

82 # Update issue lifecycle state (consistent with updated CDS types)
83 issue.status = "context_ ready"

84 issue.last_updated_at = now

85

86 return context

What Module 3 Actually Computes

* Ecological layer: emissions proxies, material footprints, water use, waste streams, risk exposure

e Resource layer: tooling/material availability, fabrication limits, external procurement dependency

e Labor layer: skill requirements, availability windows, likely bottlenecks

e Social/fairness layer: accessibility impacts, protected-category considerations, distributional effects
¢ Historical layer: outcomes of similar past decisions, failure patterns, precedent constraints

¢ Evidence index: structured pointers to submitted sources, links, and summaries

Everything is organized so downstream modules can evaluate what is actually possible and responsible.

Math Sketch — Multi-Criteria Indicator Aggregation
Module 3 often needs to normalize heterogeneous indicators so that Modules 4-6 can reason about them systematically.
Let:

* E;=ecological indicators
. R]- = resource indicators
e L;=laborindicators

. Sj = social/fairness indicators
Normalize each using min-max scaling:
, _ _ @ —min(z))
= . ©
max(z;) — min(z;)
Then build a context score vector:
C = [agE/, agR/, afl/; asS'] (7)

where the « coefficients are not chosen by Module 3, but derived from CDS constitutional settings, ecological thresholds, COS capacity constraints, and ITC fairness
bounds. This yields a usable representation of context saturation that Modules 4-6 can test proposals against.

Module 4 (CDS) — Norms & Constraint Checking Module

Purpose

Module 4 serves as the viability filter for proposals and scenarios. Its role is not to choose among options, but to enforce the ecological, material, technical, safety,
fairness, and constitutional boundaries within which all decisions must remain.

It ensures that:

e proposals do not exceed ecological thresholds

e resource demands reflect actual COS capacities

e labor demands match real availability

® social/fairness constraints (via ITC) are respected

¢ the proposal does not violate node-level or federated constitutional principles
¢ safety and longevity criteria are satisfied

A proposal that fails a constraint is not rejected outright—it is returned with specific modification requirements, enabling structured revision rather than political
conflict.

Inputs

e contextModel from Module 3
® StructuredIssueview from Module 2

e Formal constraints from:



o FRS ecological threshold tables
o COS labor and resource availability
o ITC fairness and accessibility rules

o CDS constitutional layer (node charter, federated rules, policy snapshots)
Outputs

e constraintReport : pass/fail results, violations, required modifications
e Updated issue lifecycle state:
O issue.status = "constrained"
O issue.last_updated_at Set
¢ Afiltered set of feasible scenarios for Module 5 and 6 (or a set of “revise-and-retry” requirements if all fail)

Helper Type for Reporting

(Use the canonical type consistent with the updated CDS data model.)

1 from dataclasses import dataclass, field

2 from typing import Dict, List, Any

3 from datetime import datetime

4

5 @dataclass

6 class ConstraintReport:

7 issue_id: str

8 scenario_id: str

9 passed: bool
10 violations: List[Dict[str, Any]] = field(default_factory=list)
11 required modifications: List[str] = field(default factory=list)
12 created_at: datetime = field(default_ factory=datetime.utcnow)
13 metadata: Dict[str, Any] = field(default_ factory=dict)

Core Logic

1 from datetime import datetime

2 from typing import Dict, Any

B

4 def check_constraints(

5 issue: Issue,

6 scenario: Scenario,

7 context: ContextModel,

8 rules: Dict[str, Any],

9 ) -> ConstraintReport:

10 e

11 Module 4 — Norms & Constraint Checking

12

13 Validates a scenario against ecological, material, labor, fairness,

14 and constitutional boundaries. Returns a structured report rather

15 than a simple pass/fail.

16 e

17 now = datetime.utcnow()

18

19 violations = []

20 modifications = []

21

22 # 1) Ecological thresholds (FRS-informed, CDS-bounded)

23 for key, limit in rules.get("ecological", {}).items():

24 if scenario.indicators.get(key, 0) > limit:

25 violations.append({"type": "ecology", "detail": f"{key} exceeds {limit}"})
26 modifications.append(f"Reduce {key} below {limit}")

27

28 # 2) Resource availability (COS)

29 for resource, amount needed in scenario.parameters.get("materials", {}).items():
30 available = context.resources.get(resource, 0)

31 if amount_needed > available:

32 violations.append({"type": "resources", "detail": f"{resource} insufficient"})
33 modifications.append(f"Find alternative or reduce {resource} usage")

34

35 # 3) Labor capacity & scheduling (COS)

36 required_labor = scenario.parameters.get("labor_ hours_required", 0)



37 available labor = context.labor.get('"available hours", 0)

38 if required_labor > available_labor:

B

40 modifications.append("Rescope, phase, or reschedule labor distribution")
41

42 # 4) Social & fairness constraints (ITC + CDS norms)

43 max_access_risk = rules.get("social", {}).get("max access_risk", None)

44 if max_access_risk is not None:

45 if scenario.parameters.get("accessibility risk", 0) > max_access_risk:

46 violations.append({"type": "fairness", "detail": "accessibility risk too high"})
47 modifications.append("Revise design for universal access compliance")
48

49 # 5) Constitutional / procedural constraints (CDS)

50 for key, requirement in rules.get("constitutional", {}).items():

51 if not requirement(scenario):

52 violations.append({"type": "constitutional", "detail": f"{key} violated"})
53 modifications.append(f"Modify scenario to satisfy {key}")

54

55 passed = len(violations) == 0

56

57 # Update issue lifecycle state

58 issue.status = "constrained"

59 issue.last_updated_at = now

60

61 return ConstraintReport(

62 issue_id=issue.id,

63 scenario_id=scenario.id,

64 passed=passed,

65 violations=violations,

66 required _modifications=modifications,

67 created_at=now,

68 metadata={"timestamp": now.isoformat()},

69 )

violations.append({"type": "labor", "detail": "labor capacity exceeded"})

Math Sketch — Constraint Check as Multi-Domain Feasibility

A scenario S is viable only if it satisfies:

SE}—ecom}—res m]:labr\|]:socm]:const

Where each feasibility set defines a constraint domain:

Ecological

Resource

Labor

Vi, Ei(S) < B

R](S) < R?vailable

L(S) < Lavailable

Fairness & Social

Constitutional

A(S) < Athreshald

Ck(S) = True Vk

If any domain fails, the scenario is returned for revision with specificity, not rejected in total.

Semantic Summary

Module 4 determines whether a proposal is:

e ecologically viable

¢ materially feasible

¢ labor-coherent

e fair and accessible

e constitutionally permissible



If not, it produces a structured modification set. If yes, the scenario proceeds to deliberation and consensus. This module functions as the ecological-constitutional
immune system of CDS.

Module 5 (CDS) — Participatory Deliberation Workspace
Purpose
Module 5 provides a transparent, structured, multi-user deliberation environment where participants can:

* interpret structured issues (Module 2),
* review contextual evidence (Module 3),
e examine constraint reports (Module 4),
¢ refine proposals,

e submit principled objections,

* resolve misunderstandings, and

* co-develop scenario modifications.

This is the “collective reasoning” stage—the module that turns information into shared understanding.
It does not decide. It organizes and clarifies human reasoning so the consensus engine (Module 6) can operate on clean, coherent data.
Inputs

® StructuredIssueview from Module 2

e cContextModel from Module 3

e ConstraintReport from Module 4

e Submissions and revisions from participants

* Optional mediation signals (e.g., from facilitators or CDS norms engine)
Outputs

o Arefined set of scenarios or scenario variants
e A consolidated objections list
* Astructured dataset ready for weighted consensus in Module 6
* Updated issue lifecycle state:
O issue.status = "deliberation"

O issue.last_updated_at set

Helper Type
1 from dataclasses import dataclass, field
2 from typing import List, Dict, Any

from datetime import datetime

w

4

5 @dataclass

6 class DeliberationState:

7 issue_id: str

8 active_scenarios: List[Scenario] = field(default_factory=list)
9 objections: List[Objection] = field(default_factory=list)

10 notes: List[Dict[str, Any]] = field(default_factory=list)

11 updated_at: datetime = field(default factory=datetime.utcnow)
12 metadata: Dict[str, Any] = field(default_ factory=dict)

(Note: peliberationState is a transient workspace representation—useful for downstream computation and optional trace logging, but not the canonical CDS record itself.
Canonical trace is captured in Module 7.)

Core Logic
1 from datetime import datetime
2 from typing import List, Dict, Any
3
4

def deliberate(

issue: Issue,

context: ContextModel,

5

6

7 scenarios: List[Scenario],

8

9 constraint_reports: List[ConstraintReport],
0

incoming objections: List[Objection],



11 participant_notes: List[Dict[str, Any]],

12 ) -> DeliberationState:

13 e

14 Module 5 — Participatory Deliberation Workspace

15

16 Creates the structured deliberation environment where:

17 - participants refine proposals

18 - objections are aggregated and clarified

19 - constraint reports are interpreted

20 - scenario variants may be proposed

21

22 Note:

23 - Module 5 does not decide.

24 - It outputs a clean, consensus-ready deliberation state for Module 6.
25 e

26 now = datetime.utcnow()

27

28 # Build an index for constraint reports by scenario_id (avoid order dependence)
29 cr_by_scenario: Dict[str, ConstraintReport] = {cr.scenario_id: cr for cr in constraint_reports}
30

31 # 1) Keep scenarios that either pass constraints OR have explicit modifications (revise-and-retry)
32 feasible scenarios: List[Scenario] = []

33 scenario_variants: List[Scenario] = []

34

B85 for s in scenarios:

36 cr = cr_by_scenario.get(s.id)

37

38 if cr is None:

39 # If no constraint report exists, keep scenario but flag as needing constraint evaluation
40 feasible_scenarios.append(s)

41 continue

42

43 if cr.passed:

44 feasible_scenarios.append(s)

45

46 elif cr.required modifications:

47 # Generate a modified scenario variant (revision candidate)
48 modified = apply modifications(s, cr.required modifications)
49 scenario_variants.append(modified)

50

51 # If it failed and has no modifications, it is not carried forward
52

53 active_scenarios = feasible_ scenarios + scenario_variants

54

55 # 2) Integrate and normalize objections (dedup + merge)

56 resolved_objections = normalize_ objections(incoming_ objections)

57

58 # 3) Sanitize and record participant notes for traceability

59 clean_notes = sanitize_ notes(participant notes)

60

61 # Update issue lifecycle state

62 issue.status = "deliberation"

63 issue.last_updated_at = now

64

65 return DeliberationState(

66 issue_id=issue.id,

67 active_scenarios=active_scenarios,

68 objections=resolved_objections,

69 notes=clean_notes,

70 updated_at=now,

71 metadata={

72 "updated": now.isoformat(),

73 "num_active_scenarios": len(active_scenarios),

74 "num_objections": len(resolved_objections),

iS! "num_notes": len(clean_notes),

76 Y

77 )

Math Sketch — Objection Aggregation

In deliberation, objections must be:



e aggregated

e normalized

e merged when duplicates arise

e distinguished by severity and scope
Let each objection o; have severity s; € [0, 1] and scope w; € [0, 1].
Define objection influence:

I(Oi) = 8; " w;

Cluster objections using cosine similarity on embeddings:

e(9a) - €(0v)

lle(oa) llleCos)ll

sim(0q, 0p) =

Objections within similarity threshold 75; are merged:

O = U 0;

i:sim(07,01) >Top;
And the merged objection’s influence is:

I(Oy) = max I(o;)

0,0},

This ensures even a small minority with high-severity, high-scope objections cannot be silenced or diluted.

Semantic Summary
Module 5 is where the community actually thinks. It provides a structured deliberation environment where:

* ideas are clarified

¢ misunderstandings resolved
e objections aggregated

e scenarios modified

® constraint reports interpreted

® cooperation emerges organically

The output is a refined, consensus-ready set of options that Module 6 can evaluate using weighted preference gradients—keeping CDS a human-centered
deliberation engine, not just an automated evaluator.

Module 6 (CDS) — Weighted Consensus Mechanism

Purpose
Module 6 transforms refined scenarios and structured objections from Module 5 into a formal consensus result.
Unlike voting systems, it does not count heads or choose winners. Instead, it synthesizes:

e preference gradients (strength of support)
¢ principled objections (severity x scope)

¢ required conditions for approval

e epistemic uncertainty

¢ fairness considerations

® scenario interdependencies
The purpose is to produce a non-coercive, mathematically transparent measure of agreement that supports:

e approval
* conditional approval
® revision & resubmission

e escalation to Module 9 (high-bandwidth human deliberation)
It is a consensus mechanism, not a voting system.
Inputs

e Deliberationstate from Module 5

® List of vote objects submitted by participants

e (onsolidated objection set

e Participant weights (from CDS constitutional rules; usually 1.0)
e Optional equalizer weights (if constitutionally defined)

Outputs



® ConsensusResult containing:

o consensus score

o objection index

o required conditions for approval (if any)

o directive: approve | revise | escalate_to_module9
e Updated issue lifecycle state:

© issue.status = "consensus_check"

O issue.last updated_at set

Helper Type: ConsensusResult (canonical)

1
2 from dataclasses import dataclass, field
3 from typing import Dict, List, Any
4 from datetime import datetime
5
6 @dataclass
7 class ConsensusResult:
8 issue_id: str
9 scenario_id: str
10 consensus_score: float
11 objection_index: float
12 directive: str # "approve" | "revise" | "escalate_to_module9"
13 required_conditions: List[str] = field(default_factory=list)
14 created_at: datetime = field(default_ factory=datetime.utcnow)
15 metadata: Dict[str, Any] = field(default_factory=dict)
Core Logic
1
2 from datetime import datetime
8 from typing import List, Dict
4
5
6 def compute_consensus (
7 issue: Issue,
8 scenario: Scenario,
9 votes: List[Vote],
10 objections: List[Objection],
11 participant_weights: Dict[str, float], # participant_id -> weight
12 consensus_threshold: float,
13 block_threshold: float,

14 ) -> ConsensusResult:

15 won

16 Module 6 — Weighted Consensus Mechanism

17

18 Computes:

19 - preference-gradient consensus score (weighted)
20 - objection index from principled objections

21 - directive: approve / revise / escalate_to_module9
22 e

23 now = datetime.utcnow()

24

25 # Update issue lifecycle state

26 issue.status = "consensus_check"

27 issue.last_updated_at = now

28

29 # 1) Map qualitative support levels to numeric scores
30 scale = {

31 "strong_support": 1.0,

32 "support": 0.6,

33 "neutral": 0.0,

34 "concern": -0.4,

35 "block": -1.0,

36 }

37

38 # 2) Weighted preference aggregation: sum(w_i * p i) / sum(w_i)



39 weighted sum = 0.0

40 weight_total = 0.0

41

42 for v in votes:

43 w = float(participant_weights.get(v.participant_id, 1.0))

44 p = float(scale[v.support])

45 weighted sum += w * p

46 weight_total += w

47

48 consensus_score = (weighted_sum / weight_ total) if weight_total > 0 else 0.0
49

50 # 3) Objection index: max(severity * scope)

51 objection_index = max([obj.severity * obj.scope for obj in objections] or [0.0])
52

53 # 4) Blocking objection check (non-coercive safeguard)

54 if objection_index >= block_threshold:

55 return ConsensusResult (

5
o

issue_id=issue.id,

5
=

scenario_id=scenario.id,

58 consensus_sCcore=consensus_score,

59 objection_index=objection_index,

60 directive="revise",

61 required_conditions=["Resolve high-severity objection(s)."],
62 metadata={"reason": "objection_block", "timestamp": now.isoformat()},
63 )

64

65 # 5) If consensus is below threshold - revise

66 if consensus_score < consensus_threshold:

67 return ConsensusResult (

68 issue_id=issue.id,

69 scenario_id=scenario.id,

70 consensus_score=consensus_score,

71 objection_index=objection_index,

72 directive="revise",

73 required conditions=["Increase support or address concerns."],
74 metadata={"reason": "insufficient consensus", "timestamp": now.isoformat()},
75 )

76

77 # 6) If consensus is sufficient but value conflict persists - escalate to Module 9
78 if |

79 consensus_score >= consensus_threshold

80 and objection_index > 0.0

81 and objection_index < block_threshold

82 and unresolved value conflict(objections)

83 ):

84 return ConsensusResult(

85 issue_id=issue.id,

86 scenario_id=scenario.id,

87 consensus_score=consensus_score,

88 objection_index=objection_index,

89 directive="escalate_to_module9",

90 required _conditions=[],

91 metadata={"reason": "values_conflict_ requires_module9", "timestamp": now.isoformat()},
92 )

93

94 # 7) Otherwise: approve

95 return ConsensusResult(

96 issue_id=issue.id,

97 scenario_id=scenario.id,

98 consensus_score=consensus_score,

99 objection_index=objection_index,

100 directive="approve",

101 required conditions=[],

102 metadata={"reason": "approved", "timestamp": now.isoformat()},

103 )

Math Sketch: Consensus Score & Objection Index
1) Preference Gradient (Weighted)

For votes v; with participant weights w; and mapped preference values p;:



_ ZZ w;P;
2w

This produces a continuous consensus metric, not a binary vote.
2) Objection Index
Each objection has:
* severity s; € [0, 1]
e scope w; € [0,1]
The objection index is:

O = max(s; - w;)

This ensures serious objections cannot be overridden by numeric dominance.
3) Approval Conditions
A scenario is approved if:

C > Cinreshola and - O < Oplock

® O < Cthreshola — revise
¢ O > Oyock — revise (blocking objection)
e contradictory signals / value conflict — escalate to Module 9

Semantic Summary
The Weighted Consensus Mechanism:

¢ handles qualitative preferences numerically
® protects principled minority concerns
* maintains transparency and non-coercion
® returns a clear directive:
o approve
o revise

o escalate to Module 9

It is the decision-synthesis mechanism of CDS—while the formal Decision object itself is recorded in Module 7 and dispatched in Module 8.

Module 7 (CDS) — Decision Recording, Versioning & Accountability

Purpose

Module 7 creates a tamper-evident historical record of every stage of the CDS process. It ensures that all governance activity is transparent, auditable,

reproducible, and immune to silent revision.
It records:

¢ all submissions (human and system)

e structured issue views

e scenario generation and mapping

e contextual and modeling outputs

® constraint reports

* deliberation states

e consensus results

¢ high-bandwidth human outcomes (Module 9)
¢ final decisions

e post-decision amendments and overrides (Module 10)

Module 7 is the institutional memory of CDS. Without it, CDS would be opaque, manipulable, and epistemically fragile.

It provides:

¢ verifiable version histories

¢ hash-linked append-only logs (Merkle/Git-style)
e public dashboards for participants

e reproducibility of every past decision

¢ the foundation for federated audit and trust



Inputs
Module 7 may receive any artifact produced by CDS Modules 1-10, including:

® Issue

® Submission

® StructuredIssueView
® ContextModel

® ConstraintReport

® DeliberationState

® ConsensusResult

® Module90utcome

® Decision

® ReviewOutcome

e Metadata (timestamps, participant IDs, rationale, scenario hashes)
Outputs

e Append-only LogEntry records
e Versioned snapshots of issue state
e Publicly accessible decision history summaries
* Cryptographic attestations (hashes)
e Audit trails usable by:
o participants
o node-level oversight
o inter-node federation review

Helper Type — LogEntry (canonical)

1 from dataclasses import dataclass

2 from typing import Dict, Any

3 from datetime import datetime

4

5 @dataclass

6 class LogEntry:

7 id: str

8 issue_id: str

9 stage: str # e.g. "intake", "structured", "context_ready",

10 # "constrained", "deliberation",

11 # "consensus_check", "decided",

12 # "amended", "revoked"

13 timestamp: datetime

14 payload: Dict[str, Any] # serialized CDS artifact

15 prev_hash: str # hash of previous log entry

16 entry_hash: str # cryptographic integrity hash
Core Logic

1 import hashlib

2 import json

3 from datetime import datetime

4 from typing import Dict, List, Any

5

6

7 def compute hash(payload: Dict[str, Any], prev_hash: str) -> str:

8 W

9 Compute a cryptographic hash of:

10 - the payload (canonical JSON)

11 - the previous hash (hash chain)

12 e

13 serialized = json.dumps(payload, sort_keys=True, default=str)

14 h = hashlib.sha256()

15 h.update(serialized.encode("utf-8"))

16 h.update(prev_hash.encode("utf-8"))

17 return h.hexdigest()

18

19



20 def append log(

21 issue_id: str,

22 stage: str,

23 payload: Dict[str, Any],

24 log_chain: List[LogEntry],

25 ) -> LogEntry:

26 e

27 Module 7 — Decision Recording, Versioning & Accountability
28

29 Append a new tamper-evident log entry to the CDS history.
30 e

31 prev_hash = log_chain[-1].entry_hash if log chain else "GENESIS"
3 now = datetime.utcnow()

33

34 entry = LogEntry(

35 id=generate_id("log"),

36 issue_id=issue_id,

37 stage=stage,

38 timestamp=now,

39 payload=payload,

40 prev_hash=prev_hash,

41 entry hash=compute_hash(payload, prev_hash),

42 )

43

44 log_chain.append(entry)

45 return entry

Public Dashboard View

1 def summarize_ issue_history(

2 log_chain: List[LogEntry],

3 issue_id: str

4 ) -> Dict[str, Any]:

5 Wi

6 Generate a lightweight, human-readable audit trail
7 for a specific issue.

8 W

9 history = []

10 for entry in log_chain:

11 if entry.issue_id == issue_id:

12 history.append({

13 "stage": entry.stage,

14 "timestamp": entry.timestamp.isoformat(),
15 "hash": entry.entry hash,

16 "prev_hash": entry.prev_hash,

17 9]

18

19 return {
20 "issue_id": issue_id,
21 "history": history,
22 "integrity valid": validate_hash_chain(log_chain, issue_id),
23 }

Chain Integrity Validation

1

2 def validate_hash_chain(

3 log_chain: List[LogEntry],

4 issue_id: str

5 ) —> bool:

6 W

7 Verify integrity of the hash chain for a given issue.
8 W

9 previous = "GENESIS"

10

11 for entry in log_chain:

12 if entry.issue_id != issue_id:

13 continue



14

15 recomputed = compute_hash(entry.payload, previous)
16 if recomputed != entry.entry_hash:

17 return False

18

19 previous = entry.entry hash

20

21 return True

Math Sketch — Merkle-Style Attestation

Each log entry hash is computed as:

H; = SHA256 serialize(P;) || H; 1)
Where:

e P;isthe payload of entry
e H, isthe previous entry’s hash

This guarantees:

e any modification breaks the chain

® deletions are detectable

e reordering is impossible

e the full decision lineage is reproducible

This provides blockchain-grade integrity without blockchain overhead.

Semantic Summary
Module 7 ensures:

¢ historical transparency — every decision step is inspectable

e tamper-evidence — no retroactive edits

¢ epistemic legitimacy — all disputes reference the same record
¢ federated trust — nodes can verify one another’s governance

¢ institutional memory — learning persists across time

Without Module 7, CDS could drift, obscure rationale, or silently override public consensus.
With it, CDS becomes a verifiable democratic protocol, not a black-box governance tool.

Module 8 (CDS) — Implementation Dispatch Interface
Purpose
To translate an approved CDS decision into coordinated, system-wide action by:

e generating actionable tasks

® routing instructions to COS (production), OAD (design revisions), ITC (valuation or weighting updates), and FRS (monitoring triggers)

¢ performing scheduling and resource pre-checks
e ensuring implementation remains aligned with constraints validated in earlier modules

e producing a machine-readable and human-readable dispatch packet
This module is the output port of CDS: where a decision becomes real-world behavior.
If CDS is the brain, Module 8 is the motor cortex.

Inputs

® Decision oObject with status = "approved" (from Module 7)

® ConsensusResult With directive = "approve" (from Module 6)

® Scenario (approved variant)

® StructuredIssueview (Module 2, reference only)

® ContextModel and ConstraintReport (Modules 3-4, reference only)
e Node-wide capacity data from COS (optional lookup)

* Active CDS log chain (Module 7)

Outputs

® A DpispatchPacket deﬁning
o cooperative responsibilities

(21)



o task and workflow sequences

o material and resource requirements

o scheduling windows

o OAD follow-up flags

o |TC weighting / urgency adjustments (if any)
o FRS monitoring indicators

This packet is then consumed by COS, OAD, ITC, and FRS.

Helper Type — DispatchPacket (canonical)

1 from dataclasses import dataclass, field

2 from typing import List, Dict, Any

3 from datetime import datetime

4

5 @dataclass

6 class DispatchPacket:

7 id: str

8 issue_id: str

9 scenario_id: str

10 created_at: datetime

11

12 tasks: List[Dict[str, Any]] = field(default_factory=list)
13 materials: Dict[str, Any] = field(default_factory=dict)
14 schedule: Dict[str, Any] = field(default_factory=dict)
15

16 oad_flags: Dict[str, Any] = field(default_factory=dict)
17 itc_adjustments: Dict[str, Any] = field(default_ factory=dict)
18 frs_monitors: List[str] = field(default_ factory=list)
19
20 metadata: Dict[str, Any] = field(default_ factory=dict)

Core Logic

1 from datetime import datetime

2 from typing import Dict, Any

3

4

5 def generate_dispatch(

6 issue: Issue,

7 decision: Decision,

8 consensus: ConsensusResult,

9 scenario: Scenario,
10 constraint_report: ConstraintReport,
11 cos_capacity snapshot: Dict[str, Any],

12 ) -> DispatchPacket:

13

14 Module 8 — Implementation Dispatch Interface

15

16 Translates an approved CDS decision into an actionable
17 dispatch packet for COS, OAD, ITC, and FRS.
18
19 Preconditions:
20 - decision.status == "approved"
21 - consensus.directive == "approve"
22 - decision has already been recorded by Module 7
23
24 now = datetime.utcnow()
25
26 assert decision.status == "approved"
27 assert consensus.directive == "approve"
28
29 # 1) Extract executable tasks from scenario parameters
30 tasks = extract_tasks_from scenario(scenario)
3
B2 # 2) Assign cooperatives based on COS capacity snapshot
33 tasks = assign_cooperatives(tasks, cos_capacity_snapshot)

34



35 # 3) Determine material and tooling requirements

36 materials = estimate materials(scenario)

37

38 # 4) Generate scheduling windows (delegated to COS logic)

39 schedule = compute_schedule(tasks, cos_capacity_snapshot)

40

41 # 5) OAD follow-up flags (design iteration, certification updates)
42 oad_flags = {

43 "requires_revision": constraint_report.metadata.get("requires_design change", False),
44 "notes": constraint_report.metadata.get("design_notes", ""),
45 }

46

47 # 6) ITC adjustments (only if explicitly required)

48 itc_adjustments = {

49 "weight_updates": consensus.metadata.get("labor_weight notes", {}),
50 "urgency_factor": scenario.parameters.get("urgency", 1.0),
51 }

52

53 # 7) FRS monitoring directives (post-implementation feedback)
54 frs_monitors = generate monitoring list(scenario)

55

56 dispatch = DispatchPacket(

57 id=generate_id("dispatch"),

58 issue_id=issue.id,

59 scenario_id=scenario.id,

60 created_at=now,

61 tasks=tasks,

62 materials=materials,

63 schedule=schedule,

64 oad_flags=oad_flags,

65 itc_adjustments=itc_adjustments,

66 frs_monitors=frs_monitors,

67 metadata={

68 "decision_id": decision.id,

69 "consensus_score": consensus.consensus_score,

70 "generated_at": now.isoformat(),

71 Po

72 )

73

74 # Update issue lifecycle state

75 issue.status = "dispatched"

76 issue.last_updated_at = now

77

78 return dispatch

Dispatch Scheduling Logic (Mini-Sketch)

1 def compute_ schedule(

2 tasks: List[Dict[str, Any]],

3 cos_capacity snapshot: Dict[str, Any],

4 ) -> Dict[str, Any]:

5 wonn

6 Example scheduling logic.

7 In production systems, COS owns detailed scheduling and optimization.
8 .

9 earliest_start = datetime.utcnow()

10 windows = []

11

12 for t in tasks:

13 windows.append ({

14 "task": t["task"],

15 "preferred window": suggest_window(t["coop"], cos_capacity_ snapshot),
16 )

17

18 return {

19 "earliest_start": earliest_start.isoformat(),
20 "windows": windows,

21 }



Math Sketch — Dependency Ordering
Tasks are represented as a directed acyclic graph G = (V, E):

* vertices V: tasks
e edges A — B:“Amust complete before B begins”

A valid execution order is given by topological sort:
Order = TopoSort(G) (22)
If a cycle exists:
vy, .oy vE) 0L = s =V VY (23)
Then CDS returns:

e aconflict report
e arevision request (routed back to CDS Modules 4-6 or OAD)

Semantic Summary
Module 8 ensures that:

® (DS decisions become coordinated, executable action

e COS knows what to do, when, and with what resources

e OAD knows whether follow-up design work is required

e |TC knows if and how labor weighting or urgency should change

* FRS knows what to monitor once implementation begins

Without Module 8, governance would stall at symbolic agreement. With Module 8, every CDS decision becomes a full implementation blueprint, tightly coupled to
feedback and review.

Module 9 (CDS) — Human Deliberation & High-Bandwidth Resolution

Purpose

Module 9 provides a formal, structured pathway for resolving irreducible disagreements that cannot be settled through computational consensus alone.
It is activated when conflict persists not because of missing data, feasibility constraints, or poor modeling, but because of:

¢ value conflict

e ethical tension

e cultural or symbolic meaning
e identity-linked concerns

e aesthetic disagreement

¢ lived experience that resists quantification

Module 9 ensures that CDS never collapses into technocracy, majority coercion, or false rationality by recognizing that some decisions require direct human
sense-making, not further calculation.

What This Module Is (and Is Not)

e Module 9 is not a review mechanism (that is Module 10).
e Module 9 is not optional discussion — it is a constitutional escalation path.

¢ Module 9 does not override CDS logic; it extends it into domains computation cannot resolve.
In biological terms:

If Modules 1-6 are the cognitive nervous system,
Module 9 is the conscious integrative layer where meaning is reconciled.

When Module 9 Is Triggered

Module 9 is invoked only when Module 6 produces a consensusResult with:
® directive = "escalate_to_module9"

This occurs when:

e consensus score meets threshold but
* principled objections persist and
e those objections reflect value conflict rather than solvable constraints.



Inputs

® 1ssue (currentstate)

® Scenario under contention

e consensusResult with escalation directive

e Structured objections (severity + scope)

¢ ContextModel (for grounding, not adjudication)
e Optional cultural, ethical, or historical references

Outputs

e Module90utcome containing

© narrative resolution summary

o agreed modifications or conditions

o remaining unresolved tensions (if any)
e Formal handoff to:

o Module 7 for recording

o Module 8 for dispatch if resolved

o Module 6/ 5 if further refinement is required

Helper Type — Module9Outcome

1 from dataclasses import dataclass, field

2 from typing import List, Dict, Any

3 from datetime import datetime

4

5 @dataclass

6 class Module90utcome:

7 issue_id: str

8 scenario_id: str

9 outcome_summary: str

10 modifications: List[str] = field(default_factory=list)
11 unresolved_notes: str = ""

12 concluded_at: datetime = field(default_factory=datetime.utcnow)
13 metadata: Dict[str, Any] = field(default_factory=dict)

Core Logic (pseudo-code)

1 def run_high bandwidth_deliberation(

2 issue: Issue,

3 scenario: Scenario,

4 objections: List[Objection],

5 context: ContextModel,

6 ) -> Module90utcome:

7 W

8 Module 9 — Human Deliberation & High-Bandwidth Resolution

9

10 Facilitates structured human sense-making when value conflicts
11 cannot be resolved computationally.

12 e

13

14 # 1) Convene appropriate deliberative format

15 # (facilitated dialogue, Syntegrity, ethics panel, etc.)
16 session = convene_deliberative_process(

17 issue=issue,

18 scenario=scenario,

19 objections=objections,
20 context=context,
21 )
22
23 # 2) Capture emergent synthesis
24 synthesis = extract_shared_understanding(session)
25
26 # 3) Translate synthesis into formal modifications or conditions
27 modifications = translate_into_scenario_changes(synthesis)

28



29 return Module90Outcome (

30 issue_id=issue.id,

31 scenario_id=scenario.id,

82 outcome_summary=synthesis.summary,

33 modifications=modifications,

34 unresolved_notes=synthesis.unresolved_tensions,
35 metadata={

36 "method": session.method,

37 "participants": session.participant_ids,

38 Y

39 )

Conceptual Example
A proposed infrastructure upgrade meets strong support, but a minority objects on cultural grounds tied to historical meaning of the site.

* No constraint is violated.
* No feasible alternative satisfies both sides.

e Consensus score is high, but objections persist.
Module 9 convenes a facilitated deliberation session. Participants agree to preserve symbolic elements while modernizing functionality.

The compromise is not advisory — it is formalized, recorded, and dispatched.

Semantic Summary
Module 9 exists because not all rationality is computational.
It ensures that:

e value conflicts are not suppressed
® minority meaning is not overridden
e legitimacy is preserved under disagreement

® (DS remains human-centered, not algorithm-dominated

Module 10 (CDS) — Review, Revision & Override Module

Purpose

Module 10 ensures that CDS remains a living, adaptive governance system by providing a formal mechanism for post-decision correction when real-world
outcomes diverge from projections, constraints shift, or harms emerge.

This module operates after implementation, using feedback from FRS, COS, and ITC to reassess decisions over time, not at decision-time.

What This Module Is (and Is Not)

e Module 10 is not conflict resolution (that is Module 9).
e Module 10 is not discretionary override — it is rule-governed and evidence-triggered.
¢ Module 10 does not erase history — it amends or reopens decisions transparently.

In biological metaphor:

If FRS senses stress,
Module 10 is the adaptive correction loop that restores viability.

Why This Module Exists
Even well-designed decisions can fail because:

e environments change

® assumptions prove incomplete

e unintended consequences appear
e ecological thresholds tighten

e implementation friction accumulates

Without a formal revision pathway, governance ossifies and loses legitimacy.

Inputs



Decision objects from CDS archives

ReviewRequest triggers from:

o FRS (risk, drift, overshoot)

o COS (persistent bottlenecks)

o |TC (inequity or coercive dynamics)

o human submissions (harm, failure, misalignment)

Real-world performance data

Updated constraints or thresholds

Outputs

ReviewOutcome :

o reaffirmed
o amended
o revoked

o reopen_deliberation

Updated pecision objects

New constraints or conditions

Possible return to Modules 2-6

Mandatory recording via Module 7

Redispatch via Module 8 if amended

Helper Types (canonical)

17

19
20
21
22

24
25

27
28
29
30
31
32
88
34
35
36

from dataclasses import dataclass, field

from typing import Dict, Any, Literal

from datetime import datetime

@dataclass

class ReviewRequest:

id: str

issue_id: str

decision_id: str

reason: Literal]|
"frs_risk signal",
"cos_failure",
"itc_equity drift",
"constraint_violation",
"new_evidence",
"changed_conditions",

1

submitted by: str

created_at: datetime

metadata: Dict[str, Any] = field(default_ factory=dict)

@dataclass

class ReviewOutcome:

Core Logic

issue_id: str
decision_id: str
status: Literall
"reaffirmed",
"amended",
"revoked",
"reopen_deliberation",
]
new_constraints: Dict[str, Any] = field(default_factory=dict)
amendments: Dict[str, Any] = field(default_factory=dict)
rationale: str = ""

decided_at: datetime = field(default_ factory=datetime.utcnow)

evaluate review_request(
decision: Decision,

review request: ReviewRequest,



S C IS

<

28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

55

57
58
59
60
61
62

frs_data: Dict,

cos_logs: Dict,

itc_data: Dict,

constraints: Dict,
) -> ReviewOutcome:

Module 10 — Review, Revision & Override

Determines whether a past decision should be reaffirmed,

amended, revoked, or reopened for deliberation.

# 1) Hard constraint violation (automatic reopen)
if violates_hard_constraints(decision, constraints):
return ReviewOutcome (
issue_id=decision.issue_id,
decision_id=decision.id,
status="reopen_deliberation",
new_constraints=constraints,

rationale="Hard ecological or safety threshold violated.",

# 2) Outcome divergence (model vs reality)
divergence = compute divergence(decision, frs_data)
if divergence > DIVERGENCE_THRESHOLD:
return ReviewOutcome (
issue_id=decision.issue_id,
decision_id=decision.id,
status="amended",
amendments=frs_data.get("recommended adjustments", {}),

rationale="Observed outcomes diverged from modeled projections.",

# 3) Equity or access drift
if detects_access_inequity(itc_data):
return ReviewOutcome (
issue_id=decision.issue_id,
decision_id=decision.id,
status="amended",
amendments={"equity_adjustments": True},

rationale="Post-decision access inequity detected.",

# 4) Persistent implementation failure
if persistent_bottlenecks(cos_logs):
return ReviewOutcome (
issue_id=decision.issue_id,
decision_id=decision.id,
status="reopen_deliberation",

rationale="Persistent implementation failure.",

# 5) Otherwise reaffirm

return ReviewOutcome (
issue_id=decision.issue_id,
decision_id=decision.id,
status="reaffirmed",

rationale="Decision remains within expected bounds.",

Mathematical Sketch — Divergence Trigger

Let:

e M, = modeled indicator vector

e R, =observed indicator vector

D > 1 = review triggered



Final Conceptual Distinction (Important)

Function Module
Resolve value conflict at decision time Module 9
Revise decisions after real-world divergence Module 10

This separation is what makes CDS both humane and adaptive — capable of meaning-level resolution and long-term self-correction without authoritarian override.
Putting It Together: CDS Orchestration
Below is a compact orchestration function showing how Modules 1-9 operate as a unified pipeline.

1 from datetime import datetime

from typing import Any, Dict, List, Optional, Tuple

issue: Issue,

2
8
4
5 def run_cds_pipeline(
6
7 participants: List[Participant],
8

# Inputs from other systems (snapshots)

9 frs_data: Dict[str, Any],

10 cos_data: Dict[str, Any],

11 itc_data: Dict[str, Any],

12 oad_data: Dict[str, Any],

13 historical_records: List[Dict[str, Any]],

14 external datasets: Dict[str, Any],

15 # CDS constitutional / policy rules

16 rules: Dict[str, Any],

17 # Persistent stores (conceptual)

18 log_chain: List[LogEntry],

19 # Optional prior decision state (for Module 10)

20 prior_decision: Optional[Decision] = None,

21 review_request: Optional[ReviewRequest] = None,

22 ) -> Dict[str, Any]:

28 e

24 End-to-end CDS orchestration across Modules 1-10.

25

26 This driver is intentionally high-level:

27 - Modules 1-9 comprise the primary decision metabolism

28 - Module 10 is a post-decision supervisory loop

29

30 Notes:

31 - CDS remains the normative authority.

32 - FRS/COS/ITC/OAD provide signals and constraints; they do not decide.
58 - Module 7 records every stage in a tamper-evident chain.
34 e

35

36 now = datetime.utcnow()

37

38 #

39 # MODULE 10 — Review, Revision & Override (post-decision loop)
40 #

41 # If a prior decision exists and a review request is active, process it first.
42 # If the outcome is "reopen deliberation", the issue is reopened into Modules 1-6.
43 review_outcome: Optional[ReviewOutcome] = None

44 amended_decision: Optional[Decision] = None

45

46 if prior_decision is not None and review request is not None:
47 issue.status = "under_review"

48 issue.last_updated_at = now

49

50 review_outcome = evaluate_review_ request(

Sl decision=prior_decision,

52 review_request=review_request,

53 frs_data=frs_data,

54 cos_logs=cos_data,

o
o

itc_data=itc_data,

w
o

constraints=rules.get("constitutional", {}),



57 )
58

59 # Record review request + outcome (Module 7)

60 append_log(

61 issue_id=issue.id,

62 stage="under_review",

63 payload={

64 "review request": review_request._ dict_,

65 "review outcome": review_outcome._ dict_,

66 T

67 log_chain=log_chain,

68 )

69

70 if review_outcome.status == "reaffirmed":

71 # Decision stands; no reopen

72 return {

73 "status": "reaffirmed",

74 "issue_id": issue.id,

75 "decision_id": prior_decision.id,

76 "review outcome": review_outcome,

77 }

78

79 if review_outcome.status == "revoked":

80 # Decision revoked; reopen or terminate based on governance choice
81 issue.status = "reopened"

82 issue.last_updated_at = now

83 append_log(

84 issue_id=issue.id,

85 stage="reopened",

86 payload={"reason": "decision_revoked", "review outcome": review_outcome._ dict_ },
87 log_chain=log_chain,

88 )

89 # Continue into normal pipeline as reopened issue

90

91 if review outcome.status "amended" :

92 # Create amended decision (recorded + dispatched)

93 amended_decision = Decision(

94 id=generate_id("decision"),

95 issue_id=prior_decision.issue_id,

96 scenario_id=prior_decision.scenario_id,

97 status="amended",

98 consensus_score=prior_decision.consensus_score,
99 objection_index=prior_decision.objection_index,
100 decided_at=now,

101 rationale_hash=log _chain[-1].entry hash if log chain else "GENESIS",
102 supersedes_decision_id=prior_decision.id,

103 metadata={

104 "review_outcome": review_outcome._ dict_ ,
105 "amendments": review_outcome.amendments,

106 I

107 )

108

109 append_log(

110 issue_id=issue.id,

111 stage="amended",

112 payload={"decision": amended decision.__ dict_ },
113 log_chain=log_chain,

114 )

115

116 # Dispatch amended decision (Module 8)

117 # (In practice, scenario parameters would be updated from review_outcome.amendments)
118 dispatch = generate_dispatch(

119 issue=issue,

120 decision=amended decision,

121 consensus=ConsensusResult (

122 issue_id=issue.id,

123 scenario_id=amended decision.scenario_id,
124 consensus_score=amended_decision.consensus_score,
125 objection_index=amended_decision.objection_index,
126 directive="approve",

127 required_conditions=[],

128 metadata={"reason": "modulel0_amendment"},

129 )



130

{1

scenario=Scenario(id=amended_decision.scenario_id, issue_id=issue.id, label="(amended)", parameters={}, indicators=

constraint_report=ConstraintReport(issue_id=issue.id, scenario_id=amended decision.scenario_id, passed=True),
cos_capacity_snapshot=cos_data.get("capacity_snapshot", {}),
)
append_log(
issue_id=issue.id,
stage="dispatched",
payload={"dispatch": dispatch._ dict_ },
log_chain=log_chain,
)
return {
"status": "amended_and_dispatched",
"issue_id": issue.id,
"decision": amended_decision,
"dispatch": dispatch,
"review outcome": review_outcome,
}
if review_outcome.status == "reopen_deliberation":
issue.status = "reopened"
issue.last_updated at = now
append_log(
issue_id=issue.id,
stage="reopened",
payload={"reason": "review_reopen deliberation", "review_outcome": review outcome._  dict_ },
log_chain=log_chain,
)
# Continue into normal pipeline as reopened issue
#
# MODULE 1 — Issue Capture & Signal Intake
#

# (In practice, submissions arrive continuously; here we assume issue already contains submissions.)
issue.status = "intake"
issue.last_updated_at = now
append_log(
issue_id=issue.id,
stage="intake",
payload={"issue": {"id": issue.id, "title": issue.title, "status": issue.status}},

log_chain=log_chain,

#
# MODULE 2 — Issue Structuring & Framing
#

structured view = cluster_ submissions(issue)

append_log(
issue_id=issue.id,
stage="structured",
payload={"structured_view": structured view._ dict_ },

log_chain=log_chain,

#
# MODULE 3 — Knowledge Integration & Context Engine
#
context = build_context_model (

issue=issue,
structured=structured view,
frs_data=frs_data,
cos_data=cos_data,
itc_data=itc_data,
historical_ records=historical_records,
external datasets=external datasets,

)

append_log(
issue_id=issue.id,
stage="context_ready",
payload={"context": context._ dict_ },

log_chain=log_chain,
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#
# Candidate scenario generation (bridge between M3 and M4)
#

scenarios: List[Scenario] = generate_candidate_scenarios(issue, structured view, context, oad_data)

if not scenarios:
append_log(
issue_id=issue.id,
stage="no_scenarios",
payload={"note": "No candidate scenarios generated; requires reframing or more input."},
log_chain=log_chain,
)

return {"status": "no_scenarios", "issue_id": issue.id}

#

# MODULE 4 — Norms & Constraint Checking

#

constraint_reports: List[ConstraintReport] = []

for s in scenarios:
cr = check_constraints(issue=issue, scenario=s, context=context, rules=rules)

constraint_reports.append(cr)

append_log(
issue_id=issue.id,
stage="constrained",
payload={"constraint_reports": [cr._ dict _ for cr in constraint_reports]},

log_chain=log_chain,

# Filter scenarios that passed OR are revisable with modifications
cr_by id = {cr.scenario_id: cr for cr in constraint_reports}

viable = [s for s in scenarios if (cr_by id.get(s.id) and (cr_by id[s.id].passed or cr_by_ id[s.id].required modifications)) ]

if not viable:
append_log(
issue_id=issue.id,
stage="constraint_fail all",
payload={"note": "All scenarios failed constraints; requires redesign or scope revision."},
log_chain=log_chain,
)

return {"status": "all scenarios_failed constraints", "issue_id": issue.id}

#
# MODULE 5 — Participatory Deliberation Workspace
#

incoming_objections: List[Objection] = collect_objections(issue.id) # conceptual stub

participant notes: List[Dict[str, Any]] = collect_deliberation_notes(issue.id) # conceptual stub

deliberation_state = deliberate(
issue=issue,
scenarios=viable,
context=context,
constraint_reports=[cr_by_id[s.id] for s in viable if s.id in cr_by_ id],
incoming_objections=incoming_objections,

participant notes=participant_notes,

append_log(
issue_id=issue.id,
stage="deliberation",
payload={"deliberation state": deliberation_state._ dict_ },

log_chain=log_chain,

#
# MODULE 6 — Weighted Consensus Mechanism
#

votes: List[Vote] = collect_votes(issue.id, deliberation_state.active_scenarios) # stub

participant weights = {p.id: p.weight for p in participants}

# Compute consensus per scenario; choose best candidate that isn't blocked

consensus_results: List[ConsensusResult] = []



for s in deliberation_state.active_scenarios:
scenario_votes = [v for v in votes if v.scenario_id == s.id]

scenario_objections = [o for o in deliberation_state.objections if o.scenario_id == s.id]

res = compute_consensus (
issue=issue,
scenario=s,
votes=scenario_votes,
objections=scenario_objections,
participant_weights=participant_weights,
consensus_threshold=rules.get("consensus_threshold", 0.72),
block_threshold=rules.get("block_threshold", 0.30),

)

consensus_results.append(res)

append_log(
issue_id=issue.id,
stage="consensus_check",
payload={"consensus_results": [r._dict__ for r in consensus_results]},

log_chain=log_chain,

# Choose a scenario:
# - prefer directive=approve with highest consensus_score and lowest objection_index
approved = [r for r in consensus_results if r.directive == "approve"]

escalations = [r for r in consensus_results if r.directive == "escalate_to_module9"]

chosen: Optional[ConsensusResult] = None
if approved:
approved.sort(key=lambda r: (r.consensus_score, -r.objection_index), reverse=True)
chosen = approved[0]
elif escalations:
# pick the highest-consensus escalation
escalations.sort(key=lambda r: r.consensus_score, reverse=True)
chosen = escalations[0]
else:
# All require revision
return {
"status": "revise_and_retry",
"issue_id": issue.id,

"consensus_results": consensus_results,

}
chosen_scenario = next(s for s in deliberation state.active_scenarios if s.id == chosen.scenario_id)
#
# MODULE 9 — Human Deliberation & High-Bandwidth Resolution (if needed)
#

module9_outcome: Optional[Module90Outcome] = None
if chosen.directive == "escalate_to_module9":
module9_outcome = run_high_bandwidth_deliberation(
issue=issue,
scenario=chosen_scenario,
objections=[o for o in deliberation_state.objections if o.scenario_id == chosen_scenario.id],

context=context,

append_log(
issue_id=issue.id,
stage="module9 outcome",
payload={"module9 outcome": module9_outcome.__dict_ },

log_chain=log_chain,

# Apply modifications (if any) and continue to record/dispatch
if module9 outcome.modifications:

chosen_scenario = apply _modifications(chosen_scenario, module9_outcome.modifications)

#
# MODULE 7 — Decision Recording, Versioning & Accountability
#

decision = Decision(

id=generate_id("decision"),



348 issue_id=issue.id,

349 scenario_id=chosen_scenario.id,

350 status="approved",

351 consensus_score=chosen.consensus_score,
352 objection_index=chosen.objection_index,
353 decided at=datetime.utcnow(),

354 rationale_hash=log_chain[-1].entry _hash if log_chain else "GENESIS",
85 metadata={

356 "consensus_result": chosen._ dict_ ,
357 "module9_outcome": module9 outcome._ dict_ if module9 outcome else None,
358 },

359 )

360

361 issue.status = "decided"

362 issue.last_updated_at = datetime.utcnow()

363

364 append_log(

365 issue_id=issue.id,

366 stage="decided",

367 payload={"decision": decision._ dict_ },
368 log_chain=log_chain,

369 )

370

371 #

372 # MODULE 8 — Implementation Dispatch Interface
373 #

374 dispatch = generate_dispatch(

375 issue=issue,

376 decision=decision,

3717 consensus=chosen,

378 scenario=chosen_scenario,

379 constraint_report=cr_by_ id.get(chosen_scenario.id, ConstraintReport(issue_id=issue.id, scenario_id=chosen_scenario.id,

passed=True)),

380 cos_capacity snapshot=cos_data.get("capacity_snapshot", {}),
381 )

382

383 append_log(

384 issue_id=issue.id,

385 stage="dispatched",

386 payload={"dispatch": dispatch._ dict_ },
387 log_chain=log_chain,

388 )

389

390 return {

391 "status": "approved and dispatched",

392 "issue_id": issue.id,

393 "decision": decision,

394 "dispatch": dispatch,

395 "structured view": structured view,

396 "context": context,

397 "constraint_ reports": constraint_reports,
398 "deliberation_state": deliberation_state,
B899 "consensus_results": consensus_results,
400 "module9_outcome": module9_outcome,

401 "review outcome": review_outcome,

402 }

403

CDS Addendum: Syntegrity as Final-Stage Human Deliberation
Re: Module 9

Although the CDS pipeline resolves most issues through structured framing, contextual integration, constraint checking, participatory deliberation, and weighted
consensus, some issues exceed the resolution capacity of computational or semi-structured reasoning. These cases arise when disagreement is rooted not in data or
feasibility, but in values, identity, culture, aesthetics, or meaning.

Typical triggers include:

e ethical or cultural value conflict
* intuitive or aesthetic disagreement that cannot be reduced to metrics
* historically symbolic or identity-linked proposals

® objection clusters that persist despite revision



e cases where standard facilitated deliberation does not converge

When these conditions exist, CDS escalates within Module 9 to Syntegrity — a high-bandwidth human deliberation architecture developed by cybernetician Stafford
Beer. Unlike traditional debate or parliamentary procedure, Syntegrity is a structured communication protocol that distributes influence evenly, routes insight through
designed rotation, and surfaces coherence that cannot be derived from argument trees or scoring algorithms.

Importantly:

Syntegrity does not replace CDS. It is the constitutional last resort inside Module 9 that prevents deadlock, domination, or arbitrary override—while
keeping outcomes formally recorded (Module 7) and executable (Module 8).

When CDS should escalate to Syntegrity

Let:

e C=consensus_score (0-1) from Module 6

® O = objection_index (0-1) from Module 6

e T = persistence duration of disagreement (0-1), measured across cycles

e H=

Module 9 resolution state, where
o H=1—- Module 9 (facilitated deliberation) produced a convergent outcome
o H=0— Module 9 did not converge (values remain irreducible)

Syntegrity should be triggered only when:

1. the computational layer fails to converge or objection pressure remains high,

2. the disagreement persists across time, and

3. standard high-bandwidth facilitation fails to converge.

Escalate to Syntegrity if: (C <0 VvV O>¢) A (T>X) A (H=0)

Typical example values:

Symbol

0

¢

A

Meaning
Minimum consensus threshold
Maximum objection pressure

Persistence window before escalation

This ensures Syntegrity remains rare, appropriate, and reserved for issues requiring full-spectrum human cognition.

Pseudocode implementation

def should initiate syntegrity(

consensus_score: float,
objection_index: float,
persistence: float,
module9_resolved: bool,
0: float = 0.72,

@: float = 0.30,

A: float = 0.25

9 ) —> bool:

Returns True if CDS should escalate into a Syntegrity session.

Syntegrity is a last resort inside Module 9 and is only triggered after:

- Module 6 indicates non-convergence (low consensus or high objection pressure),

- the disagreement persists across cycles, and

- standard facilitated deliberation in Module 9 fails to converge.
unresolved_computationally = (consensus_score < 6) or (objection_index > @)
disagreement_persistent = (persistence > A)

human_process_failed = not module9_resolved

return unresolved computationally and disagreement persistent and human_process_failed

If the function returns True , CDS invokes Syntegrity as a specific high-bandwidth mode within Module 9:

(26)

Typical Value
0.72
0.30

0.25



1 def initiate syntegrity session(issue: Issue, participants: List[Participant]) -> Module90Outcome:
P Wi

3 Initiates a structured 12—42 participant Syntegrity session.

4 Produces a formal Module90utcome that is recorded (Module 7) and,

5 if convergent, dispatched for execution (Module 8).

6 wonn

7

8 group = select_syntegrity participants(participants) # balanced representation

9 roles = assign_syntegrity roles(group) # geometric communication roles
10 schedule = build_rotation_schedule(group, roles) # structured cycles
11

12 outcomes = run_syntegrity cycles(issue, group, schedule)

13 return integrate syntegrity outcomes_as_module9 (outcomes)

Why Syntegrity matters

Syntegrity provides three safeguards:

1. Legitimacy — value differences are not ignored or forced into false metrics.
2. Resilience — CDS cannot remain stuck in stalemate; escalation remains non-authoritarian.

3. Deep rationality — some conflicts are not computable because they involve meaning, identity, symbolism, and lived experience.

Syntegrity is the final failsafe inside Module 9 that prevents Integral governance from collapsing into technocracy, majoritarianism, or deadlock—
while keeping outcomes fully auditable and executable.

Where Module 10 fits: Syntegrity resolves decision-time value conflict (Module 9). Module 10 handles post-decision revision when implemented outcomes diverge
from constraints or projections.

7.2 OAD Modules

If the CDS is Integral's governance intelligence, the Open Access Design System (OAD) is its collective engineering, architectural, and creative intelligence—the
subsystem through which the network conceives, models, optimizes, validates, and archives every design used across the federation.

In market economies, design is fragmented by secrecy, patents, and proprietary ecosystems. OAD replaces this with a global design commons, where:

e all designs are open,

e allimprovements benefit everyone,

* ecological and material implications are visible upfront,

e lifecycle labor and maintenance requirements are quantified,

e and every node—no matter how small—contributes to and draws from the shared collective expertise.

OAD is not simply “open source engineering.”

It is a cybernetic design organism whose purpose is to generate the information that COS and ITC depend on for production coordination and value calculation.
Without OAD's structured design metadata—labor-step breakdowns, skill requirements, material & ecological coefficients, maintainability indices—COS cannot
compute ITC access values or plan production intelligently.

Thus OAD:
e transforms ideas into structured design specifications,
e embeds ecological and lifecycle intelligence directly into designs,
* simulates performance and constraint compliance,
e optimizes for efficiency, modularity, repairability, and sustainability,
* ensures interoperability with existing node infrastructure and federated Integral standards,
e and continuously expands Integral's global knowledge archive.

Every tool, machine, device, infrastructure, and workflow is part of a recursively improving design ecology.

Design reuse is not a separate pathway—it is a recursion.
Certified designs stored in the global commons (Module 10) are continuously pulled back into the Collaborative Design Workspace (Module 2) for local adaptation,
contextual modification, and evolutionary branching.

Below is the complete micro-architecture of OAD, updated to reflect its central role in feeding COS and ITC with computable design intelligence.

OAD Module Overview Table



OAD Module

1. Design Submission &
Structured Specification

2. Collaborative Design
Workspace

3. Material & Ecological
Coefficient Engine

4. Lifecycle & Maintainability
Modeling

5. Feasibility & Constraint
Simulation

6. Skill & Labor Step
Decomposition Module

7. Systems Integration &
Architectural Coordination

8. Optimization & Efficiency
Engine

9. Validation, Certification &
Release Manager

10. Knowledge Commons &
Reuse Repository

Primary Function

Intake of new designs with metadata: purpose, constraints, labor-step
outline, skill requirements, and expected lifecycle

Multi-user refinement, transparent versioning, branch/merge workflows,
community commentary

Compute ecological intensity, embodied energy, recyclability, toxicity, and
material substitution pathways

Determine expected maintenance intervals, replacement cycles, repair
labor, modularity index

Physics-based modeling, structural tests, energy modeling, safety
validation, environmental boundary checks

Convert design into explicit production tasks: skill tiers, time estimates,
sequence logic

Ensure compatibility with existing node infrastructure, interfaces,
standardized modules, and federated design patterns

Algorithmic improvements: reduce material intensity, minimize labor,
optimize performance, maximize modularity

Quality control, final approval, version stamping, compliance with
ecological and operational norms

Global archive of all designs, metadata, versions, simulations,
maintenance logs, and cross-node adoption

Real-World Analogs / Technical Basis

OSHW templates, FreeCAD, Wikifactory

Git, Figma, CAD cloud platforms

OpenLCA, ecoinvent, embodied-carbon
databases

Asset lifecycle modeling, P-F curves,
maintainability engineering

SimScale, OpenFOAM, EnergyPlus, dynamic
digital-twin simulation

Industrial engineering methods, process
mapping, MTM/REFA-like systems

BIM, systems engineering frameworks,
interoperability standards

Parametric solvers, evolutionary algorithms,
multi-objective optimization

PLM systems, OSHW certifications, formal
verification pipelines

Wikimedia, open hardware libraries,
federated knowledge bases

Module 1: Design Submission & Structured Specification

Purpose
To intake new design concepts in a structured, complete, and computable format suitable for engineering, ecological evaluation, and eventual COS-ITC processing.

Description
This module transforms a raw idea into a formally specified design object. It captures:

¢ functional purpose and design intent

e detailed component breakdown

e preliminary CAD geometry

e expected materials and their ecological coefficients

e performance criteria and environmental assumptions
¢ safety considerations

¢ early maintainability expectations

e preliminary labor-step outline (even if rough)

The structured template ensures that every design enters OAD with enough metadata to begin evaluation and iteration immediately.
This is the “front door” of the design organism.

Example

A contributor submits a modular water filtration unit. They upload preliminary CAD files, list bamboo and stainless options, define target flow rate, outline cleaning
intervals, and include a rough labor-step sketch: frame fabrication — filter packing — flow testing. The module verifies the submission for completeness and moves it
forward.

Module 2: Collaborative Design Workspace

Purpose
To enable transparent, democratic, multi-user design refinement with full version control.

Description
This workspace supports:

¢ real-time co-editing of geometric and schematic models
e annotation and inline commenting
e branch-and-merge design variants

® parametric experimentation



e Al-assisted corrections and alternatives
e transparent version histories

This is the collective design intelligence of Integral—open, traceable, and free from proprietary locks.

Crucially, this module is also the point of design reuse and local adaptation.
Certified designs retrieved from the Knowledge Commons (Module 10) re-enter OAD here, where nodes can adapt them to local materials, climates, labor conditions,
and cultural preferences while preserving full traceability to prior versions.

Example

Three variants of the filter housing emerge: recycled plastic, bamboo composite, and lightweight metal. Contributors run parallel branches, compare pros and cons,
merge promising optimizations, and document every design path. Months later, a different node pulls the bamboo variant from the commons and adapts it for colder
climates by thickening wall sections and altering seals—creating a new certified branch.

Module 3: Material & Ecological Coefficient Engine

Purpose
To quantify the ecological footprint, sustainability, and material resource implications of every design choice.

Description
This module computes material & ecological coefficients, including:

e embodied energy

e carbon intensity

* recyclability / biodegradability

* toxicity profile

* regional material availability

e extraction and water-use implications
e suitability to local ecosystems

These coefficients form the ecological intelligence layer of OAD. They are required by COS to plan sustainable production and by ITC to calculate fair access values
that reflect real material and ecological costs.

Importantly, these coefficients are not static.
Operational feedback from FRS can recalibrate them over time when real-world degradation, scarcity, or ecological strain diverges from initial design assumptions.

Example

The stainless-steel version flags high embodied energy. OAD recommends shifting to bamboo composite for low-impact regions or recycled plastic for nodes with
industrial recycling capacity. Later, FRS reports faster-than-expected bamboo degradation in high-humidity coastal nodes, triggering a coefficient update and a redesign
branch using treated composite layers.

Module 4: Lifecycle & Maintainability Modeling

Purpose
To define the long-term labor burden, repair cycles, durability, and replacement intervals of a design.

Description
This module predicts:

e expected wear patterns

e mean time between failures (MTBF)

® required inspection intervals

e module replaceability

e disassembly and repair difficulty

e lubrication, cleaning, or recalibration steps
e cradle-to-cradle reuse pathways

The goal is to make future maintenance labor explicit and computable, rather than hidden or deferred. Outputs feed COS to plan maintenance cooperatives and
ITC to compute long-term labor burdens that influence access values.

These models are continuously updated. Operational performance data from FRS recalibrates durability assumptions, maintenance intervals, and failure probabilities
when real-world conditions diverge from modeled expectations.

Example
The initial filter design requires frequent disassembly. OAD models show that redesigning the housing to be tool-free reduces lifetime labor by 40%. After deployment,
FRS confirms the reduced maintenance frequency in practice, reinforcing the new design as the preferred certified branch.



Module 5: Feasibility & Constraint Simulation

Purpose
To test technical, safety, and operational feasibility using digital simulation and scenario analysis.

Description
Simulations include:

e structural stress, load, and fatigue

e fluid or airflow dynamics

e temperature, humidity, or chemical exposure
¢ manufacturability limits

e catastrophic failure modes

* maintenance feasibility

* environmental boundary conditions

Designs must pass feasibility thresholds before proceeding to labor decomposition and certification. This module ensures that no design enters production with
untested assumptions.

Feasibility limits are not static; they can be tightened or revised as ecological thresholds or operational constraints evolve via CDS or FRS.

Example
CFD reveals back-pressure buildup in the filtration channel. A revised geometry improves throughput and safety margins, resolving the constraint automatically. Later,
higher sediment loads reported by FRS trigger a re-run of simulations with updated boundary conditions.

Module 6: Skill & Labor-Step Decomposition Module

Purpose
To convert a design into a computable labor plan usable by COS and ITC.

Description
This module creates:

* afull task decomposition (e.g., 14 steps)

e estimated hours per task

e skill tier requirements

e sequencing logic and dependency graph

e required tools and equipment

* ergonomic and safety notes

e maintainability labor profile (linked to Module 4)

This decomposition is the bridge between design intelligence and economic coordination. It allows:

e COS to schedule work, form cooperatives, and resolve bottlenecks

* ITC to compute fair access values based on real labor effort

Labor-step models are revised when reality deviates from estimates.
COS throughput data and FRS maintenance logs can trigger updates to time estimates, skill requirements, or task sequencing.

Without this module, Integral could not perform non-market economic calculation.

Example

The filtration unit decomposes into: frame cutting (low skill), housing assembly (medium), flow testing (medium/high), and seal inspection (medium). COS uses this to
match workers, while ITC uses it to compute fair access values. After deployment, COS reports that seal inspection takes longer in sandy environments, prompting a
labor-step update.

Module 7: Systems Integration & Architectural Coordination

Purpose
To ensure that designs are compatible with existing infrastructure, standards, and federated patterns.

Description
This module evaluates how a design fits into the broader technical, spatial, and systemic context of a node and the federation. It checks:

* interface compatibility

* resource flows (water, power, waste, heat)

e spatial and architectural constraints

e safety clearances and access pathways

e interoperability with other OAD-certified modules

* emergent circularity opportunities across systems



This module prevents locally optimal designs from becoming systemically incompatible, brittle, or siloed.
It also ensures that designs align with federated Integral standards, enabling designs developed in one node to be adopted elsewhere without friction.

Example
OAD confirms the filtration unit fits neatly into existing rainwater capture systems and can integrate with a compost-heat loop, reducing mold risk and increasing
performance. The module also flags that a standardized inlet size allows the unit to connect to other OAD-certified storage tanks.

Module 8: Optimization & Efficiency Engine

Purpose
To improve a design through computational and participatory optimization across multiple dimensions.

Description
This module explores design improvements using algorithmic and collaborative methods. Optimization targets may include:

e material reduction

e structural strength and resilience
* energy efficiency

e reduced ecological footprint

e easier manufacturability

e simplified maintenance

e modularity, repairability, and recyclability

The engine may use evolutionary solvers, gradient descent, constraint optimization, and Al-assisted suggestions. Human contributors can guide optimization goals
when trade-offs involve values or context-sensitive priorities.

Optimization outputs directly influence COS production efficiency and ITC access-value calculations by reducing labor, material, or maintenance burdens.

Example
Optimization reduces material usage by 27%, increases durability, and decreases required assembly time—Ilowering lifetime labor inputs and reducing ITC access
requirements for the final product.

Module 9: Validation, Certification & Release Manager

Purpose
To finalize a design as production-ready, ensuring it meets all ecological, operational, and governance requirements.

Description
This module performs final validation and certification checks, including:

e ecological compliance (based on Material & Ecological Coefficients)
o safety performance and failure tolerance

* manufacturability under COS conditions

* interoperability approval (Module 7)

¢ lifecycle and maintainability sign-off (Module 4)

e completeness and consistency of labor-step decomposition (Module 6)

Only designs that pass certification are released as canonical OAD versions. Each certified release includes full traceability: design history, simulation results, lifecycle
assumptions, and governance metadata.

Certification status can be revoked or updated if later FRS data indicates divergence between modeled and real-world performance.

Example
The filtration design is certified after tests confirm safety, maintainability, and ecological requirements. COS is notified that production can begin. Months later, FRS
feedback prompts a minor revision and re-certification for high-sediment environments.

Module 10: Knowledge Commons & Reuse Repository

Purpose
To store and propagate the entire OAD design memory across the federation.

Description
This repository serves as Integral's global design commons, ensuring that:

o all designs remain open and remixable

¢ designs are globally searchable and comparable

* metadata, simulations, and lifecycle records are preserved

e adaptations across climates and resource conditions are documented
e successful patterns propagate rapidly



e failed designs and lessons learned are retained
Designs stored here are not static artifacts. They are continuously pulled back into Module 2 (Collaborative Design Workspace) for local adaptation, contextual
modification, and evolutionary branching.

This module constitutes Integral’s evolving design genome.

Example
A cold-climate adaptation appears: a freeze-resistant filter casing. Months later, a desert node merges its own sand-resistant prefilter, creating a hybrid version adopted

globally.
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Above Diagram: Open Access Design System (OAD): Micro-Architecture and Feedback Loops

This diagram illustrates the micro-architecture of the Open Access Design System (OAD) and its role as Integral’s collective design intelligence. The vertical flow
represents the lifecycle of a design, beginning with a new need or idea and proceeding through structured specification, collaborative refinement, ecological and
lifecycle modeling, feasibility simulation, labor decomposition, system integration, optimization, certification, and archival in the global design commons.

At multiple stages, OAD produces computable design intelligence—material and ecological coefficients, lifecycle and maintenance profiles, labor-step decompositions,
interoperability constraints, and optimization results—which are consumed directly by the Cooperative Organization System (COS) and Integral Time Credits (ITC) for
production planning and access-value calculation.

The diagram also highlights OAD'’s recursive feedback structure. Operational performance data from the Feedback & Review System (FRS) feeds back into ecological
coefficients, lifecycle assumptions, labor estimates, optimization targets, and certification status, ensuring that designs evolve in response to real-world conditions
rather than remaining fixed abstractions.

Finally, the Knowledge Commons & Reuse Repository functions as a living design genome: certified designs are preserved globally and continuously re-enter the
collaborative workspace for local adaptation, branching, and improvement. Together, these flows show OAD not as a static repository of blueprints, but as a self-
correcting, federated design organism that enables non-market production coordination across the Integral network.**

Narrative Snapshot: A Full OAD Walkthrough

A coastal Integral node is experiencing worsening seasonal saltwater intrusion into its freshwater wells. Rather than purchasing a proprietary desalination unit or
relying on external supply chains, the community initiates an open-access design pathway to create a low-energy, modular desalination system appropriate for its
climate and material conditions.

The moment the idea emerges, it enters OAD.

Module 1 — Design Submission & Structured Specification

A community member submits a concept for a solar-assisted modular desalination unit.
The structured template requires:

e functional goals (daily output, energy budget)

e preliminary CAD geometry

* materials assumptions

* ecological considerations

* maintenance expectations

e contextual conditions (humidity, solar exposure, brine disposal constraints)

OAD checks for completeness, classifies the submission, and confirms it is technically coherent enough to move into collaborative development.

Module 2 — Collaborative Design Workspace
Designers, engineers, and practitioners join a shared, version-controlled workspace.
Multiple branches emerge:

1. Low-tech solar still (simple, durable, low throughput)
2. Fiber-membrane filtration unit (moderate throughput, moderate complexity)
3. Wave-energy-assisted design (high potential efficiency, coastal specialization)

Branches evolve openly through:
¢ real-time annotations
e parametric adjustments

* Al-assisted geometry suggestions
e transparent version history



Ideas are not privatized; they are co-evolving organisms in a shared ecosystem.

Module 3 — Material & Ecological Coefficient Engine
Each branch is evaluated for:

* embodied energy

* material toxicity

e recyclability

¢ water and land footprint

e compatibility with local ecosystems
* repairability

* brine disposal safety

The membrane-based design raises concerns:

e high embodied energy
* petroleum-derived plastic components
¢ difficult end-of-life recycling

The engine suggests lower-impact alternatives: biodegradable fiber supports, bamboo structuring, and reduced resin use.

A more ecologically viable branch is spawned.

Module 4 — Lifecycle & Maintainability Modeling
To prevent fragile or short-lived designs, OAD simulates:

e expected lifespan

® maintenance intervals

o failure modes

e labor intensity of upkeep

* required skills for repairs

e impacts under extreme climate conditions

The high-throughput membrane design shows excessive long-term maintenance demand.
Conversely, the hybrid solar/fiber design:

e requires low-skill maintenance
* has long component lifespan
e s resilient under salt-corrosion scenarios

This dramatically affects later ITC access valuation once operational—lower maintainability burden — lower access cost.

Module 5 — Feasibility & Constraint Simulation
Now the system tests whether the design physically works:
e thermal gradients
e condensation efficiency
e fluid dynamics
* shell stress loads

e material response to continuous salt exposure

e extreme-weather tolerance

A thermal-flow simulation reveals the internal condensation baffle is angled incorrectly.
A revised geometry increases output by 21% with no additional materials.

At this stage the design is no longer speculative—it is functionally sound.

Module 6 — Skill & Labor-Step Decomposition
OAD now breaks the design into explicit labor steps, producing the data COS and ITC need for accurate non-market economic calculation.
For the desalination unit:

e fabrication steps (cutting, fitting, sealing)
e assembly sequences
o expected labor hours by skill level

e tooling and workspace requirements



* maintenance steps and periodic workloads
This module outputs:

1. Labor coefficients — fed directly into ITC valuation
2. Skill-matching requirements — fed to COS for cooperative formation
3. Maintainability workload expectations — fed to FRS for long-term monitoring

This is where OAD begins interfacing directly with the future access cost of the good.

Module 7 — Systems Integration & Architectural Coordination
The system checks whether the desalination unit harmonizes with:

e local rainwater collection

* solar-electric infrastructure

* greywater loops

e COS-controlled fabrication capacity
e |ocally available materials

e spatial constraints

e brine disposal pathways
A synergy emerges: routing waste heat from the unit into a nearby greenhouse increases winter crop yield.

The design becomes part of a system, not an isolated object.

Module 8 — Optimization & Efficiency Engine
Now the design is improved through algorithmic and participatory refinement:

* reduce material volume

e improve thermal retention

e increase throughput

e simplify assembly

e increase durability

* reduce long-term maintenance

* minimize labor requirements where possible
A parametric optimization cycle yields:

e 26% reduction in material use

* 19% improvement in condensation efficiency
e simplified geometry enabling tool-less assembly
e improved robustness via modular gasket design

The design is now approaching optimality.

Module 9 — Validation, Certification & Release Manager
Before any design can enter production, it must:

e pass ecological thresholds

* pass safety and stress modeling

® pass maintainability checks

e confirm manufacturability within at least one node
e confirm systems-integration compliance

e produce a full documentation bundle
Once validated, the desalination unit gains:

* acanonical version

e full build package

® maintenance registry

e interoperability metadata

® access-value-relevant valuations (labor, materials, impacts)

The design becomes production-ready.

Module 10 — Knowledge Commons & Reuse Repository



The final design enters the global commons:

* the certified core version

e all explored branches

e ecological coefficients

e lifecycle models

* labor-step breakdowns

e simulation results

® optimization history

¢ climate-specific adaptations

Design reuse now becomes recursive.
Certified designs are continuously pulled back into Module 2 by other nodes for local adaptation.

Weeks later, an inland node dealing with saline groundwater adapts the unit using geothermal pre-heating.
That variant is certified and re-enters the commons—contributing back into OAD’s collective learning process.

Meanwhile, FRS operational data from deployed units feeds back into:

e updated ecological coefficients (Module 3)

¢ revised maintenance assumptions (Module 4)
e corrected labor estimates (Module 6)

* optimization priorities (Module 8)

e and, if needed, re-certification (Module 9)

No patents. No market silos. No intellectual-property rent.
Just collective intelligence — ecological evaluation — simulation — optimization — certification — global inheritance — real-world feedback.

A civilization designing like an expanding, learning organism. Not for profit — for life, resilience, and shared flourishing.

Formal OAD Specification: Pseudocode + Math Sketches

This section gives a concrete, implementation-oriented view of the Open Access Design System (OAD). The goal is not to prescribe a specific programming language or
framework, but to show that OAD’s workflow can be expressed as explicit data structures, functions, and simple mathematical relations:

e how designs enter the system in structured form

e how they are collaboratively refined and versioned

* how material & ecological coefficients are computed

¢ how lifecycle and maintainability are modeled

e how labor is decomposed into computable steps for COS and ITC
¢ how feasibility and systems integration are simulated

e how designs are optimized, certified, and archived for reuse across the federation

OAD is not a one-way pipeline. Certified designs stored in the commons (Module 10) are continuously pulled back into the collaborative workspace (Module 2) for reuse
and local adaptation, while FRS operational feedback can recalibrate ecological coefficients, lifecycle assumptions, labor estimates, optimization targets, and even
certification status when real-world performance diverges from modeled expectations.

All code below is Python-style pseudocode, meant to illustrate structure and logic rather than serve as production code.

High-Level Types
First, shared data structures are defined for:

¢ design specifications and versions

* ecological and material assessments

e lifecycle and maintainability models

e labor-step profiles (used directly by COS and ITC)

e simulation and integration checks

e optimization results, certification records, and repository entries

These are the core objects OAD modules manipulate and emit.

1 from dataclasses import dataclass, field

2 from typing import Any, Dict, List, Optional, Literal
3 from datetime import datetime

4

5

6  #

7 # Core Design Entities



@dataclass
class DesignSpec:

Initial structured submission: the 'idea' made computable.
id:
title:

str

str
description: str
creator_id: str

created_at: datetime

functional_goals: List[str] =
components: List[str] = field(default_factory=list)
cad_files: List[str] = field(default factory=list)
field(default_ factory=list)

field(default_factory=list)

materials: List[str] =
env_assumptions: Dict[str, Any] =
performance_criteria: Dict[str, Any] =
safety considerations: List[str] =
maintenance_expectations: Dict[str, Any] =

metadata: Dict[str, Any] = field(default_ factory=dict)

DesignVersionStatus =
"draft",

Literal[

"under_review",
"optimized",
"ready_for_certification",
"certified",

"deprecated",

@dataclass
class DesignVersion:

won

Concrete design variant under active development, review,
id: str
spec_id: str

parent_version_id: Optional[str]

label:

str # e.g. "v0.3-bamboo-frame"
created at: datetime
authors: List[str] = field(default factory=list)
cad_files: List[str] = field(default_ factory=list)
materials: List[str] = field(default_factory=list)
parameters: Dict[str, Any] = field(default_factory=dict)
change_log: str = ""

status: DesignVersionStatus = "draft"

superseded by _version_id: Optional[str] = None

#
# Material & Ecological Assessment Types
#

@dataclass

class MaterialProfile:
Quantitative material breakdown for a design version.
Used by ecological assessment, COS planning, and ITC.
version_id: str
materials: List[str] = field(default_factory=list)

quantities_kg: Dict[str, float] =

embodied_energy mj: float = 0.0
embodied_carbon_kg: float = 0.0
recyclability index: float = 0.0 # 0—1 (higher = more

field(default_factory=dict)
field(default_factory=dict)
field(default_factory=list)
field(default_factory=dict)

field(default_factory=dict)

["desalinate 50 L/day", "low maintenance"]

# e.g.

# named subsystems / parts

# URIs / hashes for geometry
# initial assumed materials
# e.qg. "coastal",

# e.g. {"flow_rate_lph": 50,

{"climate": "salt_ppm": 8000}

"max_power_w": 120}

# tags, node, sector, etc.

or certification.

# parametric knobs / geometry

# useful for re-certification chains

# material -> kg

recyclable)



81 toxicity index: float = 0.0 # 0—1 (higher = more toxic)

82 scarcity_index: float = 0.0 # 0—1 (higher = more constrained)
83

84

85 @dataclass

86 class EcoAssessment:

87 e

88 Aggregated ecological impact evaluation, normalized for comparison.
89 Lower eco_score is better.

90 e

91 version_id: str

92 embodied energy_norm: float = 0.0 # 0-1

93 carbon_intensity norm: float = 0.0 # 0—1

94 toxicity_norm: float = 0.0 # 0-1

95 recyclability norm: float = 0.0 # 0—1 (higher is better)
96 water_use_norm: float = 0.0 # 0-1

97 land_use_norm: float = 0.0 # 0-1

98 repairability norm: float = 0.0 # 0—1 (higher is better)
99

100 eco_score: float = 0.0 # composite; lower = better
101 passed: bool = False

102 notes: str = ""

103

104

105 #

106 # Lifecycle & Maintainability Types

107 #

108

109 @dataclass

110 class LifecycleModel:

111 e

112 Expected lifetime behavior of the design, including maintenance burden.
113 Recalibrated over time using FRS operational feedback.

114 e

115 version_id: str

116 expected_lifetime years: float = 0.0

117 usage_cycles_before_overhaul: float = 0.0

118 maintenance_interval_days: float = 0.0

119 maintenance_labor_hours_per_interval: float = 0.0

120 disassembly hours: float = 0.0

121 refurb_cycles_possible: int = 0

122 dominant_failure modes: List[str] = field(default factory=list)
123

124 lifecycle burden index: float = 0.0 # 0-1, higher = more labor/risk
125

126

127 #

128 # Labor-Step Decomposition Types (OAD - COS/ITC)

129 #

130

131 SkillTier = Literal["low", "medium", "high", "expert"]

132

1333

134 @dataclass
135 class LaborStep:

136 e

137 A single production or maintenance step in the design's labor plan.
138 e

139 name: str

140 estimated_hours: float

141 skill tier: SkillTier

142 tools_required: List[str] = field(default factory=list)
143 sequence_index: int = 0

144 safety notes: str = ""

145

146

147 @dataclass

148  class LaborProfile:

149 W
150 Full decomposed labor plan for a design version.

151 Primary input to COS scheduling and ITC access-value calculation.
152 won

153 version_id: str



154 production_steps: List[LaborStep] = field(default_ factory=list)

155 maintenance_steps: List[LaborStep] = field(default_factory=list)
156

157 total_production_hours: float = 0.0

158 total_maintenance_hours_over_ life: float = 0.0

159

160 hours_by skill tier: Dict[str, float] = field(default_factory=dict)
161 ergonomics_flags: List[str] = field(default_factory=list)

162 risk notes: str = ""

163

164

165 #

166 # Simulation, Integration, Optimization, Certification, Repository
167 #
168

169 @dataclass

170 class SimulationResult:

171 e

172 Technical feasibility and safety simulation outputs.

173 e

174 version_id: str

175 scenarios: Dict[str, Dict[str, Any]] = field(default_ factory=dict)
176 feasibility score: float = 0.0 # 0—1, higher is better
177 safety margins: Dict[str, float] = field(default factory=dict)

178 manufacturability flags: List[str] = field(default_factory=list)
179 failure_modes: List[str] = field(default_factory=list)

180

181

182 @dataclass

183 class IntegrationCheck:

184 e

185 Compatibility and systems-architecture evaluation.

186 e

187 version_id: str

188 compatible systems: List[str] = field(default_ factory=list)
189 conflicts: List[str] = field(default_ factory=list)

190 circular_loops: List[str] = field(default_ factory=list)

191 integration_score: float = 0.0 # 0-1

192

193

194 @dataclass

195 class OptimizationResult:

196 e

197 Snapshot of an optimization run comparing before/after metrics.
198 e

199 base_version_id: str

200 optimized_version_id: str

201 objective_value: float

202 metrics_before: Dict[str, Any] = field(default_ factory=dict)
203 metrics_after: Dict[str, Any] = field(default_factory=dict)
204 improvement_ summary: str = ""

205

206

207 CertificationStatus = Literal["certified", "revoked", "pending"]
208

209

210 @dataclass

211  class CertificationRecord:

212 e

213 Certification gate for a design version.

214 Can be revoked or superseded based on FRS operational feedback.
215 e

216 version_id: str

217 certified at: datetime

218 certified by: List[str] = field(default_factory=list)
219 criteria passed: List[str] = field(default_ factory=list)
220 criteria failed: List[str] = field(default_ factory=list)
221 documentation_bundle_uri: str = ""

222 status: CertificationStatus = "pending"

223

224

2420 @dataclass
226 class RepoEntry:



227 non

228 Index entry for the knowledge commons / design repository.
229 e

230 version_id: str

231 spec_id: str

232 tags: List[str] = field(default factory=list)

233 climates: List[str] = field(default_factory=list)

234 sectors: List[str] = field(default_ factory=list)

235 reuse_count: int = 0

236 variants: List[str] = field(default_factory=list) # related version_ ids
237

238

239 #

240 # ITC-Relevant Valuation Payload (Required OAD Output)

241 #

242

243 @dataclass
244 class OADValuationProfile:

245 e

246 Condensed ITC-relevant snapshot of a certified design version.

247 Derived from MaterialProfile, EcoAssessment, LifecycleModel, and LaborProfile.
248 e

249 version_id: str

250

251 # Materials & ecology (normalized + absolute where useful)

252 material_intensity norm: float = 0.0 # 0—1 (material mass / benchmark)
253 ecological_score: float = 0.0 # composite eco assessment (lower = better)
254 bill_of materials: Dict[str, float] = field(default_ factory=dict) # {material: kg}
255 embodied energy mj: float = 0.0

256 embodied carbon_kg: float = 0.0

257

258 # Lifetime & labor

259 expected lifespan hours: float = 0.0

260 production_labor hours: float = 0.0

261 maintenance_labor hours_over_ life: float = 0.0

262

263 # Summary fields for COS/ITC heuristics

264 hours_by skill_tier: Dict[str, float] = field(default_factory=dict)

265 notes: str = ""

266

Module 1 (OAD) — Design Submission & Structured Specification
Purpose

Transform raw design ideas into structured, technically complete design specifications that can move through collaborative refinement, ecological assessment, labor
decomposition, and simulation.

Role in the System

This is the intake gateway for OAD. Nothing enters the design commons as an operative design object until it passes through this module in structured form. Module 1
ensures:

e minimal completeness
e consistent metadata
e clear functional goals

® basic technical coherence
so that later modules (collaborative design, material-ecology analysis, lifecycle modeling, labor-step decomposition, etc.) have something computable to work with.
Inputs

e Raw proposal data (forms, uploads, sketches, descriptive text)
e Creator identity (for authentication)

* |nitial metadata (sector, node, climate, etc.)
Outputs

® A DesignSpec object

e Aninitial pesignversion (e.g., "v0.l-initial-submission" ) linked to that spec

Core Logic



50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69

71
72
78

from typing import Tuple, Dict, Any

from datetime import datetime

def authenticate_designer(creator_id: str) -> bool:

Identity/authentication check for design submissions.

In a real implementation this would verify:

- decentralized ID / credentials
- signatures

- revocation status, etc.

return True # placeholder

REQUIRED_FIELDS = [
"functional_goals",
"components",
"cad_files",
"materials",
"env_assumptions",

"performance_criteria",

_is_nonempty(value: Any) -> bool:

Conservative non-empty check for completeness scoring.

if value is None:
return False

if isinstance(value, str):
return bool(value.strip())

if isinstance(value, (list, dict, tuple,

return len(value) > 0

return True

set)):

compute_completeness_score(payload: Dict[str, Any]) -> float:

Simple completeness heuristic: fraction of required fields

that are present and non-empty in the submission payload.

filled = 0
for field name in REQUIRED_ FIELDS:
if field name
filled += 1
return filled / len(REQUIRED_FIELDS)

intake_design_submission(
creator_id: str,

title: str,

description: str,
payload: Dict[str, Any],
metadata: Dict[str, Any],
min_completeness: float = 0.7,

) -> Tuple[DesignSpec, DesignVersion]:

in payload and _is_nonempty(payload[field name]):

OAD Module 1 — Design Submission & Structured Specification

Takes a raw design proposal and converts it into:

- a DesignSpec (high-level concept)

- an initial DesignVersion (concrete v0.x instance)

# 1) Identity check

assert authenticate designer(creator_id),

# 2) Completeness check
completeness =

if completeness < min_completeness:

"unauthenticated design submission"

compute_completeness_score(payload)

raise ValueError(f"incomplete submission, completeness={completeness:.2f}")



74

75 # 3) Create the high-level specification

76 spec = DesignSpec(

77 id=generate_id("spec"),

78 title=title,

79 description=description,

80 creator_id=creator_id,

81 created_at=datetime.utcnow(),

82 functional goals=payload.get("functional goals", []),
83 components=payload.get("components", []),

84 cad_files=payload.get("cad files", [1),

85 materials=payload.get("materials", []),

86 env_assumptions=payload.get("env_assumptions", {}),
87 performance criteria=payload.get("performance criteria", {}),
88 safety considerations=payload.get("safety considerations", []),
89 maintenance_expectations=payload.get("maintenance_expectations", {}),
90 metadata=metadata,

91 )

92

93 # 4) Create the initial version linked to that spec

94 version = DesignVersion(

95 id=generate_id("version"),

96 spec_id=spec.id,

97 parent_version_id=None,

98 label="v0.l-initial-submission",

99 created_at=datetime.utcnow(),

100 authors=[creator_id],

101 cad_files=spec.cad_files,

102 materials=spec.materials,

103 parameters=payload.get("parameters", {}),

104 change_log="Initial submitted version.",

105 status="draft",

106 superseded by_version_id=None,

107 )

108

109 return spec, version

Math Sketch — Completeness Heuristic
Let:

e F =setof required fields
e f; € F =eachrequired field
e I(fi) = liffield f;is present and non-empty, otherwise 0

Define completeness score:

1
Ccomplete = T4 Z I(fl)

|F1 fieF

A submission is accepted if:
Ccomplete > Tmin

where Thiy is a configurable threshold (e.g., 0.7).

In plain terms: A design enters OAD only when enough key fields are filled to make it processable by later modules.

Module 2 (OAD) — Collaborative Design Workspace

Purpose

Enable transparent, iterative, multi-user refinement of designs via branching, merging, and tracked changes—turning a single structured submission into an evolving

family of design variants.
Role in the System
This module is the social and technical engine of design evolution. It provides:

* version-controlled design branches
e collaborative edits and annotations

e transparent change histories

¢ a basis for selecting promising variants for deeper assessment (ecology, lifecycle, labor, feasibility, integration, optimization)



Module 2 does not decide which design is “best.” It creates the structured design landscape that downstream modules (3-10) will evaluate and, in some cases, feed back
into.

Design reuse and local adaptation also occur here.
Certified designs retrieved from the Knowledge Commons (Module 10) re-enter the workspace as new branches, allowing nodes to adapt designs to local materials,
climates, constraints, and infrastructure while preserving lineage.

