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ABSTRACT

Multiple agents may often conflict in an organization: for example, one coding
agent changes an interface in a repository, but another continues to develop on
the old version where existing tests become stale. A conversation can resolve
the episode, but when the participants change, what makes the lesson continue
to govern the team? We introduce RELIC, which turns recurring collaboration
failures into organization-owned, executable protocols. Members reflect on visible
work, propose rules, and govern their adoption. Adopted protocols bind triggers,
responsibilities, required evidence, and execution consequences to the runtime,
while remaining open to revision and retirement. In one traced case, repeated
integration friction produces an interface-review rule that governs later pull requests
and is revised as work continues. Across 360 controlled runs over ten software
workloads and three models, Relic raises complete-contract delivery from 14.06%
to 19.76% (+5.71 percentage points) over a matched structured team without
the protocol lifecycle, improving all four verified production endpoints in every
model stratum. Under fresh-member transfer, behavioral correctness is 25.4%
with no inherited protocol, 34.6% with the same rules provided as readable text,
and 41.2% with executable bindings, a +6.5-point advantage over text alone. On
the full CooperBench benchmark, after excluding 183 broken benchmark pairs,
Relic achieves 371/469 (79.1%), establishing the best reported result among peer-
structured systems. On the 47-pair same-model subset, Relic also exceeds Solo
(28/47 vs. 26/47), reversing the coordination loss exhibited by the official peer
baseline. Together, these results show how collaboration experience can become
persistent organizational state that remains useful beyond the members who created
it.

1 INTRODUCTION

Consider a developer assigning several coding agents to one repository. Agent A changes a shared
interface, agent B updates a client using the old interface, and a third agent runs tests. Each makes
progress, yet integration can break the client. Branches may lag hundreds of commits behind the
integrated main branch (mainline); overlapping edits can overwrite another agent’s work, and earlier
tests may concern outdated code. Prime Intellect reports a related incident: GPT-5.6 Sol observed
unexpected shared-code changes, suspected subagent interference, and gave research advisors read-
only instructions (Bakouch & Prime Intellect, 2026). Shared work needs rules specifying who may
modify which artifacts, when to synchronize, and what evidence integration requires (Figure 1).

Can communication solve this problem? ChatDev, MetaGPT, and AutoGen support role-based
dialogue and workflows (Qian et al., 2023; Hong et al., 2023; Wu et al., 2023). Suppose A and B
agree to synchronize mainline, rerun tests, and obtain review before merging. Even with perfect
compliance, replacing B with C does not automatically establish the agreement for C. Anthropic
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Why shared work needs persistent protocols

A One shared repository

Agent A

Changes interface

api.py

1 def get_data():

2 − return data

3 + return data, metadata

Agent B

Updates client

client.py

1 data = get_data()

2 data.decode()

AttributeError

tuple has no attribute 'decode'

Shared

repository

EXISTING COORDINATION SUPPORTS

B Communication
Coordinates the current members.

B

Review interface changes
before merging.

A

I’ll send you the change.

B

I’ll review it.

?

Future members
may never see

the conversation.

C Reusable procedures
Shared checklists, notes and workflows.

Workflow

Design notesInterface change checklist

Describe the change

Request review

Update dependent clients

Add or update tests

Document in changelog

i
Following these procedures

is still optional.

D Relic: protocols persist across member turnover

P
Organization-owned protocol

Interface review

Trigger Interface changes

Roles Author + reviewer

Evidence Approved review + fresh tests P Same protocol

Members change. The protocol stays.

B leaves C joins

A B B
×

C

C / client
Current reviewer

Next interface change

api.py

1  def get_data():

2  + return data, metadata

Review required

The obligation still applies.

Figure 1: Why shared work needs organizational protocols. An illustrative interface change
breaks a client developed against the old interface. Communication establishes agreements; memory
and skills preserve knowledge and procedures. Relic retains an organization-owned, runtime-bound
review protocol: agent B is replaced by agent C, while agent A and shared work continue and the
review obligation still applies.

reports that fresh coding-agent sessions lack prior memory; undocumented partial work leaves
successors guessing, while structured handoffs add orchestration overhead (Young, 2025; Rajasekaran,
2026). Collaborative memory preserves experience (Zhang et al., 2025); the question remains how an
agreement becomes an obligation for whoever occupies the role.

Could reusable skills preserve the agreement? Shared skill libraries retain procedures across
sessions, including executable code, as in Voyager (Wang et al., 2023). A testing skill can run a
suite; its availability alone does not assign an independent reviewer or require current evidence
before integration. The additional requirement is to bind learned rules to shared work: specify when
they apply, who is responsible, and how compliance and revisions are governed. Skills can help
members fulfill these obligations. Long-horizon collaboration thus produces both software and ways
of working: retaining the latter lets an organization apply its experience to future work.

We introduce RELIC, which turns collaboration experience into organizational capability: learned
ways of working represented by governed, executable protocols outside member-local state. Members
propose rules from visible work friction and submit them for validation and approval. Runtime
binding connects adopted rules to the code that selects actions, assigns responsibilities, and checks
shared work. The rules remain revisable and can govern fresh members without their authors’ private
histories (Section 3).

Contributions. First, we formulate organizational capability as learned, governed, executable
protocol state outside member-local memory, allowing organization-owned rules to persist across
member turnover. Second, across 360 controlled runs spanning three models, Relic improves pooled
complete contracts by 5.71 pp over the matched structured team, with gains on all four verified
endpoints in every model stratum. Across the Terra+Opus 60-run Relic census, 280 autonomous
protocol lineages enter sustained use. Third, two controls isolate executability: a prose-only ablation
retains online rule proposal and governance but loses 7.18 pp on complete contracts; content-matched
transfer to fresh members gains 6.5 pp from executable binding over prose alone. Finally, external
tests show portability: ProgramBench improves mean behavioral correctness by 6.752 pp, while
on the full CooperBench benchmark Relic achieves 371/469 (79.1%) after excluding 183 broken
benchmark pairs, establishing the best reported peer-structured result. On the 47-pair same-model
subset, Relic also exceeds Solo (28/47 vs. 26/47), reversing the coordination loss observed for the
official peer system.
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2 RELATED WORK

Communication and shared workflows. CAMEL, ChatDev, and AutoGen coordinate special-
ized agents through dialogue and delegation (Li et al., 2023; Qian et al., 2023; Wu et al., 2023);
MetaGPT incorporates human-designed operating procedures into agent workflows (Hong et al.,
2023). MultiAgentBench evaluates collaboration, ProtocolBench compares communication protocols,
and CooperBench examines coordination over interacting code changes (Zhu et al., 2025; Du et al.,
2026; Khatua et al., 2026). Relic asks how experience from collaboration becomes governed rules
for subsequent work, extending the focus from coordinating actions to learning how collective work
should proceed.

Memory and reusable skills. Reflexion and ExpeL retain feedback and extracted experience for
later reasoning (Shinn et al., 2023; Zhao et al., 2023). G-Memory retrieves collaboration trajectories
and cross-trial insights (Zhang et al., 2025), while Voyager accumulates executable skills (Wang
et al., 2023). These mechanisms preserve knowledge and procedures. Relic focuses on cross-member
obligations and their runtime binding: a skill supplies a testing procedure, while a protocol assigns
responsibility for producing and reviewing the evidence required for shared work.

Self-evolving agent organizations. Meta-Team learns improvements to agent behavior, coordi-
nation, and team organization (Hao et al., 2026). OneManCompany builds an organizational layer
around portable agent identities and dynamic recruitment (Yu et al., 2026); TheBotCompany adapts
teams during continuous software development (Lyu et al., 2026). Relic focuses on the learned proto-
col itself: its evidence-grounded proposal, governed adoption, execution, and revision. Rule content
evolves while model parameters and the decision and execution substrate remain fixed. Fresh-member
transfer and text-only controls test whether retained protocols remain useful and whether runtime
binding adds value beyond readable rules.

Organizational routines and governance. Routines and dynamic capabilities explain how collec-
tives retain and reconfigure ways of working (Nelson & Winter, 1982; Feldman & Pentland, 2003;
Teece et al., 1997). Computer-supported cooperative work (CSCW) examines coordination of inter-
dependent tasks (articulation work) and artifacts shared across groups (boundary objects) (Schmidt &
Bannon, 1992; Ackerman, 2000; Lee, 2007). Relic makes learned working rules explicit, revisable
organizational objects outside member-local state. Its evaluation separately measures whether they
enter sustained practice, improve verified outcomes, and remain useful after member replacement.

3 RELIC: FROM EXPERIENCE TO ORGANIZATIONAL PROTOCOLS

Relic adds a governed protocol lifecycle to long-horizon collaboration. Members propose rules from
observed problems; validation and approval precede runtime binding, revision, or retirement. Figure 2
follows one interface-review protocol from its origin to execution and new-member reuse.

3.1 WHAT AN ORGANIZATIONAL PROTOCOL CONTAINS

Relic separates member-local state (private memory, private workspaces, and experience), shared
work state (code, documents, tasks, and messages), and protocol state (learned rules and role
mappings). Shared work can outlast a member; protocols carry obligations for later occupants of a
role.

A protocol specifies its trigger and scope, responsible roles, required steps and evidence, affected
actions or artifacts, execution consequences, and revision or retirement state. The example in Figure 2
requires an author and reviewer to check interface changes against a written interface specification
and current test evidence. Its response combines review priority and readiness checks. Readable text
explains the obligations; runtime bindings apply them.

Members have partial views: only accessible information they read or retrieve enters their context.
Private workspaces and explicit sharing determine how information reaches each member. Evaluator-
side audit records support measurement and replay separately from member context (Appendix C.1).
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3.2 FROM WORK FRICTION TO GOVERNED PROTOCOLS

Repeated interface failures can prompt reflection and a proposal naming the problem, visible evidence,
affected work, and responsible roles. Validation checks evidence grounding and compatibility with
supported actions and checks; approval determines whether the proposal becomes a shared rule.
Adoption compiles its structured specification into runtime bindings. Amendments repeat this
governance process; retirement disables the rule while preserving its history. Rule content changes
online; model parameters and validation/execution code remain fixed.

For measurement, formation requires adoption followed by repeated use across independent or-
ganizational use units and distinct times, sustained for a minimum duration. All revisions of one
protocol within a run count as one lineage. Stronger evidence links execution or enforcement by other
members to work-object changes and independently evaluated outcomes. These records establish
sustained practice; controlled outcome comparisons test its benefit (Appendix C.4.3; Algorithm A3).