Inputs

e Existing DesignsSpec and one or more DesignVersion objects

* New contributions from participants (geometry edits, material changes, parameter tweaks, notes)

e Optional metrics from downstream modules (e.g., eco scores from Module 3, feasibility scores from Module 5)
e Reuse inputs: a certified Designversion pulled from Module 10 for local adaptation

Outputs

* New DesignVersion branches
* Updated pesignversion objects with refined parameters and change logs

e Traceable version history (parent-child relationships via parent_version_id and VERSION_CHILDREN )

Core Logic

We assume a simple in-memory registry (in practice this would be a database or distributed store):

from typing import Dict, List, Optional, Any
from datetime import datetime

# Illustrative in-memory registries

DESIGN_SPECS: Dict[str, DesignSpec] = {}

DESIGN_VERSIONS: Dict[str, DesignVersion] = {}

VERSION_CHILDREN: Dict[str, List[str]] = {} # parent version_id -> [child version_ids]

N o U W N e

Creating a New Branch (local variation, material swap, adaptation)

1 def create_design_branch(

2 base_version_id: str,

3 author_id: str,

4 label suffix: str,

5) param_updates: Dict[str, Any],

6 material_updates: Optional[List[str]] = None,

7 cad_file updates: Optional[List[str]] = None, # URIs/hashes for updated geometry
8 change_note: str = "",

9 ) -> DesignVersion:

10 e

11 OAD Module 2 — Collaborative Design Workspace

12

13 Create a new branch (child DesignVersion) from an existing version.

14

15 This is how one proposal becomes a design 'family':

16 different materials, geometries, or local adaptations.

17 e

18 base = DESIGN_VERSIONS|[base version_id]

19
20 # Copy and update parameters
21 new_params = dict(base.parameters)
22 new_params.update(param updates)
23
24 # Materials: either updated or inherited from base
25 new _materials = material updates if material updates is not None else list(base.materials)
26
27 # CAD references: either updated or inherited (real CAD merges handled externally)
28 new_cad_files = cad_file updates if cad_file updates is not None else list(base.cad_files)
29

30 new_version = DesignVersion(

31 id=generate_id("version"),

32 spec_id=base.spec_id,

39 parent_version_id=base_version_id,

34 label=f"{base.label}-{label_suffix}",

35 created at=datetime.utcnow(),

36 authors=list(set(base.authors + [author_ id])),

37 cad_files=new cad files,



3 materials=new materials,

3 parameters=new_params,

40 change_log=change note or f"Branch from {base.label} by {author_id}",
41 status="draft",

42 superseded_by_version_id=None,

43 )

44

45 DESIGN_VERSIONS[new_version.id] = new_version

46 VERSION_CHILDREN.setdefault(base version_id, []).append(new_version.id)
47

48 return new_version

Updating an Existing Version (collaborative edit)

def update_design_version(

1
2 version_id: str,

w

author_id: str,

IS

param_updates: Dict[str, Any],

o

change note: str,
6 cad_file updates: Optional[List[str]] = None,

7 ) -> DesignVersion:

9 Apply incremental refinements to an existing design version.
10 Suitable for small, non-breaking changes in geometry/parameters.
11
12 v = DESIGN_VERSIONS[version_id]
13
14 # Update parameters in place (or this could spawn a micro-revision)
15 new_params = dict(v.parameters)
16 new_params.update(param updates)
17 Vv.parameters = new_params
18
19 # Optional: update CAD references (actual CAD diffs handled externally)
20 if cad_file_updates is not None:
21 v.cad_files = cad_file updates
22
23 if author_id not in v.authors:
24 v.authors.append(author_id)
25
26 v.change log += f"\n[{datetime.utcnow().isoformat()}] {author_id}: {change_note}"
27 return v

Reuse Import Helper (Module 10 — Module 2 entry)

1 def import_from_commons_for_ local_ adaptation(

2 certified_version_id: str,

3 author_id: str,

4 local_context_tag: str,

5 param_updates: Dict[str, Any],

6 change_note: str,

7 ) —-> DesignVersion:

8 W

9 Treat a certified design pulled from Module 10 as the base for a local
10 adaptation branch, preserving full lineage and traceability.
11 e

12 return create design_branch(

3 base_version_id=certified_version_id,

14 author_id=author_id,

15 label_suffix=f"adapted-{local_context tag}",

16 param updates=param_ updates,

17 material_updates=None,

18 cad_file updates=None,

19 change_note=change_note,
20 )

Simple Branch Preference Helper (Using Downstream Scores)

1 def choose preferred branch(

2 version_a_id: str,



3 version_b_id: str,

4 eco_scores: Dict[str, float], # version_id -> eco_score (0-1, lower = better)

5 feasibility scores: Dict[str, float], # version_id -> feasibility_score (0-1, higher = better)
6 weight_eco: float = 0.5,

7 weight_feasibility: float = 0.5,

8 ) => str:

10 Suggest which branch is more promising based on eco and feasibility metrics.
11

12 This does NOT auto-delete the other branch; it simply provides a

13 recommendation that human designers can accept, refine, or override.

14 e

15 a = version_a_id

16 b = version_b_id

17

18 # Lower eco_score is "better" ecologically, so convert to a goodness measure
19 eco_good _a = 1.0 - eco_scores.get(a, 0.5)

20 eco_good b = 1.0 - eco_scores.get(b, 0.5)

21

22 feas_a = feasibility scores.get(a, 0.5)

23 feas b = feasibility scores.get(b, 0.5)

24

25 score_a = weight_eco * eco_good_a + weight_feasibility * feas_a

26 score_b = weight_eco * eco_good b + weight_feasibility * feas b

27

28 return a if score_a >= score_b else b

In a real implementation, geometric merges and CAD-level reconciliation are handled by specialized tools; this workspace logic coordinates branches as computational
objects and references CAD assets by URI/hash.

Math Sketch — Branch Preference Scoring
For each version v, assume we have:

e E, = eco-impact score, normalized to [0, 1], where lower is better
e F, = feasibility score, normalized to [0, 1], where higher is better

Convert ecological impact into a “goodness” signal:

Gy =1—-E, (29)
Define a combined preference score:
P,=aG* +BF, with o,8>0, a+8=1 (30)
Given two branches v, and vy, the workspace prefers v, if:
P,, > P, (31)

In words: choose the branch that jointly minimizes ecological footprint and maximizes feasibility, according to tunable weights. This is a soft recommendation, not a
command; human designers can still retain versions for cultural, aesthetic, or context-specific reasons the metrics do not capture.

Module 3 (OAD) — Material & Ecological Coefficient Engine

Purpose
Quantify the ecological and material footprint of each design version and express it as normalized indices (0-1) plus an aggregate eco_score that can be compared
across alternatives and used downstream by COS and ITC.

Role in the system
This module is the LCA / sustainability filter for OAD. It takes a design version and its bill of materials and computes:

¢ embodied energy and carbon
e toxicity, water use, land use
e recyclability and scarcity indicators

and aggregates them into:

e adetailed MaterialProfile

® an EcoAssessment With a single eco_score and pass/fail flag
These metrics:

e guide designers in OAD (which branches are more sustainable),
e give COS a view of material intensity, and



e provide ITC with grounded ecological signals for access valuation.

Coefficients are not static.
FRS operational feedback can recalibrate ecological coefficients over time when real-world degradation, scarcity, or ecosystem strain diverges from modeled
assumptions.

Inputs

® DesignVersion (geometry, materials, parameters)

¢ Bill of materials (material — quantity in kg) extracted from CAD/param tools

e External LCA-style data: per-material coefficients (energy, carbon, toxicity, recyclability, water, land, scarcity)
¢ Normalization baselines (typical range for that class of design in that sector)

¢ Optional FRS feedback deltas (regional degradation, scarcity shifts, ecological stress multipliers)

Outputs

® MaterialProfile forthat version_id (raw totals + per-material breakdown)
® EcoAssessment for that version_id (normalized indices + eco_score)

e Eco-relevant values that later feed oaDvaluationProfile (e.g., embodied_energy mj, eco_score)

Core Logic

1. Material database (illustrative)

1 MATERIAL_DB = {
2 "steel": {
3 "embodied_energy mj_per_kg": 25.0,
4 "carbon_kg_per_kg": 2.5,
5 "toxicity_index": 0.3, # 0-1
6 "recyclability_ index": 0.8, # 0-1
7 "water_use 1 _per kg": 50.0,
8 "land use_m2_per kg": 0.02,
9 "scarcity index": 0.4, # 0—1 (higher = more scarce/constrained)
10 o
11 # ... more materials
12}

2. Bill of materials extraction

1 from typing import Dict, Any, List, Tuple
2
3 def extract_bill_of materials(version: DesignVersion) -> Dict[str, float]:
4 wun
5 Placeholder: in reality, this would parse CAD/geometry data
6 to compute a proper bill of materials.
7 Returns: {material name: quantity kg}
8 wn
9 return version.parameters.get("bill of materials_kg", {})
3. Build a MaterialProfile from the BOM (including water/land totals + missing material flags)
1 def build material profile(version: DesignVersion) -> Tuple[MaterialProfile, Dict[str, float]]:
P W
3 Construct a MaterialProfile from a DesignVersion's BOM and MATERIAL DB coefficients.
4 Returns:
5 - MaterialProfile
6 - totals: {"water use 1": ..., "land use m2": ..., "missing materials": [...]}
7 wan
8 bom_kg = extract_bill of materials(version)
9
10 total_energy mj = 0.0
11 total_carbon_kg = 0.0
12 total_toxicity mass = 0.0
13 total_recyclability mass = 0.0
14 total_scarcity mass = 0.0
15 total water_1 = 0.0
16 total_land m2 = 0.0
17
18 missing _materials: List[str] = []



20 total _mass = sum(bom kg.values()) or 1.0

21

22 for material, gty in bom kg.items():

2K props = MATERIAL_DB.get(material)

24 if not props:

25 missing_materials.append(material)

26 continue

27

28 total_energy mj += props["embodied energy mj_per_kg"] * gty
29 total_carbon_kg += props["carbon kg per_kg"] * gty

30 total_toxicity mass += props["toxicity index"] * gty

3 total_recyclability mass += props["recyclability index"] * gty
32 total_scarcity mass += props.get("scarcity index", 0.0) * gty
33 total_water_l += props.get("water use 1 per kg", 0.0) * gty
34 total_land_m2 += props.get("land use_m2_per_kg", 0.0) * gty
35

36 avg_toxicity = total_toxicity mass / total_mass

37 avg_recyclability = total recyclability mass / total_mass

38 avg_scarcity = total_scarcity mass / total _mass

39

40 profile = MaterialProfile(

41 version_id=version.id,

42 materials=1list(bom_kg.keys()),

43 quantities_kg=bom kg,

44 embodied_energy mj=total_energy mj,

45 embodied_carbon_kg=total_carbon_kg,

46 recyclability index=avg_recyclability,

47 toxicity index=avg_toxicity,

48 scarcity_index=avg_scarcity,

49 )

50

51 totals = {

52 "water_use 1": total water_ 1,

53 "land use _m2": total_ land m2,

54 "missing materials": missing materials,

55 }

o
o

N}

return profile, totals

5

4. Normalization helper

1 def normalize(value: float, v_min: float, v_max: float) -> float:

2 W

3 Normalize raw value into [0, 1] given min and max reference points.
4 Clamp outside values.

5 W

6 if v_max == v_min:

7 return 0.0

8 x = (value - v_min) / (v_max - v_min)

9 return max(0.0, min(1.0, X))

5. Apply FRS operational feedback (optional recalibration layer)

-

def apply_frs_eco_adjustments(
totals: Dict[str, float],
frs_feedback: Dict[str, Any],

N

w

IS

) -> Dict[str, float]:

o

6 Optional: adjust ecological totals using FRS operational feedback.
7 Example:
8 - regional_water stress_multiplier
9 - regional_land_sensitivity multiplier
10 - scarcity pressure multiplier
11 e
12 water mult = frs_feedback.get("water stress_multiplier", 1.0)
3 land mult = frs_feedback.get("land sensitivity multiplier", 1.0)
14
15 totals["water_use 1"] *= water_mult
16 totals["land_use m2"] *= land mult
17

18 return totals



6. EcoAssessment computation (policy-configurable threshold)

1 def compute_eco_assessment (

2 version: DesignVersion,

3 norm_ref: Dict[str, Dict[str, float]],

4 material_profile: MaterialProfile,

5 totals: Dict[str, float],

6 repairability_hint: float = 0.5,

7 eco_threshold: float = 0.5, # policy-defined

8 frs_feedback: Optional[Dict[str, Any]] = None,

9 ) —> EcoAssessment:

10 e

11 OAD Module 3 — Material & Ecological Coefficient Engine

12

13 Compute normalized eco indices and an aggregate eco_score.

14

15 - Evidence of missing materials should force review downstream.

16 - FRS feedback can modulate water/land totals (and later scarcity).
17 e

18 # Apply FRS adjustments if present

19 if frs_feedback:
20 totals = apply_ frs_eco_adjustments(totals, frs_feedback)
21
22 ee_raw = material_ profile.embodied_energy mj
23 carbon_raw = material_ profile.embodied_carbon_ kg
24 tox_raw = material profile.toxicity_index
25 recyc_raw = material profile.recyclability index
26 water_raw = totals.get("water use 1", 0.0)
27 land _raw = totals.get("land use m2", 0.0)
28
29 ee_norm = normalize(ee_raw, norm ref["embodied energy mj"]["min"], norm ref["embodied energy mj"]["max"])
30 carbon_norm = normalize(carbon_raw, norm ref["embodied carbon kg"]["min"], norm ref["embodied carbon kg"]["max"])
31 tox_norm = normalize(tox_raw, norm ref["toxicity"]["min"], norm ref["toxicity"]["max"])
32 recyc_norm = normalize(recyc_raw, norm_ref["recyclability"]["min"], norm_ref["recyclability"]["max"])
3 water_norm = normalize(water_raw, norm ref["water use 1"]["min"], norm ref["water_use_ 1"]["max"])
34 land_norm = normalize(land_raw, norm ref["land use m2"]["min"], norm ref["land use m2"]["max"])
35

36 # Weights (illustrative; policy-adjustable)

37 w_energy = 0.25

38 w_carbon = 0.25

39 w_toxicity = 0.15
40 w_water = 0.15
41 w_land = 0.10
42 w_recyclability = 0.05
43 w_repairability = 0.05
44
45 repair norm = repairability hint # refined in Module 4
46
47 eco_score = (
48 w_energy * ee_norm +
49 w_carbon * carbon_norm +
50 w_toxicity * tox norm +
51 w_water * water norm +

52 w_land * land norm +

53 w_recyclability * (1 - recyc_norm) +

54 w_repairability * (1 - repair_norm)

55 )
56
57 # Pass/fail includes data completeness gating
58 missing = totals.get("missing materials", [])
59 passed = (eco_score <= eco_threshold) and (len(missing) == 0)

60

61 notes = "Auto-computed from MaterialProfile and material database."
62 if missing:

63 notes += f" Missing materials in DB: {missing}. Requires review."
64

65 return EcoAssessment (

66 version_id=version.id,

67 embodied_energy norm=ee_norm,

68 carbon_intensity_norm=carbon_norm,

69 toxicity_norm=tox_norm,



70 recyclability norm=recyc_norm,

71 water_use_ norm=water_norm,

72 land_use_norm=land_norm,

73 repairability norm=repair_ norm,
74 eco_score=eco_score,

75 passed=passed,

76 notes=notes,

77 )

Later, when Module 4 (Lifecycle & Maintainability Modeling) is applied, repairability norm is recalculated using empirically modeled disassembly, maintenance, and

refurbishment characteristics, replacing this provisional estimate.

Math Sketch — Eco Score Aggregation
Let per-design aggregates (from BOM + material coefficients) be:

e E =total embodied energy (M))

e C =total embodied carbon (kg CO,e)
e T = toxicity index (average 0-1)

e R =recyclability index (average 0-1)
e TV =total water use (L)

e [ =total land use (m?2)

* p=repairability index (0-1; higher = easier to repair / maintain)
Normalize each dimension:
E, =norm(E), C,=norm(C), T,=norm(T), R,=norm(R), W, =norm(W), L, =norm(L), p, = norm(p)
with

X — Xmin

X)= ———— —
norm( ) Xmax - Xm'm

clamped to [0, 1]

Define eco_score as a weighted combination where high energy, carbon, toxicity, water, land are worse, while higher recyclability and repairability are better:

eco_score = wgE, + wcCr + wrT, + wwWy +wrLy, + wr(l — Ry) +w,(1 — py)
with
wg +we +wr +ww +wr +wr +w, =1
A basic pass/fail criterion:

passed — True, if eco_score < Teeo
False, otherwise

where T, is an ecologically conservative threshold chosen per sector.

In plain language:

The eco_score tells us how damaging a design is per unit of function, relative to the alternatives. Lower is better. Designs that exceed ecological thresholds are

flagged and sent back for redesign instead of being advanced toward production.

Module 4 (OAD) — Lifecycle & Maintainability Modeling

Purpose

Estimate how a design behaves over time: how long it lasts, how often it fails, how much maintenance labor it demands, and how repairable it is. This transforms a

static design into a time-profile of labor, risk, and service capacity.
Role in the system
This module connects OAD to COS and ITC at the temporal level. Two designs may have similar build-time ecological footprints but radically different:

e lifespans
o failure rates
e maintenance burdens

e downtime profiles
Lifecycle modeling converts those differences into computable signals for:

e (COS — planning long-term maintenance cooperatives and labor flows
e ITC — valuing goods in a way that rewards durability and repairability (lower access cost per unit of service for robust designs)

e FRS — benchmarking real-world performance against design expectations



Module 4 is the authoritative source of repairability and maintenance metrics.
Any provisional repairability estimates from Module 3 are superseded here by empirically modeled maintenance and disassembly characteristics.

Inputs

® DesignVersion (geometry, parameters, environmental context)

* Usage assumptions (e.g. cycles per day, days per year, stress factors)
* EcoAssessment (especially recyclability and toxicity signals)

e Optional empirical data from similar designs or prior deployments

Outputs

® A LifecycleModel forthe given version_id
e Derived values including:

o expected lifespan (hours / years)

o maintenance labor over lifecycle

© maintenance event frequency

o repairability index (0-1)

o downtime fraction over lifespan

These outputs later populate the oabvaluationProfile consumed by COS and ITC.

Lifecycle Model Type

from dataclasses import dataclass

from typing import List

class LifecycleModel:

Expected lifetime behavior of the design, including maintenance burden.

1
2
3
4 @dataclass
5
6
7
8

9 version_id: str

10 expected_lifetime_years: float

11 maintenance_events_expected: float

12 maintenance_interval days: float

13 maintenance_labor_hours_per_interval: float

14 disassembly hours: float

15 refurb_cycles_possible: int

16 dominant_failure_modes: List[str]

17

18 lifecycle_burden_index: float # 0-—1, higher = more labor / risk over time
Core Logic

1. Usage assumptions

1 from typing import Dict

2

3 def get_usage assumptions(version: DesignVersion) -> Dict:
4 W

5 Extract nominal usage pattern from parameters or metadata.
6

7 Example:

8 {

9 "hours_per day": 6.0,

10 "days_per_year": 300,

11 "design_target_years": 10,

12 "environment_stress_factor": 1.0

13 }

14 e

15 return version.parameters.get("usage_assumptions", {
16 "hours_per_day": 4.0,

17 "days_per_year": 250,

18 "design_target_years": 8,

19 "environment_stress_factor": 1.0,



2. Reliability estimate (MTTF)

1 def estimate mttf hours(

2 base_hours: float,

3 stress_factor: float,

4 material_factor: float,
5 ) —> float:

6 !

7 Estimate mean time to failure (MTTF).

9 - base_hours: nominal rating

10 - stress_factor: >1 increases failure risk
11 - material_factor: >1 improves robustness
12 wan

13 return base hours * material factor / max(stress_factor, 0.1)

3. Maintenance labor estimation

1 def estimate maintenance_labor(

2 lifespan_hours: float,

3 maintenance_interval hours: float,
4 labor_per_event_hours: float,

5 ) —> float:

7 Approximate total maintenance labor over the design lifespan.
8 W

9 if maintenance_interval_hours <= 0:

10 return 0.0

11

12 expected_events = lifespan_hours / maintenance_interval_hours
13 return expected_events * labor_ per_event_hours

4. Lifecycle computation

-

def compute lifecycle model(

N}

version: DesignVersion,

w

eco_assessment: EcoAssessment,
base_mttf_ hours: float = 20000.0,

IS

o

base_maintenance_interval_hours: float = 2000.0,
6 labor_per_maintenance_event_hours: float = 2.0,

7 refurb_cycles_possible: int = 2,

8 ) -> LifecycleModel:
9 W
10 OAD Module 4 — Lifecycle & Maintainability Modeling
11
12 Compute expected lifetime behavior, maintenance labor,
13 repairability, and downtime signals.
14 '

15

16 usage = get_usage_assumptions(version)
17 hours_per_year = usage["hours_per_day"] * usage["days_per_year"]
18 design_years = usage['"design_target years"]
19 stress_factor = usage["environment stress_factor"]
20
21 # Material robustness proxy
22 material factor = (
3 0.5 * eco_assessment.recyclability norm +
24 0.5 * (1.0 - eco_assessment.toxicity_norm)
25 )
26
27 mttf_hours = estimate_mttf hours(
28 base_hours=base_mttf_ hours,
29 stress_factor=stress_factor,
30 material_ factor=material_ factor,
31 )
32
33 raw_lifespan hours = design_years * hours_per_ year

34 expected_lifespan hours = min(raw_lifespan_hours, mttf hours * 1.5)



maintenance_interval_hours = base_maintenance_interval_hours

*

mttf_hours / base_mttf hours

maintenance_labor_total = estimate maintenance_labor (
lifespan_hours=expected lifespan_ hours,
maintenance_interval_ hours=maintenance_interval_hours,

labor_per_event_hours=labor_per_maintenance_event_hours,

maintenance_events_expected = (
expected_lifespan_hours / maintenance_interval_hours

if maintenance_interval_hours > 0 else 0

# Repairability & downtime
if maintenance_events_expected ==
repairability_index = 1.0
downtime fraction = 0.0
else:
avg_labor_per_event = maintenance_labor_total / maintenance_events_expected
repairability index = 1.0 / (1.0 + avg_labor per_event / 4.0)

downtime fraction = min(0.3, maintenance_ events_expected * 0.002)

# Lifecycle burden index
labor_norm = min(1.0, maintenance_labor_total / 500.0)
downtime norm = min(1.0, downtime_fraction / 0.3)

lifecycle burden_index = 0.6 * labor_norm + 0.4 * downtime norm

return LifecycleModel (
version_id=version.id,
expected_lifetime_years=expected_lifespan_hours / max(hours_per_year, 1.0),
maintenance_events_expected=maintenance_events_expected,
maintenance_interval_days=maintenance_interval_hours / max(usage["hours_per day"], 0.1),
maintenance_labor_hours_per_interval=labor_per_maintenance_event_hours,
disassembly_hours=version.parameters.get("disassembly hours", 1.0),
refurb_cycles_possible=refurb cycles_possible,
dominant_failure_modes=version.parameters.get("failure modes", []),

lifecycle burden_index=lifecycle_burden_index,

Linking to OADValuationProfile (OAD — COS & ITC)

def build valuation profile from oad(
version: DesignVersion,
material profile: MaterialProfile,
eco: EcoAssessment,
lifecycle: LifecycleModel,

) -> OADValuationProfile:

Condense OAD outputs into a single valuation profile for COS & ITC.

total material mass = sum(material profile.quantities_kg.values())

usage = get_usage_assumptions(version)
hours_per year = usage["hours_per_day"] * usage['days_per_year"]

expected_lifespan_hours lifecycle.expected lifetime_years * hours_per_year
maintenance_labor_hours_over_life = (

lifecycle.lifecycle burden_index * 500.0

return OADValuationProfile(
version_id=version.id,
material_ intensity=total material_mass,
ecological_score=eco.eco_score,
bill_of materials=material_profile.quantities_kg,
embodied_energy=material_ profile.embodied energy mj,

embodied_carbon=material_profile.embodied carbon_kg,



28 expected lifespan hours=expected lifespan_hours,

29 production_labor_hours=sum(

30 step.estimated_hours for step in version.parameters.get("production_steps", [])
31 )r

32 maintenance_labor_hours_over_ life=maintenance_labor_hours_over_ life,

33 hours_by_skill_tier=version.parameters.get("hours_by skill tier", {}),

34 notes="Auto-generated OAD valuation profile from Modules 3—4.",

35 )

Math Sketch — Lifecycle Labor & Repairability

Let:
®  Hjis = expected lifespan (hours)
¢ Inaint = Maintenance interval (hours)
®  heyent = labor hours per maintenance event
Then:
Hl'fe
Nevents = 7 :
maint
Average labor per event:
= L
h= total
Nevents
Define repairability index:
1
Rrep e —
1+ h/H,

Lifecycle burden:
Biite = o - norm(Liota1) + (1 — ) - norm(downtime)
From ITC's perspective:

e Higher By — higher access-value per unit of service
e Lower By — durable, low-maintenance designs — lower access-value

Module 5 (OAD) — Feasibility & Constraint Simulation

Purpose

(39)

(40)

Evaluate whether a design actually works in its intended context: structurally, thermally, hydraulically, and operationally. This module transforms design parameters

into performance indicators, safety margins, manufacturability flags, and an aggregate feasibility score.
Role in the system
If Module 3 (Material & Ecological Coefficients) and Module 4 (Lifecycle & Maintainability) answer “What does this design cost the world over time?”, Module 5 answers:

e Wil it break?

e Under what loads or flows?

® Can it be fabricated with available tools and processes?

* Does it meet safety margins under realistic operating conditions?

Its outputs:

e guide redesign inside OAD,
¢ inform COS about deployment constraints and risk,

e provide ITC and FRS with confidence context (a design that barely survives extreme loads is not equivalent to one with generous safety margins).
This module is where designs stop being conceptual and become physically accountable.
Inputs

® DesignVersion (geometry, materials, parameters)
e Usage & load assumptions (from spec and lifecycle modeling)
e Environmental conditions (temperature, humidity, wind, fluids, corrosion, etc.)

* Manufacturing constraints (tooling envelopes, tolerances, processes)
Outputs
A simulationResult object containing:

e per-scenario performance indicators



an aggregate feasibility score (0-1)
safety margins (e.g. yield factors)
manufacturability flags

detected failure modes

Recall the type:

© N oUW N e

@dataclass

class SimulationResult:
version_id: str
scenarios: Dict[str, Dict] # scenario_name -> indicators dict
feasibility score: float # 0—1, higher = better
safety margins: Dict[str, float] # e.g. {"yield factor": 1.5}
manufacturability flags: List[str]
failure_modes: List[str]

Core Logic

1. Scenario Definition

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

from typing import Dict

def build_simulation_scenarios(version: DesignVersion) -> Dict[str, Dict]:
Construct representative simulation scenarios
based on expected usage and environment.
usage = version.parameters.get("usage assumptions", {
"hours_per_day": 4.0,
"days_per_year": 250,
"design_target_years": 8,

"environment_stress_factor": 1.0,

)
return {
"nominal_load": {
"description": "Typical operating load",
"load_factor": 1.0,
"env_factor": usage["environment_stress_factor"],
I
"peak load": {
"description": "Short-duration peak or impact",
"load_factor": 1.5,
"env_factor": usage["environment_ stress_factor"] * 1.2,
I
"extreme_event": {
"description": "Rare but plausible extreme condition",
"load_factor": 2.0,
"env_factor": usage["environment_ stress_factor"] * 1.5,
i
}

Simulation Backends (Structural / Flow)

def run_structural_sim(version: DesignVersion, scenario: Dict) -> Dict:

Placeholder for structural simulation (FEA-like).
load factor = scenario["load factor"]
base_stress = version.parameters.get("base stress mpa", 50.0)

yield_strength = version.parameters.get("material yield mpa", 250.0)

max_stress = base_stress * load_ factor

return {
"max_stress_mpa": max_stress,
"yield strength mpa": yield_strength,

"stress_ratio": max_stress / yield strength,



15 "max_deflection mm": 4.0 * load_factor,

16 }

17

18

19 def run_flow sim(version: DesignVersion, scenario: Dict) -> Dict:
20 e

21 Placeholder for fluid/airflow simulation (CFD-like).

22 e

23 if not version.parameters.get("fluid_ system", False):

24 return {}

25

26 base_flow = version.parameters.get("design flow lps", 2.0)
27 load_factor = scenario["load_ factor"]

28

29 return {

30 "flow_rate lps": base_flow * (1.0 - 0.05 * (load_factor - 1.0)),
31 "pressure_drop_bar": 0.2 * load_factor,

32 }

3. Safety & Local Feasibility Scoring

1 def compute safety and feasibility(indicators: Dict) -> Dict:

2 wan

3 Convert raw simulation indicators into safety margins

4 and a local feasibility score.

5 wan

6 safety_margins = {}

7 components = []

8

9 if "stress_ratio" in indicators:

10 sr = indicators["stress_ratio"]

11 yield_factor = 1.0 / max(sr, le-6)

12 safety margins["yield factor"] = yield factor

13

14 if sr <= 0.6:

15 components.append(1.0)

16 elif sr <= 0.9:

17 components.append(0.7)

18 elif sr <= 1.0:

19 components.append(0.4)
20 else:
21 components.append(0.1)
22
23 if "max_deflection mm" in indicators:
24 md = indicators["max_deflection_mm"]
25 components.append(1.0 if md <= 5.0 else 0.6 if md <= 10.0 else 0.3)
26
27 if "flow_rate_lps" in indicators and "pressure drop_bar" in indicators:
28 flow = indicators["flow rate lps"]
29 dp = indicators["pressure_drop bar"]

30 target = indicators.get("design flow target_lps", flow)

31 components.append (1.0 if flow >= 0.9 * target and dp <= 0.4 else 0.5)
32

33 local feasibility = sum(components) / len(components) if components else 0.5
34

35 return {

36 "safety margins": safety margins,

37 "local_feasibility": local_feasibility,

38 }

4. Aggregate Simulation Result

1 def run_feasibility simulation(version: DesignVersion) -> SimulationResult:

N

w

OAD Module 5 — Feasibility & Constraint Simulation
4 W

o

scenarios_def = build_simulation_scenarios(version)

6 scenario_results = {}



7 feasibility scores = []

8 safety margins_agg = {}
9 manufacturability flags = []
10 failure_modes = []
11
12 for name, scenario in scenarios_def.items():
13 indicators = {}
14 indicators.update(run_structural_sim(version, scenario))
15 indicators.update(run_flow sim(version, scenario))
16
17 if version.parameters.get("fluid system", False):
18 indicators["design_flow target_lps"] = version.parameters.get(
19 "design_flow_lps", 2.0
20 )
21
22 safety = compute_safety_and_feasibility(indicators)
23
24 scenario_results[name] = {
25 "indicators": indicators,
26 "local feasibility": safety["local feasibility"],
27 "safety margins": safety["safety margins"],
28 }
29
3 feasibility scores.append(safety["local_ feasibility"])
32 for k, v in safety["safety margins"].items():
88 safety margins_agg.setdefault(k, []).append(v)
34
35 if indicators.get("stress_ratio", 0) > 1.0:
36 failure_modes.append(f"{name}: structural yield exceeded")
37
38 safety margins_final = {
39 k: sum(v) / len(v) for k, v in safety margins_agg.items()
40 } if safety margins_agg else {}
41
42 feasibility score = (
43 sum(feasibility scores) / len(feasibility_scores)
44 if feasibility scores else 0.5
45 )
46
47 if version.parameters.get("requires_ 5axis_machining", False):
48 manufacturability flags.append("requires_high end machining")
49 if version.parameters.get("tolerances_microns", 0) > 50:
50 manufacturability flags.append("tight_tolerances")
51
52 return SimulationResult(
53 version_id=version.id,

o
IS

scenarios=scenario_results,

5
o

feasibility score=feasibility score,

56 safety margins=safety margins_final,

57 manufacturability flags=manufacturability_ flags,
58 failure_modes=failure_modes,

59 )

Math Sketch — Feasibility Aggregation
For scenarios S = {s1,..., 8, }, each produces a local feasibility score f, € [0,1].
Overall feasibility:
1
F=—> f
n seS

Safety margins (e.g. yield factor):

yield_factor, =
Tmax(s)

If any scenario violates safety thresholds (e.g. omax > 07), the design is flagged with an explicit failure mode and routed back for redesign or risk-aware handling
downstream.

Plain-language summary

(41)

(42)



Module 5 answers: “Does this design survive reality?”
It ensures that ecological virtue and lifecycle durability are matched by physical feasibility, safety margins, and manufacturability, preventing fragile or
idealized designs from advancing unchecked.

Module 6 (OAD) — Skill & Labor-Step Decomposition
Purpose

Convert a certified design version into a computable labor plan: a sequenced set of production and maintenance steps with time estimates, skill tiers, and tooling
requirements.

Role in the system
This is the bridge from design to economic calculation:
For COS, it provides the explicit task graph needed to:

e form cooperatives
e schedule work
e allocate tools and space

* coordinate maintenance cycles
For ITC, it provides:

e total labor hours (production + lifecycle maintenance)
e labor broken down by skill tier

* ergonomic and risk flags
Without this module, Integral could not quantify “how much human effort, of what kind, under what conditions” is embodied in a given design.
Inputs

® DesignVersion (with parameters describing process choices where available)
e Optional LifecycleModel (for long-term maintenance planning)
e Aprocess/step template library (standard times and skill assumptions)

Outputs
A LaborProfile for that version_id, containing:

® production steps: List[LaborStep]

® maintenance steps: List[LaborStep]
® total production_hours

® total maintenance_hours_over_ life

® hours_by_skill tier

® ergonomics_flags, risk_notes

These outputs are consumed directly by COS and ITC, and also used to build oabvaluationProfile .

Core Types
from dataclasses import dataclass, field

from typing import List, Dict, Literal

@dataclass

1
2
3
4 SkillTier = Literal["low", "medium", "high", "expert"]
5
6
7 class LaborStep:

8

name: str

9 estimated_hours: float

10 skill tier: SkillTier

11 tools_required: List[str] = field(default_ factory=list)
12 sequence_index: int = 0

13 safety notes: str = ""

14 ergonomics_flags: List[str] = field(default_factory=list)
15

16

17 @dataclass

18 class LaborProfile:

19 version_id: str
20 production_steps: List[LaborStep]
21 maintenance_steps: List[LaborStep]

22



23 total_ production_hours: float

24 total_maintenance_hours_over_life: float
25
26 hours_by_skill_tier: Dict[str, float]
27 ergonomics_flags: List[str]
28 risk_notes: str
Core Logic

1. Process Template Library (Sketch)

1 from typing import Dict, Any
2
3 PROCESS_LIBRARY: Dict[str, Dict[str, Any]] = {
4 "cut_frame members": {
5 "base_hours": 1.0,
6 "skill tier": "low",
7 "tools": ["saw", "measuring jig"],
8 "ergonomics_flags": ["repetitive motion"],
9 "safety_notes": "Eye/ear protection required.",
10 Y
11 "assemble housing": {
12 "base_hours": 2.0,
13 "skill_tier": "medium",
14 "tools": ["clamps", "driver"],
15 "ergonomics_flags": ["bent_posture"],
16 "safety notes": "Lift assist recommended for heavy parts.",
17 Bo
18 "flow test": {
19 "base_hours": 1.0,
20 "skill tier": "medium",
21 "tools": ["test_rig"],
22 "ergonomics_flags": [],
23 "safety notes": "Pressurized system; check seals.",
24 Y
25 "routine_maintenance": {
26 "base_hours": 0.75,
27 "skill tier": "medium",
28 "tools": ["basic_hand tools"],
29 "ergonomics_flags": ["awkward posture"],
30 "safety_notes": "Depressurize / power down before opening.",
31 B
32}

2. Extract a High-Level Process Plan

1 from typing import List, Dict, Any

%

3 def get_process_plan(version: DesignVersion) -> List[Dict[str, Any]]:

4 default plan = [

5 {"task_type": "cut_frame members", "name": "Cut frame members", "time multiplier": 1.0},
6 {"task_type": "assemble housing", "name": "Assemble housing", "time multiplier": 1.0},
7 {"task_type": "flow_test", "name": "Run flow test", "time multiplier": 1.0},

8 ]

9 return version.parameters.get("process_plan", default_plan)

10

11

12 def get _maintenance_task _def(version: DesignVersion) -> Dict[str, Any]:

13 return version.parameters.get("maintenance_task", {
14 "task_type": "routine maintenance",

15 "name": "Routine inspection & cleaning",

16 "time multiplier": 1.0,

17 "skill override": None,

18 )

3. Build Production Steps



1 from typing import List, Dict, Any

2

3 def build production_steps(

4 version: DesignVersion,

5 process_library: Dict[str, Dict[str, Any]] = PROCESS_LIBRARY,
6 ) -> List[LaborStep]:

7 plan = get_process_plan(version)

8 labor_steps: List[LaborStep] = []

9

10 for idx, step_def in enumerate(plan):

11 task_type = step_def["task type"]

12 tmpl = process_library.get(task_type)

14 if tmpl is None:

15 base_hours = step_def.get("base_hours", 1.0)

16 skill tier = step_def.get("skill override", "medium")
17 tools = step_def.get("tools", [])

18 safety = step_def.get("safety notes", "Unspecified process; review required.")
19 ergonomics = step_def.get("ergonomics_flags", [])
20 else:
21 base_hours = tmpl["base hours"]
22 skill tier = step_def.get("skill override", tmpl["skill tier"])
3 tools = tmpl["tools"]
24 safety = tmpl["safety notes"]
25 ergonomics = tmpl.get("ergonomics_flags", [])
26
27 multiplier = step def.get("time multiplier", 1.0)

28 est_hours = base_hours * multiplier
29

30 labor_steps.append (

31 LaborsStep (

32 name=step_def.get("name", task_type),

33 estimated_hours=est_hours,

34 skill tier=skill tier,

35 tools_required=tools,

36 sequence_index=idx,

37 safety notes=safety,

38 ergonomics_flags=1list(ergonomics),

39 )
40 )
41
42 return labor_steps

4. Build Maintenance Steps + Compute Lifetime Maintenance Hours
This is where your prior code was inconsistent. We compute total maintenance hours over life using:

¢ expected lifespan hours (from Module 4)

* maintenance interval days

* labor per maintenance event (from lifecycle model)
¢ plus the optional task template multiplier

from typing import Optional, Tuple

from math import floor

1
2
3
4 def build maintenance_steps_and totals(
5 version: DesignVersion,

6

lifecycle: Optional[LifecycleModel],

7 process_library: Dict[str, Dict[str, Any]] = PROCESS_LIBRARY,

8 ) -> Tuple[List[LaborStep], float]:

9

10 Returns:

11 - a canonical maintenance step (template)

12 - total maintenance hours over life (computed from lifecycle model)
13

14 if lifecycle is None or lifecycle.maintenance_interval_days <= 0:
15 return [], 0.0

16

17 task_def = get_maintenance_task _def(version)

18 task_type = task def["task type"]

19 tmpl = process_library.get(task type, {



20 "base_hours": lifecycle.maintenance_labor_hours_per_interval,

21 "skill_tier": "medium",

22 "tools": [1],

23 "ergonomics_flags": [],

24 "safety_notes": "Generic maintenance; review details.",

25 13)

26

27 multiplier = task_def.get("time multiplier", 1.0)

28

29 per_event_hours = lifecycle.maintenance_labor_hours_per_interval * multiplier
30

3 # Compute expected lifespan hours from lifecycle.expected lifetime years and usage assumptions
32 usage = version.parameters.get("usage_assumptions", {"hours_per day": 4.0, "days_per_year": 250})
33 hours_per year = usage["hours_per_day"] * usage['days_per_year"]

34 expected_lifespan_hours = lifecycle.expected lifetime_years * hours_per_year
35

36 interval_hours = lifecycle.maintenance_interval_days * usage["hours_per_ day"]
37 num_events = expected lifespan_hours / max(interval_hours, le-6)

88

39 total _maintenance_hours_over_life = num events * per_event_hours

40

41 step = LaborStep(

42 name=task_def.get("name", task_type),

43 estimated hours=per_ event_hours,

44 skill tier=task _def.get("skill override", tmpl["skill tier"]),

45 tools_required=tmpl.get("tools", [1]),

46 sequence_index=0,

47 safety notes=tmpl.get("safety notes", ""),

48 ergonomics_flags=list(tmpl.get("ergonomics_flags", [])),

49 )

50

51 return [step], total maintenance_ hours_over_ life

5. Aggregate into a LaborProfile

1 from typing import List, Dict

2

3 def aggregate hours_by_skill(steps: List[LaborStep]) -> Dict[str, float]:
4 agg: Dict[str, float] = {"low": 0.0, "medium": 0.0, "high": 0.0, "expert": 0.0}
5 for s in steps:

6 agg[s.skill tier] = agg.get(s.skill tier, 0.0) + s.estimated hours
7 return agg

8

9
10 def build labor profile(

11 version: DesignVersion,

12 lifecycle: Optional[LifecycleModel] = None,

13 process_library: Dict[str, Dict[str, Any]] = PROCESS_LIBRARY,

14 ) -> LaborProfile:

15 wn

16 OAD Module 6 — Skill & Labor-Step Decomposition

17

18 Convert a design version + lifecycle model into a LaborProfile

19 suitable for COS scheduling and ITC valuation.

20 e

21 production_steps = build_production_steps(version, process_library)

22 maintenance_steps, total maintenance_hours = build maintenance_steps_and_totals(
23 version, lifecycle, process_library

24 )

25

26 total_production_hours = sum(s.estimated hours for s in production_steps)

27

28 hours_by_skill = aggregate_ hours_by skill(production_steps + maintenance_steps)
29

30 ergonomics_union = sorted(list({

3 flag for step in (production_steps + maintenance_steps)

w
N

for flag in step.ergonomics_flags

w
@

1))

w
s

risk_notes = "Review step-level safety notes and ergonomics_flags for detailed risk profile."

w W
o



37 return LaborProfile(

38 version_id=version.id,

39 production_steps=production_steps,

40 maintenance_steps=maintenance_steps,

41 total_production_hours=total_production_hours,

42 total_maintenance_hours_over_ life=total_maintenance_hours,
43 hours_by_skill_tier=hours_by_ skill,

44 ergonomics_flags=ergonomics_union,

45 risk_notes=risk _notes,

46 )

Math Sketch — Labor Aggregation & Lifetime Effort
Let:

e S, = set of production steps
e S, = set of maintenance steps

e Foreach step s, let hg = estimated hours and 7, = skill tier

Total production hours:

Hprod = Z hs

s€Sy
Total maintenance hours over life (computed from lifecycle interval + lifespan):

Hyaint = § Rs * Nevents

SES,
Total lifetime labor embodied in one unit:
Htotal = Hprod + Hmaint

Hours by skill tier k € {low, medium, high, expert}:

Hy, = Zhs
k

8:Tsg=

These values feed directly into ITC access valuation and COS scheduling.

Module 7 (OAD) — Systems Integration & Architectural Coordination

Purpose

(43)

Ensure that each design version is compatible with existing infrastructure, interfaces, resource flows, safety envelopes, and federated design standards before

it is optimized, certified, or deployed.

Role in the system
A design does not exist in isolation. This module ensures that:

¢ new designs physically fit into real environments,

e resource flows (energy, water, waste, heat, data) are compatible,
¢ interfaces match OAD-certified standards,

¢ safety clearances and code-like constraints are respected,

e and where possible, circular resource loops are enabled.
Systemically, this module prevents:

¢ siloed, incompatible designs,
e infrastructure dead-ends,
¢ unsafe integration into buildings or networks,

e and hidden coupling failures between subsystems.

For COS, it prevents scheduling work that will fail at install time. For ITC, it prevents incorrect valuation of designs that quietly impose integration penalties or hidden

retrofit labor.
Inputs

® DesignVersion

e simulationResult (Module 5)

e LifecycleModel (Module 4)

e Node-specific infrastructure descriptors:
© power systems,
o water systems,



o waste systems,
o spatial/architectural envelopes,
o tooling & fabrication capabilities,

o standard interface registries.
Outputs

e An IntegrationCheck Object containing:
© compatible_systems
O conflicts
O circular_ loops

O integration_score
These outputs directly influence:

* COS deployment planning,

¢ downstream optimization priorities (Module 8),
¢ final certification (Module 9),

e and long-term FRS telemetry mapping.

Reminder: Integration Type

From the OAD intro:

1 @dataclass

2 class IntegrationCheck:

3 Wi

4 Compatibility and systems-architecture evaluation.
5 Wi

6 version_id: str

7 compatible systems: List[str]

8 conflicts: List[str]

9 circular_loops: List[str]

0

integration_score: float # 0-1

Core Logic
We assume a node integration registry describing what systems currently exist and what interface standards they expose.

1. Example Node Infrastructure Registry

1 NODE_SYSTEM REGISTRY = {
2 "power": {
3 "available": True,
4 "voltage_standards": [24, 48, 120],
5 "renewable fraction": 0.85,
6 "waste_heat_recovery": True,
7 Do
8 "water": {
9 "rain_capture": True,
10 "greywater_loop": True,
11 "potable_header pressure bar": 2.5,
12 Po
13 "waste": {
14 "composting": True,
15 "biogas": False,
16 "hazardous_handling": "limited",
17 B
18 "fabrication": {
19 "max_machine_envelope m": 2.0,
20 "supports_welding": True,
21 "supports_composites": True,
22 "supports_5axis_machining": False,
2 Po
24 "building_codes": {
25 "max_floor load kg m2": 500,
26 "min_clearance_mm": 900,
27 T

28}
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Interface Compatibility Checks

def check_interface_compatibility(
version: DesignVersion,
node_registry: Dict,
) —> List[str]:
Identify conflicts between the design's interface needs and
existing node infrastructure capabilities.

conflicts = []

# Power compatibility
if version.parameters.get("requires_power", False):
req_voltage = version.parameters.get("required voltage")
if req voltage not in node registry["power"]["voltage standards"]:

conflicts.append(f"Power voltage {req voltage}V not supported.")

# Fabrication envelope

envelope_req = version.parameters.get("max_part_dimension_m", 0)
envelope_available = node_registry["fabrication"]["max_machine_envelope_m"
if envelope_req > envelope_available:

conflicts.append("Part exceeds local machine envelope.")

# Specialized manufacturing
if version.parameters.get("requires 5axis_machining", False):
if not node registry["fabrication"]["supports_5axis_machining"]:

conflicts.append("5-axis machining not available locally.")

# Floor load
floor_ load = version.parameters.get("installed_load_kg m2", 0)
if floor_load > node_registry["building codes"]["max_floor load kg m2"]:

conflicts.append("Installed floor load exceeds building limits.")

return conflicts

Resource Flow & Circularity Detection

def detect_circular_resource_loops (
version: DesignVersion,
node_registry: Dict,

) —> List[str]:

Identify opportunities for circular integration:

waste heat, greywater reuse, material recovery, etc.

loops = []

if version.parameters.get("waste_heat_output_w", 0) > 0:
if node_registry["power"]["waste heat recovery"]:

loops.append("Waste heat can feed building heat exchanger.")
if version.parameters.get("greywater_output_lph", 0) > 0:
if node_registry["water"]["greywater loop"]:
loops.append( "Greywater can be reintegrated into irrigation loop.")
if version.parameters.get("organic_waste_output", False):
if node_registry["waste"]["composting"]:

loops.append("Organic waste suitable for composting loop.")

return loops

Integration Scoring



1 def compute integration_score(

2 conflicts: List[str],

3 circular_loops: List[str],

4 base_score: float = 1.0,

5 ) —> float:

6 W

7 Penalize conflicts and reward circular integration.
8 wan

9 penalty = 0.2 * len(conflicts)

10 bonus = 0.05 * len(circular_loops)
11

12 score = base_score - penalty + bonus
13 return max(0.0, min(1.0, score))

5. Main Integration Evaluator

1 def evaluate_ system integration(

2 version: DesignVersion,
3 node_registry: Dict,
4 ) -> IntegrationCheck:
5 W
6 OAD Module 7 — Systems Integration & Architectural Coordination
7
8 wan
9 conflicts = check_interface_compatibility(version, node_registry)
10 circular_loops = detect_circular_resource_ loops(version, node_registry)
11
12 compatible_systems = []
13 if not conflicts:
14 compatible_systems = list(node_registry.keys())
15
16 integration_score = compute_integration_ score(
17 conflicts=conflicts,
18 circular_ loops=circular_loops,
19 )
20
21 return IntegrationCheck(
22 version_id=version.id,
23 compatible_systems=compatible_systems,
24 conflicts=conflicts,
25 circular_ loops=circular_loops,
26 integration_score=integration_score,
27 )

Math Sketch — Integration Scoring

Let:

e C = number of integration conflicts

e L =number of circular loop opportunities discovered
Define:

I= Clamp(l —aC+ ﬂL)

Where:

e « = penalty weight per conflict (e.g., 0.2)

e [ =reward weight per circular loop (e.g., 0.05)
Thus:

¢ Adesign with many interface conflicts is strongly penalized.
e Adesign that enables resource circularity is softly rewarded.

e Final score I € [0, 1] gives a clean compatibility signal.

Interpretation in Plain Language
Module 7 answers: “Does this thing actually fit into the world we are trying to build?”

It prevents:



e COS from planning impossible installs,
e |TC from mis-valuing goods that secretly demand extra retrofits,
e and OAD from certifying designs that only work in abstract isolation.

Designs that integrate cleanly, enable circular reuse, and respect real spatial and infrastructure limits become preferred templates across the federation.

Module 8 (OAD) — Optimization & Efficiency Engine

Purpose

To algorithmically and participatorily improve certified-track design variants by reducing material intensity, ecological burden, labor requirements, failure risk, and
maintenance overhead—while increasing durability, modularity, and performance.

Role in the system
If Modules 3-7 evaluate what a design is, Module 8 actively improves what it becomes.
This module:

e transforms viable designs into preferred designs,
e explores multi-objective trade spaces (ecology vs labor vs performance),
¢ feeds improved versions directly back into:

o COS (reduced labor & material requirements),

o ITC (lower access cost & long-term burden),

o Module 9 Certification (final gate),

o Module 10 Repository (global propagation).

Optimization here is not profit-seeking or monetary cost minimization. It is:
biophysical, labor, lifecycle, and systems optimization for commons utility.

Module 8 operates only within the feasible design space defined by earlier constraint checks (Modules 5 and 7). It does not override safety, ecological, or integration
limits—it refines designs within them.

Inputs

® DesignVersion (pre-optimized)

e EcoAssessment (Module 3)

® LifecycleModel (Module 4)

® TLaborProfile (Module 6)

e simulationResult (Module 5)

e IntegrationCheck (Module 7)

e Material intensity metric (derived from BOM or upstream valuation)

Outputs

® oOptimizationResult oObject
e Anew optimized pesignVersion
e Updated ecological, labor, lifecycle, and feasibility metrics

¢ Preferred candidates for Module 9 Certification

Reminder: Optimization Result Type

@dataclass
class OptimizationResult:
base_version_id: str

optimized _version_id: str

metrics_before: Dict

1

2

3

4

5 objective_value: float
6

7 metrics_after: Dict

8

improvement_summary: str

Core Optimization Logic

Optimization is multi-objective. A single scalar objective is computed from weighted physical and human realities.

1. Extract Optimization Vector



def extract optimization metrics(
eco: EcoAssessment,
lifecycle: LifecycleModel,
labor: LaborProfile,
sim: SimulationResult,
integration: IntegrationCheck,
material_intensity: float,
) -> Dict:
return {
"eco_score": eco.eco_score,
"material_intensity": material intensity,

"production_labor": labor.total_ production_hours,

# mass-based, not energy

"maintenance_labor": labor.total_maintenance_hours_over_life,

"lifecycle burden": lifecycle.lifecycle burden_index,
"feasibility": sim.feasibility score,

"integration": integration.integration_score,

2. Scalar Objective Function

Lower objective value = better design

def compute_objective(metrics: Dict, weights: Dict) -> float:
waw
Lower objective is better.
Positive weights = penalties.
Negative weights = rewards.

return sum(weights.get(k, 0) * v for k, v in metrics.items())

Example Weights
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DEFAULT_OPTIMIZATION_WEIGHTS = {
"eco_score": 0.30,
"material_ intensity": 0.20,
"production_labor": 0.15,
"maintenance_labor": 0.15,
"lifecycle_burden": 0.10,
"feasibility": -0.05, # reward

"integration": -0.05, # reward

3. Parameter Mutation Engine (Design Evolution)

import random

def mutate design parameters(
base_params: Dict,
mutation_rate: float = 0.1,
) -> Dict:

new_params = dict(base_params)

for key, value in base_params.items():

# higher
# higher
# higher

worse
better
better

if isinstance(value, (int, float)) and random.random() < mutation_rate:

delta = random.uniform(-0.1, 0.1) * value

new_params[key] = max(0, value + delta)

return new_params

4. Optimization Loop (Evolutionary Sketch)

def optimize design(
base_version: DesignVersion,
eco: EcoAssessment,
lifecycle: LifecycleModel,

labor: LaborProfile,



sim: SimulationResult,
integration: IntegrationCheck,
material_intensity: float,

iterations: int = 50,

base_metrics = extract_optimization _metrics(

eco, lifecycle, labor, sim, integration, material_ intensity

best_metrics = dict(base_metrics)

best_params = dict(base_version.parameters)

best_objective = compute_objective(
base_metrics, DEFAULT_OPTIMIZATION_ WEIGHTS

for _ in range(iterations):

trial_params = mutate_design_ parameters(best_params)

# Re-run upstream evaluators (conceptual)
trial_eco = simulate_eco(trial_ params)
trial_lifecycle = simulate lifecycle(trial_params)
trial_labor = simulate_labor(trial_params)
trial_sim = simulate_ feasibility(trial_ params)

trial_integration = simulate_ integration(trial_params)

trial_metrics = extract_optimization metrics(
trial_eco,
trial_lifecycle,
trial_labor,
trial_sim,
trial_integration,

material_intensity,

trial_objective = compute_objective(
trial_metrics, DEFAULT_OPTIMIZATION_ WEIGHTS

if trial_objective < best_objective:
best_objective = trial objective
best_metrics = trial metrics

best_params = trial_ params

optimized_version = DesignVersion(
id=generate_id(),
spec_id=base version.spec_id,
parent_version_id=base_version.id,
label=f"{base_version.label}-optimized",
created_at=datetime.utcnow(),
authors=base_version.authors,
cad_files=base_version.cad files,
materials=base version.materials,
parameters=best_params,
change log="Optimized via OAD Module 8.",

status="optimized",

return OptimizationResult(
base_version_id=base_version.id,
optimized version_id=optimized_version.id,
objective_value=best_objective,
metrics_before=base metrics,
metrics_after=best_metrics,
improvement_summary="Multi-objective physical and labor optimization applied.",

), optimized_version

Math Sketch — Multi-Objective Optimization
Let the design state vector be:

x=(E,M,Ly,,L,B,F,I)



Where:

e FE =ecological score

e M = material intensity

e L, =production labor

e L,, =maintenance labor
e B =lifecycle burden

e F =feasibility score

e [ =integration score

Define the scalar objective:

J(x) = wgE +wyM +wryLy, + wim Ly + wpB — wpF — wil (49)
Optimization problem:
min J(x) (50)
xeD

Subject to constraints from:

* Module 5 (safety & feasibility),
* Module 7 (integration),
e ecological thresholds (Module 3).

This is a Pareto-constrained, multi-objective physical optimization, not a market cost minimization.

Interpretation in Plain Language
Module 8 is where Integral's design intelligence becomes self-improving.
It does not ask:

e “What is cheapest?”
e “What is most profitable?”

It asks:

e “What lasts the longest with the least human burden?”
e “What uses the least material and energy for the most service?”

e “What integrates most cleanly into circular infrastructure?”

Designs that survive here become the backbone of the physical commons.

Module 9 (OAD) — Validation, Certification & Release Manager

Purpose

To act as the final gate between exploratory design work and real-world deployment, certifying only those design versions that meet Integral’s ecological, safety,
lifecycle, labor, and integration standards.

Role in the system

Modules 1-8 generate and improve candidate designs. Module 9 decides which of those become “production-grade” artifacts that COS can schedule and ITC can
value.

This module:

e aggregates evaluation outputs from Modules 3-8

o checks them against explicit certification criteria

® createsa CertificationRecord

® updates the Designversion statusto "certified" (or routes it back for revision)

* prepares metadata needed for Module 10 (Knowledge Commons & Reuse Repository)

o flags certified designs to COS and ITC as deployable references
Without Module 9, there is no separation between prototypes and approved infrastructure.

Certification is not necessarily permanent.
If later FRS feedback shows divergence between modeled and real-world performance, certification can be revoked or the design can be superseded by a revised
version (with full traceability).

Inputs
For a given Designversion:

® EcoAssessment (Module 3)



e TLifecycleModel (Module 4)

e TLaborProfile (Module 6)

e simulationResult (Module5)

® IntegrationCheck (Module 7)

e oOptimizationResult (Module 8), if used

¢ Node/federation certification policy (thresholds, sector norms, safety minima)

Outputs

® certificationRecord for version_id
® Updated DesignVersion.status (typically "certified" Or "under review")
e Astructured bundle of metrics for:

o COS (production + maintenance planning)

o ITC (access-value computation)

o Module 10 (repository indexing)

Reminder: CertificationRecord

@dataclass

class CertificationRecord:
version_id: str
certified at: datetime

certified by: List[str]

(- T, N UR SR

criteria passed: List[str]

=

criteria failed: List[str]

©

documentation_bundle uri: str

©

status: Literal["certified", "revoked", "pending"]

Core Validation & Certification Logic
Certification is treated as a policy-composed decision across five dimensions:

Ecology

Safety & Feasibility
Lifecycle & Maintainability
Labor & Ergonomics

u R LN

Systems Integration
Each checker returns:

® passed: bool
® reason: str

® risk score: float (0-1)

1. Per-dimension checkers

from typing import Tuple, List, Optional, Dict, Any

from datetime import datetime

def check_ecology(

eco: EcoAssessment,
7 max_eco_score: float = 0.5
8 ) —> Tuple[bool, str, float]:

9 passed = eco.eco_score <= max_eco_score

10 risk = min(1.0, eco.eco_score / max_eco_score) if max eco_score > 0 else 1.0

11 reason = "ok" if passed else f"eco_score={eco.eco_score:.2f} exceeds {max_eco_score:.2f}"
12 return passed, reason, risk

13

14

15 def check_safety and_feasibility(

16 sim: SimulationResult,

min_feasibility: float = 0.7,

18 min_yield factor: float = 1.2

19 ) —> Tuple[bool, str, float]:

20 feas_ok = sim.feasibility score >= min_feasibility

21 yield _factor = sim.safety margins.get("yield factor", 0.0)
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safety ok = yield factor >= min_yield_ factor

passed = feas_ok and safety ok and not sim.failure modes

reasons = []
if not feas_ok:
reasons.append(f"feasibility={sim.feasibility score:.2f} < {min_feasibility:.2f}")
if not safety_ok:
reasons.append(f"yield factor={yield factor:.2f} < {min_yield factor:.2f}")
if sim.failure modes:
reasons.append(f"failure modes={sim.failure modes}")

reason = "ok" if passed else "; ".join(reasons) or "simulation concerns"
feas_risk = 1.0 - sim.feasibility_score
safety risk = max(0.0, (min_yield_factor - yield factor) / max(min_yield_factor, le-6))

risk = max(0.0, min(1.0, 0.6 * feas_risk + 0.4 * safety risk))

return passed, reason, risk

def estimate expected lifetime_ hours(

)

version: DesignVersion,
lifecycle: LifecycleModel
-> float:

Convert lifecycle.expected lifetime years into hours using usage assumptions.

usage = version.parameters.get("usage_assumptions", {"hours_per day": 4.0, "days_per_year": 250})

hours_per_year = usage["hours_per day"] * usage["days_per year"]

return lifecycle.expected_lifetime_years * hours_per year

def check_lifecycle(

)

version: DesignVersion,

lifecycle: LifecycleModel,

min_lifetime_hours: float = 5000.0,

max_lifecycle burden: float = 0.7
-> Tuple[bool, str, float]:

expected lifetime hours = estimate_expected lifetime hours(version, lifecycle)

life ok = expected_lifetime_hours >= min_lifetime hours

burden ok = lifecycle.lifecycle_burden_index <= max_lifecycle_ burden

passed = life ok and burden_ ok
reasons = []
if not life_ok:

reasons.append(f"expected lifetime hours={expected lifetime hours:.0f} < {min_lifetime_hours:.0£f}")

if not burden_ok:

reasons.append(f"lifecycle burden_index={lifecycle.lifecycle burden_index:.2f} > {max lifecycle burden:.2f}")

reason = "ok" if passed else "; ".join(reasons) or "lifecycle concerns"

life_risk = max(0.0, (min_lifetime hours - expected lifetime_hours) / max(min_lifetime hours, le-6))

burden_risk = max(0.0, (lifecycle.lifecycle burden_index - max lifecycle_burden) / max(max_lifecycle burden, le-6))

risk = max(0.0, min(1.0, 0.5 * life risk + 0.5 * burden_risk))

return passed, reason, risk

def check_labor_ergonomics (

)

labor: LaborProfile,
max_total_ production_hours: float = 500.0,
allowed_ergonomic_flags: Optional[List[str]] = None
-> Tuple[bool, str, float]:
If allowed ergonomic_flags is None, ergonomics flags are informational only.
If provided, then all ergonomics flags must be in the allowed set.

hours_ok = labor.total_production_hours <= max_total_production_hours

if allowed_ergonomic_flags is None:

ergonomics_ok = True
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else:

ergonomics_ok = all(flag in allowed ergonomic_flags for flag in labor.ergonomics_flags)

passed = hours_ok and ergonomics_ok
reasons = []

if not hours_ok:

reasons.append(f"total production_hours={labor.total production hours:.1f} > {max total_ production_hours:.1f}")

if not ergonomics_ok:

reasons.append(f"ergonomic_flags={labor.ergonomics_flags} not all allowed")

reason = "ok" if passed else "; ".join(reasons) or "labor/ergonomics concerns"

hours_risk = max(0.0, (labor.total_ production_hours - max_total_production_hours) / max(max_total_production_hours,

ergonomics_risk = 1.0 if not ergonomics_ok else 0.0

risk = max(0.0, min(1.0, 0.6 * hours_risk + 0.4 * ergonomics_risk))

return passed, reason, risk

def check_integration(

)

integration: IntegrationCheck,
min_integration_score: float = 0.6
-> Tuple[bool, str, float]:

passed = integration.integration_score >= min_integration_score and not integration.conflicts

reasons = []

if integration.integration_score < min_integration_score:

reasons.append(f"integration_score={integration.integration_score:.2f} < {min_integration_score:.2f}")

if integration.conflicts:

reasons.append(f"conflicts={integration.conflicts}")

reason = "ok" if passed else "; ".join(reasons) or "integration concerns"

score_risk = max(0.0, (min_integration_score - integration.integration_score) / max(min_integration_score,

conflict_risk = min(1.0, 0.1 * len(integration.conflicts))

risk = max(0.0, min(1.0, 0.7 * score risk + 0.3 * conflict_risk))

return passed, reason, risk

2) Aggregate certification decision

18
19
20

22
23
24
25
26
27
28
29
30

def certify design_version(

)

version: DesignVersion,
eco: EcoAssessment,
lifecycle: LifecycleModel,
labor: LaborProfile,
sim: SimulationResult,
integration: IntegrationCheck,
certifiers: List[str],
policy: Dict[str, Any],

-> CertificationRecord:

OAD Module 9 — Validation, Certification & Release Manager

Apply policy thresholds and decide certification outcome.

eco_threshold = policy.get("eco_threshold", 0.5)
max_risk_threshold = policy.get("max_ risk_threshold", 0.5)
min_feasibility = policy.get("min_feasibility", 0.7)
min_yield factor = policy.get('"min yield factor", 1.2)

min_lifetime_hours = policy.get("min_lifetime hours", 5000.0)

max_lifecycle_burden = policy.get("max lifecycle burden", 0.7)
min_integration score = policy.get("min_ integration_score", 0.6)
max_total_ production_hours = policy.get("max_total production_hours",

allowed_ergonomic_flags = policy.get("allowed ergonomic_flags", None)

criteria_passed: List[str] = []
criteria_failed: List[str] = []
risks: List[float] = []

500.0)
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31 eco_ok, eco_reason, eco_risk = check ecology(eco, max_eco_score=eco_threshold)

32 (criteria_passed if eco_ok else criteria failed).append(f"ecology: {eco_reason}")

33 risks.append(eco_risk)

34

33 saf_ok, saf_reason, saf_risk = check_safety and_feasibility(

36 sim, min_feasibility=min_feasibility, min_yield_factor=min_yield factor

37 )

38 (criteria passed if saf ok else criteria_failed).append(f"safety feasibility: {saf_reason}")
39 risks.append(saf_risk)

40

41 life ok, life reason, life risk = check_lifecycle(

42 version, lifecycle,

43 min_lifetime_hours=min_lifetime_hours,

44 max_lifecycle_burden=max_lifecycle_ burden

45 )

46 (criteria passed if life ok else criteria_failed).append(f"lifecycle: {life_reason}")
47 risks.append(life_ risk)

48

49 lab_ok, lab_reason, lab_risk = check_labor_ ergonomics(

50 labor,

51 max_total_ production hours=max total_ production_hours,

52 allowed_ergonomic_flags=allowed ergonomic_flags

53 )

54 (criteria _passed if lab ok else criteria failed).append(f"labor ergonomics: {lab_reason}")

o
a

risks.append(lab_risk)

o
o

int_ok, int_reason, int_risk =

58 (criteria passed if int ok else criteria_failed).append(f"integration:
59 risks.append(int_risk)

60

61 overall risk = sum(risks) / len(risks) if risks else 0.0

62 all passed = eco_ok and saf ok and life ok and lab_ok and int_ok
63 risk_ok = overall risk <= max_risk_ threshold

64

65 if all_passed and risk_ok:

66 version.status = "certified"

67 status = "certified"

68 else:

69 # If criteria failed badly or risk too high,

70 version.status = "under_ review"

71 status = "pending" if risk ok else "revoked"

72

73 documentation_uri = generate_documentation_bundle(version.id)

74

75 return CertificationRecord(

6 version_id=version.id,

certified_at=datetime.utcnow(),

78 certified_by=certifiers,

79 criteria passed=criteria_passed,

80 criteria failed=criteria_ failed,

81 documentation_bundle_uri=documentation_uri,
82 status=status,

check_integration(integration, min_integration_score=min_integration_score)

{int_reason}")

keep pending but route back to review

In practice, certification thresholds are sector-specific and policy-defined at the node or federation level (e.g., medical devices require stricter safety margins than

garden tools).
Math Sketch — Certification Risk Index
Let the per-dimension risk scores be:

e g =ecological risk

e rg = safety/feasibility risk

e 7y = lifecycle risk

® TLab = labor/ergonomic risk

e 77 =integration risk

Define overall risk:

1
Roverall = —(rE + 75+ 7L+ TLab +71)

5

Certification decision:

(51)



True, if all dimension checks pass and Royeran < TR (52)

certify = {False, otherwise

where Tg is a conservatively chosen risk threshold (e.g. 0.5).
In plain language:
Even if a design squeaks by on all individual checks, if its aggregate risk profile is too high, Module 9 can still refuse certification or demand redesign.

This prevents “borderline” designs from slipping through just because they technically meet minimums.

How Module 9 Feeds COS, ITC, and Module 10

e COS
o Only certified versions are treated as production-ready.
o COS queries CertificationRecords to assemble approved design catalogs for each sector and climate.
e ITC
o Uses the certified bundle (Eco, Lifecycle, Labor, ValuationProfile) to compute:
= 3access ITC ranges,
= maintenance obligations,
= and relative scarcity/impact signals.
¢ Module 10 (Knowledge Commons & Reuse Repository)
o For every certified version, Module 9 passes:
®  CertificationRecord
B EcoAssessment, LifecycleModel, LaborProfile, SimulationResult, IntegrationCheck
= tags, climate, sector, and adoption data

© Module 10 then creates/updates RepoEntry and maintains reuse count and variant chains.

Module 10 (OAD) — Knowledge Commons & Reuse Repository

Purpose

To act as the long-term collective memory of Integral's design intelligence: storing every certified design, its evolutionary variants, reuse history, ecological and labor
metadata references, and real-world performance signals across the federation.

Role in the system
If Module 9 decides what becomes real, Module 10 decides what becomes remembered, reusable, and learnable.
It ensures that:

¢ all certified designs remain open, searchable, remixable, and non-proprietary,
* evolutionary lineages of designs remain visible and traceable,
® reuse across climates, sectors, and cultures is continuously learned from,
e real-world performance feeds back into:
o OAD redesign and optimization,
o COS production strategy,

o |ITC access-value stabilization.

Module 10 does not redesign artifacts itself. It functions as a federated evidence layer, routing validated experience back into upstream intelligence modules. This is
Integral's global design genome.

Inputs
From Module 9 (Certification) and downstream operation:

® CertificationRecord

® DesignSpec + certified Designversion
° EcoAssessment

e LifecycleModel

® LaborProfile

® SimulationResult

® IntegrationCheck

® OADValuationProfile

e Deployment events from COS

® Performance and failure data from FRS
e (Climate and sector metadata from node context

Outputs

e Persistent repository index entries ( RepoEntry )



e Updated reuse metrics:
o number of deployments,
o climate diversity,
o sector diversity
¢ Explicit variant lineage relationships
e Search-weighting and prioritization signals for:
o OAD optimization focus,
o COS default design selection,

o |TC valuation stabilization.

Reminder: Repository Index Type

@dataclass
class RepoEntry:

version_id: str

1

2

3

4 spec_id: str
5 tags: List[str]
6

climates: List[str]

=

sectors: List[str]

©

reuse_count: int = 0 # cached convenience value

©

variants: List[str] = field(default_factory=list) # child (descendant) version_ids

RepoEntry is an index, not a data warehouse.
It points to canonical records stored elsewhere (certification, eco, lifecycle, labor, etc.).

Learning & Feedback Extensions

@dataclass

class ReuseMetrics:
version_id: str
reuse_count: int
climate_diversity: int
sector_diversity: int

last_deployed_at: Optional[datetime]

©® N U W N e

10 @dataclass

11 class OperationalFeedback:

12 version_id: str

13 mean_uptime_fraction: float

14 mean_maintenance_hours_per year: float
15 common_failure _modes: List[str]

16 user_satisfaction_index: float # 0-1

ReuseMetrics and OperationalFeedback are authoritative learning records. Any cached fields in RepoEntry must be consistent with them.

Core Repository Logic

We model the commons as a federated, append-only index with lineage tracking and learning signals.

1 REPO_ENTRIES: Dict[str, RepoEntry] = {}
2 REUSE_METRICS: Dict[str, ReuseMetrics] = {}
3  OPERATIONAL_FEEDBACK: Dict[str, OperationalFeedback] = {}

1. Publishing a Certified Design

def publish to_repository(

version: DesignVersion,

w

spec: DesignSpec,
certification: CertificationRecord,

climates: List[str],

S C IS

sectors: List[str],

<

tags: List[str],



9 assert certification.status == "certified", "only certified versions may enter the commons"
10

11 entry = RepoEntry (

12 version_id=version.id,

13 spec_id=spec.id,

14 tags=tags,

15 climates=list(climates),

16 sectors=list(sectors),

17 reuse_count=0,

18 variants=[],

19 )

20

21 REPO_ENTRIES[version.id] = entry

22

A3 REUSE_METRICS[version.id] = ReuseMetrics(
24 version_id=version.id,

25 reuse_count=0,

26 climate_diversity=len(set(climates)),
27 sector_diversity=len(set(sectors)),
28 last_deployed_at=None,

29 )

3

3 return entry

2. Tracking Real-World Reuse (COS — OAD)

1 def register design_deployment(

2 version_id: str,

3 climate: str,

4 sector: str,

5 )s

6 entry = REPO_ENTRIES[version_id]

7 metrics = REUSE_METRICS[version_id]

8

9 metrics.reuse_count += 1

10 metrics.last_deployed at = datetime.utcnow()
11

12 if climate not in entry.climates:

13 entry.climates.append(climate)

14 if sector not in entry.sectors:

15 entry.sectors.append(sector)

16

17 metrics.climate diversity = len(entry.climates)
18 metrics.sector_diversity = len(entry.sectors)
19
20 entry.reuse_count = metrics.reuse_count # cached mirror
21
22 return metrics

3. Registering Design Lineage (Evolution)

1 def register variant relationship(

2 parent_version_id: str,

3 child_version_id: str,

4 E

5 win

6 Track evolutionary lineage.

7 parent - child indicates adaptation or optimization.

8 .

9 if parent_version_id in REPO_ENTRIES:

10 REPO_ENTRIES[parent_version_id].variants.append(child version_id)

4. Registering Operational Feedback (FRS — OAD)

1 def register operational_feedback(



2 version_id: str,
3 uptime_fraction: float,
4 maintenance_hours_per_year: float,
5 failure modes: List[str],
6 user_satisfaction: float,
71)
8 OPERATIONAL_FEEDBACK[version_id] = OperationalFeedback (
9 version_id=version_id,
10 mean_uptime_ fraction=uptime_fraction,
11 mean_maintenance_hours_per_ year=maintenance_hours_per_year,
12 common_failure modes=failure_ modes,
13 user_satisfaction_index=user_satisfaction,
14 )

This evidence is routed back to:

* Module 3 (material degradation & scarcity adjustment),
e Module 4 (expected vs actual lifecycle),

e Module 6 (maintenance labor recalibration),

e Module 8 (next-generation optimization).

Math Sketch — Reuse as a Distributed Utility Signal
For each design version v:

e R, =total reuse count
e (), = climate diversity
e S, =sector diversity

Define a commons utility index:

U, =aR, + BC, +7S,
Interpretation:
Designs with high U,:

e work across many contexts,
o fail less often,
e stabilize ITC valuation,

* become default infrastructure templates.

Relationship to COS and ITC
COS (Production Coordination)
COS uses the repository to:

e select climate-appropriate, sector-certified designs,
¢ reduce planning overhead,

¢ lower deployment failure risk,

* accelerate cooperative bootstrapping.

ITC (Access-Value Stabilization)
Because each repository entry is backed by:

e certified ecological data,
e lifecycle labor models,
¢ real operational performance,

¢ and known reuse patterns,
ITC can treat high-utility designs as statistically stable references:

e access values fluctuate less,
e improvements cascade system-wide,
o labor coefficients converge toward reality,

* ecological impacts are empirically grounded.

This is learning-based economic calculation, not price speculation.

Plain-Language Summary

with o, 8,7 > 0



Module 10 ensures that Integral never forgets what it has learned.

Every tool, machine, and system becomes part of a living evolutionary memory.
Designs that work spread. Designs that fail are revised.
Nothing disappears into proprietary darkness.

The civilization itself becomes the engineer.

Putting It Together: OAD Orchestration

The function below shows, in compact form, how a single design concept moves through the entire 10-module OAD pipeline:

-

. Structured intake (Module 1)

. Collaborative refinement (Module 2)

Material & ecological assessment (Module 3)

Lifecycle & maintainability modeling (Module 4)

Feasibility & constraint simulation (Module 5)

. Skill & labor-step decomposition (Module 6)

. Systems integration & architectural coordination (Module 7)
. Optimization & efficiency improvement (Module 8)

. Validation, certification & release (Module 9)

O LV ® N O U A WN

-

. Knowledge commons & reuse repository (Module 10)

The orchestration function does not show every possible branch or loop (e.g., multiple redesign cycles), but it makes clear that OAD is a computable pipeline from
idea — certified design — global commons — COS/ITC inputs.

from typing import Dict, Any, List, Optional

from datetime import datetime

5 def run_oad pipeline(

6 raw_spec_input: Dict[str, Any],

7 author_id: str,

8 node_registry: Dict[str, Any],

9 eco_norm refs: Dict[str, Dict[str, float]],

10 certification policy: Dict[str, Any],

11 certifiers: List[str],

12 frs_feedback: Optional[Dict[str, Any]] = None,
13 iterations: int = 50,

14 ) -> Dict[str, Any]:

15 e

16 End-to-end OAD flow for a single design concept.
17

18 Modules touched:

19 1) Design Submission & Structured Specification
20 2) Collaborative Design Workspace (simplified here)
21 3) Material & Ecological Coefficient Engine

22 4) Lifecycle & Maintainability Modeling

23 5) Feasibility & Constraint Simulation

24 6) Skill & Labor-Step Decomposition

25 7) Systems Integration & Architectural Coordination
26 8) Optimization & Efficiency Engine

27 9) Validation, Certification & Release Manager

28 10) Knowledge Commons & Reuse Repository

29 e

30

31 #

32 # 1) Design Submission & Structured Specification
33 #

34 spec, base version = intake_design_ submission(

35 creator_id=author_id,

36 title=raw_spec_input["title"],

37 description=raw_spec_input["description"],

38 payload=raw_spec_input|[ "payload"],

39 metadata=raw_spec_input.get("metadata", {}),
40 )

41

42 #

43 # 2) Collaborative Design Workspace (simplified)
44 #

45 # In practice, branching/merging occurs here.



46
47
48
49
50
51
52
58
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71

78
74

75

]
]

o5

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118

working version = base_version

#
# 3) Material & Ecological Coefficient Engine
#

material_profile, totals = build_material profile(working_version)

eco_assessment = compute_eco_assessment (
version=working version,
norm_ref=eco_norm refs,
material profile=material profile,
totals=totals,
repairability hint=0.5, # superseded by Module 4 later
eco_threshold=certification_policy.get("eco_threshold", 0.5),

frs_feedback=frs_feedback, # optional FRS recalibration

if not eco_assessment.passed:
return {
"status": "rejected_ecology",
"spec": spec,
"version": working_version,
"material profile": material_profile,

"eco_assessment": eco_assessment,

#
# 4) Lifecycle & Maintainability Modeling
#

lifecycle_model = compute_ lifecycle model (

version=working version,

eco_assessment=eco_assessment,

#
# 5) Feasibility & Constraint Simulation
#

sim result = run_feasibility_simulation(version=working_version)

MIN_FEASIBILITY = certification_policy.get("min_ feasibility", 0.6)
if sim result.feasibility score < MIN_FEASIBILITY:
return {
"status": "rejected_feasibility",
"spec": spec,
"version": working version,
"eco_assessment": eco_assessment,
"lifecycle": lifecycle model,

"simulation": sim result,

#
# 6) Skill & Labor-Step Decomposition
#
labor_profile = build_labor_profile(

version=working version,

lifecycle=lifecycle model,

#
# 7) Systems Integration & Architectural Coordination
#

integration_check = evaluate_system integration(

version=working version,

node_registry=node_registry,

MIN_INTEGRATION_SCORE = certification_policy.get("min_ integration_score", 0.6)
if integration_check.integration_score < MIN_INTEGRATION_SCORE:
return {
"status": "rejected integration",
"spec": spec,
"version": working_version,

"eco_assessment": eco_assessment,



"lifecycle": lifecycle model,
"simulation": sim result,
"labor_profile": labor_profile,

"integration": integration_check,

# —
# 8) Optimization & Efficiency Engine
# ——

# Material intensity should be mass-based for optimization purposes.

material mass_kg = sum(material profile.quantities_kg.values())

opt_result, optimized version = optimize_ design(
base_version=working_version,
eco=eco_assessment,
lifecycle=lifecycle model,
labor=labor_profile,
sim=sim_result,
integration=integration_check,
material intensity=material mass_kg,

iterations=iterations,

# Re-run key checks on optimized variant (best practice)

material profile_opt, totals_opt = build_material profile(optimized version)

eco_opt = compute_eco_assessment (
version=optimized version,
norm_ref=eco_norm_refs,
material profile=material_profile opt,
totals=totals_opt,
repairability hint=0.5,
eco_threshold=certification policy.get("eco_threshold", 0.5),
frs_feedback=frs_feedback,

lifecycle_opt = compute_lifecycle_model(
version=optimized_version,

eco_assessment=eco_opt,

sim opt = run_feasibility simulation(version=optimized version)

labor_opt = build_labor_ profile(
version=optimized_version,

lifecycle=lifecycle_opt,

integration_opt = evaluate_system integration(
version=optimized version,

node_registry=node_registry,

def can_proceed(eco: EcoAssessment, sim: SimulationResult, integ: IntegrationCheck) -> bool:
return (
eco.passed
and sim.feasibility score >= MIN_FEASIBILITY
and integ.integration_score >= MIN_INTEGRATION_SCORE

and not integ.conflicts

if can_proceed(eco_opt, sim opt, integration_ opt):
decision_version = optimized_version
final material profile = material profile_opt
final eco = eco_opt
final lifecycle = lifecycle_opt
final sim = sim opt
final labor = labor_ opt
final_ integration = integration_opt
used_optimized = True

else:
decision_version = working_version

final material profile = material_ profile



192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
285
234
235

236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263

final eco = eco_assessment
final_lifecycle = lifecycle_model
final sim = sim result

final labor = labor_profile

final_ integration = integration_check

used_optimized = False

#
# 9) Validation, Certification & Release Manager
#

cert_record = certify design_version(

version=decision_version,
eco=final_eco,
lifecycle=final_lifecycle,
labor=final_labor,
sim=final_sim,
integration=final_integration,
certifiers=certifiers,

policy=certification_policy,

if cert_record.status != "certified":
return {
"status": "not_certified",

"spec": spec,

"final_version": decision_version,
"used_optimized": used_optimized,
"eco_assessment": final_eco,
"lifecycle": final_ lifecycle,
"simulation": final_sim,

"labor profile": final_labor,
"integration": final integration,
"optimization": opt_result,

"certification": cert_record,

# Build COS/ITC valuation payload (matches the declared OADValuationProfile fields)
usage = decision_version.parameters.get("usage assumptions", {"hours_per day": 4.0, "days_per_year"
hours_per_year = usage["hours_per day"] * usage['"days_per year"]

expected lifespan hours = final lifecycle.expected lifetime_years * hours_per_ year

valuation profile = OADValuationProfile(
version_id=decision_version.id,

material intensity norm=certification_policy.get("material norm fn", lambda x: X)

(sum(final material profile.quantities_kg.values())),

ecological_score=final_ eco.eco_score,

bill_of materials=dict(final_material_profile.quantities_kg),
embodied_energy_mj=final material_ profile.embodied_energy mj,
embodied_carbon_kg=final material_ profile.embodied carbon_kg,

expected_lifespan_ hours=expected lifespan_hours,

production_labor hours=final_labor.total production_hours,
maintenance_labor_hours_over life=final labor.total_maintenance_ hours_over_ life,

hours_by skill_tier=dict(final_labor.hours_by skill tier),

250})

notes="Generated at certification time from OAD modules 3-7 (and revalidated after optimization).",

#
# 10) Knowledge Commons & Reuse Repository
#

climates = decision_version.parameters.get("target climates", [])

sectors = decision_version.parameters.get("sectors", [])

tags = decision_version.parameters.get("tags", [])

repo_entry = publish_to_repository(
version=decision_version,
spec=spec,
certification=cert_record,
climates=climates,
sectors=sectors,

tags=tags,

return {



264 "status": "certified",

265 "spec": spec,

266 "final version": decision_version,

267 "used_optimized": used optimized,

268 "material_profile": final material profile,
269 "eco_assessment": final_eco,

270 "lifecycle": final_lifecycle,

271 "simulation": final_sim,

272 "labor_profile": final_labor,

273 "integration": final_ integration,

274 "optimization": opt_result,

275 "certification": cert_record,

276 "valuation_profile": valuation_profile,
277 "repo_entry": repo_entry,

278 }

In other words, every design that enters Integral passes through a finite, auditable, computable pipeline—from structured idea to ecological evaluation, from lifecycle
modeling to labor decomposition, from feasibility and integration checks to optimization and certification, and finally into a global knowledge commons that feeds COS
and ITC with grounded physical intelligence rather than abstract prices.

Finally, every certified design re-enters OAD through Module 10, where reuse data, operational feedback, and contextual adaptations recursively feed back into Module
2—ensuring that Integral's design intelligence continuously evolves through real-world learning rather than static specification.

7.3 ITC Modules

The Integral Time Credit (ITC) System is the metabolic backbone of the Integral economy—the mechanism through which contribution, access, ecological limits, and
system-wide coordination are woven into a single coherent process. ITCs replace both the price mechanism of markets and command-based administrative
allocation as methods of economic valuation and access determination.

Instead of speculation, exchange, accumulation, or profit, ITCs operate as non-transferable, decaying signals reflecting verified contribution within a cooperative and
ecologically bounded production system.

Unlike money, ITCs have no independent economic power. They cannot be traded, stored for strategic advantage, used to command labor, or accumulated to gain
status. Instead, they function as a continuously updated measure of one’s material participation in the ongoing maintenance of the shared system.

ITCs calibrate fairness—as defined by CDS policy and ecological constraints—synchronize labor availability with actual needs, ensure proportional access to goods,
and maintain coherence across the federation’s metabolic processes.

Cybernetic Valuation Pipeline

Critically, ITCs do not arise from abstract “value preferences,” competitive bidding, or any market-like negotiation. Instead, access-values for goods and services emerge
from a cybernetic valuation pipeline integrating four subsystems—OAD, COS, FRS, and CDS—each contributing a distinct, non-market signal.

OAD generates computable design intelligence, including:

* detailed labor-step decomposition

e skill requirements and rarity

¢ material intensity and ecological coefficients

¢ lifecycle maintainability and renewal burdens

e embodied energy, repairability, and resource flows

COS converts design intelligence into operational reality, yielding:

¢ total labor demand and duration

¢ required skill distributions

e real resource throughput and bottlenecks
e ecological and seasonal constraints

* maintenance frequencies and replacement rates
FRS monitors real-world performance and adaptive limits, such as:

e actual vs. expected durability

e actual maintenance burden vs. OAD forecasts

¢ shifts in material scarcity, energy availability, or ecosystem strain

e fairness indicators and participation dynamics

e early detection of bottlenecks, misalignments, or proto-market behavior

FRS ensures that valuation and weighting propagate reality, not assumption. Goods that unexpectedly fail early, require more maintenance, use scarcer materials, or
impose ecological strain will see their access obligations adjust accordingly. Likewise, when production becomes easier, repair cycles diminish, labor becomes
abundant, or ecological conditions improve, access obligations fall.

These adjustments are coordination signals, not scarcity rents or incentive rewards.



Post-Scarcity Trajectory

Over time, this dynamic reinforces Integral’s long-term trajectory toward post-scarcity. As automation, open design reuse, modularity, and cooperative scaling reduce
marginal labor inputs, ITC access-values drop proportionally.

Entire categories of goods and services asymptotically approach zero contribution requirement, eventually exiting the ITC domain entirely. Integral is thus structurally
designed to achieve “more with less”—a secular decline in the labor-cost of life-supporting goods and a shrinking of the metabolic layer rather than its
institutionalization.

Normative Governance (CDS)

CDS establishes democratic and constitutional bounds, including:
e weighting limits
e decay parameters
* fairness and anti-coercion rules

* ecological ceilings and floors

¢ federation-level equivalence standards

Together, OAD, COS, FRS, and CDS compute the ITC access obligation—the proportional contribution required to responsibly obtain a given good or service—based on
measurable physical reality rather than price speculation or bureaucratic decree.

Thus, ITC valuation is neither a market price nor a centralized assignment. It is the emergent outcome of a recursive, transparent, physically grounded calculation—
an algorithmic expression of labor, ecology, repairability, scarcity, and maintenance burden, all measured in human time.

Scope of ITCs

Within this framework, ITCs apply only to operational labor: the work required to build, maintain, repair, distribute, or operate the infrastructures and cooperatives of
the Integral system.

By contrast, democratic participation and creative ideation do not generate ITCs. These belong to the commons layer. Compensating them with ITCs would distort
governance, incentivize performative behavior, and reintroduce competitive dynamics into non-rival domains.

This structural separation preserves democratic legitimacy and prevents market logic from re-entering intellectual or cultural life.

In practice, ITCs:

* verify material contribution

e weight labor by skill, difficulty, ecological sensitivity, and urgency
e compute access-values using OAD — COS — FRS — CDS signals
e distribute production burden fairly across the federation

e coordinate labor supply with system-wide demand

e prevent accumulation through gentle time decay

e enforce ethical safeguards against coercion or proto-markets

¢ synchronize tightly with CDS, OAD, COS, and FRS

ITC is not an incentive mechanism, but a coordination and integrity mechanism. It ensures access is governed by contribution and ecological responsibility—not
wealth or bargaining power—and replaces price signals with multidimensional, cybernetic information.

ITC Module Overview Table



ITC Module

1. Labor Event Capture &
Verification

2. Skill & Context Weighting
Engine

3. Time-Decay Mechanism

4. Labor-Budget Forecasting &
Need Anticipation

5. Access Allocation &
Redemption

6. Cross-Cooperative &
Internodal Reciprocity

7. Fairness, Anti-Coercion &
Ethical Safeguards

8. Ledger, Transparency &
Auditability

9. Integration & Coordination
Module

Primary Function

Authenticates operational labor and records verified contribution as
atomic valuation inputs.

Converts raw labor into weighted contribution using skill, difficulty,
urgency, and ecological sensitivity.

Prevents accumulation and keeps access aligned with current
participation.

Predicts future labor needs to guide weighting, training, and credit
flow.

Computes access obligations for goods and extinguishes ITCs upon
permanent acquisition.

Normalizes ITC interpretation across nodes without enabling
arbitrage.

Detects and prevents manipulation, coercion, or proto-market
behavior.

Maintains a tamper-evident public record of ITC dynamics.

Synchronizes ITC with CDS, OAD, COS, and FRS.

Module 1: Labor Event Capture & Verification

Purpose

Technical Analogs / Conceptual Basis

Time-tracking systems; cooperative logs; peer
verification

Competency frameworks; difficulty indices;
democratic weighting

Demurrage (non-exchangeable); metabolic
cycle analogs

System-dynamics forecasting; non-market
demand modeling

Resource allocation engines; timebank
redemption (non-transferable)

Federated equivalence bands; interoperability
frameworks

Ethics boards; anomaly detection; governance
oversight

Open audit trails; transparent ledgers

Cybernetic middleware; VSM-inspired
coordination

Record and authenticate all operational labor so every credited event reflects real, voluntary, and socially necessary work.

Description

This module functions as the economic organism’s sensory interface. Every action involved in producing or maintaining goods—fabrication, assembly, machining,
software flashing, repair operations, logistics—enters the ITC system only after authenticated verification.

COS task flows, cooperative logs, and peer confirmation supply the necessary structure. Sensor-assisted verification may be used for precision-critical tasks (e.g.,
electronics testing), but human verification remains the norm.

Labor events are logged as authenticated records, but neutrally. They acquire no value, weight, or access implication until processed by Module 2's weighting

engine.

Example (Modular Cell Phone)
During modular phone production, three members assemble the phone’s coreboard and snap in the parametric connector array. A fourth member verifies solder
integrity and a successful boot test.

The system logs:

® participants

e task ID (“coreboard assembly — rev.3")
e hours

o skill tier (electronics technician)

¢ verification signatures

The event then moves forward to weighting.

Module 2: Skill & Context Weighting Engine

Purpose
Interpret labor in context—skill, difficulty, ecological sensitivity, urgency, and scarcity—to assign weighted contribution.

Description
Tasks vary dramatically in skill intensity and ecological impact. The hour is not the unit of value; the contextualized contribution signal is.
This module translates raw time into weighted ITCs using CDS-approved bands.

There is no bidding, no price negotiation, and no competition—only democratic, transparent calibration bounded by policy and ecological constraints. Weighting does
not create advantage, priority, or bargaining power; it only ensures proportional recognition of materially different forms of work.

Example (Modular Cell Phone)



e Routine casing assembly — weight 1.0
e Precision micro-soldering — 1.6

e Micro-soldering during technician scarcity or urgent heat-wave deployment — 1.8

Module 3: Time-Decay Mechanism

Purpose
Prevent accumulation, maintain circulation, and keep access tied to ongoing participation.

Description
ITCs gently decay when not exercised through access or renewed participation. This avoids proto-wealth effects and ensures that access remains proportional and
current rather than anchored to past contribution.

Decay is not a punishment for inactivity, but a normalization mechanism that keeps access aligned with present participation. Decay rates are slow, predictable,
bounded by CDS, and continuously monitored by FRS for systemic distortion or imbalance.

Example (Modular Cell Phone)
Someone who spent a month repairing modular phone screens accumulates 60 ITCs.
If they are inactive for several months, their balance decays gently. When they resume participation—say, by updating firmware modules—the balance stabilizes.

Module 4: Labor-Budget Forecasting & Need Anticipation

Purpose
Ensure ITC creation aligns with real labor needs and ecological constraints.

Description
This module forecasts labor demand using:

e COS production cycles

* OAD design updates (e.g., new camera module requiring different connectors)

* ecological and seasonal constraints (e.g., battery fabrication increases during heatwaves)
o skill availability

e maintenance rhythms and return rates

It prevents misalignment between necessary labor and recognized contribution, and helps guide training, scheduling, and weighting adjustments. Forecasting does
not compel participation; it adjusts recognition parameters so that contribution remains proportional to actual system needs.

Example (Modular Cell Phone)
The system forecasts a rise in battery module replacements during summer due to thermal strain.
To avoid bottlenecks, the weighting parameters for battery conditioning and module diagnostics are temporarily adjusted.

Module 5: Access Allocation & Redemption

Purpose

Convert OAD and COS intelligence into concrete ITC access obligations (ITC access-values) for goods and services, while governing how access is delivered through
Access Centers, tool libraries, shared-use pools, and distribution nodes.

This module determines when ITCs are extinguished, when access is free, and how scarcity or ecological stress modifies access obligations.

Description
This is the operational heart of Integral’s post-price distribution system. Module 5 transforms multidimensional signals from OAD, COS, and FRS into fair, proportional,
ecologically bounded access pathways.

ITC access-values for permanent acquisitions (e.g., a modular phone) are derived from:

e total labor hours by skill tier (from OAD + COS)

e ecological coefficients & embodied energy

¢ material scarcity and intensity

o lifecycle repairability and maintenance burden

e expected renewal cycles and recycling pathways

* production bottlenecks and throughput constraints (COS)
* real-time scarcity or ecological stress signals (FRS)

These calculations do not express willingness to pay, exchange ratios, or relative desirability—only the proportional contribution required to responsibly remove a good
from shared circulation.

Permanent Acquisition
When a member acquires a good—removing it from shared circulation—ITCs are extinguished. They are never transferred to another person or entity. This prevents
accumulation, prevents proto-trading, and ties acquisition directly to contribution.



Shared-Use Access (Tool Libraries & Access Centers)
Most tools, equipment, and specialized devices are not owned individually. Thus:

e Short-term borrowing is typically free (ITCs not extinguished).

® Reservations during scarcity may require a small, temporary ITC lock.
e COS tracks usage for maintenance cycles.

e FRS adjusts rules if hoarding, misuse, or shortages appear.

Essential Goods and Ecological Constraints

Some goods (e.g., water filters, heating modules) must remain universally accessible.

Others may have their access-values temporarily raised or lowered within CDS-defined bounds depending on ecological load, bottlenecked materials, seasonal
variation, or over/under-use detected by FRS.

Valuation is therefore dynamic—always tied to physical reality, never market dynamics.

Example (Modular Cell Phone)
A member seeks a newly released “rev.4 modular phone,” whose OAD profile indicates:

* modular components

* |ong lifespan

¢ |ow-toxicity materials

e high repairability

e recycled-aluminum frame
¢ reduced lithium intensity
* lower embodied energy

COS reports efficient assembly workflows and no bottlenecks. FRS shows no ecological stress.

Result:
The phone receives a lower ITC access-value than prior versions—reflecting real improvements, not market competition.

The member redeems ITCs — the credits are extinguished — the device becomes theirs.

Shared-Use Contrast:
The same member checks out a precision diagnostic tool from the Access Center.

* Borrowing is free, since the tool remains in shared circulation.
e |TCs are not extinguished unless scarcity requires a brief fairness-lock.

e COS logs usage for maintenance scheduling.

Modular Upgrade Case:
A camera module replacement requires ITC redemption proportional to labor, material intensity, ecological coefficients, and component scarcity.
As production efficiency improves or materials become more abundant, the access-value naturally falls.

Module 6: Cross-Cooperative & Internodal Reciprocity

Purpose
Ensure consistent ITC meaning across nodes with different ecological conditions and skill distributions.

Description

Material scarcity, training patterns, climate differences, and population density vary across the federation.

This module harmonizes interpretation, not balances, through equivalence bands—so people are neither penalized nor advantaged by movement. The underlying ITC
ledger remains unchanged; only local access computation adjusts to context.

Example (Modular Cell Phone)
A member who earned ITCs assembling logic boards in Node A travels to Node B, where micro-soldering expertise is scarcer and ecologically prioritized.
The effective interpretation of their balance adapts to local equivalence bands, ensuring fairness without enabling arbitrage.

Module 7: Fairness, Anti-Coercion & Ethical Safeguards

Purpose
Prevent proto-market dynamics, coercion, or undue influence based on ITC positioning.

Description
This module monitors for violations such as:

e “I'll give you 5 ITCs to replace my phone screen” (explicitly forbidden)
e pressure to volunteer for high-weight tasks

o preferential treatment for high ITC-holders

* attempts to corner specialized roles

® circumventing decay



FRS monitors patterns and flags irregularities for CDS review. This module does not enforce sanctions or modify balances; it detects ethical violations and escalates
them through FRS to CDS for democratic resolution.

Example (Modular Cell Phone)
A repair coop begins giving faster access to diagnostic benches to members with high ITC balances. The system flags this as unethical. CDS intervenes and resets queue
rules.

Module 8: Ledger, Transparency & Auditability

Purpose
Maintain tamper-evident, transparent, auditable records of all ITC dynamics.

Description
The ledger records, in an append-only and publicly inspectable form:

e labor events

* weightings

e decay

¢ redemptions

e inter-node equivalence adjustments
e ethical interventions

® FRS-corrected valuation updates

The ledger is not a blockchain. It is a cybernetic audit layer enabling verifiability, diagnosis, and trust—without speculation, tokenization, or exchange. The ledger does
not govern behavior or enforce rules; it records system activity so governance and feedback systems can act transparently.

Example (Modular Cell Phone)
Ledger analytics show a sharp rise in screen replacements. OAD reviews the design, COS adjusts maintenance schedules, and FRS watches for ecological stress in glass
supply chains. Transparency turns what would be a market failure into rapid systemic correction.

Module 9: Integration & Coordination

Purpose
Synchronize ITC with CDS rules, OAD intelligence, COS operations, and FRS ecological and social feedback.

Description
This module is ITC's coordination interface, not its decision authority. It ensures that:

® (DS defines weighting, decay, and fairness rules

e OAD supplies continuously improving design intelligence

e COS communicates real-time labor availability and bottlenecks

e FRS feeds ecological constraint and behavioral anomaly dataThe result is a dynamically self-correcting valuation system. This module does not originate policy,
valuation logic, or enforcement; it routes and synchronizes signals so the appropriate systems can act within their defined authority.

Example (Modular Cell Phone)

FRS reports increasing dependence on imported cobalt for phone batteries.
OAD develops an alternative battery chemistry.

ITC weighting adjusts to reflect updated skill and material context.

COS shifts production accordingly.

CDS approves policy shifts.

The federation moves toward cobalt independence—without markets.
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Above Diagram: Integral Time Credit (ITC) System | Cybernetic Flow of Contribution, Valuation, and Access

This diagram illustrates the full micro-architecture of the Integral Time Credit (ITC) system, showing how verified labor contribution is transformed into access
obligations for goods and services without prices, money, exchange, or accumulation. ITC functions as a metabolic coordination layer, synchronizing real labor,
ecological constraints, and democratic norms across the Integral federation. At the center of the diagram is the ITC internal pipeline (Modules 1-9). Operational labor
originates in COS (Production & Operations) and enters ITC through Module 1 (Labor Event Capture & Verification), where work is authenticated but not yet valued.

These events pass through Module 2 (Skill & Context Weighting), where contribution is interpreted according to skill, difficulty, ecological sensitivity, urgency, and
scarcity—within bounds set by CDS, not market forces. Module 3 (Time-Decay) prevents accumulation and proto-wealth by ensuring that contribution remains tied to
ongoing participation rather than past effort. Module 4 (Labor-Budget Forecasting) provides feed-forward intelligence, anticipating future labor needs and preventing
bottlenecks before they arise, while explicitly not compelling participation. Module 5 (Access Allocation & Redemption) computes the proportional ITC access obligation
required to obtain a good or service, based on OAD design intelligence, COS production realities, and FRS ecological feedback.

When a good is permanently acquired, ITCs are extinguished, not transferred, eliminating exchange, bargaining, or accumulation. Module 6 (Cross-Cooperative &
Internodal Reciprocity) ensures that ITC meaning remains consistent across federated nodes with different ecological and skill contexts by harmonizing interpretation,
not balances. Module 7 (Fairness, Anti-Coercion & Ethical Safeguards) detects proto-market behavior, coercion, or manipulation and escalates issues through FRS to
CDS for democratic resolution, without direct enforcement authority. Module 8 (Ledger, Transparency & Auditability) records all ITC-relevant events in an append-only,
publicly inspectable ledger that supports trust and diagnosis without tokenization or speculation.

Module 9 (Integration & Coordination) synchronizes signals across CDS, OAD, COS, and FRS, routing updates while explicitly not originating policy, valuation, or
enforcement. Access outcomes flow from Module 5 to Access Centers, Tool Libraries, Shared-Use Pools, and Distribution Nodes, where goods and services are
delivered. Observed usage patterns and ecological or behavioral signals then feed back into COS and FRS, closing the cybernetic loop and enabling continuous system
adaptation.

Solid arrows represent primary operational data flows required for the system to function (e.g., labor events, access allocation). Dotted arrows represent contextual,
supervisory, or feedback signals that inform and correct behavior without conferring command authority. Together, these flows demonstrate how Integral replaces the
price system with a transparent, physically grounded, non-coercive valuation process rooted in real labor, ecology, and democratic governance.

Narrative Snapshot: ITC Walkthrough A (Labor Focus)

To understand the Integral Time Credit System as lived metabolic flow, imagine the following:

A regional node is preparing for the dry season. Water tables are dropping, and the community accelerates production of modular gravity-fed water purification
units—critical infrastructure for households and field distribution.

The moment real operational work begins—physical fabrication, testing, assembly, logistics—ITC comes alive.
Not during debate, not during ideation, but during material contribution to shared infrastructure. ITCs only metabolize where real, necessary labor takes place.

Module 1 — Labor Event Capture & Verification



Four members work in the fabrication space:

* one cuts and heat-bends the housing shell
® one prepares ceramic filter elements

e one installs the activated-carbon stack

e one conducts flow-rate and microbial tests

Each task check-in is logged through COS, authenticated, and verified by a peer.
In simple terms: the system records who did what, for how long, and confirms that the work was real, completed correctly, and necessary.

No event enters the ITC ledger until humans verify it. Labor enters as a neutral signal—not yet valued.

Module 2 — Skill & Context Weighting Engine
Different tasks require different skill levels and ecological awareness:

® ceramic firing — weight 1.4
e water-quality testing (safety-critical) — 1.6
e basic housing assembly — 1.0

Context modifies weight:

* drought conditions raise ecological urgency — 1.7-1.8
® technician scarcity triggers temporary uplift

These weighting bands are not arbitrary—they are democratically decided through CDS deliberation and revisited whenever needed.
They are transparent, bounded, and community-governed. No bidding, no competition, no private negotiation.

Module 3 — Time-Decay Mechanism

A member earns 48 ITCs during purifier production.
If they remain inactive for months, their balance gently decays.

This avoids proto-wealth accumulation and preserves proportionality between contribution and access.
Decay affects unused balances only; ITCs extinguished through access are not subject to decay.

And importantly: decay parameters are democratically set, not black-boxed or algorithmically imposed.
FRS ensures decay behavior remains fair and functional.

Module 4 — Labor-Budget Forecasting & Need Anticipation
Forecasting integrates:

e COS production data

* OAD design updates

e ecological and seasonal constraints

e maintenance and replacement rhythms

The system predicts that filter replacements will double during the coming heatwave.
Weighting for ceramic firing and diagnostic testing temporarily increases. Training cycles open to prevent bottlenecks.

This prevents scarcity—before it manifests.

Module 5 — Access Allocation & Redemption
Members redeem ITCs for water purification units, with access-values derived from:

e total labor by skill tier

e ecological coefficients

e material scarcity

¢ lifecycle durability and repairability
* production constraints

¢ real-time ecological feedback (FRS)

When a purifier is acquired, ITCs are extinguished.This prevents accumulation, trade, or resale.

Borrowing a turbidity meter or UV testing wand from an Access Center is simply free, because tools stay in the shared-use pool rather than leaving circulation. Only
during scarcity would a temporary fairness-lock appear.

Module 6 — Cross-Cooperative & Internodal Reciprocity



A visiting member from another watershed joins the work.
Their ITCs transfer with them, and local equivalence rules adjust interpretation to harmonize with:

* ecological differences
e skill scarcity
¢ local weighting norms

There is no currency exchange, no arbitrage—just unified contribution coherence across nodes.

Module 7 — Fairness, Anti-Coercion & Ethical Safeguards

FRS detects informal pressure placed on kiln operators to “work extra.”
This violates cooperative ethics.

The system flags it — CDS intervenes — training expands — weighting adjusts.

Power does not aggregate in skill bottlenecks.

Module 8 — Ledger, Transparency & Auditability
Every part of the purifier cycle—labor hours, ecological adjustments, scarcity shifts, redemptions—is visible in a tamper-evident audit layer.
People can see:

* how access-values were derived
* why weights changed

¢ how ecological stress influenced obligations

Transparency eliminates speculation and rumor.
It creates immediate, shared situational awareness.

Module 9 — Integration & Coordination
FRS detects rising stress in forest resources used for activated carbon.
Response:

e OAD prototypes a rice-husk biochar replacement
e COS tests and implements new workflows
e ITC weighting adjusts to support the transition

® (DS confirms policy alignment

The federation reduces ecological strain without markets, without prices, without command hierarchies, purely through cybernetic coordination.

Narrative Snapshot: ITC Walkthrough B (Access Focus)

Access-Value in focus: How a Bicycle Gets Its ITC Access-Value

A cooperative node is preparing for the spring mobility cycle. Demand for bicycles rises every year as weather improves and inter-node travel increases. A newly
updated bicycle design—the “Modular Terrain Bike, rev.3"—is ready for evaluation.

The moment physical work begins—cutting tubing, fitting joints, welding frames, assembling hubs—the ITC system comes alive.
This is because ITCs apply only to operational, materially grounded labor, not deliberation or ideation.

Below is how the bicycle’s ITC access-value emerges from the cybernetic valuation pipeline.

STEP 1 — OAD: Deriving the Bicycle’s Design Intelligence
OAD has already processed the bicycle design and produced a certified oabvaluationpProfile for this version.
1. Labor-Step Decomposition (OAD — ITC input)

The bicycle requires:



Task Skill Tier

Tube cutting and mitering 1.0
Welding and alignment 1.8
Drivetrain assembly 1.4
Wheel lacing + truing 1.6
Brake system installation 1.2
Final inspection & tuning 1.0

OAD output (prior to ITC weighting):

¢ Total raw labor: 7.0 hours
e These steps populate LaborProfile.total_production_hours
o Skill weighting is deferred to ITC Module 2

2. Material Intensity & Ecological Coefficients (OAD — ITC input)
From the CAD model and bill of materials:

e 2.4 kg chromoly steel

e 0.7 kg aluminum (crank + seatpost)
e 0.3 kg rubber (tire compounds)

* 0.2 kg plastics/nylon for fittings

* 0.1 kg lubrication compounds

OAD computes:

Ecological Factor
Embodied energy
Carbon intensity
Toxicity index
Recyclability

Water/land impact

These values populate fields in oabvaluationProfile and later contribute to:

® eco_burden adjustment

® material_scarcity_ adjustment

3. Lifecycle & Repairability (OAD — ITC input)
From lifecycle modeling:

e Expected lifespan: 12 years

* Expected maintenance labor over lifespan: 3.2 hours
* Repairability index: 0.88

* Replacement cycle: minimal

These values populate:

® expected_lifespan_hours
® repairability credit

® longevity credit

Value

342 M

4.1 kg CO,-eq
0.18

0.82

Low

Estimated Hours

1.5 hours

2.0 hours

1.0 hour

1.2 hours

0.8 hours

0.5 hours

This bicycle is designed to be repaired locally with minimal special tools—an important factor in reducing ITC access obligations.

STEP 2 — COS: Real Production Conditions
COS converts design assumptions into real operational context.

1. Current labor conditions (COS — ITC context)



e Welding specialists moderately scarce — scarcity_signal = +0.12
e Wheel-building abundant — no modifier
e Assembly stable — no modifier

2. Resource availability

e Steel supply normal

e Aluminum constrained due to logistics — material_ scarcity index = +0.07
3. Throughput and bottlenecks

* Two welding stations under maintenance
e COS emits a backlog / throughput constraint signal for welding steps

These populate cosworkloadSignal inputs to Module 5.

STEP 3 — FRS: Real-World Corrections
FRS overlays empirical feedback.

1. Longevity correction

FRS reports that rev.2 bicycles showed:

e Actual lifespan: 14 years
e Actual maintenance burden: 2.1 hours

This revises:

® repairability_credit upward

® longevity credit downward (rewarding durability)

2. Scarcity amplification

Aluminum recycling throughput dips.
COS's +0.07 signal is amplified by FRS to:

® material_ scarcity adjustment = +0.11

3. Worker fatigue signal

FRS detects elevated welder fatigue due to unrelated infrastructure surges.
It recommends a +0.05 safety/fairness weighting adjustment to welding tasks.

STEP 4 — ITC Modules Resolve the Signals

Now ITC processes these inputs.

ITC Module 1 — Labor Event Capture

® Precise hours logged

e Peer verification confirms quality and safety
e LaborEvent Objects created

¢ No value assigned yet

ITC Module 2 — Skill & Context Weighting

CDS-approved weighting policies are applied:



Task Base Weight COS Modifier

Tube cutting 1.0 0

Welding & alignment 1.8 +0.12

Drivetrain assembly 1.4 0

Wheel lacing 1.6 0

Brake installation 1.2 0

Final tuning 1.0 0
Result:

® Dbase weighted labor hours = 9.17

This value is stored as the labor backbone of Accessvaluation.base weighted labor hours .

ITC Module 3 — Time-Decay

Not relevant to the bicycle’s computation, but affects individual balances over time.

ITC Module 4 — Labor Forecasting
COS forecasts rising bicycle demand in two months.

¢ Future weighting may adjust

e Current access-value remains unchanged (no retroactive effects)

ITC Module 5 — Access Allocation & Redemption

The final ITC access obligation is computed as:

Component AccessValuation Field
Weighted labor base weighted labor hours
Ecological burden eco_burden_adjustment
Material scarcity material_scarcity_adjustment
Repairability credit repairability credit

Lifecycle longevity credit longevity credit

Final ITC access obligation final_itc_cost

These values are bounded by CDS policy, logged transparently, and fully traceable.

=14ITCs

STEP 5 — Redemption
A member redeems 14 ITCs:

e Credits are extinguished
e They cannot circulate, trade, or be reused

e No exchange, no resale, no profit
If the member instead used a shared bicycle or tool:

* No redemption
e No extinguishment
¢ Shared access only

FRS Modifier

+0.05

Final Weight

1.0

1.97

1.4

1.6

1.2

1.0
Hours
9.17
+6.78
+0.41
=2
-0.9
=14.26



Formal ITC Specification: Pseudocode + Math Sketches

This section presents an implementation-oriented view of the Integral Time Credit (ITC) system. The goal is not to prescribe a specific language or software stack, but
to demonstrate that ITC's contribution accounting and access-valuation logic can be expressed as explicit data structures, functions, and bounded mathematical
relations—in a way that is auditable, non-coercive, and compatible with Integral's broader cybernetic architecture.

What follows is not production code. It is structured pseudocode and simple math intended to make ITC computable and buildable:

* how operational labor is captured and verified (Module 1)

* how contextual weighting is applied within democratic bounds (Module 2)

e how balances decay to prevent accumulation (Module 3)

¢ how labor demand is forecast without compelling participation (Module 4)

e how access obligations are computed from real design, production, and ecological signals (Module 5)

¢ how federated equivalence is handled as interpretation bands, not exchange (Module 6)

* how coercion and proto-market behavior are detected and escalated through governance (Module 7)

e how all ITC-relevant events are recorded in an append-only audit layer (Module 8)

e and how ITC synchronizes with CDS, OAD, COS, and FRS without becoming a policy authority (Module 9)

To support these modules, we begin with a set of shared high-level types. These types define the canonical objects ITC operates on:

® TLaborEvent and WeightedLaborRecord (contribution recognition)

® ITCAccount and DecayRule (non-accumulative balance dynamics)

® LaborDemandForecast (feed-forward need anticipation)

® AccessValuation and RedemptionRecord (access obligation and extinguishment)

e EquivalenceBand (cross-node interpretation normalization)

® EthicsEvent (anti-coercion detection and escalation)

® LedgerEntry (tamper-evident audit and traceability)

¢ and signal snapshots from CDS, OAD, COS, and FRS used for coordination and bounded recalibration

These objects are the computational foundation of ITC. Every crediting event, decay update, access valuation, ethical flag, and coordination adjustment is represented
as a transformation over these types—making ITC a transparent cybernetic accounting system, not a currency, not a market, and not a command apparatus.

High-Level Types (shared architecture foundation for ITC)

1 from dataclasses import dataclass, field

2 from typing import List, Dict, Optional, Literal, Any
8 from datetime import datetime

4

5

6  #

7 # 1. Labor Events & Weighting

8  #

10 SkillTier = Literal["low", "medium", "high", "expert"]
11

12

L3 @dataclass

14 class LaborEvent:

15 e

16 Raw operational labor captured from COS / cooperatives.

17 No value assigned yet — this is a 'neutral' contribution event.
18 e

19 id: str

20 member_id: str

21 coop_id: str

22 task_id: str

23 task_label: str

24 node_id: str

25

26 start_time: datetime

27 end_time: datetime

28 hours: float

29

30 skill tier: SkillTier

31 context: Dict[str, Any] # e.g. {"urgency_score": 0.7, "eco_sensitive": True, ...}
32 verified by: List[str] # peer or supervisor IDs
33 verification_ timestamp: datetime

34 metadata: Dict[str, Any] # COS linkage, tags, etc.
35

36

37 @dataclass



class WeightedLaborRecord:

#

# 2.

#

LaborEvent after Skill & Context Weighting.

Represents a credited contribution signal in ITC terms.

id: str
event_id: str
member_id: str

node_id: str

base_hours: float
weight _multiplier: float

weighted_hours: float

breakdown: Dict[str, float]
created_at: datetime

ITC Accounts & Decay

@dataclass

class DecayRule:

# distinct record id for audit & references

# final bounded multiplier

# base_hours * weight _multiplier

# {"skill_factor": 1.3, "scarcity factor": 1.1,

Democratically defined decay pattern for ITC balances.

id: str

label: str

inactivity grace_days: float
half_ life days: float
min_balance_protected: float
max_annual_decay_fraction: float

effective_from: datetime

@dataclass

class ITCAccount:

#

Member-level ITC balance and history.

id: str
member_id: str

node_id: str

balance: float
last_decay_applied_at: datetime

active_decay_rule_id: str

total_earned: float = 0.0
total redeemed: float = 0.0
total_decayed: float = 0.0

# 3. Labor Forecasting & Needs

#

@dataclass

class LaborDemandForecast:

no decay within grace window
exponential half-life beyond grace

small protected floor (optional)

H* H W K%

safety bound (e.g. 0.30 for max 30%/yr)

Forecasted labor demand across skill tiers and sectors.

Derived from COS task queues, OAD pipelines, and FRS signals.

node_id: str
generated_at: datetime

horizon_days: int

demand_by skill: Dict[SkillTier, float]
demand_by_sector: Dict[str, float]

bottleneck_skills: List[SkillTier]

notes: str =

# hours

# hours by sector label



111

112

113 #

114 # 4. Access Valuation & Redemption
115 #

116

117 AccessMode = Literal['"permanent_ acquisition", "shared use_lock", "service use"]
118

119

120 = @dataclass

121  class AccessValuation:

122 e

123 Computed ITC access obligation for a specific good/service instance.

124 This is the non-market access-value object (NOT a price).

125 e

126 item_id: str # e.g. "bicycle-rev3-serial-ABC123"
127 design_version_id: str # link to OAD-certified version
128 node_id: str

129

130 # Core labor backbone (usually weighted hours)

131 base_weighted labor_hours: float

132

133 # Hours-equivalent adjustments (bounded and explainable)

134 eco_burden_adjustment: float # + hours-equiv

135 material_ scarcity_adjustment: float # + hours-equiv

136 repairability credit: float # - hours-equiv

137 longevity credit: float # - hours-equiv

138

139 final_itc_cost: float # final access obligation in ITCs
140

141 computed at: datetime

142 valid until: Optional[datetime]

143 policy_snapshot_id: str # which CDS policy snapshot bounded this valuation
144 rationale: Dict[str, Any] = field(default factory=dict) # traceable breakdown
145

146

147 @dataclass

148 class RedemptionRecord:

149 e

150 Record of a member redeeming ITCs for access to a good or service.

151 e

152 id: str

153 member_id: str

154 node_id: str

155 item_id: str

156

157 itc_spent: float

158 redemption_time: datetime

159 redemption_type: AccessMode

160 expires_at: Optional[datetime] # for shared-use locks or timed services
161

162 access_valuation_snapshot: AccessValuation

163

164

165 #

166 # 5. Internodal Interpretation (Equivalence Bands)

167 #

168

169 @dataclass

170  class EquivalenceBand:

171 e

172 Federated interpretation profile used at access-computation time.

173 This does NOT convert balances; it adjusts local interpretation parameters
174 within CDS-approved bounds.

175 e

176 home_node_id: str

177 local _node_id: str

178

179 labor_context_factor: float # bounded (e.g. 0.9-1.1)

180 eco_context_factor: float # bounded (e.g. 0.9-1.1)

181 updated_at: datetime

182 notes: str = ""

183
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#

# 6. Ethics & Ledger Records

#

EthicsSeverity = Literal["info", "warning", "critical"]

EthicsStatus = Literal["open", "under review", "resolved"]

LedgerEntryType = Literal|

"labor_event_recorded",
"labor_weight applied",
"itc_credited",
"itc_decayed",
"access_value_quoted",
"access_redeemed",
"equivalence_band_applied",
"ethics_flag created",
"ethics_flag resolved",

"policy updated",

@dataclass

class EthicsEvent:

Records fairness / anti-coercion issues surfaced by FRS + ITC monitoring.

Detection only; enforcement is handled through CDS processes.

id: str
node_id: str
timestamp: datetime

severity: EthicsSeverity

description: str

involved member ids: List[str] = field(default_factory=list)
involved_coop_ids: List[str] = field(default_ factory=list)

rule_violations: List[str] = field(default_factory=list)

status: EthicsStatus = "open"

resolution_notes: str =

@dataclass

class LedgerEntry:

#

Generic ITC ledger entry for auditability.

Append-only; used for transparency, diagnosis, and reproducibility.

id: str
timestamp: datetime
entry_ type: LedgerEntryType

node_id: str

member_id: Optional[str] = None

related ids: Dict[str, str] = field(default_factory=dict)
details: Dict[str, Any] = field(default_ factory=dict)

# 7. Integration Signals (CDS / OAD / COS / FRS)

#

@dataclass

class OADValuationProfile:

# e.g. {"event_id": "...", "item id": "...", "coop_id"
# JSON-like payload

Summarized design intelligence emitted by OAD (copied here for ITC convenience).

version_id: str

material intensity: float
repairability: float

bill_of materials: Dict[str, float]
embodied_energy: float
expected_lifespan_hours: float

estimated labor_hours: float



257 ecological_score: float
258 notes: str = ""
259

260

261 @dataclass

262 class COSWorkloadSignal:

263 e

264 Snapshot from COS: real production/maintenance workload conditions.

265 e

266 node_id: str

267 generated_at: datetime

268

269 total_hours_by skill: Dict[SkillTier, float]

270 backlog_hours_by_ skill: Dict[SkillTier, float]

271 throughput_constraints: Dict[str, float] # e.g. {"bike_assembly": 0.8}
272 material_scarcity_index: Dict[str, float] # e.g. {"aluminum": 0.3, "steel": 0.05}
273

274

275 @dataclass

276  class FRSConstraintSignal:

277 e

278 Feedback from FRS: ecological pressure, systemic stress, behavioral anomalies.
279 e

280 node_id: str

281 generated_at: datetime

282

283 eco_pressure_index: float # 0—1 (higher = more strain)
284 material_ pressure_index: Dict[str, float] # per material

285 fairness_anomaly score: float # 0-1

286 notes: str = ""

287

288

289 @dataclass
290 class CDSPolicySnapshot:

291 e

292 CDS-resolved parameters that bound ITC behavior at a given time.
293 e

294 id: str

295 timestamp: datetime

296

297 global _max weight multiplier: float

298 min_weight multiplier: float

299 decay_rule_ids: List[str]

300 fairness_rules: Dict[str, Any] # e.g. {"no_side_deals": True}
301 equivalence policy notes: str = ""

Module 1 (ITC) — Labor Event Capture & Verification

Purpose
Record and authenticate operational labor so every ITC-relevant event reflects real, voluntary, socially necessary work—not just “time someone said they spent.”

Role in the system
This module is the sensory interface of the ITC system. It listens to COS task flows and cooperative logs, and only accepts labor that:

¢ islinked to a real operational task in COS (production, maintenance, logistics, etc.)
¢ is performed by an authenticated member

e s verified by peers or supervisors (and optionally instruments/sensors)

¢ fits within reasonable duration bounds

Output is a clean stream of LaborEvent objects. They are value-neutral until Module 2 applies weighting.

Inputs

e Authenticated member identity ( member_id )

e (COS task/workflow reference (task_id, coop_id, node_id)
e Start/end timestamps, task label, and context

e One or more verifiers (peer/supervisor IDs)

* Optional metadata (station ID, batch ID, tool ID, etc.)

Outputs



e Avalidated LaborEvent
e Acorresponding LedgerEntry Of type "labor_event_ recorded"
(weighting happens later; this is the audit record of capture + verification)

Core Logic
1 from typing import Dict, List, Optional, Any
2 from datetime import datetime
3
4 # Pretend registries (illustrative only)
5 ITC_ACCOUNTS: Dict[str, ITCAccount] = {} # key could be member_id or account_id depending on implementation
6 LABOR_EVENTS: Dict[str, LaborEvent] = {} # event_id -> LaborEvent
7 LEDGER: Dict[str, LedgerEntry] = {} # entry_id -> LedgerEntry (append-only list is also fine)
8
9 # Helpers (stubs)
10 def generate_id() -> str:

11 cen
12

13 def authenticate member (member id: str) -> bool:

14 wn
15 Verify identity (DID + signature etc.). Stubbed here.
16 W

17 return member_ id in ITC_ACCOUNTS

18

19  def cos_task_exists(coop_id: str, task_id: str, node_id: str) -> bool:

20 e

21 Check with COS that this task is real, currently active, and operational.
22 e

23 return True

24

25 def is_operational task(task_id: str) -> bool:

26 wn
27 Ensure this is material/operational work, not governance or pure ideation.
28 W

29 return not task_id.startswith(("GOvV-", "IDEA-"))

30

31 def verify peers(verifiers: List[str], member_id: str) -> bool:

32 e

33 Verification policy:

34 - at least one verifier

S5 - verifiers cannot all be the same as the worker
36 e

37 if not verifiers:

38 return False

39 return any(v != member_ id for v in verifiers)

40

41  def compute_hours(start: datetime, end: datetime) -> float:
42 delta = end - start

43 return max(0.0, delta.total seconds() / 3600.0)
44

45

46  def capture_labor_event(

47 member_ id: str,

48 coop_id: str,

49 node_id: str,

50 task_id: str,

51 task_label: str,

52 start_time: datetime,

53 end_time: datetime,

54 skill tier: SkillTier,

55 context: Dict[str, Any],
56 verifiers: List[str],

57/ metadata: Dict[str, Any],
58 max_hours_per_event: float = 12.0,

59 ) —-> LaborEvent:

60 e

61 ITC Module 1 — Labor Event Capture & Verification

62

63 Capture one operational labor event, validate it against COS and

64 cooperative norms, and store a verified LaborEvent for downstream weighting.

65 won
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#
# 1) Authentication & task legitimacy
#

assert authenticate_member (member_id), "unauthenticated member"

assert cos_task exists(coop_id, task_id, node_id), "unknown or inactive task"

assert is_operational_task(task_id), "non-operational tasks do not earn ITCs"

#
# 2) Time & duration checks
#

assert end time > start_time, "end time must be after start_time"

hours = compute_hours(start_time, end_time)

if hours <= 0.0:
raise ValueError('"zero or negative labor duration")

if hours > max_hours_per_ event:

raise ValueError(f"labor event exceeds maximum allowed duration ({hours:

#
# 3) Peer / supervisor verification
#

if not verify peers(verifiers, member_ id):

raise ValueError("insufficient or invalid peer verification")

verified_at = datetime.utcnow()

#
# 4) Create and store LaborEvent (value-neutral)
#

event_id = generate_id()

event = LaborEvent(
id=event_id,
member_ id=member_id,
coop_id=coop_id,
task_id=task_id,
task_label=task_label,
node_id=node_id,
start_time=start_time,
end_time=end time,
hours=hours,
skill tier=skill_tier,
context=context,
verified by=verifiers,
verification_timestamp=verified at,
metadata=metadata,

)

LABOR_EVENTS[event_id] = event

#
# 5) Append audit record (Module 8 uses these)
#
entry = LedgerEntry(

id=generate_id(),
timestamp=verified at,
entry_ type="labor event_recorded",
node_id=node_id,
member_ id=member_id,
related ids={
"event_id": event_id,
"task_id": task_id,

"coop_id": coop_id,

Y
details={
"hours": hours,
"skill tier": skill_tier,
"context": context,
"verified by": verifiers,
"task_label": task label,
Yy

)
LEDGER[entry.id] = entry

.2£}h) ")



139 return event

Plain-language summary:
Only labor that is (1) authenticated, (2) tied to a real COS operational task, (3) time-sane, and (4) peer-verified enters ITC. Everything else is rejected or flagged
upstream. This ensures ITC credit begins from trusted operational reality, not self-reporting or social influence.

Math Sketch — Validity & Social Necessity Filter
Let each submitted labor claim be a tuple:

e = (m,t, h,v) (54)
where:

e m =member ID
e t=taskID
e h=claimed hours

e ¢ =set of verifiers
Define indicator functions:

e A(m) = 1if member is authenticated, else 0

e O(t) = liftask ¢ is operational and registered in COS, else 0
e H(h) =1if0,else0$

e V(v,m)=1ifJv; €v:v; #m,elsel

Define overall validity:
valid(e) = A(m) - O(¢) - H(h) - V(v,m) (55)
An event is accepted iff:
valid(e) = 1 (56)

In words:
Alabor event enters the ITC system only if it is authenticated, operationally and socially necessary (linked to COS), time-sane, and peer verified. Only then
can Module 2 interpret and weight it as contribution.

Module 2 (ITC) — Skill & Context Weighting Engine

Purpose
Interpret each verified labor event in context—skill, difficulty, scarcity, ecological sensitivity, urgency—and convert it into a weighted contribution signal that later
becomes ITC credit.

Role in the system
Module 1 says: “This work definitely happened and was legitimate.”
Module 2 says: “Given what this work was, how demanding it is, and what the system needs right now, how much contribution does it represent?”

It does this using CDS-approved weighting policies (no markets, no bidding, no hidden algorithms). These policies:

o define base weights by skill tier and task type
¢ apply bounded context modifiers from COS/FRS (urgency, ecological sensitivity, scarcity)
e clamp all weights within democratic limits (e.g., 0.5-2.0)

The output is @ weightedLaborRecord that says, in effect:
“This 3 hours of medium-skill maintenance on a critical system, during a scarcity window, counts as 4.2 weighted hours of contribution for ITC purposes.”
Inputs

e Averified LaborEvent (from Module 1)
e ACDS-approved weightingPolicy (active for the node, optionally scoped to a coop or task type)

e Context signals from COS & FRS carried in LaborEvent.context
Outputs

* A WeightedLaborRecord
e Acorresponding LedgerEntry Of type "labor_ weight_ applied"
e (Optionally, later modules apply "itc_credited" to mutate the account balance—kept separate for clarity and auditability.)

Core Logic

First, define a policy object consistent with CDS governance:
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from dataclasses import dataclass, field

from typing import Dict, Optional, Any

@dataclass
class WeightingPolicy:
CDS-approved policy controlling how labor gets weighted.
This is not a market mechanism and not a wage schedule.
It is a bounded recognition rule-set for contribution signals.
id: str
node_id: str

effective_from: datetime

# Base weights by skill tier (democratically defined)

base_weights_by skill: Dict[SkillTier, float] = field(default factory=lambda: {
"low": 1.0, "medium": 1.2, "high": 1.5, "expert": 1.8

12

# Optional task-type modifiers (still bounded by global clamps)
task_type modifiers: Dict[str, float] = field(default_factory=dict) # e.g. {"water testing": 1.1}

# Context score weights (applied to urgency/ecology/scarcity scores in [-1,+1])
context_weights: Dict[str, float] = field(default factory=lambda: {

"urgency": 0.15,

"eco_sensitivity": 0.15,

"scarcity": 0.20,

12l

# Clamp bounds (democratically bounded ranges)
context_factor_min: float = 0.70

context_factor max: float = 1.50

min_weight multiplier: float = 0.50

max_weight multiplier: float = 2.00

Now the core weighting functions:

© N oUW N

10
11
12
13
14
15
16
17
18
19
20
21
22
28
24
25
26
27
28
29
30
3l
32
3

from typing import List

WEIGHTING_POLICIES: Dict[str, WeightingPolicy] = {} # key by node_id (or node_id:coop_id if desired)
WEIGHTED_LABOR: Dict[str, WeightedLaborRecord] = {} # record_id -> WeightedLaborRecord

def get_weighting policy(node_id: str, coop_id: Optional[str] = None) -> WeightingPolicy:

Retrieve the active CDS-approved weighting policy.
(In practice: resolve by node_id, then optional coop_id override, then federation defaults.)
if coop_id:

key = f"{node_id}:{coop_id}"

if key in WEIGHTING_POLICIES:

return WEIGHTING_POLICIES[key]

return WEIGHTING POLICIES[node_id]

def compute_context factor(event: LaborEvent, policy: WeightingPolicy) -> float:
Compute a multiplicative context factor based on urgency, ecological sensitivity,
and scarcity signals. Scores are expected in [-1, +1] and come from COS/FRS

(or are precomputed by earlier signal normalization).

ctx = event.context or {}

urgency_score = float(ctx.get("urgency score", 0.0)) # [-1, +1]
eco_score = float(ctx.get("eco_sensitivity score", 0.0)) # [-1, +1]
scarcity_score = float(ctx.get("scarcity score", 0.0)) # [-1, +1]

wu = float(policy.context_weights.get("urgency", 0.0))
we = float(policy.context_weights.get("eco_sensitivity", 0.0))
ws = float(policy.context_weights.get("scarcity", 0.0))
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raw = 1.0 + wu * urgency_score + we * eco_score + ws * scarcity_score

# Clamp within CDS-approved bounds

return max(policy.context_ factor min, min(policy.context factor_max, raw))

get_base_weight(event: LaborEvent, policy: WeightingPolicy) -> float:

Base weight = skill tier base weight x optional task-type modifier.

Task type is a metadata label emitted by COS (e.g. "welding", "water testing").
skill = event.skill_ tier

task_type = (event.metadata or {}).get("task type", "generic")

base_skill = float(policy.base_weights_by skill.get(skill, 1.0))
task_mod = float(policy.task_ type modifiers.get(task type, 1.0))

return base_skill * task_mod

weight_ labor_ event(event: LaborEvent, policy: WeightingPolicy, policy_ snapshot_id:

ITC Module 2 — Skill & Context Weighting Engine

Convert a verified LaborEvent into a WeightedLaborRecord.
Note: This function does NOT mutate ITCAccount balances.

Crediting is a separate step (Module 9 orchestration / policy application),

so weighting cannot be misread as wages or forced incentives.

base_weight = get_base weight(event, policy)

ctx factor = compute_context_ factor(event, policy)

raw_multiplier = base weight * ctx factor

# Final clamp bounds

str) -> WeightedLaborRecord:

final multiplier = max(policy.min_weight multiplier, min(policy.max_weight multiplier, raw _multiplier))

weighted_hours = event.hours * final multiplier

record_id = generate_id()
record = WeightedLaborRecord(
id=record_id,
event_id=event.id,
member_id=event.member_id,
node_id=event.node_id,
base_hours=event.hours,
weight_multiplier=final multiplier,
weighted_hours=weighted hours,
breakdown={
"base_weight": base_weight,
"context_factor": ctx factor,

"urgency_score": float((event.context or {}).get("urgency_score", 0.0)),

"eco_sensitivity score": float((event.context or {}).get("eco_sensitivity score", 0.0)),

"scarcity score": float((event.context or {}).get("scarcity score", 0.0)),
}

created_at=datetime.utcnow(),

WEIGHTED_LABOR[record_id] = record

# Ledger entry for auditability (still no balance mutation here)
entry = LedgerEntry(
id=generate_id(),
timestamp=record.created_at,
entry_type="labor weight_applied",
node_id=event.node_id,
member_ id=event.member_id,
related_ids={
"event_id": event.id,
"weighted_record id": record_id,

"policy_ snapshot_id": policy_snapshot_id,



107 },

108 details={

109 "base_hours": event.hours,

110 "weight_multiplier": final multiplier,
111 "weighted_hours": weighted_hours,

112 "breakdown": record.breakdown,

113 Yo

114 )

115 LEDGER[entry.id] = entry

116

117 return record

Math Sketch — From Hours to Contribution Signal
For each valid labor event e:

® h,=raw hours
e s, = skill tier

e type, = task type

Base weight:
Whase(€) = wekin(8¢) - Miask (type, ) (57)
Context scores in [—1, +1]:
e U, urgency
e E, ecological sensitivity
e S, scarcity
Context factor:
fetx(e) = clip(l +ayUe + acEe + asSe, Cmin, Cmax) (58)
Final multiplier:
Whina1(€) = Clip (Whase(€) - fetx(€); Wiiny Winax) (59)
Weighted contribution (in hour-equivalents):
Ce = he - Wenal(€) (60)

In plain language: one hour is not automatically “one unit” of contribution; contextualized contribution is what ITC records—without wages, bidding, or markets.
In plain language:

A verified labor event becomes a weighted contribution signal only through CDS-bounded rules and real context signals (COS/FRS). Weighting does not grant
bargaining power; it only produces proportional contribution accounting that later modules may credit.

Module 3 (ITC) — Time-Decay Mechanism

Purpose
Prevent ITCs from turning into stored power or proto-wealth by gently decaying balances over time, keeping access aligned with ongoing participation instead of past
accumulation.

Role in the system

Module 2 converts verified labor into weighted contribution signals (and later, credited balance updates). Module 3 ensures that credited balances do not become
permanent entitlements. Rather than hoardable assets, ITCs behave more like metabolic energy: useful and visible, but gradually fading if not renewed through
continued operational participation or exercised through access.

Decay parameters are:

¢ set and bounded by CDS (democratically decided, not black-boxed),
¢ monitored by FRS for unintended distributional effects (e.g., penalizing caregivers, disability contexts, temporary crisis),

¢ transparent and predictable to participants.
Inputs

® ITCAccount (balance, last_decay applied_at, node_id)

e Active pecayRule for the node (CDS-approved)

* Current timestamp

e Optional CDS/FRS modifiers (e.g., temporary relief flags, crisis windows)

Outputs



e Updated 1TcAccount with decayed balance and updated last decay applied at

® A LedgerEntry of type "itc_decayed" recording the decay event

Core Logic

Registries (illustrative):

from typing import Dict, Optional

from datetime import datetime

DECAY RULES: Dict[str, DecayRule] = {} # node_id -> active DecayRule
ACCOUNTS: Dict[str, ITCAccount] = {} # account_id -> ITCAccount
LEDGER: Dict[str, LedgerEntry] = {} # ledger_entry id -> LedgerEntry

def get_decay_rule(node_id: str) -> DecayRule:
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return DECAY RULES[node_id]

Compute the decay factor (bounded):

1 def compute decay_ factor(elapsed days: float, rule: DecayRule) -> float:
2 Wi

3 Multiplicative decay factor £ € (0, 1], applied to balance.

4

5 - No decay within inactivity grace window.

6 - Exponential decay beyond grace, with half-life.

7 - Bounded by max annual_decay_ fraction to prevent harsh drops.

8 W

9

10 # 1) Grace window: no decay

11 if elapsed days <= rule.inactivity grace_days:

12 return 1.0

13

14 effective_days = elapsed_days - rule.inactivity grace_days

15

16 # 2) Exponential decay with half-life (days)

17 H = max(rule.half_ life days, le-6)

18 raw_factor = 2 ** (-effective days / H)

19
20 # 3) Annual maximum loss bound (linear-in-time lower bound on factor)
21 # If max annual_decay_ fraction = 0.30, then after 1 year factor >= 0.70.
22 max_loss = max(0.0, min(1.0, rule.max_annual decay fraction))
23 year_days = 365.0
24 scale = min(elapsed days / year_days, 1.0)
25 min_factor = 1.0 - scale * max_loss
26
27 return max(min_factor, raw_factor)

Apply decay to one account (with floor + ledger entry):

1 def apply_decay to_account(

2 account: ITCAccount,

3 now: datetime,

4 policy_snapshot_id: Optional[str] = None,

5 ) -> ITCAccount:

6

7 ITC Module 3 — Time-Decay Mechanism

8

9 Applies bounded decay to an account’s balance and logs an 'itc_decayed' ledger entry.
10

11 Note: policy_snapshot_id is optional in this sketch; in practice,

12 it should reference the CDS policy snapshot in force when decay is applied.

13

14

15 rule = get_decay_rule(account.node_id)

16

17 elapsed _days = (now - account.last_decay applied_at).total_ seconds() / (3600.0 * 24.0)
18 if elapsed days <= 0:

19 return account



20

21 # Small protected floor (optional): do not decay below this

22 protected_floor = max(0.0, rule.min_balance_protected)

2

24 # If already at/below protected floor, just advance timestamp

25 if account.balance <= protected_floor:

26 account.last_decay_applied at = now

27 return account

28

29 factor = compute_decay_ factor(elapsed_days=elapsed_days, rule=rule)
30 new_balance = max(protected floor, account.balance * factor)

3

w
N}

decayed_amount = max(0.0, account.balance - new_balance)

w
@

if decayed amount <= 0:

34 account.last_decay_applied_at = now
85 return account

36

37 old_balance = account.balance

38 account.balance = new_balance

39 account.total_decayed += decayed amount
40 account.last_decay_applied at = now

41

42 # Ledger entry (append-only)

43 entry = LedgerEntry(

44 id=generate_id(),

45 timestamp=now,

46 entry type="itc_decayed",

47 node_id=account.node_id,

48 member_id=account.member_id,

49 related_ids={

50 "account_id": account.id,

51 "decay_rule_id": rule.id,

52 **%({"policy_snapshot_id": policy_ snapshot_id} if policy_snapshot_id else {}),
53 Do

54 details={

55 "old_balance": old_balance,

56 "new_balance": new_balance,

57 "decayed_amount": decayed_amount,
58 "elapsed_days": elapsed_days,
59 "decay_factor": factor,

60 "protected floor": protected floor,
61 B

62 )

63 LEDGER[entry.id] = entry

64

65 return account

Batch decay cycle (daily/weekly job):

1 def run_decay cycle(now: datetime, policy_snapshot_id: Optional[str] = None) -> None:
2 for account in ACCOUNTS.values():
3 apply_decay_to_account(account, now, policy_snapshot_id=policy_snapshot_id)

Math Sketch — Gentle Demurrage, Democratically Bounded
For an account with balance By at last decay time %o, and current time ¢:

e At =t —tyindays

e G =inactivity grace period (days)

e H = half-life in days (CDS-approved)

e )\ =maximum annual decay fraction (e.g., 0.30)
e Bpin = protected floor (optional)

1. No decay within grace:
If At < G, then f(At) = 1.
2. Exponential decay beyond grace:

Let At' = At — G.



Fraw(At') = 2 at/H (61)

3. Annual loss bound (minimum factor):

fmin(At) =1 — X - min (17 ?)AT;) (62)
where the resulting balance is bounded below by a protected floor:
B(t) = max(Bmin, By - f(At)) (63)
4. Final factor and balance:
F(At) = max (fuin(At), fraw(At)) (64)

In plain language: decay begins only after a grace window, proceeds slowly, is bounded against harsh drops, and exists to prevent long-term stockpiling—not to punish
pauses in participation. FRS watches distributional outcomes, and CDS can adjust G, H, A, or By, if distortion appears.

Module 4 (ITC) — Labor Forecasting & Need Anticipation

Purpose
Align ITC weighting proposals with actual future labor needs, so the system neither over-rewards unneeded work nor under-recognizes critical tasks. This module
forecasts where and when labor will be needed (by skill tier and sector) and produces bounded recommendations for weighting adjustments and training focus.

Role in the system
Modules 1-3 operate at the event / account layer (capture — weighting — decay). Module 4 lifts to the planning layer, using:
e COS pipelines (task queues, maintenance calendars, throughput constraints),
* OAD roadmaps (designs entering production, redesign cycles),
* FRS signals (seasonal/ecological shocks, stress indicators),
* recent participation patterns (what people are actually doing).

Module 4 does not compel participation. It produces bounded recommendations that can be:

¢ applied automatically only within CDS pre-approved tolerance bands, or
e routed to CDS for deliberation when larger changes are implied.

Inputs

® NodeContext (node state: population, skills, cooperatives, climate, seasonal calendar, etc.)
® TLaborDemandSignal S from:

o COS (production queues, maintenance schedules)

o OAD (upcoming deployments, redesign transitions)

o FRS (ecological shocks, seasonal stressors, anomaly alerts)
e Historical LaborEvent (recent weeks/months)

® (DS policy parameters (forecast horizon bounds, sensitivity caps, max adjustment rates)
Outputs

® LaborDemandForecast (forecasted demand by skill tier/sector; bottleneck skills)
e Asupply estimate by skill tier (derived from recent participation)

e shortage_index_by_skill (relative shortage/surplus signals)

* Recommended weight multipliers by skill tier (gentle, bounded)

e Suggested training priorities (skills/sectors most likely to bottleneck)

These recommendations feed:

e Module 2 (as candidate context modifiers / policy hints),

® CDS (as deliberation inputs for training capacity, workload norms, and bounded parameter updates).

Core Logic

Core Types (local to this module)

—

from dataclasses import dataclass
from typing import Dict, List, Literal, Tuple
from datetime import datetime, timedelta

from math import tanh

SkillTier = Literal["low", "medium", "high", "expert"]

@dataclass

W ® N U A W N

class LaborDemandSignal:



10 node_id: str

11 source: Literal["COS", "OAD", "FRS"]

12 skill tier: SkillTier

13 hours_required: float # for the signal's horizon

14 horizon_days: int

15 sector: str # e.g. "water", "food", "energy"
16 confidence: float = 1.0 # 0—1 confidence/priority weight
17

18 @dataclass

19 class LaborForecast:

20 node_id: str

21 generated_at: datetime

22 horizon_days: int

23 demand_by_skill: Dict[SkillTier, float]

24 supply_by skill: Dict[SkillTier, float]

25 shortage_index_by_skill: Dict[SkillTier, float] # 0_s = (D_s - S_s) / S_s
26 training priorities: List[str] # human-readable targets
27 assumptions: Dict

Global-ish containers (illustrative)

1 DEMAND_SIGNALS: List[LaborDemandSignal] = []
2 HISTORICAL_EVENTS: List[LaborEvent] = [] # uses LaborEvent.end_time for time filtering

1. Aggregate demand (by skill, optionally also by sector)

1 def aggregate_labor_demand(

2 node_id: str,

5] horizon_days: int,

4 signals: List[LaborDemandSignal],

5 ) -> Dict[SkillTier, float]:

6 win

7 Aggregate weighted labor demand per skill tier for a unified forecast horizon.

8 W

9 demand: Dict[SkillTier, float] = {"low": 0.0, "medium": 0.0, "high": 0.0, "expert": 0.0}
10

11 for sig in signals:

12 if sig.node_id != node_id:

13 continue

14

15 # Scale signals to the requested horizon (bounded so we don't explode small-horizon signals).
16 scale = min(horizon_days / max(sig.horizon_days, 1), 2.0)

17

18 demand[sig.skill_tier] += sig.hours_required * sig.confidence * scale

19
20 return demand

2. Estimate supply (from recent participation)

1 def estimate_labor_supply from history(

2 node_id: str,

3 horizon_days: int,

4 lookback_days: int = 60,

5 ) -> Dict[SkillTier, float]:

6 worn

7 Estimate future labor supply by skill tier by scaling a recent participation window.
8 Uses LaborEvent.end_time (not an undefined ev.timestamp).

9 W

10 now = datetime.utcnow()

11 cutoff = now - timedelta(days=lookback_days)

12

13 hours_by_skill: Dict[SkillTier, float] = {"low": 0.0, "medium": 0.0, "high": 0.0, "expert": 0.0}
14

15 for ev in HISTORICAL_EVENTS:

16 if ev.node_id != node_id:

17 continue

18 if ev.end_time < cutoff:

19 continue
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hours_by skill[ev.skill tier] += ev.hours

# Convert observed hours to forecast hours £
days_observed = max(lookback_days, 1)
supply_forecast: Dict[SkillTier, float] = {}

or the horizon

for tier, total_hours in hours_by skill.items():

avg_per_day = total_hours / days_observed

supply forecast[tier] = avg_per_day * horizon_days

return supply_ forecast

Compute shortage index o (demand vs supply)

def compute_shortage index(
demand: Dict[SkillTier, float],
supply: Dict[SkillTier, float],
eps: float = le-6,
) -> Dict[SkillTier, float]:
06s = (Ds -5_s) / S_s
0_s > 0 => shortage
0_s < 0 => surplus
0_s = 0 => balanced
sigma: Dict[SkillTier, float] = {}
for tier in demand.keys():
D = demand[tier]
S = max(supply.get(tier, 0.0), eps)
sigma[tier] = (D - S) / S

return sigma

Recommend bounded weight multipliers (policy hints)

def recommend weight multipliers(
shortage_index: Dict[SkillTier, float],
max_boost: float = 0.5, # e.g. up to +50%
max_cut: float = 0.3, # e.g. down to -30
) -> Dict[SkillTier, float]:

Map 0_s into a smooth multiplier m s around

%

1.0.

Positive 0 => increase weight; negative 0 => gently decrease.

multipliers: Dict[SkillTier, float] = {}

for tier, sigma in shortage_index.items():
if sigma > 0:
m = 1.0 + max_boost * tanh(sigma)
m = min(1.0 + max_boost, m)
else:
m = 1.0 + max_cut * tanh(sigma)

m = max(1l.0 - max _cut, m)

multipliers[tier] = m

return multipliers

. Training priority suggestion (simple, explainable)

# saturates smoothly

# tanh(negative) < 0 => below



1 def suggest training priorities(

2 shortage_index: Dict[SkillTier, float],

3 top_k: int = 2,

4 ) —> List[str]:

5 W

6 Produce a human-readable list of training priorities based on the largest shortages.

8 ranked = sorted(shortage_index.items(), key=lambda kv: kv[1], reverse=True) # biggest 0 first
9 priorities = []

10 for tier, sigma in ranked[:top_k]:

11 if sigma > 0:

12 priorities.append(f"Expand training / onboarding for {tier}-tier work (shortage O={sigma:.2f}).")
13 return priorities

6. Main forecasting function

1 def generate_labor_forecast(

2 node_ctx,

8 horizon_days: int = 30,

4 lookback_days: int = 60,

5 ) -> Tuple[LaborForecast, Dict[SkillTier, float]]:

6 won

7 ITC Module 4 — Labor Forecasting & Need Anticipation

8 Produces:

9 - a forecast object (demand/supply/shortage + training priorities)
10 - recommended multipliers (policy hints to Module 2 / CDS)

11 e

12 node_id = node_ctx.node_id

13 now = datetime.utcnow()

14

13 signals = [s for s in DEMAND_SIGNALS if s.node_id == node_id]

16

17 demand = aggregate_ labor_ demand(node_id=node_id, horizon_days=horizon_days, signals=signals)
18 supply = estimate_labor_supply from history(node_ id=node_id, horizon_ days=horizon_days, lookback days=lookback_days)
19
20 shortage_index = compute_ shortage index(demand, supply)
21 multipliers = recommend weight multipliers(shortage_index)
22

3 training priorities = suggest_training priorities(shortage_index)
24
25 forecast = LaborForecast(
26 node_id=node_id,
27 generated_at=now,
28 horizon_days=horizon_days,
29 demand_by_ skill=demand,

30 supply by_skill=supply,

31 shortage_index_by skill=shortage_index,

32 training priorities=training priorities,

33 assumptions={

34 "lookback_days": lookback_days,

35 "signal_sources": ["COS", "OAD", "FRS"],

36 "note": "Forecast informs weighting/training proposals; does not compel participation.",
37 Bo

38 )

39
40 return forecast, multipliers

Math Sketch — Shortage Index and Weight Adjustment
For each skill tier s:

e D, =forecasted demand (hours) over horizon H

* S, =forecasted supply (hours) over the same horizon

Define shortage index:

Map o, to a bounded multiplier m using a smooth saturating function:



_ [1+ Bpaxtanh(os) ifo, >0
Ms = {1 + Chax tanh(o) ifos, <0 (66)
Then apply to the CDS-defined base weight:
wh = wb®® . m, (67)

Note: these are policy hints. CDS can accept them within pre-approved bounds or deliberate when larger shifts are implied.

Module 5 (ITC) — Access Allocation & Redemption

Purpose
Convert OAD + COS + FRS intelligence into a concrete ITC access obligation for a good or service, and govern how ITCs are extinguished for permanent acquisition (or
temporarily locked for scarce shared-use access).

This is the formal replacement for price.
Role in the system
Everything upstream feeds Module 5:

* OAD: design-level labor decomposition, ecology, lifecycle, repairability

® (COS: real production effort, bottlenecks, throughput, availability

* FRS: ecological stress, scarcity shifts, anomaly corrections (failure/maintenance drift), behavioral signals
e CDS: normative bounds (fairness classes, caps/floors, essential-goods rules, multiplier bounds)

Module 5:

1. Computes a base hours-equivalent access obligation from design + lifecycle + ecology.
2. Applies bounded context adjustments (scarcity, eco stress, backlog) using COS/FRS signals.
3. Applies fairness bounds (essential caps, luxury floors, etc.) using CDS policy.
4. When access occurs:
o Permanent acquisition: ITCs are extinguished (deducted and recorded).

o Shared-use: usually free; under scarcity, a temporary lock may be applied (deduct — later return).
Inputs
For a given design_version_id in node_id:

e oaDvaluationProfile (design intelligence)
e TLaborProfile + lifecycle measures (already summarized by OAD profile fields)
e coswWorkloadsignal (throughput/backlog/material scarcity)
® FRSConstraintSignal (eco pressure +anomaly corrections)
® cpsPolicysnapshot (bounds: weight caps, fairness rules, equivalence notes)
* Access context:
© member ITCAccount
o access mode ( permanent_acquisition, shared_use_lock, service_use)
o jtem/service identifier (item id)
o optional local inventory/queue signals from COS (availability/backlog)

Outputs

® AccessValuation (the computed access obligation with a traceable rationale)
e Updated 1TCAccount onredemption (balance and totals)

® RedemptionRecord (append-only record of extinguishment or lock)

e Corresponding LedgerEntry entries:

O "access_value_guoted" and "access_redeemed"

Core Logic
1. Compute the base access obligation

This returns an “hours-equivalent” backbone before context multipliers.

from typing import Dict, Any

from math import tanh

def compute base access_obligation_hours
oad: OADValuationProfile,
policy: Dict[str, Any],

) -> float:

©® N U A W N R
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Base hours-equivalent obligation from design intelligence.
Interprets OAD fields and converts eco/material terms into hours
using CDS-approved conversion constants.

# Production labor backbone:

H prod = float(oad.estimated_labor_hours)

# Lifecycle maintenance as hours-equivalent burden per reference service window:
# If you already carry maintenance labor explicitly in OAD profile, use it here.
# If not, treat repairability + lifespan as a proxy.

H ref = float(policy.get("reference service_hours", 1000.0))

H life = max(float(oad.expected lifespan hours), le-6)

# If you have explicit lifetime maintenance hours in OAD, use it:

H maint_total = float(policy.get("maintenance hours_over_life", 0.0))

# Otherwise approximate from repairability (0-1) and a sector reference

if H maint_total <= 0.0:
maint_reference = float(policy.get('"maintenance reference_hours over life", 50.0))
# lower repairability => higher maintenance

H maint_total = maint reference * (1.0 + (1.0 - float(oad.repairability)))

H_maint_equiv = (H_maint_total / H_life) * H_ref

# Eco/material conversion to hours-equivalent:

energy_to_hours = float(policy.get("energy to_hours", 0.0)) # hours per MJ

eco_score_to_hours = float(policy.get("eco_score_to_hours", 0.0)) # hours per normalized eco score
mat_to_hours = float(policy.get("mat_intensity to_hours", 0.0)) # hours per unit material intensity
H_eco = (

float(oad.embodied_energy) * energy_ to_hours

+ float(oad.ecological_score) * eco_score_to_hours

H mat = float(oad.material intensity) * mat_to_hours

# Optional weights (bounded by CDS policy)
w_eco = float(policy.get("eco_weight", 0.2))
w_mat = float(policy.get("scarcity weight_design", 0.2))

base_hours = H_prod + H_maint_equiv + w_eco * H_eco + w_mat * H_mat

# Never below zero

return max(0.0, base_hours)

2. Compute bounded context multipliers

def compute context multipliers(
cos: COSWorkloadSignal,
frs: FRSConstraintSignal,
policy: Dict[str, Any],

) -> Dict[str, float]:

Produce bounded multipliers tied to reality (not speculation).

# Inputs (normalized or semi-normalized indices)
# - scarcity should be derived from COS material indices and FRS material pressure
scarcity_index = float(policy.get("scarcity index", 0.0))

backlog_index = float(policy.get("backlog index", 0.0))

# Use FRS eco pressure directly as an "eco-stress index"

eco_stress_index = float(frs.eco_pressure_index)

# Bounds

max_scarcity boost = float(policy.get("max_scarcity boost", 0.5))
max_eco_boost = float(policy.get("max_eco_boost", 0.5))
max_backlog_boost = float(policy.get("max_backlog boost", 0.3))

max_relief = float(policy.get('max relief", 0.3))

scarcity m = 1.0 + max_scarcity boost * tanh(scarcity_ index)
eco_m = 1.0 + max_eco_boost * tanh(eco_stress_index)

backlog m = 1.0 + max backlog _boost * tanh(backlog_ index)



27 scarcity m = max(1.0 - max _relief, min(1.0 + max_scarcity boost, scarcity m))

28 eco_m = max(1.0 - max_relief, min(1.0 + max_eco_boost, eco_m))

29 backlog m = max(1l.0 - max_relief, min(1.0 + max_backlog_boost, backlog_m)
30

31 return {

32 "scarcity_multiplier": scarcity m,

33 "eco_stress_multiplier": eco_m,

34 "backlog_multiplier": backlog_m,

35 }

Note: In production, you'd compute scarcity index and backlog_index from COS availability/backlog metrics, and incorporate
frs.material_pressure_index where relevant. | left them as policy-fed placeholders because your earlier sections treat those as already available aggregates.

3. Apply fairness class bounds (CDS policy)

def apply fairness_bounds (
raw_itc: float,
fairness_class: str,
policy: Dict[str, Any],
) -> float:

(- T, N UR SR

rules = policy.get("fairness_classes", {}).get(fairness_class, {})

-

min_itc = float(rules.get("min_credits", 0.0))

max_itc = float(rules.get("max_credits", float("inf")))

o ©

return max(min_itc, min(raw_itc, max_itc))
4. Putit together: compute an Accessvaluation

1 def compute_access_valuation(

2 item_id: str,

3 design_version_id: str,

4 node_id: str,

5 oad: OADValuationProfile,

6 cos: COSWorkloadSignal,

7 frs: FRSConstraintSignal,

8 policy: Dict[str, Any],

9 policy_snapshot_id: str,

10 fairness_class: str = "standard",

11 ) -> AccessValuation:

12 e

13 Compute the full access obligation (NOT a price).

14 e

il base_hours = compute_base_access_obligation_hours(oad, policy)

16

17 multipliers = compute_context multipliers(cos, frs, policy)

18 scarcity m = multipliers["scarcity multiplier"]

19 eco_m = multipliers["eco_stress multiplier"]

20 backlog_m = multipliers["backlog multiplier"]

21

22 raw_hours = base hours * scarcity m * eco m * backlog m

23

24 # Convert hours-equivalent to ITCs (often 1:1, but bounded by CDS policy)
25 hours_to_itc = float(policy.get("hours_to_itc", 1.0))

26 raw_itc = raw_hours * hours_to_itc

27

28 final itc = apply_fairness_bounds(raw_itc, fairness_class, policy)

29

30 # Build hours-equivalent adjustments for transparency (optional)

31 eco_adj = base_hours * (ecom - 1.0)

32 scarcity_adj = base hours * (scarcity m - 1.0)

33 backlog_adj = base hours * (backlog m - 1.0)

34

35 return AccessValuation(

36 item_id=item id,

37 design_version_id=design_version_id,

38 node_id=node_id,

39 base_weighted_labor_hours=base_hours, # here used as “base hours-equivalent”
40 eco_burden_adjustment=eco_adj,

41 material_scarcity_adjustment=scarcity_adj,

42 repairability credit=0.0, # already folded into base in this sketch
43 longevity credit=0.0, # already folded into base in this sketch

44 final_ itc_cost=final_itc,



45 computed_at=datetime.utcnow(),

46 valid_until=None,

47 policy_snapshot_id=policy_snapshot_id,
48 rationale={

49 "base_hours_equiv": base_hours,

50 "scarcity multiplier": scarcity m,
51 "eco_stress_multiplier": eco_m,

52 "backlog_multiplier": backlog_m,
53 "raw_itc": raw_itc,

54 "final itc": final_ itc,

515 "fairness_class": fairness_class,
56 Do

57 )

5. Redemption: permanent extinguishment vs shared-use lock

This uses your canonical RedemptionRecord and LedgerEntry .

1 def redeem_access(

2 account: ITCAccount,

g valuation: AccessValuation,

4 mode: AccessMode,

5 lock _expires_at: Optional[datetime] = None,

6 ) -> RedemptionRecord:

7 W

8 Apply the access outcome to the member account and return a RedemptionRecord.
9 - permanent_acquisition: ITCs extinguished (deducted).
10 - shared use_lock: ITCs temporarily locked (deduct now; restore on return).
11 - service use: may be zero or small; system-defined.
12 e

13

14 cost = float(valuation.final_ itc_cost)

15

16 # Shared-use is often free; enforce policy elsewhere by passing cost=0.
17 if cost > 0 and account.balance < cost:

18 raise ValueError("insufficient ITC balance")

19
20 if mode == "permanent_acquisition":
21 account.balance -= cost
22 account.total_ redeemed += cost
23
24 elif mode == "shared use_lock":
25 # Lock behaves like a refundable hold.
26 # Implementation detail: you may want a separate Lock table.
27 account.balance -= cost
28
29 elif mode == "service use":

30 account.balance -= cost

31 account.total redeemed += cost

32

33 rec = RedemptionRecord(

34 id=generate_id(),

85 member_id=account.member_id,

36 node_id=account.node_id,

37 item_id=valuation.item id,

38 itc_spent=cost,

39 redemption_time=datetime.utcnow(),
40 redemption_type=mode,
41 expires_at=lock_expires_at,
42 access_valuation_snapshot=valuation,
43 )
44
45 # Ledger entry (append-only)
46 entry = LedgerEntry(
47 id=generate_id(),
48 timestamp=rec.redemption_time,
49 entry_ type="access_redeemed",
50 node_id=account.node_id,
51 member_ id=account.member_id,
52 related_ids={
53 "redemption_id": rec.id,

54 "item_id": valuation.item id,



55 "design_version_id": valuation.design_version_id,

56 Do

57 details={

58 "mode": mode,

59 "itc_spent": cost,

60 "balance_after": account.balance,

61 "policy snapshot_id": valuation.policy_snapshot_id,
62 "rationale": valuation.rationale,

63 i

64 )

65 # append_ledger_entry(entry) # use your ledger append function
66 return rec

If you want the lock return logic documented: on return, you'd create a ledger entry that restores account.balance += lock_amount and records

"shared_use_lock_released" (you can add it as a ledger entry type if desired).

Math Sketch — Formal Access-Value Computation
Let a good gwith design version v in node n.
Base hours-equivalent obligation (design-level):

Hmaint,total

H, base = +
prod
Hiige

Context multipliers (bounded, smooth):

Mse = 1+ Bsc tanh(asc)y Meco = 1+ Beco tanh(aeco)7 Mback = 1+ Bback tanh(o'back)

Raw ITC obligation:
Craw = /3 Hbase MscMMecoMback

Fairness bounds by class f:

Cﬁnal = min (max(craw7 Cf,min)7 Cf,max)

Module 6 (ITC) — Cross-Cooperative & Internodal Reciprocity

Purpose

Maintain coherent meaning of ITCs across nodes with different ecological conditions, infrastructure capacity, and labor pressures. When people move between
nodes or perform work for another node, their contribution must neither be unfairly devalued nor turned into an arbitrage opportunity.

This module computes bounded equivalence factors between nodes so that:

* labor performed under harder ecological or infrastructural conditions is not treated as “less,”
¢ but no one can game the system by choosing nodes for differential ITC yield.

Equivalence here is interpretive, not exchange-based. ITCs remain non-transferable and non-tradeable at all times.
Role in the System
Module 6 sits at the federation boundary layer of ITC:

e Uses FRS data on ecological stress, material scarcity, and social strain
e Uses COS data on labor pressure, backlog, and local capacity

* Uses CDS policy to set tight bounds on equivalence variation
It applies equivalence only when:

e amember migrates to another node, or
e amember performs labor in a host node while their ITC account remains rooted in a home node

Important distinction:

® NodeEquivalenceProfile represents diagnostic state of a node

® NodeEquivalenceRule represents the bounded interpretation rule actually applied by ITC

Href + wE(aEE + aSSeco) + wM(aMM)

Equivalence is slow-changing, bounded, public, non-exchangeable, and applied only at moments of use or migration, ensuring it cannot become a currency layer.

Types



1 from dataclasses import dataclass
2 from typing import Dict

3 from datetime import datetime

Diagnostic Node Profile (Raw Conditions)

1 @dataclass

2 class NodeEquivalenceProfile:

3 W

4 Diagnostic snapshot of a node's structural conditions

5) relevant to ITC interpretation.

6 wonn

7 node_id: str

8 timestamp: datetime

9

10 eco_constraint_index: float # 0—1+ (higher = tighter ecological limits)
11 material_scarcity index: float # 0—1+ (higher = scarcer materials)

12 labor_pressure_index: float # 0—1+ (higher = more backlog / strain)
13 infrastructure_strength index: float # 0-1 (higher = more resilient)

14

15 composite_index: float # computed scalar (see below)

Applied Equivalence Rule (Bounded Interpretation)

1 @dataclass

2 class NodeEquivalenceRule:

3

4 Bounded interpretation factor mapping ITC meaning
5 from one node context to another.

6

7 from node_id: str

8 to_node_id: str

9 factor: float # bounded (e.g. 0.8-1.2)
10 computed_at: datetime

11 rationale: Dict[str, float]

Assumed helpers:

1 def get_node_equivalence profile(node_id: str) -> NodeEquivalenceProfile: ...

2 def get_itc_equivalence policy() -> Dict: ...

From earlier sections:

1 @dataclass

2 class ITCAccount:

3 id: str

4 member_id: str

5 node_id: str

6 balance: float

7 last_decay_update: datetime

Core Logic
1. Composite Index per Node

Each node's conditions are compressed into a single scalar:

1 def compute_node_composite_index(

2 profile: NodeEquivalenceProfile,

3 policy: Dict,

4 ) —> float:

5 win

6 Higher index = more constrained / harder operating context.
7 won

8

9 w_eco = policy.get("w_eco", 0.4)

10 w_scarcity = policy.get("w_scarcity", 0.3)



w_labor = policy.get("w_labor", 0.3)

w_infra = policy.get("w_infra", -0.2) # stronger infrastructure reduces burden

idx = (
w_eco * profile.eco_constraint_index +
w_scarcity * profile.material scarcity_ index +
w_labor * profile.labor_ pressure_index +

w_infra * profile.infrastructure_strength_index

return max(idx, policy.get("min_composite_ index", 0.1))

Compute Equivalence Rule Between Nodes
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def compute node_equivalence_rule(

)

from node: NodeEquivalenceProfile,
to_node: NodeEquivalenceProfile,
policy: Dict,

-> NodeEquivalenceRule:

Compute bounded interpretation factor between nodes.

idx_from = compute_node_composite_ index(from node, policy)

idx_to = compute_node_composite_index(to_node, policy)

raw_factor = idx _to / idx_from

max_delta = policy.get("max_equivalence delta", 0.2) # +20%
min_factor = 1.0 - max_delta

max_factor = 1.0 + max_delta

factor = max(min_factor, min(max_factor, raw_factor))

return NodeEquivalenceRule (
from_node_id=from_node.node_id,
to_node_id=to_node.node_id,
factor=factor,
computed at=datetime.utcnow(),
rationale={
"idx_from": idx from,
"idx_to": idx_to,
"raw_factor": raw_factor,
"min_factor": min_factor,

"max_factor": max_factor,

. Migrating an Account Between Nodes

def migrate itc_account_to_node(

)

account: ITCAccount,
new_node_id: str,
policy: Dict,

-> None:

Adjust account balance when a member permanently relocates.

old_node_id = account.node_id
if old_node_id == new_node_id:

return
from profile = get_node_equivalence_profile(old_node_id)
to_profile = get node_equivalence profile(new node_id)

rule = compute_node_equivalence_rule(from profile, to_profile, policy)

account.balance *= rule.factor



19
20
21

account.node_id = new_node_id

# Ledger logging recommended (omitted here for brevity)

4. Cross-Node Labor (Remote or Federated Work)

S W N e

)

14
15
16
17
18
19
20
21
22
23
24
25

def record cross_node_labor(

account: ITCAccount,
host_node_id: str,
weighted_hours_local: float,
policy: Dict,

-> float:

Apply host-node meaning to labor, then map into home-node account.

home_node_id = account.node_id

host_profile = get_node_equivalence profile(host_node_id)

home_profile = get_node_equivalence profile(home_node_id)

rule = compute_node_equivalence_rule(
from_node=host_profile,
to_node=home_profile,

policy=policy,

credits_home = weighted_hours_local * rule.factor

account.balance += credits_home

return credits_home

Math Sketch — Node Equivalence & Cross-Node Credits

Let each node n have:

e F,:ecological constraint

e S,: material scarcity

e L,:labor pressure

e I,:infrastructure strength

Composite index:

K, = max (wgE, + wsS, + wrL, + wily, Kumin)

Raw equivalence:

raw __ Kb
—b —
a Ka

Bounded equivalence:

Gasp = min(1 + Ay, max(l — Apay, 6:°%))

Account Migration:

Cb = Ca : ¢a—>b

Cross-Node Labor:

Where:

Ch = Wm : ¢m~>h

e W, = weighted contribution in host node

e (), = credited contribution in home node

Because equivalence is bounded, public, and non-exchangeable, this mechanism preserves fairness without enabling arbitrage.

In Plain Language

Module 6 ensures that “one ITC" retains coherent meaning across diverse conditions—without ever becoming a currency, an exchange rate, or a speculative

layer.

(74)

(75)



Module 7 (ITC) — Fairness, Anti-Coercion & Ethical Safeguards

Purpose

Detect and prevent proto-market behavior, coercion, side-deals, and any attempt to transform ITCs into a lever of power, status, or control.
This module ensures that:

e no one can buy or sell labor using ITCs,
* no one can hoard influence via balance accumulation,

® no one can weaponize scarcity, specialization, or access control.

It is the norm-protection layer that keeps ITC a coordination signal, not a currency, wage, or bargaining instrument.

Role in the System
Module 7 sits above Modules 1-6 and alongside FRS, continuously monitoring system behavior rather than individual intent.
It scans for patterns such as:

e labor-for-ITC side arrangements (“I'll do this if you give me credits”),
e access queues favoring high-balance members,

e reciprocal sign-offs or collusion between small groups,

e artificial task cycling to evade decay,

* monopolization of high-weight, high-leverage roles.

Important:
This module does not punish, modify balances, or enforce sanctions.

It detects, flags, and escalates patterns to:

® FRS (system health & anomaly tracking),
e CDS (policy review, ethical deliberation, training interventions).

Enforcement, if any, is always human-governed and policy-bound.

Core Type — Ethics Flag

1 from dataclasses import dataclass
2 from typing import List, Literal

3 from datetime import datetime

class ITCEthicsFlag:

5
6 @dataclass
7
8

9 Diagnostic flag for potential ethical violations in ITC dynamics.
10 Detection only — enforcement is handled by CDS processes.
11
12 id: str
13 flag_type: Literal[

14 "proto_market_exchange",

15 "coercion_pattern",

16 "queue_bias",

17 "decay_evasion",

18 "role_monopoly",

19 "other_anomaly",

20 ]

21 account_ids: List[str]

22 related_task_ids: List[str]

23 related_transaction_ids: List[str]

24 description: str

25 severity: Literal["low", "medium", "high"]
26 created_at: datetime

27 status: Literal["open", "under review", "resolved"]
28 notes: str = ""

Assumed registries (conceptual):

1 ETHICS_FLAGS: Dict[str, ITCEthicsFlag] = {}



Core Detection Heuristics

1. Proto-Market Exchange Detection

Goal: detect patterns resembling payment for labor using ITCs.
Typical signal:

e Account A redeems or transfers ITCs shortly after B completes labor,
e Adid not participate in that labor,

* The pattern is bilateral, repeated, and time-coupled.

1 def detect_proto_market_exchange(

2 labor_events: List[LaborEvent],

3 transactions: List[ITCTransaction],

4 policy: Dict,

5 ) —> List[ITCEthicsFlag]:

6 wonn

7 Detect repeated, bilateral timing correlations between one account's
8 labor events and another account's ITC transfers/redeptions.

9 wan

10

11 events_by_account: Dict[str, List[LaborEvent]] = {}

12 for ev in labor_events:

13 events_by_account.setdefault(ev.account_id, []).append(ev)

14

15 flags: List[ITCEthicsFlag] = []

16

17 candidate pairs = policy.get('"candidate_ account_pairs", [])

18 time_window_hours = policy.get('"proto market_ time_window_hours", 6.0)
19 min_repeats = policy.get("proto_market min_repeats", 3)
20
21 for a_id, b_id in candidate_pairs:
22 pattern_count = 0
23 related_tasks = set()
24 related tx = set()
25,
26 for ev in events_by account.get(b_id, []):
27 for tx in transactions:
28 if tx.from account_id == a_id and tx.timestamp >= ev.end_time:
29 dt = (tx.timestamp - ev.end time).total_seconds() / 3600
30 if 0 <= dt <= time_window_hours:

il pattern_count += 1

32 related_tasks.add(ev.task_id)

33 related tx.add(tx.id)

34

35 if pattern_count >= min_repeats:

36 flags.append (

37 ITCEthicsFlag(

38 id=generate_id(),

39 flag_type="proto_market_exchange",
40 account_ids=[a_id, b_id],
41 related task ids=list(related_tasks),
42 related transaction_ids=list(related tx),
43 description=(
44 f"Repeated timing correlation suggests possible "
45 f"labor-for-ITC side arrangement between {a_id} and {b_id}."
46 ),
47 severity="medium",
48 created at=datetime.utcnow(),
49 status="open",

50 )

51 )

52

53 return flags

2. Queue Bias / Balance Privilege Detection

Goal: ensure access priority is not implicitly tied to ITC balance.



1 def detect_queue_bias(

2 access_logs: List[AccessDecisionLog],

3 accounts: Dict[str, ITCAccount],

4 policy: Dict,

5 ) -> List[ITCEthicsFlag]:

6 win

7 Detect systematic correlation between ITC balance and priority access.
8 e

9

10 flags: List[ITCEthicsFlag] = []

11 min decisions = policy.get("queue bias_min decisions", 30)
12 min_corr = policy.get("queue_bias_min_correlation", 0.5)

3

14 by_resource: Dict[str, List[AccessDecisionLog]] = {}

15 for log in access_logs:

16 by_resource.setdefault(log.resource_id, []).append(log)
17

18 for resource_id, logs in by resource.items():

19 if len(logs) < min_decisions:
20 continue
21
22 balances, ranks = [], []

3 for log in logs:
24 acc = accounts.get(log.account_id)
25 if acc:
26 balances.append(acc.balance)

27 ranks.append(log.priority_rank)

28

29 if len(balances) < min_decisions:

30 continue

31

32 corr = compute negative correlation(balances, ranks)
33

34 if corr >= min_corr:

35 flags.append (

36 ITCEthicsFlag(

37 id=generate_id(),

38 flag_type="queue_bias",

39 account_ids=list({log.account_id for log in logs}),
40 related_task_ids=[],

41 related transaction_ids=[],

42 description=(

43 f"Strong correlation detected between ITC balance "
44 f"and access priority for resource {resource_ id}."
45 )

46 severity="medium",

47 created_at=datetime.utcnow(),

48 status="open",

49 )

50 )

51

52 return flags

3. Role Monopoly & Decay-Evasion Detection

Goal: prevent control concentration or artificial work loops.

1 def detect_role_monopoly(

2 labor_events: List[LaborEvent],

3 policy: Dict,

4 ) -> List[ITCEthicsFlag]:

5 W

6 Detect over-concentration of critical tasks among a small set of accounts.
7 W

8

9 flags: List[ITCEthicsFlag] = []

10 critical_ tasks = policy.get('"critical_task_ids", [1])

11 min_events = policy.get("role monopoly min_events", 50)
12 max_share = policy.get("role monopoly max_share", 0.6)
13

14 for task_id in critical_tasks:



15 events = [e for e in labor_events if e.task_id == task_id]

16 if len(events) < min_events:

17 continue

18

19 count_by account: Dict[str, int] = {}

20 for e in events:

21 count_by account[e.account_id] = count_by account.get(e.account_id, 0) + 1
22

23 total = len(events)

24 top_account, top_count = max(count_by account.items(), key=lambda x: x[1])
25

26 if top_count / total >= max_share:

27 flags.append (

28 ITCEthicsFlag(

29 id=generate_id(),

30 flag_type="role monopoly",

31 account_ids=[top_account],

32 related task ids=[task_id],

33 related transaction_ids=[],

34 description=(

35 f"Account {top_account} performs a disproportionate share "
36 f" ({top_count/total:.0%}) of critical task {task_id}."

37 ),

3 severity="1low",

3 created_at=datetime.utcnow(),

40 status="open",

41 )

42 )

43

44 return flags

Decay-evasion detection follows the same structure: closed-loop task cycling without COS necessity.

Orchestrating Ethics Monitoring

1 def run_itc_ethics_monitoring cycle(

2 labor_events: List[LaborEvent],

3 transactions: List[ITCTransaction],

4 access_logs: List[AccessDecisionLog],
5 accounts: Dict[str, ITCAccount],

6 policy: Dict,

7 ) -> List[ITCEthicsFlag]:

8 W

9 Periodic ITC ethics monitoring.

10 e

11

12 flags: List[ITCEthicsFlag] = []

13

14 flags.extend(detect_proto_market_exchange(labor_events, transactions, policy))
15 flags.extend(detect_queue_bias(access_logs, accounts, policy))

16 flags.extend(detect_role_monopoly(labor_ events, policy))

# detect_decay_evasion(...), detect_coercion_patterns(...)

19 for £ in flags:

20 ETHICS_FLAGS[f.id] = f
21

22 return flags

Math Sketch — Ethical Pattern Indicators

1. Queue Bias Correlation

Let:

e B, =ITC balance

* R, = priority rank (lower is better)
Compute:

p = corr(B;, — R;)



over sufficient samples — flag queue bias.
2. Proto-Market Exchange Score
For account pair (a, b):
Ny sy + N,
Ma,b _ a—b b—a (79)
Npaseline + €
If:
Ma,b > Mthreshold (80)

— flag proto-market exchange.

In Plain Language

Module 7 ensures ITCs never become money by making misuse visible, diagnosable, and correctable.

No hidden markets. No coercive leverage. No silent power accumulation. Just transparent signals feeding democratic governance.

Module 8 (ITC) — Ledger, Transparency & Auditability

Purpose

Maintain a single, tamper-evident, queryable history of everything ITC touches:

labor events and their weighting

ITC crediting, decay, and redemption
cross-node equivalence band application
access decisions and access-values

ethics flags and policy changes that affect valuation

The goal is trust by inspection, not trust by faith: anyone can see why something is valued as it is, how someone’s balance evolved, and what rules were in force at the
time.