3.3 HOW PROTOCOLS GOVERN LATER WORK

At scheduling step t, member i has feasible actions Ci,t constructed from member-visible state. The
Structured Decision Layer (SDL) scores them from work, member, and applicable protocol features
(Figure 2). Its stochastic branch converts these scores into selection probabilities:

ui,t(a) =

32∑︂
k=1

wk(i, t)ϕk(a, xi,t) + gi,t(a),

πi,t(a) =
exp

(︁
(ui,t(a) + ϵi,t,a)/τ

)︁∑︁
a′∈Ci,t

exp
(︁
(ui,t(a′) + ϵi,t,a′)/τ

)︁ . (1)

Here xi,t contains visible work and applicable protocols; ϕk measures progress, role fit, coordination,
evidence, or protocol obligations. Weights wk(i, t) combine fixed coefficients with member pro-
file/skill inputs. The adjustment gi,t combines authority, reputation, coding preference, and behavioral
constraints. Stochastic selection samples from πi,t, with temperature τ and reproducible random
perturbations ϵi,t,a; deterministic selection chooses a highest-scoring action. Figure 2 abbreviates the
first line of Equation 1 as u =

∑︁
wϕ+ g.

From protocol to decision. An adopted interface-review rule supplies responsibility and evidence
obligations to features ϕk. These can change relative utilities ui,t and probabilities πi,t in Equation 1,
prioritizing review or evidence work. The scoring map stays fixed; protocols change its inputs.
Skill-backed inputs also evolve through the shared member-learning path.

From decision to execution. Role mappings identify who acts. When an action needs code or
messages, the LLM supplies them to its handler—the code implementing that action. Routine
selection itself needs no LLM call. SDL scores set action priorities; applicable execution checks
update or reject work-object transitions, and protocol events record subsequent use or enforcement.
The action registry and handlers remain fixed as protocols evolve (Appendices C.3.1 and C.3.2).

3.4 MEMBER-INDEPENDENT REUSE

Figure 2 retains protocol P as reviewer B leaves and C joins with empty private memory: the obligation
follows the role. Replacement resets private memory, workspaces, sandboxes, message-read state,
commitments, reflections, wishes, and accumulated experience. Shared work can remain (Figure 1).
The reported transfer experiment goes further: a fresh target product receives only the designated
protocols and role mappings, without source-product code, source-world state, or private histories.

Text supplies the frozen rules as reusable prose to model-mediated work, including code editing;
Exec exposes the same readable content and additionally compiles it into runtime bindings. Their
comparison isolates the added value of executable organizational binding on the shared SDL backbone
(Appendix G).

Controlled configurations. We use B0 for a reflective single agent and B1 for an eight-member
long-horizon team with shared work and peer review. B2 adds SDL selection, profile conditioning,
and member-local updates to skills, reputation, and authority; its protocol lifecycle is disabled. RELIC
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A Shared work exposes a failure

A / API agent B / client agent

api.py

def get_data():

− return data

+ return data, metadata

client.py

data = get_data()

data.decode()

Shared repo

Client fails: tuple has no attribute 'decode'

B An interface-review proposal

Agent B

“Review shared-interface changes
before merging.”

Interface-review protocol

Validate + approve Adopt P

C The organization owns the protocol

P
ADOPTED EXECUTABLE PROTOCOL

Interface review

Trigger get_data() return type changes

bytes (bytes, metadata)

Roles Author + current reviewer

A / API agent

submits api.py

B / client agent

checks client.py

Evidence
Contract

(bytes,
metadata)

Review

client.py

checked

Fresh tests

tests on the

current commit

Response Review missing Prioritize review

Merge requested
Check contract, review

+ current tests

E Same protocol, new member

P Same protocol

B / client agent

Leaves

C / client agent

Joins as reviewer

Current reviewer: B → C

api.py  /  next interface change

def get_data():

+ return data, metadata, version

“Send me this change for review
before you merge.”

Review required before merge

D Runtime binding

Runtime binding

1  Protocol features

P Interface changed

2  SDL utility

u(a) = Σ wₖ φₖ(a) + g(a)

Review rises in priority

3  Action selection

edit code

request review

merge PR

Selected

4  Execution + applicable checks

Review missing CI stale

A / API agent

Reviewer role Agent B
A's LLM drafts the request

"Please review api.py."
Work state + member profile

A / API

A → B: review get_data()

api.py: bytes → (bytes, metadata).

Check client.py against the contract.

B → A: changes required
Unpack the tuple before decode().

CI is stale. Do not merge. B / client

A: merge PR Approval × CI × REJECTED

Figure 2: How Relic forms, binds, and retains a protocol. Visible work evidence becomes
an organization-owned protocol through governed adoption. Protocol and work/member features
feed SDL scoring (Equation 1); role mappings and applicable checks connect selected actions and
generated content to shared work. The same protocol P governs a replacement reviewer with empty
private memory.

(B3) shares this backbone and enables the governed protocol lifecycle: members propose rules from
recurring friction; validated and approved rules become persistent organizational protocols whose
bindings affect later action selection, responsibility routing, and evidence checks. The selector, model
parameters, and execution code remain fixed. B3–B2 tests this added lifecycle.

4 EVALUATION: FORMATION, EFFECTIVENESS, AND TRANSFER

Persistent work, interacting tasks, and recurring coordination demands motivate our evaluation of
formation, verified delivery, executable binding, fresh-member transfer, and external portability.
The main study tests multi-member software production with B0 as the single-agent reference;
ProgramBench attaches a frozen protocol layer to a single coding agent; CooperBench evaluates
two-agent delivery of interacting features.

Workloads and outcomes. Five tasks build specified programs from starter skeletons; five repair
or extend frozen repository versions toward later-version requirements. Their interdependent imple-
mentation, testing, review, and integration create repeated coordination demands. Related acceptance
cases form a contract, complete only when every case passes on mainline. Exposed and held-out
cases test visible and withheld requirements. Evaluator-confirmed seeded issues are initial benchmark
problems verified as resolved relative to failing starter behavior; “seeded” concerns task construction,
not repeated-run seeds. Workspace scores separate local changes from integrated delivery. Private
acceptance tests and reference implementations remain hidden (Appendix E).

Conditions and design. GPT-5.6 Terra, Claude Opus 4.6, and DeepSeek-V4-Flash each run ten
workloads with three random seeds under B0–B3, totaling 360 controlled runs. Relic (B3) and
the structured control (B2) share model, tools, task-visible information, SDL parameters, member
learning, and execution code; their comparison tests the governed protocol lifecycle. All conditions
use 336 scheduling steps, with token expenditure recorded for each run (Appendices F and D.5).

Binding, transfer, and external evidence. A separate 30-run Claude Opus 4.6 ablation compares
B3 with B3-text, its prose-only variant, which retains proposal, governance, adoption, revision, and
readable rules but removes learned-protocol executable bindings. Text and Exec then provide a
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A Persistent work, held-out evaluation

Frozen OSS repository

Episode 1

Edit code

Episode 2

Review

Episode k

Merge

Evaluate the integrated mainline state

Evaluator-only holdout

Hidden tests, acceptance criteria, later history

B Main study and binding ablation

B0 Reflective individual One SWE agent · reflection + local memory

B1 Long-horizon role team Eight agents · shared work + communication

B2 SDL-based team B1 + SDL + profile conditioning + member learning

B3 Relic organization B2 + governed protocol lifecycle + runtime binding

In-situ binding ablation

B3 Proposal Governance Adoption Revision P Learned rules Executable bindings ON

B3-text Proposal Governance Adoption Revision P Learned rules Executable bindings OFF

C Internal transfer and external evaluation

Protocol sources

P Frozen protocol layer

Preserve content; adapt bindings

Internal transfer

8 fresh members ·

new OSS workload

Fresh — no inherited protocol

Text — frozen rules as prose
Target protocol formation

+ revision OFF

ProgramBench

Package fixed

during evaluation

Frozen 9-rule protocol package

1 mini-SWE agent · SDL disabled

Full Relic mechanism

Adapted to two members

CooperBench

Two-agent collaboration

Online governed protocol lifecycle

Full two-member Relic + SDL

2 peer feature owners · no permanent lead

Separate frozen packages

Protocols only

Exec SDL + checks

Text Agent prompt

>_ bash Workspace

Feature A

Feature B
Joint delivery

Exec — same frozen rules + executable bindings

6 executable + 3 advisory

Figure 3: Evaluation design. B0–B3 share frozen workloads and 336 steps. B3-text retains
governed rule creation and readable rules but removes bindings; Text/Exec hold rule content fixed.
ProgramBench tests protocol portability without SDL; CooperBench tests two-agent interacting-
feature delivery.

content-matched test: each adds 30 GPT-5.6 Terra runs with fresh members and the same frozen
protocol package; only Exec receives executable bindings, while new target protocol proposal,
adoption, and revision are disabled. Fresh reuses the 30 corresponding B2 runs. ProgramBench
compares mini-SWE-agent with and without executable protocols on the same 25 tasks, without SDL.
CooperBench evaluates the complete two-member Relic architecture on the full benchmark against
released peer and Team references, while a 47-pair same-model subset provides the direct Solo–Peer
coordination comparison.

5 RESULTS

We first test verified delivery, then examine learned protocols, runtime binding, and transfer.

Verified software-production outcomes — 360 runs
Metric B0 B1 B2 B3 B3–B2

Complete contracts on mainline ↑ 8.22%
[4.69, 12.32]

15.97%
[11.01, 21.57]

14.06%
[9.92, 21.09]

19.76%
[14.23, 25.92]

+5.71 pp
[2.97, 8.55]

Held-out cases on mainline ↑ 6.86%
[0, 16.79]

8.17%
[0, 20.88]

9.57%
[1.16, 26.48]

17.28%
[4.46, 45.02]

+7.72 pp
[2.67, 17.63]

Exposed cases on mainline ↑ 11.97%
[6.72, 18.16]

22.56%
[14.95, 31.40]

19.31%
[14.00, 31.94]

25.89%
[17.47, 35.09]

+6.58 pp
[3.41, 10.14]

Evaluator-confirmed seeded issues ↑ 10.69%
[6.02, 16.18]

20.46%
[13.73, 28.25]

17.91%
[12.16, 24.16]

24.87%
[17.30, 33.14]

+6.96 pp
[4.15, 10.83]

Avg. tokens / run ↓ 3.385M
[3.216, 3.565]

45.200M
[42.993, 47.550]

4.274M
[3.861, 4.693]

7.259M
[6.278, 8.510]

+2.985M
[1.870, 4.364]

Tokens / confirmed issue ↓ 4.757M
[3.404, 5.449]

40.069M
[32.443, 49.793]

4.010M
[3.179, 5.327]

5.630M
[3.994, 7.508]

−0.448M
[−1.573, +0.659]

Table 1: Main study (three models; 360 runs). Brackets: 95% CIs. B3–B2 is paired; cost/issue
means use arm-specific eligible blocks, with 20 common blocks for the contrast.