Role in the System

Module 8 is the nervous system log. It:

records all state-changing ITC operations as append-only entries,
computes integrity hashes so tampering is detectable,

provides public, filtered views for members and co-ops,

allows CDS/FRS to reconstruct sequences and run audits,

exposes enough structure that you can trace:
“This bike's access-value = X ITCs because of these OAD/COS/FRS parameters + these policies at time T.”

It is not a blockchain or speculative token ledger. It is a cybernetic audit log: fast, structured, verifiable, and tied directly to real-world tasks and access.

Core Types

We reuse your high-level LedgerEntry and add a tiny integrity layer.

=W N e

© u o u

10
11
12
13
14
15

from dataclasses import dataclass, field

from typing import Dict, Optional, Any, List, Literal
from datetime import datetime

import hashlib

import json

LedgerEntryType = Literal|
"labor_ event_recorded",
"labor_ weight_ applied",
"itc_credited",
"itc_decayed",
"access_value_quoted",
"access_redeemed",

"equivalence_band_applied",



16 "ethics_flag created",

17 "ethics_flag_resolved",
18 "policy updated",

19 | ]

20

21

22 @dataclass

23 class LedgerEntry:

24 e

25 Canonical, append-only record of an ITC-relevant event.

26 e

27 id: str

28 timestamp: datetime

29 entry type: LedgerEntryType

30 node_id: str

31

32 member_id: Optional[str] = None

33 related_ids: Dict[str, str] = field(default_factory=dict) # {"event id": "..."
34 details: Dict[str, Any] = field(default_factory=dict) # JSON-like payload
35

36 # Integrity fields

37 prev_hash: Optional[str] = None

38 entry_hash: Optional[str] = None

39

40

41 # Global store (conceptual)
42  LEDGER: List[LedgerEntry] = []
43 LEDGER_INDEX BY_ID: Dict[str, LedgerEntry] = {}

Integrity helper

1 def compute_entry hash(entry: LedgerEntry) -> str:

2

3 Compute a deterministic hash for a ledger entry (excluding entry hash itself).
4

5 serializable = {

6 "id": entry.id,

7 "timestamp": entry.timestamp.isoformat(),

8 "entry type": entry.entry type,

9 "node_id": entry.node_id,

10 "member id": entry.member_ id,

11 "related_ids": entry.related_ids,

12 "details": entry.details,

13 "prev_hash": entry.prev_hash,

14 }

15 data = json.dumps(serializable, sort_keys=True).encode("utf-8")
16 return hashlib.sha256(data).hexdigest()

Appending to the ledger

1 def append_ledger_ entry(entry: LedgerEntry) -> LedgerEntry:

P W
3 Append an entry to the global ledger, linking it to the prior hash.
4 W
5 prev_hash = LEDGER[-1].entry hash if LEDGER else None
6 entry.prev_hash = prev_hash
7 entry.entry hash = compute_entry hash(entry)

8

9 LEDGER. append (entry)

10 LEDGER_INDEX BY ID[entry.id] = entry
11 return entry

This creates a hash-chained log: change any old entry — all downstream hashes break.

Recording Key ITC Events

"item_id":

Any time a module mutates state (or creates a state-bearing artifact like a valuation), it writes a ledger entry.

1) Labor event recorded (Module 1)



1 def log_labor_event_recorded(event: LaborEvent) -> None:

2 entry = LedgerEntry(

3 id=generate_id(),

4 timestamp=event.end_time,

5 entry type="labor_ event_recorded",

6 node_id=event.node_id,

member_id=event.member_id,

8 related_ids={"event_id": event.id, "task id": event.task_id, "coop_id": event.coop_id},
9 details={

10 "hours": event.hours,

11 "skill_tier": event.skill tier,

12 "context": event.context,

13 "verified by": event.verified by,

14 "verification_timestamp": event.verification_ timestamp.isoformat(),
15 Do

16 )

17 append_ledger_ entry(entry)

2) Labor weight applied (Module 2)

1 def log labor_weight_applied(

2 event: LaborEvent,

3 weighted record: WeightedLaborRecord,
4 ) -> None:

5 entry = LedgerEntry(

6 id=generate_id(),

timestamp=weighted record.created_at,
8 entry_ type="labor weight_applied",

9 node_id=event.node_id,

10 member_ id=event.member_id,

11 related_ids={"event_id": event.id, "weighted record id": weighted record.id},
12 details={

13 "base_hours": weighted_record.base_hours,

14 "weight_multiplier": weighted record.weight multiplier,

15 "weighted hours": weighted record.weighted_hours,

16 "breakdown": weighted_record.breakdown,

17 T

18 )

19 append_ledger_ entry(entry)

3) ITC credited / decayed (Modules 2-3)

1 def log_ itc_credited(
2 account: ITCAccount,

3 amount: float,

4 reason: str,
5 related_ids: Optional[Dict[str, str]] = None,
6 ) —> None:

entry = LedgerEntry(

8 id=generate_id(),

9 timestamp=datetime.utcnow(),
10 entry type="itc_credited",

11 node_id=account.node_id,

12 member_id=account.member_id,
13 related_ids=related_ids or {},
14 details={

15 "amount": amount,

16 "new_balance": account.balance,
17 "reason": reason,

18 "account_id": account.id,
19 },
20 )

21 append_ledger_entry(entry)

24 def log_itc_decayed(

25 account: ITCAccount,
26 amount_lost: float,
27 decay_rule_id: str,

28 elapsed_days: float,

29 decay_factor: float,



w

) —> None:

entry = LedgerEntry(

w
N R o

id=generate_id(),

w

timestamp=datetime.utcnow(),

w
w

34 entry type="itc_decayed",

35 node_id=account.node_id,

36 member_ id=account.member_id,

37 related_ids={"decay_rule_id": decay_rule_ id},
38 details={

39 "amount_lost": amount_lost,

40 "remaining balance": account.balance,
41 "elapsed_days": elapsed_days,

42 "decay_factor": decay_factor,

43 "account_id": account.id,

44 Y

45 )

46 append_ledger_ entry(entry)

4) Access value quote & redemption (Module 5)

i def log_access_value_quoted(access_val: AccessValuation) -> None:
2 entry = LedgerEntry(

3 id=generate_id(),

4 timestamp=access_val.computed_at,

5 entry_type="access_value_quoted",

6 node_id=access_val.node_id,

member id=None, # a quote can be system-wide, not per-member

8 related _ids={"item id": access_val.item id, "design_version_id": access_val.design_version_id},
9 details={

10 "final_itc_cost": access_val.final_itc_cost,

11 "base_weighted_labor_hours": access_val.base_weighted_labor_hours,

12 "eco_burden_adjustment": access_val.eco_burden_adjustment,

13 "material_scarcity adjustment": access_val.material_scarcity adjustment,

14 "repairability credit": access_val.repairability_credit,

15 "longevity credit": access_val.longevity credit,

16 "policy_snapshot_id": access_val.policy snapshot_id,

"rationale": access_val.rationale,

18 "valid until": access_val.valid until.isoformat() if access_val.valid until else None,
19 Do

20 )

21 append_ledger_ entry(entry)

22

23

24 def log_access_redeemed(record: RedemptionRecord, account: ITCAccount) -> None:

25 entry = LedgerEntry(

26 id=generate_id(),

27 timestamp=record.redemption_time,

28 entry_ type="access_redeemed",

29 node_id=record.node_id,

30 member id=record.member id,

31 related ids={"item id": record.item id, "redemption_id": record.id},

32 details={

33 "itc_spent": record.itc_spent,

34 "new_balance": account.balance,

35 "redemption_type": record.redemption_type,

36 "expires_at": record.expires_at.isoformat() if record.expires_at else None,
37 "valuation_snapshot": {

38 "final itc_cost": record.access_valuation_ snapshot.final itc_cost,

39 "policy snapshot_id": record.access_valuation_snapshot.policy snapshot_id,
40 Bo

41 Do

42 )

43 append_ledger_entry(entry)

5) Equivalence band applied (Module 6)

1 def log_equivalence band applied(

2 member_id: str,

w

node_id: str,

4 band: EquivalenceBand,

5

context: Dict[str, Any],



6 ) —> None:
7 entry = LedgerEntry(
8

id=generate_id(),

9 timestamp=datetime.utcnow(),
10 entry type="equivalence_band_applied",
11 node_id=node_id,
12 member_ id=member_ id,
13 related_ids={"home_node_id": band.home_node_id, "local node_ id": band.local_node_id},
14 details={
15 "labor_context_ factor": band.labor_context_ factor,
16 "eco_context_factor": band.eco_context_factor,
17 "notes": band.notes,
18 "context": context, # e.g. {"event": "travel", "access_center_id": "..."}
19 s
20 )
21 append_ledger_ entry(entry)

Ethics + policy updates are logged similarly via "ethics_flag created", "ethics_flag_resolved", "policy updated" .

Query & Audit Helpers

1 def get member_history(member_id: str) -> List[LedgerEntry]:
2 return sorted(

3 [e for e in LEDGER if e.member_ id == member_id],
4 key=lambda e: e.timestamp,

5 )

6

7

8 def get_item valuation_history(item id: str) -> List[LedgerEntry]:
9 return sorted(

10 [

11 e for e in LEDGER

12 if e.entry type == "access_value_quoted"

13 and e.related_ids.get("item id") == item id
14 1,

15 key=lambda e: e.timestamp,

16 )

17

18

19 def verify ledger integrity() -> bool:
20 prev_hash = None
21 for entry in LEDGER:
22 if entry.prev_hash != prev_hash:
23 return False
24 if compute_entry hash(entry) != entry.entry hash:
25 return False
26 prev_hash = entry.entry_ hash
27 return True

Math Sketch — Hash-Chained Audit Log
We can think of the ledger as an ordered sequence:

L ={eyea,...,en}
Each entry e}, contains:

e apayload P (event metadata),
e the previous hash Hy_1,
e and its own hash Hj,.

Define:
Hy, = h(Py, Hi 1)
where h is a cryptographic hash (e.g. SHA-256), and H, is a fixed constant (or None encoded).

Tamper-evidence property: if any payload P; is modified, then A, # H; and all downstream hashes break.

Transparency & Calculation Traceability



For a particular good g at time ¢, suppose Module 5 computed an access-value:
Cg(t) =f (L!h Ega Sy7 Rga Mg7 RN H(t))
where:

e L, labor components

e E,: ecological coefficients

* S, scarcity factors

* R, repairability / lifecycle burden

e M, material intensity & embodied energy

e TI(t): policy parameters at time ¢
The ledger stores:

e labor_event_recorded + labor_weight_applied entﬁessupporﬁngl@
* policy updated entries reconstructing II(t)

® access_value quoted entries storing the component breakdown used by f
Thus anyone can reconstruct:

1. which data fed the valuation function,
2. which policy bounds were active,

3. what access-value was produced and why.
This directly answers:
“How did you arrive at 37 ITCs for this bicycle?”

...without a market, a price system, or a black-box bureaucracy.

Module 9 (ITC) — Integration & Coordination

Purpose

Synchronize ITC with the full Integral stack—CDS (policy), OAD (design intelligence), COS (real workloads), and FRS (feedback)—so that:

* weighting bands, scarcity coefficients, and access-valuation parameters
* cross-node equivalence interpretation bands
e and fairness / ethics guardrails

are continuously recalibrated in response to real-world conditions, but only within democratically approved bounds.

This is the cybernetic glue that keeps ITC adaptive without turning it into an autonomous “policy authority.”

Role in the System
Module 9 performs four functions:

1. Collects signals
o from OAD: updated valuation profiles (labor, lifecycle, eco, scarcity)
o from COS: demand/supply ratios, backlogs, bottlenecks, throughput constraints
o from FRS: ecological pressure, fairness anomalies, proto-market risk indicators
o from CDS: current policy snapshots and hard bounds
2. Generates bounded adjustment proposals
o small nudges to weight bands for scarce skill tiers
o small nudges to scarcity coefficients for stressed materials
o decay-rule selection (choose among CDS-approved becayRule IDs; no hidden decay rate)
o cross-node equivalence band refresh (interpretation at access time)
3. Routes proposals through CDS
o no “self-updates” behind the scenes
o (DS can approve, amend, or reject the proposed adjustments
4. Activates a new ITC policy snapshot and logs it
o updates the active policy used by Modules 1-8

o writes a policy updated entry to the ITC ledger (Module 8) for traceability

Core Types:

1 from dataclasses import dataclass, field

2 from typing import Dict, List, Optional, Literal, Any



3 from datetime import datetime

4

5 SkillTier = Literal["low", "medium", "high", "expert"]
6

7 @dataclass

8 class WeightingBand:

9 wan

10 CDS-bounded base multipliers per skill tier (can be node-specific).
11 e

12 skill tier: SkillTier

13 base multiplier: float

14

15 @dataclass
16 class ITCPolicySnapshot:

17 e

18 Runtime policy snapshot consumed by Modules 1-8.

19 This is *derived from* CDS decisions (not authored by ITC).

20 e

21 id: str

22 node_id: str

23 effective_from: datetime

24 cds_policy_snapshot_id: str # link back to CDS authority

25 active decay_rule_id: str # must be one of CDS-approved decay rules
26

27 # Bounded parameters used in weighting/valuation:

28 weight_bands: Dict[SkillTier, WeightingBand] = field(default_factory=dict)

29 scarcity coeffs: Dict[str, float] = field(default factory=dict) # material -> coefficient
30

31 # Cross-node interpretation bands used at access computation time:

32 equivalence_bands: Dict[str, Dict[str, float]] = field(default_factory=dict)

33 # e.g. { "home->local": {"labor_context_ factor":1.05, "eco_context factor":0.98} }
34

85 notes: str = ""

36 created from proposal id: Optional[str] = None

37

38

B @dataclass

40 class PolicyProposal:

41

42 Proposed adjustment to ITC policy parameters (must be CDS-reviewed).

43

44 id: str

45 created_at: datetime

46 node_id: str

47 changes: Dict[str, Any] # {"weight_bands":..., "scarcity coeffs":..., "active decay rule id":...}
48 rationale: str

49 generated _by: str # "automatic" or committee id

Signal Aggregation

1 def collect latest_signals(node_id: str) -> Dict[str, Any]:

P wonn
3 Gather current OAD, COS, FRS, and CDS signals relevant for ITC coordination.

4 In a real system, this would query services or caches.

5 wonn

6 oad_payloads = fetch_oad_summaries(node_id) # design valuation snapshots

7 cos_signal = fetch_cos_demand(node_id) # demand/supply + backlogs

8 frs_signal = fetch_frs_feedback(node_id) # eco stress + anomalies

9 cds_policy = fetch_cds_policy snapshot(node id) # bounds + allowed decay rules

10

11 return {"oad": oad_payloads, "cos": cos_signal, "frs": frs_signal, "cds": cds_policy}

Policy Adjustment Heuristics

Key principle: Module 9 proposes; CDS disposes.

1 from math import tanh

3 def choose_decay_rule_id(



4 current_decay_rule_ id: str,

5 allowed_decay_rule_ids: List[str],

6 frs_proto_market_risk: float,

7 frs_participation_index: float,

8 ) -> str:

9 W

10 Select among CDS-approved decay rules (no hidden decay rate).

11 Heuristic sketch:

12 - if proto-market risk is high -> prefer 'faster' decay rule (if available)
13 - if participation is low and risk is low -> prefer 'gentler' decay rule (if available)
14 - otherwise keep current

15 e

16 if not allowed_decay_ rule_ ids:

17 return current_decay_rule_id

18

19 # Convention: CDS can label decay rules in metadata; here we just assume helper selectors exist.
20 faster = pick_decay_rule by tag(allowed decay rule_ids, tag="faster") # may return None
21 gentler = pick_decay rule by_tag(allowed decay rule_ids, tag="gentler") # may return None
22

23 if frs_proto_market risk >= 0.7 and faster:

24 return faster

25 if frs_proto_market risk <= 0.3 and frs_participation_index <= 0.4 and gentler:
26 return gentler

27

28 return current_decay_rule_id

29

30

31 def propose_itc_policy_adjustments(

32 node_id: str,

33 current_snapshot: ITCPolicySnapshot,

34 signals: Dict[str, Any],

35 ) -> PolicyProposal:

36 e

37 OAD/COS/FRS/CDS -> suggested tweaks to ITC weighting, scarcity coefficients,
38 and decay-rule selection (all within CDS-approved bounds).

39 e

40 cos = signals["cos"]

41 frs = signals["frs"]

42 cds = signals["cds"]

43

44 changes: Dict[str, Any] = {}

45

46 # 1) Skill scarcity / overload -> nudge weight bands slightly (bounded later by CDS).
47 new_weight_bands = dict(current_snapshot.weight_bands)

48

49 for tier, demand hours in cos.labor_demand by skill.items():

50 supply_hours = cos.labor_ supply by skill.get(tier, 0.0)

51 if supply hours <= 0:

52 continue

53

54 ratio = demand_hours / max(supply hours, le-6) # demand / supply

55 band = new_weight_bands.get(tier, WeightingBand(skill_tier=tier, base multiplier=1.0))
56

57 if ratio > 1.2:

58 band.base multiplier *= 1.05 # +5%

59 elif ratio < 0.8:

60 band.base_multiplier *= 0.97 # -3%

61

62 new_weight_bands[tier] = band

63

64 changes[ "weight_bands"] = new_weight_bands

65

66 # 2) Material scarcity / eco stress -> nudge scarcity coefficients.

67 new_scarcity coeffs = dict(current_snapshot.scarcity coeffs)

68

69 for mat, stress in frs.scarcity by material.items():

70 coeff = new_scarcity coeffs.get(mat, 1.0)

71 if stress > 0.9:

72 coeff *= 1.10

73 elif stress > 0.7:

74 coeff *= 1.05

75 elif stress < 0.3:

76 coeff *= 0.97



95

96

98

99
100
101
102
103
104
105

new_scarcity coeffs[mat] = coeff

changes|[ "scarcity coeffs"] = new_scarcity_ coeffs

# 3) Decay behavior -> choose among CDS-approved DecayRule IDs.

allowed_decay_rule_ids = cds.decay_rule_ids # authoritative list

new_decay_rule_id = choose_decay rule_id(
current_decay_rule_id=current_snapshot.active decay rule_id,
allowed decay_rule_ids=allowed_decay rule_ids,
frs_proto_market_risk=frs.proto market_risk_ score,
frs_participation_index=frs.participation_index,

)

changes["active_decay_rule_id"] = new_decay rule_id

rationale = (

"Auto-generated ITC adjustment proposal based on:

"COS demand/supply ratios (skill pressure),

"FRS material scarcity and ecological stress,

"and CDS-approved decay-rule options under proto-market/participation

return PolicyProposal(
id=generate_id(),
created_at=datetime.utcnow(),
node_id=node_id,
changes=changes,
rationale=rationale,

generated_by="automatic",

CDS Review and Activation

10
11
12

3

14
15
16
17
18

20
21
22
23
24
25

26

28
29

w
o

w
-

w W
© ©

def

cds_review policy proposal(
proposal: PolicyProposal,
current_snapshot: ITCPolicySnapshot,
cds_policy_snapshot: Any,

) -> ITCPolicySnapshot:

CDS review step (sketch):

- clamp weight bands within CDS min/max multipliers

- clamp scarcity coeffs within CDS-approved bounds

- verify decay_rule_id is in cds_policy_snapshot.decay_rule_ids

- return a new ITCPolicySnapshot if approved, else return current

bounded_changes = apply_cds_bounds(cds_policy snapshot, proposal.changes)

return ITCPolicySnapshot(
id=generate_id(),
node_id=current_snapshot.node_id,
effective_from=datetime.utcnow(),
cds_policy_snapshot_id=cds_policy_ snapshot.id,
active_decay_rule_id=bounded_changes["active decay rule_ id"],
weight_bands=bounded changes["weight bands"],
scarcity_coeffs=bounded changes|["scarcity coeffs"],
equivalence_bands=current_snapshot.equivalence_bands,
notes=proposal.rationale,

created_from proposal_id=proposal.id,

activate_and_broadcast_itc_policy(
old_snapshot: ITCPolicySnapshot,
new_snapshot: ITCPolicySnapshot,

proposal: PolicyProposal,

) -> None:

Activate the new snapshot and inform Modules 1-8.
Also write a policy updated ledger entry for auditability.

register_itc_policy_snapshot(new_snapshot)

signals."



40 append_ledger_entry(

41 LedgerEntry (

42 id=generate_id(),

43 timestamp=new_snapshot.effective from,

44 entry_type="policy updated",

45 node_id=new_snapshot.node_id,

46 member_ id=None,

47 related_ids={"proposal id": proposal.id, "cds_policy_ snapshot_id": new_snapshot.cds_policy_snapshot_id},
48 details={

49 "old_itc_policy_snapshot_id": old_snapshot.id,
50 "new_itc_policy snapshot_id": new_snapshot.id,
51 "change_summary": summarize policy changes(old_snapshot, new_snapshot),
52 "rationale": proposal.rationale,

53 Bo

54 )

55 )

56

57 notify labor capture_service(new_snapshot)

58 notify weighting engine(new_snapshot)

59 notify decay scheduler (new_snapshot)

60 notify access_allocation_service(new_snapshot)

61 notify cross_node_reciprocity(new_snapshot)

62 notify ethics_monitor(new_snapshot)

Periodic Coordination Tick

1 def coordination_tick for_node(node_id: str) -> Optional[ITCPolicySnapshot]:
P W

3 ITC Module 9 periodic loop (daily/weekly):

4 1) collect signals

5 2) propose bounded adjustments

6 3) route to CDS review

4) activate snapshot + log + broadcast

8 wan

9 current_snapshot = get_current_itc_policy_ snapshot(node_id)
10 signals = collect_latest_signals(node_id)
11
12 proposal = propose_itc_policy adjustments(
13 node_id=node_id,
14 current_snapshot=current_snapshot,
15 signals=signals,
16 )
17
18 if not has_meaningful_ changes(current_snapshot, proposal.changes):
19 return None
20
21 cds_policy_snapshot = signals['cds"] # authoritative bounds
22 new_snapshot = cds_review_policy proposal(
23 proposal=proposal,
24 current_snapshot=current_snapshot,
25 cds_policy_snapshot=cds_policy_snapshot,
26 )
27
28 if new_snapshot.id != current_snapshot.id:
29 activate_and broadcast_itc_policy(
3 old_snapshot=current_snapshot,
31 new_snapshot=new_snapshot,
32 proposal=proposal,
33 )
34 return new_snapshot
35
36 return None

Math Sketch — Policy as a Bounded Function of Signals
Let:

e m(t) = ITC policy parameter vector at time t (weight bands, scarcity coeffs, selected decay rule, etc.)
e S(t) = signal vector at time ¢ (COS demand/supply ratios, FRS stress/anomaly indicators, OAD updates)



e B=CDS-imposed bounds and admissible sets (min/max multipliers, allowed decay-rule IDs, fairness caps)
A proposed update is:
(t) = w(t) + Am(S(¢)) (84)
Then CDS applies a bounded projection:
(t") = projp(7(t)) (85)

Where proj g clamps continuous parameters (e.g., multipliers) and enforces discrete admissibility (e.g., selected pecayrRule must be in the CDS-approved set).

Plain-language summary

Module 9 keeps ITC responsive to real conditions (scarcity, bottlenecks, ecological stress, fairness anomalies) while remaining legitimate and non-coercive: it
proposes small parameter shifts, routes them through CDS, and then activates a new auditable policy snapshot for Modules 1-8 to follow—without turning ITC into a
market, a currency, or an autonomous governor.

Putting It Together: ITC Orchestration

The ITC orchestration layer binds Modules 1-9 into a single metabolic loop that spans contribution, valuation, access, decay, reciprocity, ethics, transparency, and
democratic coordination.

What follows is a compact but complete driver illustrating how ITC operates end-to-end—from real labor to access, and from access outcomes back into policy
adaptation.

1 def run_itc_pipeline_for_ node(

2 node_id: str,

3 labor_event_payloads: List[Dict],

4 access_request_payloads: List[Dict],

5 now: datetime,

6 )8

7 wn

8 End-to-end ITC metabolism for a node.

9

10 Modules:

11 1) Labor Event Capture & Verification

12 2) Skill & Context Weighting

13 3) Time-Decay

14 4) Labor Forecasting & Need Anticipation

15 5) Access Allocation & Redemption

16 6) Cross-Node Interpretation (Equivalence Bands)
17 7) Fairness & Anti-Coercion Monitoring

18 8) Ledger Transparency & Auditability

19 9) Integration & Democratic Coordination
20 e
21
22 # Load current CDS-approved ITC policy snapshot
23 policy_snapshot = get current_itc_policy_snapshot(node_id)
24
25 #
26 # Module 1 — Labor Capture
27 #
28 verified events = []
29 for payload in labor_event_payloads:
30 try:
31 event = capture_ labor_ event(**payload)
32 verified_events.append(event)
I3 except ValueError:
34 continue
35
36 #
Sy # Module 2 — Weighting
38 #
39 weighted_records = []
40 for event in verified events:
41 policy = get weighting policy(event.node_id, event.coop_id)
42 record = weight_labor_ event(event, policy)
43 weighted_records.append(record)
44
45 account = get_or create_itc_account(event.member id, node_id)

46 account.balance += record.weighted_hours
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append_ledger_entry(
LedgerEntry (

id=generate_id(),

timestamp=record.created_at,

entry_type="itc_credited",

node_id=node_id,

member_id=event.member_id,

details={
"weighted hours": record.weighted hours,
"new_balance": account.balance,

i

#
# Module 3 — Decay
#

decay_rule = get_decay rule(policy_snapshot.active decay rule_id)

for account in get_all itc_accounts(node_id):

apply_decay_to_account(account, now)

#
# Module 4 — Labor Forecasting
#

forecast, suggested weights = generate_ labor_ forecast(

node_ctx=get_node_context(node_id),

horizon_days=30,

#
# Module 5 — Access Allocation
#

access_results = []

for req in access_request_payloads:

account = get_or_ create_itc_account(req["member id"], node_id)

access_value = compute_itc_access_value(

good_id=req[ "good_id"],

version_id=req|[ "version_id"],

node_id=node_id,

itc_policy snapshot=policy_ snapshot,

equivalence band=get_equivalence_band(
home_node_id=req.get("home node id", node_id),
local_node_id=node_id,

)

result = process_access_request(account, req, access_value)

access_results.append(result)

#
# Module 7 — Ethics Monitoring
#

ethics_flags = run_itc_ethics_monitoring_cycle(

labor_events=get_recent_labor_ events(node_id),
access_logs=get_recent_access_decisions(node_id),
accounts=get_account_map(node_id),

policy=get_ethics_policy(node_id),

#
# Module 8 — Ledger Integrity
#
integrity_ok = verify ledger_integrity()

#
# Module 9 — Integration & Coordination
#

signals = collect_latest_signals(node_id)

proposal = propose_itc_policy_ adjustments(
node_id=node_id,
current_snapshot=policy_snapshot,

signals=signals,



120 )

121

122 new_snapshot = None

123 if has_meaningful_changes(policy_snapshot, proposal.changes):
124 new_snapshot = cds_review_and_activate_policy(
125 node_id=node_id,

126 proposal=proposal,

127 current_snapshot=policy_snapshot,

128 )

129

130 return {

131 "weighted_contributions": weighted_records,
132 "labor_forecast": forecast,

L3 "access_results": access_results,

134 "ethics_flags": ethics_flags,

135 "ledger_integrity ok": integrity ok,

136 "policy update": new_snapshot,

137 }

Narrative Interpretation
This orchestration mirrors the real metabolic flow of the Integral economy:
1. Real work — trusted contribution

Only verified, socially necessary, operational labor enters the system. There are no symbolic credits, no unverifiable claims, and no compensation for governance or
opinion.

2. Contribution — proportional recognition

Labor is weighted by skill, difficulty, ecological sensitivity, urgency, and scarcity—not by bargaining power or market demand.
3. Recognition — circulation

Time-decay dissolves historical accumulation, ensuring access reflects ongoing participation, not stored power.

4. Forecasting — prevention

The system anticipates shortages before they occur, gently adjusting recognition and training signals rather than reacting through crisis pricing.
5. Design intelligence + production reality — access-values

Access obligations emerge from measurable labor, lifecycle burden, ecological impact, and scarcity—not willingness to pay.

6. Federation — coherence

Equivalence bands preserve fairness across heterogeneous nodes without currency exchange or arbitrage.

7. Ethics — integrity

Proto-market behavior, coercion, queue bias, and role monopolies are surfaced early and addressed democratically.

8. Transparency — trust

Every balance, valuation, and policy change is traceable through a tamper-evident ledger.

9. Cybernetic closure — adaptation

ITC remains aligned with reality because its parameters are continuously recalibrated—but only within democratically approved bounds.

Final Summary: What ITC Actually Is

ITC is not money.

It is not a wage.

It is not a market substitute.
And it is not central planning.

ITCis a coordination and integrity mechanism.
It translates real human effort and ecological responsibility into proportional access, without exchange, accumulation, speculation, or command.

Where markets use prices to react to scarcity, ITC uses cybernetic feedback to prevent it.
Where wages reward bargaining position, ITC reflects material contribution.
Where planning assigns outputs administratively, ITC computes access dynamically from real conditions.

This is how Integral performs economic calculation without prices—by replacing abstract monetary signals with explicit, transparent, physically grounded
information flows.

With ITC complete, the Integral system now has:



e agovernance intelligence (CDS),

e adesign intelligence (OAD),

e aproduction intelligence (COS),

¢ afeedback intelligence (FRS),

* and a metabolic accounting layer (ITC)

—all operating as a coherent cybernetic whole.

From here, the system no longer needs markets to know what to do.

7.4 COS Modules

The Cybernetic Fabric of Cooperative Production

The Cooperative Organization System (COS) is the operational musculature of Integral. Where CDS sets direction, OAD determines what should exist, and ITC
computes the contribution-access relationship, COS is the system that actually builds, repairs, distributes, and operates the physical world.

COS converts certified OAD designs into real production cycles, aligning voluntary labor, materials, tools, and ecological constraints into a coherent, continuously
adaptive workflow. It replaces the firm, the manager, the wage relation, linear supply chains, and market allocation with:

* democratic work breakdown

¢ self-selected labor participation

e transparent material flows

e cybernetic scheduling and bottleneck resolution
o federated cooperative coordination

* real-time integration with ecological and social feedback (via FRS)

In the analog village, COS resembles rotating teams who plant, harvest, maintain tools, build structures, and repair equipment — not under command, but through
shared awareness of what is needed, when, and by whom.
COS is the digitally augmented, recursively coordinated expansion of that pattern.

COS is where economic calculation becomes physical reality.

OAD provides the design intelligence: labor-step decompositions, skill requirements, lifecycle burdens, ecological impact indices, and material requirements.
COS transforms these abstract parameters into operational facts, including:

e executable labor workflows

e real skill distributions and availability

e material allocation and flow states

* throughput schedules and bottlenecks

* ecological and seasonal constraints

® maintenance cycles

o failure, repair, and reliability feedback loops

This operational intelligence feeds directly into ITC valuation, which uses COS outputs to compute fair, non-market access obligations for goods and services. COS
therefore plays a central role in addressing the economic calculation problem: it makes the physical state of production transparent and computable, replacing
opaque price signals with direct cybernetic information about capacity, scarcity, and effort.

COS is the federation’s production nervous system, ensuring that every cooperative — from fabrication to agriculture to logistics — operates not as an isolated firm or
silo, but as a node in a living metabolic network.

Below are the nine modules that together form the full COS micro-architecture.

COS Module Overview Table



COS Module

1. Production Planning
& Work Breakdown

2. Labor Organization
& Skill-Matching

3. Resource
Procurement &
Materials
Management

4. Cooperative
Workflow Execution

5. Capacity,
Throughput &
Constraint Balancing

6. Distribution &
Access Flow
Coordination

7. Quality Assurance &
Safety Verification

8. Cooperative
Coordination & Inter-
Coop Integration

9. Transparency,
Ledger & Audit

Primary Function

Transform certified OAD designs into executable production workflows: labor steps,
skill-tier requirements, materials, tooling needs, ecological impact indices, and
throughput timelines.

Match tasks to voluntary participants based on skill, availability, training paths, and ITC
weighting signals; maintain awareness of scarcity and overextension.

Manage internal materials cycles, coordinate external procurement only when
necessary, and monitor real-time material scarcity and Ell constraints that influence
ITC valuation.

Orchestrate real-time production activity: task sequencing, handoff management,
coordination across teams, and visibility into work-in-progress.

Detect bottlenecks (skills, tools, time, materials), rebalance workflows, optimize
throughput, and communicate constraints upward to ITC for valuation and weighting.

Route finished goods into Access Centers, tool libraries, shared-use pools, and delivery
nodes; maintain availability signals that ITC uses to compute access obligations.

Validate reliability, safety, maintainability, and ecological performance of produced
goods; feed empirical results back to OAD and FRS for redesign and valuation updates.

Synchronize multiple cooperatives within and across nodes, ensuring shared capacity,
distributed specialization, and federated production cycles remain coherent.

Log labor, materials, throughput, failures, and distribution events for full cybernetic
traceability; supply clean operational data to ITC and FRS.

Technical Analogs / Conceptual Basis

MES systems, CAM planning, lean WBS
tools, open hardware build systems

Workforce optimization; skill-tagging
engines; collaborative task-selection
tools

ERP systems, warehouse management,
circular-economy materials accounting

Kanban, digital shop-floor
orchestration, collaborative workflow
systems

Theory of Constraints tools; plant
simulation; system-dynamics
throughput management

Fulfillment systems, tool-library logic,
non-market resource-allocation engines

QA/QC frameworks, open hardware
testing, lifecycle reliability analysis

Mondragén-style inter-coop networks;
federated supply orchestration

Open ERP audit trails, transparent
production ledgers

Module 1: Production Planning & Work Breakdown

Purpose

Transform certified OAD designs into executable, resource-aware production workflows, including labor steps, skill tiers, material requirements, ecological impact
indices (Ell), and throughput timelines.

Description

COS begins by translating OAD’s certified design package into a full Work Breakdown Structure (WBS). Every component of the bicycle—frame, fork, wheels, crankset,
bearings, brake assemblies—is decomposed into:

e discrete labor steps

o explicit skill classifications

* tool and workspace requirements

e ecological impact indices (Ell) tied to materials and processes

OAD defines the design space; COS determines the operational realization using real-time contextual signals: labor availability, materials on hand, maintenance windows,
throughput limits, and ecological constraints.

This module also estimates cycle times and flags potential bottlenecks that may require ITC weighting adjustments, training expansion, or design revision.

Example (Bicycle)
The OAD-certified “Bicycle v3.2" design is decomposed into:
e 47 definable labor steps
e 6 skill tiers (frame welding, wheel truing, bearing seating, etc.)
e 4 material streams (aluminum tubing, recycled polymer, rubber, steel fasteners)

¢ full ecological indices (Ell for welding gases, rubber inputs, machining energy)

COS outputs a structured, immediately executable production plan.



Module 2: Labor Organization & Skill-Matching

Purpose

Match production tasks to voluntary participants based on skill, availability, training trajectories, and ITC weighting signals—ensuring smooth, fair, and self-directed
labor allocation.

Description
Instead of managerial command, COS uses transparent labor orchestration:

e participants see all available bicycle tasks

e tasks display required skills, expected duration, ecological sensitivity, and weighting bands
e individuals select tasks voluntarily

® (COS surfaces emerging shortages via signals, not orders

COS integrates directly with ITC: when a skill becomes scarce, weighting increases slightly, drawing participation without coercion.

Example (Bicycle)

A shortage emerges in rear-wheel truing.

COS signals ITC that scarcity exists.

Weighting increases modestly.

Three trainees volunteer.

The bottleneck dissolves—no manager, no command.

Module 3: Resource Procurement & Materials Management

Purpose

Manage internal material cycles, coordinate external procurement only when unavoidable, and track material flows with ecological impact indices for valuation, scarcity
analysis, and FRS feedback.

Description
COS maintains a real-time material ledger covering:

® tubing inventory

* bearing stock

® tire rubber feedstock

¢ welding gases

e recycled material availability

Material availability and scarcity signals propagate to ITC and FRS. Design changes from OAD automatically update procurement and usage patterns.

Example (Bicycle)

Rubber feedstock tightens due to climate disruption.
COS emits scarcity signals —

ITC adjusts access-values —

OAD explores alternative tire compounds —

FRS monitors ecological stress.

Module 4: Cooperative Workflow Execution

Purpose

Orchestrate real-time production activity—task sequencing, handoffs, workspace coordination, and visibility into work-in-progress.
Description

This is COS's shop-floor coordination layer:

e tasks activate dynamically
e progress is visible to all
e delays surface immediately

* teams self-reconfigure to maintain flow
Because COS is non-hierarchical, rebalancing emerges from shared situational awareness, not instruction.

Example (Bicycle)

Wheel assembly slows.

COS displays the constraint.

Two welders finish their step and shift to wheel assembly.
Flow resumes—no foreman required.



Module 5: Capacity, Throughput & Constraint Balancing

Purpose

Detect bottlenecks across labor, tools, materials, and time; rebalance workflows; stabilize throughput; and communicate constraints to ITC, OAD, and FRS.
Description

When constraints appear, COS:

¢ identifies the limiting factor

e adjusts sequencing

¢ surfaces volunteer opportunities
e flags inefficiencies to OAD

e signals ITC for weighting review

e notifies FRS of ecological impacts
This is classic cybernetics: absorbing variety to maintain viability.

Example (Bicycle)

A bearing press goes offline.

COS reroutes tasks, signals ITC, and notifies OAD.
Throughput stabilizes without halting production.

Module 6: Distribution & Access Flow Coordination

Purpose

Route finished goods into Access Centers, shared-use pools, repair loops, and delivery channels while generating availability signals for ITC valuation.
Description

COS determines:

* how many bicycles enter shared fleets
e how many are allocated for personal acquisition

e how many cycle through repair cooperatives
Availability and scarcity signals flow directly into ITC access-value computation.

Example (Bicycle)

Seasonal demand rises.

Availability tightens.

ITC access-values rise slightly.
Shared-use is prioritized.

Values normalize as demand subsides.

Module 7: Quality Assurance & Safety Verification

Purpose

Validate safety, durability, maintainability, and ecological performance; detect failures; and feed results back into OAD, ITC, COS, and FRS.
Description

QA closes the empirical loop:

e failures trigger redesign
¢ inefficiencies adjust workflows
e valuation recalibrates

* ecological deviations are tracked

Example (Bicycle)

Handlebars fail earlier than expected.
OAD updates geometry.

ITC temporarily raises access-values.
FRS tracks aluminum use changes.



Module 8: Cooperative Coordination & Inter-Coop Integration

Purpose

Synchronize multiple cooperatives across nodes, maintaining federated production coherence without hierarchy or markets.
Description

COS enables distributed specialization:

e one coop builds frames
e another builds wheels

* another assembles brakes
Capacity is shared dynamically across nodes.

Example (Bicycle)

Wheel coop in Node A has surplus capacity.
Frame coop in Node B is overloaded.

COS redistributes tasks.

ITC harmonizes equivalence bands.

Module 9: Transparency, Ledger & Audit

Purpose

Maintain a tamper-evident operational history of labor, materials, throughput, failures, and distribution—supporting ITC valuation, FRS monitoring, and democratic
oversight.

Description
COS records:

e labor events

* material flows

® energy use

e bottlenecks

¢ QA outcomes

e distribution decisions

This data feeds directly into valuation, redesign, and ecological governance.

Example (Bicycle)

Scrap aluminum rates spike.

COS flags waste.

OAD redesigns joints.

ITC lowers future access-values.

FRS confirms ecological improvement.
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Above Diagram: COS Module Interaction

This diagram depicts the internal cybernetic architecture of the Cooperative Organization System (COS) and its position within the broader Integral stack. COS operates
as the production and operational layer of the federation, transforming certified designs and democratic priorities into real, coordinated physical activity—without
firms, wages, markets, or managerial command.

Upstream inputs enter COS from:

e (DS, which defines democratic needs, policy bounds, and priorities;

e OAD, which supplies certified design intelligence, labor-step breakdowns, lifecycle profiles, and ecological coefficients;
® FRS, which contributes real-world ecological, safety, and performance signals;

® Prior COS cycles, which provide historical throughput and bottleneck data.

Within the COS boundary, production proceeds through a vertical execution pipeline:

-

production planning and work breakdown,

. voluntary labor organization and skill matching,
materials and resource management,

real-time cooperative workflow execution,
capacity, throughput, and constraint balancing,

ov AW

distribution and access routing,



7. quality assurance and safety verification,
8. inter-cooperative and inter-node coordination,
9. and full transparency through operational ledgers and audit trails.

Solid arrows represent the primary execution flow of cooperative production. Dotted arrows represent feedback loops—cybernetic signals that continuously adjust
planning, labor allocation, design assumptions, valuation inputs, and ecological constraints in response to real conditions.

Downstream outputs from COS include:

e physical routing of finished goods into Access Centers, shared-use pools, and distribution nodes;
e production facts and constraints sent to ITC, where access-values are computed without prices;
e and transparent operational evidence returned to CDS and FRS for democratic oversight and ecological monitoring.

In essence, COS is the musculature of the Integral economy: a self-organizing, feedback-driven production system that replaces markets and managerial hierarchies
with direct, computable coordination of labor, materials, and ecological limits.

Narrative Snapshot: COS (+ ITC) in Action

To see COS as a living production organism rather than an abstraction, consider the following scenario.

A node has decided—through CDS deliberation—to produce high-quality acoustic guitars locally.
OAD has already completed its role: the guitar design is certified, with:

e full labor-step decomposition,

* ecological impact indices for each wood species and finish,

* maintainability and repairability profiles,

e lifecycle expectations.
ITC therefore has the valuation framework, but not yet the concrete access-value for this guitar in this node, at this time.
That concrete access-value emerges only when COS begins real production.

The moment physical, operational work begins—cutting blanks, bending sides, gluing braces—the ITC system becomes metabolically active. As defined earlier,
governance debates and creative ideation sit outside this layer; what matters here is materially necessary labor acting on the physical world.

Module 1 — Production Planning & Work Breakdown
COS takes the certified OAD guitar design and translates it into a node-specific production plan.
The guitar is decomposed into executable stages:

e body set preparation (top, back, sides)
e neck carving and truss rod installation
e bracing layout and gluing

¢ side bending and body assembly

¢ fretboard preparation and fretting

* bridge shaping and installation

e finishing (low-toxicity varnish or oil)

e setup and intonation

Each stage is broken down into labor steps with:

e skill tier (low, medium, high, expert),

e estimated hours,

e tooling and jigs required,

e material draws (spruce, maple, glue, fret wire, tuners),

® ecological impact indices from OAD (tonewood scarcity, finish toxicity),
* risk notes (glue cure times, humidity sensitivity, safety issues).

At this point, COS emits initial valuation signals to ITC:

e projected labor hours by skill tier per guitar,
* projected material footprint per unit,

e expected throughput and cure-time constraints.
ITC does not yet compute a final access-value, but now has a grounded baseline:

“A standard acoustic guitar in this node will likely require ~X weighted labor hours plus Y ecological burden under normal conditions.”

Module 2 — Labor Organization & Skill-Matching

The production plan is made visible to participants.



e Experienced luthiers volunteer for neck carving, bracing, and final setup.
¢ Intermediate woodworkers select body assembly and rough shaping.

e Apprentices take sanding, clamp preparation, and jig maintenance tasks.
COS matches and recommends tasks using:

e current skill levels,
e training goals,
e availability windows,

* ITC weighting signals (scarcity is highlighted for coordination, not coercion).
As work begins, COS continuously feeds ITC with real labor availability data:

e Are expert luthier hours scarce or abundant?
e |s medium-skill capacity sufficient to maintain flow?

® s low-skill labor underutilized and ready for training?

ITC's Skill & Context Weighting Engine responds within CDS bounds:
e scarcity — slight weighting uplift,
e abundance — normalization,

e long-term skill growth — gradual relaxation.

Module 3 — Resource Procurement & Materials Management
COS now evaluates material conditions.
e Spruce tops: locally harvested, sustainably managed — low ecological impact index.
¢ Maple backs and sides: supplied by a regional forestry cooperative — moderate impact.

¢ Exotic rosewood: intentionally restricted; reclaimed stock only.
* Finishes: low-VOC oils and water-based varnishes selected over toxic alternatives.

COs:

e reserves materials for the current batch,

e tracks inventory and flow rates,

* logs ecological impact per material unit,

* flags constrained inputs (e.g. high-grade spruce billets).

These signals propagate:

e to ITC (material scarcity — access-value modulation),
* to OAD (redesign or substitution opportunities),

* to FRS (ecological stress monitoring).

General Note: If internal procurement is not feasible, COS may initiate temporary external cooperative sourcing, logged transparently and treated as a transitional
condition—not a hidden supply chain.

Module 4 — Cooperative Workflow Execution
Production begins.

e One team thicknesses and joins spruce tops.
e Another bends sides using temperature-controlled forms.

¢ Athird glues braces and clamps plates per OAD specifications.
COS tracks:

e task state (in-progress, blocked, completed),
e actual vs. estimated labor hours,
e cure-time and humidity-induced delays,

* spontaneous task reallocation as participants finish early or assist elsewhere.
Labor events flow through ITC Modules 1 and 2:

¢ sanding — baseline weighting,
e precision fretwork — higher weighting,

e critical bracing during climatic stress — modest contextual uplift.
COS reports back:
“This guitar batch used ~10% fewer expert hours than expected, but ~20% more medium-skill hours.”

ITC now has empirical labor reality, not assumptions.



Module 5 — Capacity, Throughput & Constraint Balancing
Constraints emerge:

* side-bending station becomes a bottleneck (single rig, long thermal cycles),
* neck carving pauses while blanks finish curing.

COS responds:

e staggers schedules,
* shifts labor to non-bottleneck tasks,
® proposes construction of a second bending jig,
e signals ITC that side-bending is temporarily constrained.
ITC's Labor Forecasting Module absorbs this:
* weighting for side-bending edges upward temporarily,
* training is prioritized,
e future valuations distinguish structural vs. transient bottlenecks.

The system adapts before failure propagates.

Module 6 — Distribution & Access Flow Coordination
Finished guitars clear QA and enter distribution logic.
COS allocates:

e some to the musical instrument Access Center,
e some to an educational pool,
¢ some to shared-use programs where ownership is unnecessary.

COS hands ITC a complete production record per guitar:

e actual labor by skill tier,
e actual material use and ecological indices,
e throughput constraints,

* special conditions (reclaimed wood, experimental finishes).
ITC computes the access-value:

e real labor (not estimates),
e real material scarcity,
* real ecological stress,

* real maintainability and lifespan.

Result:

“A standard locally produced acoustic guitar = X ITCs to permanently acquire.

Personal acquisition — ITCs extinguished. Shared use — no extinguishment.

Module 7 — Quality Assurance & Safety Verification
COS runs full QA:

* neck relief and action,
e fret finish,

e intonation,

e structural integrity,

¢ finish safety.
If defects appear (e.g. humidity-related neck warping):

e COS logs the failure,
e OAD receives redesign input,
e FRSrecords increased lifecycle burden.

ITC responds proportionally:

¢ early batches may carry a slight maintenance adjustment,
e future versions drop in access-value once corrected.

Improvement lowers cost. Not competition.



Module 8 — Cooperative Coordination & Inter-Coop Integration
The guitar workshop is not isolated.
COS coordinates with:

e materials processing,
* shared tooling centers,
e finishing and chemistry workspaces,

e training and apprenticeship groups.
If capacity gaps appear, COS logs them for CDS and FRS:

¢ insufficient local varnish production,
* limited wood processing capacity,
e training throughput below expected demand.

Over time, as internal capability grows:

* reliance on external sourcing declines,
e workflows stabilize,

® access-values fall.

System learning replaces supply chains.

Module 9 — Transparency, Ledger & Audit
Throughout the cycle, COS streams data into the operational ledger:

e material provenance and ecological constraints,
e labor hours by skill tier,
e defect rates and redesign triggers,

e distribution outcomes.
When another node wants to replicate guitar production, it doesn't just copy CAD files. It can inspect:

e which designs performed best ecologically,

* how expert labor requirements fell over time,

* where bottlenecks occurred and how they were resolved,
e how ITC access-values evolved as efficiency improved.

Closing Loop
COS, OAD, ITC, and FRS form a recursive learning system:

* designs improve,
e production smooths,
e ecological strain is avoided,

e access-values trend downward.
Guitars become easier to access not because of cost-cutting, but because the system itself becomes more intelligent.

That is COS in action: production without markets, coordination without command, and value without price.

Formal COS Specification: Pseudocode + Math Sketches

High-Level Types: These are shared data structures used across COS modules (Python-style pseudocode; illustrative).

1 from dataclasses import dataclass, field

2 from typing import List, Dict, Optional, Literal, Any

3 from datetime import datetime

4

5 #

6 # NOTE ON TYPE CONSISTENCY

7 #

8 # COS depends on canonical types defined in the OAD and ITC sections.
9 # Do NOT redefine those types here (to avoid schema drift).
10 | #

11 # COS expects to consume:

12 # - DesignSpec, DesignVersion, OADValuationProfile (from OAD)
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# - AccessValuation / RedemptionRecord (from ITC) when needed

#

# In this COS section we only define COS-specific objects.

#

# Canonical shared enums (match ITC)

SkillTier = Literal["low", "medium", "high", "expert"]

AccessMode = Literal["permanent_acquisition", "shared use lock", "service use"]

TaskStatus = Literal["pending", "in_progress", "blocked", "done", "cancelled"]

MaterialFlowSource = Literal["internal recycle", "external procurement",

#

# 1) Tasks & workflow representation

#

@dataclass

class COSTaskDefinition:

"production_use",

A task template derived from OAD's labor-step decomposition, normalized for execution.

Usually produced by COS Module 1 (planning) from an OAD-certified DesignVersion.

id: str
version_id: str # OAD DesignVersion.id
name: str # e.g. "frame welding", "wheel_ truing"

description: str

skill tier: SkillTier

estimated hours_per unit: float # expected labor per unit for this step

required tools: List[str] = field(default factory=list)

required workspaces: List[str] = field(default factory=list)

# Per-unit bill-of-materials *for this step* (not entire product BOM)

required _materials_kg: Dict[str, float] = field(default_ factory=dict)

# Optional process-level ecological impact indicator (step-level; OAD may provide)

process_eii: float = 0.0

predecessors: List[str] = field(default_factory=list) # task definition_ids

@dataclass

class COSTaskInstance:

A concrete scheduled/executed instance of a task within a batch (or per unit).

Produced and updated by COS Modules 2-5 (matching, execution, constraint balancing).

id: str
definition_id: str
batch_id: str

node_id: str

assigned coop_id: str

status: TaskStatus = "pending

scheduled_start: Optional[datetime] = None
scheduled_end: Optional[datetime] = None
actual_start: Optional[datetime] = None

actual_end: Optional[datetime] = None

# Realized execution metrics (used by ITC + FRS + COS learning)
actual_hours: float = 0.0

participants: List[str] = field(default_factory=list) # member ids
block_reasons: List[str] = field(default_ factory=list)

notes: str =

@dataclass

class COSProductionPlan:

won

"loss_scrap"]

The Work Breakdown Structure (WBS) for producing a batch of a given DesignVersion in a node.

Produced by COS Module 1.
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#

plan_id: str

node_id: str

version_id: str # OAD DesignVersion.id
batch_id: str

batch_size: int

created at: datetime

tasks: Dict[str, COSTaskDefinition] = field(default_ factory=dict) # def_id -> definition

task_instances: Dict[str, COSTaskInstance] = field(default_factory=dict) # inst id -> instance

# Aggregate expectations (used as “shadow plan” for ITC prior to execution reality)
expected_labor_hours_by skill: Dict[SkillTier, float] = field(default_factory=dict)

expected materials_kg: Dict[str, float] = field(default factory=dict) # whole-batch totals
expected_cycle_time_hours: float = 0.0

# Optional: early-warning prediction of likely constraints
predicted_bottlenecks: List[str] = field(default_factory=list) # def_ids

notes: str =

# 2) Materials & inventory

#

@dataclass

class COSMaterialStock:

Node-level snapshot of a material inventory state.
Used by COS Module 3 to plan internal allocation and detect shortfalls.
node_id: str

material name: str

on_hand_kg: float

reserved_kg: float = 0.0
incoming_kg: float = 0.0
min_safe_level kg: float = 0.0

# Optional ecological info per kg (typically comes from OAD/LCA databases)
eii per kg: float = 0.0

last_updated: datetime = field(default_factory=datetime.utcnow)

notes: str =

@dataclass

class COSMaterialLedgerEntry:

#

won

Traceable material movement record (append-only).

This is COS's operational evidence stream and feeds ITC/FRS.
id: str

node_id: str

timestamp: datetime

material name: str

delta_kg: float # + inflow, - consumption/loss
source: MaterialFlowSource

related plan_id: Optional[str] = None

related task instance id: Optional[str] = None

eii_per kg: Optional[float] = None

notes: str =

# 3) Throughput & capacity metrics

#

@dataclass

class COSCapacitySnapshot:



159 Real-time capacity view for planning windows (e.g., next week).

160 Used by COS Modules 2 and 5, and exported to ITC Module 4 and FRS.

161 e

162 node_id: str

163 timestamp: datetime

164

165 available_hours_by_ skill: Dict[SkillTier, float] = field(default_ factory=dict)

166 tool_utilization: Dict[str, float] = field(default_ factory=dict) # tool_id -> 0-1
167 workspace_utilization: Dict[str, float] = field(default_factory=dict) # workspace_id -> 0-1
168

169 notes: str = ""

170

171

172 @dataclass
173 class COSThroughputMetrics:

174 e

175 Observed throughput + bottleneck metrics over a time window.

176 Feeds COS Module 5 and the ITC/FRS feedback loops.

177 e

178 plan_id: str

179 node_id: str

180 window_start: datetime

181 window_end: datetime

182

183 completed_units: int

184 avg_cycle_time hours: float

185

186 bottleneck_task_definitions: List[str] = field(default_factory=list) # def_ids
187 utilization_ by skill: Dict[SkillTier, float] = field(default factory=dict) # 0-1
188 utilization by tool: Dict[str, float] = field(default_factory=dict) # 0—-1
189 notes: str = ""

190

191

192 #

193 # 4) Distribution / access records

194 #

195
196 @dataclass

197 class COSDistributionRecord:

198 e

199 Records how a specific produced unit is routed into access channels.

200 This is where COS ties a unit to the ITC valuation snapshot used at the time.
201 e

202 id: str

203 node_id: str

204 version_id: str # OAD DesignVersion.id

205 unit_serial: str

206 timestamp: datetime

207

208 access_mode: AccessMode

209 assigned_center_id: Optional[str] = None # Access Center / fleet / coop id
210

211 # Link to ITC-side valuation object used for this distribution decision

212 access_valuation_id: Optional[str] = None # AccessValuation.item id or record id (implementation choice)
213

214 notes: str = ""

215

Module 1 (COS) — Production Planning & Work Breakdown

Purpose

Transform a certified DesignVersion +its OADValuationProfile into a concrete COSProductionPlan: a full work breakdown structure (WBS) with task definitions,
expected labor hours by skill tier, expected materials, and an initial cycle-time estimate. This is the first place where economic calculation becomes an explicit,
computable production plan.

Role in the system

¢ Takes OAD's abstract decomposition (labor steps, BOM, lifecycle hints) and turns it into executable production logic.
e Produces the expected labor budget and material budget per batch that ITC uses as a shadow cost before actual production data arrives.

e Feeds COS Modules 2-5 (labor matching, materials management, workflow execution, bottleneck handling).

Inputs



® DesignVersion (certified; includes OAD labor-step and BOM data in parameters )
e oaDValuationProfile for that version

® node_id (local context)

® batch_id and batch_size (how many units to produce)

* Optional node_context (tooling, workspaces, local cycle-time modifiers)

Outputs

e cosProductionPlan containing:
© cosTaskDefinition s (template tasks)
o cosTaskInstance S (for this batch)
O expected labor hours_by skill
O expected materials_kg
O expected cycle time hours

e Asimple plan summary that ITC can immediately use as an initial (pre-execution) input for valuation.

Assumed OAD Decomposition Format

We'll assume OAD includes a decomposition into version.parameters like:

1 version.parameters["labor_steps"] = [

2 {

3 "id": "frame weld",

4 "name": "Frame Welding",

5 "skill_tier": "high",

6 "base_hours_per unit": 1.5,

7 "required tools": ["mig welder", "frame_ jig"],
8 "required workspaces": ["welding bay_1"],

9 "required_materials_kg": {"aluminum tubing": 3.2, "weld wire": 0.1},
10 "process_eii": 0.45,
11 "predecessors": [],

12 ¥

13 {

14 "id": "wheel_truing",

15 "name": "Wheel Truing",

16 "skill tier": "medium",

17 "base_hours_per unit": 1.0,

18 "required tools": ["truing stand"],

19 "required workspaces": ["wheel_station"],
20 "required materials_kg": {"spokes": 0.6, "rims": 1.2},
21 "process_eii": 0.30,
22 "predecessors": ["rim lacing"],
23 ¥
24
25 ]

(If upstream OAD uses a different key name than process_eii, normalize it here in COS.)
Core Logic — Building the Production Plan
import uuid

from datetime import datetime

from typing import Dict, List, Any

# Canonical enums shared with ITC (should match your ITC section)

SkillTier = Literal["low", "medium", "high", "expert"]

© N U s W N e

9 def extract_labor_steps_from oad(version: DesignVersion) -> List[Dict[str, Any]]:

10 e

11 Extract OAD-provided labor step decomposition from DesignVersion parameters.
12 e

13 return version.parameters.get("labor_ steps", [])

14

15

16 def build_cos_production plan(

17 node_id: str,

18 version: DesignVersion,

19 oad_profile: OADValuationProfile,

20 batch_id: str,
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)

batch_size: int =1,

-> COSProductionPlan:

COS Module 1 — Production Planning & Work Breakdown

Transform an OAD-certified DesignVersion into a COSProductionPlan

with task definitions, task instances, and expected budgets.

now = datetime.utcnow()

plan_id = f"plan {version.id}_ {batch_id}"

labor_steps = extract_labor_ steps_from oad(version)

tasks_def: Dict[str, COSTaskDefinition] = {}
tasks_inst: Dict[str, COSTaskInstance] = {}

expected_ labor_hours_by skill: Dict[SkillTier, float] = {"low": 0.0, "medium": 0.0, "high": 0.0,
expected materials_kg: Dict[str, float] = {}

# --- Create task definitions & instances for the batch ---
for step in labor_steps:

task_id = step["id"]

skill: SkillTier = step["skill_tier"]

# Normalize optional keys from OAD

process_eii = step.get("process_eii", step.get("ecological_ impact_index", 0.0))

# Task definition (per unit)

task_def = COSTaskDefinition(
id=task_id,
version_id=version.id,
name=step[ "name"],
description=step.get("description", ""),
skill tier=skill,
estimated_hours_per unit=step["base_hours_per unit"],
required_tools=step.get("required_tools", []),
required_workspaces=step.get("required_workspaces", []),
required materials_kg=step.get('required materials_kg", {}),
process_eii=process_eii,
predecessors=step.get("predecessors", []),

)

tasks_def[task_id] = task_def

# Aggregate expected labor per skill (scaled by batch size)

expected_labor_hours_by skill[skill] += task def.estimated hours_per unit * batch_size

# Aggregate expected materials (scaled by batch size)

for mat_name, gty_kg in task_def.required_materials_kg.items():

"expert": 0.0}

expected materials_kg[mat_name] = expected materials_kg.get(mat_name, 0.0) + (gty_kg * batch_size)

# Create task instances for this batch
# Here: one instance per unit for simplicity (can be batch-level later).
for _ in range(batch_size):
inst_id = str(uuid.uuid4())
instance = COSTaskInstance(
id=inst_id,
definition_ id=task id,
batch_id=batch_id,
node_id=node_id,
assigned_coop_id=version.parameters.get("default_coop_id", "main_production_coop"),
status="pending",
scheduled_start=None,
scheduled_end=None,
actual_start=None,
actual_end=None,
)

tasks_inst[inst_id] = instance

# --- Estimate cycle time (simple heuristic) ---
# A better version uses critical-path analysis over (predecessors) DAG.
parallelism factor = float(version.parameters.get("expected_parallelism factor", 3.0))

total_labor_hours = sum(expected labor_ hours_by skill.values())
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116 def summarize_plan_for_itc(plan: COSProductionPlan, oad profile: OADValuationProfile) -> Dict[str, Any]:
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expected_cycle_time_hours = total_labor_hours / max(parallelism factor, 1.0)

# Optional: predicted bottlenecks (placeholder heuristic)

predicted_bottlenecks = version.parameters.get("predicted_bottlenecks", [])

return COSProductionPlan(
plan_id=plan_id,
node_id=node_id,
version_id=version.id,
batch_id=batch_id,
batch_size=batch_size,
created_at=now,
tasks=tasks_def,
task_instances=tasks_inst,
expected_labor_hours_by_skill=expected_labor_hours_by_skill,
expected materials_kg=expected materials_kg,
expected_cycle_time_hours=expected_cycle_time hours,
predicted_bottlenecks=predicted bottlenecks,

notes="Auto-generated from OAD labor decomposition and BOM.",

Provide ITC with an initial 'shadow' valuation basis before execution.
This summary should reference *canonical* OADValuationProfile fields.

won

total material mass = sum(plan.expected materials_kg.values())

return {
"version_id": plan.version_id,
"plan_id": plan.plan_id,
"batch_id": plan.batch_id,
"batch_size": plan.batch size,
"expected_ labor_ hours_by skill": plan.expected_ labor_hours_by_ skill,
"expected materials_kg": plan.expected materials_kg,
"expected_cycle time hours": plan.expected_cycle_time_hours,

"total_material mass_kg": total material_mass,

# Canonical OAD valuation fields (names must match your OAD section)
"oad_embodied energy mj": oad_profile.embodied energy,
"oad_ecological_score": oad_profile.ecological_score,

"oad_expected_lifespan_hours": oad_profile.expected lifespan hours,

Math Sketch — Labor & Material Budgets

Let there be a set of labor steps S = 81,89,...,8, from OAD.

For each step s:

e hg=base hours per unit

k() = skill tier of step s (e.g. “high”, “medium”)

* mg ;= kg of material J required per unit

Given batch size B:

1. Expected labor by skill tier

For each skill tier 7:

This yields:

fopected _ Z hs-B
seS | k(s)=1

expected_labor_hours_by_skill[r] = HPected

1. Expected material usage

For each material j:

expected .
M; = "m;-B

seS

(87)



so:
expected_materials_kg[j] = M ;XP ccted (89)

1. Rough expected cycle time

If we assume an effective parallelism factor P (how many tasks can run concurrently), then:

Htotal = Z H:xpected (90)

=
A simple heuristic is:

Hiotal
Tcxpcctcd ~ total 91
cycle max(P, 1) (91)

This is crude, but enough for initial planning and ITC shadow valuation; more detailed versions can use full critical-path analysis over the task dependency graph.

Plain-Language Interpretation

e Module 1 takes OAD’s abstract recipe for “how to build one bicycle” and turns it into specific COS tasks with hours, skills, tools, and materials for this node and
this batch.

* |tcomputes:
o “We expect ~10 expert hours, 25 medium hours, and 15 low-skill hours for this batch.”
o “We will consume ~40 kg of aluminum, 12 kg of rubber, 3 kg of steel,” etc.
o “With our current ability to run tasks in parallel, this batch will take ~X hours.”

e |TC now has a numerical starting point for the bicycle’s eventual access-value—before we even cut the first tube—which will later be corrected by real data
from COS Modules 4-5 and FRS.

Module 2 (COS) — Labor Organization & Skill-Matching

Purpose
Match production tasks from the COS production plan to voluntary participants based on:

o skill tier and training trajectory

e availability windows

e safety clearances and task hazards
* |ITC scarcity/weighting signals

so that production flows smoothly without managers, wages, or bidding.
Role in the system

¢ Takes the COSTaskDefinition/COSTasklInstance set from Module 1 and the current person profiles (CDS identity + skills + safety context, plus COS
availability).
e Produces:
o recommendation sets (who is a good fit for what, and why)
o demand vs availability by skill tier
o scarcity / surplus indicators by skill tier (and optionally by task family)
¢ Feeds:
o COS Module 4 (Workflow Execution) with suggested task—person matches (still voluntary)
o ITC Module 2/4 with scarcity indices to inform weighting and training priorities (bounded by CDS)

o FRS with overextension/burnout risk hints and “chronic scarcity” signals

This module does not assign labor. It makes the opportunity space legible and helps volunteers find the highest-impact fit.

Key Types
We assume cosTaskDefinition, COSTaskInstance, COSProductionPlan already exist.
We also assume a PersonProfile type exists in CDS/COS identity space; for clarity, COS expects at least:

® id, node_ id

® primary skill_tier: SkillTier

e skill tags: List[str] (optional, for finer matching)
® training targets: List[SkillTier]

® max_hours_per_window: float

® current_committed_hours: float

® safety clearances: List[str] (e.g., ['welding", "chemicals"])

® availability_blocks (optional; time windows)



COS-specific helper types:

from dataclasses import dataclass

1
2 from typing import List, Dict, Optional, Literal

3

4 SkillTier = Literal["low", "medium", "high", "expert"]
5

6

@dataclass

7  class LaborAvailabilitySnapshot:

8 node_id: str
9 skill available hours: Dict[SkillTier, float] # tier -> hours available in planning window
10 person_ids: List[str]

12 @dataclass

13 class LaborDemandSnapshot:

14 node_id: str

15 skill required hours: Dict[SkillTier, float] # tier -> hours required in plan
16 plan_id: str

17

18 @dataclass

19 class TaskAssignmentSuggestion:

20 task_instance_id: str
21 person_id: str

22 score: float

23 reason: str

24

25 @dataclass
26 class LaborMatchingResult:

27 plan_id: str

28 node_id: str

29 assignments: List[TaskAssignmentSuggestion] # suggestions only (not commands)

30 demand: LaborDemandSnapshot

31 availability: LaborAvailabilitySnapshot

32 scarcity_index by_skill: Dict[SkillTier, float] # >1 scarce, ~1 balanced, <1 surplus
33 notes: str

1. Labor Demand from the Production Plan

1 def compute_ labor_ demand_from plan(plan: COSProductionPlan) -> LaborDemandSnapshot:
2 wan
3 Aggregate required hours by skill tier from the plan.
4 Uses task_instances to infer multiplicity (batch size).
5 win
6 tiers: List[SkillTier] = ["low", "medium", "high", "expert"]
7 skill hours: Dict[SkillTier, float] = {t: 0.0 for t in tiers}
8
9 # Count instances per definition
10 inst_count_by def: Dict[str, int] = {}
11 for inst in plan.task_instances.values():
12 inst_count_by_def[inst.definition_id] = inst_count_by def.get(inst.definition_id, 0) + 1
13
14 for def_id, task_def in plan.tasks.items():
15 count = inst_count_by_def.get(def_id, 0)
16 total_hours = task def.estimated hours * count
17 # Ensure tier key exists even if custom strings appear
18 tier = task_def.skill_ tier
19 if tier not in skill_hours:
20 skill hours[tier] = 0.0 # type: ignore[assignment]
21 skill hours[tier] += total hours # type: ignore[index]
22
23 return LaborDemandSnapshot (
24 node_id=plan.node_id,
25 skill_required hours=skill_hours,
26 plan_id=plan.plan_id,
27 )

2. Labor Availability from People Profiles



1 def compute_labor_availability(

2 node_id: str,

3] people: List["PersonProfile"],

4 planning_hours_window: float = 40.0,

5 ) -> LaborAvailabilitySnapshot:

6 win

7 Estimate available hours by skill tier from voluntary availability declarations.
8 (This is a planning snapshot, not a command roster.)

9 W

10 tiers: List[SkillTier] = ["low", "medium", "high", "expert"]
11 skill avail: Dict[SkillTier, float] = {t: 0.0 for t in tiers}
12 person_ids: List[str] = []

13

14 for p in people:

15 if p.node_id != node_id:

16 continue

17 person_ids.append(p.id)

18

19 max_hours = getattr(p, "max_hours_per_window", planning hours_window)
20 committed = getattr(p, "current committed hours", 0.0)
21 available_hours = max (0.0, max hours - committed)
22
23 tier = p.primary_skill tier
24 if tier not in skill_avail:
25 skill avail[tier] = 0.0 # type: ignore[assignment]
26 skill_avail[tier] += available hours # type: ignore[index]
27
28 return LaborAvailabilitySnapshot(
29 node_id=node_id,

30 skill_available hours=skill_avail,

31 person_ids=person_ids,

32 )

3. Scarcity Index by Skill Tier

1 def compute_scarcity index(

2 demand: LaborDemandSnapshot,

3 availability: LaborAvailabilitySnapshot,

4 epsilon: float = le-6,

5 ) -> Dict[SkillTier, float]:

6 worn

7 SI_tier = required_hours / max(available_hours, epsilon)

8 >1 scarcity, ~1 balanced, <1 surplus.

9 Wi

10 scarcity: Dict[SkillTier, float] = {}

11 for tier, required in demand.skill_required hours.items():
12 avail = availability.skill_ available_hours.get(tier, 0.0)
13 scarcity[tier] = required / max(avail, epsilon)

14 return scarcity

This scarcity_index_by_skill is one of the clean signals ITC uses in Module 2 (weighting) and Module 4 (forecasting)—but COS does not set the weights; it reports
the constraint landscape.

4. Scoring and Suggesting Matches
Two important upgrades for coherence:

1. Safety gating first (no one is suggested for a hazardous task without clearance).
2. Top-K suggestions rather than “best single person,” because this is a voluntary system.

Assume cosTaskDefinition optionally carries:

® required_clearances: List[str] (e.g., ["welding"])

® hazard_level: float (0-1)(optional, for risk awareness)

1 def safety_eligible(person: "PersonProfile", task_def: COSTaskDefinition) -> bool:
required = getattr(task_def, "required clearances", [])
if not required:

return True

O W N

person_clearances = set(getattr(person, "safety clearances", []))
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return all(r in person_clearances for r in required)

def score_assignment(

person: "PersonProfile",

task_def: COSTaskDefinition,

scarcity_index by _skill: Dict[SkillTier, float],
-> float:

Advisory scoring heuristic (higher is better).

score = 0.0

# 0) Hard safety gate
if not safety eligible(person, task_def):

return float("-inf")

# 1) skill fit
if person.primary skill tier == task_def.skill_ tier:

score += 3.0

elif person.primary_skill tier in getattr(person, "adjacent skill tiers",

score += 2.0
else:

score -= 1.0

# 2) Training trajectory (opt-in learning)
if task_def.skill_tier in getattr(person, "training_targets", []):
score += 1.5

# 3) Scarcity cue (gentle—not coercive)
si = scarcity_index by_skill.get(task_def.skill tier, 1.0)
if si > 1.0:

score += min(2.0, (si - 1.0))

# 4) Avoid overextension

max_hours = getattr(person, "max_ hours_per_window", 40.0)
committed = getattr(person, "current committed_hours", 0.0)
if committed > 0.8 * max_hours:

score -= 1.5

return score

Now produce recommendations

def build_labor_matching(

plan: COSProductionPlan,
people: List["PersonProfile"],

top_k: int = 3,

) —-> LaborMatchingResult:

COS Module 2 — Labor Organization & Skill-Matching

Produces *suggestions*, not assignments. UI/workspaces can present

top_k candidates per task instance, and volunteers self-select.

demand = compute_labor_demand from plan(plan)
availability = compute_labor_availability(plan.node_id, people)

scarcity_index = compute_scarcity index(demand, availability)
assignments: List[TaskAssignmentSuggestion] = []
people_by node = [p for p in people if p.node_id == plan.node_id]
for inst in plan.task_instances.values():

if inst.status != "pending":

continue

task_def = plan.tasks[inst.definition_ id]

scored: List[tuple[float, "PersonProfile"]] = []

for p in people_by_node:

s = score_assignment(p, task_def, scarcity index)

if s != float("-inf"):

{}).get(task def.skill tier, []):



30 scored.append( (s, p))

31
32 scored.sort (key=lambda x: x[0], reverse=True)
33 for s, p in scored[:top_k]:
34 if s <= 0:
35 continue
36 reason = (
37 f"skill fit={p.primary skill tier}-{task_def.skill tier}; "
38 f"training match={task_def.skill tier in getattr(p,'training targets',[]) }; "
39 f"scarcity index={scarcity_index.get(task_def.skill tier, 1.0):.2f}; "
40 f"safety ok={safety eligible(p, task def)}"
41 )
42 assignments.append (
43 TaskAssignmentSuggestion (
44 task_instance_id=inst.id,
45 person_id=p.id,
46 score=s,
47 reason=reason,
48 )
49 )
50
51 return LaborMatchingResult(
52 plan_id=plan.plan_id,
node_id=plan.node_id,
54 assignments=assignments,
55 demand=demand,
56 availability=availability,
&7 scarcity_index by skill=scarcity_index,
58 notes=(
59 "Advisory matching suggestions only. Participants self-select tasks; "
60 "COS provides visibility, safety gating, and scarcity-aware guidance. "
61 "Scarcity indices can be forwarded to ITC (weighting/forecasting) and "
62 "to CDS/FRS (training & burnout signals)."
63 Do
64 )

Important: These are suggestions, not commands. A Ul might present:

“Wheel truing is currently scarce (SI=1.34). You're eligible and it matches your training goals. Want to take it?”

Voluntary selection remains the rule.

Math Sketch — Demand, Availability, Scarcity, Matching
Let:

e T =task definitions

e T =task instances

e P=people

e O = skill tiers

Demand by skill tier
For each task definition ¢, with n; instances and h; hours each, tier 7(¢):

DQZ E ht~nt

teT |r(t)=0
Availability by skill tier
For each person p, available hours a,, and primary tier k(p):
Ap = ap
pePlr(p)=0
Scarcity index
D
Shp— 20
max(Ap, €)

Advisory match score
For person p and instance ¢ (with task definition ¢(¢)):

Score(p,i) = fskill(p7 t(l)) + ftraining(p7 t(l)) + fscarcity(T(t(i))) + fload(p)

subject to a safety constraint:

(93)

(95)



eligible(p, (7)) = 1

The system emits top-k candidates per task instance as recommendations, preserving voluntary choice.

Plain-Language Interpretation

e Module 1 produced a computable plan: “Here’s what needs doing, and in what skill tiers.”
e Module 2 asks: “Who is available, qualified, and safe to do this—and who wants to learn it?”
e |treturns:

o ascarcity map (where the system is tight), and

o recommendation sets volunteers can choose from.

COS keeps production flowing without coercion; ITC and CDS get clean signals for weighting, training, and burnout prevention.

Module 3 (COS) — Resource Procurement & Materials Management

Purpose
Ensure that all required materials for a production plan are:

e available when needed,

* preferentially sourced from internal/circular flows,

e ecologically tracked via Ecological Impact Indices (Ell),

¢ transparently flagged when transitional external procurement is required,

and that these results become computable inputs for ITC valuation, OAD redesign, and FRS ecological monitoring.

Role in the system
Module 3 sits between OAD’s design BOM (as expressed through COS task definitions) and real-world inventories. It:

e allocates internal materials to a plan (respecting reservations and safe floors),

* computes shortfalls and flags what must be procured externally (transitional),

* computes material scarcity indices and aggregate internal/external Ell footprints,

e emits clean signals upward to ITC (scarcity/ecology) and laterally to OAD/FRS (substitution + stress).

These outputs feed:

* ITC — material scarcity & Ell signals as part of access-value computation

* OAD — substitution opportunities and design pressure points

* FRS — ecological stress, over-extraction risk, import dependency trajectories
e COS Module 5 — constraints that influence throughput and scheduling

Types
This module assumes the COS types already defined earlier, especially:

® COSProductionPlan
® cosTaskDefinition With required materials_kg: Dict[str, float]
e cosMaterialstock (node inventory snapshot)

e CoOSMateriallLedgerEntry (traceable movements)

We define a small, module-local result type to make procurement decisions explicit:

from dataclasses import dataclass
from typing import Dict, Optional

@dataclass
class MaterialRequirement:
material_ name: str

required _kg: float

©® N U s W N e

eii nominal per_kg: float # from OAD/LCA baseline (optional)

10 @dataclass

11 class MaterialProcurementDecision:

12 material_ name: str

13 required_kg: float

14

15 allocated_internal_kg: float
16 required_external kg: float
17

18 # EII totals

(96)



19 eii internal total: float

20 eii_external_total: float

21

22 # Scarcity signal

23 scarcity_ index: float # >1 = scarce, ~1 = balanced, <1 = abundant
24

25 transitional_external flag: bool

26 decision_reason: str

27

28 @dataclass

29 class ResourceProcurementResult:

30 plan_id: str

31 node_id: str

32

33 requirements: Dict[str, MaterialRequirement]

34 decisions: Dict[str, MaterialProcurementDecision]

35

36 stock after_allocation_kg: Dict[str, float] # material name -> remaining usable stock
37 aggregate_eii_internal: float

38 aggregate_eii_external: float

39

40 data_quality_flags: Dict[str, str] # material name -> warning text
41 notes: str

1. Aggregate material requirements from the plan

This version is consistent with COS Module 1's task schema ( required materials_kg).

1 def compute material requirements_from plan(

2 plan: COSProductionPlan,

3 ) —-> Dict[str, float]:

4 .

5 Aggregate total kg required per material across all task instances in this plan.

6 wonn

7 total_req: Dict[str, float] = {}

8

9 # Count instances per task definition

10 inst_count_by_def: Dict[str, int] = {}

11 for inst in plan.task_instances.values():

12 inst_count_by_ def[inst.definition_id] = inst_count_by_def.get(inst.definition_id, 0) + 1
13

14 for def_id, task_def in plan.tasks.items():

15 count = inst_count_by_ def.get(def_ id, 0)

16

17 for mat_name, kg per instance in task_def.required_materials_kg.items():

18 total_req[mat_name] = total_ req.get(mat_name, 0.0) + kg _per_instance * count
19
20 return total_req

2. Compute procurement decisions: internal allocation first, then transitional external
We treat usable internal stock as:
® usable = max(0, on_hand kg - reserved kg)

and optionally include incoming_kg if policy allows (often discounted as uncertain).

1 def compute_resource_procurement (

2 plan: COSProductionPlan,

3 # material name -> COSMaterialStock

4 stock_by material: Dict[str, COSMaterialStock],

5 # material name -> external EII/kg baseline (if externally procured)
6 external_eii_per_ kg: Dict[str, float],

7 # optional policy knobs

8 allow_incoming: bool = True,

9 incoming_confidence: float = 0.6, # how much of incoming kg we treat as allocatable
10 ) —-> ResourceProcurementResult:

11 e

12 COS Module 3 — Resource Procurement & Materials Management
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Allocate internal materials first; compute shortfalls; flag transitional external procurement;

compute scarcity indices and internal/external EII totals.

required = compute_material_requirements_from plan(plan)

decisions: Dict[str, MaterialProcurementDecision] = {}
requirements: Dict[str, MaterialRequirement] = {}
data_quality flags: Dict[str, str] = {}

stock_after: Dict[str, float] = {}

I
o
o

agg_eii_int =

agg_eii_ext = 0.0

for mat_name, req kg in required.items():

stock = stock_by material.get(mat_name)

if stock is None:
# Unknown material is a *data-quality* problem: OAD/COS must fix BOM metadata.
data_quality flags[mat_name] = "Material not found in node stock catalog; treat as external until resolved."
usable_internal = 0.0
eii_int per kg = 0.0
else:

usable_internal = max(0.0, stock.on_hand kg - stock.reserved kg)

if allow_incoming and stock.incoming kg > 0:

usable_internal += incoming_confidence * stock.incoming_kg

# Respect minimum safe stock level (do not allocate below floor)

usable_internal = max(0.0, usable_internal - stock.min_safe_level kg)

eii_int per kg = stock.ecological_ impact_ index

allocated_internal = min(req kg, usable_internal)

external needed = max(0.0, req kg - allocated internal)

# Scarcity index uses usable_ internal *before* allocation (availability pressure)
denom = max(usable_internal, le-6)

scarcity_index = req kg / denom if req_kg > 0 else 0.0

# EII totals

eii_internal total = allocated_internal * eii int_per_ kg

eii_ext per kg = external_eii per kg.get(mat_name)
if eii_ext per kg is None:
# If we lack external EII data, flag it (still compute with conservative fallback)
data_quality flags.setdefault(mat_name, "Missing external EII/kg baseline; using conservative fallback.")

eii_ext_per kg = max(1l.2 * eii_int_per_kg, 1.0)

eii_external_total = external needed * eii_ext_per kg

agg_eii_int += eii_internal_total

agg_eii_ext += eii_external_total

transitional flag = external needed > 0.0

# Remaining usable stock (approximate; real system would actually decrement the store)
remaining usable = max (0.0, usable_internal - allocated_ internal)

stock_after[mat_name] = remaining_usable

reason_parts = [
f"required={req kg:.2f}kg",
f"allocated_internal={allocated_internal:.2f}kg",
f"required external={external needed:.2f}kg",
f"scarcity index={scarcity_index:.2f}",

]

if transitional flag:

reason_parts.append("transitional external procurement flagged")

decisions[mat_name] = MaterialProcurementDecision(
material_name=mat_name,
required_kg=req_kg,

allocated_internal_kg=allocated_internal,



87 required_external_ kg=external_needed,

88 eii_internal_total=eii_internal_total,

89 eii_external_total=eii_external_total,

90 scarcity_index=scarcity_index,

91 transitional_external flag=transitional_ flag,

92 decision_reason="; ".join(reason_parts),

93 )

94

95 requirements[mat_name] = MaterialRequirement(

96 material name=mat_name,

97 required_kg=req_kg,

98 eii nominal per_kg=eii_int per_kg if stock else 1.0,
99 )

100

101 return ResourceProcurementResult (

102 plan_id=plan.plan_id,

103 node_id=plan.node_id,

104 requirements=requirements,

105 decisions=decisions,

106 stock after allocation_kg=stock_after,

107 aggregate_eii_internal=agg_eii_int,

108 aggregate_eii_external=agg_eii_ext,

109 data_quality flags=data_quality flags,

110 notes=(

111 "Internal/circular allocation prioritized; min-safe floors respected; "
112 "incoming stock treated with bounded confidence; external needs flagged as transitional."
113 ),

114 )

General note:
If internal procurement is not feasible—because a material, component, or process is currently unavailable within the node—CQOS flags that portion as transitional
external procurement. This becomes an explicit prompt for CDS/OAD/FRS.

3. Signals to ITC, OAD, and FRS
From ResourceProcurementResult we can derive:

¢ ITC inputs: scarcity indices + internal/external Ell totals per material and per batch
* OAD inputs: repeated high-scarcity materials and high external Ell materials as redesign targets
e FRS inputs: trends in external dependence, nearing extraction floors, and overall ecological load

Math Sketch — Material Requirements, Scarcity, and Ell

Let:
e M =set of materials
* R, =required quantity (kg) of material m for the plan
e S,, = usable internal stock (kg) of material m (after reservations and safe floors)
. qff;t = internal allocation (kg)
o gg®t = external procurement (kg)
. efgt = Ell per kg for internal/circular supply
. efo‘ = Ell per kg for external supply
e € > 0=small constant
Allocation

¢ = min(S,,, Rim)

¢ = max(0, Ry, — Sm)

Scarcity index

Ell totals
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Plain-Language Interpretation

Module 3 is doing four things:

1. “How much of each material does this plan actually need?”

2. "How much can we supply internally (without violating safety floors)?”
3.
4

. “Which material constraints should push redesign (OAD), monitoring (FRS), or valuation signals (ITC)?"

“What must be procured externally—and how ecologically costly is that?”

Module 4 (COS) — Cooperative Workflow Execution

Purpose

Coordinate real-time execution of production work: which tasks are active, who's working on what, how long it's taking, where things are blocked, and how actual
production deviates from the plan. This is the live orchestration layer that turns static plans into moving processes.

Role in the system
Module 4 sits between:

Think of it as the production cockpit: everyone can see what's happening, adjust voluntarily, and keep flow smooth—without managers or wage incentives.

Module 1/2/3 (planning, labor matching, materials)
and

Module 5/6/7/9 (bottleneck balancing, distribution, QA, transparency).

tracks each task instance through its lifecycle (pending — active — blocked — completed),
records actual labor time by participant (and later, by skill tier once verified/weighted),
surfaces real-time WIP (work in progress) and delays,

emits candidate labor events to ITC for capture/verification/weighting,

provides throughput + deviation data to Module 5 and to ITC valuation realism.

Types (Execution Layer)

We extend the COS types already defined, without renaming your existing cosTaskInstance.id .

©® N U s W N e
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from dataclasses import dataclass, field
from typing import Dict, List, Optional
from enum import Enum

import time

class TaskStatus(str, Enum):
PENDING = "pending"
ACTIVE = "active"
BLOCKED = "blocked"
COMPLETED = "completed"
CANCELLED = "cancelled"

@dataclass

class COSTaskInstance:
Execution-state extension for a task instance.
(In a real implementation this would be merged into your earlier COSTaskInstance
or stored as an execution-state object keyed by instance_id.)

id: str

(100)
(101)

(102)

(103)



23 definition id: str

24 batch_id: str

25

26 assigned_coop_id: str

27 participants: List[str] = field(default_factory=list) # member IDs
28

29 status: TaskStatus = TaskStatus.PENDING

30

31 # Timing

32 active_seconds: float = 0.0

33 last_started_ts: Optional[float] = None # epoch seconds
34

35 # Optional: why blocked, what changed, etc.

36 notes: str = ""

37

38

39 @dataclass

40  class COSExecutionMetrics:

41 plan_id: str

42 node_id: str

43

44 total_active_seconds: float

45 total_completed_tasks: int

46 wip_tasks: int

47 blocked_tasks: int

48

49 avg_cycle_time_seconds: Optional[float]

50

51 # deviations from estimates by task definition id
52 estimate_vs_actual_hours: Dict[str, Dict[str, float]] # {def_ id: {"estimated"
53 notes: str = ""

We assume cosProductionPlan already exists from Module 1:

1 @dataclass

2 class COSProductionPlan:

3 plan_id: str

4 node_id: str

5 tasks: Dict[str, "COSTaskDefinition"]

6 task_instances: Dict[str, COSTaskInstance]

And cosTaskDefinition :

1 @dataclass

2 class COSTaskDefinition:
8 id: str
4

name: str

5

skill tier: str
estimated_hours: float

required materials_kg: Dict[str, float]

© < o

# plus tools, EII, predecessors, etc.

1. Assign / Update Task Instances

# def_id -> definition

# instance_id -> instance

Module 2 suggests; Module 4 records the actual participation at execution time.

def add_participant(plan: COSProductionPlan, task_instance_id: str,

1

2 inst = plan.task_instances[task_instance_id]
3 if member_id not in inst.participants:
4

inst.participants.append(member_ id)

2. Start, Pause, Complete Tasks

def start_task_instance(plan: COSProductionPlan, task
inst = plan.task_instances[task_instance_id]
if inst.status in {TaskStatus.PENDING, TaskStatus
inst.status = TaskStatus.ACTIVE

_instance_id: str)

.BLOCKED} :

member_id: str)

-> None:

: h_e, "actual": h_a}}

-> None:



5 inst.last_started ts = time.time()

6

7  def pause_task_instance(plan: COSProductionPlan, task_instance_ id: str, reason: str = "") -> None:
8 inst = plan.task instances[task_instance_id]

9 if inst.status TaskStatus.ACTIVE and inst.last_started_ts is not None:
10 now = time.time()

11 inst.active_seconds += max(0.0, now - inst.last_started ts)

12 inst.last_started_ts = None

13 inst.status = TaskStatus.BLOCKED

14 if reason:

15 inst.notes += f"\nBlocked: {reason}"

Completing a task and emitting candidate labor events to ITC

Key consistency fix: COS should emit candidate labor claims with clean timestamps and references, and let ITC Module 1 handle verification and official LaborEvent
creation.

1 def complete_task_instance(

2 plan: COSProductionPlan,

3 task_instance_id: str,

4 emit_labor_ claims_fn,

5 coop_id: str,

6 proposed_verifiers: Optional[List[str]] = None,

7 ) —> None:

8 !

9 Mark task instance COMPLETED, accumulate time, and emit candidate labor claims to ITC.
10

11 emit_labor_claims_fn:

12 callback into ITC intake, e.g. emit labor claims_fn(list_of claim dicts)
13 ITC Module 1 will authenticate + verify + mint official LaborEvent records.
14

15 proposed verifiers:

16 optional peer/supervisor IDs suggested by COS (ITC still enforces verifier rules).
17 e

18 inst = plan.task_instances[task_instance_id]

19

20 # finalize timing if currently active

21 if inst.status == TaskStatus.ACTIVE and inst.last_started ts is not None:
22 now = time.time()

23 inst.active_seconds += max(0.0, now - inst.last_started ts)

24 inst.last_started_ts = None

25

26 inst.status = TaskStatus.COMPLETED

27

28 # derive total hours worked on this task instance

29 total_hours = inst.active_seconds / 3600.0

30 if total_hours <= 0.0 or not inst.participants:

31 return

B2

33 task_def = plan.tasks[inst.definition_id]

34

85 # simple split: equal share (you can replace later with per-person timers)
36 hours_per member = total hours / len(inst.participants)

37

38 start_time = datetime.utcnow() # placeholder: ideally use actual start/stop times captured
39 end_time = datetime.utcnow()

40

41 claims = []

42 for member_ id in inst.participants:

43 claims.append({

44 "member_ id": member_id,

45 "coop_id": coop_id,

46 "node_id": plan.node_id,

47 "task id": inst.definition_id,

48 "task label": task_def.name,

49 "start_time": start_time,

50 "end_time": end_time,

51 "hours": hours_per_ member,

52 "skill_tier": task_def.skill_tier, # initial tier; ITC may refine via policy
53 "context": {"plan_id": plan.plan_id, "batch_id": inst.batch_id},

5
IS

"proposed_verifiers": proposed verifiers or [],

o
o

"metadata": {"task_instance_id": inst.id},



56 %
57

58 emit_labor_ claims_fn(claims)

Note: This is intentionally “pre-verification.” COS is generating structured labor claims; ITC Module 1 is the canonical gate that verifies and records official
events.

3. Execution Metrics & Deviations

1 def compute execution metrics(plan: COSProductionPlan) -> COSExecutionMetrics:

2 total_active_seconds = 0.0
3 total_completed_tasks = 0
4 wip_tasks = 0
5 blocked_tasks = 0
6
7 agg_estimated hours: Dict[str, float] = {}
8 agg_actual_hours: Dict[str, float] = {}
9
10 for inst in plan.task_instances.values():
11 active_sec = inst.active_seconds
12 if inst.status == TaskStatus.ACTIVE and inst.last_started ts is not None:
13 now = time.time()
14 active_sec += max(0.0, now - inst.last_started ts)
15
16 total_active_seconds += active_sec
17
18 if inst.status == TaskStatus.COMPLETED:
19 total_completed_tasks += 1
20 if inst.status == TaskStatus.ACTIVE:
21 wip_tasks += 1
22 if inst.status == TaskStatus.BLOCKED:
23 blocked_tasks += 1
24
25 def_id = inst.definition_id
26 task_def = plan.tasks[def_ id]
27
28 agg_estimated hours[def id] = agg_estimated_hours.get(def_id, 0.0) + task def.estimated_hours
29 agg_actual_hours[def_id] = agg_actual_hours.get(def_id, 0.0) + active_sec / 3600.0
3
31 avg_cycle_time_seconds = (
32 total_active_seconds / total_completed_tasks
39 if total_completed tasks > 0
34 else None
35 )
36
37 estimate_vs_actual = {
38 def id: {"estimated": agg_estimated_hours[def_id], "actual": agg_actual hours[def id]}
39 for def_id in agg_estimated hours
40 }
41
42 return COSExecutionMetrics(
43 plan_id=plan.plan_id,
44 node_id=plan.node_id,
45 total_active_seconds=total_active_seconds,
46 total_completed_tasks=total_ completed tasks,
47 wip_tasks=wip_tasks,
48 blocked_tasks=blocked_tasks,
49 avg_cycle_time_seconds=avg cycle_time_seconds,
50 estimate_vs_actual_ hours=estimate_vs_actual,
51 notes="Execution snapshot from COS Module 4; consumed by COS5/ITC/FRS.",
52 )

Math Sketch — Cycle Time, WIP, and Deviation
Let:

e [ =setof task instances in the plan
e Foreachinstance? € I:

o % = actual active time in hours



ot = estimated hours from its cosTaskbefinition
Total actual labor time:
ct t
ot = 3 gee
il
Total estimated labor:
t t
Test — Zt?
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Deviation ratio:
Taﬁt
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For each task type (definition) d:
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Little's Law approximation:
Let A = completion rate (tasks per hour) and WIP = number of tasks in ACTIVE + BLOCKED.

_ WIP

T
¢ A

How Module 4 Talks to ITC, OAD, and FRS

e ToITC (Labor Event Capture & Valuation)
o COS emits structured labor claims on task completion.
o |TC Module 1 verifies + records official labor events; Module 2 weights them.
o Deviations from estimate inform valuation realism (true labor intensity).
e To OAD (Design Feedback)
o Chronic overruns or blockages highlight design friction (tooling, alignment, unnecessary steps).
o OAD redesign reduces cycle time; ITC access-values drop accordingly.
e To FRS (System Health)
o Chronic blocking, over-reliance on individuals, and abnormal overtime patterns become system-health signals.
o (DS can respond with training programs, safety norms, or redesign directives.

Plain-Language Example

* Plan: “Wheel truing should take 0.5 hours.”
e Reality: “It's taking 0.8 hours and blocking often.”

e (COS logs it; Module 5 flags a bottleneck; OAD redesign/training improves the workflow; ITC access-values fall as real effort falls.

Module 4 is where that proof lives.

Module 5 (COS) — Capacity, Throughput & Constraint Balancing

Purpose

(104)

(105)

(106)

(107)

(108)

Identify and resolve bottlenecks in skills, tools, materials, workspace, and timing, and feed those constraints upstream to ITC, OAD, and FRS so valuation, design,

and system health reflect what is actually happening on the ground.

Role in the system
Building on Modules 1-4:

e Module 1: knows what needs doing.
* Module 2: knows who can do it.
* Module 3: knows what materials exist.

e Module 4: knows what's really happening right now (execution, delays, overruns).
Module 5 answers:

* Where is production truly constrained?

¢ Is the limiting factor skill, tools, materials, space, or time?

¢ How should we rebalance workflows now?

e What signals should we send to ITC (weighting/forecast), OAD (redesign), and FRS (stress/strain)?

This is COS's constraint radar + suggestion engine.



Types — Constraints & Signals

1 from dataclasses import dataclass, field

2 from typing import Dict, List, Optional, Literal
3 from enum import Enum

4

5 class ConstraintType(str, Enum):

6 SKILL = "skill"

7 TOOL = "tool"

8 MATERIAL = "material"

9 SPACE = "space"

10 TIME = "time"

12 @dataclass

13 class COSConstraint:

14 constraint_id: str

15 plan_id: str

16 node_id: str

17 task_definition_id: Optional[str] # which step is constrained (if any)
18 constraint_type: ConstraintType

19 severity: float # 0—1 (higher = worse)

20 description: str

21 suggested actions: List[str] = field(default_factory=list)

Signals to other systems:

1 @dataclass

2 class ITCConstraintSignal:

3 plan_id: str

4 node_id: str

5 constraint_type: ConstraintType

6 affected task _definition_ids: List[str]

7 suggested weight_adjustments: Dict[str, float] # task def id -> delta_weight multiplier
8 notes: str = ""

9

10 @dataclass
11  class OADConstraintSignal:

12 plan_id: str

13 node_id: str

14 task_definition_id: str
15 deviation_ratio: float
16 description: str

17

18 @dataclass
19 class FRSConstraintSignal:

20 plan_id: str

21 node_id: str

22 constraint_type: ConstraintType

23 severity: float

24 description: str

25 metrics_snapshot: Dict[str, float]
We reuse:

® COSProductionPlan, COSTaskDefinition
® COSTaskInstance
® COSExecutionMetrics

e Taskstatus from Module 4
Execution-layer consistency requirement
To keep Module 5 robust, Module 4 should store a structured block reason when pausing/blocking tasks. Minimal addition:

BlockReason = Literal["skill", "tool", "material", "space", "unknown"]

1
2
3 # Add to your execution-state COSTaskInstance
4

# block reason: Optional[BlockReason] = None

If you don't want to add a field, Module 5 can still fall back to parsing notes , but structured tags are strongly preferred.
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Detect Task-Level Bottlenecks from Execution Metrics

def detect_task bottlenecks(
plan: COSProductionPlan,
exec_metrics: COSExecutionMetrics,
deviation_threshold: float = 1.25,
blocked ratio_threshold: float = 0.20,
) -> List[COSConstraint]:
Identify task-level bottlenecks using:
- estimate vs actual hours
- fraction of instances in BLOCKED status

constraints: List[COSConstraint] = []

# (A) Deviation-based constraints

for def_id, pair in exec_metrics.estimate_vs_actual_hours.items():

est = pair.get("estimated", 0.0)
act = pair.get("actual", 0.0)
if est <= 0:

continue

deviation = act / est
if deviation >= deviation_ threshold:
constraints.append(
COSConstraint(

constraint_id=f"{plan.plan_id}:dev:{def_id}",

plan_id=plan.plan_id,
node_id=plan.node_id,
task_definition_id=def_id,
constraint_type=ConstraintType.TIME,

# refined later

severity=min(1.0, max(0.0, deviation - 1.0)),

description=(

f"Task {def_id} exceeds estimated effort "

f" (actual/estimate = {deviation:.2f})."

)
suggested_actions=[

"review workflow & tooling",

"consider redesign of this step (OAD)",

"consider targeted training",

# (B) Blocked-ratio constraints
blocked counts: Dict[str, int] = {}

total_counts: Dict[str, int] = {}

for inst in plan.task_instances.values():

def_id = inst.definition_id

total_counts[def_id] = total_counts.get(def_id, 0) + 1

blocked_counts.setdefault(def_id, 0)

if inst.status == TaskStatus.BLOCKED:
blocked counts[def_id] += 1

for def_id, total in total_counts.items():
if total <= 0:

continue

blocked_ratio = blocked counts.get(def_id, 0) / total

if blocked ratio >= blocked_ratio_threshold:
constraints.append(
COsConstraint(

constraint_id=f"{plan.plan_id}:blocked:{def_id}",

plan_id=plan.plan_id,
node_id=plan.node_id,
task_definition_id=def_id,
constraint_type=ConstraintType.TIME,
severity=min(1.0, blocked ratio),

description=(

# refined later



f"Task {def_id} has high blocked ratio "
f" ({blocked _ratio:.2%} blocked)."
)r
suggested_actions=[
"investigate cause of blocking (skill/tool/material/space)"”,
"re-sequence tasks to avoid contention",

"adjust capacity or training for this step",

return constraints

2. Refine Constraint Types

Preferred: use inst.block_reason (structured). Fallback: parse inst.notes.
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def refine constraint_types(

)

plan: COSProductionPlan,

constraints: List[COSConstraint],

max_space_capacity: Optional[int] = None,

-> None:

Refine constraint types using blocked task reasons.

Prefers structured block_reason fields; falls back to notes.

by_def: Dict[str, List[COSTaskInstance]] = {}

for inst in plan.task_instances.values():

by_def.setdefault(inst.definition id, []).append(inst)

for ¢ in constraints:

if not c.task definition_id:

continue

instances = by_def.get(c.task definition_id, [])

blocked_instances = [i for i in instances if i.status == TaskStatus.BLOCKED]

# --- 1) Structured block_reason (preferred) ---

reasons = []

for i in blocked_instances:

br = getattr(i, "block reason", None)
if br:

reasons.append (br)

# If we have structured reasons, classify by majority/priority

if reasons:

if "material" in reasons:

c.constraint_type = ConstraintType.MATERIAL

c.suggested_actions.append("check COS Module 3 (stock/procurement/substitution)")
elif "tool" in reasons:

c.constraint_type = ConstraintType.TOOL

c.suggested_actions.append("schedule maintenance / add redundant tool capacity")
elif "skill" in reasons:

c.constraint_type = ConstraintType.SKILL

c.suggested_actions.append("trigger targeted training / apprenticeship")
elif "space" in reasons:

c.constraint_type = ConstraintType.SPACE

c.suggested_actions.append("re-sequence tasks to reduce workspace contention")
else:

c.constraint_type = ConstraintType.TIME

continue
# --- 2) Notes parsing fallback ---
notes_blob = " ".join(i.notes.lower() for i in blocked_ instances)

if any(k in notes_blob for k in ["missing material", "no stock", "waiting for material"]):

c.constraint_type = ConstraintType.MATERIAL

c.suggested_actions.append("check COS Module 3 (stock/procurement/substitution)")

elif any(k in notes_blob for k in ["tool unavailable", "machine down", "maintenance"]):

c.constraint_type = ConstraintType.TOOL

c.suggested_actions.append("schedule maintenance / add redundant tool capacity")



55 elif any(k in notes_blob for k in ["no qualified worker", "skill gap", "no volunteer"]):
56 c.constraint_type = ConstraintType.SKILL

57 c.suggested_actions.append("trigger targeted training / apprenticeship")

58 elif max_space_capacity is not None:

59 active_or_blocked = [

60 i for i in instances if i.status in {TaskStatus.ACTIVE, TaskStatus.BLOCKED}

61 ]

62 if len(active_or_blocked) > max space_capacity:

63 c.constraint_type = ConstraintType.SPACE

64 c.suggested_actions.append("re-sequence tasks to avoid workspace saturation")

3. Generate Signals for ITC, OAD, and FRS
3.1 To ITC — conservative defaults

Weight nudges should default to SKILL constraints, because ITC weighting is primarily meant to respond to scarcity of labor capability, not to tool breakdowns (which
COS can fix) or material shortages (which COS/OAD should address first).

def build_itc_constraint_signals(
constraints: List[COSConstraint],
weight_delta_base: float = 0.10,

1
2
S
4 only_skill constraints: bool = True,
5 ) -> List[ITCConstraintSignal]:

6

7 Generate advisory ITC signals.

8 Default: only skill constraints produce weight adjustment suggestions.

10 signals: List[ITCConstraintSignal] = []

11

12 for ¢ in constraints:

i3 if not c.task_definition_id:

14 continue

15 if only_skill constraints and c.constraint_type != ConstraintType.SKILL:
16 continue

17

18 delta = weight_delta_base * c.severity

19

20 signals.append(

21 ITCConstraintSignal(

22 plan_id=c.plan_id,

23 node_id=c.node_id,

24 constraint_type=c.constraint_type,

25 affected_task_definition_ids=[c.task_definition_id],

26 suggested_weight_ adjustments={c.task definition_id: delta},
27 notes="Advisory signal from COS Module 5 (bounded by CDS in ITC Module 2/4).",
28 )

29 )

30

31 return signals

3.2 To OAD — redesign triggers

1 def build oad_constraint_signals(

2 constraints: List[COSConstraint],

3 min_severity: float = 0.25,

4 ) -> List[OADConstraintSignal]:

5 signals: List[OADConstraintSignal] = []

6

7 for ¢ in constraints:

8 if not c.task_definition_id:

9 continue

10 if c.severity < min_severity:

11 continue

12

3 # TIME/TOOL/MATERIAL are common redesign triggers.
14 if c.constraint_type in {ConstraintType.TIME, ConstraintType.TOOL, ConstraintType.MATERIAL}:
15 signals.append (
16 OADConstraintSignal(

17 plan_id=c.plan_id,

18 node_id=c.node_id,



19 task_definition_id=c.task definition_id,

20 deviation_ratio=1.0 + c.severity,

21 description=f"Constraint suggests redesign candidate: {c.description}",

22 )
23 )
24

25 return signals

3.3 To FRS — system health

1 def build_frs_constraint_signals(

2 constraints: List[COSConstraint],

3 exec_metrics: COSExecutionMetrics,

4 ) -> List[FRSConstraintSignal]:

5 signals: List[FRSConstraintSignal] = []

6

7 for ¢ in constraints:

8 signals.append (

9 FRSConstraintSignal(

10 plan_id=c.plan_id,

11 node_id=c.node_id,

12 constraint_type=c.constraint_type,

13 severity=c.severity,

14 description=c.description,

15 metrics_snapshot={

16 "total active hours": exec_metrics.total_ active_seconds / 3600.0,
17 "wip_tasks": exec_metrics.wip_ tasks,
18 "blocked_tasks": exec_metrics.blocked_tasks,
19 Bo
20 )
21 )

22

23 return signals

4. Orchestration

1 def run_capacity_and_constraint_analysis(

2 plan: COSProductionPlan,

3 exec_metrics: COSExecutionMetrics,

4 max_space_capacity: Optional[int] = None,

5 ) -> Dict[str, List]:
6 win

7 COS Module 5 — Capacity, Throughput & Constraint Balancing

9 constraints = detect_task_bottlenecks(plan, exec_metrics)
10 refine constraint_ types(plan, constraints, max space_capacity=max space_capacity)
11
12 itc_signals = build_itc_constraint_signals(constraints)
3 oad_signals = build oad constraint_signals(constraints)
14 frs_signals = build frs_constraint_signals(constraints, exec_metrics)
15
16 return {
17 "constraints": constraints,
18 "itc_signals": itc_signals,
19 "oad_signals": oad_signals,
20 "frs_signals": frs_signals,
21 }

Math Sketch — Bottleneck Identification & Severity
Let:

e S ={s1,...,8,} be the set of task types (definitions).
® Foreach step s:
o Estimated total hours:

Tsest _ thst

iels
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o Actual total hours:
act act
Tyt =)t
icly
o Deviation ratio:
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— 7115&
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e Let B, =number of blocked instances of step s.

e Let IV, = total instances of step s.

* Blocked ratio:

B,

Rblocked _
¢ max(N;, 1)

Define a severity score for step s:
. o . blocked
severity, = min (1, a-(Dy—1)4 + 8- R, )

where:

(z)+ = max(z,0),
«, (3 are tuning constants (e.g., give more weight to time deviation or blocking),

* severity, € [0,1].
Steps with high severity are candidates for:

e OAD redesign (if the issue is structural),

¢ ITC weighting/training adjustment (if it's a skill bottleneck),
® COS local fixes (new tools, better sequencing),

* FRS systemic flags (if this pattern persists across plans).

Once the most severe step is identified (or top-k), that step is (for this batch) the bottleneck: its capacity constrains total output.

Plain-Language Example (Still Bicycle / Guitar Behind the Scenes)

e The plan says each wheel truing should take 0.5 hours.
e Execution data shows:
©  Dyruing = 1.6 (it's taking 60% longer).
o Rfﬁﬁfﬁg’i = 0.35 (35% of instances end up blocked at some point).

e Module 5 computes a high severity score and classifies it:

"

o notes show “no qualified worker,” “tool unavailable,” “waiting for materials.”

o If notes skew toward “no qualified worker” — SKILL constraint.

o If toward “tool unavailable” — TOOL constraint, etc.
e |tthen sends:

o To ITC: “Consider a temporary +0.15 weight increase on truing tasks; highlight these tasks for training volunteers.”
o To OAD: “Step ‘wheel_truing' is consistently 60% over estimate; evaluate design/fixturing.”

o To FRS: “Chronic skill bottleneck at truing; potential burnout risk and production instability.”
Over time:

e Training expands, tools improve, design is simplified.
e The severity score drops, throughput stabilizes.
o ITC weighting for that step can relax, and the access-value of the good trends downward, reflecting real systemic efficiency, not price games.

Module 6 (COS) — Distribution & Access Flow Coordination

Purpose

Route finished goods into Access Centers, shared-use pools, repair loops, and delivery channels, while generating availability/scarcity signals that ITC uses
(within CDS bounds) to compute and adjust access obligations. This is where “we built X" becomes “here’s how X is actually available to people.”

Role in the system
Up to now:

* OAD — designed and certified the artifact.
® (COS 1-5 — planned, staffed, sourced, and built it in real space.
e ITC — can compute a prospective access obligation from design + production assumptions.
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Module 6 closes the loop between production and lived access:

e decides where finished units go (personal acquisition stock, shared fleets, essential-service reserves, repair pools),
e tracks stock vs requests (availability, backlog),
e detects scarcity and misallocation patterns (e.g., personal stock drained while shared stock sits idle),
e emits non-market signals to:
© ITC (availability/backlog multipliers as inputs, not prices),
o FRS (access stress signals for long-horizon monitoring).

This is the federation’s distribution nervous system: not price formation, not bidding—just transparent routing plus measured availability.

Types — Access Channels, Inventory, and Signals

1 from dataclasses import dataclass

2 from typing import Dict, List, Optional

3 from enum import Enum

4 from datetime import datetime

5

6 class AccessChannelType(str, Enum):

7 PERSONAL = "personal_ acquisition" # long-term possession, ITCs extinguished (ITC side)
8 SHARED_FLEET = "shared_ fleet" # pooled use (bikes, instruments, devices)
9 TOOL_LIBRARY = "tool_ library" # short-term borrow, typically free

10 ESSENTIAL_SERVICE = "essential_service" # reserved availability for essential provisioning
11 REPAIR_POOL = "repair_pool" # held for swap/repair/reconditioning loop
12

13 @dataclass

14  class DistributionPolicy:

15 e

16 Default routing policy for a good in a node.

17 COS normalizes splits and enforces minimum/priority constraints.

18 e

19 default_split: Dict[AccessChannelType, float] # weights (need not sum to 1)

20 prioritize_essential: bool = False # reserve a minimum essential stock
21 min_essential_units: int = 0 # optional: hard minimum for ESSENTIAL_ SERVICE
22 min_shared_fraction: float = 0.0 # ensure some share remains in SHARED_FLEET/TOOL_LIBRARY
28

24 @dataclass

25 class AccessInventoryRecord:

26

27 Current state of a good across channels in a node.

28

29 good_id: str

30 node_id: str

31 by_channel: Dict[AccessChannelType, int]

32

a3 pending_requests_personal: int = 0

34 pending_requests_shared: int = 0

35 pending_requests_essential: int = 0

36

& # optional timestamp for windowed monitoring

38 updated_at: Optional[datetime] = None

39

40 @dataclass

41 class ITCAccessAvailabilitySignal:

42

43 Advisory signal to ITC Module 5: availability/backlog conditions that can

44 gently modulate access obligations (within CDS-defined bounds).

45

46 good_id: str

47 node_id: str

48 availability index_personal: float

49 availability index_shared: float

50 backlog_ratio personal: float

51 backlog_ratio_shared: float

52 suggested access_multiplier: float # >1 scarcity; <1 abundance (advisory)

53 notes: str = ""

54

55 @dataclass

56 class FRSAccessStressSignal:

58 Monitoring signal to FRS: persistent scarcity, over-demand, or underutilization patterns.



59 wn

60 good_id: str
61 node_id: str
62 scarcity index: float # 0—1 (higher = scarcer)
63 underutilization_index: float # 0—1 (higher = more idle relative to demand proxy)
64 description: str
Core Logic

1. Routing finished goods into channels

1 def _normalize split(split: Dict[AccessChannelType, float]) -> Dict[AccessChannelType, float]:
2 total = sum(split.values())

3 if total <= 0:

4 # sensible fallback: default to shared circulation
5 return {AccessChannelType.SHARED FLEET: 1.0}

6 return {ch: w / total for ch, w in split.items()}

7

8 def route finished goods (

9 finished units: int,
10 policy: DistributionPolicy,
11 inv: AccessInventoryRecord,

12 ) —> AccessInventoryRecord:

13 e

14 Route newly finished units into access channels using:

15 - normalized default split

16 - optional essential reservation

17 - optional minimum shared fraction

18 e

19 if finished_units <= 0:

20 inv.updated at = datetime.utcnow()

21 return inv

22

23 split = _normalize_split(policy.default_split)

24 allocated: Dict[AccessChannelType, int] = {ch: 0 for ch in AccessChannelType}
25

26 remaining = finished_units

27

28 # --- A) Optional essential reservation (first claim) ---

29 if policy.prioritize essential and policy.min_essential units > 0:
30 current_essential = inv.by_ channel.get(AccessChannelType.ESSENTIAL SERVICE, 0)
31 needed = max(0, policy.min essential units - current_essential)
32 reserve = min(needed, remaining)

33 allocated[AccessChannelType.ESSENTIAL_SERVICE] += reserve

34 remaining -= reserve

35

36 # --- B) Deterministic base allocation using floor, then distribute remainder by largest fractional part ---
37 # Compute exact desired counts

38 desired = {ch: split.get(ch, 0.0) * remaining for ch in AccessChannelType}
39 base = {ch: int(desired[ch]) for ch in AccessChannelType} # floor
40 used = sum(base.values())

41

42 # Ensure we don't exceed remaining (shouldn’t, due to floor)

43 used = min(used, remaining)

44 for ch in AccessChannelType:

45 base[ch] = min(base[ch], remaining) # defensive

46

47 leftover = remaining - sum(base.values())

48

49 # Distribute leftover by fractional remainders (largest first)

50 remainders = sorted(

51 [(ch, desired[ch] - base[ch]) for ch in AccessChannelType],

52 key=lambda x: x[1],

53 reverse=True,

54 )

55 for i in range(leftover):

56 allocated[remainders[i % len(remainders)][0]] += 1

57

58 # Add base floors

59 for ch in AccessChannelType:

60 allocated[ch] += base[ch]
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89

# --- C) Enforce minimum shared fraction (shared_ fleet + tool_ library) ---

total_after = sum(inv.by_channel.values()) + finished_units

min_shared_units =

current_shared = (

inv.by_channel.get(AccessChannelType.SHARED FLEET, 0)
+ inv.by_channel.get(AccessChannelType.TOOL_LIBRARY, 0)

)

int(policy.min_shared_fraction * total_after)

new_shared = allocated[AccessChannelType.SHARED FLEET] + allocated[AccessChannelType.TOOL LIBRARY]

deficit =
if deficit > 0:

max(0, min_shared_units - (current_shared + new_shared))

# pull from PERSONAL first (least communal), then from REPAIR POOL if needed

pull_order =
for src in pull_order:
if deficit <= 0:
break
take = min(deficit, allocated[src])

allocated[src] -= take

allocated[AccessChannelType.SHARED FLEET] +=

deficit -= take

# --- D) Commit allocation to inventory ---

for ch in AccessChannelType:

inv.by channel[ch] = inv.by channel.get(ch, 0) +

inv.updated_at = datetime.utcnow()

return inv

2. Availability + backlog indices (simple, computable)

We interpret:

N -

w

[ ORI R

o

 personal stock Sy, vs personal requests R,

e shared stock S vs shared requests R

take

allo

def compute availability metrics(inv: AccessInventoryRecord,

S_p = inv.by channel.get(AccessChannelType.PERSONAL, 0)
S_s = inv.by channel.get(AccessChannelType.SHARED FLEET,
R_p = inv.pending_requests_personal

R_s = inv.pending_requests_shared

# Availability indices
A p =
As =

# Backlog ratios

B_p = max(R_p - S_p, 0) / max(R_p, 1)
B_s = max(R_s - S_s, 0) / max(R_s, 1)
return {"A_p": A p, "A s": A_s, "B _p": B_p, "B_s":

3. Availability — advisory multiplier signal for ITC

def build_itc_access_availability signal(
good_id: str,

node_id: str,

inv: AccessInventoryRecord,

gamma_scarcity: float = 0.4,

gamma_backlog: float = 0.4,

0.7,

1.5,

m min: float =
m _max: float =
) -> ITCAccessAvailabilitySignal:

metrics = compute_availability metrics(inv)
Ap, As =

B p, B.s =

metrics["A p"], metrics["A_s"]

metrics["B_p"], metrics["B_s"]

1.0 if (R_p <= 0 and S_p > 0) else (min(1.0, S_p /
1.0 if (R_s <= 0 and S_s > 0) else (min(1.0, S_s /

B_s}

[AccessChannelType.PERSONAL, AccessChannelType.REPAIR POOL]

cated[ch]

epsilon: float = le-6) -> Dict[str, float]:

0) + inv.by channel.get(AccessChannelType.TOOL_LIBRARY,

max(R_p, epsilon)) if R p > 0 else 0.0)

max(R_s, epsilon)) if R_.s > 0 else 0.0)

0)
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scarcity = 0.5 * (1.0 - A p) + 0.5 * (1.0 - A_s)
backlog = 0.5 * B_.p + 0.5 * B_s

m = 1.0 + gamma_scarcity * scarcity + gamma_backlog * backlog

m = max(m_min, min(m max, m))

return ITCAccessAvailabilitySignal(
good_id=good_id,
node_id=node_id,
availability index_ personal=A p,
availability index_shared=A s,
backlog_ratio_personal=B_p,
backlog_ratio_shared=B_s,
suggested_access_multiplier=m,

notes="Advisory signal from COS Module 6 (availability/backlog). ITC applies CDS bounds.",

Stress signal for FRS (scarcity + underutilization proxy)

def build_frs_access_stress_signal(

good_id: str,
node_id: str,

inv: AccessInventoryRecord,

) -> FRSAccessStressSignal:

metrics = compute_availability metrics(inv)
A p, A_s = metrics["A_p"], metrics["A s"]

B p, B_ s = metrics["B_p"], metrics["B_s"]

# scarcity in [0,1]
scarcity = 0.5 * (1.0 - A p) + 0.5 * (1.0 - A_s)

total_stock = sum(inv.by_channel.values())

total_requests = inv.pending requests_personal + inv.pending requests_shared + inv.pending requests_essential

# underutilization proxy: “lots of stock with weak expressed demand”
if total_stock <= 0:

underutilization = 0.0
else:

demand_pressure = min(1.0, total requests / max(total_stock, 1))

underutilization = 1.0 - demand pressure # high when stock >> requests

desc = (

f"Access stress for {good_id} in {node id}:

f"scarcity={scarcity:.2f}, underutilization={underutilization:.2f},

f"backlog_personal={B_p:.2f}, backlog_shared={B_s:.2f}."

return FRSAccessStressSignal(
good_id=good_id,
node_id=node_id,
scarcity_index=scarcity,
underutilization_index=underutilization,

description=desc,

Orchestration: end-to-end pass for Module 6

def run_distribution_and_access_flow(

good_id: str,
node_id: str,
finished units: int,

policy: DistributionPolicy,

inventory: AccessInventoryRecord,

) —-> Dict[str, object]:

COS Module 6 — Distribution & Access Flow Coordination

1) Route newly produced goods into access channels.



12 2) Compute availability/backlog metrics.

13 3) Produce advisory ITC signal + FRS stress signal.
14 e

15 updated_inventory = route_finished_goods (

16 finished_units=finished units,

17 policy=policy,

18 inv=inventory,

19 )

20

21 itc_signal = build_itc_access_availability_signal(
22 good_id=good_id,

23 node_id=node_id,

24 inv=updated_inventory,

25 )

26

27 frs_signal = build_frs_access_stress_signal(
28 good_id=good_id,

29 node_id=node_id,

30 inv=updated_inventory,

31 )

32

33 return {

34 "inventory": updated_inventory,

35 "itc_access_signal": itc_signal,

36 "frs_access_stress": frs_signal,

37 }

Math Sketch — Availability and Backlog
To avoid Typora “stacked display equation” issues, I'm formatting each as a separate display equation with a short spacer line between them.
Let:

e S, = personal stock
e R, =personal requests
e S, =shared stock (shared fleet + tool library)

e R, =shared requests

Personal availability:

S
Ay =min (1, — 2 — (114)
max (R, €)
Shared availability:
S
A;=min (1, —— 115
i ( max(R;, €) ) (115)

Personal backlog ratio:
max(R, — S,,0)

B, = (1) (116)

Shared backlog ratio:
max(Rs — S5, 0)

B, = max(R;, 1) (1)
Scarcity index (0-1) used for signaling:
scarcity = (1 — A4,) + +(1— A,) (118)
Then a bounded advisory multiplier to ITC:
m = clip (1 + 71 - scarcity + vz - +(Bp + Bs), Muin, Mumax) (119)

Plain-Language Example
A node completes 20 bicycles.
Policy says:

® 40% personal stock
® 40% shared fleet
® 20% repair pool



* minimum shared fraction enforced
COS routes bikes accordingly, updates inventory counts, and sees that:

* personal requests are high and personal stock is tight — backlog rising
* shared fleet stock is adequate — shared availability remains good

COS sends ITC an advisory signal:
e “Personal access is currently tight, shared access is fine; here is a bounded multiplier suggestion.”
ITC can then, within CDS bounds:

* nudge the personal acquisition obligation upward slightly (to avoid draining stock),
e keep shared access near-free (or lightly gated only under scarcity),

e and expose the rationale transparently.
FRS receives the longer-horizon signal:

e “Chronic personal-bike scarcity + healthy shared stock — consider shifting future routing/production strategy or strengthening shared-use culture.”

Module 7 (COS) — Quality Assurance & Safety Verification

Purpose

Validate that produced goods actually meet their performance, safety, durability, and maintainability targets, and turn real test results into structured signals for
OAD (redesign), ITC (valuation), and FRS (system health).

Role in the system
Upstream modules produce expectations:

e OAD predicted: “This unit should last X years, require Y maintenance, tolerate Z loads.”
e COS 1-6 executed production and routed units into access channels.

* ITC computed initial access obligations based on expected labor, lifecycle, and ecology.
Module 7 asks the blunt question:
“Did reality match the model?”
If not, it:

* flags defects and safety risks,
e updates the effective lifecycle/maintenance expectations,
e and emits bounded signals that can raise or lower future access obligations (and optionally differentiate specific batches).

Types — QA Specs, Results, and Signals

1 from dataclasses import dataclass, field

2 from typing import Dict, List, Optional, Set

3 from enum import Enum

4 from datetime import datetime

5 import math

6 import random

7

8 class QATestType(str, Enum):

9 FUNCTIONAL = "functional" # works as intended?
10 SAFETY = "safety" # safe under limits / fails safely?
11 DURABILITY = "durability" # wear, fatigue, stress over time
12 MAINTAINABILITY = "maintainability" # repair time / ease
13 ECO_COMPLIANCE = "eco_compliance" # toxicity, emissions, residues, etc.
14

15 @dataclass
16 class QATestSpec:

17 e

18 Design-time QA definition for a given good/version.

19 Typically originates in OAD, optionally refined by COS/FRS.

20 e

21 good_id: str

22 version_id: str

28 tests: Dict[QATestType, Dict] # per-test params (sample_fraction, thresholds, etc.)
24 expected unit_failure_rate: float # expected fraction of units that fail (0-1)

25 expected_lifespan hours: float # from OAD lifecycle model

26 expected maintenance_hours: float # per unit over lifecycle

27



28 @dataclass
29 class QATestResult:

30 e

31 Result of a specific QA test run on a single unit.

B2 e

33 unit_id: str

34 test_type: QATestType

35 passed: bool

36 metrics: Dict[str, float] # test-specific metrics, may include repair time_ hours
37 notes: str = ""

38

39 @dataclass
40 class QABatchSummary:

41 e

42 Aggregated QA view for a batch of units.

43 Important: distinguish unit-level failure rates from test-level failure rates.
44 e

45 good_id: str

46 version_id: str

47 node_id: str

48 batch_id: str

49

50 total units: int

51 tested_units: int

52

53 # Diagnostics by test type (counts of failed test runs)

54 failed tests_by type: Dict[QATestType, int]

55

56 # Unit-level outcomes (units that failed at least one critical test)

57 failed unit_ids: Set[str] = field(default_ factory=set)

58 severe_safety failed unit_ids: Set[str] = field(default_factory=set)

59

60 # Rates (bounded 0-1)

61 unit_failure rate: float = 0.0 # failed units / tested units

62 test_failure rate: float = 0.0 # failed_tests / total_tests_run
63

64 avg_repair_ time hours: float = 0.0 # from MAINTAINABILITY tests when present
65 notes: str = ""

66

67 @dataclass
68 class ITCReliabilitySignal:

69 e

70 How QA results should influence valuation parameters for this good/version in this node.
71 e

72 good_id: str

73 version_id: str

74 node_id: str

75 batch_id: str

76

77 observed_unit_failure_rate: float

78 expected unit_failure rate: float

79

80 suggested_lifespan multiplier: float # multiply OAD expected lifespan

81 suggested_maintenance multiplier: float # multiply OAD expected maintenance hours

82 suggested_access_multiplier: float # bounded, optional adjustment to access obligation
83

84 notes: str = ""

85

86 @dataclass

87 class FRSFailureSignal:

88 e

89 System-level view for FRS: are failures/safety/ecology deviating?
90 e

91 good_id: str

92 version_id: str

93 node_id: str

94 batch_id: str

95

96 unit_failure rate: float

97 severe_safety_ failures: int
98 eco_noncompliance_count: int
99

100 description: str



Core Logic

1. Sampling
1 def select_ga_sample(unit_ids: List[str], sample_fraction: float, min_samples: int = 1) -> List[str]:
2 n_total = len(unit_ids)
8 n_sample = max(min_samples, int(math.ceil(sample_fraction * n_total)))
4 n_sample = min(n_sample, n_total)

5 return random.sample(unit_ids, n_sample)

2. Test execution placeholder

1 def run ga test_on_unit(unit_id: str, test_type: QATestType, test_params: Dict) -> QATestResult:
P win

3 Placeholder QA executor. Real systems call instruments, rigs, sensors, labs.

4 Here: a simple probabilistic pass/fail plus optional maintainability metrics.

5 W

6 base fail prob = float(test_params.get("base fail prob", 0.02))

7 roll = random.random()

8 passed = roll > base_fail prob

9
10 metrics: Dict[str, float] = {"random roll": roll}

11

12 # Optional: emit repair time estimates for maintainability tests

13 if test_type == QATestType.MAINTAINABILITY:

14 # rough placeholder: lower is better

15 mean = float(test_params.get("mean repair_ time_hours", 0.75))

16 jitter = float(test_params.get("repair time jitter", 0.25))

17 metrics["repair time hours"] = max(0.05, random.uniform(mean - jitter, mean + jitter))
18
19 return QATestResult(unit_id=unit_id, test_type=test_type, passed=passed, metrics=metrics)

3. Run QA for a batch

1 def run_ga_for_batch(

N}

good_id: str,

w

version_id: str,

IS

node_id: str,
batch_id: str,

w

6 unit_ids: List[str],

7 ga_spec: QATestSpec,

8 ) -> List[QATestResult]:

9 results: List[QATestResult] = []

10

11 for test_type, params in ga_spec.tests.items():

12 sample fraction = float(params.get("sample_ fraction", 0.2))
13 sample units = select_ga_sample(unit_ids, sample_fraction)
14

15 for u in sample_units:

16 results.append(run_ga_test_on_unit(u, test_type, params))
17

18 return results

4. Summarize QA results

Critical change: we compute unit-level failures separately from test-level failures.

1 def summarize_ga_ results(

2 good_id: str,

3 version_id: str,

4 node_id: str,

3 batch_id: str,

6 unit_ids: List[str],

7 ga_results: List[QATestResult],

8 critical_test_types: Optional[set] = None,
9 ) -> QABatchSummary:

10

11 Aggregate QA test results for a batch.



12 - failed tests_by type: counts failed *test runs*

IS - failed_unit_ids: units that failed at least one critical test
14 wan
15 critical_test_types = critical_test types or {QATestType.FUNCTIONAL, QATestType.SAFETY}

tested units_set = {r.unit_id for r in ga_results}

18 tested units = len(tested units_set)

19 total units = len(unit_ids)

20

21 failed tests_by type: Dict[QATestType, int] = {}

22 failed unit_ids: Set[str] = set()

23 severe_safety failed unit_ids: Set[str] = set()

24

25 repair times: List[float] = []

26 total_tests_run = len(ga_results)

27 total_failed tests = 0

28

29 for r in ga_results:

30 if not r.passed:

31 total_ failed tests += 1

32 failed_tests_by type[r.test_type] = failed_tests_by_ type.get(r.test type, 0) + 1
34 if r.test_type in critical_test_types:

35 failed unit_ids.add(r.unit_id)

36

37 if r.test_type == QATestType.SAFETY:

38 severe_safety_ failed unit_ids.add(r.unit_id)

39

40 if r.test_type == QATestType.MAINTAINABILITY and "repair_ time hours" in r.metrics:
41 repair_times.append(float(r.metrics["repair_time_ hours"]))

42

43 unit_failure rate = (len(failed unit_ids) / max(tested units, 1)) if tested units > 0 else 0.0
44 test_failure_rate = (total_ failed tests / max(total_ tests_run, 1)) if total_tests_run > 0 else 0.0
45

46 avg_repair_time = (sum(repair_times) / len(repair_times)) if repair_times else 0.0
47

48 return QABatchSummary (

49 good_id=good_id,

50 version_id=version_id,

51 node_id=node_id,

52 batch_id=batch_id,

53 total_units=total_units,

54 tested units=tested_units,

55 failed tests_by type=failed tests_by_type,

56 failed unit_ids=failed_unit_ids,

5 severe_safety failed unit_ids=severe_safety failed unit_ids,

58 unit_failure_rate=unit_failure_ rate,

59 test_failure rate=test failure_rate,

60 avg_repair_time_hours=avg_repair_time,

61 notes="Aggregated QA summary (unit-level + test-level failure rates).",

5. Translate QA deviations into ITC signals

1 def build itc_reliability signal(
2 ga_spec: QATestSpec,

3 ga_summary: QABatchSummary,

4 epsilon: float = le-6,

3 beta: float = 0.5,

6 gamma: float = 0.5,

7 eta: float = 0.3,

8 alpha L min: float = 0.3,
9 alpha L max: float = 1.2,
10 alpha M min: float = 0.8,
11 alpha M max: float = 2.0,
12 m min: float = 0.7,
i3 m max: float = 1.5,

14 ) -> ITCReliabilitySignal:
15 wan
16 Use QA deviations to propose adjustments to lifespan, maintenance,

17 and (optionally) access obligations for this good.



p0 = float(ga_spec.expected_unit_ failure rate)

phat = float(ga_summary.unit_ failure_rate)
r_ p = (phat + epsilon) / (p0 + epsilon)

alpha L = 1.0 / (r_p ** beta)
alpha L = max(alpha_L min, min(alpha L_max, alpha_L))

alpha M = r p ** gamma
alpha M = max(alpha M min, min(alpha M max, alpha M))

m=1.0 + eta * (r_p - 1.0)

m = max(m_min, min(m_max, m))

notes = (

£"QA unit_failure rate={phat:.4f} vs expected={p0:.4f};

f'"ratio={r_p:.3f}; lifespan mult={alpha L:.3f};

f"maintenance _mult={alpha M:.3f}; access_mult={m:.3f}."

return ITCReliabilitySignal/(
good_id=ga_summary.good_id,
version_id=ga_summary.version_id,
node_id=ga_summary.node_id,
batch_id=qa_summary.batch_id,
observed_unit_failure_rate=phat,
expected_unit_failure rate=p0,
suggested_lifespan _multiplier=alpha L,
suggested_maintenance multiplier=alpha_M,
suggested_access_multiplier=m,

notes=notes,

6. FRS failure signal

def build_frs_failure signal(ga_summary: QABatchSummary) -> FRSFailureSignal:
eco_noncompliance = ga_summary.failed tests_by type.get(QATestType.ECO_COMPLIANCE, 0)

severe_safety failures = len(ga_summary.severe_safety failed unit_ids)

desc = (

£"0A batch {ga_summary.batch id} ({ga_summary.good_id}, node {ga_summary.node_id}):

f"unit_failure rate={ga_summary.unit_failure_rate:.3f},

f"severe_safety failed units={severe_safety_failures},

f"eco_noncompliance_tests={eco_noncompliance}."

return FRSFailureSignal(
good_id=ga_summary.good_id,
version_id=qga_summary.version_id,
node_id=ga_summary.node_id,
batch_id=qa_summary.batch_id,
unit_failure rate=qga_summary.unit_failure_rate,
severe_safety failures=severe safety failures,
eco_noncompliance count=eco_noncompliance,

description=desc,

7. Orchestration: Full Module 7 pass

def run quality_assurance_pipeline(
good_id: str,
version_id: str,
node_id: str,
batch_id: str,
unit_ids: List[str],
ga_spec: QATestSpec,
) -> Dict[str, object]:
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COS Module 7 — Quality Assurance & Safety Verification

1) Run QA tests on a batch sample.

2) Summarize results (unit-level + test-level).
3) Emit ITC reliability signal.

4) Emit FRS failure signal.

ga_results = run_qga_for_batch(
good_id=good_id,
version_id=version_id,
node_id=node_id,
batch_id=batch_id,
unit_ids=unit_ids,

qa_spec=qa_spec,

summary = summarize_ga_results(
good_id=good_id,
version_id=version_id,
node_id=node_id,
batch_id=batch_id,
unit_ids=unit_ids,

ga_results=ga_results,

itc_signal = build_itc_reliability_ signal(ga_spec=ga_spec, ga_summary=summary)

frs_signal = build_frs_failure_signal(summary)

return {
"ga_results": ga_results,
"ga_summary": summary,
"itc_reliability signal": itc_signal,

"frs_failure_signal": frs_signal,

Math Sketch — QA-driven valuation adjustment

Let:
® po = expected unit failure rate (design-time)
e p=observed unit failure rate (QA/field)
e L = expected lifespan hours
e M, = expected maintenance hours over lifecycle
Failure ratio:
p+e
Ty = ——
pot+€

Suggested lifespan multiplier:

. 1
ap = ChP —ﬂ’ QL miny XL max
Tp

Suggested maintenance multiplier:

ayr = clip (r;, Q) mins a]\/[,max)

Optional access multiplier (bounded):

m = clip (1 + 77(7'p - 1)7 Mmin, mmax)

Interpretation:

If p > po, then 7, > 1: lifespan decreases, maintenance increases, access obligation can rise modestly.

If p < po, then T, < 1: durability is better than expected; access obligations can drift downward over time.

Plain-language summary

Module 7 is where design claims meet empirical reality. If a product fails early, proves unsafe, or demands more maintenance than predicted, COS logs it and

produces clean signals:

(120)

(121)

(122)

(123)



® OAD gets redesign triggers,
e FRS gets systemic alerts,
e ITC gets bounded reliability adjustments so access obligations reflect real lifecycle burden—without markets, profit, or speculation.

Module 8 (COS) — Cooperative Coordination & Inter-Coop Integration

Purpose
Coordinate multiple cooperative units (workspaces, labs, material centers, logistics groups, etc.) within and across nodes so production is distributed, non-

hierarchical, and resilient—and so dependency structure (internal vs federated vs transitional external; robust vs fragile) becomes computable input for ITC
valuation and FRS risk monitoring.

Role in the system
Upstream:

* OAD specifies required processes and inputs (“to make this good, you need these capabilities”).
® COS 1-5 planned and executed local production.
e COS 6-7 handled distribution and QA.

Module 8 zooms out to the network layer:

* Which cooperative units (internal, federated, transitional external) are involved?

* How much capacity does each contribute?

e Where are the single points of failure (concentration)?

e Where are the structural gaps (missing capabilities)?

e How should work be routed when multiple units/nodes can perform the same capability?

Outputs:

¢ A coordination profile (who does what, where).
¢ Adependency/fragility picture ITC can use as an advisory valuation input (external reliance and fragility — higher systemic burden).
¢ A systemic autonomy/fragility signal for FRS to track resilience and long-range risk.

Importantly: COS does not assume every material/process has a dedicated coop. “Cooperative units” are generic: any organized workspace/service contributing to
production.

Inputs

* Required capabilities and their demand (from OAD + COS plan)

* Known cooperative units and capabilities (internal, federated, transitional external)
e Current routing / assignment (what share is being handled by which unit)

e QA history / reliability signals (from COS Module 7), as optional quality inputs

Outputs

® GoodsCoordinationProfile (dependencies + derived indices)
e ITCDependencySignal (advisory multiplier inputto ITC Module 5, bounded by CDS policy)

® FRSAutonomySignal (risk/fragility monitoring input)

Types — Cooperative Units, Dependencies, and Signals

1 from dataclasses import dataclass, field

2 from typing import Dict, List

3 from enum import Enum

4 from datetime import datetime

5

6

7  class CoopScope(str, Enum):

8 INTERNAL = "internal" # inside the node

9 FEDERATED = "federated" # another Integral node
10 EXTERNAL TRANSITIONAL = "external transitional" # outside Integral; temporary
11

12

13 @dataclass
14 class CoopCapability:

15

16 A capability a cooperative unit can provide.

17 Examples: 'frame welding', 'wood processing', 'luthiery finish', 'logistics'.
18 e

19 capability id: str

20 description: str



max_throughput_ per period: float # e.g. units/week

current_utilization: float # 0—1
quality score: float # 0—1 (empirical QA history)
@dataclass

class CooperativeUnit:

Any organized workspace/service contributing to production.
unit_id: str
node_id: str

scope: CoopScope

capabilities: Dict[str, CoopCapability] # capability id -> capability

ecological_impact_index: float # 0—1+ aggregate operational EII

notes: str =

@dataclass
class CoopDependency:

One link in the capability web for a given good/version.
unit_id: str

node_id: str

scope: CoopScope

capability_id: str

share_of_ process: float # fraction of this capability demand routed here (0-1)
critical: bool # if this fails, does production halt?
@dataclass

class GoodsCoordinationProfile:
good_id: str
version_id: str
node_id: str

dependencies: List[CoopDependency] = field(default_factory=list)

# Derived shares across scopes
internal_share: float = 0.0
federated_share: float = 0.0

external_share: float = 0.0

# Derived resilience indicators
autonomy_index: float = 0.0 # 0—1 (higher = less
fragility index: float = 0.0 # 0—1 (higher = more

notes: str =

@dataclass

class ITCDependencySignal:

Advisory valuation input for ITC Module 5.

Note: ITC must still apply CDS bounds/fairness rules.

good_id: str

version_id: str

node_id: str

autonomy_index: float
fragility_index: float

external_ share: float
suggested_access_multiplier: float

notes: str =

@dataclass

class FRSAutonomySignal:

System monitoring input: external dependence + fragility picture.

good_id: str

version_id: str

externally dependent)

concentrated / vulnerable)



94 node_id: str

95 autonomy_index: float
96 fragility index: float
97 external_share: float
98 critical_external_links: int
99 description: str
Core Logic

1. Build a Coordination Profile

This aggregates routing assignments into a single profile and normalizes scope shares.

def build_goods_coordination_profile(
good_id: str,

version_id: str,

1
2
3
4 node_id: str,
5 routing: Dict[str, List[CoopDependency]],
6

) —> GoodsCoordinationProfile:

8 routing: capability id -> list of CoopDependency describing how that capability
9 is split across units.

10

11 dependencies: List[CoopDependency] = []

12 s_int = 0.0

13 s_fed = 0.0

14 s_ext = 0.0

15

16 for cap_id, deps in routing.items():

17 for dep in deps:

18 dependencies.append (dep)

19 if dep.scope == CoopScope.INTERNAL:

20 s_int += dep.share_of_process

21 elif dep.scope == CoopScope.FEDERATED:
22 s_fed += dep.share of_ process

25 else:

24 s_ext += dep.share_of_ process

25

26 total = s_int + s_fed + s_ext

27 if total > 0:

28 internal_share = s_int / total

29 federated share = s_fed / total

30 external_share = s_ext / total

31 else:

32 internal_ share = federated share = external_share = 0.0

w
Iy

w
s

return GoodsCoordinationProfile(

85 good_id=good_id,

36 version_id=version_id,

37 node_id=node_id,

38 dependencies=dependencies,

39 internal_share=internal_share,
40 federated_share=federated_share,
41 external_share=external_share,
42 )

2. Compute Autonomy and Fragility

e Autonomy rewards internal + federated execution, penalizes transitional external dependence.

* Fragility rises when the work is concentrated in few units and/or when critical external links exist.

1 from collections import defaultdict

2

3 def compute_autonomy_and fragility(

4 profile: GoodsCoordinationProfile,

3 alpha: float = 1.0, # internal weight

6 beta: float = 0.7, # federated weight (still inside Integral)
7 gamma: float = 1.0, # external penalty

8 external_critical_penalty: float = 0.3,

9 min_autonomy: float = 0.0,

10 max_autonomy: float = 1.0,



11 ) -> GoodsCoordinationProfile:

12
13 s_int = profile.internal_share
14 s_fed = profile.federated_share
15 s_ext = profile.external_share
16
17 # Autonomy (clipped 0-1)
18 A _raw = alpha * s_int + beta * s_fed - gamma * s_ext
19 A = max(min_autonomy, min(max_autonomy, A _raw))
20
21 # Concentration (Herfindahl-like): sum of squared unit shares
22 share_by unit = defaultdict(float)
3 external_critical_share = 0.0
24
25 for dep in profile.dependencies:
26 share by unit[dep.unit_id] += dep.share of_process
27 if dep.scope == CoopScope.EXTERNAL_ TRANSITIONAL and dep.critical:
28 external_critical_share += dep.share of_process
28
30 total = sum(share by unit.values())
31 if total > 0:
32 for u in list(share by unit.keys()):
33 share_by unit[u] /= total
34
35 H = sum(s**2 for s in share by unit.values()) # 0..l-ish
36
37 # Fragility (clipped 0-1)
38 F_raw = H + external critical penalty * external critical_share
39 F = max(0.0, min(1.0, F_raw))
40
41 profile.autonomy_index = A
42 profile.fragility index = F
43 profile.notes = (
44 f"Autonomy={A:.3f}, Fragility={F:.3f}; "
45 f"shares: internal={s_int:.3f}, federated={s_fed:.3f}, external={s_ext:.3f}."
46 )
47 return profile

3. Emit Advisory ITC Signal

This proposes a bounded multiplier that ITC Module 5 may incorporate—but ITC still must apply CDS fairness rules and bounds.

1 def build itc_dependency_signal(

2 profile: GoodsCoordinationProfile,
3 F_ref: float = 0.30,

4 A ref: float = 0.50,

5 kl: float = 0.40,

6 k2: float = 0.40,

7 m min: float = 0.70,

8 m_max: float = 1.50,

9 ) —-> ITCDependencySignal:

10

11 A = profile.autonomy_index

12 F = profile.fragility index

13 s_ext = profile.external_share

14

15 mraw = 1.0 + k1 * (F - F_ref) - k2 * (A - A_ref)

16 m = max(m_min, min(m max, m_raw))

17

18 return ITCDependencySignal(

19 good_id=profile.good_id,

20 version_id=profile.version_id,

21 node_id=profile.node_id,

22 autonomy_index=A,

25 fragility index=F,

24 external_share=s_ext,

25 suggested_access_multiplier=m,

26 notes=(

27 f"Advisory multiplier from coordination structure: "
28 f"A={A:.3f}, F={F:.3f}, ext_share={s_ext:.3f} - m={m:.3f}."

29 ) s
30 )



4. Emit FRS Autonomy Signal

1 def build_frs_autonomy signal(profile: GoodsCoordinationProfile) -> FRSAutonomySignal:

2 critical_external links = sum(
3 1 for d in profile.dependencies
4 if d.scope == CoopScope.EXTERNAL_TRANSITIONAL and d.critical
5 )
6
7 desc = (
8 f"{profile.good_id} (v={profile.version_id}, node={profile.node_id}): "
9 f"autonomy={profile.autonomy_ index:.3f}, fragility={profile.fragility index:.3f}, "
10 f"external_ share={profile.external_share:.3f}, critical_ external_ links={critical_external_ links}."
11 )
12
13 return FRSAutonomySignal(
14 good_id=profile.good_id,
15 version_id=profile.version_id,
16 node_id=profile.node_id,
17 autonomy_index=profile.autonomy_index,
18 fragility index=profile.fragility index,
19 external_share=profile.external_share,
20 critical_external links=critical_external links,
21 description=desc,
22 )

5. Orchestration

1 def run_coop_coordination_pipeline(
good_id: str,

version_id: str,

2

3

4 node_id: str,

5 routing: Dict[str, List[CoopDependency]],
6

) —-> Dict[str, object]:

8 profile = build_goods_coordination_profile(
9 good_id=good_id,
10 version_id=version_id,
11 node_id=node_id,
12 routing=routing,
13 )
14
15 profile = compute_autonomy_ and fragility(profile)
16
17 itc_signal = build_itc_dependency_signal(profile)
18 frs_signal = build_ frs_autonomy_signal(profile)
19
20 return {
21 "coordination_profile": profile,
22 "itc_dependency signal": itc_signal,
23 "frs_autonomy_signal": frs_signal,
24 }

Triggered when:

® anew product line starts in a node,
* routing patterns/capacities change,
e or FRS/ITC request reevaluation after a shock.

Math Sketch — Network-Level Autonomy and Fragility
Let the following quantities be defined:

® sint: total share routed to internal cooperative units
® Sfed: total share routed to federated (inter-node) cooperative units

® Syt total share routed to external transitional units
These represent how the production process for a given good is distributed across scopes.
Let:

* s; be the normalized share of the total process handled by cooperative unit 2



Let:

e E be the total share of the process routed through critical external links
(i.e., links whose failure would halt production)

Autonomy Index
First compute the raw autonomy score:
Araw = a Sint + BSfed — 7 Sext
Then clip the value to the unit interval:
A = clip(Araw, 0, 1)
Fragility Index

Compute a concentration measure (Herfindahl-style):

H:ZS?

i
Add a penalty for critical external dependence:
Fraw = H+ AE
Then clip to the unit interval:
F = clip(Fraw, 0, 1)
Advisory Valuation Multiplier (ITC Input)

Define a bounded advisory multiplier used by ITC as one input to access-value computation:

m = clip(l —+ kl(F — F(]) — k2(A — A(]), Mmin, mmax)

Interpretation in Plain Language

Module 8 answers: “What does this good depend on, and how fragile is that dependency web?”

e |f production depends heavily on transitional external suppliers or on a single critical unit, fragility rises.

e If production is distributed across internal + federated capacity, autonomy rises.

e |ITC can use this as a bounded advisory input (not a price signal) to reflect systemic risk and encourage long-run autonomy.
e FRS uses it to track resilience trends and prompt long-horizon planning: “what should we internalize, federate, or redesign to reduce fragility?”

Module 9 (COS) — Transparency, Ledger & Audit

Purpose

(124)

(125)

(126)

(127)

(128)

(129)

Provide a tamper-evident, queryable operational history of production—labor, materials, throughput, failures, distribution, and coordination decisions. This history

is the bridge that allows ITC and FRS to compute reality-based valuation, feedback, and long-term learning.

COS Module 9 records what physically happened. ITC Module 8 records how access obligations were computed. The two ledgers are linked, but not conflated.

Role in the System
Upstream inputs (from COS Modules 1-8)

e Task lifecycle events (start, pause, completion)

e Labor participation (who worked, how long, skill tier)

* Material movements (reservation, consumption, recycling)
e Workflow state (WIP, bottlenecks, cycle time)

* QA outcomes (failures, severity, durability)

e Distribution events (personal, shared, repair, essential)

e Inter-coop coordination structure

Downstream consumers

¢ ITC — needs clean aggregates for valuation
(labor by tier, material footprints, throughput realism)
¢ FRS — needs temporal traces and anomalies
(defect spikes, ecological stress, dependency risk)
e CDS & public — need auditability for governance and trust

This is not a blockchain. It is:

e an append-only event stream,
¢ hash-chained for tamper evidence,
¢ human-readable,



e and purpose-built for cybernetic coordination.

1. Types — Events, Ledger, Snapshots

1 from dataclasses import dataclass, field
from typing import Dict, List, Optional
from enum import Enum

import hashlib

import json

6 from datetime import datetime
Event categories

1 class COSEventType(str, Enum):
2 LABOR = "labor"

8 MATERIAL = "material"

4 WORKFLOW = "workflow"

5 QA = "ga"

6 DISTRIBUTION = "distribution"

7 COORDINATION = "coordination"
Base event

1 @dataclass

2 class COSEvent:

3 win

4 Generic COS event. All production-relevant activity

5 is represented as a sequence of these.

6 wn

7 event_id: str

8 event_type: COSEventType

9 node_id: str

10 coop_unit_id: str

11 good_id: str

12 version_id: str

13 timestamp: datetime

14 payload: Dict

15

16 prev_hash: Optional[str] = None

17 event_hash: Optional[str] = None
Hash utility

1 def compute_event_hash(event: COSEvent) -> str:

2 data = {

3 "event_id": event.event_id,

4 "event_type": event.event_type.value,

5 "node_id": event.node_id,

6 "coop_unit_id": event.coop_unit_id,

7 "good_id": event.good_id,

8 "version_id": event.version_id,

9 "timestamp": event.timestamp.isoformat(),
10 "payload": event.payload,

11 "prev_hash": event.prev_hash,

12 }

13 serialized = json.dumps(data, sort_keys=True)
14 return hashlib.sha256(serialized.encode("utf-8")).hexdigest()

Ledger container

-

@dataclass

N

class COSLedger:

w

=

Append-only operational ledger for a node or cooperative unit.

o

6 node_id: str
events: List[COSEvent] = field(default_factory=list)

N



9 def append_event(self, event: COSEvent) -> COSEvent:
10 if self.events:

11 event.prev_hash = self.events[-1].event_ hash
12 event.event _hash = compute_event_hash(event)

13 self.events.append(event)

14 return event

2. Event Payload Schemas (Conceptual)
These are not rigid schemas—just shared meaning.

Labor event

"task_id": "frame_weld_step_ 03",
"worker id": "member_ 123",
"hours": 2.5,

"skill tier": "high",
"itc_weight_band": 1.6,

"verified by": "member 456",
"itc_labor_event_id": "LE_abcl123"

W P NV A W N

Material event

1 {
2 "material_id": "aluminum tubing 6061",
3 "quantity": 4.2,

4 "unit": "kg",

5 "direction": "consumed",

6 "eii": 0.34

7}

Workflow event

14
2 "task_id": "wheel build",
3 "state": "blocked",
4 "reason": "missing_spokes",
5 "wip_count": 5
6}
QA event
1] {
2 "ga_batch_id": "bicycle v3_batch 09",
3 "sample_size": 10,
4 "failures": 2,
5 "failure_modes": ["spoke_tension", "paint_chip"],
6 "severity index": 0.4
71}

Distribution event

1 ¢
2 "distribution_id": "dist 789",
3 "channel": "shared fleet",

4 "quantity": 5,

5 "itc_access_value": 42.0

6}

Coordination event



2 "coordination_profile id": "CP_bicycle_v3_nodeA",
3 "autonomy_index": 0.78,

"fragility_index": 0.21,

[N

"external_ share": 0.12

o
~

3. Ledger Integrity & Audit Checks

1 def verify ledger integrity(ledger: COSLedger) -> bool:

2 W
3 Verify hash-chain integrity of the COS ledger.

4 W

5 prev_hash = None

6 for event in ledger.events:

7 if event.prev_hash != prev_hash:

8 return False

9 if compute_event_hash(event) != event.event_hash:
10 return False

11 prev_hash = event.event_hash

12 return True

4. Aggregation for ITC — Production Summary

1 @dataclass

2 class ITCProductionSummary:

w

good_id: str

4 version_id: str
5 node_id: str
6 period_start: datetime

7 period_end: datetime

8

9 total_weighted_hours_by tier: Dict[str, float] = field(default_ factory=dict)
10 total_raw_hours_by tier: Dict[str, float] = field(default_ factory=dict)

11

12 material_ consumption: Dict[str, float] = field(default_factory=dict)

13 material_eii_weighted: Dict[str, float] = field(default_factory=dict)

14

15 units_completed: int = 0

16 units_failed_ga: int = 0

17 avg_failure_ severity: float = 0.0

19 def aggregate for_itc(

20 ledger: COSLedger,
21 good_id: str,
22 version_id: str,
3 t_start: datetime,
24 t_end: datetime,
25 ) -> ITCProductionSummary:
26 summary = ITCProductionSummary (
27 good_id=good_id,
28 version_id=version_id,
29 node_id=ledger.node_id,
30 period_start=t_start,
31 period_end=t_end,
32 )
33
34 failure_severity sum = 0.0
35 failure_events = 0
36
37 for ev in ledger.events:
38 if ev.good_id != good_id or ev.version_id != version_id:
39 continue
40 if not (t_start <= ev.timestamp <= t_end):
41 continue
42
43 if ev.event_type == COSEventType.LABOR:

44 tier = ev.payload.get("skill tier", "unknown")



hours = float(ev.payload.get("hours", 0.0))
weight = float(ev.payload.get("itc_weight_band", 1.0))

summary.total raw_hours_by_ tier[tier] = \
summary.total raw_hours_by tier.get(tier, 0.0) + hours
summary.total weighted hours_by tier[tier] = \

summary.total weighted hours_by tier.get(tier, 0.0) + hours * weight

elif ev.event_type == COSEventType.MATERIAL:
if ev.payload.get("direction") == "consumed":
mat = ev.payload.get("material id")
gty = float(ev.payload.get("quantity", 0.0))
eii = float(ev.payload.get("eii", 0.0))

summary.material_ consumption[mat] = \
summary.material_ consumption.get(mat, 0.0) + gty
summary.material_ eii weighted[mat] = \

summary.material eii weighted.get(mat, 0.0) + gty * eii

elif ev.event_type == COSEventType.QA:
fails = int(ev.payload.get("failures", 0))
severity = float(ev.payload.get("severity index", 0.0))
summary.units_failed ga += fails
failure_severity sum += severity

failure_events += 1

elif ev.event_type == COSEventType.DISTRIBUTION:

summary.units_completed += int(ev.payload.get("quantity", 0))

if failure events > 0:

summary.avg_failure_severity = failure severity sum / failure_ events

return summary

5. Aggregation for FRS — System Trace

@dataclass

class FRSProductionTrace:
good_id: str
version_id: str
node_id: str
period_start: datetime

period_end: datetime

total_units_completed: int
total_units_failed_ga: int
avg_failure severity: float
total_eii: float

total_materials: Dict[str, float]

def build_frs_trace_from itc_summary(
summary: ITCProductionSummary
) —> FRSProductionTrace:
return FRSProductionTrace(
good_id=summary.good_id,
version_id=summary.version_id,
node_id=summary.node_id,
period_start=summary.period_start,
period_end=summary.period_end,
total_units_completed=summary.units_completed,
total_units_failed ga=summary.units_failed ga,
avg_failure_ severity=summary.avg_failure_ severity,
total_eii=sum(summary.material eii weighted.values()),

total materials=dict(summary.material_ consumption),

6. Orchestration — Module 9 Pipeline



1 def run_cos_ledger pipeline(

2 ledger: COSLedger,

3 good_id: str,

4 version_id: str,

5 t_start: datetime,

6 t_end: datetime,

7 ) -> Dict[str, object]:

8 integrity ok = verify ledger_ integrity(ledger)
9 if not integrity_ok:

10 raise ValueError("Ledger integrity check failed for node " + ledger.node_id)
11

12 itc_summary = aggregate_for_ itc(

13 ledger=ledger,

14 good_id=good_id,

15 version_id=version_id,

16 t_start=t_start,

17 t_end=t_end,

18 )

19

20 frs_trace = build_frs_trace_from itc_summary(itc_summary)
21

22 return {

23 "integrity ok": integrity ok,

24 "itc_production_summary": itc_summary,

25 "frs_production_trace": frs_trace,

26 }

Math Sketch — Conservation, Coverage, and Trust
1. Labor Conservation
Weighted labor by skill tier k:

(k) _
Hweighted - Z he * We
eGE(k)

labor

Total weighted labor across all skill tiers:

(k)
Hweighted = Z Hweighted
k

This quantity must match (within tolerance) the labor cost used by ITC valuation. Any discrepancy indicates a data or logic error upstream.

2. Material Footprint

Total quantity of material y consumed:

€€ Emaerial

Ecological impact for material m:

Elln= Y qem-eiicn

€€ Ematerial

Aggregate ecological impact across all materials:

Bl = Z EII,,

This same aggregate must be used by both ITC and FRS, ensuring ecological consistency.

3. QA Consistency
Observed failure rate:

Utailed

Thil = 77—
Ucompleted + Ufailed

Deviation from projected failure rate triggers review:
|Pgait — Tproj| > € = trigger redesign or process review

This is how empirical reality corrects design assumptions.

(130)
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(134)

(135)

(136)



4. Traceability
Hash-chained event integrity:
hi = H(ei, hi-1)

Any modification to a prior event breaks all downstream hashes, making tampering detectable rather than impossible.

Plain-Language Summary
COS Module 9 ensures that nothing important disappears into narrative fog:

* every hour worked,
e every kilogram consumed,
e every failure,

e every distribution choice,

is recorded, chained, and auditable.

This allows Integral to compute value, fairness, and sustainability from reality itself, not from prices, authority, or trust claims.

Putting It Together: COS Orchestration

End-to-End Flow: From Certified Design to Distribution, Valuation, and Systemic Feedback

1 def run_cos_pipeline(

2 certified design: DesignPackage,

3 node_context: Dict,

4 labor_pool: List[MemberProfile],

5 material_inventory: MaterialLedger,

6 external procurement_channels: Dict,

7 distribution rules: Dict,

8 ga_protocols: Dict

9 ) -> Dict:

10 e

11 End-to-end COS execution pipeline.

12

13 1. Generate production plan from certified OAD design
14 2. Match labor to tasks (voluntary, skill-aware)

15 3. Allocate materials (internal-first, external if required)
16 4. Execute cooperative workflows with real-time tracking
17 5. Detect and rebalance bottlenecks

18 6. Route finished goods into access channels

19 7. Perform QA & safety verification

20 8. Coordinate across cooperatives / nodes

21 9. Write transparent ledger and feed ITC & FRS

22

23 Output:

24 A complete production, distribution, and valuation trace
25 suitable for ITC access computation and FRS system learning.
26 e

27

28 #

29 # 1. Production Planning & Work Breakdown (Module 1)

30 #

31 wbs = generate_work_breakdown_structure(

32 design=certified design,

58 context=node_context

34 )

35

36 # Includes:

37 # - labor-step decomposition

38 # - skill tiers

39 # - material + EII requirements

40 # - cycle-time & throughput estimates

41 # - predicted constraints

42 #

43 itc_shadow_value = estimate_shadow_value_from plan(wbs)
44

45

46 #

(137)



47
48
49
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# 2. Labor Organization & Skill-Matching (Module 2)

#
labor_assignments = match_labor_ to_tasks(
wbs=wbs,
labor_pool=labor_pool,

itc_weight_signals=get_itc_weight_signals()

# Inform ITC of real labor availability & scarcity

update_itc_labor_ availability(labor_assignments)

#
# 3. Resource Procurement & Materials Management (Module 3)

#

material plan = allocate materials(
wbs=wbs,

inventory=material_inventory

if material plan.requires_external procurement:
external procurement_log = perform external procurement (
material plan,
channels=external_ procurement_ channels
)
else:

external procurement_log = []

scarcity_signals = compute material_ scarcity(material_plan)
update_itc_material_scarcity(scarcity signals)

update_frs_ecological material_trace(material plan)

#
# 4. Cooperative Workflow Execution (Module 4)
#

production_state = execute_workflows (
wbs=wbs,
labor_assignments=labor_assignments,

material plan=material_plan

# Emit labor events into ITC pipeline
for event in production_state.labor_ events:

itc_record labor_event(event)

# Update ITC & FRS with real execution data
update_itc_with_actual_labor_ costs(production_state)

update_frs_with_operational_performance(production_state)

#
# 5. Capacity, Throughput & Constraint Balancing (Module 5)

#

bottlenecks = detect_bottlenecks(production_state)

if bottlenecks:
balancing actions = rebalance_capacity(
bottlenecks=bottlenecks,
labor_pool=labor_pool,
wbs=wbs
)
else:

balancing_actions = []
send_bottleneck signals_to_itc(bottlenecks)

send_bottleneck signals_to_oad(bottlenecks)

send_bottleneck signals_to_frs(bottlenecks)

#

# 6. Distribution & Access Flow Coordination (Module 6)

#
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finished goods = production_state.completed_units

distribution_allocations = coordinate_distribution(
goods=finished_goods,
rules=distribution_rules,

context=node_context

access_value_metadata = extract_access_value_signals(
goods=finished_goods,
material plan=material_plan,
production_state=production_state,

external_ procurement_ log=external_ procurement_log

#
# 7. Quality Assurance & Safety Verification (Module 7)
#

ga_results = perform quality assurance(

goods=finished_goods,

protocols=qga_protocols

update_oad_with_ga_results(ga_results)
update_itc_with_maintenance_forecasts(ga_results)

update_frs_with_reliability data(ga_results)

#
# 8. Cooperative Coordination & Inter-Coop Integration (Module 8)
#

integration_report = integrate with other_ coops(

production_state=production_state,

resource_network=node_ context.resource_network

autonomy, fragility = compute autonomy_ fragility(integration_report)
update_itc_with_autonomy_ fragility(autonomy, fragility)

#
# 9. Transparency, Ledger & Audit (Module 9)
#

ledger_entry = write_cos_ledger(

design=certified design,

wbs=wbs,

labor_assignments=labor_assignments,
material_plan=material_plan,
production_state=production_state,
ga_results=qga_results,
distribution=distribution_allocations,
external procurement=external_ procurement_log,
integration_report=integration_report,

itc_metadata=access_value metadata

update_frs_with_systemic_trace(ledger_entry)

#
# Return full production + valuation trace
#

return {

"wbs": wbs,

"labor_ assignments": labor_ assignments,
"material_plan": material_plan,
"production_state": production_state,
"bottlenecks": bottlenecks,

"ga_results": ga_results,

"distribution": distribution_allocations,
"integration_report": integration_report,

"ledger": ledger_entry,



193 "itc_access_value_inputs": access_value_metadata,
194 "autonomy": autonomy,

195 "fragility": fragility,

What This Orchestration Demonstrates (Plain Language)
1. COS is the real-world executor

* OAD defines what should exist
® COS determines how it is actually built under real constraints
¢ No prices, no firms, no wages — just observable production reality

2. COS is the source of real economic information

Markets infer via price signals.
COS measures directly:

® labor hours by skill tier

* material use and ecological impact
e scarcity and throughput constraints
¢ reliability and failure rates

e distribution and access patterns

This is the missing informational substrate in classical economics.

3. COS continuously feeds ITC valuation
Every COS module emits computable signals:

* labor scarcity — weighting adjustments

* material constraints — access-value modifiers

* bottlenecks — training or redesign signals

e QA failures — lifecycle and maintenance corrections

e autonomy/fragility — systemic cost multipliers

The result is access-values grounded in reality, not negotiation.

4. COS enables recursive system learning

e FRS receives ecological, reliability, and risk traces
e OAD receives redesign triggers and process intelligence
e ITC recalculates contribution obligations accordingly

Production improves — efficiency rises — access-values fall
Not through competition — through intelligence.

Closing Statement

COS is where Integral stops being theory and becomes metabolism.
It is the layer where labor, materials, tools, ecology, and cooperation are coordinated directly — without markets, money, or hierarchy — and rendered
computable for valuation, governance, and long-term adaptation.

7.5 FRS Modules

The Adaptive Intelligence Layer of Integral

The Feedback & Review System (FRS) is Integral's long-horizon adaptive intelligence—the recursive cybernetic layer that perceives, interprets, diagnoses, models,
and contextualizes the evolving state of the entire federated economy.

If COS is the musculature that executes production, OAD the generative design cortex, ITC the metabolic circulation of contribution and access, and CDS the
constitutional decision authority, then FRS functions as the system’s adaptive brainstem and long-range cortex: the layer that ensures the organism remains viable,
coherent, ecological, democratic, and non-coercive over time.

Within Stafford Beer’s Viable System Model, FRS corresponds primarily to:

e System 4 — intelligence, external scanning, forecasting, and adaptation

o selected System 3* functions — early warning, anomaly detection, and stress signaling



FRS is not System 5. It does not define norms, set policy, or exercise authority. Those functions belong explicitly to CDS, which retains constitutional sovereignty and
democratic legitimacy.

Instead, FRS exists to ensure that decision-making at every scale is grounded in reality rather than assumption.
It continuously:

e integrates empirical signals from COS, ITC, OAD, ecological monitoring, and inter-node exchanges,

* detects emerging systemic pathologies,

e models future constraints and risks across multiple horizons, and

e translates this intelligence into typed, auditable recommendations that other subsystems may act upon within democratically defined bounds.

FRS exists to prevent:

* ecological overshoot and delayed environmental collapse

¢ hidden dependency formation and supply fragility

e coercive drift, privilege stratification, or proto-market dynamics
e governance capture or informational asymmetry

* runaway positive feedback loops

* long-term labor imbalance or skill bottlenecks

* systemic stagnation and design lock-in

¢ loss of institutional and ecological memory

¢ fragmentation or divergence between federated nodes

In short, FRS is the guardian of viability.

It does not “run” the system, optimize outcomes, or impose corrections. Rather, it ensures that Integral remains situationally aware, historically informed, and
adaptively responsive—capable of correcting course through democratic processes before crises become irreversible.

The FRS is composed of seven tightly scoped micro-modules, which together form a recursive:

perception — diagnosis — modeling — recommendation — governance interface — learning — federation loop,
operating continuously at local, node, and inter-node scales.

FRS Module Overview Table

FRS Module

1. Signal Intake &
Semantic Integration

2. Diagnostic
Classification & Pathology
Detection

3. Constraint Modeling &
System Dynamics
Simulation

4. Recommendation &
Signal Routing Engine

5. Democratic
Sensemaking & CDS
Interface

6. Longitudinal Memory,
Pattern Learning &
Institutional Recall

7. Federated Intelligence
& Inter-Node Learning

Primary Function

Ingest, normalize, timestamp, and contextualize structured signals from COS, ITC, OAD,

CDS, ecological monitoring, and inter-node exchanges into a coherent perception layer.

Identify and classify emergent system stresses—ecological, labor, dependency, access,
or governance-related—distinguishing causes from symptoms and assigning scope,
severity, and persistence.

Model binding constraints (labor, ecology, throughput, dependencies) and simulate
counterfactual futures to assess viability, resilience, and risk across multiple time
horizons.

Generate typed, bounded recommendations and alerts for OAD, COS, ITC, and CDS—
without executing changes—ensuring corrective action remains distributed and
democratically governed.

Translate complex system intelligence into accessible narratives, dashboards, scenario
comparisons, and deliberation prompts to support informed democratic governance
within CDS.

Preserve historical data on crises, interventions, design changes, ecological baselines,
and governance outcomes to enable long-range learning and prevent repeated
systemic failure.

Coordinate cross-node signal exchange, shared learning, stress propagation, and best-
practice diffusion while preserving local autonomy and avoiding centralization.

Real-World Analogs / Technical
Basis

Data-fusion pipelines, semantic
integration layers, telemetry
normalization

Anomaly detection, early-warning
systems, systemic risk diagnostics

System-dynamics modeling,
constraint-based simulation,
scenario analysis

Decision-support systems,
cybernetic signaling, prescriptive
analytics (non-executive)

Civic dashboards, participatory
modeling tools, decision-support
interfaces

Institutional memory systems,
longitudinal databases, ecological
archives

Federated learning, distributed
coordination systems, networked
resilience models



Module 1: Signal Intake & Semantic Integration

Purpose

Continuously collect, normalize, and contextualize ecological, operational, and social signals from across the node and federation—forming the perceptual cortex of
Integral’s adaptive intelligence.

Description

FRS Module 1 ingests already-structured signals produced by other subsystems and external monitoring sources and integrates them into a unified semantic layer. It
does not collect raw sensor noise, perform analytics, or apply interpretation. Instead, it:

¢ receives interpretable signals generated upstream,
o aligns them temporally, spatially, and contextually,
* versions and timestamps them,

e and prepares them for downstream diagnosis and modeling.
Signal sources include:

e COS: material consumption, throughput deviations, maintenance cycles, bottlenecks

* OAD: design revisions, prototype performance, substitution experiments

e ITC: labor scarcity trends, decay distribution, access-value drift, dependency signals

* CDS: participation levels, deliberation load, governance strain indicators

¢ Ecological monitoring: water quality, forest regeneration rates, energy availability, climate stressors
¢ Inter-node exchanges: shared capacity, temporary dependencies, import/export signals

¢ Long-horizon observables: seasonal cycles, corrosion indicators, weather and tide trends

All inputs are transformed into time-stamped, versioned semantic packets representing the system'’s current state without judgment or prescription. These
packets form the common perceptual substrate for Modules 2 and 3.

Example (Sailboat)
A coastal node is building and maintaining a shared community sailboat.
Module 1 receives:

e humidity and salinity data from the coastal environment

* timber usage, waste rates, and repair frequency from COS hull fabrication
e |TC signals showing rising access demand for watercraft

e labor availability for specialized woodworking and rigging

e energy consumption from fabrication tools

e ecological indicators tied to nearby marine protected areas

Module 1 does not evaluate these signals. It integrates them into a coherent, contextual snapshot:

“Sailboat production is stable, but hull-timber usage is trending toward local sustainability limits under increasing access demand.”

Module 2: Diagnostic Classification & Pathology Detection

Purpose
Identify emerging system stresses, risks, and pathologies by classifying integrated signals into causal patterns, distinguishing symptoms from structural problems.
Description
FRS Module 2 analyzes the integrated signal stream produced by Module 1 to detect meaningful deviations from viability. It does not optimize, forecast, or prescribe
solutions. Instead, it answers:

“What kind of problem is this, and how serious is it?”
Detected issues are classified across multiple domains, including:

* ecological overshoot

e labor imbalance or burnout risk

e material dependency formation

e access inequity or proto-market behavior

® governance overload or participation decline
¢ coordination failures between cooperatives

Each identified issue is tagged with:

e type (ecological, labor, governance, etc.)

® severity (minor, moderate, critical)

* scope (local, node-wide, federated)

e persistence (temporary fluctuation vs structural trend)



This classification ensures that downstream responses target root causes, not surface symptoms.
Example (Sailboat)
Module 2 reviews the sailboat signal packet and detects:

e timber usage rising faster than access demand alone would predict
* repair frequency increasing over time
* mild but persistent scarcity of skilled woodworking labor

It classifies the condition as:
Structural material stress combined with design-related durability issues — moderate severity, growing persistence.

This is no longer random noise, but not yet a crisis.

Module 3: Constraint Modeling & System Dynamics Simulation

Purpose

Model binding constraints and explore future system behavior under different conditions, identifying viability boundaries rather than optimal outcomes.
Description

FRS Module 3 converts diagnosed patterns into explicit system models. It does not predict the future; instead, it runs counterfactual scenarios to understand:

e what trajectories are viable,
* where constraints bind,

¢ and which futures risk systemic failure.
Models may include:

e material regeneration vs consumption rates
* labor capacity and training lag

* ecological thresholds and recovery times

e dependency propagation across nodes

e access-demand growth under cultural or seasonal shifts
Outputs are scenario envelopes, not directives—illustrations of consequences if trends persist or if specific changes occur.
Example (Sailboat)
Module 3 simulates:

1. Status quo: current timber use and repair patterns continue

2. Increased demand: sailing interest rises by 30%

3. Design improvement: hull redesign reduces maintenance by 25%

4. Material substitution: partial shift to composite or reclaimed materials

Results show:

Under status quo, timber regeneration limits are crossed within five years. Design improvement alone restores long-term viability; demand growth without redesign
accelerates failure.

Module 4: Recommendation & Signal Routing Engine

Purpose

Translate diagnoses and model insights into typed, bounded recommendations for other subsystems—without executing changes or overriding governance.
Description

FRS Module 4 produces actionable signals, not commands. Each recommendation is explicitly routed to the subsystem best positioned to respond:

* OAD — redesign or material substitution opportunities
® COS — workflow stress alerts or capacity warnings
e ITC — valuation pressure or labor-scarcity flags

e CDS — policy review prompts or threshold crossings
Each signal includes rationale, uncertainty, scope, and confidence. Authority remains fully distributed.
Example (Sailboat)
Module 4 issues:

e To OAD:
“Hull durability appears lower than modeled; explore joint redesign or alternative materials.”



e TolTC:

“Woodworking skill scarcity and maintenance burden may warrant temporary weighting adjustment.”
e ToCDS:

“Projected timber stress exceeds sustainability thresholds under current demand within five years.”

Module 5: Democratic Sensemaking & CDS Interface

Purpose

Convert system intelligence into human-comprehensible narratives and deliberation inputs that support informed democratic governance.

Description

FRS Module 5 does not simplify reality; it translates complexity. It prepares dashboards, narratives, and scenario comparisons so participants can understand:

e whatis happening
* why it matters
* which tradeoffs exist

e what uncertainties remain
This ensures governance is grounded in shared situational awareness, not technical opacity or expert dominance.
Example (Sailboat)
For CDS deliberation, Module 5 presents:

e atimeline of timber use vs regeneration
e acomparison of “repair-heavy” vs “redesigned hull” futures
* aplain-language explanation of access-value shifts

e discussion prompts such as:
“Should we prioritize redesign, limit demand, or invest in new materials?”

Module 6: Longitudinal Memory, Pattern Learning & Institutional Recall

Purpose

Preserve historical system knowledge so Integral can learn across generations, not just react in real time.
Description

FRS Module 6 maintains structured memory of:

e past crises and near-failures

¢ design interventions and outcomes

e ecological baselines and recovery times

e governance decisions and downstream effects

This prevents repeated mistakes and enables learning across decades rather than months.
Example (Sailboat)
Module 6 recalls:

* asimilar timber stress event ten years earlier in another node
* alaminated-hull redesign that halved maintenance

¢ the consequences of delayed intervention

This context informs present decisions without dictating outcomes.

Module 7: Federated Intelligence & Inter-Node Learning

Purpose
Enable cross-node learning and coordination without centralization, preserving autonomy while sharing insight.
Description

FRS Module 7 propagates stress signatures, successful interventions, and early-warning patterns across the federation. Nodes learn from each other without
mandates, hierarchy, or uniform solutions.

Example (Sailboat)
The coastal node shares:

e early indicators of timber stress



e effective hull redesign strategies
e labor-training approaches that eased bottlenecks

Another node, planning its first sailboat, adapts its design before encountering the same constraints.

Closing Note
Together, these seven modules form a continuous, non-coercive adaptive loop:
Perception — Diagnosis — Modeling — Recommendation — Democratic Deliberation — Memory — Federation

The sailboat does not become “cheaper” or “scarcer” through market forces. It becomes more viable, durable, and accessible because the system itself learns.
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Above Diagram: FRS Architecture Diagram — Adaptive Intelligence Without Command

This diagram illustrates the internal architecture and signal flow of the Feedback & Review System (FRS), Integral's adaptive intelligence layer. FRS continuously ingests
structured signals from across the federation—including COS production metrics, OAD design updates, ITC valuation dynamics, CDS governance indicators, ecological
monitoring data, and inter-node exchanges—and integrates them into a unified perceptual field. This intake function (Module 1) does not interpret or judge conditions;
it normalizes, timestamps, and contextualizes signals so the system’s current state can be perceived coherently across time and scale.

From this shared perceptual substrate, FRS performs diagnostic classification (Module 2), distinguishing causal pathologies from surface symptoms and tagging them by
severity, scope, and persistence. These diagnoses then feed into constraint modeling and system-dynamics simulation (Module 3), where future viability envelopes are
explored through counterfactual scenarios rather than point predictions. Importantly, modeled expectations feed back into perception as reference baselines, allowing
FRS to detect not just change, but deviation from anticipated trajectories—an essential cybernetic function for long-horizon stability.

The outputs of modeling are translated into typed, bounded recommendations by the signal routing engine (Module 4). These recommendations are explicitly non-
executive: design revision opportunities are routed to OAD, workflow and capacity alerts to COS, valuation pressure signals to ITC, and threshold or risk notifications to
CDS. At no point does FRS impose action. Instead, it preserves distributed agency by ensuring that each subsystem receives only the intelligence relevant to its domain
of responsibility.

To support democratic legitimacy, FRS converts system intelligence into human-comprehensible sensemaking artifacts (Module 5), including narratives, dashboards,

and scenario comparisons designed to inform deliberation rather than dictate outcomes. These artifacts, together with policy decisions and their consequences, are

stored in a longitudinal institutional memory (Module 6), enabling pattern learning across years or decades and preventing the repetition of past systemic failures. In
parallel, federated intelligence mechanisms (Module 7) propagate stress signatures, successful interventions, and early-warning patterns across nodes, allowing local
autonomy to coexist with shared learning and collective resilience.



Taken together, the diagram shows FRS as a continuous adaptive loop—perception, diagnosis, modeling, recommendation, democratic sensemaking, memory, and
federation—operating without centralization or coercion. FRS does not “run” the Integral economy; it ensures that the economy remains situationally aware, historically
informed, and capable of correcting course through democratic processes before crises become irreversible.

Narrative Snapshot — A Full FRS Walkthrough (Sailboat Edition)

How Integral’s adaptive intelligence detects drift, diagnoses causes, and enables coordinated democratic correction

To see the Feedback & Review System (FRS) operating as a complete, recursive adaptive loop, imagine the following situation unfolding within a coastal Integral node.

The Situation: Subtle Signals, No Crisis
Over the course of several months, a coastal node begins noticing small but compounding irregularities:

e incremental increases in repair labor for sail rigs and hull fittings

* rising demand for waterproofing materials and marine sealants

* inconsistent readings from wind and humidity sensors near the shoreline
e COS reporting longer turnaround times for routine sailboat maintenance

None of these signals, in isolation, would justify concern. There is no failure, no shortage, no emergency. But taken together, they suggest a slow drift—the kind that
precedes systemic imbalance if left unexamined.

This is precisely the kind of condition markets ignore and bureaucracies discover too late.

The moment these signals begin to cohere, they enter the FRS.