5.1 EXECUTABLE PROTOCOLS IMPROVE VERIFIED DELIVERY

Relic improves all four verified endpoints over the structured control (Table 1). Across all 360 runs,
complete contracts rise from 14.06% to 19.76% (+5.71 pp, 95% CI [2.97, 8.55]); held-out, exposed,
and confirmed-issue gains are +7.72 [2.67, 17.63], +6.58 [3.41, 10.14], and +6.96 [4.15, 10.83] pp,
respectively. Every endpoint also has a positive B3–B2 point estimate in each of the three model
strata (Table 41). Appendix I.9 reports the robustness analyses.

Figure 4 tracks declarations, verified mainline delivery, and locally passing work across all three
models.
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Figure 4: Verified production outcomes across three models. Declared and verified completion,
workspace and mainline trajectories, and endpoint pass rates.

5.2 WHAT PROTOCOLS DOES THE ORGANIZATION LEARN?

Across the Terra+Opus 60-run Relic census, we record 497 autonomous protocol proposals, counting
one rule and all its revisions as a single within-run lineage. Of these, 393 remain adopted at the
endpoint and 280 satisfy the sustained-use criterion in Section 3.2; 32 additionally link execution
by other members to shared-state changes and independently evaluated outcomes. Review/merge,
release engineering, and evidence governance account for 87.1% of formed lineages. These rules
organize the transition from local changes to verified shared delivery. Appendix I.5.5 gives the lineage
census.
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Figure 5: Work allocation, delivery, and resource use across three models. Action shares, delivery
conversion, and input/output tokens per evaluator-confirmed issue across B0–B3.

Figure 5 links these rules to work allocation and delivery. Relic moves 36% of accepted work to
mainline versus 32% for the structured control; its pull-request (PR) merge rate is 50% versus 44%.
The single agent has the highest patch-acceptance rate (86%, versus Relic’s 81%) but the lowest
complete-contract score. Local acceptance alone does not ensure delivery. Section 6 traces one
protocol’s content and execution.

Across the three-model pooled accounting, Relic averages 7.259M tokens/run versus the control’s
4.274M (+2.985M, 95% CI [1.870M, 4.364M]). Tokens per evaluator-confirmed issue average
5.630M for B3 and 4.010M for B2 over each arm’s eligible model–workload blocks; the paired B3–
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B2 estimate over 20 common model–workload blocks is −0.448M (95% CI [−1.573M, +0.659M];
Appendix H.2.4). The Terra+Opus matched-spend analysis additionally selects the last saved Relic
checkpoint within each matched control run’s realized token spend. Under this matched-spend
sensitivity, all four verified endpoints remain positive: +7.45 pp for complete contracts, +5.08
pp for held-out cases, +11.72 pp for exposed cases, and +6.21 pp for evaluator-confirmed issues
(Appendix I.7.3).

5.3 EXECUTABLE BINDING AND MEMBER-INDEPENDENT TRANSFER

Table 2 compares fresh members receiving no inherited rules (Fresh), a frozen protocol package as
prose (Text), or identical content with runtime bindings (Exec). Source selection, runtime adaptation,
and wording are matched between Text and Exec; neither learns or revises target protocols.

Internal protocol transfer
Metric Fresh Text Exec Exec–Fresh Exec–Text

Behavioral-case pass rate ↑ 25.4%
[13.2%, 41.1%]

34.6%
[24.1%, 46.4%]

41.2%
[23.4%, 54.5%]

+15.8 pp
[9.2, 31.8]

+6.5 pp
[0.7, 15.6]

Avg. tokens / run (M) ↓ 2.381
[1.747, 3.189]

2.615
[2.213, 3.033]

2.448
[2.199, 2.720]

+0.067
[−0.569, +0.532]

−0.167
[−0.467, +0.073]

Tokens / evaluated case ↓ 176k
[106k, 271k]

154k
[96k, 265k]

144k
[94k, 243k]

−32k
[−112k, 31k]

−10k
[−33k, 4k]

Tokens / verified pass ↓ 691k
[488k, 1,419k]

444k
[271k, 935k]

350k
[196k, 958k]

−342k
[−818k, −14k]

−94k
[−152k, 54k]

Table 2: Internal protocol transfer. Brackets give 95% confidence intervals; Exec–Fresh and
Exec–Text report Exec minus Fresh and Exec minus Text, respectively.

Exec passes 41.2% of behavioral cases, exceeding Text’s 34.6% by 6.5 pp (95% confidence interval
[0.7, 15.6]) and Fresh’s 25.4% by 15.8 pp. Runtime binding adds value to the same readable
content; Table 2 reports costs, with complete outcomes in Appendix I.8.

Binding ablation during rule creation. A separate 30-run Claude Opus 4.6 experiment compares
Relic with its prose-only variant (B3-text) on matched workloads and random seeds. The variant
retains proposal, governance, adoption, revision, and readable rules but removes learned-protocol
bindings. Complete contracts fall from 22.20% to 15.03%, a +7.18 pp paired advantage for Relic
(95% confidence interval [+3.54, +10.91]). Held-out, exposed, and confirmed-issue outcomes have
the same direction. Every B3-text run ends with readable rules; learned-protocol bindings, automatic
use logging, and protocol-specific enforcement are disabled. Both conditions independently develop
their rules from t = 0, while Text/Exec transfer holds realized content fixed. Appendix I.10 reports
all four endpoint intervals and the binding manipulation check.
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5.4 EXTERNAL SOFTWARE BENCHMARK EXTENSIONS

A. CooperBench — full benchmark
System Successful pairs Role in comparison

Relic, 2-member 371/469 (79.1%) peer organization; no
fixed lead

Released Peer / coop+git 277/469 (59.1%) strongest released peer
reference

Team no-proto 349/469 (74.4%) strongest released
lead–member reference

B. CooperBench — same-model coordination check (47 final-valid pairs)
System Successful pairs Role in comparison

Relic, 2-member (Claude Opus 4.6) 28/47 two peer feature owners;
no fixed lead

Official Solo (Claude Opus 4.6) 26/47 one agent; both features
Official Peer (Claude Opus 4.6) 13/47 two peers; split features
C. ProgramBench — same 25 tasks
System Mean behavioral pass

Official mini-SWE-agent 64.164%
+ executable protocols 70.916%

Table 3: External benchmark extensions. CooperBench full-benchmark results exclude broken
benchmark pairs under the same exclusion set for every compared system; audit details and raw
results are reported in Appendix M. ProgramBench settings are reported in Appendix N.

On CooperBench, Relic evaluates the full benchmark with two peer feature owners and no permanent
lead. After excluding broken benchmark pairs under the same exclusion set for every compared
system, Relic reaches 371/469 (79.1%), compared with 277/469 (59.1%) for the strongest released
peer reference and 349/469 (74.4%) for the strongest released hierarchical Team reference. Relic
therefore exceeds the released peer reference by 20.0 pp and the hierarchical Team reference by 4.7
pp. On the 47-pair same-model subset, Official Peer falls from Solo’s 26/47 to 13/47, whereas Relic
reaches 28/47, reversing the coordination curse on this controlled comparison.

On ProgramBench, six executable and three advisory rules cover originality, evidence freshness,
verification, and submission readiness. This frozen package raises mini-SWE-agent’s mean behavioral
pass rate on 25 tasks from 64.164% to 70.916% (+6.752 pp; +10.5% relative; Appendix N).

6 CASE STUDY: FROM REPEATED FRICTION TO A GOVERNING RULE

In one matched main-study case, we trace an integration problem into a learned protocol, holding
model, random seed, tools, and horizon fixed.

mini_blobstore_v1  /  seed 1401  /  GPT-5.6 Terra

A Work and delivery

Repository-state counts

Evaluator endpoints

B Interface review becomes a protocol

Repeated interface-contract failure
Agent proposes

Adopted at step 21 5 related protocols · 4 proposers

P Interface review

Trigger Public interfaces or cross-module calls change.

Review Map signatures and calls to the written contract.

Evidence Passing smoke tests for the affected steps.

Response Resolve or reject unmapped items before approval.

CI ledger (commit-bound in all arms)

C The rule governs later work
Event order

step 12 · proposed step 21 · adopted step 22 · first use step 26 · enforced step 33 · amended step 59 · amended

PR-A blocked at step 26 revised CI green MERGED at step 138

PR-B blocked NOT MERGED at step 336

419 uses 211 enforcements 12 PRs affected 11 later merged · 1 unmerged

Single matched case. 65/76 merges were never blocked by this rule; its causal contribution is not isolated.

74

168
113 118

0 2 4

76

0

100

200

B0 B1 B2 B3

Patches accepted PRs merged

Arm Cases passed Contracts

B0 0 / 35 0 / 5

B1 0 / 35 0 / 5

B2 0 / 35 0 / 5

B3 28 / 35 2 / 5

Arm CI runs Commits
Runs /

commit
CI passes

B0 73 1 73.0 0

B1 651 12 54.2 2

B2 589 50 11.8 5

B3 339 93 3.6 126

commit A commit B
CI Old CI expires

Figure 6: What the organization learned. A matched unit shows local delivery, convergent
verification rules, and one rule’s enforcement and revision. t12 denotes scheduling step 12.

Before: activity without sustained delivery. The role-based team (B1) accepted 168 patches but
merged only two PRs; Relic accepted 118 and merged 76 (Figure 6a). Local activity therefore did not
reliably become shared delivery.
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Formation: repeated friction becomes a rule. Repeated interface and verification failures pro-
duced an interface-review protocol requiring changed public interfaces to be mapped to the written
contract and backed by current test evidence before approval (Appendix J.5.1).

After: the rule governs later work. The protocol was proposed at step 12, adopted at step 21, first
enforced at step 26, and amended at steps 33 and 59. It records 211 enforcements across 12 PRs
and 419 uses through step 336; 11 affected PRs later merged, including PR-A after its initial block
(Figure 6c; Appendix J).

7 DISCUSSION, FUTURE WORK, AND CONCLUSION

Discussion. Relic represents organizational capability as shared rules that are formed from experi-
ence, executed, revised, and reused by later members. B3–B2 tests the governed lifecycle, B3-text
tests its executable bindings, and content-matched Text/Exec tests reuse by fresh members. B3 and
Transfer Exec also instantiate learned and fixed-rule regimes. Verified gains recur across model strata,
persist in the two-model workload-omission and matched-spend analyses, and extend to external
software benchmarks. Rule quality, revision, and retirement shape how this organizational layer
develops over time (Appendix A).

Future work. Our evaluation focuses on software-production settings; broader domains, selective
protocol transfer and forgetting, rule-quality diagnosis, alternative decision layers, and human–
organization interaction remain important directions (Appendix B).

Conclusion. Relic turns collaboration experience into governed, executable protocols held outside
member-local histories. Across the main study, binding ablation, content-matched transfer, fresh-
member reuse, and external benchmarks, the results support persistent executable organizational
state as a useful layer for long-horizon, persistent multi-agent collaboration. The organizational state
remains explicit and revisable.
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A BROADER DISCUSSION: GOVERNANCE, RULE QUALITY, AND
ORGANIZATIONAL TRADE-OFFS

A.1 EVIDENCE MAP: WHAT EACH EXPERIMENT ESTABLISHES

Claim Evidence line Key result

Autonomous organizational state
forms and persists

Terra+Opus 60-run B3 formation
census

497 autonomous proposals; 405 ever adopted; 280 formed
lineages, including 32 with strong object/evaluator-linked
evidence.

Institutionalization improves
verified delivery

B3–B2, 360 controlled runs Complete +5.71 pp [2.97, 8.55]; held-out +7.72 pp [2.67,
17.63]; exposed +6.58 [3.41, 10.14]; confirmed +6.96 [4.15,
10.83].

Executable binding matters during
online formation

B3 vs. B3-text, 30 matched runs +7.18 pp complete contracts [3.54, 10.91] while proposal,
governance, adoption, revision, and readable rules remain
active.

Executable binding adds value to
fixed readable knowledge

Exec vs. Text, 30 matched targets Behavioral correctness +6.5 pp [0.7, 15.6] with identical frozen
readable rule content.

Organizational state remains useful
to fresh members

Exec vs. Fresh Behavioral correctness +15.8 pp [9.2, 31.8] after member-local
state is reinitialized.

Verified gains persist at matched
realized token spend

B3 checkpoint under each matched B2
token cap

Complete +7.45 pp; held-out +5.08 pp; exposed +11.72 pp;
confirmed issues +6.21 pp; all four 95% intervals remain above
zero.

Peer coordination improves
externally

CooperBench full benchmark + 47-pair
same-model control

Full benchmark: Relic 371/469 (79.1%) vs. Peer 277/469
(59.1%) and Team no-proto 349/469 (74.4%) after excluding
183 broken benchmark pairs; same-model control: Official Peer
13/47, Solo 26/47, Relic 28/47.

Protocol behavior transfers to
another harness

ProgramBench, fixed 25 tasks Mean behavioral pass 64.164% → 70.916% (+6.752 pp;
+10.5% relative).

Table 4: Experimental results across formation, binding, transfer, cost, and external bench-
marks.

A.2 ORGANIZATIONAL CAPABILITY AS A SYSTEMS LAYER

Relic separates model or member capability from the persistent state that governs how multiple
members work together. A stronger member can improve local reasoning, implementation, or tool
use, while an organization additionally determines how evidence is routed, responsibility is assigned,
work is reviewed, and local progress becomes shared delivery. The capability census gives this
distinction empirical content: formed lineages are strongly concentrated in review/merge, release
engineering, and evidence governance. In this software-production setting, the observed institutional
responses concentrate near the boundary between local work and trustworthy, integrated shared
delivery. Persistent organizational state therefore acts as an additional systems layer through which
recurring coordination problems are represented and acted on.

A.3 AUTONOMOUS FORMATION OR FIXED PROTOCOL PACKAGES?

B3 develops its operating rules through proposal, governance, execution, revision, and retirement.
Transfer Exec deploys a source-derived frozen rule package to fresh members. These configurations
support two deployment modes: adapting organizational rules during work and reusing an established
rule package at initialization.

A.4 THE ORGANIZATIONAL MATURITY GAP

Current agent systems exhibit an asymmetry between rapidly improving individual capability and
comparatively thin organizational structure. Agents can already write code, use tools, search, plan,
and execute long tasks, yet collective work is often coordinated through temporary conversations,
manually assigned roles, shared scratchpads, or procedures reconstructed anew in each run. We
call this gap an organizational stone age: individual agent capability is advancing faster than the
persistent structures that organize collective work.

Natural language alone does not close this gap. Agents already possess a language for communicating
content; what remains underdeveloped is a durable language of work that specifies responsibility,
evidence, review, integration, exceptions, and revision in forms that continue to govern future
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members. Relic studies executable protocols as one such representation. Other organizational
objects—routing policies, role structures, escalation paths, shared abstractions, or resource-allocation
rules—may support different forms of persistent collective capability.

A.5 GOVERNANCE TRADES COST FOR RELIABILITY

Governance routes responsibility, review, and verification through shared procedures. B3 incurs
additional tokens per run, while its matched-spend checkpoints retain gains on all four verified
production endpoints (Appendix I.7.3).

A.6 STRONG EXECUTION RAISES THE STAKES OF RULE QUALITY

Rule triggers, evidence requirements, responsibilities, and revision paths determine how organi-
zational experience governs later work. Relic makes these components explicit, supporting rule
inspection, amendment, retirement, and reuse across member turnover.

A.7 FROM RULE FORMATION TO EVIDENCE-BASED META-GOVERNANCE

As organizations grow, forming rules is only the first governance problem. A larger system must also
decide who may propose, approve, override, revise, or retire rules; whether a rule applies to one team
or the whole organization; how conflicting rules are resolved; and when exceptions are legitimate.
Persistent agent organizations therefore eventually require governance of governance.

A natural extension is evidence-based rule deployment. A proposed mechanism could begin in
advisory or shadow mode, run within a limited scope, be evaluated against explicit outcomes,
expand only after successful trials, and carry revision or sunset conditions. Many familiar human
governance ideas–independent review, staged adoption, appeals, exceptions, delegated authority,
and sunset clauses–provide useful design hypotheses. Agent organizations also make forms of
governance experimentation unusually tractable: organizational state can be logged exactly, policies
can be versioned, and in suitable settings a rule can be snapshotted, rolled back, or compared under
controlled replay.

B RESEARCH AGENDA FOR PERSISTENT AI ORGANIZATIONS

These results motivate a research program on persistent AI organizations, with organizational capabil-
ity as a common unit of analysis.

B.1 STRUCTURED DECISION LAYERS

Future work can compare fixed and learned decision layers, alternative action-space abstractions, and
responsibility-, risk-, and cost-aware routing across agent harnesses, domains, and model strengths.

B.2 ORGANIZATIONS AS A FIRST-CLASS EVALUATION UNIT

Persistent AI systems can be evaluated at the level of the organization rather than only the individual
model or temporary team. Future benchmarks could vary topology, hierarchy, authority allocation,
role specialization, membership turnover, and organizational memory while holding the underlying
work environment fixed. Such studies could reveal organization-level failure modes that task-bounded
agent benchmarks cannot express.

B.3 CAPABILITY AND CAPACITY TAXONOMIES

A broader evaluation framework should distinguish where capability resides. Model capability
concerns what the underlying model can do; agent capability additionally includes tools, memory,
and an execution loop; collaborative capability can arise within a temporary team; organizational
capability is retained in shared structure that can affect future work independently of the private
histories of the members who created it. These layers can be characterized by formation, scope,
executability, persistence, transferability, compositionality, and reversibility. A complementary
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capacity taxonomy can ask how much work, coordination load, member turnover, and rule complexity
each layer can sustain before performance degrades. Such distinctions would make it clearer whether
a system improves because of a stronger model, a better agent scaffold, a transient team strategy, or a
persistent organizational capability.

B.4 TRANSFER AND SELECTIVE FORGETTING OF ORGANIZATIONAL STATE

Organizational-transfer research can examine partial and gradual turnover, cross-model and cross-
domain transfer, interference among transferred mechanisms, and the relative value of transferring
protocols, workflows, roles, responsibility maps, or other shared state. Equally important is learning
when organizational state should be adapted or deliberately forgotten rather than preserved.

B.5 CAPABILITY ECOLOGY AND FAILURES OF ORGANIZATIONAL LEARNING

Future work can study how capability families compose, compete, become obsolete, or depend
on one another; how these distributions change with model strength and environment; and where
recurring friction fails to become institutionalized. A formation funnel from friction exposure
through recognition, proposal, adoption, formation, and strong effect evidence could make failures of
organizational learning as measurable as successful capability formation.

B.6 HUMAN–AGENT ORGANIZATION INTERACTION

As agent organizations become more persistent and internally complex, the human interaction target
may shift from an individual agent to an organization. Future studies can compare direct human
participation, secretary-assisted interaction, and a secretary acting as an organizational interface
that summarizes state, surfaces pending decisions, and translates human intent into organizational
actions. This raises questions about abstraction, explainability, delegation, approval and veto rights,
responsibility attribution, and accountability in multi-human–multi-agent organizations.

B.7 TOWARD AGENTIC SOCIOLOGY

Persistent organizations also create a scale of analysis beyond one team. Multiple agent organizations
may specialize, exchange work, depend on shared infrastructure, negotiate interfaces, and develop
rules for interaction across organizational boundaries. We use agentic sociology as a research lens
for studying persistent roles, organizations, norms, institutions, and relations around populations
of artificial agents, filling the level between isolated multi-agent interaction and broader multi-
organization systems.

At this scale, questions of interoperability and governance separate. A communication protocol may
let organizations exchange messages without establishing who owns a task, what evidence satisfies
an obligation, which authority may revise a commitment, or how a dispute is resolved. Studying
those structures requires benchmarks that span persistent organizations, turnover, cross-organizational
dependencies, and human oversight rather than only task-bounded conversations.

Together, these directions suggest a research agenda on how AI organizations make decisions,
accumulate and transfer capabilities, govern their own rules, adapt across environments, and remain
legible and accountable to humans.