FRS-1 — Signal Intake & Semantic Integration
FRS continuously receives structured, interpretable signals from across the system:

e (COS: maintenance logs for hull refinishing, rope degradation, tool corrosion, and workflow delays
¢ OAD: pending design notes on hull coatings and mast geometries

e ITC: rising access-values for sailcloth and marine sealant due to tightening material availability

* Ecological monitoring: humidity trends, ocean salinity, wind variability, shoreline erosion

® CDS: discussion metrics indicating growing concern about reliance on imported marine resin

¢ Inter-node exchanges: neighboring coastal nodes reporting similar increases in tool wear

Module 1 does not judge or interpret. It normalizes, timestamps, and contextualizes these inputs into a unified perception of node conditions.

Where a market system would see scattered price movements or procurement issues, FRS now sees a structured signal field.

FRS-2 — Diagnostic Classification & Pathology Detection
Module 2 examines the integrated signal stream and detects a repeating deviation pattern:

e labor for hull refinishing has risen by 18% over baseline
e sealant usage is increasing faster than boat output
e external procurement of marine resin has doubled, triggering a mild dependency alert

® (COS throughput shows persistent, low-grade delays in sailmaking and rigging
There is still no failure. What exists is drift—the earliest and most dangerous form of systemic imbalance.
FRS classifies the issue as:
A combined material-ecological stress pattern with emerging external dependency and design-durability mismatch — moderate severity, increasing persistence.

This classification matters. It distinguishes a structural trajectory from a temporary fluctuation.

FRS-3 — Constraint Modeling & System Dynamics Simulation
Module 3 now asks: If nothing changes, where does this lead?
It constructs constraint-based models and runs counterfactual scenarios:

e projected hull durability declines of 7-10% under forecasted humidity conditions
e sealant demand trends that push the node into moderate dependency risk within 3-4 months
® COS cycle-time expansion that would raise ITC labor burdens for maritime tasks

e federated modeling showing correlated anomalies along the coastline—indicating an environmental driver, not a local process failure
FRS is not predicting the future. It is mapping the boundaries of viability.

The conclusion is clear: left unaddressed, the system remains functional—but progressively more fragile, dependent, and labor-intensive.



FRS-4 — Recommendation & Signal Routing Engine
With diagnosis and modeling complete, Module 4 generates typed, non-executive recommendations, routing them to the appropriate subsystems:

* To COS
“Humidity-related rework is increasing. Consider adjusting drying schedules and workflow sequencing to reduce refinish cycles.”
e To OAD
“Hull durability under current climatic conditions deviates from design assumptions. Recommend exploring humidity-resilient coatings using locally abundant materials.”
e TolITC
“Emerging scarcity in hull-coating skills and materials may warrant temporary weighting pressure or training emphasis.”
e ToCDS
“Projected external dependency risk exceeds sustainability thresholds within five years under current trends.”

FRS does not implement these actions. It makes the system legible and hands agency to the appropriate domains.

FRS-5 — Democratic Sensemaking & CDS Interface
Before any decision is taken, Module 5 translates system intelligence into human-comprehensible artifacts for democratic deliberation:

* humidity-durability correlation maps
e dependency trendlines showing future risk envelopes
e labor-burden overlays illustrating ITC distortion if drift continues
e scenario comparisons:
status quo, design redesign, local resin production, combined intervention

Instead of debating ideology or intuition, CDS deliberates within a shared, evidence-based reality.

Governance becomes informed choice, not reactive control.

FRS-6 — Longitudinal Memory, Pattern Learning & Institutional Recall

As part of the review process, Module 6 surfaces a historical parallel:

Five years earlier, another coastal node faced a similar humidity-driven durability issue.
That node’s successful intervention included:

* akelp-based polymer hull coating
e collaborative development with a neighboring maritime node
e ashort-term labor retraining push

e asharp reduction in external resin dependency
FRS retrieves:

e durability outcomes

e ecological footprint data
e labor learning curves

* ITC valuation effects

* |ong-term autonomy impacts

This is not nostalgia. It is institutional memory preventing repeated mistakes.

FRS-7 — Federated Intelligence & Inter-Node Learning
Finally, FRS widens the lens to the federation:

e one node recently completed a moisture-resistant sailcloth redesign
e another developed a solar-assisted drying rig that cut rework hours by 35%

These insights are federated:

* OAD receives validated design intelligence
e COS receives workflow integration models
e ITC receives updated labor and material benchmarks

® CDS sees projected autonomy and ecological gains
There are no patents, no proprietary advantages, no artificial scarcity.

Knowledge circulates freely—because viability depends on shared learning.

Outcome



Within weeks:

COS updates workflows to stabilize drying and reduce rework
OAD prototypes a bio-based, humidity-resilient hull coating
ITC adjusts training emphasis to prevent skill bottlenecks
CDS approves a small local resin micro-cooperative

external procurement pressure declines

sailboat durability improves

labor demand falls

No crisis. No command hierarchy. No market shock.

Just:

Perception — Diagnosis — Modeling — Recommendation — Democratic Deliberation — Memory — Federated Adaptation

What This Demonstrates

This is Integral's adaptive metabolism: a civilization-scale system that remains viable not by predicting perfectly, but by detecting drift early, understanding it
structurally, and correcting course democratically. This is what replaces prices. This is what replaces bureaucratic planning. This is what allows complexity without
collapse.

Formal FRS Specification: Pseudocode + Math Sketches

High-Level Types: These are shared data structures used across FRS modules (Python-style pseudocode; illustrative).

© N oUW N e

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
3l
3
3
34
85
36
37
38
89
40
41
42
43
44

from dataclasses import dataclass, field
from typing import Any, Dict, List, Optional, Literal

from datetime import datetime

#
# Shared Enumerations / Labels
#
FRSModuleId = Literal["FRS-1", "FRS-2", "FRS-3", "FRS-4", "FRS-5", "FRS-6",
SignalSource = Literal]
"cos",
"0AD",
nrrcT,
"cps",
"ECO", # external ecological monitoring
"FED", # inter-node / federated exchanges
]
SignalDomain = Literall[

"ecology",

"materials",

"energy",

"labor",

"throughput",

"quality reliability",
"distribution_access",
"dependency_autonomy",
"governance_participation",
"ethics_proto_market",

"security_integrity",

"other",
]
Severity = Literal["info", "low", "moderate", "high", "critical"]
Scope = Literal["local", "node", "regional", "federation"]
Persistence = Literal["transient", "emerging", "persistent", "structural"]
Confidence = Literal["low", "medium", "high"]
#
# Base Signal Primitives (used in FRS-1)
#

"FRS-7"]
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@dataclass
class Metric:

A single quantitative measurement or computed indicator.
name: str

value: float

unit: str

quality: float = 1.0
metadata: Dict[str, Any] = field(default_ factory=dict)

@dataclass
class SemanticTag:

won

A semantic label used for cross-system normalization and routing.
key: str

value: str

weight: float = 1.0

@dataclass
class SignalEnvelope:
Canonical container for any incoming signal FRS can ingest.
This is the unit of 'perception' in FRS-1.
id: str
source: SignalSource

domain: SignalDomain

node_id: str
federation_id: Optional[str]
created_at: datetime

observed_at: Optional[datetime] = None

tags: List[SemanticTag] = field(default_factory=list)
metrics: List[Metric] = field(default_factory=list)

notes: str =

schema_version: str = "vl1"

upstream ref ids: Dict[str, str] = field(default_ factory=dict) # {"cos plan id":

prev_hash: Optional[str] = None

entry_hash: Optional[str] = None

@dataclass
class SignalPacket:
FRS-1 output: a normalized, time-aligned bundle of SignalEnvelopes
representing system state over a window.
id: str
node_id: str
time_window_start: datetime

time_window_end: datetime

envelopes: List[SignalEnvelope] = field(default_ factory=list)

domains_present: List[SignalDomain] = field(default_ factory=list)
sources_present: List[SignalSource] = field(default_factory=list)

quality score: float = 1.0

packet_version: str = "v1"
prev_hash: Optional[str] = None

packet_hash: Optional[str] = None

#
# Diagnostic Outputs (used in FRS-2)
#

# 0—1 confidence in data quality

# when phenomenon occurred (if different)



118 FindingType = Literall[

119 "ecological_overshoot_risk",

120 "material_scarcity trend",

121 "labor_imbalance_or_burnout_risk",
122 "throughput_bottleneck_persistent"”,
123 "quality reliability drift",

124 "dependency fragility increase",
125 "access_inequity detected",

126 "proto_market_or_ coercion_ risk",
127 "governance_overload or_capture risk",
128 "data_integrity anomaly",

129 "other",

130 | ]

131

132

133 @dataclass

134 class DiagnosticFinding:

135 e

136 FRS-2 output: a classified pathology or risk pattern derived from SignalPackets.
137 e

138 id: str

139 node_id: str

140 finding_type: FindingType

141

142 severity: Severity

143 scope: Scope

144 persistence: Persistence

145 confidence: Confidence

146

147 detected_at: datetime

148 related tags: List[SemanticTag] = field(default_ factory=list)
149 evidence_refs: List[str] = field(default factory=list)

150 indicators: Dict[str, float] = field(default factory=dict)
151

152 summary: str = ""

153 rationale: str = ""

154

155

156 #

157 # Constraint Modeling + Scenario Simulation (used in FRS-3)
158 #

159

160 Horizon = Literal["near", "mid", "long"] # near=weeks, mid=months, long=years (configurable)
161

162

163 @dataclass

164 class Constraint:

165 e

166 A binding or near-binding limit relevant to viability.
167 e

168 name: str

169 domain: SignalDomain

170 threshold: float

171 unit: str

172 direction: Literal["max", "min"]

173

174 current_value: Optional[float] = None

175 margin: Optional[float] = None # sign depends on direction
176 confidence: Confidence = "medium"

177 tags: List[SemanticTag] = field(default_factory=list)
178 notes: str = ""

179

180

181 @dataclass

182 class ScenarioAssumption:

183 key: str

184 value: float
185 unit: str = ""
186 notes: str = ""
187

188

189 @dataclass

190 class ScenarioResult:



191 scenario_id: str

192 horizon: Horizon

193 projected_metrics: Dict[str, float] = field(default_ factory=dict)

194 constraint_breaches: List[str] = field(default_ factory=list)

195 risk_score: float = 0.0 # 0—1 (higher = worse)
196 summary: str = ""

197

198

199 @dataclass

200 class ConstraintModel:

201 id: str

202 node_id: str

203 created_at: datetime

204

205 constraints: List[Constraint] = field(default_factory=list)

206 assumptions: List[ScenarioAssumption] = field(default factory=list)
207 scenario_results: List[ScenarioResult] = field(default_ factory=list)
208

209 related findings: List[str] = field(default_factory=list)

210 notes: str = ""

211

212

213 #

214 # Recommendations + Routing (used in FRS-4)

215 #

216

217  TargetSystem = Literal["OAD", "cOs", "ITC", "CDS", "FED"]
218

219 RecommendationType = Literal|

220 "design_review_request",
221 "workflow_stress_alert",
222 "valuation drift flag",

223 "training priority signal",
224 "material_ substitution prompt",
225 "dependency_risk alert",
226 "policy_review_ prompt",

227 "monitoring directive",

228 "federated_learning_share",
229 "other",

230 | ]

231

232

233 @dataclass

234 class Recommendation:

235 e

236 Non-executive, typed recommendation emitted by FRS-4.
237 e

238 id: str

239 node_id: str

240 created_at: datetime

241

242 target_system: TargetSystem

243 recommendation_type: RecommendationType

244

245 severity: Severity

246 confidence: Confidence

247 scope: Scope

248

249 related findings: List[str] = field(default_factory=list)
250 related model_ids: List[str] = field(default_factory=list)
251 tags: List[SemanticTag] = field(default_factory=list)
252

253 payload: Dict[str, Any] = field(default_factory=dict)
254 summary: str = ""

255 rationale: str = ""

256

257

258 @dataclass
259 class RoutedSignal:

260 recommendation_id: str
261 target_system: TargetSystem
262 dispatched_at: datetime

263 delivery status: Literal["queued", "delivered", "failed"] = "queued"



264 notes: str =

265

266

267 #

268 # Democratic Sensemaking Artifacts (used in FRS-5)
269 #

270

271  ArtifactType = Literal|
272 "dashboard_view",

273 "risk_brief",

274 "scenario_comparison",
275 "deliberation_prompt",
276 "public_summary",

277 "technical_appendix",
278 | ]

279

280

281 @dataclass

282 class SensemakingArtifact:

283 id: str

284 node_id: str

285 created at: datetime

286 artifact_type: ArtifactType

287

288 title: str

289 audience: Literal["public", "cds_participants", "technical"] = "cds_participants"
290

291 related findings: List[str] = field(default_factory=list)
292 related recommendations: List[str] = field(default_ factory=list)
293 related models: List[str] = field(default_ factory=list)
294

295 content: Dict[str, Any] = field(default_ factory=dict)
296 summary: str = ""

297

298

299 #

300 # Longitudinal Memory + Institutional Recall (used in FRS-6)
301 #

302

303  MemoryRecordType = Literal|

304 "baseline",

305 "incident",

306 "intervention",

307 "outcome",

308 "lesson",

309 "policy_context",

310 "design_lineage",

311 | ]

312

B)S)

314 @dataclass

315 class MemoryRecord:

316 id: str

317 node_id: str

318 created at: datetime

319 record_type: MemoryRecordType

320

321 title: str

322 tags: List[SemanticTag] = field(default_ factory=list)

73

324 evidence_refs: List[str] = field(default_factory=list)

325 related decisions: List[str] = field(default_factory=list)

326 related design_versions: List[str] = field(default_ factory=list)
327

328 narrative: str = ""

329 quantified outcomes: Dict[str, float] = field(default_factory=dict)
330 notes: str = ""

Sl

332

333 #

334 # Federated Intelligence Exchange (used in FRS-7)

335 #

336



337 FederatedMessageType = Literal]|

338 "stress_signature",
339 "best_practice",

340 "design_success_case",
341 "early warning",

342 "model_template",

343 "memory record_share",
344 | ]

345

346

347 @dataclass

348 class FederatedExchangeMessage:

349 id: str

350 message_type: FederatedMessageType

351 created_at: datetime

352

353 from_node_id: str

354 to_scope: Literal["regional", "federation", "targeted nodes"] = "regional"
355 to_node_ids: List[str] = field(default_factory=list)

356

357 tags: List[SemanticTag] = field(default_ factory=list)

358 payload: Dict[str, Any] = field(default_ factory=dict)

359

360 related findings: List[str] = field(default_factory=list)

361 related memory records: List[str] = field(default_ factory=list)
362 related recommendations: List[str] = field(default_ factory=list)
363

364 summary: str = ""

365 notes: str =

366

Module 1 (FRS) — Signal Intake & Semantic Integration

Purpose
Ingest, normalize, timestamp, and contextualize structured signals from across Integral—producing coherent SignalPackets that represent system state and can be
reliably used for diagnosis and modeling.

Inputs
Module 1 accepts interpretable, structured signals (not raw sensor noise), primarily from:

e COS (production summaries, bottlenecks, QA traces, materials ledgers, distribution metrics)

* OAD (design valuation profiles, lifecycle models, certification updates, repository reuse metrics)
e ITC (valuation drift outputs, scarcity indices, decay distribution statistics, ethics flags)

® CDS (policy snapshots, participation/governance load indicators, decision metadata)

¢ Ecological monitoring (water/forest/energy/climate indicators and thresholds)

¢ Federated exchanges (cross-node stress signatures, best practices, model templates)
Outputs

¢ SignalEnvelope objects (validated + normalized incoming signals)
¢ SignalPacket objects (time-aligned bundles of envelopes over a window)
¢ Integrity metadata (quality scores, schema versions, hash chain)

* A minimal routing index (domains/sources/tags present in the packet)

Core Logic (Pseudocode)

1 import hashlib

2 import json

3 from datetime import datetime

4 from typing import List, Dict, Any, Optional
5

6

7 #

8 # Helpers: ID + hashing

9  #

10

11 def generate_id(prefix: str = "frs") -> str:
12 return f"{prefix} {hashlib.sha256(str(datetime.utcnow().timestamp()).encode()).hexdigest()[:12]}"

13



15 def stable_json(obj: Dict[str, Any]) -> str:

16 return json.dumps(obj, sort_keys=True, separators=(",", ":"))
17

18

19 def compute_hash(payload: Dict[str, Any], prev_hash: Optional[str]) -> str:
20 h = hashlib.sha256()

21 h.update(stable_json(payload).encode("utf-8"))

22 if prev_hash:

23 h.update(prev_hash.encode("utf-8"))

24 return h.hexdigest()

25

26

27 #

28  # Validation / normalization

29 #

30

31  ALLOWED_SOURCES = {"COS", "OAD", "ITC", "CDS", "ECO", "FED"}

82

33 def validate envelope(envelope: SignalEnvelope) -> None:

34 e

35 Hard validation: reject malformed or unauthorized envelopes.

36 e

37 assert envelope.source in ALLOWED_SOURCES, "unknown signal source"

38 assert envelope.node_id, "missing node_id"

39 assert envelope.created_at is not None, "missing created_at"

40 # Minimal sanity checks

41 for m in envelope.metrics:

42 assert m.name, "metric missing name"

43 # allow any unit; value must be numeric

44 assert isinstance(m.value, (int, float)), "metric value must be numeric"
45 # quality must remain bounded

46 assert 0.0 <= m.quality <= 1.0, "metric quality must be in [0,1]"
47

48

49  def normalize metric_units(envelope: SignalEnvelope, unit map: Dict[str, str]) -> SignalEnvelope:

50 won

51 Optional unit normalization pass (e.g. kWh->MJ, lbs->kg),

52 controlled by CDS/OAD/FRS schema conventions.

53 e

54 for m in envelope.metrics:

55 # If a mapping exists for metric name + unit, normalize.
56 key = f"{m.name}:{m.unit}"

57 if key in unit map:

58 target_unit, factor = unit_map[key].split("|")

59 factor = float(factor)

60 m.value = float(m.value) * factor

61 m.unit = target_unit

62 m.metadata[ "normalized_from"] = key

63 return envelope

64

65

66 def compute_envelope_quality(envelope: SignalEnvelope) -> float:
67 e

68 Aggregate data quality as mean(metric.quality), penalized for emptiness.
69 e

70 if not envelope.metrics:

71 return 0.5

72 q = sum(m.quality for m in envelope.metrics) / len(envelope.metrics)
73 # Penalize if envelope lacks semantic tags (harder to route/interpret)
74 if not envelope.tags:

75 q *= 0.9

76 return max(0.0, min(1.0, q))

77

78

79 | #

80 # Intake: produce tamper-evident envelopes

81 #

82

83 def ingest_signal(

84 envelope: SignalEnvelope,

85 prev_hash: Optional[str] = None,

86 unit_map: Optional[Dict[str, str]] = None,



87
88
89
90
91
92
o3
94
95

)

#
# Packetization: time-align envelopes into SignalPackets
#

)

-> SignalEnvelope:

FRS-1 Intake: validate, (optionally) normalize units, compute hash link.
validate_envelope (envelope)
if unit_map:

envelope = normalize metric_units(envelope, unit_map)

payload = {
"id": envelope.id,
"source": envelope.source,
"domain": envelope.domain,
"node_id": envelope.node_id,
"federation_id": envelope.federation_id,

"created_at": envelope.created_at.isoformat(),

"observed_at": envelope.observed_at.isoformat() if envelope.observed_at else None,

"tags": [(t.key, t.value, t.weight) for t in envelope.tags],

"metrics": [(m.name, float(m.value), m.unit, float(m.quality)) for m in envelope.metrics],

"schema_version": envelope.schema_version,
"upstream ref ids": envelope.upstream ref ids,

"notes": envelope.notes,

envelope.prev_hash = prev_hash
envelope.entry hash = compute hash(payload, prev_hash)

return envelope

def build_signal_ packet(

node_id: str,

time_window_start: datetime,

time_window_end: datetime,

envelopes: List[SignalEnvelope],

prev_packet_hash: Optional[str] = None,
-> SignalPacket:

Bundle envelopes into a time window, compute packet quality, and hash-chain the packet.

# Filter envelopes by node id and time window
in_window: List[SignalEnvelope] = []
for e in envelopes:
if e.node_id != node_id:
continue
t = e.observed_at or e.created at
if time_window_start <= t < time_window_end:

in_window.append(e)

# Compute packet metadata
domains_present = sorted(list({e.domain for e in in window}))

sources_present = sorted(list({e.source for e in in_window}))

# Packet quality: mean envelope quality, penalize missing diversity
if in_window:
env_g = [compute_envelope quality(e) for e in in_window]
quality score = sum(env_gq) / len(env_q)
else:

quality score = 0.5

# Penalize if only one source dominates (low redundancy)
if len(sources_present) <= 1:

quality score *= 0.9

packet = SignalPacket(
id=generate_id("packet"),
node_id=node_id,
time_window_start=time window_start,
time_window_end=time_window_end,
envelopes=in_window,

domains_present=domains_present,



160 sources_present=sources_present,

161 quality score=max (0.0, min(1.0, quality_score)),

162 packet_version="v1",

163 prev_hash=prev_packet_hash,

164 packet_hash=None,

165 )

166

167 # Hash the packet

168 packet_payload = {

169 "id": packet.id,

170 "node_id": packet.node_id,

171 "time_window_start": packet.time_window_start.isoformat(),
172 "time window_end": packet.time window_end.isoformat(),

173 "envelope_hashes": [e.entry hash for e in packet.envelopes],
174 "domains_present": packet.domains_present,

175 "sources_present": packet.sources_present,

176 "quality score": packet.quality score,

177 "packet_version": packet.packet_version,

178 }

179 packet.packet_hash = compute_ hash(packet_payload, prev_packet_hash)
180 return packet

Running Example (Sailboat): Ingest — Packetize
Illustrative Signal Flow (Non-Normative Example)

The following example illustrates how already structured, upstream-generated signals are ingested, normalized, and packetized by FRS-1. It introduces no new
logic, rules, or authority beyond the formal specification above, and should be read strictly as an informative instantiation of the defined data structures—not as
a procedural requirement, execution model, or prescriptive workflow.

1 # Example signal envelopes arriving from multiple systems for the sailboat context
2

3 now = datetime.utcnow()

4

5 el = SignalEnvelope(

6 id=generate_id("env"),

7 source="C0S",

8 domain="materials",

9 node_id="node_coastal A",

10 federation_id="coast_region_1",

11 created_at=now,

12 observed_at=now,

13 tags=[SemanticTag("good_id", "sailboat_shared v1"),

14 SemanticTag("material_id", "timber marine_grade")],

15 metrics=[

16 Metric("timber_ consumed_kg week", 180.0, "kg", quality=0.95),
17 Metric("scrap_rate_pct", 6.5, "%", quality=0.9),

18 1.

19 notes="Weekly materials summary from COS ledger aggregation."
20 | )
21

22 e2 = SignalEnvelope(

23 id=generate_id("env"),

24 source="EC0O",

25 domain="ecology",

26 node_id="node coastal A",

27 federation_id="coast_region_1",

28 created_at=now,

29 observed at=now,

30 tags=[SemanticTag("ecosystem", "coastal_ forest_ zone_ 3")],
31 metrics=[

32 Metric("timber regeneration kg week", 160.0, "kg", quality=0.8),
33 Metric("humidity pct", 82.0, "%", quality=0.9),

34 Metric("salinity_index", 0.74, "index", quality=0.85),
35 1.

36 notes="Ecological monitoring snapshot."

39 # Intake with hash-chaining
40  envl = ingest_signal(el, prev_hash=None)
41 env2 = ingest_signal(e2, prev_hash=envl.entry hash)



42
43 # Build a weekly packet
44 week_start = now.replace(hour=0, minute=0, second=0, microsecond=0)

45  week_end = week start.replace(day=week_start.day + 7) # illustrative only

46

47  packet = build signal_packet(

48 node_id="node_coastal A",

49 time_window_start=week_start,
50 time_window_end=week_end,

51 envelopes=[envl, env2],

52, prev_packet_hash=None,

53 )

54

55 # At this point, Module 2 receives “packet”™ as its input substrate.

Math Sketches
1. Packet Quality Score

Let a packet contain envelopes ey, ..., en,.
Each envelope has metric-level qualities g;1, . . ., gix, € [0, 1].

Define envelope quality:
1
Qe;) = T ;%’j T (138)

where m; € (0, 1] is an optional penalty (e.g., missing tags or single-source weakness).

Packet quality:

1 n
Q(packet) = P Q(ei) (139)
i=1
Optionally penalize if source diversity is low.
2. Tamper-Evident Hash Chain (Envelope or Packet)
For entry payload P; and previous hash H;_1:
H; = SHA256 (serialize(P;) || Hi_1) (140)

Changing any past payload breaks all downstream hashes, enabling auditability without tokenization.
Plain-Language Summary
FRS Module 1 ensures that nothing enters the system as rumor, assumption, or fragmented data:

® every operational signal,
e every ecological indicator,
e every valuation shift,

* every governance load marker,
is normalized, timestamped, contextualized, and preserved before interpretation.

This gives Integral a shared, auditable picture of reality—so diagnosis, modeling, and democratic decisions are grounded in what is actually happening, not in
guesses, prices, or authority narratives.

Module 2 (FRS) — Diagnostic Classification & Pathology Detection
Purpose

Detect and classify emerging system stresses by distinguishing causes vs. symptoms, assigning severity, scope, persistence, and confidence, and emitting
structured DiagnosticFindings for modeling (FRS-3) and routing (FRS-4).

Inputs
Module 2 consumes:

® signalPacket objects (from FRS-1)
* Optional baseline references from MemoryRecord (FRS-6), used only to contextualize deviation
e (CDS-approved diagnostic configuration references (thresholds, scopes, persistence windows) that FRS references but does not author



Outputs
Module 2 produces:

® DiagnosticFinding objects, each with:
© finding_type, severity, scope, persistence, confidence
o evidence_refs (packet/envelope IDs, ledger IDs if relevant)
o indicators (computed margins, deltas, ratios)
o summary + rationale (audit-ready)

* Optional “finding index" keyed by tags/domains for downstream lookup

Core Logic

from datetime import datetime
from typing import List, Dict, Optional

from dataclasses import dataclass

[ T, TN VUR SR

#
7 # Metric helpers
8  #

10  def get metric(packet: SignalPacket, metric_name: str, default: Optional[float] = None) -> Optional[float]:
11 won

12 Retrieve the first matching metric value from a SignalPacket.
13 (Aggregation strategy is simplified here for clarity.)

14 e

15 for env in packet.envelopes:

16 for m in env.metrics:

17 if m.name == metric_name:

18 return float(m.value)

19 return default

20

21

22 def pct_delta(current: float, baseline: float, eps: float = le-6) -> float:
28 """percent delta: +0.18 means +18%."""

24 return (current - baseline) / max(abs(baseline), eps)

25

26

27 def clamp(x: float, lo: float, hi: float) -> float:
28 return max(lo, min(hi, x))

29

30

31 #
B2 # CDS-approved threshold references
I3 #
34

35 @dataclass

36 class DiagnosticThresholds:

Sy e

38 Thresholds are referenced by FRS but authored and versioned by CDS.
89 e

40 timber regen margin _min_ kg week: float = 0.0
41 repair_hours_delta warn: float = 0.10

42 repair_hours_delta_crit: float = 0.25

43

44 dependency_ratio_warn: float = 1.3

45 dependency_ratio_crit: float = 2.0

46

47 humidity high pct: float = 80.0

48 min_persistence_windows_emerging: int = 2

49 min_persistence_windows_persistent: int = 4
50

51

52 def classify persistence(hits: int, th: DiagnosticThresholds) -> Persistence:

58 if hits >= th.min_persistence windows_persistent:

o
S

return "persistent"

o
o

if hits >= th.min_persistence_windows_emerging:

o

return "emerging"

5}
S o

return "transient"
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101
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104
105
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107
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109
110
111
112
113
114
115
116
117
118
119
120
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122
123
124
125
126
127
128
129
130

def classify severity from delta(d: float, warn: float, crit: float) -> Severity:

if d

if d

if d

retu

Prod
timb
timb
humi.

sali

repa
exte

inte:

base
base
if b.

retu

diag:
curr
base
thre:
pers
) -> Lis

Prod

>= crit:
return "critical"
>= warn:

return "moderate
> 0:
return "low"

rn "info"

uce explicit indicators used to classify DiagnosticFindings.

er_use = get_metric(current, "timber consumed kg _week", 0.0) or 0.0

er_regen = get _metric(current,

dity = get_metric(current, "humidity pct", 0.0) or 0.0

nity = get_metric(current, "salinity index", 0.0) or 0.0

ir_hours = get metric(current, "repair_ labor_ hours_week", 0.0) or 0.0

rnal_resin = get metric(current, "external resin_procured_kg week",

rnal_resin = get metric(current, "internal resin available kg week",

line_repair = repair_ hours
line_timber = timber_use
aseline:
baseline_repair = get metric(baseline,
baseline_timber = get metric(baseline,
rn {
"timber use kg _week": timber_ use,
"timber regen_kg week": timber regen,
"timber margin kg week": (timber regen - timber_use),
"humidity pct": humidity,

"salinity_ index": salinity,

"repair_hours_week": repair_hours,

"repair hours_delta_pct": pct_delta(repair_hours, baseline_repair),

"external internal resin ratio": external resin / max(internal_resin,

"timber use delta_pct": pct_delta(timber_ use, baseline_timber),

nose_sailboat_packet(

ent: SignalPacket,

line: Optional[SignalPacket],
sholds: DiagnosticThresholds,
istence_hits: Dict[str, int],

t[DiagnosticFinding]:

uce DiagnosticFindings from the current SignalPacket, using baseline

0.
0.0) or 0.0

compute_sailboat_indicators(current: SignalPacket, baseline: Optional[SignalPacket]) -> Dict[str, float]:

"timber regeneration_kg_week", 0.0) or 0.0

0) or 0.0

"repair labor_hours_week", repair_hours) or repair_hours

"timber consumed kg week", timber_use) or timber_use

le-6),

only for deviation context and CDS threshold references for classification.

node

inds

find
evid

tags

#1)

marg

_id = current.node_id

= compute_sailboat_indicators(current, baseline)

ings: List[DiagnosticFinding] = []
ence_refs = [current.id] + [e.id for e in current.envelopes]
= [SemanticTag("good_id", "sailboat_shared v1")]
Ecological overshoot risk (timber margin)

in = inds["timber_margin kg week"]

if margin < thresholds.timber regen margin min_ kg week:

key = "ecological overshoot risk"
hits = persistence_hits.get(key, 0) + 1
persistence_hits[key] = hits

sev_score = clamp(abs(margin) / 80.0, 0.0, 1.0)

severity: Severity = "critical" if sev_score >= 0.75 else ("moderate"

if sev_score >= 0.25 else "low")
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164
165
166
167
168
169
170

172
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174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
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200
201
202
203

findings.append(DiagnosticFinding(
id=generate_id("finding"),
node_id=node_id,
finding_type="ecological_overshoot_risk",
severity=severity,
scope="node",
persistence=classify persistence(hits, thresholds),
confidence="medium",
detected_at=datetime.utcnow(),
related tags=tags + [SemanticTag("material id", "timber marine grade")],
evidence_refs=evidence_refs,
indicators=inds,
summary="Timber drawdown risk detected (consumption exceeds regeneration).",
rationale=f"timber margin_kg week={margin:.1f} (regen - use).",

))

# 2) Reliability / maintenance drift (repair-hours delta)
repair_delta = inds["repair hours_delta_pct"]
if repair_delta > 0.0:

key = "quality reliability drift"

hits = persistence_hits.get(key, 0) + 1

persistence_hits[key] = hits

severity = classify severity_ from_ delta(
repair_delta,
thresholds.repair_hours_delta_warn,

thresholds.repair_hours_delta_crit,

findings.append(DiagnosticFinding(
id=generate_id("finding"),
node_id=node_id,
finding_type="quality reliability drift",
severity=severity,
scope="node",
persistence=classify persistence(hits, thresholds),
confidence="high",
detected_at=datetime.utcnow(),
related_tags=tags,
evidence_refs=evidence_refs,
indicators=inds,
summary="Maintenance labor drift detected (repair hours rising vs baseline).",
rationale=f"repair hours_delta_pct={repair_delta*100:.1f}%.",

))

# 3) Dependency / fragility increase (resin ratio)
dep_ratio = inds["external_internal_resin_ratio"]
if dep_ratio >= thresholds.dependency_ratio_warn:
key = "dependency fragility increase"
hits = persistence_hits.get(key, 0) + 1

persistence_hits[key] = hits

severity = "critical" if dep_ratio >= thresholds.dependency ratio_crit else "moderate"

findings.append(DiagnosticFinding(
id=generate_id("finding"),
node_id=node_id,
finding_ type="dependency fragility increase",
severity=severity,
scope="node",
persistence=classify persistence(hits, thresholds),
confidence="medium",
detected_at=datetime.utcnow(),
related_tags=tags + [SemanticTag("material id", "marine resin")],
evidence_refs=evidence_refs,
indicators=inds,
summary="External dependency risk rising (marine resin reliance increasing).",
rationale=f"external_ internal resin_ratio={dep_ratio:.2f}.",

))

# 4) Contextual amplifier (humidity + salinity)
if inds["humidity pct"] >= thresholds.humidity high_pct and inds["salinity index"] >= 0.7:
findings.append(DiagnosticFinding(



204 id=generate_id("finding"),

205 node_id=node_id,

206 finding_type="other",

207 severity="low",

208 scope="local",

209 persistence="emerging",

210 confidence="medium",

211 detected_at=datetime.utcnow(),

212 related tags=tags + [SemanticTag("context", "coastal corrosion_pressure")],
213 evidence_refs=evidence_refs,

214 indicators=inds,

215 summary="Coastal corrosion pressure elevated (humidity + salinity high).",
216 rationale=f"humidity pct={inds['humidity pct']:.1f}, salinity index={inds[ 'salinity_index']:.2£f}.",
217 ))

218

219 return findings

Running Example (Sailboat): Packet — Findings
Ilustrative Signal Flow (Non-Normative Example)

The following example illustrates how already structured, upstream-generated packets are diagnosed and classified by FRS-2. It introduces no new logic, rules, or
authority beyond the formal specification above, and should be read strictly as an informative instantiation of the defined data structures—not as a procedural
requirement, execution model, or prescriptive workflow.

1 thresholds = DiagnosticThresholds(

2 timber_ regen_margin min_kg_week=0.0,
3 repair hours_delta_warn=0.10,

4 repair_hours_delta_crit=0.25,

5 dependency_ratio_warn=1.3,

6 dependency_ratio_crit=2.0,

7 humidity _high_pct=80.0,

g8 )

10 persistence_hits = {} # rolling state (stored by FRS state/memory layer)

11

12 findings = diagnose_sailboat_packet(
13 current=current_packet,

14 baseline=baseline_packet,

15 thresholds=thresholds,

16 persistence_hits=persistence_hits,
17 | )

18

19 for £ in findings:

20 print(f.finding type, f.severity, f.persistence, f.summary)

Expected conceptual outputs:

e ecological overshoot risk (timber margin)
¢ reliability drift (repair labor rising)
e dependency risk (resin reliance increasing)

e contextual corrosion pressure (supporting finding)

Math Sketches
1) Drift / Deviation

Let ; be a current metric and z¢ a baseline:

Ty — To

ANy = ——
% |@o| + €

o

2) Persistence
Let a finding type trigger in k out of the last IV windows:

persistent, k> k,
persistence = ¢ emerging, k > k.
transient, otherwise

3) Ecological Margin Test

(141)
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For regenerative resources:

margin = R — C

If margin < 0 and persists, overshoot risk increases.

Plain-Language Summary

FRS Module 2 turns “a lot of signals” into “a few named problems™:

e it classifies drift into typed findings (ecology, reliability, dependency, etc.),
e it attaches severity, scope, persistence, and confidence,

e and it produces auditable objects that downstream modules can model and route—without FRS prescribing or executing anything.

Module 3 (FRS) — Constraint Modeling & System Dynamics Simulation

Purpose

(143)

Turn piagnosticFinding objects into explicit constraintModel s and run scenario simulations that map the system’s viability envelope across multiple horizons.
Module 3 does not compute “optimal plans.” It asks:

What is possible, what is fragile, and where are the boundaries of failure if trends persist?

Inputs

® DiagnosticFinding objects (from FRS-2)

® Recent signalPacket history (from FRS-1), used to estimate trends and current state

® Optional MemoryRecord priors (FRS-6) for baseline parameter ranges (used as priors, not overrides)

e (CDS-approved constraint templates and threshold references (FRS reads them; it does not author them)

Outputs

® A cConstraintModel containing:
o explicit constraint objects (current value, threshold, margin)
o SscenarioResult Sets (near/mid/long horizons)
o breach lists + risk scores
o trace links back to originating DiagnosticFinding IDs
* Optional “scenario narratives” for FRS-5 (derived artifacts; not required)

Core Logic
1 from dataclasses import dataclass
2 from datetime import datetime
3 from typing import List, Dict, Optional
4
5 #
6 # Helpers: constraints + breach + risk scoring
7 #
8

10
11
12
L3
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

def build_constraint(
name: str,
domain: SignalDomain,
threshold: float,
unit: str,
direction: str, # "max" or "min"
current_value: float,
tags: List[SemanticTag],
confidence: Confidence = "medium",
notes: str =

’

) -> Constraint:

Construct a Constraint object with computed margin.

direction="max": current_value must not exceed threshold -> margin

direction="min": current_value must not fall below threshold -> margin = current_value - threshold

if direction == "max":
margin = threshold - current_value
else: # "min"

margin = current_value - threshold

threshold - current_value



30 return Constraint(

31 name=name,

32 domain=domain,

33 threshold=threshold,
34 unit=unit,

35 direction=direction,
36 current_value=current_value,
37 margin=margin,

38 confidence=confidence,
39 tags=tags,

40 notes=notes,

41 )

42

43

44 def is_breached(constraint: Constraint) -> bool:

45 e

46 Determine whether a constraint is breached.

47 e

48 if constraint.direction == "max":

49 return (constraint.current value or 0.0) > constraint.threshold
50 return (constraint.current value or 0.0) < constraint.threshold

51

52

53 def risk_from_breaches(breached: List[Constraint], total: List[Constraint]) -> float:

54 e

55 Simple bounded risk score in [0,1]:

56 - breach fraction contributes 60%

57 - breach depth contributes 40%

58 e

59 if not total:

60 return 0.0

61

62 frac = len(breached) / len(total)

63

64 depth_terms: List[float] = []

65 for ¢ in breached:

66 # margin < 0 implies depth; use abs(margin) as depth

67 depth = abs(min(c.margin or 0.0, 0.0))

68 # crude normalization scale; in production use per-constraint scaling metadata
69 scale = 1.0

70 depth_terms.append(min(1.0, depth / max(scale, le-6)))

71

72 depth_score = sum(depth_terms) / len(depth_terms) if depth_terms else 0.0
73 return max(0.0, min(1.0, 0.6 * frac + 0.4 * depth_score))

Illustrative Sailboat Model (Toy Parameters Used by the Pseudocode)

These parameters are only the internal toy-model coefficients used to make the simulation logic concrete; they are not policy, not required structure, and not the only
modeling approach.

1 @dataclass

2 class SailboatModelParams:

3 Wi

4 Illustrative parameters for a sailboat constraint model.

5 In practice these would be sector-specific, node-specific,

6 and partly learned / bounded by CDS.

7 W

8 timber margin_min_kg week: float = 0.0 # regen - use must be >= 0
9 resin_dependency ratio max: float = 1.3 # external/internal <= 1.3
10 repair hours_delta_max: float = 0.10 # <= +10% vs baseline

11

12 # Simple illustrative sensitivities (not a required model form)

13 humidity to_repair_sensitivity: float = 0.004

14 salinity_ to_repair_sensitivity: float = 0.06

15 redesign_repair_reduction: float = 0.25

16 substitution_resin_reduction: float = 0.40

17

18 demand_growth_default_pct: float = 0.30

19

20 time_step_weeks near: int = 12



21 time step weeks_mid: int = 52

22 time_step_weeks_long: int = 260

Extract current state for modeling

1 def extract_sailboat_state(

2 current_packet: SignalPacket,

3 baseline packet: Optional[SignalPacket],

4 ) —-> Dict[str, float]:

5 Wi

6 Extract current state variables for the sailboat context

7 from FRS-1 packet metrics (and optional baseline packet).

8 wan

9 inds = compute_sailboat_indicators(current_packet, baseline_packet)

10

11 return {

12 "timber margin_kg_week": inds["timber margin kg week"], # regen - use
13 "external_internal resin ratio": inds["external_ internal_ resin_ratio"],

14 "repair_hours_delta pct": inds["repair_ hours_delta pct"], # 0.18 = +18%
15 "humidity_ pct": inds["humidity pct"],

16 "salinity index": inds["salinity_index"],

17 "timber use kg week": inds["timber use_kg week"],

18 "timber regen_kg week": inds["timber regen_kg week"],

19 }

Convert state into explicit constraints

1 def build sailboat_constraints(

2 node_id: str,

3 state: Dict[str, float],

4 params: SailboatModelParams,

5 ) -> List[Constraint]:

6 tags = [SemanticTag("good_id", "sailboat_ shared_v1")]

7

8 constraints: List[Constraint] = []

9

10 # Cl: Timber sustainability — margin >= 0

11 constraints.append(build_constraint(

12 name="timber regeneration margin",

13 domain="ecology",

14 threshold=params.timber margin_min_kg week,

15 unit="kg week",

16 direction="min",

17 current_value=state["timber margin_kg_ week"],

18 tags=tags + [SemanticTag("material_ id", "timber marine_grade")],
19 confidence="medium",
20 notes="Timber regen - use should remain non-negative over the long horizon.",
21 ))
22
23 # C2: External resin dependency ratio <= max
24 constraints.append(build_constraint(
25 name="marine resin dependency ratio",
26 domain="dependency_autonomy",
27 threshold=params.resin_dependency ratio_max,
28 unit="ratio",
29 direction="max",

30 current_value=state[ "external_internal_ resin_ratio"],

31 tags=tags + [SemanticTag("material id", "marine resin")],
32 confidence="medium",

33 notes="External/internal resin ratio bounded to avoid dependency drift.",
34 ))

35

36 # C3: Repair labor drift <= max
37 constraints.append(build_constraint(
38 name="repair labor drift",
39 domain="quality reliability",
40 threshold=params.repair_ hours_delta_max,

41 unit="delta_pct",



42 direction="max",

43 current_value=state[ "repair_ hours_delta pct"],

44 tags=tags,

45 confidence="high",

46 notes="Repair labor drift should remain under democratically acceptable bounds.",
a7 ))

48

49 return constraints

Scenario projection (illustrative dynamics)

1 def project repair drift(

2 repair delta: float,

w

humidity pct: float,
4 salinity_ index: float,

params: SailboatModelParams,

5

6 redesign: bool,
7 ) -> float:

8 baseline humidity = 70.0

9 baseline salinity = 0.60

10

11 humidity excess = max(0.0, humidity pct - baseline_humidity)
12 salinity excess = max(0.0, salinity index - baseline_salinity)
13

14 next_delta = (

15 repair_delta

16 + params.humidity to_repair_sensitivity * humidity excess

+ params.salinity to_repair_sensitivity * (salinity excess / 0.1)

20 if redesign:
21 next_delta *= (1.0 - params.redesign_repair reduction)
22

3 return max(0.0, min(1.5, next_delta))

26 def project_resin_dependency (

27 dep_ratio: float,

28 demand_growth pct: float,

29 params: SailboatModelParams,

30 substitution: bool,

31 ) —> float:

32 dep_next = dep_ratio * (1.0 + 0.5 * demand_growth_pct)

33 if substitution:

34 dep_next *= (1.0 - params.substitution resin reduction)
35 return max(0.0, dep_next)

38 def project_timber margin(

39 timber regen: float,

40 timber use: float,

41 demand_growth pct: float,
2 redesign: bool,

3 ) -> float:

44 use_next = timber use * (1.0 + demand growth_pct)

45 if redesign:

46 use_next *= 0.85 # illustrative efficiency gain
47 return timber_regen - use_next

Run scenario suite across horizons

1 def run_sailboat_scenarios(

2 node_id: str,
3 state: Dict[str, float],
4 params: SailboatModelParams,

5 ) -> List[ScenarioResult]:

scenarios = [



8 ("s0_status_quo", 0.0, False, False),

9 ("s1l_demand growth", params.demand growth_default_pct, False, False),
10 ("S2_redesign", 0.0, True, False),
11 ("S3_substitution", 0.0, False, True),
12 ("S4_combined", params.demand growth_default pct, True, True),
13 ]
14
15 horizon_defs = [
16 ("near", params.time_step weeks_near),
17 ("mid", params.time_step weeks_mid),
18 ("long", params.time_ step weeks long),
19 ]
20
21 results: List[ScenarioResult] = []

N}
N}

N}
w

for scen_id, demand growth, redesign, substitution in scenarios:

24 for horizon, _weeks in horizon_defs:
25 repair_delta proj = project_repair drift(
26 repair_delta=state["repair hours_delta_pct"],
27 humidity pct=state["humidity pct"],
28 salinity_ index=state["salinity index"],
29 params=params,
30 redesign=redesign,
31 )
32
33 dep_ratio_proj = project_resin_dependency (
34 dep_ratio=state["external_internal_resin_ratio"],
35 demand_growth_pct=demand_growth,
36 params=params,
37 substitution=substitution,
38 )
39
40 timber_margin proj = project_timber_margin(
41 timber regen=state["timber regen kg week"],
42 timber use=state["timber use kg week"],
3 demand_growth_pct=demand_growth,
44 redesign=redesign,
45 )
46
47 projected_constraints = build_sailboat_constraints(
48 node_id=node_id,
49 state={
50 **state,
51 "timber margin_kg week": timber margin_proj,
52 "external internal resin_ratio": dep_ratio_proj,
53 "repair_hours_delta_pct": repair_delta_proj,
54 Do
55 params=params,
56 )
57
58 breached constraints = [c for ¢ in projected_constraints if is_breached(c)]
59 breach_names = [c.name for ¢ in breached_constraints]
60 risk = risk from breaches(breached constraints, projected_constraints)
61
62 results.append(ScenarioResult (
63 scenario_id=f"{scen_id} {horizon}",
64 horizon=horizon, # "near" | "mid" | "long"
65 projected metrics={
66 "repair_ hours_delta_pct": repair_delta_proj,
67 "external_internal_resin ratio": dep_ratio_proj,
68 "timber margin_kg week": timber margin_proj,
69 Y
70 constraint_breaches=breach_names,
71 risk_score=risk,
72 summary=f"{scen_id} @ {horizon}: breaches={breach names}, risk={risk:.2f}",
73 ))
74
75 return results

Main: build a ConstraintModel from Findings + Packets
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def build_constraint_model_ from findings(
node_id: str,
current_packet: SignalPacket,
baseline packet: Optional[SignalPacket],
findings: List[DiagnosticFinding],
params: SailboatModelParams,

) —> ConstraintModel:

FRS-3: Convert findings into explicit constraints + scenario envelope.

state = extract_sailboat_state(current packet, baseline_packet)

constraints = build_sailboat_constraints(node_id, state, params)

assumptions = [

ScenarioAssumption("demand growth_default_pct", params.demand_growth_default_pct, unit="pct"),

ScenarioAssumption("redesign_repair reduction", params.redesign_repair reduction, unit="fraction"),

ScenarioAssumption("substitution resin_reduction", params.substitution resin_reduction,

scenario_results = run_sailboat_scenarios(node_id, state, params)

return ConstraintModel (
id=generate_id("model"),
node_id=node_id,
created_at=datetime.utcnow(),
constraints=constraints,
assumptions=assumptions,
scenario_results=scenario_results,

related_findings=[f.id for f in findings],

notes="Constraint model built from FRS-2 findings; scenarios map viability envelope.",

Running Example (Sailboat): Findings — Model — Scenario Envelope

Illustrative Signal Flow (Non-Normative Example)

unit="fraction"),

The following example illustrates how diagnosed findings are converted into an explicit constraint model and scenario envelope by FRS-3. It introduces no new logic,
rules, or authority beyond the formal specification above, and should be read strictly as an informative instantiation of the defined data structures—not as a procedural
requirement, execution model, or prescriptive workflow.

params = SailboatModelParams (
timber margin_min kg week=0.0,
resin_dependency ratio max=1.3,

repair_ hours_delta_max=0.10,

model = build constraint_model_ from_ findings(
node_id="node_coastal A",
current_packet=current_packet,
baseline packet=baseline_packet,
findings=£findings,

params=params,

for r in model.scenario_results:
if r.constraint_breaches:

print(r.scenario_id, r.constraint_breaches, r.risk_score)

Math Sketches

1) Constraint Margin and Breach

For a “max"” constraint z < T"

margin =T —

For a “min” constraint z > 1"

margin =z — T

A breach occurs when margin < 0.

(144)
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2) lllustrative Repair-Drift Projection

Let d be repair drift, humidity H, salinity S:

§—5
d' = d+ amax(0, H — Hy) + bmax (0,0—10) (146)
If redesign reduces drift by factor r:

d'=(1-r)d (147)

3) Bounded Risk Score from Breaches
Let C be constraints, B C C breached:

s

@ (148)

where d is a normalized breach-depth term.

Plain-Language Summary
FRS Module 3 turns “named problems” into explicit boundaries:

e it expresses viability as constraints with margins,
e explores futures as scenario envelopes (not plans),

* and produces structured outputs that FRS-4 can route and FRS-5 can translate—while leaving all authority and choice downstream to CDS and the operational
systems.

Module 4 (FRS) — Recommendation & Signal Routing Engine

Purpose

Transform piagnosticFinding objects (FRS-2) and constraintModel outputs (FRS-3)into typed, non-executive recommendations and route them to the
appropriate subsystem (OAD, COS, ITC, CDS, FED) without enforcing changes. Module 4 is the bridge from intelligence — actionable signals, while preserving
distributed authority and democratic governance.

Inputs

® DiagnosticFinding objects (FRS-2)
® cConstraintModel objects (FRS-3), including scenario results + constraint breaches
* Optional MemoryRecord references (FRS-6) to suggest historically effective intervention patterns (advisory only)
e CDS-approved gating policy for what can be routed as:
o atechnical alert (non-normative, non-executive), vs.
o a CDS policy review prompt (required visibility / deliberation)

Outputs

* Recommendation oObjects (typed + bounded, with rationale and evidence links)

® RoutedSignal objects (dispatch metadata: target, delivery status)

Recommendations are not commands. They are structured proposals that downstream systems can accept, reject, revise, or escalate through CDS.

Core Logic

from dataclasses import dataclass, field
from datetime import datetime

from typing import List, Dict, Any, Optional, Tuple

Assumes these types exist from the FRS high-level section:

- DiagnosticFinding, ConstraintModel, ScenarioResult

© N U A W N e

#
#
# - Recommendation, RoutedSignal
# - Severity, FindingType, TargetSystem, RecommendationType
# - SemanticTag

10
11
12

13 | #

H*

H*

CDS-approved gating policy (referenced by FRS; not authored here)




14
15 SEVERITY_ORDER = ["info", "low", "moderate", "high", "critical"]
16

17 def severity rank(s: str) -> int:

18 try:

19 return SEVERITY_ORDER.index(s)
20 except ValueError:

21 return 0

22

23 @dataclass

24 class RecommendationPolicy:

25 e

26 Defines how FRS-4 gates recommendation visibility and routing.
27 This is a referenced CDS policy object (versioned elsewhere).
28 e

29 require_cds_for_severity: List[str] = field(

30 default factory=lambda: ["high", "critical"]

31 )

82

33 require cds_for_types: List[str] = field(

34 default_factory=lambda: [

85 "ecological overshoot_risk",

36 "access_inequity detected",

87 "proto_market_or_ coercion_risk",

38 "governance_overload or_ capture_risk",

39 ]

40 )

41

42 allow_technical_routing: bool = True

43

44 # Optional: mirror-to-CDS behavior for visibility even when routed elsewhere
45 mirror_to_cds_when_routed: bool = True

46

47

48 def requires_cds_visibility(f: "DiagnosticFinding", policy: RecommendationPolicy) -> bool:
49 return (

50 f.severity in policy.require_cds_for_severity

51 or f.finding type in policy.require_cds_for_types

52 )

53

54

55 #
56 # Helper: pick reference scenarios for sensemaking payloads
57 #
58

59 def pick_reference_scenarios(

60 model: Optional["ConstraintModel"],

61 ) -> Tuple[Optional["ScenarioResult"], Optional["ScenarioResult"]]:
62 W

63 Return (best, worst) scenario results by risk score.

64 e

65 if model is None or not model.scenario_results:

66 return None, None

67 best = min(model.scenario_results, key=lambda r: r.risk_score)
68 worst = max(model.scenario_results, key=lambda r: r.risk_score)
69 return best, worst

70

71

72 #

73 # Recommendation template helpers (typed, bounded, non-executive)
74 #

75

76 def make_cds_prompt (

77 finding: "DiagnosticFinding",

78 model: Optional["ConstraintModel"],

79 summary: str,

80 payload: Dict[str, Any],

81 rationale: str,

82 ) -> "Recommendation":

83 return Recommendation
84 id=generate_id("rec"),
85 node_id=finding.node_id,

86 created_at=datetime.utcnow(),



87
88
89
90
91
92
o3
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116

118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
8Si0)
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159

target_system="CDS",
recommendation_type="policy review_prompt",
severity=finding.severity,
confidence=finding.confidence,
scope=finding.scope,

related findings=[finding.id],

related model_ids=[model.id] if model else [],
tags=list(finding.related_tags),
payload=payload,

summary=summary,

rationale=rationale,

def recommend_ for_ecological_overshoot(
finding: "DiagnosticFinding",
model: Optional["ConstraintModel"],
policy: RecommendationPolicy,

) -> List["Recommendation"]:
recs: List["Recommendation"] = []

tags = list(finding.related tags)

best, worst = pick reference_scenarios(model)

# Always: CDS visibility prompt (normative thresholds/priorities)
recs.append (make_cds_prompt (
finding=finding,
model=model,
summary="Ecological overshoot risk approaching; CDS review of thresholds and provisioning priorities recommended.",
payload={
"finding type": finding.finding_ type,
"key_indicators": finding.indicators,
"scenario_best": best.summary if best else None,
"scenario_worst": worst.summary if worst else None,
}
rationale=finding.rationale or finding.summary,

))

if policy.allow_technical_routing:
# OAD: substitution / durability / material intensity reduction
recs.append (Recommendation (

id=generate_id("rec"),

node_id=finding.node_id,

created at=datetime.utcnow(),

target_system="OAD",

recommendation_type="material_ substitution_prompt",

severity=finding.severity,

confidence=finding.confidence,

scope="node",

related findings=[finding.id],

related model_ids=[model.id] if model else [],

tags=tags,

payload={
"goal": "reduce material_drawdown_or_ extend lifespan",
"candidate materials_or_methods": ["lamination", "reclaimed stock", "durable coatings"],
"notes": "Advisory prompt; redesign remains under OAD + CDS certification norms.",

}

summary="Prompt design/material strategies to restore regeneration margin (reduce drawdown or extend lifespan).",

rationale="Near-binding ecological constraint detected; redesign/substitution may restore viability envelope.",

))

# COS: waste/scrap + circular recovery attention
recs.append (Recommendation (
id=generate_id("rec"),
node_id=finding.node_id,
created at=datetime.utcnow(),
target_system="COs",
recommendation_type="workflow_stress_alert",
severity=finding.severity,
confidence=finding.confidence,
scope="node",
related findings=[finding.id],
related model_ids=[model.id] if model else [],



160
161
162
163
164
165
166
167
168
169
170
171
172
17/3)
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
282

tags=tags,
payload={

"focus": ["scrap_rate", "repair cycles", "material_ recovery"l],

"notes": "Advisory alert; COS decides operational response under CDS constraints.",

T

summary="Flag production/material workflow for waste reduction and circular recovery optimization.",

rationale="Reducing waste is the fastest non-coercive lever before scarcity becomes acute.",

))

return recs

def recommend_ for_ quality reliability drift(

finding: "DiagnosticFinding",
model: Optional["ConstraintModel"],
policy: RecommendationPolicy,

) -> List["Recommendation"]:

recs: List["Recommendation"] = []

tags = list(finding.related tags)

# OAD: design durability / lifecycle review
if policy.allow technical_ routing:
recs.append (Recommendation (

id=generate_id("rec"),
node_id=finding.node_id,
created_at=datetime.utcnow(),
target_system="OAD",
recommendation_type="design_review_request",
severity=finding.severity,
confidence=finding.confidence,
scope="node",
related findings=[finding.id],
related model_ids=[model.id] if model else [],
tags=tags,
payload={

))

"focus":

"durability and maintenance_burden",

"requested_outputs": ["updated lifecycle model", "maintenance_profile revision"],

"notes":

T

"Advisory request; does not change certification status by itself.",

summary="Request design durability/maintainability review due to rising repair burden.",

rationale=finding.rationale or finding.summary,

# COS: workflow mitigation alerts

recs.append (Recommendation (

))

id=generate_id("rec"),

node_id=finding.node_id,

created_at=datetime.utcnow(),

target_system="CO0s",

recommendation_type="workflow_stress_alert",

severity=finding.severity,

confidence=finding.confidence,

scope="node",

related findings=[finding.id],

related model_ids=[model.id] if model else [],

tags=tags,
payload={
"focus": ["drying protocols", "corrosion_prevention", "rework rate"],
"notes": "Advisory; COS selects which workflow mitigations to trial.",
T

summary="Flag workflow adjustments to reduce environmental rework and corrosion stress.",

rationale="Repair labor drift often indicates mismatch between design assumptions and field

# ITC: valuation drift flag (do not auto-change)

recs.append (Recommendation (

id=generate_id("rec"),

node_id=finding.node_id,

created_at=datetime.utcnow(),

target_system="ITC",

recommendation_type="valuation_drift flag",

severity=finding.severity,

confidence=finding.confidence,

conditions.",
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234
280
236
237
238
280
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
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263
264
265
266
267
268
269
270
271
272
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275
276
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278
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280
281
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283
284
285
286
287
288
289
290
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294
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300
301
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304
305

# If

if r

retu

scope="node",
related_findings=[finding.id],
related model_ids=[model.id] if model else [],
tags=tags,
payload={
"signal": "maintenance_burden_increase_candidate",
"notes": "Advisory flag; ITC adjustments remain bounded by CDS policy snapshots.",
T
summary="Flag valuation drift candidate due to increased maintenance burden.",
rationale="Access obligations should reflect realized maintenance labor over time.",

))

this finding is high/critical, add CDS visibility prompt

equires_cds_visibility(finding, policy) and policy.mirror_ to_cds_when_routed:

recs.append (make_cds_prompt (
finding=finding,
model=model,
summary="Reliability drift detected; CDS visibility recommended (possible policy/priority implications).",
payload={"finding_ type": finding.finding type, "indicators": finding.indicators},
rationale=finding.rationale or finding.summary,

))

Irn recs

def recommend_ for_ dependency_ fragility increase(

)

find
mode
poli.
-> Lis
recs

tags

# CD

recs

ing: "DiagnosticFinding",

1: Optional["ConstraintModel"],
cy: RecommendationPolicy,

t[ "Recommendation"]:

: List["Recommendation"] = []

= list(finding.related tags)

S: dependency tolerance / autonomy strategy review
.append (make_cds_prompt (
finding=finding,
model=model,
summary="Dependency/fragility risk rising; CDS review of autonomy thresholds and transition priorities recommended.",
payload={
"finding_ type": finding.finding type,
"indicator": finding.indicators,
T

rationale=finding.rationale or finding.summary,

olicy.allow_technical_ routing:
# OAD: substitution/local production pathway prompts
recs.append (Recommendation (
id=generate_id("rec"),
node_id=finding.node_id,
created_at=datetime.utcnow(),
target_system="OAD",
recommendation_type="material_ substitution_ prompt",
severity=finding.severity,
confidence=finding.confidence,
scope="node",
related findings=[finding.id],
related model_ids=[model.id] if model else [],
tags=tags,
payload={
"goal": "reduce_ external_dependency",
"candidate pathways": ["bio-based polymers", "local binder production", "design to reduce resin need"],
"notes": "Advisory; does not mandate sourcing changes.",
T
summary="Prompt substitution/local pathway exploration to reduce external dependency.",
rationale="Dependency rise increases systemic fragility; redesign can reduce need or enable local pathways.",

))

# COS: procurement stress alert (transitional external flagged)
recs.append (Recommendation (

id=generate_id("rec"),

node_id=finding.node_id,

created_at=datetime.utcnow(),
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target_system="COS",
recommendation_type="dependency risk alert",
severity=finding.severity,
confidence=finding.confidence,
scope="node",
related findings=[finding.id],
related model_ids=[model.id] if model else [],
tags=tags,
payload={
"action": "flag transitional_ external procurement",
"notes": "Advisory; COS may prioritize internal recycling/federated sourcing where feasible.",
}
summary="Flag procurement dependency risk; reduce external reliance where feasible.",
rationale="Dependency drift is measurable; procurement strategy should align with resilience goals.",

))

# ITC: valuation drift (dependency multiplier candidate, bounded and CDS-approved)
recs.append (Recommendation (
id=generate_id("rec"),
node_id=finding.node_id,
created at=datetime.utcnow(),
target_system="ITC",
recommendation_type="valuation_drift_ flag",
severity=finding.severity,
confidence=finding.confidence,
scope="node",
related findings=[finding.id],
related model_ids=[model.id] if model else [],
tags=tags,
payload={
"signal": "dependency fragility multiplier_ candidate",
"requires": "CDS_policy_ bounds",
"notes": "Advisory; apply only under CDS-approved caps and transparency rules.",
}
summary="Flag potential dependency/fragility multiplier candidate for access valuation (bounded).",
rationale="If dependency increases systemic risk, valuation should reflect it transparently within bounds."

))

return recs

#

# Main generator: findings + optional model -> recommendations
#

def generate_recommendations(
findings: List["DiagnosticFinding"],
model: Optional["ConstraintModel"],
policy: RecommendationPolicy,

) -> List["Recommendation"]:

recs: List["Recommendation"] = []

for £ in findings:
if f.finding_ type == "ecological overshoot risk":
recs.extend(recommend for_ecological overshoot(f, model, policy))
elif f.finding type == "quality reliability drift":
recs.extend(recommend for_ quality reliability drift(f, model, policy))
elif f.finding type == "dependency_ fragility increase":
recs.extend(recommend_for_ dependency fragility increase(f, model, policy))
else:
# Generic routing: if CDS visibility is required, create a CDS prompt
if requires_cds_visibility(f, policy):
recs.append (make_cds_prompt (
finding=£f,
model=model,
summary="System finding requires CDS visibility and review.",
payload={"finding_type": f.finding type, "indicators": f.indicators},
rationale=f.rationale or f.summary,

))

# Guardrail: ensure at least one CDS prompt exists for any high/critical finding
if any(severity rank(f.severity) >= severity rank("high") for f in findings):

if not any(r.target system == "CDS" for r in recs):



379 worst = max(findings, key=lambda x: severity rank(x.severity))

380 recs.append (make_cds_prompt (

381 finding=worst,

382 model=model,

383 summary="High-severity risk present; CDS review required.",
384 payload={"finding_ type": worst.finding type, "indicators": worst.indicators},
385 rationale=worst.rationale or worst.summary,

386 ))

387

388 return recs

389

390

391 #

897 # Routing / dispatch (non-executive)

93 #

394

395 def route_recommendations(recs: List["Recommendation"]) -> List["RoutedSignal"]:
396 routed: List["RoutedSignal"] = []

397 for r in recs:

398 routed.append (RoutedSignal(

399 recommendation_id=r.id,

400 target_system=r.target_system,

401 dispatched_at=datetime.utcnow(),

402 delivery status="queued",

403 notes="Dispatched by FRS-4 routing layer (non-executive).",

404 ))

405 return routed

Running Example (Sailboat): From Model — Typed Recommendations
Illustrative Signal Flow (Non-Normative Example)

The following example illustrates how diagnosed findings and a constraint model are converted into typed, non-executive recommendations and routed to target
subsystems.It introduces no new logic, rules, or authority beyond the formal specification above, and should be read strictly as an informative instantiation of the
defined data structures—not as a procedural requirement, execution model, or prescriptive workflow.

policy = RecommendationPolicy ()

recs = generate_recommendations(
findings=findings, # from FRS-2 (sailboat drift + dependency + timber stress)
model=model, # from FRS-3 (scenario envelopes)

policy=policy,

©® N U W N e

9 routed = route_recommendations(recs)
10

11 for r in recs:

12 print(r.target_system, r.recommendation_type, r.severity, "-", r.summary)

Conceptually, you'll see outputs like:

e OAD: design review request (durability + humidity resilience)

® (COS: workflow stress alert (drying / corrosion prevention)

* ITC: valuation drift flags (maintenance burden, dependency multiplier candidate)
® CDS: policy review prompts (ecological threshold, dependency tolerance)

Math Sketches
1. Recommendation as a Typed Function of Findings and Scenario Risk
Let:

e F be the set of diagnostic findings
* M be an optional constraint model with scenario risk results
* R be the set of recommendations produced

Module 4 computes:
R = g(F, M) (149)

where g is a bounded mapping that outputs typed recommendations with auditable payloads.



2. Severity Gating for Democratic Review

Let recommendation  have severity (7).
Let Scps be the severities requiring CDS visibility (e.g., high, critical).

If:
s(r) € Scos (150)
then CDS must receive a policy review prompt (directly or mirrored).
3. Scenario Envelope as Evidence, Not Optimization
Let risk(s;) € [0, 1] be modeled risk score for scenario s;.
FRS-4 can support a recommendation by referencing:
A = risk(status_quo) — risk(combined_intervention) (151)

Alarge A increases confidence in the relevance of the recommendation, but does not create executive authority.

Plain-Language Summary

FRS Module 4 turns diagnosis and modeling into clear, typed recommendations—and routes them to the systems that can respond—without executing changes. It
keeps authority distributed: COS adjusts workflows, OAD revises designs, ITC recalibrates valuation within bounds, and CDS remains the only place norms and policy
are decided.

Module 5 (FRS)— Democratic Sensemaking & CDS Interface

Purpose
Translate FRS findings, models, and routed recommendations into human-comprehensible sensemaking artifacts—dashboards, risk briefs, scenario comparisons,
and deliberation prompts—so that CDS can govern with shared situational awareness rather than technical opacity.

FRS-5 does not decide. It renders reality legible for democratic process.

Inputs

® DiagnosticFinding objects (FRS-2)

e ConstraintModel objects + ScenarioResult s (FRS-3)

® Recommendation Objects + routing metadata (FRS-4)

* Optional MemoryRecord references for “historical parallels” (FRS-6) (context only; never overrides evidence)

e Optional CDS context: current deliberation queues, policy snapshots, and audience configuration (what level of detail is appropriate)

Outputs

® SensemakingArtifact objects such as:
o risk brief (executive summary + key indicators)
O scenario_comparison (status quo vs interventions)
o dashboard_view (trend panels + constraint margins)
© deliberation_prompt (structured questions + tradeoffs)

o0 public_summary (high-level transparency layer)

Artifacts are auditable: each includes links back to the exact findings/models/recommendations that generated it.

Core Logic

from dataclasses import dataclass
from datetime import datetime
from typing import List, Dict, Any, Optional, Tuple

Assumes these types exist from the FRS high-level section:

o v os W N

- DiagnosticFinding, ConstraintModel, ScenarioResult

- Recommendation, SensemakingArtifact

#
#
#
8 # - Constraint, SemanticTag
# - generate_id(...)

#

10 Also reuses pick reference_scenarios(model) from FRS-4.

11

12 SEVERITY_ORDER = ["info", "low", "moderate", "high", "critical"]
13

14  def severity rank(s: str) -> int:
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#

try:
return SEVERITY_ORDER.index(s)
except ValueError:

return 0

# Helper: summarize findings + constraints for human readers

#

def

summarize findings(findings: List["DiagnosticFinding"], max items: int = 5) -> List[Dict[str, Any]]:

Build a compact human-readable summary list.
Sorted by severity (critical > high > ... > info), then persistence.

won

persistence_order = {"structural": 3, "persistent": 2, "emerging": 1, "transient":

sorted_findings = sorted(
findings,
key=lambda f: (severity rank(f.severity), persistence_order.get(f.persistence,

reverse=True

out: List[Dict[str, Any]] = []
for £ in sorted findings[:max_items]:
# Keep indicators compact; CDS can drill down via evidence refs
keys = list(f.indicators.keys())[:6]
out.append ({
"finding_ type": f.finding_type,
"severity": f.severity,
"persistence": f.persistence,
"scope": f.scope,
"confidence": f.confidence,
"summary": f.summary,
"key_indicators": {k: f.indicators.get(k) for k in keys},
"evidence_refs": f.evidence_refs[:6],
})

return out

summarize constraints(constraints: List["Constraint"]) -> List[Dict[str, Any]]:

Turn constraints into a margin-oriented table for dashboards.
rows: List[Dict[str, Any]] = []
for ¢ in constraints:
rows .append({
"name": c.name,
"domain": c.domain,
"direction": c.direction,
"threshold": c.threshold,
"current_value": c.current_value,
"margin": c.margin,
"unit": c.unit,
"confidence": c.confidence,
"tags": [(t.key, t.value) for t in c.tags],
)

return rows

scenario_table(model: "ConstraintModel") -> List[Dict[str, Any]]:

Compact scenario comparison rows (sorted by risk).

rows: List[Dict[str, Any]] = []

for r in model.scenario_results:

rows.append ( {

"scenario_id": r.scenario_id,
"horizon": r.horizon,
"risk_score": r.risk_score,
"constraint_breaches": r.constraint breaches,
"projected metrics": r.projected metrics,

})

0}

0)),



#

rows.sort (key=lambda x: x["risk score"])

return rows

# Prompts: convert technical outputs into CDS questions

#

def build _deliberation_ prompts (

findings: List["DiagnosticFinding"],
model: Optional["ConstraintModel"],

recs: List["Recommendation"],

) -> List[str]:

#

Generate structured questions for CDS deliberation.

These are prompts, not prescriptions.

prompts: List[str] = []

types = {f.finding type for f in findings}

if "ecological overshoot risk" in types:

prompts .append (

"Ecology: Do we revise provisioning priorities or accelerate redesign/substitution

"to restore the regeneration margin before thresholds are breached?"

if "dependency_ fragility increase" in types:
prompts.append (

"Autonomy: Do we prioritize reducing external dependency via local capacity building,

"federated sourcing, or OAD substitution pathways?"

if "quality reliability drift" in types:
prompts.append (

"Durability: Do we prioritize design changes, workflow mitigations, or accept higher maintenance

"burden temporarily while transitioning?"

if model:
best, worst = pick reference_scenarios(model)
if best and worst:
prompts.append (

f"Scenario envelope: lowest-risk is '{best.scenario_id}' (risk={best.risk score:.2f}),

f"highest-risk is '{worst.scenario_id}' (risk={worst.risk score:.2f}).

"Which path best matches current labor/material capacity and constitutional priorities?"

targets = {r.target_system for r in recs}
if "OAD" in targets:
prompts.append("Design: Do we authorize an OAD design sprint (timebox, success criteria, test plan)?")
if "COS" in targets:
prompts.append("Operations: Do we authorize COS workflow changes now within existing constraints?")
if "ITC" in targets:

prompts.append("Valuation: Do we request ITC to recompute access-values after updated OAD/COS data is validated?")
# Always: uncertainty acknowledgement

prompts.append (

"Uncertainty: Which assumptions are most uncertain here, and what monitoring would reduce uncertainty fastest?"

return prompts

# Artifact builders

#

def build risk brief(

node_id: str,
findings: List["DiagnosticFinding"],
model: Optionall["ConstraintModel"],

recs: List["Recommendation"],



161 ) -> "SensemakingArtifact":

162 e

163 Short executive summary: what is happening, why it matters, what paths exist.
164 e

165 content: Dict[str, Any] = {

166 "top_findings": summarize findings(findings, max_items=5),

167 "recommendations": [

168 {"target": r.target_system, "type": r.recommendation type, "severity": r.severity, "summary": r.summary}
169 for r in recs

170 1,

171 "viability envelope": None,

172 "notes": [

173 "FRS provides evidence and scenario envelopes; CDS retains normative authority.",
174 "These artifacts are decision-support, not executive directives.",
175 1,

176 }

177

178 if model:

179 best, worst = pick_reference_scenarios(model)

180 content["viability envelope"] = {

181 "constraint margins": summarize constraints(model.constraints),
182 "best_scenario": {

183 "scenario_id": best.scenario_id,

184 "risk_score": best.risk_score,

185 "breaches": best.constraint_breaches,

186 "projected metrics": best.projected metrics,

187 } if best else None,

188 "worst_scenario": {

189 "scenario_id": worst.scenario_id,

190 "risk score": worst.risk_score,

191 "breaches": worst.constraint_breaches,

192 "projected metrics": worst.projected metrics,

193 } if worst else None,

194 }

195

196 return SensemakingArtifact(

197 id=generate_id("artifact"),

198 node_id=node_id,

199 created at=datetime.utcnow(),

200 artifact_type="risk_brief",

201 title="FRS Risk Brief — Current Drift and Viability Envelope",

202 audience="cds_participants",

203 related findings=[f.id for f in findings],

204 related recommendations=[r.id for r in recs],

205 related models=[model.id] if model else [],

206 content=content,

207 summary="Executive summary of drift patterns, constraint margins, and recommended focus areas.",
208 )

209

210

211 def build_scenario_comparison(

212 node_id: str,

213 model: "ConstraintModel",

214 ) —> "SensemakingArtifact":

215 e

216 Scenario table comparing intervention envelopes (not predictions).
217 e

218 content: Dict[str, Any] = {

219 "scenario_rows": scenario_table(model),

220 "constraints": summarize_constraints(model.constraints),

221 "notes": "Scenarios represent counterfactual envelopes, not forecasts or commands.",
222 }

223

224 return SensemakingArtifact(

225 id=generate_id("artifact"),

226 node_id=node_id,

227 created at=datetime.utcnow(),

228 artifact_type="scenario_comparison",

229 title="FRS Scenario Comparison — Viability Envelopes by Horizon",
230 audience="cds_participants",

231 related findings=list(model.related_findings),

232 related recommendations=[],

7288 related models=[model.id],
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content=content,

summary="Scenario envelopes comparing risk and constraint breaches across intervention options.",

def build_deliberation prompt_artifact(

)

#

node_id: str,
findings: List["DiagnosticFinding"],
model: Optional["ConstraintModel"],

recs: List["Recommendation"],

-> "SensemakingArtifact":

Structured prompts for CDS discussion.

prompts = build_deliberation_prompts(findings, model, recs)

content: Dict[str, Any] = {

"prompts": prompts,

"ground_rules": [
"FRS provides evidence and scenarios; CDS retains normative authority.",
"Express preferences alongside constraints (labor, ecology, resilience).",
"State uncertainty explicitly; avoid false precision.",

1,

"traceability": {
"findings": [f.id for f in findings],
"models": [model.id] if model else [],
"recommendations": [r.id for r in recs],

I

return SensemakingArtifact(
id=generate_id("artifact"),
node_id=node_id,
created at=datetime.utcnow(),
artifact_type="deliberation prompt",
title="FRS Deliberation Prompts — Questions for Democratic Resolution",
audience="cds_participants",
related findings=[f.id for f in findings],
related recommendations=[r.id for r in recs],
related models=[model.id] if model else [],
content=content,

summary="Structured questions to help CDS resolve tradeoffs using shared situational

# Main module orchestrator

#

def build_sensemaking_artifacts(

node_id: str,
findings: List["DiagnosticFinding"],
model: Optional["ConstraintModel"],

recs: List["Recommendation"],

) -> List["SensemakingArtifact"]:

FRS-5: produce a small bundle of CDS-ready artifacts.

artifacts: List["SensemakingArtifact"] = []

# Always produce: risk brief + deliberation prompts
artifacts.append(build_risk_brief(node_id, findings, model, recs))

artifacts.append(build_deliberation_ prompt_artifact(node_id, findings, model, recs))
# If scenario model exists, also produce scenario comparison
if model is not None:

artifacts.append(build scenario_comparison(node_id, model))

return artifacts

Running Example (Sailboat): “Make It Legible for CDS"

awareness.",



Illustrative Signal Flow (Non-Normative Example)

The following example illustrates how FRS-2 findings, an FRS-3 constraint model, and FRS-4 recommendations are translated into CDS-ready sensemaking artifacts by
FRS-5. It introduces no new logic, rules, or authority beyond the formal specification above, and should be read strictly as an informative instantiation of the defined
data structures—not as a procedural requirement, execution model, or prescriptive workflow.

1 artifacts = build_sensemaking artifacts(

2 node_id="node_coastal A",

8 findings=findings, # drift + dependency + timber stress
4 model=model, # scenario envelopes

5 recs=recs, # typed non-executive recommendations
6 )

7

8 for a in artifacts:

9 print(a.artifact_type, "-", a.title)

Typical outputs for the sailboat case:

* Risk Brief: “Timber drawdown risk emerging; maintenance drift rising; resin dependency increasing.”
* Scenario Comparison: “Status quo breaches constraints in mid/long horizon; combined intervention restores viability envelope.”

¢ Deliberation Prompts: “Authorize OAD sprint? Adjust COS workflow now? Prioritize autonomy strategy? Revisit thresholds?”

Math Sketches
1. Ranking and Salience in Democratic Presentation

FRS-5 must prioritize what humans can realistically deliberate.
Let each finding f; have severity s;, persistence p;, and confidence ¢;, mapped to numeric scales.

Define a salience score:
salience(f;) = wss; + wpp; + wee; (152)
Then present the top-k findings by salience, rather than dumping full telemetry into governance.
2. Scenario Comparison as a Viability Envelope

Let each scenario s yield risk p(s) and breach set B(s).
FRS-5 does not “choose the minimum”; it shows:

 p(status quo) versus p(interventions)
e how B(s) changes by horizon
¢ which constraints become binding first

This frames governance as tradeoff selection under constraints, not preference voting in a vacuum.
3. Explainability Constraint
Every artifact must remain traceable back to source evidence:

artifact = {findings, models, recommendations, evidence_refs} (153)

This prevents technocratic opacity: CDS can always inspect the chain of reasoning.

Plain-Language Summary

FRS Module 5 ensures that cybernetic intelligence doesn’t become technocratic fog. It turns findings, models, and recommendations into clear, auditable artifacts—so
CDS deliberates with a shared picture of reality: what is drifting, what constraints are tightening, what futures are plausible, and what tradeoffs are actually on the table.

Module 6 (FRS) — Longitudinal Memory, Pattern Learning & Institutional Recall

Purpose

Preserve, structure, and operationalize institutional memory so Integral can learn across time without ossifying. Module 6 ensures that past conditions, interventions,
and outcomes remain queryable evidence, not ideology—enabling future diagnosis, modeling, and governance to avoid repeating mistakes and to recognize proven
solution patterns.

FRS-6 does not decide what should be repeated. It records what happened, under what conditions, and with what consequences.

Inputs

® DiagnosticFinding objects (FRS-2)

® ConstraintModel + ScenarioResult objects (FRS-3)



® Recommendation objects and CDS outcomes (accepted, rejected, modified)
e COS execution summaries, QA outcomes, ITC valuation shifts (via ledgers / trace logs)
e Ecological and operational traces over time (FRS-1 packets)

® Optional inter-node memory shares (FRS-7)

Outputs
Durable MemoryRecord objects representing:

¢ baselines (pre-intervention state)

e incidents (detected drift or stress)

¢ interventions (what was tried)

* outcomes (measured effects)

¢ lessons (generalized patterns, explicitly confidence-scored)

Recall utilities / indexes for:

* “similar past conditions”
* “what worked / what failed”
e ‘“side-effects and tradeoffs”

Structured inputs for:

e FRS-3 (priors + parameter tuning)
® FRS-4 (recommendation templates)
® FRS-5 (historical parallels in deliberation)

Design Principles

1. Non-prescriptive memory
Records facts and outcomes, not mandates or “best practices.”
2. Contextual specificity
Every record is tagged with ecological, material, social, and temporal context.
3. Versioned truth
Memory is additive and revisable—new outcomes do not erase old ones.
4. Pattern extraction, not dogma
Generalizations are explicit, bounded, and confidence-scored.

Core Logic

1 from dataclasses import dataclass

2 from datetime import datetime

3 from typing import List, Dict, Any, Optional, Tuple
4 import math

5

6 # Assumes these exist from the FRS high-level types:
7 # - MemoryRecord, MemoryRecordType, SemanticTag

8 # - DiagnosticFinding, ConstraintModel, Recommendation
9 # - generate_id(...)

10

11 #

12 # similarity helper (indicator-vector cosine similarity)

13 #

14

15 def cosine_similarity(a: Dict[str, float], b: Dict[str, float]) -> float:
16 e

17 Compute cosine similarity between two indicator vectors.
18 e

19 keys = set(a.keys()) & set(b.keys())

20 if not keys:

21 return 0.0

22

28 dot = sum(a[k] * b[k] for k in keys)

24 norm_a = math.sqgrt(sum(a[k] ** 2 for k in keys))

25 norm b = math.sqgrt(sum(b[k] ** 2 for k in keys))

26 if norm a == 0 or norm b == 0:

27 return 0.0

28



29 return dot / (norm_a * norm b)

30

31

7 #

33 # Memory construction

34 #

35

36 def build memory_record(

37 node_id: str,

38 record_type: "MemoryRecordType",

39 title: str,

40 tags: List["SemanticTag"],

41 evidence_refs: List[str],

42 narrative: str,

43 quantified_state: Optional[Dict[str, float]] = None,

44 quantified_outcomes: Optional[Dict[str, float]] = None,
45 related decisions: Optional[List[str]] = None,

46 related design_versions: Optional[List[str]] = None,

47 ) -> "MemoryRecord":

48 e

49 Create a durable MemoryRecord.

50 We store both:

51 - quantified state: indicators describing the situation ("what conditions looked like")
52 - quantified outcomes: measurable deltas after intervention ("what changed")
53 e

54 return MemoryRecord (

55 id=generate_id("memory"),

56 node_id=node_id,

57 created_at=datetime.utcnow(),

58 record_type=record_type,

59 title=title,

60 tags=tags,

61 evidence_refs=evidence refs,

62 related decisions=related_decisions or [],

63 related_design versions=related design versions or [],
64 narrative=narrative,

65 quantified_outcomes={

66 **(quantified_state or {}),

67 **(quantified_outcomes or {}),

68 Po

69 notes="Recorded by FRS-6 for longitudinal recall and learning.",
70 )

71

72

73 | #

74  # Recording a full learning episode (incident - intervention - outcome - lesson)
75 #

76

77  def record learning episode(

78 node_id: str,

79 findings: List["DiagnosticFinding"],

80 model: Optional["ConstraintModel"],

81 recommendations: List["Recommendation"],

82 cds_outcomes: Dict[str, str], # recommendation_id -> "accepted"/"rejected"/"modified"
83 state_indicators: Dict[str, float], # snapshot of the problem-state at time of detection
84 outcome _deltas: Dict[str, float], # measured deltas after intervention
85 related decision_ids: Optional[List[str]] = None,

86 ) -> List["MemoryRecord"]:

87 e

88 Convert a resolved FRS episode into memory records.

89 e

90 records: List["MemoryRecord"] = []

91

92 # Merge tags from findings + recommendations for indexing

93 tags: List["SemanticTag"] = []

94 for £ in findings:

95 tags.extend(f.related tags)

96

97 accepted = [r for r in recommendations if cds_outcomes.get(r.id) == "accepted"]

98

99 # 1) Baseline record (what conditions looked like at detection time)

100 records.append (build_memory record(

101 node_id=node_id,



102 record_type="baseline",

103 title="Baseline state at detection time",

104 tags=tags,

105 evidence_refs=[f.id for f in findings] + ([model.id] if model else []),

106 narrative="State indicators captured at time of drift detection for later comparison.",
107 quantified_state=state_indicators,

108 quantified_outcomes={},

109 related decisions=related_decision_ids,

110 ))

111

112 # 2) Incident record (what FRS classified)

113 records.append(build_memory record(

114 node_id=node_id,

115 record_type="incident",

116 title="Detected drift / stress episode",

117 tags=tags,

118 evidence_refs=[f.id for f in findings],

119 narrative="FRS classified a multi-signal drift episode with severity/scope/persistence labels.",
120 quantified_state=state_indicators,

121 quantified outcomes={},

122 related decisions=related decision_ids,

123 ))

124

125 # 3) Intervention record (what was approved/attempted)

126 if accepted:

127 records.append (build_memory record(

128 node_id=node_id,

129 record_type="intervention",

130 title="Intervention package approved by CDS",

131 tags=tags,

132 evidence_refs=[r.id for r in accepted],

133 narrative="CDS approved a bounded intervention package (design/workflow/training/dependency actions).",
134 quantified state=state_indicators,

135 quantified outcomes={},

136 related_decisions=related decision_ids,

137 ))

138

139 # 4) Outcome record (what changed measurably)

140 records.append (build_memory record(

141 node_id=node_id,

142 record_type="outcome",

143 title="Observed outcomes after intervention window",

144 tags=tags,

145 evidence_refs=[model.id] if model else [],

146 narrative="Measured outcome deltas captured after the intervention window.",
147 quantified_state=state_indicators,

148 quantified_outcomes=outcome_deltas,

149 related decisions=related_decision_ids,

150 ))

151

152 # 5) Lesson record (explicitly non-prescriptive pattern)

153 # Note: Confidence scoring happens separately; this is just a candidate lesson.
154 records.append (build_memory record(

155 node_id=node_id,

156 record_type="lesson",

157 title="Candidate lesson pattern (non-prescriptive)",

158 tags=tags + [SemanticTag("pattern", "coastal humidity resilience")],

159 evidence _refs=[r.id for r in accepted] if accepted else [],

160 narrative=(

161 "In coastal conditions, durability drift linked to humidity/salinity was mitigated most effectively "
162 "through material substitution and workflow sequencing changes. This is evidence, not a mandate."
163 ),

164 quantified_state=state_indicators,

165 quantified_outcomes=outcome_deltas,

166 related decisions=related_decision_ids,

167 ))

168

169 return records

170

171

172 #

173  # Recall: retrieve past cases with similar state indicators

174 #




175

176  def recall_similar cases(

177 memory_records: List["MemoryRecord"],

178 current_state_indicators: Dict[str, float],

179 min_similarity: float = 0.6,

180 allowed_record_types: Optional[List[str]] = None,

181 ) -> List[Tuple[ "MemoryRecord", float]]:

182 e

183 Retrieve past cases with similar *state* indicator profiles.
184 e

185 allowed = set(allowed_record_types or ['"baseline", "incident"])
186 matches: List[Tuple["MemoryRecord", float]] = []

187

188 for r in memory records:

189 if r.record_type not in allowed:

190 continue

191 sim = cosine_similarity(current_state_indicators, r.quantified_outcomes)
192 if sim >= min_similarity:

193 matches.append((r, sim))

194

195 matches.sort(key=lambda x: x[1], reverse=True)

196 return matches

197

198

199 #

200 # Pattern confidence (optional, non-prescriptive)

201 #

202

203 def pattern_confidence(

204 deltas: List[float],

205 min_n: int = 3,

206 ) —> float:

207 e

208 Very simple confidence sketch:

209 - more episodes + consistent improvement => higher confidence.
210 e

211 n = len(deltas)

212 if n < min_n:

213 return 0.2 # low confidence due to small sample

214

215 avg = sum(deltas) / n

216 var = sum((d - avg) ** 2 for d in deltas) / max(l, n - 1)

217

218 # Higher avg improvement and lower variance => higher confidence
219 score = 0.5 * (1.0 / (1.0 + var)) + 0.5 * max(0.0, min(1.0, avg))
220 return max (0.0, min(1.0, score))

Running Example (Sailboat): “We've Seen This Before”
Ilustrative Signal Flow (Non-Normative Example)

The following example illustrates how a resolved FRS episode is recorded into longitudinal memory, and how similar future conditions can retrieve evidence from past
cases. Itintroduces no new logic, rules, or authority beyond the formal specification above, and should be read strictly as an informative instantiation of the defined
data structures—not as a procedural requirement, execution model, or prescriptive workflow.

1 state_indicators = {

2 "repair_hours_delta pct": 0.18,

3] "external_internal resin_ratio": 1.6,

4 "timber_margin_kg_week": -20.0,

5 "humidity_pct": 82.0,

6 "salinity index": 0.74,

70}

8

9 outcome_deltas = {

10 "repair_hours_delta_pct": -0.22, # 22% reduction vs baseline
11 "external_ internal resin ratio": -0.45, # 45% reduction

12 "timber margin_kg week": +35.0, # margin restored

13 | }

14

15 cds_outcomes = {r.id: "accepted" for r in recs if r.target system != "CDS"}

16



17 records = record learning episode(

18 node_id="node coastal A",

19 findings=findings,

20 model=model,

21 recommendations=recs,

22 cds_outcomes=cds_outcomes,

23 state_indicators=state_indicators,

24 outcome_deltas=outcome_deltas,

25 related _decision_ids=["cds_decision_123"],
26 )

27

28 # Months later: a new node sees similar humidity-linked drift.