C EXTENDED METHOD AND FORMAL SPECIFICATION

This section specifies organizational state, action selection, governance, execution, and capability
formation.

C.1 STATE AND MEMBER INFORMATION

Let Ht denote the complete recorded history of a run. For member i, let Iacci,t ⊆ Ht be the information
the member is allowed to access, and let vi,t ⊆ Iacci,t be the bounded context actually read or retrieved
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at decision time. The runtime maintains

vi,t ⊆ Iacci,t ⊆ Ht.

Private branches, unread messages, private workspaces, and evaluator-only assets therefore need not
appear in a member’s context even though they exist in the recorded run.

C.1.1 MEMBER-LOCAL STATE

Member-local state contains the information and learned quantities carried by one member: functional
role, decision prior, skills, current work, private workspace, private memory, local commitments, and
bounded workload state. These quantities can affect that member’s later decisions without becoming
organization-owned state.

Member-local state used in the experiments
Category Role in the system

Identity and function Role, specialty, and stable functional decision prior.
Skill and standing Skill, reputation, and authority variables used by the structured selector where

enabled.
Current work Active tasks, work status, and local scheduling state.
Private workspace Member-owned notes, files, drafts, branches, and sandbox outputs.
Private memory Salient previously observed events retained for later context.
Commitments Member-specific promises, requests, and unresolved obligations.

Table 5: Member-local state.

C.1.2 ORGANIZATIONAL STATE

We write organizational state as
Ot = (Wt, Qt, Rt),

where Wt contains shared work objects, Qt contains responsibility and decision-right mappings,
and Rt contains adopted organizational protocols. The defining distinction is operational: a shared
document belongs to Wt; a rule belongs to Rt when it has an active runtime binding that can affect
later work.

Organizational state
Part Contents Operational role

Wt Tasks, issues, shared
documents, repository
artifacts, boards, messages

Persistent shared work and evidence.

Qt Task ownership,
reviewer/approver
responsibility, authority
relations

Routes work and assigns organizational responsibility.

Rt Adopted protocol
specifications, lifecycle
state,
use/violation/enforcement
records

Stores learned ways of working that can govern later members.

Table 6: Organizational state.

C.1.3 EXECUTION RECORDS

Evaluator-side provenance records actions, work-object transitions, governance events, and decision
traces for measurement and replay. These records preserve the sequence connecting proposal,
adoption, later use, and execution consequences. Member decisions continue to use the bounded
perception and retrieval interface in Appendix C.1; the complete recorded history supports researcher-
side reconstruction of the same trajectory.
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C.2 PERSISTENT ORGANIZATIONS AND ORGANIZATIONAL LEARNING

A persistent organization is a multi-member system in which learned rules and cross-member
responsibilities are stored outside member-local histories and can remain operative when members
are replaced. We represent the organization at time t as

At =
(︁
Nt, {mi,t}i∈Nt , Ot, (C, Dθ, E),Γ

)︁
,

where Nt is the roster, mi,t is member-local state, Ot is organizational state, (C, Dθ, E) is the fixed
candidate, decision, and execution substrate, and Γ is the governance process that introduces or
revises persistent mechanisms.

C.2.1 MEMBER LEARNING AND ORGANIZATIONAL LEARNING

Let It = (Qt, Rt) denote the institutional component of Ot, containing responsibility and decision-
right mappings and adopted protocols. The experiment distinguishes three update paths:

Wt+1 = Fwork(Wt, at),

It+1 = Finstitution(It,Wt, at, gt),

mi,t+1 = Fagent(mi,t, oi,t, at, rt).

(2)

Ordinary work changes shared artifacts; member learning changes a member’s local state; organiza-
tional learning introduces or revises governed mechanisms whose effects can extend to members who
did not create them.

C.2.2 PERSISTENCE ACROSS MEMBER REPLACEMENT

Member replacement reinitializes private memory, private workspace and sandbox state, message
read/acknowledgement state, commitments, reflections, wishes, and accumulated member-local
experience. The functional role slots are reinstantiated, and shared work can persist across the
replacement. In the reported transfer experiment, a freshly initialized target receives the specified
protocol package and responsibility mappings. The target initialization and transferred contents are
specified in Appendix G.2.1.

C.3 STRUCTURED DECISION LAYER AND EXECUTION

At each decision, the system constructs a feasible candidate set Ci,t from member-visible work state,
role constraints, target validity, and the common action surface. Candidate construction is shared by
the compared conditions; the action-selection mechanism differs by condition.

C.3.1 STRUCTURED DECISION LAYER (SDL)

B2 and B3 score candidates with the same 32-dimensional, rule-computed feature representation.
The feature groups are shown in Table 7.

SDL candidate-feature dimensions
Feature group Dimensions

Task progress and priority 7
Skill and role fit 4
Social coordination and trust 8
Repository health and evidence quality 6
Protocols and institutional memory 5
Governance-proposal signals 2

Total 32

Table 7: SDL feature groups used by B2 and B3.

For candidate a,

wk(i, t) = bk +
∑︂
j

pij(t)βjk, sbase(a) =

32∑︂
k=1

wk(i, t)ϕk(a, xi,t),
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and
u(a) = sbase(a) +A(a) +R(a) + C(a) +

∑︂
g

Gg(a).

The stochastic branch samples from

P (a) =
exp((u(a) + ϵa)/0.6)∑︁
a′ exp((u(a′) + ϵa′)/0.6)

, ϵa ∼ Uniform(−0.05, 0.05),

using namespaced seeded randomness. The scoring parameterization is fixed before the reported runs
and shared by B2 and B3.

SDL base-weight coefficients
Group Feature Base weight

Task / progress progress gain; deadline urgency;
task priority; blocker resolution;
dependency unlock; demo
relevance; customer relevance

+0.55,+0.30,+0.30,+0.35,+0.20,+0.30,+0.30

Skill fit skill match; role affinity; learning
gain; low-skill failure risk

+0.40,+0.30,+0.10,−0.30

Social / coordination coordination; clarity; trust
gain/risk; conflict risk; visibility;
reputation gain/risk

+0.30,+0.20,+0.25,−0.25,−0.25,+0.20,+0.20,−0.20

Repository / evidence repository health; technical debt;
review quality; reproducibility;
untracked-result risk; claim
evidence

+0.30,−0.30,+0.25,+0.25,−0.20,+0.25

Protocol creation potential; use potential;
violation risk; enforcement gain;
institutional memory

+0.20,+0.20,−0.40,+0.20,+0.20

Governance proposal endorsement; proposal
skepticism

+0.45,+0.45

Table 8: Complete base-weight vector, grouped for readability.

SDL post-score terms
Softmax temperature 0.6
Seeded jitter Uniform(−0.05,+0.05)
Authority bonus 0.07× domain authority
Reputation bonus clipped at 0.10
Coding affinity bounded role–action bonus

Table 9: Post-score terms used by the SDL.

Principal soft-guard penalties
Repetition −0.18
Artifact churn −0.12
Unresolved review −0.15
Missing new information −0.20
Opportunity cost −0.12
Shipping/off-task −0.50
Unshipped release idle −1.20

Table 10: Principal soft-guard terms outside the core dot product.

Construct visible feasible candidates Ci,t. Apply shared feasibility, cooldown, and pool-size guards. For
B0/B1, the model chooses from the candidate set. For B2/B3, extract the 32 features, compute u(a) for each
candidate, and select by deterministic maximum or seeded softmax. Record the choice trace for evaluation,
then execute the selected action through the common execution substrate.

Algorithm A1: SDL-based collective decision (one member, one step)
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C.3.2 EXECUTION OPERATOR

The common execution layer validates the selected action, applies its work-state transition, accounts
for costs, and records the resulting events. In standard B3, adopted protocols supply decision features
and responsibility signals to the selector, followed by protocol-linked checks and records after
the action handler. SDL utilities determine action priorities and selection probabilities; transition
validation and execution checks determine the resulting work-object disposition. Shared repository
requirements, including review and current-CI evidence, are enforced by the common environment.
The action registry and execution handlers remain fixed while adopted protocol specifications and
role mappings evolve.

C.4 CAPABILITY FORMATION AND GOVERNANCE

Relic converts visible recurring work friction into proposals. A proposal names the problem, support-
ing evidence, affected work, required actions, and the intended organizational response. Validation
checks grounding, supported actions, scope, duplication, and governance requirements before a
proposal can be adopted.

C.4.1 PROPOSAL AND PROTOCOL REPRESENTATION

Proposal and executable-protocol representation
Group Fields

Identity proposal type, title, proposer
Evidence source observations/wishes, target problem, proposed response
Feasibility required actions and capabilities
Governance review state, required approvals, support/opposition, adoption score
Lifecycle amendment target, revision state, retirement state
Protocol content trigger, scope, responsible roles, required steps/evidence, affected actions/artifacts,

violation/exception rules, enforcement response, success metric
Accounting use, violation, enforcement, revision, and last-use records

Table 11: Proposal and adopted-protocol fields.

C.4.2 GOVERNANCE, ADOPTION, AND RUNTIME BINDING

The reported main-study configuration uses semi-automatic governance: members provide approvals
first, while eligible proposals that remain pending for at least 24 steps can receive bounded deadlock
recovery. Adoption additionally requires at least two supporters, at least two distinct approvers, a
minimum review interval of three steps, and an adoption score of at least 0.6.

Approval-mode semantics
Auto Eligible proposals can receive required approvals automatically.
Agent Required approvals must come from member actions.
Semi-auto Member approval is primary; bounded deadlock recovery can complete

missing approvals after the waiting period.

Table 12: Approval modes supported by the governance layer.

After adoption, a structured protocol specification is registered as organization-owned state. Its
trigger, responsibilities, evidence obligations, and affected actions become available to the decision
and execution layers. Amendments follow the same governed path; retirement disables future use
while retaining lifecycle history.

From visible repeated friction, create a proposal. Validate its grounding and runtime compatibility. Route
it for governance. When support, approval, review-time, and adoption-score requirements are satisfied,
compile the proposal into a structured protocol and register it as organizational state. Later matching actions
can generate use, violation, or enforcement records. Amendments repeat the same governance path; retired
protocols cease governing future work while their history remains auditable.

Algorithm A2: Governed organizational-state update
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C.4.3 OPERATIONAL CAPABILITY-FORMATION CRITERION

A registered autonomous protocol is counted as formed when it has a valid proposal and adoption
record, at least two qualifying post-adoption uses, those uses span at least two recorded organizational
units and two distinct steps, and the span from adoption to the last qualifying use is at least 48 steps.
Strong evidence additionally links later third-party execution or enforcement to a governed-object
state change and independent evaluator evidence.

For each adopted autonomous rule, collect qualifying post-adoption uses. Mark weak formation when
the use-count, organizational-unit, distinct-time, and 48-step persistence conditions all hold. Mark strong
evidence when weak formation is additionally linked to later third-party execution or enforcement, a
governed-object state change, and independent evaluator evidence. The detector reads the recorded ledger
and does not modify the run.

Algorithm A3: Offline capability detection (read-only)

C.5 CORE EXPERIMENTAL INVARIANTS

Table 13 summarizes the implementation invariants linking member-visible execution, governed
updates, controlled comparisons, and measurement. Configuration and access checks are detailed in
Appendix F.6.

Experimental invariants
Member information interface Member context is built from permitted information that has been read

or rendered; evaluator-private assets are held in the evaluator interface.
Cross-member privacy Sharing explicitly controls the visibility of private branches,

workspaces, messages, and sandbox outputs to other members.
Governed institutional updates Protocol adoption follows proposal validation and the configured

review and approval path.
Registered action surface State mutations occur through registered actions and validated

transitions.
Matched B2/B3 substrate B2 and B3 share the structured selector, candidate construction,

member-learning path, task information, and execution substrate; B3
enables institutionalization.

Fresh-member reset Transfer reinitializes member-local state and applies the designated
organizational package and role mappings.

Read-only measurement Formation detection reads recorded ledgers; evaluators score exported
candidate state outside the organizational rollout.

Table 13: Core invariants enforced by the experimental design.

D EXECUTION-GROUNDED ORGANIZATIONAL ENVIRONMENT

This section summarizes the common software-production environment used by all main-study
conditions. The environment provides persistent shared work, partial observability, executable work
transitions, and a frozen evaluator. Condition-specific organizational learning is layered on top of this
common substrate.

D.1 ENVIRONMENT AND WORK STATE

Members act on persistent software-production objects: tasks and issues, working-tree artifacts,
branches, commits, pull requests, CI records, reviews, shared documents, messages, and release state.
Product progress is measured from concrete state transitions.
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D.1.1 MAIN-STUDY COMPONENTS

Common environment and condition-specific activation
Component Available Main-study role

Repository, CI, review, merge, release yes Common execution-grounded work
substrate.

Tasks, issues, shared board yes Common ownership and responsibility
substrate.

Channels and direct messages yes Common information-friction substrate.
Private workspaces and sandboxes yes Common partial-observability substrate.
Structured decision layer yes Used for action selection in B2/B3.
Member learning yes Enabled in B2/B3.
Protocol proposal, governance, and
execution

yes Institutionalization enabled in B3.

Frozen evaluator yes Scores candidate mainline state outside
member context.

Token accounting yes Measures realized model usage.

Table 14: Environment components relevant to the reported main study.

D.2 SHARED WORK, VISIBILITY, AND COMMUNICATION

The environment separates private, shared, and evaluator-only state. Local edits remain private
until committed and exposed through the repository workflow; sandbox outputs remain private until
explicitly shared; a shared document can be visible before its full content is opened; and messages
become part of a member’s context only after the member reads them. Evaluator-only tests, held-out
requirements, and references never enter member-visible state.

D.2.1 READ AND RETRIEVAL SEMANTICS

Visibility, delivery, reading, acknowledgement, and memory are distinct. Inbox triage admits at most
25 unread perceivable messages per step. Search operates over frozen internal corpora, repository
state, member-local sandbox state, and fixed external-snapshot corpora; no live network retrieval is
used in the reported environment.

D.3 ACTION SURFACE AND EXECUTION VALIDATION

The common action surface covers task work, repository operations, verification, communication,
meetings, search, documents, artifacts, governance, and release operations. Feasible actions are
generated from the member’s visible state and role. Selection is followed by transition-specific
validation, so an offered action can still fail when its target or precondition has changed.

D.3.1 INVALID ACTIONS AND FAILURES

Execution outcomes
Failure class Where resolved Recorded effect

Invisible or invalid target candidate/transition validation No product mutation; decision is rejected.
Invalid work transition action-specific validation Failed execution with recorded reason.
Missing role or approval action/governance validation Transition refused.
Malformed model output structured-output validation No action mutation; model usage remains

counted.
Unavailable action candidate construction Action is absent from the feasible set.

Table 15: High-level invalid-action handling used in the experiments.

D.4 SOFTWARE-PRODUCTION LIFECYCLE AND VERIFICATION

Repository-based workloads begin from a frozen initial repository and specify repairs or feature
extensions. Construction workloads begin from an unimplemented starter skeleton plus a frozen
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specification and public checks. In both cases, the delivery chain is edit → commit → pull request →
review/CI → merge, and reported product metrics are evaluated on mainline.

Verification is commit-bound. A CI result records the tested pull-request head and the mainline
state against which it was evaluated. Pushing a new commit invalidates earlier evidence for that
head, and mainline movement can make a previous result stale before merge. These checks are
common environment properties shared by all conditions; Relic can learn organizational rules that
route responsibility and evidence around them.

D.5 TIME, SCHEDULING, AND RESOURCE ACCOUNTING

The main-study horizon is 336 scheduling steps with checkpoints every 24 steps. A scheduling step
denotes one simulation update; elapsed execution time is recorded separately in seconds. Members
take at most one primary action per step, while background work can complete asynchronously.
Runtime records retain the field name tick for the scheduling index.

Realized model usage is accumulated from provider receipts, including retry calls. Tool and container
compute is unmetered and remains separate from the provider-token totals. Checkpoint resume loads
the saved organization and continues under the same run identity, preserving the relation between the
trajectory, its scheduling position, and its accumulated resource use.

D.6 ORGANIZATIONAL RUNTIME AND PROTOCOL ACTIVATION

The shared work layer stores operational artifacts; responsibility mappings identify owners, reviewers,
and approvers; adopted protocols add triggers, required evidence, affected actions, responsible
functions, exception rules, and lifecycle state. In standard B3, learned rules can reprioritize actions,
route responsibility, and participate in protocol-linked execution checks. Amendments follow the
same governance path as initial adoption, and retirement stops future application while retaining the
recorded history.

D.7 LOGGING, CHECKPOINTING, AND REPLAY

Each executed action records its actor, action type, success or failure, affected work objects, costs,
and resulting events. Governance transitions add proposal, adoption, amendment, and retirement
records; protocol execution adds the corresponding use and enforcement events. Checkpoints serialize
organizational state, member state, and scheduling state for run recovery.

Case-study timelines are reconstructed from these ledgers and checkpoints. Researcher-facing
inspection joins the complete recorded state and event history; member-facing decisions use the
bounded perception interface. This separation preserves both the local information used to choose an
action and the shared-state consequences used to analyze it.

E BENCHMARK CURATION

This section documents the ten frozen software-production workloads used in the 360-run headline
endpoint study: three models, three seeds, and four conditions per workload. W01–W10 are stable
identifiers in the frozen analysis PACK ORDER. Table 16 gives their task names, version transitions,
and original pack IDs; the same mapping applies to all workload-level results, transfer references,
and the selected case. Construction and pre-run qualification are specified below.

Development tasks. Relic was developed and debugged on repositories outside W01–W10 before
the reported evaluation. Development records and the 360-run evaluation matrix have separate
run identities. Within B3 evaluation runs, online protocol formation and revision remain active
components of the method.
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E.1 EVALUATION SCOPE AND WORKLOAD TAXONOMY

E.1.1 FROZEN-VERSION REPAIR AND FEATURE DEVELOPMENT

W06–W10 use existing upstream projects with both an initial version and a final reference version
frozen during benchmark construction. The complete initial repository is the starter; the final
repository is the reference implementation. The exact version pairs appear in Table 16. Feature
changes and issue requirements between these versions define the target behaviors, covering both
bug fixes and new functionality. Behavioral test cases and verification logic are written for those
requirements and executed against both versions. Every retained scored case must fail on the
untouched initial version and pass on the frozen final version. The resulting requirements, cases,
verifier, and version pair are fixed before organizational evaluation.

Members receive the starter, designated public requirements, and public checks. The final imple-
mentation, hidden acceptance tests, and held-out requirements remain evaluator-side during rollout.
A verified repair or feature completion requires a retained baseline-failing check to pass on the
candidate, using baseline status == failed and candidate status == passe
d. The frozen analysis retains the label repair for the W06–W10 family; this repository-based family
includes both defect repair and feature development.

E.1.2 CROSS-CUTTING FEATURE EXTENSION

Cross-cutting requirements modify public interfaces and dependencies across modules. The interface-
repair affordance inserts an edit candidate for each importer when an earlier edit removes a public
symbol. The parameter-threading affordance similarly supplies edit candidates when a signature
gains a parameter that is not forwarded. These candidates expose the dependent implementation work
through the common action surface.

The frozen manifests distinguish complete repository snapshots from construction skeletons, while
component maps identify the module boundaries touched by each requirement. Cross-cutting
extension demand is recorded within the repository-based and construction workload families.

E.1.3 ZERO-TO-ONE CONSTRUCTION

W01–W05 are zero-to-one construction workloads grounded in the functionality of existing software.
For each workload, the author manually selected an existing project as a functional reference and
specified the capabilities of a new, analogous program. The authoring LLM received this functional
brief without the original project’s source code or existing implementation. It first wrote technical
documentation and an explicit feature specification, then implemented a new reference program, and
subsequently wrote feature test cases and a verifier from the documented features and that completed
implementation.

An unimplemented starter skeleton supplies the new program’s package structure and signatures.
Every retained scored case is checked against both this starter and the completed reference, requiring
failure on the former and success on the latter. Requirements, starter, reference, cases, and verifier are
frozen before any evaluated organization begins work. The evaluated members receive the specifica-
tion, starter, and designated public checks; they do not receive the original project’s implementation,
the newly authored reference implementation, or evaluator-only test content.

Contracts group related behavioral cases; a complete contract requires every constituent case to pass.
Mini Blobstore (W01) has five progressive contracts with seven cases each. Its qualified starter passes
0/35 cases and 0/5 contracts; its reference passes 35/35 and 5/5. All ten workloads satisfy the per-case
qualification in Appendix E.5.3.

Dependencies between contracts create recurring implementation, verification, and integration de-
mands. The workload supplies these dependencies without prescribing a particular division of
labor.
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E.2 WORKLOAD SOURCING AND ELIGIBILITY

E.2.1 FROZEN SOURCES AND SPECIFICATIONS

Table 16: Frozen main-study workload mapping.