29  similar = recall_similar_cases(

30 memory records=records,

31 current_state_indicators=state_indicators,
32 min_similarity=0.6,

33 | )

34

35 for rec, sim in similar:

36 print(rec.record_type, sim, rec.title)

Conceptual takeaway:
A later node gets “we saw this pattern before” as evidence (what conditions matched, what interventions were tried, what outcomes occurred)—not as an order.

Math Sketches
1. Similarity-Based Recall

Let current state indicator vector be x and a past record’s stored indicator vector be y.
Define cosine similarity:

X'y

sim(x,y) = ——— (154)
’ [l Iyl
Recall records where:
sim(x,y) > 7 (155)
where 7 is a configurable threshold.
2. Pattern Confidence Accumulation
Let a pattern p appear in n episodes with measurable improvement deltas Ay,..., A,,.
A simple confidence proxy:
conf(p) = h(n, A, var(A)) (156)

where h(-) increases with sample size and average improvement, and decreases with variance. Higher confidence increases prominence in FRS-4/5 artifacts—but never
becomes mandatory.

3. Anti-Dogma Safeguard
Memory does not imply correctness:

Memory evidence # Policy authority (157)

FRS-6 outputs remain inputs to modeling and deliberation, not executive decisions.

Plain-Language Summary

FRS Module 6 ensures Integral doesn’t “solve” the same problem repeatedly. It records what conditions looked like, what actions were taken, and what outcomes
followed—so future nodes can recall comparable cases as evidence. Memory informs modeling and democratic choice, but never replaces it.

Module 7 (FRS) — Federated Intelligence & Inter-Node Learning

Purpose

Enable federation-scale learning without centralization by sharing stress signatures, validated patterns, and scenario envelopes across nodes—while preserving
local autonomy. Module 7 closes the FRS loop by ensuring that what one node learns under real constraints becomes available intelligence to others, without
mandates, markets, or hierarchy.

FRS-7 does not standardize behavior. It synchronizes insight, not action.



Inputs

® Local piagnosticFinding objects (FRS-2)

e Local constraintModel + ScenarioResult S (FRS-3)

e Local MemoryRecord s marked shareable (FRS-6)

e Optional inbound federation feeds (peer nodes’ shared bundles)

* (CDS-approved sharing policies (what is public, aggregated, delayed, anonymized)
Outputs

e Published FederatedsignalBundle s (outbound)
e Ingested FederatedInsight s (inbound)
® Optional crossNodePattern s (aggregated, confidence-scored)

* Synchronization metadata for auditability (hash chain, policy refs)

Design Principles

1. Voluntary propagation
Nodes publish insights; others subscribe. No compulsory uptake.
2. Non-competitive sharing
No IP rent, no advantage hoarding, no strategic secrecy.
3. Aggregation over exposure
Share patterns and envelopes, not raw local telemetry unless explicitly approved.
4. Asynchronous synchronization
Nodes need not be in lockstep; intelligence diffuses gradually.
5. Autonomy preserved
Every received insight is advisory and must pass local FRS-2 — FRS-5 before action.

Core Logic (Pseudocode)

1 from dataclasses import dataclass, field

2 from datetime import datetime

3 from typing import List, Dict, Any, Optional

4 import hashlib

5 import json

6

7 # Assumes from FRS types:

8 # - SemanticTag, DiagnosticFinding, ConstraintModel, MemoryRecord
9 # - Scope, Confidence

10 # - generate_id(...)

11

12 def stable json(obj: Dict[str, Any]) -> str:

13 return json.dumps(obj, sort_keys=True, separators=(",", ":"))
14

15 def sha256(s: str) -> str:

16 return hashlib.sha256(s.encode("utf-8")).hexdigest()
17

18

19 | #
20 # Federated types
21 #
22

23 @dataclass
24 class FederatedSignalBundle:

25 e

26 What a node publishes to the federation.

27 Aggregated + policy-governed (not raw telemetry by default).
28 e

29 id: str

30 node_id: str

31 published at: datetime

32

33 share_scope: Scope # "local" | "node" | "regional" | "federation"
34 tags: List["SemanticTag"] = field(default_ factory=list)

35

36 summary: str = ""

37 confidence: Confidence = "medium"

38 share_policy_id: str = ""

B9



40 # Aggregated intelligence payloads

41 findings_summary: List[Dict[str, Any]] = field(default_factory=list)
42 scenario_envelopes: List[Dict[str, Any]] = field(default_factory=list)
43 lessons: List[Dict[str, Any]] = field(default_factory=list)

44

45 # Integrity

46 prev_hash: Optional[str] = None

47 bundle_hash: Optional[str] = None

48

49

50 @dataclass
51 class FederatedInsight:

52 e
What a node receives from the federation.
54 e
55 bundle_id: str
56 origin node_ id: str
57 received_at: datetime
58 tags: List["SemanticTag"] = field(default_factory=list)
59 content: Dict[str, Any] = field(default factory=dict)
60 confidence: Confidence = "medium"
61 notes: str = ""
62

64 @dataclass

65 class CrossNodePattern:

66 e

67 Emergent pattern observed across multiple nodes.
68 e

69 id: str

70 created_at: datetime

71 tags: List["SemanticTag"]

72 participating nodes: List[str]

73 description: str

74 aggregated outcomes: Dict[str, float]

75 confidence: Confidence

Publishing Intelligence (Outbound)

1. Build a federation-safe bundle

def build_federated_bundle(

node_id: str,

w

findings: List["DiagnosticFinding"],
model: Optional["ConstraintModel"],

memory_ records: List["MemoryRecord"],

S C IS

share_policy_id: str,

<

prev_hash: Optional[str] = None,
8 ) -> FederatedSignalBundle:

9 win
10 Prepare a federation-safe intelligence bundle:

11 - summarizes findings (not raw evidence)

12 - includes scenario envelope (risk + breaches)

13 - includes shareable lessons (outcome deltas + pattern tags)
14 e

15

16 # Tags: aggregate and dedupe while preserving SemanticTag type
17 tag_pairs = {(t.key, t.value) for f in findings for t in f.related_tags}
18 tags = [SemanticTag(k, v) for (k, v) in sorted(tag_pairs)]

19

20 findings_summary = [{

21 "finding_type": f.finding_ type,

22 "severity": f.severity,

23 "persistence": f.persistence,

24 "scope": f.scope,

25 "confidence": f.confidence,

26 "summary": f.summary,

27 } for f in findings]

28

29 scenario_envelopes: List[Dict[str, Any]] = []

30 if model:



31 for r in model.scenario_results:

32 scenario_envelopes.append ({

33 "scenario_id": r.scenario_id,

34 "horizon": r.horizon,

33 "risk_score": r.risk_score,

36 "constraint_breaches": list(r.constraint_breaches),
37 9]

38

39 # Only share lessons explicitly marked shareable (policy would enforce)
40 lessons = []

41 for m in memory records:

42 if m.record type != "lesson":

43 continue

44 lessons.append({

45 "title": m.title,

46 "pattern_tags": [(t.key, t.value) for t in m.tags if t.key == "pattern"],
47 "quantified outcomes": dict(m.quantified outcomes),

48 H

49

50 bundle = FederatedSignalBundle(

51 id=generate_id("fed_bundle"),

52, node_id=node_id,

5% published_at=datetime.utcnow(),

54 share_scope="node",

55 tags=tags,

56 summary="Federated learning bundle (aggregated): drift - envelope - lessons.",
57 confidence="medium",

58 share policy id=share_policy_id,

59 findings_summary=findings_summary,

60 scenario_envelopes=scenario_envelopes,

61 lessons=lessons,

62 prev_hash=prev_hash,

63 )

64

65 payload = {

66 "id": bundle.id,

67 "node_id": bundle.node_id,

68 "published at": bundle.published_at.isoformat(),

69 "share_scope": bundle.share_scope,

70 "tags": [(t.key, t.value, t.weight) for t in bundle.tags],
71 "summary": bundle.summary,

72 "confidence": bundle.confidence,

73 "share policy_id": bundle.share_policy_id,

74 "findings_summary": bundle.findings_summary,

75 "scenario_envelopes": bundle.scenario_envelopes,

76 "lessons": bundle.lessons,

77 "prev_hash": bundle.prev_hash,

78 }

79 bundle.bundle_hash = sha256(stable_json(payload))

80 return bundle

Receiving Intelligence (Inbound)

2. Ingest and normalize peer bundles

1 def ingest_federated_bundle(

2 bundle: FederatedSignalBundle,

3 received_at: Optional[datetime] = None,

4 ) -> FederatedInsight:

5 win

6 Normalize a received bundle into a local insight object.
7 (No automatic action; it becomes advisory input to local FRS.)
8 W

9 return FederatedInsight(

10 bundle_id=bundle.id,

11 origin_node_id=bundle.node_id,

12 received at=received at or datetime.utcnow(),

3 tags=bundle.tags,

14 content={

15 "findings": bundle.findings_summary,

16 "scenarios": bundle.scenario_envelopes,



17 "lessons": bundle.lessons,

18 "bundle_hash": bundle.bundle_ hash,

19 "share policy id": bundle.share policy_id,

20 Y

21 confidence=bundle.confidence,

22 notes="Received via FRS-7 federation exchange (advisory).",
23 )

Cross-Node Pattern Synthesis

3. Detect emergent patterns across nodes

1 def synthesize cross_node_patterns(

2 insights: List[FederatedInsight],

3 min_nodes: int = 2,

4 ) -> List[CrossNodePattern]:

5 won

6 Aggregate similar insights into cross-node patterns.

7 Grouping key: pattern tags carried in lesson payloads.

8 Wi

9 grouped: Dict[str, List[FederatedInsight]] = {}

10

11 for ins in insights:

12 # Extract pattern keys from lesson payloads

13 for lesson in ins.content.get("lessons", []):

14 for k, v in lesson.get("pattern_tags", []):

15 if == "pattern":

16 grouped.setdefault(v, []).append(ins)

17

18 results: List[CrossNodePattern] = []

19 for pattern_key, group in grouped.items():
20 participating nodes = sorted({g.origin_node_id for g in group})
21 if len(participating nodes) < min_nodes:
22 continue
23
24 # Aggregate outcomes (simple mean over shared lessons containing quantified outcomes)
25 sums: Dict[str, float] = {}
26 counts: Dict[str, int] = {}
27 for g in group:
28 for lesson in g.content.get("lessons", []):
29 for metric, val in lesson.get('"quantified outcomes", {}).items():
30 sums[metric] = sums.get(metric, 0.0) + float(val)
31 counts[metric] = counts.get(metric, 0) + 1

32

33 aggregated_outcomes = {

34 m: (sums[m] / max(counts.get(m, 1), 1))

35 for m in sums.keys()

36 }

37

38 confidence: Confidence = "high" if len(participating nodes) >= 3 else "medium"
80
40 results.append(CrossNodePattern (
41 id=generate_id('"cross_pattern"),
42 created at=datetime.utcnow(),
43 tags=[SemanticTag("pattern", pattern key)],
44 participating nodes=participating nodes,
45 description=f"Recurring pattern '{pattern_key}' observed across {len(participating nodes)} nodes.",
46 aggregated outcomes=aggregated_outcomes,
47 confidence=confidence,
48 ))
49
50 return results

Routing Federated Intelligence Back into Local FRS

4. Local reintegration (advisory only)

1 def reintegrate_federated_insights(

2 insights: List[FederatedInsight],



) —-> Dict[str, Any]:
Feed federated intelligence back into local FRS loops.

Advisory only; local FRS must re-validate.

© N o U s W

return {
9 "for_diagnostics": insights, # FRS-2 context amplification
10 "for_modeling": insights, # FRS-3 parameter priors
11 "for_recommendations": insights, # FRS-4 template enrichment
12 "for_sensemaking": insights, # FRS-5 historical parallels
13 "for memory": insights, # FRS-6 archive enrichment
14 }

Running Example (Sailboat): One Node — Federation — Back Again

Ilustrative Signal Flow (Non-Normative Example)

The following example illustrates how a local sailboat durability episode is shared as aggregated intelligence, received by peer nodes, and synthesized into a cross-node
pattern. It introduces no new logic, rules, or authority beyond the formal specification above, and should be read strictly as an informative instantiation of the defined

data structures—not as a procedural requirement, execution model, or prescriptive workflow.

e Node A publishes:

o findings (humidity-driven maintenance drift + resin dependency trend)

o scenario envelope (status quo vs redesign/substitution)

o lessons (bio-based coatings + workflow sequencing reduced maintenance 20-35%)
e Two peer coastal nodes receive the bundle.
e One reports similar humidity-linked drift; another confirms a different binder pathway.
® FRS-7 synthesizes a cross-node pattern tagged pattern: coastal humidity resilience.
* That pattern is reintegrated locally as advisory input to:

o FRS-6 (memory)

o FRS-4 (recommendation templates)

o FRS-5 (sensemaking options for CDS)

No one is told what to do. Everyone can see what worked.

Math Sketches
1. Confidence accumulation across nodes

Let a pattern p be observed in n nodes with improvement values A;.
1 n
Cp =clip | — E A;, 0,1
n 4
i=1

Confidence increases with replication and effect size.

2. Non-dominance constraint
Federated patterns do not override local evidence.
federated_insight = prior adjustment

Federated intelligence modifies priors, not conclusions; local FRS-2/3 always re-validate.

3. Network learning diffusion proxy

A crude diffusion proxy (optional monitoring metric):

|R|
R == log(1+|N|)
| P

where N is nodes, P shared patterns, and R replicated interventions.

Plain-Language Summary

(158)

(159)

(160)

FRS Module 7 ensures that learning doesn’t stay trapped inside local experience. Nodes publish aggregated drift patterns and viability envelopes, peers receive

them as advisory context, and repeated successes become cross-node evidence—without central authority, mandates, or competitive advantage. It's how Integral

becomes collectively smarter while remaining federated.



Putting It Together: FRS Orchestration

The following orchestration sketch shows how FRS Modules 1-7 operate as a single recursive adaptive loop. This is not a command system, optimizer, or control
center. It is a coordination driver that moves the system from perception — understanding — democratic response — learning — federation.

FRS does not decide outcomes. It ensures that decisions are made with shared situational awareness rather than delayed signals, abstraction, or price distortion.

FRS Orchestration Driver (Pseudocode)

1 def run_frs_cycle(

2 node_id: str,

3 time_window: Dict,

4 cds_context: Dict,

5 share policy_id: str,

6 )8

7 won

8 End-to-end FRS orchestration loop for a single node and cycle.
9

10 This function:

11 - perceives system state

12 - detects drift and pathology

13 - models constraints and futures

14 - proposes corrective signals

15 - supports democratic sensemaking

16 - records learning

17 - synchronizes intelligence across the federation
18

19 FRS executes *no changes*. It only produces evidence, projections,
20 and routed recommendations.
21 e
22
23 #
24 # 1. Signal Intake & Semantic Integration (FRS-1)
25 #
26 current_packet = build signal_packet(
27 node_id=node_id,
28 time_window=time_ window,
29 )
30
31 baseline packet = fetch_baseline_ packet(
32 node_id=node_id,
33 reference="recent_stable_period",
34 )
85
36 # Always archive perception, even if no issues are found
37 archive_signal_ packet(current_packet)
38
39 #
40 # 2. Diagnostic Classification & Pathology Detection (FRS-2)
41 #
42 diagnostic_findings = diagnose_system state(
43 current_packet=current_packet,
44 baseline_packet=baseline_packet,
45 )
46
47 if not diagnostic_findings:
48 # System appears stable in this window
49 return {
50 "node_id": node_id,
51 "status": "stable",
52 "packet_id": current_packet.id,
53 }
54
55 #
56 # 3. Constraint Modeling & Scenario Simulation (FRS-3)
57 #
58 constraint_model = build_constraint model from findings(
59 node_id=node_id,
60 current_packet=current_ packet,
61 baseline_packet=baseline_packet,
62 findings=diagnostic_findings,
63 )
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#
# 4. Recommendation & Signal Routing (FRS-4)
#

recommendations = generate_recommendations (

findings=diagnostic_findings,
model=constraint_model,

policy=get_recommendation_policy(node_id),

routed_signals = route_ recommendations(recommendations)

#
# 5. Democratic Sensemaking Interface (FRS-5)
#
sensemaking_artifacts = build_sensemaking artifacts(

node_id=node_id,
findings=diagnostic_findings,
model=constraint_model,

recs=recommendations,

publish to_cds(
artifacts=sensemaking_artifacts,

cds_context=cds_context,

#
# 6. Longitudinal Memory & Institutional Recall (FRS-6)
#

cds_outcomes = fetch_cds_outcomes(

node_id=node_id,

related recommendation_ ids=[r.id for r in recommendations],

memory_ records = []

if cds_outcomes.get("resolved"):
outcome_metrics = collect_post_intervention_metrics(
node_id=node_id,

intervention_ids=cds_outcomes.get("approved recommendation_ids", []),

memory_records = record learning_episode(
node_id=node_id,
findings=diagnostic_findings,
model=constraint_model,
accepted_recommendations=[
r for r in recommendations
if r.id in cds_outcomes.get("approved_recommendation_ids", [])
1r
outcome_metrics=outcome_metrics,

#
# 7. Federated Intelligence Exchange (FRS-7)
#
if cds_outcomes.get("shareable"):

federated bundle = build_federated_bundle(

node_id=node_id,

findings=diagnostic_findings,

model=constraint_model,

lessons=[m for m in memory records if m.record_type == "lesson"],
share_policy_id=share_policy_id,

prev_hash=get_last_federated hash(node_id),

publish to_federation(federated bundle)

#
# Return cycle summary
#

return {

"node_id": node_id,



138 "status": "adaptive cycle completed",

139 "signal_packet_id": current_packet.id,

140 "finding_ids": [f.id for f in diagnostic_findings],

141 "constraint_model_id": constraint_model.id,

142 "recommendation_ids": [r.id for r in recommendations],

143 "sensemaking artifact_ids": [a.id for a in sensemaking_ artifacts],
144 "memory record_ids": [m.id for m in memory_ records],

145 }

Narrative Interpretation — What This Driver Actually Does
1. Perception Without Markets
FRS begins not with prices, votes, or authority, but with measured reality:

e COS execution data

* ITC valuation distortions
* OAD design outcomes

e ecological thresholds

e governance load and participation strain

This replaces market “signals” with direct observables.

2. Drift Before Crisis
FRS does not wait for collapse. It detects gradients, correlations, and persistence before thresholds are crossed.
This is the difference between:

e reacting to failure

¢ and maintaining viability

3. Futures Without Command
FRS models:

* what happens if nothing changes

o what happens if different interventions occur

It produces viability envelopes, not plans. No scenario is selected automatically.

4. Corrections Without Coercion
Recommendations are:

* typed (design, workflow, valuation, governance)
e bounded (no runaway automation)
¢ routed (to the appropriate subsystem)

® non-executive

Nothing is enforced. Everything is inspectable.

5. Democracy With Shared Reality
CDS receives:

* the same evidence
e the same projections
e the same tradeoffs

Governance becomes coordination under constraint, not ideology, intuition, or speculation.

6. Learning That Compounds
When outcomes are known, they are archived:

e notasrules
* not as doctrine
* but as conditional, contextual memory



Integral does not forget what worked—or why it failed.

7. Federation Without Centralization
What one node learns becomes available to others:

* voluntarily
e asynchronously
e without standardization mandates

This is distributed intelligence, not global planning.

Why This Orchestration Solves the Core Systemic Problem
Markets fail because:

e they hide causes behind prices
* they reward short-term extraction
e they forget history

Central planning fails because:

e it cannot process distributed complexity
* it concentrates authority

FRS replaces both by making the system:

e observable
e explainable
® anticipatory
e corrigible

e democratically governed

FRS is the adaptive nervous system of Integral — transforming real-world signals into shared understanding, coordinated correction, and collective
learning, without markets, money, or centralized control.

8. THE FIVE SYSTEMS | SERVICE EXAMPLE

8.1 How the Five Systems Coordinate a Social-Service Infrastructure

The Community Shuttle
To reinforce how the five subsystems and their modules interlock at the micro scale, let's walk through a second, very different example.

While the prior greenhouse story centered on physical production and ecological infrastructure, this example focuses on a persistent social service—mobility and
accessibility. It demonstrates that Integral is not limited to “making things,” but can coordinate ongoing care, access, and service provision with the same cybernetic
logic. Crucially, it also clarifies why certain forms of participation do not generate ITCs, while others do—an essential distinction for avoiding the monetization of
civic life.

A Need Emerges
In a midsized Integral node, people begin noticing a recurring issue:

e older residents,
e disabled residents,

e caregivers with limited time,
struggle to reach the community workshop, distribution center, and health co-op. Some live far from the central hub; others cannot walk or bike easily.
Several informal volunteer arrangements emerge, but they are:

® uneven,
e unreliable,

¢ and quietly exhausting for those providing them.

The issue surfaces not as a complaint, but as a signal—a pattern of strain in the social fabric, much like in a pre-industrial village when elders could no longer reach
shared spaces.

A small group raises the issue through a CDS intake channel:



“Should we explore an accessible, low-energy community shuttle service?”

This begins the governance cycle.

1. CDS — Structured Deliberation & Democratic Input (Non-ITC)
The Collaborative Decision System aggregates the issue and organizes it into deliberation clusters:

e mobility inequity,

® accessibility standards,

* energy and ecological constraints,
* route design,

* maintenance burden,

e long-term service sustainability.
Residents contribute:

¢ lived experience,
e preferences,

e concerns,

* evidence,

e and value judgments.

None of this generates ITCs.
This is civic participation—essential to legitimacy, but not compensable labor.

Some participants express concern about:

e battery sourcing,
e long-term maintenance,

¢ whether demand justifies the effort.
Others cite seasonal data: attendance at community activities drops sharply during winter rains. The issue is not anecdotal—it is systemic.
After deliberation and synthesis, CDS produces a clear mandate:

CDS Decision:
“Develop a modular, low-speed electric shuttle optimized for accessibility and short-range intra-node mobility.”

The decision authorizes design work. The problem now moves from governance to engineering.

2. OAD — Design, Modeling, Ecological Assessment, & Certification

The Open-Access Design System transforms the mandate into a concrete, testable solution.
Collaborative Design

Engineers, fabricators, accessibility advocates, and maintenance volunteers co-develop:

* alow-speed electric chassis,

¢ modular seating for mobility devices,
e regenerative braking,

e weather shielding,

* removable battery packs,

¢ simplified maintenance access.

Ecological & Materials Screening
OAD flags issues early:

e certain battery chemistries exceed acceptable lifecycle impact,
e canopy materials contain persistent toxins,

* amotor housing design resists recycling.
Design alternatives are explored and substituted before lock-in.
Simulation & Validation
The design is tested against:

* incline and braking requirements,

e energy draw per route,

e weather exposure,

e projected maintenance cycles,

e compatibility with existing solar microgrids.



Only after passing these checks is the design certified and published to the global commons.

3. COS — From Blueprint to Real Service
With a certified design, COS takes over.
Production Planning

Tasks are decomposed into executable units:

e fabrication,

e wiring,

* assembly,

* testing,

e documentation,
e route planning,
e scheduling,

* maintenance protocols.
Labor Coordination

e Skilled metalworkers and electricians self-select fabrication tasks.
e Apprentices join under supervision.

e Volunteers trained as drivers sign up for scheduled shifts.

Crucially:
Administrative problem-solving—route optimization, scheduling, safety planning—is ITC-compensated because it is required system operation, not optional civic
input.

Materials & Dependencies
Most components are locally sourced. One component—the brushless motor—remains external. COS logs this dependency explicitly for FRS review.
Deployment

COS schedules routes, integrates charging with the energy cooperative, and launches the service.

4. ITC — Contribution, Access, & Non-Coercive Fairness
ITC records contributions for:

e fabrication,

e wiring,

e planning,

e documentation,

* maintenance training,

e scheduled driving shifts.
These are obligatory operational roles, so they generate ITCs.
By contrast:

e suggesting the idea,
¢ debating fairness,
* voting on routes,

e participating in CDS deliberation,
do not generate ITCs.
Access Rules
Using the shuttle requires no ITCs.
Access is based on:

e mobility limitations,
e distance,
e caregiving responsibilities,

® service need.

ITC governs fair contribution, not conditional access to essential services.

5. FRS — Continuous Learning & Adaptive Correction



Once operational, FRS begins its role.
Signal Intake
FRS tracks:

e ridership patterns,

* wait times,

® energy consumption,

e maintenance frequency,

e route utilization,

e demographic coverage,

® persistent external dependencies.

Diagnosis
Patterns emerge:

* morning routes overloaded,

e afternoon routes underutilized,

e higher battery strain during rain,

e persistent access gaps in one neighborhood,

* repeated reliance on external motors.
Recommendations (Non-Executive)
FRS suggests:

e schedule adjustments,

¢ route rebalancing,

e asecond shuttle on peak days,

* motor internalization as a design goal,

* maintenance training expansion.
These are recommendations, not commands.
Governance Integration
FRS outputs are visualized for CDS. Residents deliberate and approve:

® service changes,
e design commissions,
e capacity investments.

Memory & Federation

FRS archives outcomes and shares templates with other nodes.

Result: A Service That Learns Without Coercion
The shuttle becomes:

* equitable,

e resilient,

e ecologically grounded,

e democratically governed,

e continuously improving.

No markets. No fares. No bureaucratic administrators. No hidden coercion.

What This Example Demonstrates
This social-service example reinforces the core dynamics of Integral:

® CDS sets goals and norms,

* OAD designs solutions,

e COS runs real operations,

e ITC governs contribution without pricing access,
e FRS ensures adaptive learning.

The same architecture that governs farms and factories governs care, mobility, and dignity.



Conclusion

Integral does not treat services as “cost centers” or charity.
It treats them as shared infrastructure, coordinated cybernetically and governed democratically.

This is how complexity is handled without markets, money, or command—and without sacrificing fairness, adaptability, or human agency.

9. NODES TO NETWORKS: RECURSIVE ORGANIZATION (MACRO LEVEL)

At the foundation of the Integral framework is the concept of the node—a neighborhood, town, or city-region understood not as a political jurisdiction or administrative
unit, but as the smallest scale at which a complete socio-economic system can be made viable. A node is viable insofar as it can close the fundamental loops required
for social and material reproduction: it can perceive its own conditions, make legitimate decisions, translate intent into design, coordinate real production and
distribution, and continuously learn from the consequences of its actions. In this sense, a node is not a fragment of a larger system awaiting direction from above; it is a
self-regulating socio-economic organism in its own right.

This viability is achieved through the integration of Integral’s five core systems. Together, they allow a node to sense reality—including human needs, material limits,
infrastructural strain, and ecological thresholds; to decide legitimately, translating collective input into priorities, rules, and plans; to design solutions using validated,
computable, and openly shared design intelligence; to coordinate production and distribution across labor, materials, logistics, and maintenance; and to learn and
adapt by detecting drift, diagnosing failure, and revising behavior over time. What emerges is a continuous feedback cycle in which lived conditions inform decisions,
decisions inform design, design informs operations, and operational outcomes are fed back into collective awareness.

Crucially, this loop is not static or inward-looking. When patterns of strain, surplus, risk, or dependency exceed the scope of a single node—when they become supra-
local in nature—the same cybernetic logic extends outward. Feedback generated locally becomes input for broader coordination; design updates propagate across
shared commons; operational adjustments synchronize with neighboring capacities; and accounting signals inform reciprocal access beyond the node boundary. The
system does not scale by replacing local autonomy with centralized control, but by recursively applying the same organizational intelligence at higher levels of
aggregation, each constrained to the problems appropriate to its scope.

This section examines how such scaling occurs in practice. Rather than treating recursion as an abstract principle or metaphor, it develops the technical mechanisms
through which nodes interoperate, aggregate state, propagate constraints, and coordinate action without collapsing into hierarchy or markets. The pages that follow
formalize how the same five cybernetic functions operate across multiple layers of organization—Ilocally, regionally, and beyond—using explicit representations,
feedback pathways, and coordination protocols. What emerges is not a larger authority standing above the nodes, but a networked organism whose intelligence grows
with scale while its coercive power does not.

9.1 Node Network Integration

Once a node is internally viable—operating its own CDS, OAD, COS, ITC, and FRS—it does not become subordinate to any higher authority as scale increases. Instead, it
becomes interoperable. The macro layer arises when many such autonomous nodes operate using compatible informational, organizational, and accounting
protocols, allowing coordination to occur between complete systems rather than over them.

Crucially, the macro layer does not introduce an additional governing system above local nodes. It does not plan for them, allocate resources between them, or issue
directives. There is no global executive, no central allocator, and no meta-governance body. What exists instead is a shared coordination fabric—an interaction space
in which autonomous nodes can perceive one another, synchronize action where beneficial, and respond collectively to supra-local conditions.

Communities therefore do not merge into a centralized structure as scale increases. They remain place-bound, culturally distinct, and materially situated. Alpine regions
confront snowmelt and hydropower variability; coastal nodes manage salt corrosion, fisheries, and storm cycles; arid regions optimize water retention and heat
resilience; dense urban nodes coordinate logistics, repair, and care at high complexity. The macro layer preserves these differences while making them mutually
legible, so coordination does not require homogenization.

What connects thousands of such nodes is neither authority nor exchange, but interoperability. When nodes share structural languages for design data, operational
telemetry, contribution records, and decision outputs, they can recognize each other’s capacities, constraints, and commitments without negotiation overhead or
translation disputes. Knowledge becomes readable across contexts; signals propagate laterally; coordination becomes technically feasible without command.

In this sense, the macro layer functions analogously to the Internet: not as a controller of content or behavior, but as a protocol space that enables independent
systems to communicate, synchronize, and adapt while remaining autonomous.

Four forms of connectivity define this layer:

* Protocol interoperability, which allows designs, telemetry, and decision outputs produced in one node to be interpreted and used elsewhere without
reformatting or renegotiation.
For example, a node publishes its production capacity, material constraints, and CDS commitments using shared schemas, allowing other nodes to immediately
understand what it can provide or receive.

e Reciprocal coordination, through which labor, materials, and capacity flow toward real need without buying and selling, tracked through contribution rather
than exchange.
For example, during a regional infrastructure failure, repair teams and equipment are deployed from multiple nodes, with contributions recorded through ITC rather
than contracts or emergency markets.

¢ Knowledge circulation, in which improvements anywhere enter a shared design commons, remain forkable, and compound through distributed adaptation
rather than fragmenting into proprietary silos.
For example, a node modifies an open water-filtration design to reduce maintenance under high-sediment conditions; other nodes adapt that improvement for different
environments, and successive refinements accumulate within a shared lineage.

¢ Cybernetic feedback, where ecological stress, capacity strain, and systemic risk propagate as signals across the network before crisis forces reaction.
For example, rising dependency concentration on a single material appears in FRS telemetry across multiple nodes, triggering early redesign and substitution efforts
before shortages cascade.



The macro layer does not decide what communities should do. It reveals what is happening—where capacity exists, where constraints are tightening, where risks are
emerging, and where expanded coordination would increase collective viability. Participation is voluntary, signals are verifiable, and all formats are shared so
information remains readable across contexts. What emerges is situational awareness at scale, not centralized control.

To prevent this coordination fabric from drifting into hierarchy, the macro layer is defined by a set of architectural invariants. These are not policies or norms; they
are structural constraints built into the system’s design. Violating them breaks interoperability itself.

First, the macro layer has no coercive actuator: it cannot compel participation, extract labor, seize resources, or mandate compliance. Second, there are no forced
transfers: labor, materials, and services move only through reciprocal coordination chosen by participating nodes. Third, there is no standing executive or
permanent authority: when supra-local coordination is required, temporary deliberative structures form around a defined scope and dissolve once that scope
contracts. Fourth, there is no privileged access: all nodes interact through the same protocols, with all claims and signals mutually verifiable and contestable. Finally,
there are no accumulation channels: contribution records decay without continued participation, knowledge remains open and forkable, and authority dissolves with
scope.

For this reason, the macro layer does not replicate the five systems at a higher level in the conventional sense. There is no planetary CDS issuing decisions, no global
COS planning production, no meta-ITC allocating access, and no regulatory FRS enforcing compliance. Nodes govern themselves using their own five systems; the
macro layer exists solely to allow those systems to interface when shared reality requires it. This recursive self-similarity is constitutional: the same structural pattern
operates at every scale, and no new leverage points appear as scale increases.

In Integral, scale does not elevate power. It exposes constraints. The macro layer exists to make coordination possible rather than mandatory, visible rather than
enforced, and beneficial rather than coercive—allowing autonomous communities to respond to shared conditions together without surrendering sovereignty or
creating a place for power to accumulate.

9.2 Nodes as Actors

Integral scales through complete socio-economic organisms, referred to as nodes. A node is any bounded regional context in which the five core systems—CDS, OAD,
COS, ITC, and FRS—operate together as a closed and self-regulating loop. Where these systems function coherently, a node exists. Where they do not, coordination
remains partial, fragile, or externally dependent.

Node legitimacy is not a function of size or jurisdiction. A rural community of several hundred people may constitute a node, as may a dense metropolitan region, a
bioregional cluster, an island community, or a distributed network of cooperatives. What matters is functional completeness, not population or territory. A useful
analogy is biological rather than political: a node resembles a living cell—bounded, internally coherent, capable of sensing conditions, transforming energy and
materials, learning from feedback, and maintaining viability over time.

Within a node, the five systems operate as a tightly coupled metabolic loop. CDS governs legitimate, scope-matched decision-making; OAD connects the node to the
shared design commons; COS coordinates real production and service provision; ITC tracks contribution and mediates access without money or exchange; and FRS

senses conditions, diagnoses strain, and translates reality into actionable signals. No system dominates the others. Viability emerges from their mutual regulation:
decisions shape operations, operations generate feedback, feedback reshapes deliberation, and design constraints bound what is possible.

Nodes do not appear by decree or certification. They emerge gradually. Most begin as partial coordination efforts operating alongside or outside market logic—
timebanks, tool libraries, repair cafés, mutual-aid networks, cooperative service groups, or community workshops. Initially, only fragments of the architecture exist.
What distinguishes a proto-node from an isolated project is directionality: practices converge toward systemic coherence. Decision processes formalize, contribution
tracking stabilizes reciprocity, shared designs accumulate, and feedback loops mature. There is no binary threshold at which a node becomes “official.” Nodes are
recognized retroactively by function, not authorized in advance. Structural coherence—not permission—determines legitimacy.

While much could be said about developmental pathways through which nodes mature, such guidance lies beyond the scope of this document. The present aim is not
to prescribe a universal sequence of growth, but to clarify the conditions under which nodes become capable of inter-node coordination.

For coordination beyond the local scale, nodes must be visible. Visibility does not imply oversight or control; it simply means that other nodes can perceive that a node
exists, understand which systems it has in place, and determine what forms of collaboration it is open to. When sufficient coherence is reached, a node may publish a
node-formation signal: a self-issued, cryptographically verifiable declaration of presence, capabilities, and interoperability commitments. In practice, nodes may
surface themselves through platforms such as integralcollective.io, enabling discovery, alignment, and voluntary engagement without centralized authorization.

Despite federation, nodes remain fully sovereign. Each determines its own internal organization, production priorities, design choices, contribution norms, and
whether to engage in external coordination. Federation creates no higher authority capable of overriding local decisions. Sovereignty, however, does not imply
insulation from reality. Nodes operate within ecological and systemic constraints that extend beyond local boundaries. When a node’s actions affect others—through
shared resource depletion, downstream pollution, or dependency creation—those impacts become visible through shared telemetry.

This distinction is fundamental: constraints enforce coherence, not authority. No node is punished for choosing differently. However, nodes that refuse telemetry,
reject interoperability protocols, or persistently violate shared constraint alignment lose access to federation benefits—shared designs, early-warning signals, reciprocal
capacity, and cumulative learning. Such isolation offers no strategic advantage; it reduces resilience, increases uncertainty, and limits adaptive capacity. Reality remains
non-negotiable. The macro layer simply renders it legible at the appropriate scale.

Nodes are therefore expected—and encouraged—to diverge in culture, technique, and practice. Diversity increases resilience. What must remain shared is protocol
compatibility. As long as CDS outputs are readable, OAD artifacts forkable, COS signals interpretable, ITC records translatable, and FRS telemetry legible, nodes remain
interoperable even while differing dramatically in implementation.

Interoperability is thus achieved through shared structural schemas rather than uniform rules or behaviors. Each system publishes information using common
data models—decision outputs, design metadata, capacity signals, contribution records, and telemetry formats—while retaining full local control over parameters,
thresholds, and execution. Coordination occurs at the level of structure and meaning, not policy. Compatibility depends on translation coherence, not homogenization.

At macro scale, therefore, nodes—not individuals—become the primary actors. Individuals participate through their local systems; there is no planetary labor
market and no bypass of local accountability by appealing upward. Coordination remains grounded in place, ecology, and consequence, even as it extends across
regions and networks.



9.3 Federation as Synchronization

Federation in Integral is not established through membership, authority, or centralized governance. It emerges through ongoing synchronization across a small number
of structurally critical domains. When synchronization holds, coordination is possible. When it degrades, federation weakens organically. Nothing is revoked, seized, or
enforced; what disappears is interoperability.

At macro scale, synchronization occurs across five domains, corresponding directly to the five systems:
Identity integrity

Each node maintains cryptographically verifiable identity artifacts so signals can be authenticated, provenance traced, and claims validated without hierarchy. Identity
establishes integrity, not authority. It answers the question: who is speaking, and can that claim be trusted as originating where it says it does?

Decision legibility (CDS)

Nodes do not synchronize decisions (unless scope is expanded, as will be described below), but they do synchronize the readability of decision outputs. CDS artifacts—
resolutions, commitments, scope declarations, participation thresholds—are published in shared structural formats so other nodes can interpret what has been
decided, by whom, and within what bounds.

This allows nodes to coordinate without shared governance: commitments can be aligned, conflicts anticipated, and dependencies assessed without merging
deliberative processes. Federation therefore requires decision transparency, not collective decision-making.

Design compatibility (OAD)
Design artifacts conform to shared open formats: forkable, lineage-tracked, auditable, and recombinable. Compatibility keeps knowledge in the commons and allows
improvements to propagate laterally across nodes without enclosure, licensing friction, or translation loss.

Contribution coherence (ITC)

Contribution records conform to a universal structural schema while allowing local parameters to vary. Cross-node recognition occurs through equivalence bands and
access envelopes rather than conversion into a common currency. What synchronizes is not value, but recognition structure.

Telemetry legibility (FRS)

Ecological and systemic signals—regeneration rates, capacity strain, dependency indicators, risk thresholds—are expressed in comparable units. This standardizes
perception of reality without standardizing responses. Nodes remain free to act differently while seeing the same constraints.

When these five forms of synchronization hold, nodes are federated in practice. When they degrade, federation weakens through decoupling, not exclusion. Designs
stop syncing. Contribution recognition pauses. Telemetry aggregation ceases. Decision commitments lose interpretability. No permission is required to exit, and no
approval is required to return. Re-entry occurs automatically when compatibility is restored across identity, CDS outputs, OAD formats, ITC structure, and FRS telemetry.

The system does not rely on moral obligation or ideological alignment. It relies on viability. Nodes that remain synchronized gain access to shared design intelligence,
early warning signals, reciprocal capacity during stress, and compounding learning. Nodes that isolate lose these advantages and absorb greater uncertainty locally.
There is no punishment for leaving—only the measurable loss of coordination benefits.

Federation, therefore, is not something one joins. It is something one maintains through continuous coherence with shared protocols and shared reality.

9.4 Scale, Scope, and Bioregional Coordination

In Integral, scale is not produced by elevating authority or centralizing decision-making. It emerges through the alignment of scope with impact. Coordination expands
only when the consequences of action expand, and it contracts when those consequences recede. Decisions widen outward to match the radius of effect. Scope is
defined empirically—by who and what is materially affected—not by jurisdiction, population size, or abstract representation.

Externalities as Scope Mismatch

An externality, in general terms, refers to a consequence of an action that affects people, systems, or ecological conditions beyond the decision-making context in which
that action was taken. The impact is real and material, but it falls outside the scope of those who authorized or benefited from the action, leaving affected parties
without representation in the original decision process.

Externalities are not treated as market failures or moral errors; they are treated as signals of misaligned scope. When the effects of an action extend beyond the node in
which it was decided, the decision context is no longer sufficient to manage the resulting constraint space.

FRS detects such mismatches through shared telemetry: drawdown rates, regeneration thresholds, pollution accumulation, dependency asymmetries, labor strain, and
correlated risk patterns. When these signals cross defined thresholds, the system does not issue directives. It widens perception. Additional nodes become aware of
the constraint, and deliberation expands to include those exposed to its consequences.

For example, if an upstream node increases water extraction during a drought, FRS telemetry may show declining regeneration rates and rising dependency stress
downstream. These signals propagate across all nodes drawing from the same watershed, making the shared constraint visible. Deliberation then widens to include
upstream and downstream communities, enabling joint assessment of adaptive responses—such as revised extraction timing, alternative sourcing, or coordinated
conservation—before scarcity escalates into crisis.

Horizontal Constraint Propagation

Constraint propagation in Integral is horizontal, not vertical. Watershed depletion becomes visible to all nodes within that watershed. Material shortages propagate to
dependent nodes. Climate stressors propagate across correlated risk regions. What expands is legibility, not authority. When constraints resolve or decouple,
awareness contracts. No permanent structure remains.



This process can be understood as scope-matched deliberation. When impacts cross node boundaries, temporary connective interfaces form between existing node-level
CDS processes. Participation is determined by exposure to consequence rather than status or representation. These interfaces dissolve once the condition resolves or
the dependency weakens. Only those materially affected participate, and only for as long as relevance persists.

Coordination Outcomes Under Constraint
Scope-matched coordination does not yield a single class of outcome. Depending on the nature of the constraint, coordination may produce:

¢ Advisory alignment, where shared awareness influences local decisions without binding commitments
¢ Compatibility conditions, where nodes agree on interface constraints to prevent mutual harm
* Ecological non-negotiables, where biophysical thresholds impose hard limits that no node can override

In all cases, the architecture enforces legibility of constraint, not compliance. Nodes remain autonomous in how they respond, but no node can remain unaware of
the consequences its actions impose on others.

Bioregional Coordination Fields

Because most macro-scale constraints are ecological, coordination tends to align along bioregional fields rather than administrative boundaries. Watersheds, airsheds,
soil systems, climate zones, energy regimes, migration corridors, and regeneration cycles define where impacts correlate and where coordination becomes materially
beneficial.

As correlations intensify, coordination deepens organically: CDS scope widens, COS planning synchronizes where necessary, OAD priorities converge around shared
constraints, and learning accelerates across nodes. No new tier is introduced. Coordination expands only as far as correlation requires.

Bioregional fields are neither fixed nor exclusive. They overlap, shift, and reconfigure as conditions evolve. There are no permanent regional blocs, no territorial
identities to defend, and no standing authorities attached to them. Coordination geometries are defined by current reality, not politics—preventing coordination from
hardening into power.

9.5 Scope Detection, Thresholds, and Coordination Envelopes (Formal Specification)

Purpose and Boundary Conditions:

The purpose of this section is to formalize how and when decision scope expands beyond a single node within the Integral network. Up to this point, scope
expansion has been described conceptually—as an adaptive response to shared constraints and correlated impacts. What follows makes this process explicit, specifying
the criteria, signals, and structural mechanisms through which temporary, multi-node coordination is initiated, bounded, and dissolved.

This section does not introduce a new layer of governance, nor does it describe a macro-authority overseeing local nodes. The core invariant remains intact: there is no
permanent authority and no centralized control within Integral. Scope expands only in response to measurable, cross-node constraints—conditions whose
effects cannot be resolved within the regulatory boundary of any single node. When such constraints dissipate or decouple, expanded coordination contracts
automatically, and all regulatory capacity returns fully to the local level.

Formally, scope expansion is triggered not by preference, ideology, or abstract representation, but by empirical signals: ecological thresholds, material dependencies,
operational couplings, or risk correlations detected through shared telemetry. These signals indicate a mismatch between the scale of disturbance and the scale of
regulation, requiring temporary coordination among affected nodes. No expansion occurs absent such evidence, and no expanded structure persists without ongoing
justification.

It is important to define what this section does not cover. The mechanisms described here do not address internal node optimization, including local decision
processes, production scheduling, contribution accounting, or design iteration. Those dynamics are fully contained within each node’s own CDS, COS, ITC, OAD, and FRS,
and have been specified in earlier sections. Section 9.5 concerns only the interface conditions under which multiple nodes must coordinate due to shared reality, and
the formal limits that prevent such coordination from hardening into hierarchy.

With these boundary conditions established, the following subsections formalize the observable state representations, threshold functions, and coordination envelopes
through which adaptive scope expansion occurs in practice.

Cybernetic Basis of Adaptive Scope:

To understand how the Integral node network expands coordination from a single node to a temporary, multi-node context, it is useful to restate the cybernetic
principle governing recursive regulation.

In cybernetic systems, coordination does not scale by adding command layers, but by matching regulatory scope to the scale of disturbance. When a system
encounters a condition it cannot resolve within its existing boundaries—such as an ecological constraint, material dependency, or operational coupling—information
about that disturbance propagates outward. Awareness widens until the system boundary fully contains the problem.

Within Integral, this process occurs through feedback, not escalation. Signals generated by the Feedback & Review System (FRS) indicate when local regulation is
insufficient. These signals widen perception to adjacent nodes affected by the same condition. Collective Decision System (CDS) processes then connect laterally,
forming a temporary coordination membrane that includes all and only those exposed to the disturbance.

Once the condition stabilizes or decouples, the need for expanded coordination disappears. Feedback signals quiet, shared deliberation contracts, and each node
resumes fully local regulation. The system thus expands and contracts its decision scope dynamically, maintaining coherence without introducing hierarchy,
permanence, or centralized control. In this way, Integral behaves as a viable cybernetic organism: regulation follows disturbance, scope follows impact, and
coordination exists only for as long—and as far—as reality requires.

Itis true that, within a dense and highly developed Integral network, certain node positions may become temporarily more consequential than others due to
interdependence. At the highest level of awareness, the Earth itself is necessarily understood as a single, coupled system. However, neither condition implies a
permanent or centralized mode of governance.



As science, sensing, and modeling advance, cross-node coordination may occur frequently and, in some contexts, appear continuous—giving the impression of a static
organizational layer. This persistence reflects ongoing shared conditions, not structural elevation. From a cybernetic perspective, regulation remains situational and
feedback-driven: coordination expands when disturbances propagate and contracts when they resolve.

In short, global awareness may become persistent, but global authority does not. Local integrity remains the primary site of regulation, with broader coordination
emerging only as—and for as long as—shared reality requires.

Observable State and Requisite Variety:

Adaptive coordination across nodes requires that shared reality be visible at the appropriate scale. However, visibility does not imply total transparency. Integral
distinguishes sharply between local state, which remains internal to a node, and observable state, which is selectively exposed for the purpose of supra-local
coordination.

At the node level, internal state is high-resolution and context-specific. It includes detailed operational schedules, individual contribution records, internal deliberations,
design iterations, and localized ecological measurements. This information is necessary for local regulation, but it is neither interpretable nor relevant beyond the
node’s boundary. Exposing such detail would overwhelm other nodes with irrelevant variety, undermine autonomy, and create unnecessary pathways for interference.

At regional or federated scales, coordination depends not on internal processes, but on effects. What matters is not how a node arrives at a decision or executes a
plan, but whether its actions impose constraints, risks, or dependencies beyond its own boundary. For this reason, Integral coordinates across scale through
compressed state representations that expose outcomes and impacts rather than internal mechanics.

This distinction follows a foundational cybernetic principle commonly summarized as Ashby’s Law of Requisite Variety: effective regulation requires that the regulator
perceive at least the variety present in the disturbances it must manage—but no more. Excess variety is not neutral; it degrades regulation by obscuring signal with
noise. Integral therefore exposes only the minimum variety necessary for cross-node coordination, preserving both autonomy and clarity.

State compression is the mechanism by which this principle is enforced. Rather than sharing raw data, each node computes a Node State Summary (NSS): a bounded,
typed, and periodically updated representation of those aspects of local activity that have potential supra-local impact. NSS does not describe internal decision logic or
operational detail. It describes constraint-relevant state.

Formally, a Node State Summary consists of indicators drawn from four state classes:

¢ Ecological state, capturing interactions with shared natural systems—such as resource drawdown rates, regeneration alignment, emissions, or pollutant
accumulation—expressed relative to known biophysical thresholds.

e Capacity state, representing a node’s current and projected ability to produce, maintain, or respond—such as utilization ratios, redundancy margins, or
infrastructure stress.

¢ Dependency state, indicating reliance on shared resources, upstream inputs, or external capacities whose disruption would propagate beyond the node.
¢ Risk state, capturing correlated vulnerabilities, instability patterns, or emerging failure modes whose effects would not remain locally contained.

Together, these classes provide sufficient variety to detect scope mismatches, identify correlated disturbances, and trigger coordination when necessary—without
exposing internal governance, labor organization, or strategic choice.

The Node State Summary is therefore not a reporting requirement imposed from above, but a cybernetic interface: a minimal projection of local reality into a shared
coordination space. It enables nodes to remain internally sovereign while participating in collective awareness at scale. The following sections formalize this
representation and specify how such summaries are aggregated, evaluated, and acted upon through threshold functions and coordination envelopes.

Node State Summary (NSS) — Formal Definition:

The Node State Summary (NSS) is the formal mechanism through which a node exposes constraint-relevant information for supra-local coordination. It is a
compressed, structured representation of observable effects, designed to be sufficient for detecting scope mismatches without revealing internal decision logic,
operational detail, or individual-level data.

Formally, each node % publishes an NSS as a vector of typed indicators:
NSS; = {si1, 82, -, Sin} (161)

Each element s;; corresponds to a specific observable dimension of local activity that may generate cross-node impact. Indicators are explicitly typed to ensure
interpretability, comparability, and bounded variety.

Indicator Types
NSS indicators fall into three primary classes:

1. Scalar indicators
These represent continuous quantities normalized to meaningful ratios or rates. Examples include:
o resource utilization ratios,
o throughput capacity fractions,
o infrastructure load percentages,
o labor strain indices.
Scalar indicators support aggregation, trend analysis, and correlation detection across nodes.
2. Bounded indices
These represent interactions with biophysical or systemic limits, expressed relative to known thresholds. Examples include:
o ecological load indices,

o regeneration alignment scores,



o pollution accumulation measures,
o resilience margins.

Bounded indices are constrained to fixed ranges (e.g., [07 1] or [—1, 1]) to allow direct comparison and threshold evaluation without unit conversion.

3. Categorical flags

These indicate the presence of discrete conditions or emerging risks that are not meaningfully represented as continuous quantities. Examples include:
o risk type classifications (e.g., drought risk, supply fragility, infrastructure failure),
o dependency alerts,
o correlated stress signals.

Categorical flags are used to trigger attention and scope evaluation rather than quantitative optimization.

Each indicator is accompanied by metadata specifying its semantic meaning, unit conventions, confidence bounds, and applicable correlation domains (e.g., watershed,
supply network, energy grid).

Update Cadence and Validation

NSS updates occur at a cadence appropriate to the dynamics of the underlying system. Rapidly changing operational indicators may update frequently, while slower
ecological indices may update over longer intervals. Cadence is not globally fixed; it is negotiated through protocol standards and adjusted based on empirical
performance.

All NSS submissions must be cryptographically signed by the issuing node to ensure integrity and provenance. Validation does not involve approval or oversight, but
rather structural verification: ensuring that indicators conform to shared schemas, bounds, and semantic definitions. Invalid or malformed summaries are ignored by
aggregation processes, preserving autonomy while maintaining coordination reliability.

Boundary of Exposure
Critically, the NSS exposes effects, not internal processes. It does not reveal:

e internal CDS deliberations or voting structures,
e individual contribution records,

e detailed production schedules,

o design rationales or strategic intent.

A node remains entirely free in how it organizes itself internally. The NSS communicates only what consequences may propagate outward—those aspects of local activity
that, if left uncoordinated, could impose constraints on others.

In this way, the NSS functions as a cybernetic interface, not a reporting channel. It allows shared reality to become legible at scale while preserving local sovereignty
and limiting information exposure to the minimum variety required for effective coordination.

The following section builds on this definition by specifying how collections of Node State Summaries are evaluated to detect scope mismatches and trigger
coordination thresholds.

Scope Detection Criteria:

Scope expansion in Integral is not discretionary or political. It is triggered only when observable state indicates that a condition cannot be resolved within the
regulatory boundary of a single node. This determination is made through explicit scope detection criteria applied to collections of Node State Summaries (NSS),
evaluated by the Feedback & Review System (FRS).

Formally, a scope mismatch exists when the effects represented in one or more NSS vectors propagate beyond the originating node in a way that produces correlated
constraint, risk, or dependency for others. In such cases, local regulation is insufficient not because of failure or mismanagement, but because the problem space
exceeds local closure capacity.

Scope detection therefore answers a precise question:
Is the disturbance fully containable within one node’s decision and operational domain, or does its resolution require coordinated action across multiple nodes?

Classes of Scope-Triggering Conditions
Scope expansion may be triggered by any of the following condition classes, detected through NSS aggregation and correlation analysis:

1. Shared resource coupling
When multiple nodes draw from or impact the same finite or regenerating system—such as a watershed, airshed, soil system, or energy grid—and aggregate
indicators approach or exceed sustainable thresholds.

2. Dependency propagation
When a node’s reliance on upstream inputs, specialized capacities, or shared infrastructure creates downstream vulnerability for other nodes in the event of
disruption or overload.

3. Correlated stress patterns
When similar strain indicators appear across multiple nodes simultaneously, indicating systemic rather than local causes (e.g., climate anomalies, material
bottlenecks, cascading maintenance failure).

4. Temporal persistence
When a constraint persists across multiple update cycles, indicating that short-term local adaptation is insufficient to restore viability.

5. Risk amplification potential
When categorical risk flags indicate conditions that could escalate rapidly or non-linearly if left uncoordinated, even if current quantitative indicators remain
within nominal bounds.

No single indicator is sufficient on its own. Scope detection depends on pattern recognition across nodes and over time, rather than isolated threshold breaches.



Formal Detection Logic
Let {NSS;,NSS,,...,NSS,,} represent the set of Node State Summaries within a correlated domain (e.g., a watershed or supply network).
A scope mismatch is detected when one or more of the following conditions hold:

e Aggregated indicators exceed defined tolerance bounds for the domain.
¢ Correlation coefficients between stress indicators across nodes exceed specified thresholds.
e Dependency graphs reveal concentration or fragility beyond acceptable margins.

® Risk flags co-occur across nodes with shared exposure.

Detection does not imply immediate coordination. It qualifies the condition for further evaluation by threshold functions, which determine whether advisory
awareness is sufficient or whether temporary coordination structures must be instantiated.

Non-Triggering Conditions
Equally important are conditions that do not trigger scope expansion:

e Local inefficiency or suboptimal internal organization.
e Voluntary divergence in priorities or practices.
® Cultural, technical, or normative differences between nodes.

* Transient fluctuations that self-correct within expected timeframes.
Integral explicitly avoids expanding scope in response to preference conflict or performance comparison. Only materially coupled constraints qualify.
Outcome of Scope Detection

When scope detection criteria are met, the system does not issue commands or mandates. It produces a qualified signal indicating that the disturbance exceeds local
closure capacity and should be evaluated for coordinated response. This signal feeds into threshold functions, which determine the degree and form of coordination
required.

If criteria are no longer met—because indicators stabilize, correlations weaken, or dependencies decouple—scope detection resolves automatically. No coordination is
triggered, or existing coordination contracts accordingly.

In this way, scope detection acts as a gatekeeper mechanism, ensuring that expanded coordination arises only when warranted by shared reality and dissolves as
soon as it is no longer necessary.

Threshold Functions:

Scope detection identifies when a disturbance exceeds local closure capacity. Threshold functions determine what follows. They translate aggregated observable
state into discrete coordination responses, ensuring that the system neither overreacts to noise nor delays action until crisis forces coercive intervention.

Thresholds in Integral do not authorize command. They classify conditions, establish urgency, and bound the form and extent of coordination permitted. In cybernetic
terms, they regulate gain: how strongly the system responds to a given disturbance.

Threshold Typology

Threshold functions operate over aggregated Node State Summaries within a correlated domain. They evaluate whether detected scope mismatches warrant no action,
increased awareness, or temporary coordination.

Three threshold classes are defined:

1. Advisory thresholds
These thresholds indicate emerging or weakly correlated disturbances. When crossed, they trigger enhanced visibility and notification without expanding
decision scope.
Outcomes include:
o shared situational awareness,
o early-warning signals,
o voluntary local adjustment informed by network-level insight.
Advisory thresholds preserve full local autonomy and do not instantiate coordination structures.
2. Coordination thresholds
These thresholds indicate persistent or strongly correlated constraints that cannot be resolved through isolated local action. When crossed, they trigger the
formation of a Coordination Envelope, enabling temporary inter-nodal deliberation and synchronized response.
Outcomes include:
o temporary convergence of CDS processes,
o bounded coordination of COS activity,
o shared prioritization of relevant OAD efforts,
o cross-node ITC recognition within defined limits.
3. Non-negotiable thresholds
These thresholds correspond to hard biophysical or systemic limits—such as ecological collapse points or safety-critical infrastructure tolerances. When crossed,
they impose constraint boundaries that no node may override, regardless of preference.
Importantly, non-negotiable thresholds do not prescribe solutions. They specify what cannot continue, leaving nodes free to determine how to adapt within those
limits.



Threshold Evaluation Logic

Threshold functions are applied to aggregated and correlated NSS indicators rather than to individual node states. Let S gomain represent the aggregated state of a
correlated domain.

A threshold function T}, maps this state to a coordination classification:
T%(Sdomain) — {normal, advisory, coordinate} (162)

Multiple threshold functions may operate simultaneously over different indicators and domains. Coordination is triggered only when at least one coordination or non-
negotiable threshold is satisfied.

Hysteresis and Stability

To prevent oscillation between coordination states, threshold functions incorporate hysteresis. Entry into a higher coordination state requires stronger evidence than
maintenance of that state, and exit requires sustained resolution rather than momentary fluctuation.

Thresholds also incorporate decay conditions. If indicators trend back toward stability, coordination intensity reduces automatically. This ensures that coordination
contracts as soon as it is no longer justified by current conditions.

Threshold Governance
Threshold definitions are not arbitrary. They are derived from:

* empirical system modeling,
e ecological science,
e historical performance data,

e and iterative refinement through feedback.

Threshold parameters are published openly and remain contestable. However, once instantiated, they operate automatically, preventing discretionary escalation or
selective enforcement.

Outcome of Threshold Evaluation

Threshold functions do not enact coordination themselves. They determine which coordination regime is appropriate. Advisory thresholds widen awareness.
Coordination thresholds authorize the creation of a Coordination Envelope. Non-negotiable thresholds impose absolute constraint boundaries.

The next section formalizes the Coordination Envelope itself: the temporary, scope-limited structure through which nodes respond collectively once coordination
thresholds are crossed.

Coordination Envelope (CE):

A Coordination Envelope (CE) is the formal mechanism through which Integral enables temporary, multi-node coordination once scope detection criteria and
threshold functions indicate that local regulation is insufficient. It is not a governing body, an organizational tier, or a standing institution. It is a bounded coordination
context instantiated solely for the duration and extent required to address a specific cross-node disturbance.

The Coordination Envelope defines where coordination applies, who participates, what constraints are shared, and how collective action may occur—without introducing
permanent authority or centralized control.

Definition and Purpose
Formally, a Coordination Envelope is a tuple:

CE = (N,C,D,P,A) (163)
Where:

e N is the set of participating nodes affected by the disturbance,

o ('isthe set of shared constraints identified through threshold evaluation,
e D defines the bounded decision domain permitted within the envelope,

e P specifies coordination protocols across systems,

A defines dissolution conditions.

The purpose of a CE is to align regulation with disturbance: to temporarily widen decision scope only as far as necessary to restore viability across the affected
domain.

Envelope Instantiation

A Coordination Envelope is instantiated automatically when one or more coordination or non-negotiable thresholds are crossed. Instantiation does not require
authorization, voting, or approval. It is a system response, not a political act.

Upon instantiation:

e Participating nodes are identified based on exposure to the detected constraint.
* The scope of coordination is explicitly bounded to the relevant issue domain (e.g., watershed allocation, infrastructure repair, material substitution).
e All other aspects of node sovereignty remain unaffected.

Nodes not implicated by the disturbance are not included, and nodes may not self-expand the envelope beyond its defined scope.

System Participation Within an Envelope



Each of the five systems participates in a CE in a strictly constrained manner:

* CDS converges laterally to deliberate only on decisions necessary to resolve the shared constraint. Delegation is node-based, scope-limited, and revocable. No
permanent representative structures emerge.

e OAD prioritizes design efforts relevant to the constraint, enabling rapid adaptation, validation, and dissemination of solutions across participating nodes.

e COS coordinates operational parameters where interdependence exists—such as scheduling, load balancing, or shared infrastructure use—without managing
internal node operations.

e ITC provides cross-node contribution recognition within the envelope, ensuring that labor and capacity mobilized for shared resolution are reciprocally
acknowledged without creating exchange or accumulation.

* FRS continuously monitors envelope-relevant indicators, updating participants on progress, emerging risks, and resolution trajectories.
No system gains expanded authority beyond the envelope’s domain. Coordination occurs through shared constraints and protocols, not command.
Decision and Action Boundaries
The CE explicitly restricts:

* the decisions that may be made,
¢ the resources that may be coordinated,
e the duration of shared deliberation,

e and the conditions under which actions may be taken.
Decisions unrelated to the triggering disturbance remain entirely local. The envelope does not supersede node-level governance; it interfaces with it.
Dissolution and Contraction

A Coordination Envelope contains its own dissolution criteria. When FRS indicators fall below exit thresholds—through stabilization, decoupling, or resolution—the
envelope contracts automatically.

Dissolution requires:

® no approval,
* novote,

® no executive action.
Once dissolved:

e (DS convergence ceases,
e coordination protocols disengage,
* |ITC recognition returns to local-only scope,

e and all nodes resume fully independent regulation.
No institutional residue remains.
Safeguards Against Scope Creep
Coordination Envelopes are designed to prevent persistence by construction:

e They cannot expand beyond their initiating constraint set.
e They cannot absorb new domains without fresh threshold triggers.
e They cannot self-renew absent continued disturbance.

* They cannot accumulate authority, memory, or assets across instantiations.
Every envelope is discrete, contextual, and ephemeral.
Functional Significance

The Coordination Envelope is the core technical bridge between local autonomy and collective viability in Integral. It allows the system to behave as a coherent
organism without becoming a hierarchy—expanding regulation precisely when required, and contracting it immediately when it is not.

With the Coordination Envelope formalized, the remaining sections specify how CDS convergence operates within an envelope, how failure modes are prevented, and
how the system resolves coordination without institutionalization.

CDS Convergence Within an Envelope:

When a Coordination Envelope (CE) is instantiated, Collective Decision Systems (CDS) converge across participating nodes to address the specific disturbance that
triggered scope expansion. This convergence does not create a new sovereign decision body. It establishes a temporary, scope-limited deliberative interface
between otherwise autonomous node-level CDS processes.

The purpose of CDS convergence is narrowly defined: to enable coordinated decisions where independent action would be insufficient or mutually destabilizing.
Outside the envelope’s domain, all decision-making authority remains fully local.

Nature of Convergence

CDS convergence within a CE is lateral, not hierarchical. Nodes do not submit to a higher authority, nor do individuals bypass their local governance structures.
Instead, each node participates as a coherent unit, delegating bounded decision authority strictly limited to the envelope’s scope.

Convergence therefore operates on the principle of issue-specific delegation:



e Delegation is defined by the triggering constraint.
e Delegation is revocable.
e Delegation dissolves automatically when the envelope dissolves.

No permanent representative roles, voting bodies, or executive functions persist beyond the coordination context.
Participation and Representation

Within an envelope, participation occurs at the node level, not the individual level. Each node determines internally—via its own CDS—how it formulates positions,
selects delegates, or ratifies commitments relevant to the shared issue. Integral imposes no universal method of internal decision-making.

What must remain shared is the structure of decision outputs: commitments, constraints accepted, timelines agreed upon, and interface conditions must be
expressed in standardized, legible formats so that other nodes can interpret and rely upon them.

This ensures coordination without homogenizing governance practices.
Decision Domain Constraints
The CE explicitly bounds what the converged CDS may decide. Permitted decisions are limited to:

* resolving the triggering constraint,

e establishing compatibility conditions between nodes,

e allocating shared responsibility within the envelope,

e defining coordination timelines and dissolution criteria.

The converged CDS may not:

e alter internal governance of any node,

¢ mandate production, labor, or contribution outside the agreed scope,
e reallocate resources permanently,

e or extend its mandate beyond the envelope’s domain.

These restrictions are structural, not procedural. The CDS interface simply lacks the capacity to act beyond them.
Decision Validity and Enforcement

Decisions reached within a CE are binding only within the envelope’s scope and duration. Enforcement occurs not through coercion, but through protocol
alignment: COS coordination, OAD prioritization, and ITC recognition within the envelope are conditional on adherence to agreed terms.

Nodes retain the right to withdraw from coordination. However, withdrawal does not negate shared constraints or erase consequences. Nodes that opt out lose access
to envelope-level coordination benefits while remaining subject to ecological or systemic limits that no CDS can override.

Resolution and Dissolution

As the shared condition stabilizes, FRS indicators signal reduced coupling. CDS convergence naturally contracts: deliberation frequency decreases, decision interfaces
disengage, and remaining issues return to local resolution.

Once the Coordination Envelope dissolves, no residual CDS structure remains. Decisions made within the envelope do not persist as precedent, authority, or
institutional memory beyond their immediate relevance.

Functional Role

CDS convergence within a Coordination Envelope provides the minimal decision intelligence required for collective action under shared constraint, while
preserving local autonomy and preventing the accumulation of power. It is the decision-making analog to state compression and thresholding: sufficient for
coordination, bounded by design, and ephemeral by necessity.

With CDS convergence defined, the remaining sections address system safeguards, failure modes, and the formal dissolution logic that ensures coordination never
hardens into hierarchy.

Formal Pseudo-Code: Detection — Envelope — Dissolution:

The following pseudo-code specifies the end-to-end control loop through which Integral expands and contracts decision scope: nodes publish compressed observable
state (NSS); FRS aggregates and evaluates scope/threshold conditions; when warranted, a Coordination Envelope (CE) is instantiated; CDS converges laterally within the
CE's bounded domain; and once indicators stabilize, the CE dissolves automatically.

This is presented as a reference implementation pattern rather than a prescribed software stack.

A. Node Loop: Sense — Compress — Publish — Adapt

1 # Node i: local loop (runs continuously)

2 def node_loop(node_id):

3 while True:

4 # 1) Sense full internal state (private; high-resolution)

5 S_local = sense_local_state()

6

7 # 2) Compress to observable effects only (public; bounded variety)
8 NSS_i = compute_NSS(S_local) # typed indicators + metadata
9 SIG_i = sign(NSS_i, node_private_key) # provenance + integrity



10

11 # 3) Publish to federation fabric

12 publish("NSS", node_id, SIG i)

13

14 # 4) Receive any active coordination envelopes affecting this node

i) active CEs = receive("CE_NOTICES", node_id)

16

17 # 5) For each relevant envelope, re-solve locally under envelope constraints
18 for CE in active_CEs:

19 if node_id in CE.participants and CE.is_active():

20 # Apply envelope constraints as boundary conditions (not commands)
21 K = CE.constraints

22

23 # Local CDS may adjust priorities/commitments within delegated bounds
24 cds_commitments = local_CDS_deliberate(CE.domain, K)

25

26 # Local COS updates plans/schedules to comply with commitments

27 cos_plan = local_COS_plan(objective=local_objective(),

28 constraints=K,

29 commitments=cds_commitments)

30

31 # Local ITC records contributions relevant to envelope coordination
32 local ITC_record envelope activity(CE.id, cos_plan)

33

34 # Local OAD pulls/pushes relevant designs/updates (if needed)

B85 local_OAD_sync(CE.domain)

36

37 # Execute locally (autonomous implementation)

38 execute(cos_plan)

39

40 sleep(NSS_UPDATE_INTERVAL(node_id))

B. Federation FRS Loop: Aggregate — Detect — Threshold — Instantiate / Update

1 # FRS: domain-scoped loop (e.g., watershed, supply network, grid region)
2 def frs_domain_loop(domain_id):
8 active_envelopes = {} # CE_id -> CE_state
4
5 while True:
6 # 1) Collect latest signed NSS from nodes in this domain
7 NSS_set = collect_latest("NSS", domain_id)
8
9 # 2) Verify integrity and schema conformance (structural validation)
10 valid = []
11 for (node_id, sig_NSS) in NSS_set:
12 if verify_ signature(sig_NSS) and schema_valid(sig_ NSS.payload):
13 valid.append((node_id, sig NSS.payload))
14
15 # 3) Aggregate to domain state representation
16 S_domain = aggregate_domain_state(valid)
17
18 # 4) Scope detection: determine whether mismatch exists
19 scope_events = detect_scope mismatch(S_domain) # returns event objects
20
21 # 5) Threshold evaluation: classify coordination regime per event
22 for ev in scope_events:
A3 status = evaluate_thresholds(ev, S_domain) # NORMAL / ADVISORY / COORDINATE / NONNEGOTIABLE
24
25 if status in ["ADVISORY"]:
26 broadcast_advisory(domain_id, ev, S_domain)
27
28 if status in ["COORDINATE", "NONNEGOTIABLE"]:
29 # Instantiate or update coordination envelope
30 CE = upsert_coordination_envelope(active_envelopes, ev, S_domain)
31
32 # Broadcast envelope notice to participants (and optionally observers)
33 broadcast ("CE_NOTICES", CE.participants, CE)
34
85 # 6) Update & dissolve envelopes based on exit thresholds/hysteresis
36 for ce_id, CE in list(active_ envelopes.items()):

37 CE = update_envelope_state(CE, S_domain)



38
39
40
41
42
43
44

if exit_conditions_met(CE, S_domain): # hysteresis + persistence checks
CE = mark_dissolved(CE)
broadcast ("CE_DISSOLUTION", CE.participants, CE)
del active_envelopes|[ce_id]

sleep(FRS_EVAL_INTERVAL(domain_id))

C. Coordination Envelope Object: Structure and Lifecycle
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class CoordinationEnvelope:
def _ init_ (self, ce_id, domain, participants, constraints, decision_bounds, protocols, dissolve_rules):
self.id = ce_id
self.domain = domain
self.participants = participants node IDs
self.constraints = constraints typed constraint set K
self.decision_bounds = decision_bounds what CDS may decide (scope-limited)

self.protocols = protocols OAD/COS/ITC/FRS interface specs

#* % O K% W

self.dissolve_rules = dissolve_rules exit thresholds + persistence windows
self.state = "ACTIVE"
self.created_at = now()

self.last_updated = now()

def is_active(self):

return self.state == "ACTIVE"

D. Envelope Instantiation: Minimal Logic
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def upsert_coordination_envelope(active_envelopes, event, S_domain):

ce_id = derive_envelope_id(event) # deterministic by (domain, constraint-type, affected-set)

participants = compute participants(event, S_domain) # exposure-based inclusion
constraints = compute_constraint_set(event, S_domain) # boundary conditions K
decision_bounds = compute_decision_bounds (event) # permitted CDS domain
protocols = load_protocol_bundle(event.domain) # schemas + verification
dissolve_rules = compute_dissolve_rules(event) # hysteresis + stability window

if ce_id in active_envelopes:
CE = active_envelopes[ce_id]
CE.participants = participants
CE.constraints = constraints
CE.last_updated = now()
else:
CE = CoordinationEnvelope(ce_id, event.domain, participants, constraints,
decision_bounds, protocols, dissolve_rules)
active_envelopes[ce_id] = CE

return CE

E. Key Properties Encoded by This Flow

No centralized control: the federation fabric broadcasts constraints and envelope contexts; nodes choose internal implementation paths.
No permanent authority: envelopes are event-scoped objects with explicit dissolution rules; no standing executive is created.

Scope follows impact: participant sets are derived from exposure and coupling, not representation or jurisdiction.

Effects, not internals: NSS is the sole required inter-node state exposure; internal CDS/COS/ITC details remain local.

Automatic contraction: exit thresholds and hysteresis ensure that coordination dissolves when disturbances stabilize or decouple.

Failure Modes and Safeguards:

Any system that permits adaptive scope expansion must also prevent that expansion from hardening into permanence, hierarchy, or covert control. Integral therefore
incorporates structural safeguards—not discretionary rules—to ensure that coordination remains temporary, bounded, and proportional to real-world disturbance.
These safeguards are enforced through protocol design and system constraints rather than through oversight or trust.

This section identifies the primary failure modes associated with cross-node coordination and the mechanisms by which Integral prevents them.



Scope Creep

Failure mode:
Coordination expands beyond the domain of the original disturbance, gradually absorbing adjacent issues, prolonging deliberation, or broadening authority without
renewed justification.

Safeguards:

o Explicit decision-domain bounds: Each Coordination Envelope encodes a narrowly defined problem domain; CDS interfaces cannot act outside it.
* Event-derived envelope IDs: Envelopes are deterministically linked to specific constraint events, preventing self-extension.

* Fresh threshold requirements: Expansion into any new domain requires independent scope detection and threshold triggers.

¢ Hysteresis and decay: Coordination contracts automatically once indicators stabilize, preventing inertia-driven persistence.

Permanent Coordination Bodies

Failure mode:
Temporary coordination structures persist as standing committees, councils, or executive layers.

Safeguards:

e Stateless envelope architecture: Coordination Envelopes do not retain authority, assets, or mandates once dissolved.
* No standing representation: Delegation is issue-specific and expires with the envelope.

* Automatic dissolution: Envelopes terminate when exit conditions are met, without votes or approvals.

* No institutional memory: Past envelopes do not create precedent or ongoing jurisdiction.

Data Overexposure

Failure mode:
Excessive data sharing undermines autonomy, privacy, or security, creating pathways for interference or surveillance.

Safeguards:

e State compression by design: Only NSS vectors—effects, not internals—are exposed across nodes.
* Typed, bounded indicators: Shared data is constrained to predefined schemas and ranges.
* Local data sovereignty: Internal CDS deliberations, COS schedules, ITC ledgers, and OAD workflows remain private.

e Structural validation, not inspection: Federation processes verify format and integrity, not content rationale.

Authority Accumulation

Failure mode:
Repeated coordination events concentrate influence, expertise, or decision leverage in particular nodes or actors.

Safeguards:

¢ Node-based participation: Individuals cannot bypass local CDS by appealing upward.

¢ Rotating relevance: Participation is determined by exposure to current constraints, not status or experience.

* No accumulation channels: ITC recognition decays without continued contribution; no power compounds across events.
* Protocol symmetry: All nodes interact through identical interfaces; no privileged access exists.

Protocol Constraints as Enforcement
Integral does not rely on behavioral compliance to enforce these safeguards. Enforcement is architectural.

¢ Interfaces limit action: CDS, COS, ITC, and OAD interfaces simply cannot perform operations outside their authorized scope.
* Non-compliant signals are ignored: NSS submissions or coordination actions that violate schema or bounds are excluded automatically.
¢ Interoperability as incentive: Nodes that refuse protocol constraints lose access to shared coordination benefits without coercion.

In this way, protocol constraints replace enforcement bodies. What cannot be done structurally does not require policing.

Systemic Significance

These safeguards ensure that Integral's capacity for large-scale coordination does not evolve into centralized control. The system can expand decisional scope rapidly
when reality demands it, and contract just as quickly when it does not—without relying on moral restraint, political vigilance, or trust in benevolent administrators.

Coordination remains situational, reversible, and proportional, preserving local sovereignty while enabling collective viability.

Transition to Applied Examples:



The preceding sections have specified the formal mechanics by which Integral expands and contracts coordination across scale: how observable state is compressed,
how scope mismatches are detected, how thresholds classify response regimes, how Coordination Envelopes are instantiated and dissolved, and how safeguards
prevent hierarchy, persistence, or authority accumulation. What remains is to demonstrate how these mechanisms operate in concrete, real-world contexts.

The sections that follow do not introduce new architectural principles. Instead, they instantiate the same formal pattern—state compression, threshold evaluation,
envelope formation, and scope-limited CDS convergence—within distinct material domains. Each example applies the identical logic to different constraint structures,
illustrating how a single cybernetic framework adapts across varied scales and problem types.

Specifically, the following applied cases will show:

¢ how bioregional systems (such as watersheds) trigger scope expansion through shared ecological constraints,
* how critical infrastructure (such as energy or logistics networks) requires capacity synchronization without centralized planning,
¢ and how distributed production of complex goods coordinates design, labor, and maintenance across nodes without markets or command hierarchies.

In each case, attention is focused on mechanism, not narrative: what observable state is exposed, which thresholds are crossed, how coordination envelopes are
bounded, how decisions are made within scope, and how coordination dissolves once conditions stabilize. The intent is to make clear that Integral's macro-scale
behavior is not an abstraction layered atop local organization, but a direct consequence of the same cybernetic rules applied recursively.

By grounding the formal specification in empirical problem spaces, these examples complete the demonstration that Integral’s approach to scale is neither utopian nor
ad hoc. Itis a technically coherent method for aligning decision scope with real-world impact—capable of operating across neighborhoods, regions, and global systems
without surrendering autonomy or creating new centers of power.

9.6 Applied Case I: Bioregional Watershed Coordination

Bioregional watershed management provides a clear, empirically grounded demonstration of how Integral’s recursive coordination architecture operates in practice.
Watersheds are materially bounded, ecologically coupled systems whose constraints do not respect political borders or administrative jurisdictions. Actions taken by
any node within a watershed—extraction, discharge, land use, infrastructure stress—can impose consequences on others. No market signal or isolated local decision
process can resolve such coupling reliably. Coordination is therefore required, but only to the extent that shared constraints demand it.

This case illustrates how scope detection, threshold evaluation, and Coordination Envelopes operate to align regulation with hydrological reality—without creating
a permanent regional authority or centralized allocator.

Domain Definition:

A watershed is defined here as a hydrologically coherent domain comprising all nodes whose activities materially affect a shared water system. Nodes may include rural
communities, urban regions, agricultural clusters, industrial zones, or distributed cooperatives. Inclusion is determined strictly by hydrological exposure, not by
political membership.

Each node retains full internal control over water use decisions, infrastructure management, and local governance. Coordination emerges only when aggregated effects
exceed local closure capacity.

Observable State and NSS Construction:

Each node within the watershed publishes a Node State Summary containing watershed-relevant indicators. Internal water governance, pricing policies, or usage
rationales are not shared.

Illustrative NSS indicators include:

e Ecological state

o netwithdrawal rate relative to recharge

o groundwater drawdown trend

o pollutant load relative to assimilative capacity
e Capacity state

o storage buffer utilization

o treatment and distribution infrastructure stress
¢ Dependency state

o reliance on upstream inflows

o reliance on seasonal precipitation
¢ Risk state

o drought classification flags

o contamination or failure alerts

These indicators expose effects on the shared system, not the internal logic that produced them.

Scope Detection:
FRS aggregates NSS vectors across the watershed and evaluates correlated patterns:

e declining recharge across multiple nodes,



® rising dependency asymmetry between upstream and downstream nodes,
e persistent stress indicators over multiple update cycles,
e correlated risk flags tied to seasonal or climatic drivers.

A scope mismatch is detected when aggregated indicators show that no single node can restore viability independently. At this point, local regulation is insufficient—not
due to mismanagement, but due to shared constraint.

Threshold Evaluation:
Threshold functions classify the disturbance:

¢ Advisory thresholds may trigger early warning during seasonal stress, widening awareness without expanding decision scope.
¢ Coordination thresholds are crossed when depletion or contamination trends persist across nodes, triggering a Coordination Envelope.

¢ Non-negotiable thresholds correspond to hard biophysical limits—such as irreversible aquifer damage or contamination beyond safe exposure levels—which
impose absolute constraints regardless of preference.

Thresholds do not prescribe water allocations. They classify what cannot continue under physical law.

Coordination Envelope Formation:
When a coordination threshold is crossed, a watershed-specific Coordination Envelope is instantiated.
The envelope specifies:

e participating nodes (those hydrologically exposed),

¢ shared constraints (e.g., maximum aggregate withdrawal),

* bounded decision domain (timing, sequencing, mitigation strategies),
e coordination protocols across CDS, COS, OAD, ITC, and FRS,

¢ dissolution conditions tied to recharge recovery and stress reduction.

Nodes outside the watershed are excluded automatically.

CDS Convergence and Decision Scope:
Within the envelope, CDS processes converge laterally to deliberate on how to adapt, not who controls water.
Permitted decisions include:

e coordinated extraction timing,

e voluntary reduction targets,

* shared conservation or recharge efforts,
¢ infrastructure repair sequencing,

e deployment of alternative sourcing.
Decisions cannot:

* impose permanent allocations,
e override internal node governance,

e persist beyond the envelope’s duration.

Each node ratifies commitments internally and expresses outcomes in standardized CDS output formats.

COS, OAD, and ITC Coordination:

® COS synchronizes operational actions where coupling exists (e.g., reservoir draw schedules, treatment capacity sharing).
* OAD prioritizes designs relevant to constraint resolution (e.g., improved filtration, recharge infrastructure, leak reduction).

e ITC records contributions made toward shared resolution—labor, equipment, maintenance—without converting water into a tradable commodity or
introducing exchange logic.

No node is compensated for water itself; reciprocity applies only to effort and capacity mobilized to restore viability.

Feedback, Stabilization, and Dissolution:

FRS continuously monitors envelope-relevant indicators. As recharge stabilizes, pollutant loads decline, or dependency asymmetries reduce, exit thresholds are
evaluated.

Once indicators fall below exit thresholds for a defined persistence window:

e (DS convergence disengages,
e coordination protocols dissolve,



e |ITC recognition returns to local scope,

e all nodes resume fully independent water governance.

No regional authority remains. No precedent is established beyond documented learning.

Significance of the Case:

This watershed example demonstrates that Integral does not replace local water governance, nor does it simulate market pricing or central planning. It aligns decision

scope with hydrological reality, expanding coordination only when necessary and dissolving it as soon as viability is restored.

The same formal pattern—observable state, scope detection, threshold classification, coordination envelopes, and dissolution—applies to other bioregional and
infrastructural domains. The difference lies only in the indicators and constraints, not in the coordination architecture itself.
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Above Diagram: Bioregional Watershed Coordination Control Loop

This diagram illustrates how Integral coordinates across a shared watershed without centralized authority. Each node senses its local conditions and publishes a
compressed Node State Summary (NSS) that exposes only outward-facing effects. The Feedback & Review System (FRS) aggregates these summaries at the watershed
domain, detects scope mismatches, and evaluates thresholds. When disturbances are minor, advisory signals simply widen awareness. When shared constraints persist
or intensify, a Coordination Envelope (CE) is instantiated, enabling temporary, scope-limited convergence of node-level decision processes (CDS) and synchronized action
across operations (COS), design (OAD), and contribution recognition (ITC). As indicators stabilize, FRS signals exit conditions, the envelope dissolves automatically, and
all nodes return to fully local regulation. Coordination expands and contracts strictly in response to real-world conditions, preserving autonomy while maintaining
bioregional viability.

9.7 Applied Case Il: Shared Energy Infrastructure Coordination

Shared energy infrastructure provides a second, complementary demonstration of Integral's recursive coordination architecture. Unlike watersheds, which are primarily
ecological systems, energy networks are cyber-physical systems: tightly coupled combinations of physical limits, technical synchronization requirements, and time-
sensitive demand. Power grids, district energy systems, and shared generation-storage networks exhibit strong interdependence across nodes, making them ideal test
cases for scope-matched coordination without centralized planning.

This case illustrates how Integral manages capacity synchronization, stability constraints, and risk propagation across multiple nodes while preserving local
autonomy over production choices, consumption priorities, and internal governance.

Domain Definition:

An energy coordination domain consists of all nodes materially coupled through a shared energy system. This may include generation nodes (renewables, storage,
baseload), consumption-heavy urban nodes, industrial clusters, and intermediary infrastructure nodes (substations, transmission corridors, microgrid interties).

Inclusion is determined strictly by electrical or thermal coupling, not by ownership, geography, or political boundary. Nodes retain full authority over internal energy
policy, technology mix, and local demand management. Coordination emerges only when network stability or capacity constraints exceed local closure.

Observable State and NSS Construction:
Each node publishes an NSS containing energy-relevant observable state, exposing effects on the shared system rather than internal optimization logic.
lllustrative indicators include:

¢ Ecological / physical state
o net generation versus load
o storage charge-discharge margins
o frequency or pressure deviation indices
* Capacity state
o peak load utilization ratios
o redundancy and reserve margins
o maintenance backlog stress
e Dependency state
o reliance on upstream generation
o exposure to single-source inputs
¢ Risk state
o instability flags
o correlated failure alerts

o extreme weather coupling indicators

Internal dispatch algorithms, pricing mechanisms, or demand-control strategies are not shared.

Scope Detection:
FRS aggregates NSS vectors across the energy domain and evaluates correlated patterns such as:

* synchronized peak-load stress across nodes,

e declining reserve margins over successive cycles,

e concentrated dependency on specific generation assets,

e correlated instability indicators tied to weather or equipment failure.

A scope mismatch is detected when maintaining stability or avoiding cascading failure cannot be achieved through isolated local adjustments alone.

Threshold Evaluation:
Threshold functions classify the condition:

¢ Advisory thresholds signal emerging stress, enabling voluntary demand smoothing, maintenance acceleration, or local storage activation.



e Coordination thresholds are crossed when load-capacity imbalance or instability persists, triggering a Coordination Envelope.
¢ Non-negotiable thresholds correspond to hard technical limits—such as frequency stability bounds or thermal safety margins—that cannot be violated
without system collapse.

Thresholds identify what must be respected, not how energy must be produced or consumed.

Coordination Envelope Formation:
When coordination thresholds are crossed, an energy-domain Coordination Envelope is instantiated.
The envelope specifies:

e participating nodes (those electrically or thermally coupled),

* shared constraints (e.g., maximum aggregate draw, reserve requirements),
* bounded decision domain (timing, sequencing, load coordination),

e coordination protocols across CDS, COS, OAD, ITC, and FRS,

¢ dissolution conditions tied to restored stability and reserve margins.

Nodes outside the coupled network are excluded automatically.

CDS Convergence and Decision Scope:
Within the envelope, CDS processes converge to deliberate on coordination strategies, not ownership or control of energy assets.
Permitted decisions include:

e coordinated load-shifting windows,

* shared reserve commitments,

¢ synchronized maintenance scheduling,

e deployment timing for storage or auxiliary generation,
e prioritization of resilience upgrades.

Decisions cannot:

* impose permanent generation mandates,
e override local energy governance,

e establish standing control authorities.

Each node internalizes envelope commitments through its own CDS.

COS, OAD, and ITC Coordination:

® COS synchronizes operational parameters where interdependence exists (e.g., dispatch timing, maintenance windows, reserve sharing).
* OAD prioritizes designs that reduce coupling stress (e.g., storage integration, grid-hardening modules, demand-response interfaces).
e ITC records contributions related to shared stabilization—labor, equipment use, maintenance capacity—without monetizing energy or introducing exchange.

Reciprocity applies to effort and capacity mobilization, not to energy units themselves.

Feedback, Stabilization, and Dissolution:
FRS continuously monitors envelope-relevant indicators. As reserve margins recover, instability flags clear, or correlated stress decouples, exit thresholds are evaluated.
Once stability persists across the defined window:

e (DS convergence disengages,

e operational coordination relaxes,

® |TC recognition returns to local scope,

¢ all nodes resume independent energy regulation.

No regional energy authority remains.

Significance of the Case:

This energy infrastructure example demonstrates that Integral can coordinate time-critical, high-coupling systems without centralized dispatch or market pricing.
Stability emerges from shared visibility, bounded coordination, and rapid dissolution once constraints resolve.

The same formal pattern applied in watershed management appears here under different physical constraints, confirming that Integral’'s macro-scale behavior is
domain-invariant. Only the indicators and thresholds change; the coordination architecture remains the same.