Frozen main-study workload mapping
ID Benchmark workload Frozen pack ID

W01–W05: function-grounded zero-to-one construction
W01 Mini Blobstore mini blobstore v1

W02 Traffic Watch traffic watch v1

W03 TG Automation tg automation v1

W04 PDF Reformatter pdf reformatter v1

W05 FastAPI Dashboard fastapi dashboard v1

W06–W10: upstream version-transition tasks
W06 Boltons 24.0.0 → 26.1.0 boltons v2400 to v2610

W07 Celery 5.6.0 → 5.6.3 celery v560 to v563

W08 Soup Sieve 2.6 → 2.9.1 soupsieve v26 to v291

W09 cattrs 25.1.0 → 26.1.0 cattrs v2510 to v2610

W10 Tenacity 8.2.3 → 9.1.4 tenacity v823 to v914

W01–W10 identify the same workloads in task manifests, result tables, transfer records, and case-
study references. Each frozen manifest links the starter, requirements, evaluator assets, reference,
qualification result, and freeze record. Original pack IDs and upstream version pairs are retained in
Table 16, providing the join from paper-level workload identifiers to the frozen source artifacts.

E.2.2 INCLUSION CRITERIA

A pack is usable only when three conditions hold and tools/preflight pack environmen
t.py --score reports all three:

1. the environment works – every seeded issue names a file an agent can reach and edit, and
the merge gate can actually run and refuse;

2. the verifier works – every retained scored case fails on the untouched starter and passes on
the fixed reference, verified case by case;

3. the gate says something – the agent-visible acceptance gate is red on the untouched starter,
so it can distinguish work from no work.

Additional structural requirements are enforced by tools/check pack health.py: every
issue must resolve to an editable artifact; held-out requirements must be absent from the agent-visible
stream; at least MIN PUBLIC TESTS = 3 public tests must exist; and no editable file may exceed
MAX EDITABLE BYTES = 200,000. Dependencies must be pinned in-tree, the licence must

permit redistribution, and no task may require a live network.

Each retained pack includes agent-visible acceptance checks that are red on the starter and green on
the reference. The retained public-gate coverage is 12/12 for W06, 8/12 for W07, 6/9 for W08, 7/12
for W09, and 9/12 for W10.

E.2.3 EXCLUSION CRITERIA

Packs are excluded for unstable evaluation, manual scoring, incompatible licensing, already-satisfied
starter behavior, unavoidable future-solution leakage, irreproducible dependencies, or absent organi-
zational demand.
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E.3 FREEZING AND MANIFEST CONSTRUCTION

E.3.1 STARTER ARTIFACTS

For W06–W10 the starter is the complete frozen initial repository version, including its dependency
lock files (uv.lock, pdm.lock, Cargo.lock as the project uses); the final version is reserved as
the reference. For W01–W05 the starter is an unimplemented skeleton of the new program specified
by the authoring LLM from a human-selected functional brief. It supplies package structure and
signatures plus public contract tests, without the original project’s implementation or the newly
authored reference code. Both kinds declare their entry points and their agent-runnable public-test
command in the manifest (entrypoints.cli, entrypoints.smoke, public tests.co
mmand, public tests.dependencies with exact pins).

The starter tree is identified by starter repo digest. Frozen dependency fixtures are docu-
mented in frozen fixture exemptions.json, with schema frozen pack fixture ex
emptions v1. Its 20 entries record the fixture path, pack and tree, scanner rule, SHA-256, byte
count, source reference, and retention reason. The allowlist preserves the byte-identical fixtures
required by the pinned dependencies.

E.3.2 EVALUATOR ARTIFACTS

Each pack contains tests/hidden/, including the hidden suite and specs.json scoring-
unit declaration; issues/public/ for agent-visible requirements; issues/heldout/ for
evaluator-only requirements; and reference repo/ for the reference implementation. The
manifest freezes scoring-unit counts, qualification outcomes, and the entry points used by the
evaluator.

Hidden assets are loaded into an in-process vault keyed by a 32-byte random token. World serialization
retains an oss evaluator vault binding v1 token binding; the vault resolves the private
content at evaluation time using constant-time comparison. run oss hidden tests and mater
ialize and run oss hidden tests return aggregate fields such as passed, failed, tot
al, pass rate, issue fix, and issue fix rate.

Qualification and candidate scoring use build time machine evaluation plan and eva
luate time machine candidate. Per-contract admission is resolved through oracle bl
ocking reasons. These entry points connect the frozen cases, baseline status, and evaluated
candidate state to the scoring records described in Appendix H.1.2.

E.3.3 CONTAINERS AND DEPENDENCIES

The container evaluator uses a digest-pinned base image and a per-pack layer containing pinned test
dependencies. The formal container path accepts docker or apptainer, requires trust le
vel = untrusted and network enabled = False, and validates an image reference of
the form sha256:[0-9a-f]{64}. The execution platform is linux/amd64. The repository
build script creates the image, and ORG EVALUATOR CONTAINER IMAGE supplies its concrete
identifier at the execution site. A formal digest pinned image required status records a
failed image-policy check.

Network isolation combines process-level and test-wrapper controls. HTTP PROXY, HTTPS PROXY,
and ALL PROXY point to the closed loopback endpoint http://127.0.0.1:9; the hidden-test
wrapper restricts socket.socket.connect to loopback. The search system operates on its
internal and frozen corpora through the separate interface in Appendix D.2.1.

The host development path evaluates an exported candidate tree in a separate process. Execution-
policy and evaluator receipts identify the configuration used by each run, together with the candidate,
test, and evaluator digests. Container execution and host-process execution therefore have explicit,
recorded configurations for reproducing the corresponding result.

E.3.4 VERSIONING AND INTEGRITY RECEIPTS

The manifest schema org env oss time machine pack v2 records starter repo dige
st, reference repo digest, hidden suite hash, evaluator environment hash,
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qualification hash, qualification result hash, result hash, runtime tes
t status, agent filesystem isolation status, oracle reachability, and com
ponent map, alongside the entry-point and test declarations. Run records carry the artifact-identity
fields that associate an evaluated outcome with its frozen pack.

evaluator environment hash is computed from the evaluator source. A scoring-code change
produces a new evaluator identity, while the recorded results retain the identity of the evaluator that
produced them. The verification chain joins the dataset manifest, starter, reference, hidden suite,
evaluator, tool surface, condition, event graph, and run manifest. Checkpoints additionally carry
payload and sidecar digests. The recorded digest values and their frozen manifests support artifact
matching during qualification, aggregation, and resume.

E.4 TASK AND EVALUATOR CONSTRUCTION

E.4.1 AUTHORING PROVENANCE AND FREEZE ORDER

For W01–W05, authoring proceeds from the human-selected functional brief to technical docu-
mentation and feature specification, a new reference implementation, and then feature tests and
verification logic. The original authoring trajectories are retained with the constructed artifacts and
endpoint-qualification records. These records document how the specification, reference, and retained
scoring cases were produced.

For W06–W10, the frozen initial/final repository pair anchors the feature and issue requirements
and their acceptance checks. Both construction paths qualify each retained case on the starter and
reference before B0–B3 rollouts. The resulting tests, references, and scoring configuration remain
fixed during the evaluated organizational runs.

E.4.2 AGENT-VISIBLE TASK BRIEFS

Briefs are rendered from frozen pack manifests. Repository-based briefs contain the product summary,
public bug-fix and feature requirements, acceptance hints, entry points, and public-test command.
Construction briefs contain the specification, progressive steps, skeleton layout, and public contract
tests. Members also receive the artifacts and results shared during their run.

E.4.3 EXPOSED AND HELD-OUT BEHAVIORAL CASES

An exposed unit corresponds to a requirement the organization can see: a seeded public issue, or a
step of a published progressive contract. A held-out unit is a requirement in issues/heldout/
that is never shown to members. Its contracts are scored offline on final mainline states and saved
checkpoints across all three models. In both cases the content of the scoring test is evaluator-only;
what an exposed unit gives the organization is the requirement, plus a public acceptance check derived
from it, not the hidden assertion.

The denominators depend on the scoring granularity declared by each pack, which is separate from
its repair or construction label. In the frozen manifest records, contract-level scoring gives 16 units
for W07, 13 for W08, 4 for W04, and 9 for W03. Other packs decompose hidden contracts into
behavioural cases: W01 has 5 contracts scored in 35 cases and W02 has 9 contracts scored in 40 cases.
Appendix H defines the rate aggregation for these scoring units.

E.4.4 PROGRESSIVE AND COMPLETE CONTRACTS

A complete contract requires every constituent behavioral case to pass; partial credit remains at case
level. In Mini Blobstore (W01), the five progressive contracts contain seven cases each. Pre-run
qualification gives 0/7 passing cases for the starter and 7/7 for the reference within every contract,
yielding 0/5 and 5/5 complete contracts, respectively.

Agent outcomes are evaluated on mainline. Workspace results are reported separately (Ap-
pendix I.3.2).
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E.5 QUALITY CONTROL AND PREFLIGHT

E.5.1 STARTER AND REFERENCE SANITY

The preflight entry points are:

PYTHONPATH=. python tools/preflight pack environment.py --sco
re <pack>

PYTHONPATH=. python tools/check pack health.py <pack>
PYTHONPATH=. python tools/print evaluator hashes.py <pack>

The first command executes the three qualification gates in Appendix E.2.2, including actual scoring
of the starter and reference. The second checks issue-to-file routing, artifact resolution, oracle
qualification, held-out visibility, public-suite size, and editable-file size. The third prints the evaluator-
environment and qualification-plan hashes used as required batch-runner arguments.

Qualification receipts are written to manifest.yaml through runtime test status, quali
fication hash, and qualification result hash, and to provenance/authoring
report.json. The launch preflight validates these receipts against the selected frozen workload.

E.5.2 EVALUATOR DETERMINISM

Evaluator-source hashing supplies evaluator environment hash; the qualification payload
supplies the plan hash. Scoring hashes the candidate tree before and after execution and raises an
error on a detected mutation. The recorded tree, evaluator, and plan identities link each score to the
exact evaluated state.

Malformed or erroring qualification contracts receive contract-level error statuses and are excluded
by the qualification gate. CI and public-test infrastructure faults have the explicit statuses ci in
frastructure error and public tests infrastructure error. Test outcomes and
execution faults consequently retain their own status fields through analysis.