Advisory

v

Broadcast advisory (widen
awareness)

Local Nodes (Autonomous)

/
—

Node C: Sense local energy
conditions

Node B: Sense local energy
conditions

_

Compute NSS_A (effects
only: load, reserve,
stability, risk)

Sign + publish NSS

Verify integrity + schema

FRS: Energy domain
aggregation

Collect NSS set (coupled
grid/microgrid domain)

Aggregate domain state
(capacity, stability,

reserves)

Scope detection (coupling
exceeds local closure?)

Threshold evaluation
(advisory / coordinate /

non-negotiable)

A

Coordinate or non-
negotiable

Not stable

Instantiate Coordination
Envelope (CE)

CDS convergence (lateral,
scope-limited commitments)

Coggdination Envelope

COS synchronization (load-
shift windows, reserves,
maintenance timing)

OAD prioritization
(resilience + storage +
hardening designs)

ITC recognition (effort
tracked; no exchange)

\.

Local execution in each
node

[

v

Compute NSS_B (effects
only: load, reserve,
stability, risk)

Sign + publish NSS

Above diagram: Shared Energy Infrastructure Coordination Control Loop

This diagram shows how Integral coordinates across a shared energy system—such as a power grid or interconnected microgrids—without centralized dispatch or
market pricing. Each node senses its local energy conditions and publishes a compressed Node State Summary (NSS) exposing only system-relevant effects, including
load, reserve margins, stability indicators, and risk flags. The Feedback & Review System (FRS) aggregates these summaries across the coupled energy domain, detects
scope mismatches, and evaluates thresholds. Minor stress produces advisory signals that widen awareness without expanding decision scope. Persistent or safety-
critical constraints trigger a Coordination Envelope (CE), enabling temporary, scope-limited convergence of node-level decision processes (CDS) and synchronized action
across operations (COS), design prioritization (OAD), and contribution recognition (ITC). As stability and reserves recover, FRS signals exit conditions, the envelope
dissolves automatically, and all nodes return to fully local energy regulation. Coordination expands only to preserve system viability and contracts immediately once the

disturbance resolves.
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9.8 Applied Case lllI: Distributed Production of Complex Goods

The distributed production of complex goods—such as housing systems, medical equipment, transit vehicles, or renewable infrastructure—presents one of the most
demanding coordination challenges in any economy. These goods require diverse skill sets, specialized tooling, multi-stage production, long maintenance horizons, and
tight dependency management. Under conventional systems, such coordination is achieved through firms, contracts, prices, and hierarchical management.

This case demonstrates how Integral coordinates complex, multi-node production without firms, markets, or centralized planners, using the same recursive
architecture formalized in Sections 9.5-9.7.

9.8.1 Domain Definition:

A distributed production domain consists of all nodes contributing to the design, fabrication, assembly, deployment, and maintenance of a given class of complex
goods. Nodes may specialize in different stages—design refinement, component fabrication, assembly, testing, installation, or long-term service.

Inclusion in the domain is determined by design dependency, not ownership or contractual affiliation. Nodes participate because their capacities are materially
coupled through shared production requirements.

Each node remains autonomous in its internal organization, labor norms, and production priorities. Coordination emerges only when dependencies require
synchronization.

9.8.2 Observable State and NSS Construction:
Nodes participating in distributed production publish NSS indicators reflecting production-relevant effects, not internal management structures.
lllustrative indicators include:

e Capacity state
o available fabrication throughput by process class
o tooling utilization and bottlenecks
o maintenance backlog affecting output reliability
e Dependency state
o reliance on upstream components
o sensitivity to design version changes
o single-point-of-failure exposure
e Risk state
o quality deviation flags
o delay propagation indicators

o correlated labor or material stress

Individual labor schedules, internal governance methods, or strategic priorities remain local.

9.8.3 Scope Detection:
FRS aggregates NSS indicators across the production domain and detects patterns such as:

e correlated bottlenecks across multiple nodes,
e cascading delays linked to shared components,
e repeated quality failures tied to design dependencies,

® capacity underutilization in some nodes concurrent with overload in others.

A scope mismatch is detected when production viability cannot be restored through isolated local adjustment—when dependency resolution requires synchronized
action across nodes.

9.8.4 Threshold Evaluation:
Threshold functions classify production disturbances:

e Advisory thresholds flag emerging coordination opportunities, such as design improvements or load redistribution.
¢ Coordination thresholds trigger when delays, defects, or capacity imbalances persist, requiring synchronized planning.
¢ Non-negotiable thresholds correspond to safety-critical or certification limits that cannot be bypassed.

Thresholds identify what must be resolved, not who controls production.

9.8.5 Coordination Envelope Formation:
When coordination thresholds are crossed, a production-specific Coordination Envelope is instantiated.

The envelope specifies:



e participating nodes (those linked by design or production dependency),
e shared constraints (e.g., version freezes, throughput limits),

e bounded decision domain (sequencing, interface standards, timing),

* coordination protocols across CDS, OAD, COS, ITC, and FRS,

¢ dissolution conditions tied to restored flow and quality stability.

Nodes not involved in the dependency chain are excluded.

9.8.6 CDS Convergence and Decision Scope:
Within the envelope, CDS processes converge to coordinate production-relevant decisions, such as:

e design version adoption or rollback,

e interface standard alignment,

* sequencing of fabrication and assembly,

* prioritization of maintenance or retooling,
e temporary redistribution of workload.

Decisions cannot:

* impose permanent production mandates,
e override internal labor organization,
* create standing production authorities.

Each node ratifies envelope commitments internally.

9.8.7 OAD, COS, and ITC Coordination:
This domain highlights the centrality of OAD:

e OAD manages shared design graphs, version lineage, validation status, and lifecycle metadata—ensuring compatibility across nodes.
e COS synchronizes operational execution across dependencies, coordinating schedules and handoffs without central scheduling.

® ITC records contribution related to shared resolution—design work, fabrication time, testing, maintenance—without converting goods into commodities or
introducing exchange.

Reciprocity applies to effort and capability mobilization, not to ownership of outputs.

9.8.8 Feedback, Stabilization, and Dissolution:

FRS monitors production flow indicators, quality metrics, and dependency resolution progress. As bottlenecks clear, delays decouple, and defect rates stabilize, exit
thresholds are evaluated.

Once stability persists:

e (DS convergence disengages,
e OAD prioritization returns to baseline,
e COS synchronization relaxes,

e [TC recognition returns to local scope.

No production authority remains.

9.8.9 Significance of the Case:

This case demonstrates that Integral can coordinate complex, multi-stage production without firms, prices, or centralized planning. Design dependency replaces
contractual obligation; feedback replaces price signals; and temporary coordination replaces permanent hierarchy.

The same recursive pattern observed in ecoogical and infrastructural domains applies here, confirming that Integral’s architecture generalizes across physical
production contexts. Coordination emerges precisely where dependencies demand it—and disappears once flow and quality are restored.
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Above Diagram: Distributed Production Coordination Control Loop

This diagram illustrates how Integral coordinates the distributed production of complex goods without firms, markets, or centralized management. Each node
independently senses its local production conditions and publishes a compressed Node State Summary (NSS) that exposes only outward-facing effects—such as capacity
constraints, bottlenecks, dependency stress, and risk indicators—while keeping internal organization private. The Feedback & Review System (FRS) aggregates these
summaries across a dependency-linked production domain, detects scope mismatches, and evaluates coordination thresholds. Minor disturbances generate advisory
signals that widen awareness without expanding decision scope. Persistent or safety-critical disruptions trigger a Coordination Envelope (CE), within which node-level
decision processes (CDS) converge temporarily and coordination occurs across design (OAD), operations (COS), and contribution recognition (ITC). As production flow
stabilizes and quality metrics return within bounds, FRS signals exit conditions, the envelope dissolves automatically, and all nodes return to fully autonomous
production.




9.9 Synthesis: Domain-Invariant Coordination Logic

The three applied cases—watersheds, shared energy infrastructure, and distributed production—differ dramatically in material content. One is ecological, one is cyber-
physical, and one is industrial-logistical. Yet in each case, the same coordination architecture governs how Integral scales. This invariance is the central point: Integral
does not create a different macro-system for each problem domain. It applies a single recursive cybernetic logic whose form remains stable while its indicators and
constraints change.

At macro scale, Integral therefore behaves less like a hierarchy and more like a general-purpose coordination protocol: a repeatable pattern for aligning decision
scope with real-world coupling.

9.9.1 The Recurring Control Pattern
Across all domains, coordination follows the same closed-loop sequence:

1. Local sensing remains local. Each node observes high-resolution internal state using its own instrumentation, practices, and governance.

2. Observable effects are compressed. Each node publishes a bounded Node State Summary (NSS) exposing only outward-facing impacts relevant to shared
constraints.

3. FRS aggregates by correlated domain. NSS vectors are integrated within a domain defined by real coupling (watershed, grid region, dependency graph), not
by politics.

4. Scope mismatches are detected. FRS identifies when disturbances exceed local closure capacity through persistence, correlation, dependency stress, or risk
amplification potential.

5. Thresholds classify the coordination regime. Advisory signals widen awareness; coordination thresholds instantiate temporary envelopes; non-negotiables
impose hard constraint boundaries.

6. Coordination Envelopes form and bind scope. A CE defines participants, constraints, decision bounds, protocols, and dissolution criteria—creating
coordination without permanence.

7. CDS converges laterally within bounds. Nodes coordinate commitments relevant to the constraint without forming a sovereign macro-polity.

8. COS/OAD/ITC synchronize as required. Operational timing, design priorities, and contribution recognition align only within the envelope’s domain.

9. Dissolution occurs automatically. When exit conditions persist, envelopes dissolve and full local regulation resumes.
This is the macro-layer’s invariant: awareness expands with disturbance and contracts with resolution, without introducing standing authority.
9.9.2 What Varies by Domain
If the architecture is invariant, what changes across cases is not the structure of coordination, but its state vocabulary:

¢ In watersheds: recharge alignment, drawdown trends, pollutant loads, regeneration thresholds.
¢ In energy systems: reserve margins, stability indicators, load coupling, maintenance stress.
e In production: dependency bottlenecks, flow stability, version compatibility, quality deviation risk.

Thus, Integral's macro layer is best understood as domain-agnostic machinery that plugs into domain-specific telemetry and constraint models.
9.9.3 A Unified Formal Summary
The macro layer can be summarized in a single functional relation:
Disturbance = Observable State = Scope Detection = Threshold Regime = Temporary Envelope = Coordinated Adaptation = Dissolution (1

Nothing in this chain requires price signals, a central planner, or permanent governance institutions. The architecture relies on measurement, legibility, constraint
propagation, and bounded deliberation.

9.9.4 Implication for Scale
Because the macro logic is invariant, scale does not change the system’s form—it changes only:

e the number of nodes participating,

¢ the density of interdependencies,

e the fidelity of sensing and modeling,

e and the frequency of envelope formation.

In a mature network, coordination events may occur frequently and sometimes appear continuous. This does not imply a new tier of authority. It reflects the simple fact
that, in a tightly coupled civilization, shared constraints are often active. The system remains structurally the same: local autonomy by default, expanded scope only by
necessity, and dissolution as soon as conditions permit.

9.9.5 Why This Matters

This domain-invariant model is not merely an organizational preference; it is a cybernetic necessity for any complex system seeking viability without hierarchy. If
coordination mechanisms are reinvented for each domain, the result is fragmentation, incompatibility, and institutional sprawl. If coordination is centralized, the result
is brittle control and authority accumulation. Integral avoids both by using one repeatable control logic that is:

e selective (exposes only requisite variety),

¢ bounded (coordination is envelope-scoped),

o reversible (dissolves automatically),

¢ and non-accumulative (cannot harden into power).

In short, Integral’'s macro coordination is not an added layer above nodes. It is the emergent behavior of nodes synchronizing effects, constraints, and
commitments through a shared cybernetic interface—allowing society to scale collective intelligence without scaling centralized control.



10. INTERNODAL RECIPROCITY

Section 9 addressed how Integral scales coordination: how decision scope expands and contracts in response to shared constraints, how temporary multi-node
governance emerges when local closure is insufficient, and how that coordination dissolves once conditions stabilize. In that context, inter-node interaction was driven
by necessity—by disturbances that could not be resolved within a single node’s boundary and therefore required scope-matched deliberation.

This section addresses a different, though complementary, dimension of network behavior: internodal reciprocity under normal conditions. Whereas Section 9
focused on when nodes must coordinate, Section 10 focuses on what nodes can offer one another, how such offerings are structured, and how reciprocity functions without
expanding governance scope. The mechanisms discussed here operate continuously across the network, independent of coordination envelopes, and do not imply
shared decision-making or expanded authority.

Internodal reciprocity in Integral is not trade, exchange, or barter. It is the structured movement of knowledge, labor, materials, capacity, and assurance across
autonomous nodes, governed by protocols rather than prices or contracts. These forms of reciprocity allow nodes to benefit from specialization, surplus capacity, and
distributed intelligence while remaining fully sovereign in their internal organization and priorities.

At the most basic level, reciprocity begins with information sharing. Designs, methods, telemetry models, and learned solutions propagate laterally through open
commons, allowing improvements anywhere to benefit the network as a whole. Beyond this, nodes may offer labor, productive capacity, or material resources to
one another—either routinely or in response to localized need—without buying, selling, or converting these contributions into a universal currency. Finally, reciprocity is
stabilized by assurance mechanisms: shared certification, provenance, and validation processes that allow nodes to trust what they receive without central oversight.

Unlike the scope expansion mechanisms of Section 9, internodal reciprocity does not require temporary governance convergence or collective deliberation. A node may
share a design, host a visiting contributor, or provision materials to another node without widening its CDS scope or entering a coordination envelope. Reciprocity
operates through recognized contribution, bounded access, and constraint-aware provisioning, not through shared authority.

This section formalizes the principles and technical structures that make such reciprocity possible. It defines the types of reciprocal flows that exist between nodes, the
objects and protocols through which they are expressed, and the mathematical and computational logic by which contributions are recognized across heterogeneous
local contexts. Together, these mechanisms enable Integral to function as a cooperative economic network—one that supports mobility, specialization, and mutual
support without collapsing into markets or hierarchies.

10.1 Reciprocity Primitives and Flow Types

Internodal reciprocity in Integral is built from a small number of primitive flow types. These primitives define what can move between nodes, how it moves, and what is
recorded when it does. Together, they form the non-market connective tissue of the network, enabling cooperation without exchange, contracts, or centralized
allocation.

A key distinction must be maintained from the outset: reciprocity is not governance. The flows described here do not expand decision scope, create authority, or
require collective deliberation. They occur between autonomous nodes operating under shared protocols, and they persist regardless of whether any coordination
envelope is active.

10.1.1 Reciprocity as Structured Flow, Not Exchange

In market systems, interaction is mediated through exchange: goods, labor, or services are transferred conditionally via prices, contracts, and ownership claims. In
Integral, reciprocity is mediated through structured flows: formally described movements of information, effort, capacity, or materials that are recognized, recorded,
and bounded, but not priced or traded.

Each reciprocal flow has three invariant properties:

1. Non-transferability of claims

What is recorded is contribution or provision, not a transferable asset. No claim can be sold, accumulated into power, or detached from participation.
2. Local sovereignty of interpretation

Each node retains control over how it internally recognizes, weights, or prioritizes incoming flows, within the bounds of shared protocols.
3. Protocol-bounded legibility

All flows are expressed in shared structural schemas so that meaning is preserved across contexts without homogenizing local practice.

These properties ensure that reciprocity supports cooperation without reproducing markets or hierarchies.

10.1.2 Primitive Flow Types

Integral recognizes five primary reciprocity primitives. These primitives are orthogonal: they can occur independently or in combination, but none can be reduced to
another.

1. Information and Knowledge Flows
This is the most fundamental and unconditional form of reciprocity.
Information flows include:

e open economic and technical designs (via OAD),

e operational playbooks and process heuristics,

* decision-making templates and facilitation methods (CDS artifacts),
* telemetry models, indicators, and simulation logic (FRS artifacts),

e training curricula, skill modules, and certification checklists,



e postmortems and learning reports.

These flows are non-rivalrous and propagate through open commons. No reciprocity obligation is incurred by their use; their value compounds through reuse and
adaptation rather than accounting.

2. Capability and Capacity Flows
Capability flows involve time-bounded access to productive or service capacity, rather than transfer of ownership.
Examples include:

e machine time (e.g., CNC hours, cleanroom slots),

e specialist services (testing, metrology, facilitation),

* |ogistics capacity (transport routes, cold storage),

* emergency buffers (repair crews, mobile infrastructure).

The reciprocal unit here is capacity-time, not an object. Provision is recorded as contribution when mobilized for shared need, but does not create ongoing claims over
the capability itself.

3. Labor Mobility Flows
Labor flows occur when individuals contribute effort to a node other than their home node.
Such contributions are:

e context-specific,

e time-bounded,

e attested by the host node,

* and recognized across nodes through ITC protocols.

What moves between nodes is not labor as a commodity, but recognized contribution events, which are later interpreted locally through equivalence bands rather
than converted into a universal value.

This is the most complex form of reciprocity and is treated in detail in Section 10.2.

4. Material and Goods Flows
Material reciprocity involves the provisioning of physical inputs, components, tools, or finished goods between nodes.
These flows are:

* constrained by ecological and redundancy limits,
e prioritized by need and system viability,

e coordinated through COS rather than contracts or markets.

Materials do not carry price signals. Provision is recorded as fulfillment of shared need or contribution to network viability, not as exchange or sale.

5. Assurance and Validation Flows
Assurance flows stabilize all other reciprocity types by making them trustworthy without central authority.
They include:

e certification results,

e safety and quality test data,

e provenance and design lineage proofs,
e compliance attestations,

¢ reliability and failure-rate histories.

Assurance artifacts travel with designs, materials, labor contributions, and capacity offers, enabling nodes to evaluate incoming flows without external enforcement.

10.1.3 Independence from Scope Expansion
All five reciprocity primitives can operate without triggering scope expansion. A node may:

e adopt a design,
¢ host a contributor,
® provision materials,

e or offer capacity

without widening its CDS scope or entering a coordination envelope. Reciprocity becomes coupled to scope expansion only when constraints propagate, as described
in Section 9.



This distinction is critical: reciprocity is the normal connective mode of the network; coordination envelopes are an exceptional regulatory mode.

10.1.4 Why Primitives Matter
Defining reciprocity in terms of primitives rather than institutions avoids two common failure modes:

* Overgeneralization, where all inter-node interaction is treated as governance or planning.
e Market reintroduction, where flows are implicitly monetized or traded.

By formalizing what can flow—and how—it becomes possible to specify mathematics and code for internodal cooperation without importing price systems, contracts,
or centralized allocators.

The following sections formalize the two most structurally demanding reciprocity types—labor mobility and material provisioning—showing how they operate across
heterogeneous nodes without collapsing into exchange.

10.2 Cross-Node Labor Reciprocity and ITC Recognition

Cross-node labor reciprocity is the most structurally demanding form of internodal cooperation in Integral. Unlike information or design sharing, labor contribution is
rivalrous, time-bounded, and context-dependent. Individuals expend effort in specific places, under specific conditions, producing outcomes that cannot be
duplicated elsewhere. Recognizing such contributions across autonomous nodes—without converting them into a universal currency—requires careful separation
between attestation, recognition, and access.

Integral resolves this by treating labor mobility not as exchange, but as recognized contribution events that are interpreted locally under shared protocol constraints.

10.2.1 Core Principle: Recognition Without Conversion
When an individual contributes labor in a node other than their home node, nothing is “paid” and no transferable credit is issued. Instead:

1. The host node attests that a contribution occurred, recording objective metadata about the event.
2. The contribution is expressed as a Contribution Receipt, not a spendable token.

3. Other nodes may recognize that contribution within their own ITC systems, using locally defined weighting parameters constrained by shared equivalence
rules.

What moves across nodes is therefore information about contribution, not value itself. There is no exchange rate, no fungible unit, and no accumulation pathway.

10.2.2 Contribution Receipt (CR): The Transfer Object
A Contribution Receipt (CR) is the canonical object representing cross-node labor.
Each CRincludes:

e contributor identifier (pseudonymous if required),
* host node identifier,

* contribution duration,

e contribution type (skill class, task category),

e context modifiers (risk, hardship, scarcity),

e quality or completion indicators,

e associated design or project references,

* timestamp and duration,

e cryptographic signature of the host node.

Formally, a receipt c is a structured metadata bundle:
c= {tv h» TRy 0,0, di Sigh} (165)
Where:

* {=contributor,

e h=host node,

e T =time expended,

e K = contribution category,

e p =risk/hardship indicators,
® 0 =scarcity context,

® g =quality assessment,

e d=design/project reference,
* sig, = host attestation.

The CR does not contain a numeric value. It is a verifiable statement of fact.



10.2.3 Local ITC Valuation Functions

Each node maintains its own ITC valuation function, reflecting local priorities, constraints, and cultural norms. Given a contribution receipt ¢, node ¢ computes a local

recognition value:
Vi(e) = 7-wi(x) - mi(0) - 7i(p) - ai(q)
Where:

w;(k

=

. = local weight for contribution category,
L]

—

m; (o) = scarcity multiplier,

e r;(p) =risk or hardship multiplier,
* gi(g) = quality adjustment.

This computation occurs locally and produces non-transferable ITC recognition within node 7's system.

10.2.4 Equivalence Bands: Preventing Arbitrage
To prevent strategic migration or valuation arbitrage, Integral uses equivalence bands rather than conversion rates.
For each pair of nodes (4, j), and for each contribution category k, a recognition band is defined:
Bij(r) = [Lij(r), Uij(%)]
When node J recognizes a contribution attested by node %, the recognized value is bounded:

Vo8 () = clamp (Vj(c), Lij(%), Usj(k))

Bands are:

* symmetric or asymmetric as appropriate,

* category-specific,

e time-smoothed to avoid rapid oscillation,

e derived from historical averages and protocol negotiation.

They ensure comparability without unification.

10.2.5 Decay, Non-Transferability, and Access
Recognized ITC values:

¢ decay over time without continued contribution,
e cannot be transferred between individuals,
e cannot be aggregated into power, status, or governance rights,

e confer access, not ownership.
Access rights derived from ITCs remain bounded by:

* node-level capacity constraints,
e ecological limits,
e fairness rules defined locally.

Cross-node recognition does not override local access ceilings.

10.2.6 Mobility Without Markets
This architecture enables:

e skilled contributors to assist where needed,

* nodes to benefit from distributed expertise,

® crisis response without wage bidding,

e cultural and technical exchange without labor commodification.
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At no point does labor become a tradable good. There is no market for hours, no salary competition, and no incentive to chase “high-value” nodes. Mobility follows

need, interest, and viability, not price gradients.

10.2.7 lllustrative Pseudo-Code



def recognize contribution(receipt, local_profile, band):
base = (
receipt.hours
* local_profile.weight[receipt.category]
* scarcity multiplier(receipt.scarcity)
* risk_multiplier(receipt.risk)
* quality multiplier(receipt.quality)
)

return clamp(base, band.min, band.max)

W P NV A W N

This function never produces a transferable unit—only a bounded recognition event within the local ITC ledger.

10.2.8 Significance

Cross-node labor reciprocity in Integral demonstrates that mobility, specialization, and mutual aid can exist without labor markets or wages. By separating
attestation from recognition, and recognition from access, the system preserves autonomy while enabling cooperation at scale.

The next section extends this logic to material and capacity reciprocity, where constrained optimization replaces exchange as the organizing principle.

10.2.9 lllustrative Example: Cross-Node Labor Reciprocity in Practice

Consider an individual—call her Alex—who is a member of Node A, a mid-sized manufacturing and repair community. Alex maintains her normal access to housing,
food, tools, and materials through Node A’s ITC system, based on her ongoing contributions there.

Step 1: Discovery of Need (No Scope Expansion)

Through an open, network-wide request interface, Alex learns that Node B, located on another continent, is experiencing a temporary labor shortfall in the production
of open-source 3-D printing machines. The request specifies:

¢ the design reference (OAD hash),
¢ required skill class,
e estimated time window,

e and context modifiers (time pressure, tooling availability).
This request does not trigger a coordination envelope. It is routine internodal reciprocity, not scope expansion.
Step 2: Voluntary Labor Mobility

Alex decides to travel to Node B and contribute directly.
There is:

® no contract,
* no wage negotiation,

* no exchange of promises.
Node B simply commits to attesting any contribution Alex makes.
Step 3: Contribution and Attestation at Node B
Alex works 50 hours assisting with assembly, calibration, and testing of the machines. During this time:

e Node B records the contribution internally (task type, duration, quality, context).
e Alex gains experiential knowledge and access to design improvements through OAD.
¢ No “payment” is issued.

At the end of the work period, Node B generates a Contribution Receipt (CR), cryptographically signed, stating in effect:
“Alex contributed 50 hours of skilled fabrication labor to the production of 3-D printers under design X, meeting quality threshold Y, under normal risk conditions.”
This receipt contains metadata only—no numeric value, no spendable token.
Step 4: Return to Node A
Alex returns home to Node A. She resumes normal life and continues contributing locally over time.
Now comes the critical part.
Alex does not “transfer ITCs” from Node B to Node A. Instead, Node A recognizes the contribution attested by Node B.
Step 5: Recognition Under Node A's ITC System
Node A receives the Contribution Receipt and applies its local ITC recognition function.
Under the hood, Node A evaluates the receipt using its own parameters:

e how it weights fabrication labor,
e how it treats off-node contributions,



e what equivalence band applies between Node A and Node B.

Formally (simplified):
Va(c) = clamp (50 x w 4(fabrication) x g4(quality), By, BEA) (169)

The result is a recognized ITC credit within Node A's ledger.

Nothing is converted. Nothing is exchanged. No global balance exists.

Step 6: Continued Access at Node A

Alex now continues accessing materials, tools, and services at Node A—including materials needed for her own projects—without interruption.
Importantly:

* Node A does not care where the contribution occurred.
* Node B does not lose anything by having attested it.

e No one “owes” anyone else.
What matters is that Alex contributed meaningfully to the network, and that contribution is legible, bounded, and recognized.
What Did *Not* Happen
This example is often misunderstood, so it's worth stating explicitly what did not occur:

e Alex did not earn money.

* Alex did not receive a transferable credit.
* Node B did not pay Node A.

* Node A did not reimburse Node B.

e No exchange rate was applied.

¢ No market price emerged.

¢ No authority approved the transfer.

Only recognized contribution moved across nodes.
Why This Works
From the system's perspective:

* Attestation is local and factual.

* Recognition is local and contextual.

e Access remains bounded by local capacity and constraints.
¢ Mobility is enabled without commodifying labor.

From Alex’s perspective:

* She helps where help is needed.

e She gains experience and knowledge.

e Her contribution continues to support her life at home.
e She never enters a labor market.

This is internodal labor reciprocity without exchange, made possible by separating:

e contribution from value,
e value from access,

e and access from power.

Good-Faith Contribution, Quality, and Dispute Handling

Internodal labor reciprocity in Integral does not assume perfect behavior or universal competence. As with any real system involving human effort, contributions may
fall short of expectations, be incomplete, or—more rarely—be claimed in bad faith. Integral addresses this not through trust alone, but through localized attestation,
evidentiary standards, and protocol-bounded judgment.

1. Attestation Is Issued by the Host Node, Not the Contributor
An individual does not self-declare their contribution. All cross-node labor recognition begins with host-node attestation.
A Contribution Receipt is issued only if the host node’s COS/CDS processes confirm that:

e the contributor actually participated,
e the claimed duration is accurate,
¢ the contribution met baseline expectations of good faith.

If work is abandoned, obstructive, negligent, or misrepresented, the host node simply does not issue a receipt, or issues a receipt with downgraded metadata (e.g.,
partial completion, training-level quality, remediation required).



There is no global authority involved—just the node where the work occurred.

2. Quality and Completion Are Encoded, Not Assumed
Contribution Receipts include qualitative and contextual metadata, not just hours. This allows recognition to be proportional rather than binary.
Examples:

e completed as specified

® assisted under supervision

® training contribution

e partial completion

e rework required

e did not meet quality threshold

This means:

¢ hours alone never determine recognition
e quality, difficulty, and outcome matter
e inflated claims cannot be smuggled through as time logs

Nodes downstream see the full context of what occurred.

3. Recognition Is Always Local and Bounded
Even when a Contribution Receipt is issued, recognition remains local.
The receiving node:

* applies its own ITC valuation rules,
* weights quality indicators,
e and clamps recognition within equivalence bands.

If a contributor consistently produces marginal or problematic outcomes elsewhere, this naturally reflects in lower recognized value, without any blacklist or global
sanction.

No node is required to “believe” another node's attestations beyond protocol bounds.

4. Bad Faith Does Not Cascade into Punishment
Integral explicitly avoids punitive escalation.
If someone acts in bad faith:

* they receive no receipt, or a low-quality one,
e recognition elsewhere is minimal or zero,

e opportunities naturally diminish.
There is no global exclusion, no credit confiscation, no reputation tribunal.

Bad actors are constrained by loss of reciprocity, not punishment.

5. Dispute Resolution Is Local and Scoped
If a contributor disputes a host node’s assessment:

e theissue remains between the contributor and the host node,
* resolved through the host's CDS or mediation process,
e optionally documented as a learning artifact.

Disputes do not propagate across the network unless they materially affect others (at which point Section 9's scope logic applies).

6. Why This Is Sufficient (and Safer Than Markets)
Markets solve mistrust with:

e contracts,

e litigation,

* wage withholding,
e surveillance,

e and exclusion.



Integral solves mistrust with:

e attestation at the point of action,

¢ evidence-based recognition,

¢ bounded interoperability,

¢ and natural loss of access to reciprocity.

There is no incentive to inflate hours, because:

e contributors cannot self-issue value,
* recognition is contextual and capped,

e and repeated low-quality work yields diminishing returns.

Good faith is rewarded structurally; bad faith is filtered structurally.

7. Summary Principle (You may want this as a one-liner)
Integral does not assume trust—it constrains mistrust. Contribution is attested locally, recognized contextually, bounded globally, and never converted into power.

This clarification closes a major conceptual loophole without introducing policing, moral scoring, or centralized enforcement.

10.3 Material and Capacity Reciprocity Across Nodes

Material and capacity reciprocity addresses how physical goods, components, tools, and productive capability move between nodes in the absence of markets,
contracts, or centralized allocation. Unlike information or labor, materials are rivalrous and finite; once moved, they are no longer available to the origin node. As such,
material reciprocity requires explicit constraint handling, prioritization logic, and ecological accounting—while still preserving node sovereignty.

Integral resolves this by treating material movement not as trade, but as constraint-based provisioning: a coordinated response to expressed need and available
capacity, optimized for system viability rather than profit or exchange equivalence.

10.3.1 Two Forms of Material Reciprocity
Material reciprocity operates in two distinct but related forms:

1. Material provisioning
The transfer of consumable or durable goods (raw materials, components, tools, finished products) from one node to another.

2. Capacity provisioning
The allocation of time-bounded access to productive capability—machine hours, fabrication slots, logistics throughput, storage space—without transferring
ownership of the underlying asset.

Both are coordinated through COS interfaces and recorded as provision events, not transactions.

10.3.2 Material Requests as Constraint Objects
Nodes do not request materials by offering compensation. Instead, they publish material request objects that specify what is needed and under what constraints.
A request includes:

* item or design reference (OAD hash),

® quantity and tolerances,

e deadline or time window,

e substitutability set (acceptable alternatives),
e priority class (routine, critical, life-sustaining),

e ecological and transport constraints (distance, emissions, handling limits).

Requests describe requirements, not willingness to pay.

10.3.3 Offers and Capacity Envelopes
Nodes offering materials or capacity publish availability envelopes, specifying:

* quantities that can be provisioned without compromising local viability,
e time windows for availability,

e minimum buffer requirements,

e ecological drawdown limits,

* transport or handling constraints.

No node is required to expose full inventories. Only provisionable surplus is visible.



10.3.4 Matching Without Markets

Material and capacity flows are matched through constrained optimization, not exchange.

At a domain level (regional or network-wide), COS solvers compute provisioning plans that:

satisfy priority requests,

minimize ecological and logistical strain,
preserve redundancy and buffers,
avoid depletion of critical nodes,
respect substitutability options.

An illustrative objective function:

n;ilcjnuzk (a - transport;; + 3 - depletion;’ + - rlskij)zi]-

Subject to:

supply constraints: Zj zh < Sl-k.
demand constraints: 21 wfj > D? (priority-weighted),
ecological caps,

buffer preservation constraints.

This is a planning computation, not a price discovery process.

10.3.5 Provisioning as Recognized Contribution

When a node provisions materials or capacity to another node, the act is recorded as a provision contribution, not a sale.

The providing node does not gain ownership claims over the receiving node.
The receiving node does not incur debt.
No reciprocal obligation is enforced.

Instead:

the provisioning act is attested,
it may be recognized through ITC systems as contribution to network viability,

recognition is bounded, contextual, and non-transferable.

This preserves reciprocity without introducing exchange logic.

10.3.6 Assurance and Acceptance

Material reciprocity is stabilized through assurance artifacts:

Receiving nodes retain the right to reject materials that fail to meet specifications. Rejection does not trigger penalties; it simply invalidates recognition for that

provenance records,
quality and safety certifications,
design lineage references,

inspection and acceptance reports.

provision event.

10.3.7 Stress and Priority Conditions

(170)

Under routine conditions, provisioning proceeds through standard matching. Under stress (e.g., disaster response, systemic shortages), priority classes are elevated
and constraints tightened:

These escalations occur within coordination envelopes as defined in Section 9, not through permanent allocation authority.

life-sustaining needs override routine provisioning,
substitutability sets expand,
response times shorten,

ecological non-negotiables remain binding.

10.3.8 Pseudo-Code lllustration

1
2
3

def provision _materials(offers, requests, constraints):
# offers: provisionable envelopes from nodes

# requests: constraint objects from nodes



4 # constraints: ecological, redundancy, priority rules
5
6 plan = solve constrained_optimization(
7 offers=offers,
8 requests=requests,
9 constraints=constraints
10 )
11
12 for allocation in plan:
13 attest_provision(allocation)
14 update_buffers(allocation)
15 record ITC_contribution(allocation)
16
17 return plan

This process never computes prices, debts, or exchanges—only feasible allocations under shared constraints.

10.3.9 Significance

Material and capacity reciprocity demonstrates that physical provisioning can be coordinated without markets or ownership transfer. By expressing need and
availability as constraint objects, and by resolving allocation through optimization rather than exchange, Integral enables nodes to share real resources while preserving
autonomy and ecological responsibility.

Together with labor reciprocity, this completes Integral's approach to internodal cooperation: information flows freely, labor moves with recognition, materials
provision by constraint, and assurance stabilizes trust—without money, markets, or centralized control.

10.3.10 Worked Example: Routine Material and Capacity Provisioning Across Nodes
Consider two autonomous nodes:

¢ Node A: a manufacturing-heavy node with excess capacity in precision machining and a surplus inventory of stepper motors and control boards.

¢ Node B: a smaller node expanding its local fabrication capability and seeking to acquire two open-source 3-D printing machines (or, alternatively, the parts to
assemble them).

This is a routine reciprocity case—no crisis, no coordination envelope, no expanded governance scope.

Step 1: Node B Issues a Request Object (Not a Purchase Order)

Node B publishes a Material/Capability Request to the federation’s COS-facing request layer. The request does not contain payment terms. Instead it specifies
constraints:

¢ Design reference: OAD hash for the 3-D printer model and bill-of-materials

* Quantity: 2 units (or equivalent part kit)

¢ Deadline window: within 6 weeks

¢ Substitutability: accepts either complete machines or component kits; accepts three alternate motor models if compatible
* Priority class: routine (non-critical)

* Local constraints: prefers minimal shipping emissions; can perform final assembly locally if parts arrive
Under the hood, Node B's request is essentially:

“Given our plans and capacity, we need these capabilities/materials within these bounds.”

Step 2: Node A Publishes an Offer Envelope (Not an Inventory Dump)
Node A does not expose its entire inventory. It publishes a provisionable offer envelope representing what it can spare without harming its own viability:

e Capacity offer: CNC machining time available (e.g., 40 machine-hours within the next month)
e Material offer: 4 stepper motors + 3 control boards + various fasteners (buffer protected)

e Logistics constraints: shipping window, packaging limits

¢ Ecological constraint: maximum shipping emissions budget per provisioning cycle

This says:

“We can provide this much under these constraints, without undermining our local buffers.”

Step 3: COS Matching Produces a Feasible Plan (No Prices, No Negotiation)

A COS solver (or lightweight matching routine) identifies a feasible allocation that satisfies Node B's request while respecting Node A's offer envelope and ecological
constraints.



For example, the solver determines:

¢ Ship component kits rather than fully assembled machines (lower mass/volume, easier to pack, fewer shipping emissions)
e Node A provides:

o 4 stepper motors

o 2 control boards (with 1 optional spare if still within buffer constraints)

o precision-machined parts that Node B cannot make locally (using 30 CNC-hours)
* Node B performs:

o final assembly and calibration locally

o printing of non-critical plastic parts using its existing printers

This plan optimizes:

e minimal transport strain,
e minimal depletion of Node A's buffers,

e and maximal feasibility for Node B's timeline.

Nothing is “sold.” Nothing is “bought.” It's a constraint-satisfying provisioning plan.

Step 4: Provision Execution + Assurance Artifacts Travel With the Goods
Node A prepares the shipment. Alongside the physical parts, it attaches assurance artifacts:

e design/version lineage references (OAD hashes)
* testresults (motors and boards passed diagnostics)
* tolerances verification for machined parts

e packaging and handling metadata

These artifacts allow Node B to validate what arrived without trusting Node A as an authority and without needing external inspection institutions.

Step 5: Receipt, Acceptance, and Local Integration at Node B
When the shipment arrives:

¢ Node B inspects the contents using the attached assurance artifacts.
* Node B confirms compatibility with the design reference.
* Node B assembles the two printers locally.

¢ Node B logs any improvements or assembly refinements back to OAD as optional upgrades for future reuse.

If any part fails validation, the failed portion is recorded as non-accepted—meaning it does not count as successful provisioning for recognition purposes.

Step 6: Recognition Without Exchange
Node A's provisioning is recorded as a provision contribution event.
Two things happen:

1. Local accounting (Node A)
Node A records the provisioning in its COS/ITC interfaces as:

o material outflow within its permissible envelope,
o capacity-hours contributed (CNC time),
o and logistics effort.
2. Cross-node recognition (Node B and/or Node A’s federation context)
The provisioning event may be recognized as a contribution to network viability—bounded by shared rules and never creating a transferable claim on Node B.

Importantly:

* Node B does not “owe” Node A.
* Node A does not gain ownership rights over what was delivered.
* No debt or exchange ledger is created.

Recognition is informational and reputational in the ITC sense—not monetary.

What Did *Not* Happen

® There was no purchase contract.

® There was no price negotiation.

® There was no accumulation of tradable credit.

e There was no centralized allocator ordering Node A to comply.



e There was no permanent inter-nodal governance structure created.

Node A provisioned because it could do so sustainably. Node B received because it had a legitimate need within protocol bounds.

Why This Example Matters
This routine case illustrates the central principle of material reciprocity in Integral:

Nodes provision materials and capacity through constraint-based matching and verifiable assurance, with recognition recorded as contribution rather
than exchange.

It also clarifies that a great deal of inter-node cooperation can occur without invoking scope expansion mechanisms. Section 9 governs exceptional cases where
constraints propagate into system-level risk. Section 10 describes the normal fabric of cooperation that makes a federated economy function day to day.

10.4 Assurance, Trust, and Anti-Arbitrage Mechanisms

Internodal reciprocity at scale requires more than goodwill. When information, labor, materials, and capacity move between autonomous nodes, the system must
ensure that what is shared is reliable, verifiable, and non-exploitable—without resorting to contracts, prices, litigation, or centralized oversight. Integral addresses
this requirement through assurance mechanisms embedded directly into its protocols, making trust a property of structure rather than belief.

This section formalizes how Integral stabilizes reciprocity while preventing strategic manipulation, free-riding, or value arbitrage across heterogeneous local contexts.

10.4.1 Trust Without Central Authority

Integral does not attempt to create trust through reputation scores, global ratings, or moral surveillance. Instead, it relies on verifiability and bounded
interoperability.

Trust emerges because:

e contributions are attested locally at the point of action,
® recognition is contextual and bounded,
* and non-compliant behavior simply fails to propagate.

Nodes are never required to trust other nodes as authorities. They are required only to trust cryptographic signatures, shared schemas, and empirical evidence.

10.4.2 Assurance Artifacts
Every reciprocal flow—designs, labor, materials, capacity—may carry assurance artifacts that make it independently evaluable by the receiving node.
Assurance artifacts include:

* Design lineage proofs (hashes, version trees, dependency graphs),
e Certification results (safety, performance, ecological compliance),
¢ Test and inspection data (inputs, methods, outcomes),

* Provenance metadata (origin, handling, transformation history),

¢ Reliability histories (failure rates, maintenance burden).

These artifacts do not grant authority. They provide evidence. Receiving nodes remain free to accept, reject, or conditionally accept incoming flows based on their own
standards.

10.4.3 Local Attestation and Distributed Validation
All primary attestations occur locally:

e labor is attested by the host node,
* materials are attested by the provisioning node,
e capacity availability is attested by the offering node.

Validation is distributed, not hierarchical. Nodes independently verify:

® signatures,
e schema conformity,
e consistency with known design references,

e and internal coherence of metadata.

Invalid or unverifiable artifacts simply do not propagate. No sanctions are required.

10.4.4 Anti-Arbitrage by Design

Arbitrage—the exploitation of differences between systems for personal gain—is structurally prevented through several reinforcing mechanisms.



1. No Transferable Value Units

There is no fungible, transferable unit of value that can be accumulated, traded, or speculated upon. ITCs represent local recognition, not global claims. Contribution
receipts carry metadata, not spendable tokens.

Without a transferable unit, arbitrage has nothing to operate on.

2. Equivalence Bands Instead of Conversion Rates

Cross-node recognition of labor uses equivalence bands, not exchange rates. Bands cap recognition within predefined ranges and adjust slowly over time, preventing
rapid exploitation of valuation differences.

This ensures comparability without creating incentive gradients that drive strategic migration.

3. Capacity and Material Envelopes

Nodes expose only provisionable envelopes of materials and capacity, preserving buffers and redundancy. No node can drain another by repeatedly requesting
resources, because offers are explicitly bounded and revocable.

Scarcity does not increase “price”; it reduces availability.

4. Recognition Decay and Non-Accumulation
Recognized contributions:

e decay over time without continued participation,
® cannot be pooled or transferred,

¢ do not confer governance rights or priority beyond defined bounds.

This prevents the emergence of “ITC wealth” or persistent advantage.

5. Evidence-Based Quality Weighting
Low-quality or bad-faith contributions are naturally discounted through:

¢ host-node attestation,
e quality metadata,

* and local recognition functions.

Repeated poor outcomes lead to diminished recognition and reduced opportunities—without blacklists or punitive exclusion.

10.4.5 Dispute Handling Without Escalation
Disputes over contribution quality, material acceptance, or capacity provision are handled locally and contextually:

¢ resolved within the host or receiving node’s CDS,
¢ optionally documented as learning artifacts,
e never escalated to a global authority by default.

Only when disputes themselves generate cross-node harm do they become candidates for scope expansion under Section 9's logic.

10.4.6 Failure Is Contained, Not Systemic
Integral assumes that errors, mismatches, and occasional bad faith will occur. The system is designed so that:

e failures remain localized,
¢ their effects are visible but bounded,
e and correction occurs through loss of reciprocity, not punishment.

Nodes that consistently produce unreliable outputs or attest poorly simply become less interoperable. Designs are forked away from. Contributions are discounted.
Provision requests go unanswered. No coercion is required.

10.4.7 Why This Is Sufficient

Markets attempt to solve trust through prices and enforcement. States attempt to solve trust through regulation and authority. Integral solves trust through
architecture.

By embedding assurance, bounded recognition, and anti-arbitrage constraints into the system's protocols, Integral enables large-scale cooperation among autonomous
nodes without:



e central policing,
e surveillance,
e contracts,

* ormoral scoring.

Trust becomes a function of evidence, structure, and consequence, not belief or control.

10.4.8 Closing the Reciprocity Loop

With assurance mechanisms in place, the three major reciprocity domains—information, labor, and materials—can operate continuously without destabilizing
incentives. Reciprocity becomes safe by default, not because participants are assumed to be virtuous, but because the system makes exploitation structurally
unprofitable.

This completes Integral’s account of internodal reciprocity: a framework in which cooperation scales without markets, hierarchy, or coercion, grounded in cybernetic
feedback, local sovereignty, and shared reality.

11. TRANSITION, ADOPTION, & IMPLEMENTATION

11.1 Transition as Evolution, Not Replacement

The transition to an Integral system is not conceived as a top-down deployment, a political takeover, or a reaction to systemic collapse. Integral does not require the
failure of existing institutions in order to begin functioning, nor does it presume a revolutionary rupture in social or economic order. While it is true that such a system
could be directly implemented, in a non-transitional way, within a given nation-state or region, the working assumption is that this is highly unlikely to occur.

This is unlikely not only because of power dynamics and the gravitational pull of existing legacy systems, but also because of the deep cultural capture those systems
have produced. Adopting something like Integral requires a cultural transformation, which necessarily entails gradualism as people become acclimated to new values,
norms, and practices. Therefore, the transition from the legacy system to the new system is not solely a matter of structural adaptation, but also one of cultural
acclimation.

Integral is hence designed to coexist within the present system, emerging incrementally as a parallel mode of organization that proves itself through use. Integral
advances through gradual substitution of functions, not through overthrow. It does not seek to dismantle markets, states, or firms by decree; it seeks to make
specific functions—allocation, coordination, design, contribution recognition, and feedback—work better under real conditions. As Integral systems demonstrate
greater efficiency, resilience, and human benefit in particular domains, those functions increasingly migrate away from legacy structures and into the Integral
framework. The transition is therefore evolutionary, not oppositional.

Adoption is voluntary and utility-driven, not ideological. Individuals, communities, and organizations engage with Integral because it solves concrete problems: unmet
needs, coordination failures, resource inefficiencies, social exclusion, and systemic fragility. Participation grows not through persuasion or belief, but through
demonstrated competence. Where Integral provides clearer information, fairer access, more reliable provisioning, or greater security, it is adopted. Where it does not, it
is ignored. No coercion is required.

In this sense, Integral operates as a parallel system—one that grows alongside existing institutions, interfaces with them pragmatically, and absorbs functions only
when doing so increases viability. It does not declare itself a replacement in advance. It earns relevance through performance. Legacy systems continue to exist for as
long as they remain useful; Integral expands only where they demonstrably fail or impose unnecessary costs.

This framing is critical for both practical and political reasons. Systems that present themselves as threats invite resistance, capture, or suppression. Systems that
present themselves as solutions—especially solutions that reduce strain, risk, and exclusion—are far harder to oppose. By avoiding confrontation and focusing on
competence, Integral minimizes defensive reaction while maximizing real-world traction. The guiding principle of transition is therefore simple:

Integral competes on competence, not confrontation.

It grows by solving problems existing systems handle poorly, by reducing dependence on coercive mechanisms, and by offering a credible, working alternative
grounded in everyday use rather than abstract promise.

11.2 Stage I: Proto-Nodes and Mutual Aid Foundations

As touched upon prior, the earliest phase of Integral adoption does not begin with fully formed nodes or comprehensive system architecture. It begins with proto-
nodes: partial, informal, and often fragile arrangements that already exist within communities today. These initiatives provide both historical precedent, legal roots and
immediate realism, demonstrating that the foundations of Integral are not speculative abstractions but extensions of practices people already understand and trust.

Proto-nodes commonly appear in the form of:

e mutual aid networks,

e tool libraries,

* repair cafés,

* timebanks,

e community kitchens,

e skill-sharing collectives and workshops.

These efforts typically arise in response to unmet needs, economic exclusion, or crisis conditions. They are local, pragmatic, and often resource-constrained.
Importantly, they do not require ideological alignment or systemic ambition to function. People participate because they help.

While such initiatives are rarely described in cybernetic terms, they already embody fragments of Integral’s five systems:



¢ Collective Decision Systems (CDS) appear through informal deliberation, consensus meetings, facilitation practices, and shared norm-setting about how
resources are used and conflicts resolved.

e Cooperative Organization Systems (COS) emerge through the coordination of effort—who does what, when tools are shared, how tasks are scheduled, and
how responsibilities rotate.

¢ Integral Time Credit-like (ITC) norms appear implicitly, as expectations of reciprocity, contribution recognition, and social accounting (“who has helped,” “who
shows up,” “who can be relied upon”).

* Open Access Design (OAD) manifests through shared methods, instructions, templates, repair guides, recipes, and informal documentation passed laterally.

* Feedback & Review Systems (FRS) arise when groups reflect on what worked, what failed, what burned people out, what scaled, and what did not—often
through trial, error, and iteration rather than formal metrics.

These proto-nodes are incomplete and unstable by design. They lack standardized interfaces, durable accounting, or robust feedback mechanisms. They often depend
on a few motivated individuals and struggle with continuity. Yet they demonstrate something crucial: the social logic required for Integral already exists. What
Integral introduces is not unseen human behavior, but a formal structure that stabilizes and scales behaviors some people already practice under constraint.

As proto-nodes mature, their activities begin to converge toward greater coherence. Informal decisions become more structured. Shared practices become
documented. Contribution expectations become explicit. Learning becomes intentional rather than accidental. At no point does a proto-node “switch on” Integral.
Instead, it grows into it as complexity and participation increase, as discussed before.

The significance of this stage cannot be overstated. Early Integral adoption looks familiar, not alien. It resembles things people already do when markets fail them or
when institutions exclude them. This familiarity lowers cultural resistance, builds trust, and grounds the system in lived experience rather than abstract theory.

Stage | therefore establishes the most important precondition for later scaling: legitimacy through continuity. Integral does not appear as a foreign system imposed
from outside. It emerges as a natural extension of mutual aid and cooperative behavior—made durable, interoperable, and viable through design.

11.3 Gradual Emergence of the Five Systems

A common objection to any comprehensive alternative system is that it appears too complex to begin. Integral addresses this directly by design. No node starts with
all five systems fully developed, nor is such completeness required for early viability. The architecture is explicitly progressive: each system begins in a simple,
human-scale form and acquires structure, tooling, and formal parameters only as participation, scope, and need increase.

In other words, Integral is not “installed.” It emerges.

Each of the five systems supports a clear parameter ramp-up—a sequence through which informal practice becomes structured capacity over time. Complexity is
introduced only when it reduces friction or failure, never in advance of use.

Collective Decision Systems (CDS)

Early decision-making typically begins with informal consensus, open meetings, or ad hoc facilitation among participants who know one another. As participation grows
and stakes increase, groups adopt structured facilitation, clearer agendas, and explicit scope definitions. Only later do scoped decision protocols emerge—defining
who decides what, under which conditions, and with what escalation paths. At no stage is a single governance model imposed; structure increases only to the extent
required to maintain legitimacy and clarity.

Progression: informal consensus — structured facilitation — scoped decision protocols

Open Access Design (OAD)

In early stages, design knowledge appears as shared documents, notes, instructions, or informal how-to guides. As reuse increases, these artifacts become versioned
designs, with clearer provenance, iteration history, and compatibility notes. Only when coordination across nodes becomes relevant does OAD mature into a certified
design commons, with validation, lifecycle metadata, and interoperability guarantees.

Progression: shared docs — versioned designs — certified design commons

Cooperative Organization Systems (COS)

Initial coordination is often ad hoc: people self-assign tasks, share tools informally, and negotiate responsibilities on the fly. As activity density increases, role clarity
emerges—who maintains what, who schedules access, who coordinates logistics. At larger scale, COS introduces capacity signaling, allowing nodes to communicate
availability, bottlenecks, and provisioning envelopes without central scheduling or command.

Progression: ad hoc coordination — role clarity — capacity signaling

Integral Time Credits (ITC)

Reciprocity begins socially, through trust, reputation, and shared expectation. As participation widens and memory limits are reached, groups adopt simple ledgers to
record contributions and access. Only later do ITCs become weighted and protocol-bound, incorporating contribution type, context, quality, and cross-node
recognition—while remaining non-transferable and non-monetary.

Progression: social norms — simple ledgers — weighted, protocol-bound recognition

Feedback & Review Systems (FRS)



Learning initially occurs anecdotally: what worked, what failed, what exhausted people, what scaled. As stakes rise, groups introduce basic metrics—participation
levels, throughput, failure rates, ecological impact. With sufficient data and modeling capacity, FRS evolves into threshold-based feedback, enabling early detection of
strain, risk, or scope mismatch without centralized oversight.

Progression: anecdotal learning — metrics — modeling & thresholds

The critical design principle across all five systems is sequencing. Each system deepens only when its additional complexity delivers real benefit. Premature
formalization is avoided; unnecessary abstraction is resisted. Nodes remain free to pause, simplify, or adapt their parameterization as conditions change.

This gradualism is not a weakness—it is a safeguard. By ensuring that complexity is earned through use, Integral remains approachable at small scale while retaining
the capacity to grow into a robust, interoperable network. Nodes evolve from simplicity to sophistication organically, guided by lived need rather than theoretical
completeness.

In this way, Integral avoids the common failure of alternative systems that demand full adoption before delivering value. Here, value appears first; structure follows.

11.4 Scaling Through Use, Not Membership

Integral does not scale through recruitment campaigns, ideological alignment, or formal membership structures. It scales through use. Nodes grow, replicate, and
interconnect because they deliver practical value in contexts where existing systems are brittle, exclusionary, or inefficient. People do not “join” Integral; they begin
relying on it.

Nodes scale for concrete reasons:

¢ Designs are useful. Open, validated designs reduce cost, increase reliability, and shorten learning curves.
e Provisioning works. Materials, tools, and capacity arrive when needed without price volatility or contractual friction.
¢ Labor mobility helps people survive. Individuals can contribute where need exists and retain access at home without wage precarity.

* Coordination solves real problems. Shared constraints—ecological, infrastructural, logistical—are addressed earlier and with less conflict.

Growth therefore follows a simple pattern: when Integral performs better at a task, it is used more for that task. As use increases, adjacent functions migrate into the
system. Over time, this produces densification—more activity, more learning, more interoperability—without any central push to expand.

Adoption spreads primarily through demonstration and imitation. Communities observe neighboring nodes meeting needs more reliably, responding to crises more
effectively, or supporting vulnerable members more humanely. Practices are copied, designs are reused, and coordination protocols are adopted because they work.
This diffusion resembles the spread of successful tools or techniques, not the recruitment of adherents.

Crucially, Integral integrates into daily survival strategies rather than asking people to step outside them. It supplements income during unemployment, stabilizes
access during volatility, and provides alternatives when institutions fail or withdraw. As reliance increases, participation deepens organically. The system becomes part
of how people get by, not an abstract project competing for attention.

For this reason, Integral avoids the language and logic of “conversion,” “joining,” or “membership.” Such framing implies belief, identity, or loyalty. Integral requires none
of these. It requires only engagement with systems that demonstrably reduce risk and increase viability.

Nodes emerge because people need them, not because they believe in them.

11.5 Hybrid Integration with the Existing Economy

Beyond the internal development of Integral nodes, it is useful to consider controlled interface mechanisms through which Integral cooperatives may interact with
the existing market economy during the transition phase. These mechanisms are not required for Integral's internal viability, but they can accelerate resource
acquisition, stabilize early growth, and facilitate the gradual absorption of legacy institutions into non-market organization.

At its core, this hybrid approach explores how market-based institutions may partially interface with Integral systems—not by converting Integral into a mixed-
economy end state, but by allowing market activity to be metabolized and progressively displaced. As legacy institutions increasingly rely on Integral provisioning,
coordination, and design intelligence, their dependence on market logic weakens, creating conditions for organic transformation rather than abrupt replacement.

It is important to distinguish this approach from speculative or legally ambiguous experimentation. Taxation and regulatory compliance remain primary
constraints throughout the transition. While mutual aid systems are widely recognized across many jurisdictions as non-taxable by definition, hybrid arrangements
involving market entities must operate squarely within existing legal frameworks. This is not a concession of principle, but a strategic necessity: Integral does not
advance by inviting condemnation or enforcement through premature legal confrontation.

For this reason, Integral's internal development is assumed to remain functionally insulated from market logic, with limited and carefully bounded interfaces for
external resource intake. These interfaces are transitional and instrumental, not foundational. Their purpose is to facilitate survival and growth within a monetary
environment, not to define Integral's internal mode of organization.

Hybrid integration can therefore be understood as the coexistence of systems with different internal logics, connected through a controlled membrane. Market-
based organizations and Integral nodes—specifically COS-oriented cooperatives—operate independently while exchanging value across this interface. The membrane
allows resources, skills, and infrastructure to flow into Integral without importing market allocation mechanisms, wage relations, or profit extraction within it.

In practice, this hybrid integration may take several forms.

First, businesses could engage Integral cooperatives for services. Integral nodes can provide fabrication, maintenance, design, logistics, care work, or research
under conditions that are often more reliable and resilient than traditional subcontracting. From the firm's perspective, this appears as ordinary procurement governed
by monetary payment and legal compliance. Internally, however, the cooperative organizes work through COS coordination, OAD design commons, and ITC-based
contribution recognition—not wages, pricing, or profit distribution. Monetary revenue enters the node solely as an external resource input and is absorbed into



public coffers to acquire tools, infrastructure, land, or unavoidable external services.

Second, where tax and labor law permit, businesses may accommodate ITC-recognized labor contributions alongside conventional employment. Individuals may
contribute part of their time through Integral nodes while remaining formally employed and paid in wages. The firm records monetary expenditures as required by law,
while the Integral system independently records contribution recognition and access. These ledgers coexist without conversion, substitution, or exchange.

Third, hybrid accounting models emerge. Organizations maintain standard monetary ledgers for wages, taxes, and invoices, alongside contribution ledgers that
track participation, skill development, maintenance effort, and collective benefit. Over time, this dual-ledger structure reveals how much productive coordination can
occur without monetary incentives, informing deeper organizational shifts and reducing reliance on price-mediated control.

These hybrid arrangements allow participation in Integral without requiring immediate exit from wage labor. Individuals retain income stability while gaining
access to non-market provisioning, design commons, and cooperative security. This substantially lowers personal risk and broadens adoption beyond those able to
tolerate economic precarity.

Throughout this phase, legal compliance remains non-negotiable. Integral does not advance by provoking regulatory conflict or exploiting legal gray zones. Hybrid
interfaces are designed to function transparently within existing frameworks while demonstrating superior resilience, efficiency, and human outcomes. Where legal
barriers arise, advocacy focuses on reform rather than defiance.

The strategic implication is clear: existing firms do not disappear. They adapt. Some adopt Integral practices internally. Some increasingly rely on Integral cooperatives
for core functions. Some ultimately reorganize themselves as Integral cooperatives—not through ideological conversion, but because non-market coordination proves
more effective, stable, and humane.

While certainly an experimental concept that needs more development, this possible hybrid integration can help transform the existing economy from within, function
by function.

11.6 Interface Cooperatives and Market-to-Integral Conversion

Interface cooperatives are the primary metabolic bridge between the existing market economy and the Integral system during transition (These interface mechanisms
were implied in section 7.4 regarding the COS). They allow Integral to operate inside a monetary environment without internalizing monetary logic, extracting resources
from legacy institutions while preserving non-market coordination internally. This section formalizes why such mechanisms are necessary, how they operate, and how
they are designed to disappear over time.

11.6.1 Why Interface Mechanisms Are Necessary

Integral is designed to be internally non-monetary, but it does not emerge in a non-monetary world. Land, machinery, utilities, taxes, raw materials, and legal
compliance all remain priced and enforced externally during transition. Without a controlled interface, Integral nodes would face one of two failures: isolation from
essential resources or premature confrontation with entrenched institutions.

Interface mechanisms exist to solve this boundary condition. They allow Integral to:

e acquire tools, infrastructure, and materials that cannot yet be provisioned internally,
o stabilize early-stage nodes against volatility,
e convert monetary flows into durable, non-market capacity,

e and gradually reduce reliance on external markets as internal provisioning expands.

This is not a mixed-economy strategy. It is a containment strategy: money is allowed to cross the boundary only where necessary, and only in one direction.

11.6.2 Definition of an Interface Cooperative (IC)

An Interface Cooperative (IC) is a COS-oriented Integral cooperative that is legally structured to interact with the market economy while operating internally under
Integral principles.

Formally, an IC:

* engages in market-facing transactions (sales, contracts, compliance),
® receives monetary revenue from external entities,
e complies fully with taxation and regulatory requirements,

* but organizes labor, design, coordination, and access internally through COS, OAD, ITC, CDS, and FRS.
Crucially, an IC is not a profit-seeking enterprise. It has:

® no owners,
® no equity,
e no wage hierarchy,

® nointernal price system.

It exists solely to convert external monetary flows into non-market capacity for the Integral network.

11.6.3 COS Operation Inside Interface Cooperatives

Inside an Interface Cooperative, the Cooperative Organization System (COS) functions exactly as it does in any Integral node.



e Tasks are coordinated through role clarity and capacity signaling, not managerial command.
e Designs are drawn from OAD commons, not proprietary IP.

e Contributors are recognized through ITC, not paid wages.

* Decisions about scope, limits, and priorities are made through CDS.

¢ Drift, dependency, and overexposure to market activity are monitored through FRS.

The presence of external contracts does not alter internal organization. Market-facing obligations are treated as boundary conditions, not drivers of internal behavior.

11.6.4 Monetary Revenue as Input, Not Objective
A defining constraint of Interface Cooperatives is that monetary revenue is treated strictly as an input, never as an objective.
Money entering an IC:

e is not distributed as wages,
e does not determine internal task allocation,
e does not create incentives for growth or expansion,

* does not accumulate as surplus for reinvestment in market activity.
Instead, monetary revenue is absorbed into public node coffers and used exclusively for:

e acquiring tools, machines, land, and infrastructure,
e paying unavoidable external costs (taxes, utilities, compliance),
o buffering against transition volatility,

* expanding non-market provisioning capacity.

Once converted into durable assets, money ceases to have organizing relevance.

11.6.5 Asset Absorption into Integral Commons
The central function of an Interface Cooperative is asset conversion.
Tools, machines, land, and infrastructure acquired through market-facing activity are:

¢ transferred into Integral commons governance,

e removed from market circulation,

e shared across nodes through COS provisioning,

e maintained and upgraded through ITC-recognized contribution.

This process steadily shifts productive capacity out of the market economy and into collectively governed, non-market infrastructure. Over time, the need for
further monetary intake declines as internal provisioning replaces external purchase.

In effect, Interface Cooperatives digest capital rather than reproducing it.

11.6.6 Gradual Reduction of Market Exposure
Interface Cooperatives are explicitly designed to shrink, not grow.
As Integral nodes:

e expand internal production,
* improve material reciprocity,
® increase labor mobility,

e and stabilize provisioning,

the relative importance of market-facing activity decreases. CDS and FRS mechanisms are used to:

® cap the proportion of COS activity devoted to external contracts,
e detect revenue dependence or mission drift,
e and intentionally reduce interface activity as internal capacity rises.

This prevents Interface Cooperatives from becoming permanent hybrids or revenue-driven entities.

11.6.7 Sunset Logic: How Interface Cooperatives Dissolve Over Time
Interface Cooperatives include sunset logic by design.
An IC dissolves or transforms when:

e its market-facing role becomes unnecessary,
e essential external dependencies are eliminated,

® orits assets have been fully absorbed into Integral commons.



At that point, the cooperative either:

e converts into a standard Integral node,
¢ splits into non-market sub-cooperatives,

e ordissolves entirely, leaving behind only shared infrastructure.

No institutional residue remains. There are no perpetual interfaces, no permanent boundary managers, and no entrenched hybrid class.

Functional Significance

Interface Cooperatives make Integral transitionally viable without compromising its internal logic. They allow Integral to survive and grow within a hostile or
incomplete environment while ensuring that every interaction with the market weakens market dependence rather than reinforcing it.

They are not an end state. They are scaffolding—necessary until they are not, and designed to disappear when their function is fulfilled.

11.7 Absorbing the “Marketing Ecosystem”

Integral does not spread through advertising campaigns, brand competition, or capital-intensive persuasion strategies. It absorbs what is traditionally called the
“marketing ecosystem” by making it unnecessary. Rather than competing for attention, Integral competes on performance. Its visibility grows as a byproduct of
usefulness, reliability, and trust established through direct experience.

In this framework, “marketing” is redefined as demonstration rather than persuasion. People encounter Integral not through messaging, but through outcomes:
tools that work, services that arrive when needed, coordination that holds under pressure, and support systems that do not collapse in crisis. Awareness follows
function.

The primary channels through which Integral becomes visible include:

* Open design repositories, where practical, validated solutions are freely accessible and widely reused. Designs propagate because they solve problems, not
because they are promoted.

e Local success stories, in which communities meet needs more effectively than surrounding institutions, creating organic interest and imitation.

e Crisis response effectiveness, where Integral nodes demonstrate resilience under stress—maintaining provisioning, coordination, and care when market or
state systems falter.

¢ Visible support for the vulnerable, including the unemployed, underemployed, and marginalized, which establishes moral legitimacy through action rather
than rhetoric.

These forms of visibility are cumulative. Each successful use case increases trust, reduces uncertainty, and lowers the barrier for further adoption. Importantly, this trust
is earned, not manufactured.

This stands in direct contrast to capitalist marketing logics. Integral does not rely on:

e persuasion campaigns to shape desire,
e brand capture to secure loyalty,
o artificial scarcity to stimulate demand,

e or growth mandates that require perpetual expansion.

There are no incentives to exaggerate success, obscure failure, or dominate attention channels. Because Integral does not depend on revenue growth or market share,
it has no reason to oversell itself. Failure is documented and learned from through FRS rather than hidden or spun.

In effect, Integral absorbs the function of marketing by eliminating its necessity. Information about the system spreads through utility, not image. Reputation is
grounded in reliability, not narrative control. As Integral proves itself in everyday use—especially under stress—it becomes the obvious choice in contexts where
existing systems are fragile or exclusionary.

The guiding principle is simple:
Integral markets itself by functioning better under stress.

This mode of propagation is slower than advertising-driven growth, but far more durable. It builds trust that cannot be purchased, undermined, or withdrawn by capital
power, ensuring that adoption remains rooted in lived experience rather than belief.

11.8 Immediate Value for the Unemployed and Marginalized

Any system proposing large-scale social and economic transition must confront a basic ethical and political test: does it materially improve the lives of those most
excluded by the existing order? Integral treats this not as a secondary concern, but as a foundational design requirement. The system is structured to deliver
immediate, tangible value to those who are unemployed, underemployed, homeless, disabled, or otherwise trapped in precarious conditions—without waiting for
full-scale adoption or institutional endorsement.

Integral explicitly prioritizes inclusion of those marginalized by market participation. Unlike wage labor systems, which gate access through employability, credentials,
and profitability, Integral provides contribution pathways without gatekeeping. Individuals participate by contributing what they can—time, care, skill, maintenance,
learning, coordination—within their capacity and context. Contribution is recognized without requiring prior capital, formal employment, or competitive positioning.



Crucially, this recognition does not take the form of wages or charity. Integral restores dignity without wages by decoupling contribution from market valuation.
People are not “helped” or subsidized as dependents; they are included as participants whose contributions—however modest—are socially meaningful and materially
recognized. Access to food, shelter, tools, care, and shared resources emerges from participation rather than from conditional aid or moral judgment.

In this way, Integral creates access without charity. There is no donor-recipient hierarchy, no means testing, and no behavioral surveillance. Support is not contingent
on compliance, productivity metrics, or bureaucratic eligibility criteria. This stands in sharp contrast to punitive welfare systems, which often impose stigma, instability,
and administrative harm. By providing alternative pathways to security and contribution, Integral reduces dependence on coercive welfare regimes without
demanding immediate economic “success” from participants.

For those living in precarity, this shift is profound. It replaces the constant threat of exclusion with security through contribution. Even limited participation—
maintenance work, childcare, community support, learning assistance—anchors individuals within a cooperative network that recognizes their presence and effort.
Stability is built incrementally, through participation rather than employment.

Beyond its ethical significance, this emphasis carries decisive political weight. Systems that visibly and reliably support the most vulnerable are harder to attack,
marginalize, or suppress. They generate broad social legitimacy not through rhetoric, but through everyday material benefit. Attempts to undermine such systems
quickly appear as attacks on basic human security rather than as neutral policy disputes.

Integral's approach therefore serves a dual function. It directly addresses the failures of market and state systems to provide inclusive security, and it creates a
protective political buffer against hostile interests. A system that improves life for those with the least power establishes a moral foundation that is difficult to
delegitimize.

The underlying principle is straightforward: Integral does not offer help; it offers inclusion. And inclusion, when made real, becomes its strongest defense.

11.9 Cultural and Political Promotion Without Electoral Capture

Integral's transition strategy includes a cultural and political presence, but not one oriented toward electoral conquest or state governance. The purpose of political
engagement here is protective and educational, not executive. Integral does not seek to take power; it seeks to make space—Ilegal, cultural, and institutional—for
parallel systems to operate, mature, and prove their value.

In this sense, an Integral political movement or party—where it exists—functions as a shield rather than a spear. Its role is not to win office, draft comprehensive
policy platforms, or administer state programs. Instead, it exists to:

¢ educate the public about non-market coordination and cybernetic governance,

* normalize Integral practices as legitimate social infrastructure,

e protect legitimacy against misrepresentation or ideological attack,

¢ and counter misinformation that frames parallel systems as threats, scams, or utopian fantasies.

This political presence is intentionally non-sovereign. It does not claim authority over Integral nodes, nor does it attempt to legislate Integral into existence. Its function
is defensive and contextual: to reduce friction, preempt suppression, and expand the legal and cultural space in which Integral can operate.

Practical activities associated with this role include:

¢ public education, through lectures, publications, media engagement, and open documentation that demystifies Integral's goals and mechanics;

¢ policy critique, highlighting how existing economic, labor, and welfare frameworks fail to meet real needs—and how parallel systems address those failures
without requiring coercive reform;

¢ defending parallel systems, by responding to legal challenges, public skepticism, or political hostility with clear explanations and evidence of benefit;

¢ advocating for legal space, such as reforms to tax law, zoning, labor classification, or cooperative regulation that remove unnecessary barriers to non-market
organization.

Crucially, this form of engagement avoids electoral capture. Electoral success often demands simplification, compromise, and centralization—forces that tend to
distort or instrumentalize emerging systems. By remaining outside the race for office, Integral avoids becoming a partisan identity or a vehicle for career politics. It
maintains autonomy from shifting political coalitions and reduces the risk of co-optation.

This approach also aligns with Integral’s broader transition logic. The system gains legitimacy primarily through performance, not policy. Political advocacy exists to
ensure that effective alternatives are not prematurely shut down, criminalized, or delegitimized—not to impose those alternatives from above.

In this way, political presence supports Integral’s growth without entangling it in the very power structures it seeks to transcend. It functions as a protective
membrane around a parallel economy in formation, ensuring that space remains open long enough for usefulness to speak for itself.

The guiding posture is therefore deliberate restraint: Political presence as shield, not spear.

11.10 Safeguards Against Sabotage and Hostile Interests

Purpose:

This section addresses an unspoken but inevitable concern: What happens when Integral is perceived as a threat? It establishes how Integral is designed to resist
suppression, capture, and systemic failure across political, economic, technical, and cultural dimensions—without centralization and without relying on benevolent
actors or permanent protection.

11.10.1 Threat Model and Design Premise



Integral does not assume a neutral or supportive environment. Any system that reduces dependency on markets, profit extraction, and hierarchical control will attract
scrutiny. This scrutiny may manifest as skepticism, misrepresentation, regulatory pressure, economic obstruction, or direct technical interference. History provides no
shortage of examples in which alternative economic or social arrangements are undermined not because they fail, but because they succeed.

Accordingly, Integral treats hostility not as an anomaly, but as a design condition. Suppression may occur through multiple vectors—legal, political, economic, cultural,
or technical—and often through combinations of these. The system therefore does not depend on continued goodwill, policy tolerance, or institutional endorsement in
order to function.

The core design premise is simple and explicit: Integral assumes a hostile or unstable environment.

From this premise follows a second, more important principle: resilience is not reactive; it is architectural. Integral does not rely on emergency responses, defensive
coalitions, or centralized guardianship to survive pressure. Instead, resistance to capture or shutdown is built directly into how the system is structured, distributed, and
governed.

This architecture emphasizes:

* No single point of failure, such that the loss of any node, service, or communication pathway reduces capacity but does not terminate the system.
¢ No central authority to target, eliminating the possibility of decapitation through leadership capture, regulatory seizure, or political pressure.
¢ No choke points to seize, whether financial, technical, organizational, or narrative, through which control could be exerted over the whole.

In this sense, Integral is designed less like an institution and more like an ecosystem. Pressure may deform it locally, slow it temporarily, or force adaptation—but
cannot easily eliminate it outright. The absence of central ownership, command, or dependency ensures that there is nothing singular to shut down, co-opt, or take
over.

This threat-aware posture does not imply paranoia or antagonism. Integral does not seek confrontation. It seeks structural survivability: the capacity to continue
operating, learning, and providing value even under adverse conditions. The safeguards described in the following sections extend this premise across political,
economic, technical, and cultural dimensions, ensuring that resilience is not a matter of reaction, but of design.

11.10.2 Political and Legal Safeguards

The first line of defense against suppression is legitimacy combined with dispersion. Integral is designed to reduce the likelihood of early political or legal shutdown
not by confrontation, but by appearing—and functioning—as non-threatening, humanitarian, and practically useful, while simultaneously avoiding structures
that can be targeted or regulated out of existence.

Integral is framed publicly as complementary rather than adversarial. It does not present itself as an anti-state or anti-market movement, nor as a replacement
regime demanding recognition or authority. Instead, it is positioned as a pragmatic response to unmet needs: a way to coordinate resources, labor, and knowledge
where existing systems leave gaps. This framing is not cosmetic; it reflects the system’s actual mode of operation. Integral grows by solving problems that markets and
institutions handle poorly, not by opposing them rhetorically.

Legal compliance is the default posture, particularly in hybrid and interface contexts where Integral cooperatives interact with market institutions. Tax law, labor
regulations, zoning rules, and reporting requirements are treated as binding constraints during transition. This reduces the system’s exposure to regulatory attack and
prevents easy categorization as illicit, evasive, or subversive. Where laws are incompatible with non-market organization, Integral prioritizes transparency and reform
advocacy over defiance, avoiding the reputational and legal risks of operating in gray zones.

A central component of political insulation is visible humanitarian benefit. Integral nodes are designed to produce immediate, material improvements for the
unemployed, underemployed, disabled, homeless, and otherwise marginalized. Systems that reliably provide food, shelter, care, tools, and social inclusion are far more
difficult to suppress without appearing overtly punitive. This is not a public relations strategy; it is a structural reality. Attacking a system that visibly reduces human
suffering carries significant political cost.

Equally important is structural decentralization. Integral has:

* no headquarters that can be shut down,
* no governing board that can be pressured or captured,
¢ no official spokesperson whose statements can be used to define or discredit the whole.

There is no singular legal entity that “is” Integral. Nodes operate independently, under local conditions, using shared protocols rather than centralized authority. This
dispersion ensures that even aggressive regulatory action in one jurisdiction cannot propagate system-wide.

Taken together, these safeguards produce a simple but powerful outcome: there is nothing coherent enough to ban. Policies are written to regulate institutions,
organizations, and authorities. Integral deliberately avoids becoming any of these in a centralized form.

As a result, suppression becomes difficult not because Integral resists policy, but because it is not governed by policy in the first place.

A system that cannot be “shut down” by policy is one that is not governed by policy.

11.10.3 Economic Safeguards

Integral's economic safeguards are designed to eliminate financial attack surfaces altogether, rather than attempting to defend them. The system avoids structures
that can be captured, frozen, leveraged, or coerced through financial means. Where there is no extractable value, there is nothing to seize, speculate on, or pressure.

First, Integral permits no profit extraction. There are no owners, shareholders, or beneficiaries positioned to accumulate surplus from collective activity. Because no
one receives profit, there is no financial incentive structure that can be targeted through taxation, litigation, or regulatory leverage. There is, quite literally, nothing to
“follow the money"” toward.

Second, Integral generates no speculative assets. There are no tokens, equities, derivatives, or tradable financial instruments that could be listed, shorted, frozen, or
captured. Integral Time Credits are not assets; they are non-transferable records of contribution recognition that decay over time and cannot be exchanged, pledged, or
accumulated into power. Without tradable instruments, speculative pressure has no foothold.



Third, Integral maintains no central treasury. Financial resources—when they exist at all during transition—are held at the node level and used for locally governed
purposes. There is no consolidated pool of capital that can be frozen, seized, or leveraged to impose control over the network. Loss of funds at one node does not
propagate system-wide.

Fourth, productive assets are organized as local commons, not private property or centralized holdings. Tools, land, facilities, and infrastructure are governed through
node-level commons arrangements that prohibit alienation, sale, or collateralization. Assets cannot be pledged, liquidated, or transferred to external owners. Even
when acquired through interface cooperatives, they are absorbed into non-market governance structures and removed from circulation as capital.

These design choices have a direct defensive consequence: economic coercion becomes ineffective. There is no profit stream to disrupt, no asset class to capture, no
treasury to seize, and no ownership claim through which control can be asserted. Attempts to apply financial pressure result only in localized disruption, not systemic
failure.

Integral's economic resilience does not depend on secrecy or evasion. It depends on the absence of leverage points.

You cannot seize what is not owned.

11.10.4 Digital Infrastructure as a Resilience Layer

Integral's digital infrastructure is not a convenience layer; it is a core survivability mechanism. Because coordination, contribution recognition, design sharing, and
feedback all depend on digital interaction, the system'’s online nervous system must be designed so that it cannot be disabled, captured, or censored through
centralized technical failure or institutional pressure.

Accordingly, Integral treats digital architecture as part of its political and economic defense. The system assumes that centralized platforms, hosting providers, app
stores, and data services are potential points of intervention or control. Resilience is therefore achieved not through hardening a center, but by removing the center
altogether.

11.10.4.1 Holographic / Distributed Architecture
Integral's digital infrastructure is holographic: there is no single location, service, or database that defines the system as a whole.
There are:

* no centralized servers,
* no master databases,
* no single authoritative API,

¢ and no platform whose failure would halt network operation.
Instead, Integral relies on peer-to-peer and federated architectures, in which:

e data is replicated across nodes,
® services are provided locally or regionally,
¢ and interoperability is maintained through shared protocols rather than centralized control.

Each node maintains sufficient local functionality to:

e record contributions,

® access and share designs,

e coordinate provisioning,

e and participate in feedback loops,

even if disconnected temporarily from the wider network. Connectivity enhances capability, but is not required for basic operation.

When nodes or connections fail, services degrade gracefully rather than collapse. Loss of a node reduces total capacity, not system existence. Loss of connectivity
delays synchronization, not decision-making. This mirrors the behavior of resilient biological and ecological systems, where damage is absorbed locally without
triggering total failure.

This holographic structure ensures that:

e censorship cannot silence the system by targeting a platform,
e surveillance cannot be centralized through a single data repository,

¢ and technical attacks cannot propagate globally through a control hub.

In effect, Integral's digital layer behaves like its organizational layer: distributed, redundant, and self-sustaining. The system does not depend on uninterrupted
connectivity or centralized services to remain alive. It persists as long as any node persists, and it grows stronger as nodes interconnect.

By eliminating singular technical choke points, Integral ensures that its online infrastructure supports coordination without ever becoming a vulnerability.
11.10.4.2 Grounding the Digital Layer in Existing Technologies

Integral's digital resilience does not depend on speculative or unproven technology. The architectural properties described above—distribution, redundancy,
cryptographic trust, and graceful degradation—are already supported by mature, real-world platforms in active use today. Integral's digital layer is therefore best
understood as an integration and application of existing decentralized technologies, rather than the invention of a novel technical paradigm.



At the level of identity and trust, cryptographic identity frameworks already enable secure participation without central accounts. Decentralized Identifiers (DIDs) and
Verifiable Credentials allow individuals and nodes to authenticate contributions, attest participation, and validate provenance without relying on a global registry or
platform-controlled identity system. These standards are already deployed in government, enterprise, and open-source contexts, demonstrating that non-centralized
identity is both feasible and scalable.

For data and design storage, content-addressed and peer-replicated systems provide a direct substitute for centralized servers. Distributed file systems allow designs,
documentation, and records to be stored and retrieved by hash rather than by location, ensuring that information remains accessible as long as any participating node
retains a copy. This model is particularly well suited to OAD artifacts, assurance records, and immutable contribution receipts, where integrity and persistence matter
more than centralized control.

In terms of communication and coordination, federated and peer-to-peer messaging protocols already support encrypted, multi-server operation without a single
point of failure. These systems allow nodes to host their own communication infrastructure, interoperate across domains, and continue functioning even if individual
servers are removed or blocked. This makes them appropriate for CDS deliberation, COS coordination, and cross-node signaling under conditions of instability or
censorship.

At the application logic layer, agent-centric peer-to-peer frameworks demonstrate that shared systems can function without global ledgers, centralized databases, or
universal consensus. In such models, each node maintains its own authoritative records while validating shared data through mutual verification rather than top-down
control. This aligns closely with Integral’s requirements for ITC recognition, contribution attestation, provisioning records, and localized governance.

Finally, at the user interface level, offline-first mobile and web applications already support local operation with delayed synchronization. Progressive web apps, open-
source mobile clients, and peer-distributed software packages ensure that access to Integral systems does not depend on a single app store, hosting provider, or
corporate platform. If connectivity is lost or services are withdrawn, local functionality persists and synchronizes opportunistically when connections are restored.

Taken together, these technologies demonstrate that Integral's digital resilience is not aspirational. The required components—cryptographic identity, distributed
storage, federated communication, agent-centric logic, and offline-capable interfaces—are already in production use across multiple sectors. Integral’s contribution
is not to invent these tools, but to compose them into a coherent socio-economic nervous system aligned with non-market coordination, local sovereignty, and
systemic resilience.

This grounding is critical. It ensures that Integral's digital infrastructure is credible, deployable, and adaptable from the outset—capable of operating in real-world
conditions where central platforms fail, withdraw, or become points of control.

11.11 From Parallel System to Dominant Substrate: Transition Summary

The long-term trajectory of Integral is not one of dramatic replacement or visible conquest, but of progressive normalization. Like other foundational infrastructures
before it, Integral is expected to move through a gradual arc: from marginal experiment, to supplementary alternative, to essential support layer, and eventually to a
dominant substrate underlying everyday coordination.

In its earliest stages, Integral exists at the margins—small nodes, partial implementations, localized efforts addressing gaps left by market and state systems. At this
phase it is often perceived as experimental or provisional. As its reliability and usefulness increase, Integral becomes supplementary: a parallel system people turn to
when conventional mechanisms fail, exclude, or impose unnecessary cost.

Over time, as nodes interconnect, internal provisioning expands, and coordination proves dependable, Integral becomes essential. Participation ceases to feel optional
or ideological; it becomes simply how needs are met, work is coordinated, and security is maintained. At this stage, Integral is no longer discussed as an alternative—it
is relied upon as infrastructure.

Eventually, Integral may become dominant, not by defeating existing systems, but by rendering many of their functions unnecessary. Markets, firms, and bureaucratic
mechanisms persist only where they remain useful; elsewhere, they quietly recede. The defining feature of this phase is not victory, but the irrelevance of old
constraints—price mediation where coordination suffices, wage dependence where contribution recognition works better, centralized control where distributed
feedback proves more resilient.

This transition is inherently generational. It does not unfold on electoral timelines or through singular events. Its markers are incremental and often unremarkable:
fewer crises, reduced volatility, broader inclusion, more reliable provisioning. From within the system, success appears almost mundane. From outside, it may go largely
unnoticed.

This outcome is intentional. Integral does not pursue overthrow, seizure, or symbolic triumph. It does not promise utopia or the end of human conflict. It advances by
starting small, solving real problems, protecting the vulnerable, avoiding confrontation, and allowing usefulness to do the work. Growth occurs because participation
improves people’s lives—not because they are persuaded to believe in a theory.

In this sense, Integral succeeds not when it is declared victorious, but when it becomes background infrastructure—taken for granted, unremarkable, and largely
invisible.

Integral succeeds when it stops being noticed as “alternative.”

POSTSCRIPT

What This Paper Is—and What It Is Not

This document is a technical white paper, not a completed system. It specifies architectural principles, subsystem interactions, and coordination mechanisms in
sufficient detail to demonstrate conceptual feasibility, but it does not constitute a working implementation. The pseudocode, mathematical sketches, and module
descriptions presented here are conceptual frameworks—starting points for engineering and institutional development, not finished code.



Integral is not offered as a perfected solution. It is presented as a direction: a proposed systemic alternative that attempts to address structural problems which
markets, states, and existing cooperative models have thus far failed to resolve. But belief is not proof. Validation can only occur through implementation, iteration, and
real-world testing under conditions that cannot be fully anticipated in advance.

Known Gaps and Open Problems:
We recognize that substantial challenges remain unresolved. These are not peripheral issues; they are central to whether Integral succeeds or fails.

Technical implementation details are underspecified in many areas.

The transition from conceptual modules to functioning software systems will require concrete decisions about data structures, protocols, security models, interface
design, performance constraints, and failure handling that this paper does not attempt to finalize. Edge cases in consensus mechanisms, time-decay functions, cross-
node reconciliation, and fault tolerance will surface only through development and use.

Behavioral and cultural dynamics resist formal specification.

Human behavior, norm formation, conflict resolution, and long-term participation cannot be fully predicted by technical design alone. How communities adapt to non-
market coordination, how trust stabilizes or erodes, and how power dynamics manifest in practice will depend on social, cultural, and historical contexts that no
document can fully model. Some assumptions made here may prove optimistic in certain environments and insufficient in others.

Scalability beyond early nodes remains an empirical question.
While the federated architecture is designed to scale, the practical limits of coordination, cultural coherence, and systemic responsiveness across diverse regions are
unknown. We do not yet know where friction becomes prohibitive, which subsystems will strain first, or what forms of redesign may be required as the network grows.

Interfaces with existing legal, financial, and regulatory systems will be significantly more complex than abstract models suggest.

The transition pathways outlined in this paper assume degrees of operational freedom that may not exist in many jurisdictions. Real-world deployment will encounter
licensing regimes, tax obligations, property law constraints, labor regulations, and compliance requirements that will necessitate adaptation, negotiation, and in some
cases compromise beyond what is fully mapped here.

Resistance, sabotage, and cooptation are treated at a high level of abstraction.

While Section 11 addresses these risks structurally, the specific tactics through which state, corporate, or internal actors may attempt to undermine, capture, or
destabilize emerging Integral nodes cannot be predicted in advance. Defensive strategies described here are necessarily provisional and will require continuous
refinement in response to real threats.

Ecological modeling and long-term sustainability depend on data that is not yet standardized or widely accessible.
Key components—such as the Material and Ecological Coefficient Engine (OAD Module 3)—will require extensive collaboration and development. Many of the
coefficients, lifecycle assessments, and impact models required for rigorous ecological accounting do not yet exist in usable, interoperable form.

These limitations are acknowledged explicitly because they matter. Ignoring them would weaken the project; confronting them openly is a prerequisite for progress.

An Invitation to Collaborate:

Integral has emerged from decades of research and work across economics, cybernetics, ecological science, cooperative practice, and political theory. This paper
represents a synthesis of those traditions into a coherent proposal—but it is not complete.

If this work resonates with you, we invite participation not as supporters or adherents, but as critical collaborators.

We seek engineers and developers capable of translating these specifications into working systems: distributed systems architects, database designers, cryptographers,
interface developers, and open-source contributors with experience in federated and peer-to-peer infrastructure.

We seek ecologists, and systems theorists who can refine the models, challenge assumptions, identify overlooked failure modes, and help formalize the feedback loops
and optimization functions described here.

We seek organizers and practitioners with experience in cooperatives, mutual aid networks, community land trusts, participatory budgeting, and collective governance
—people who understand what succeeds and what fails when theory meets lived reality.

We seek critical readers willing to stress-test the logic, expose contradictions, question unstated premises, and identify where this paper is vague, overconfident, or
wrong. Rigorous critique is more valuable than agreement.

We seek people willing to experiment: to form pilot nodes, test subsystems in constrained environments, document failures as carefully as successes, and iterate
toward systems that work rather than systems that merely sound compelling.

This is not a call for evangelism. It is a call for serious work.

Integral will succeed only if it is refined, tested, broken, rebuilt, and improved by people who care more about solving real problems than defending a theoretical
framework. If the system outlined here proves unworkable, we want to know that—clearly, quickly, and without ambiguity—so that effort can be redirected toward
better solutions.There is also simply no place for the common cynicism that the established economic practices we have today are the best humanity can do.

For those interested in contributing, critiquing, or experimenting with Integral, visit integralcollective.io

Peter Joseph
December, 2025
info@integralcollective.io
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