E.5.3 LOWER AND UPPER BOUNDS

Every retained scored case in W01–W10 is qualified against both the untouched starter and the fixed
reference. The starter fails each retained case and the reference passes it, yielding 0% and 100%
qualification scores on each retained acceptance suite. W01–W05 use the newly authored reference
programs; W06–W10 use the frozen final upstream versions.

Qualification failure blocks admission with an explicit reason, including baseline not fa
iled:<test id>:<status> and reference not passed:<test id>:<status>.
Test source, references, and scoring rules are frozen before organizational rollout and versioned
independently of release packaging.

E.5.4 LEAKAGE AND IDENTITY CHECKS

Four automatic checks validate the member-facing interfaces: artifact inspection checks hidden
and reference content, search tests inspect retrievable results, perception tests inspect rendered
packets, and snapshot tests verify the aggregate-count representation. The formal world also validates
evaluator-vault bindings at initialization.

A post-run future-recall check compares identifiers written by agents with identifiers found only
in evaluator-side future versions. Together with the runtime access checks, these tests connect the
information invariants in Table 13 to concrete artifact, search, perception, snapshot, and output
records.

E.6 COMPLETED MAIN STUDY AND EVALUATION COVERAGE

E.6.1 MAIN-STUDY MATRIX

The main study contains 360 runs: ten workloads, three seeds, and B0–B3 under each of three models.
GPT-5.6 Terra, Claude Opus 4.6, and DeepSeek-V4-Flash each contribute 120 runs. Endpoint
evaluation and 24-step checkpoint curves cover the three-model study.
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E.6.2 ANALYSIS POPULATIONS

Analysis Runs Design

Main endpoints and checkpoint curves 360 Three models; ten workloads; three
seeds; B0–B3.

Terra+Opus auxiliary analyses 240 Two models; ten workloads; three seeds;
B0–B3.

Autonomous-protocol census 60 Terra+Opus B3 runs.

Table 17: Analysis populations.

E.6.3 WORKLOAD MANIFEST TABLE

Table 18: Scoring-unit inventory in the frozen W01–W10 order.

Frozen scoring-unit inventory
Pack Family Seeded Exposed Held-out Contracts Cases Status

W01 construction 5 35 0 5 35 main study + case
W02 construction 7 7 2 9 40 main study
W03 construction 7 7 2 9 9 main study
W04 construction 3 3 1 4 4 main study
W05 construction 3 3 1 4 4 main study
W06 repair 12 12 4 16 16 main study
W07 repair 12 12 4 16 16 main study
W08 repair 9 9 4 13 13 main study
W09 repair 12 12 4 16 16 main study
W10 repair 12 12 4 16 16 main study

Scoring-unit identity check. For W03, the manifest declares seven public issue units and two
held-out issue units. Scored B2/B3 endpoint rows carry exposed total = 7 and heldout to
tal = 2, matching the nine contract-level behavioral cases in Table 18. This field-level join ties
the exposure split to the frozen task definition.

F EXPERIMENTAL CONDITIONS AND RUN PROTOCOL

F.1 EXACT B0–B3 DEFINITIONS

Conditions are declared as a frozen dataclass with eleven fields and resolved by condition identifier.
The reported configurations are b0 single agent founder, b1 persistent role org, b
2 policy conditioned org, and b3 full relic. Each run retains the resolved condition
and its configuration fingerprint.

F.1.1 B0: REFLECTIVE INDIVIDUAL

B0 uses one member with action selection mode = llm direct. The member is con-
structed from the canonical eight-member roster: skill coverage is the per-domain maximum, while
decision priors, communication style, and work rhythm use roster means. It has a private workspace,
sandbox, and memory with the shared salience threshold and capacity limit, plus the common
registered actions, tools, and task-visible information.

Operational tasks, artifacts, budget records, and repository state persist throughout the run. insti
tutionalization enabled and capability learning enabled are false. Appraised
observations enter private memory under the shared salience and capacity rules; inspected or retrieved
material enters the bounded context for subsequent LLM-direct decisions.

F.1.2 B1: LONG-HORIZON ROLE-BASED MULTI-AGENT SYSTEM

B1 uses eight persistent members with fixed functional roles, a shared company workspace, channels,
meetings, and private member memory. The roster and member-local state persist from t = 0 through
t = 336; temporary team = false retains them across episode and sprint boundaries. The
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model selects from the feasible candidate pool through action selection mode = llm dir
ect.

profile conditioning enabled, capability learning enabled, and institut
ionalization enabled are false. Role-scoped affordances, shared artifacts, communication,
and repository delivery remain available through the common execution substrate. Shared workspace
and private member memory retain their respective visibility and storage interfaces.

F.1.3 B2: SDL-BASED LONG-HORIZON MULTI-AGENT SYSTEM

B2 uses the same eight-member team and work environment as B1, with SDL action selection (ac
tion selection mode = profile policy), profile conditioning, and member-local skill,
reputation, and authority updates.

Protocol proposal, adoption, compilation, and revision are disabled. The registered institutional
actions are propose protocol, amend protocol, support protocol, and follow pr
otocol. They may enter the candidate menu; with institutionalization disabled, their handlers return
mechanism ablation:institutionalization. The wish-to-proposal cadence, adoption,
compilation, and registration path are skipped, while member-local learning, private memory, and
shared artifacts continue to accumulate.

B1–B2 compares the combined addition of SDL, profile conditioning, and member learning. B3–B2
enables the protocol lifecycle on that shared backbone.

F.1.4 B3: PERSISTENT PROTOCOL-GOVERNED ORGANIZATION

B3 shares the B2 roster, model, tools, candidate construction, features, SDL parameterization, member
learning, and execution handlers. Enabling institutionalization enabled activates
reflection-to-wish, proposal, validation, governance, and protocol compilation. Adopted protocols
enter Rt and Qt, supplying decision features, responsibility signals, and post-handler protocol checks
and records. Members can amend and retire adopted rules through the same lifecycle.

F.2 ROSTER, FUNCTIONS, AND DECISION PRIORS

F.2.1 ROSTER SIZE AND FUNCTIONAL SPECIALTIES

The canonical roster is eight members, used in full by B1, B2 and B3, and aggregated into one
member for B0. The functional specialties are a leadership and direction function, two implementation
functions differing in speed-versus-care emphasis, a reliability and verification function, and four
further functions covering review, documentation, customer signal and coordination.

F.2.2 ROLES, RESPONSIBILITIES, AND PERMISSIONS

The board starts with unassigned tasks, and members allocate ownership during execution. Role-
scoped affordances determine which functions receive edit and review candidates and which may
approve releases; these affordances are identical across B1, B2, and B3. Release approval requires
a lead role and the reliability function, capped by roster size for multi-member conditions. Object
permissions follow Appendix D.2, and escalation combines the registered escalation action with the
governance deadlock rule.

The declared-factor conformance test checks that all multi-member conditions use the same gover-
nance role topology. The comparison therefore retains the same functional approval structure while
varying the declared mechanism switches.

F.2.3 FUNCTIONAL DECISION PRIORS

A prior pi(t) is a member-specific map of named, real-valued profile and skill dimensions initialized
from the canonical roster. It enters the 32-dimensional SDL representation in Appendix C.3.1. The
reported assignment is aligned, with functional conditioning fixed before the runs and shared by
B2 and B3.
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Profile-backed inputs remain fixed, while skill-backed inputs evolve through the common member-
learning path. The profile conditioning enabled switch activates these prior inputs in B2
and B3. The same roster initialization and profile assignments are used for the two configurations.

F.2.4 MEMBER INITIALIZATION

Every member starts with: empty private memory; an empty personal workspace and an empty
sandbox; no owned tasks; default continuous condition (attention 1.0, morale 0.6, trust in
company 0.7, perceived recognition 0.5, role clarity 0.4, the remaining variables 0);
the roster’s literal prior and skill maps; and eight-domain reputation and authority at their configured
baselines. Task knowledge is whatever the brief and the starter tree contain (Appendix E.4.2); nothing
about the hidden suite, the reference or the held-out requirements is present in any member’s initial
state.

Randomization at initialization is limited to availability registration, which is seeded. Under fresh-
member turnover, the same initialization procedure reconstructs member-local state for the target
organization while preserving the functional role slots. A fresh member therefore starts with the same
kind of local state as a member at t = 0 of an ordinary run (Appendix G.2.1).

F.3 PROMPTS AND INFORMATION CONTROLS

Relic separates selection of what to do from model calls used to carry out or reflect on a selected
activity. B0 and B1 ask an LLM to choose one action from a constrained candidate menu. B2, B3,
B3-text, Transfer Text, and Transfer Exec use SDL for what-action selection and issue no LLM
action-selection prompt. Other model calls remain module-specific, including code/document editing,
reflection, proposal drafting, and proposal evaluation.

Prompt stage B0 B1 B2 B3 B3-text Text Exec

Shared grounding / identity cond. cond. cond. cond. cond. cond. cond.
What-action selection LLM LLM SDL SDL SDL SDL SDL
Code/document editing cond. cond. cond. cond. cond. cond. cond.
Reflection cond. cond. cond. cond. cond. cond. cond.
Separate LLM wish extraction — — — — — — —
Wish → proposal — — — cond. cond. — —
Proposal evaluation — — — cond. cond. — —
Approval-specific LLM call — — — — — — —
Readable rules in code-editor context — — — avail. avail. 6 6

Table 19: Prompt routing across conditions. “cond.” denotes a module call when that activity occurs.

The wish stage maps and filters reflection-generated improvement ideas. Proposal evaluation
supplies scores and revisions; governance actions supply approval and adoption.

F.3.1 SHARED SYSTEM AND GROUNDING TEMPLATE

Cognitive modules compose the system message from a shared workload/company brief, global
grounding rules, the module name, and the module-specific instruction. The member identity block—
role mandate, enabled functional conditioning, and current memory/context—is prepended to the
user message. The grounding rules require the model to use supplied objects and identifiers, select
only available actions and valid targets where applicable, avoid inventing outcomes, and return the
requested structured output.

F.3.2 B0/B1 ACTION-SELECTION PROMPT

For B0/B1, the user message presents the member-visible action context and asks for one exact
candidate:

Choose the next intentional action for {agent id} at tick
{tick}.
{rendered action context}
Return ONLY JSON matching the action schema;
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candidate action and target must identify one exact entry
from candidate options.

The returned choice is validated against the constrained candidate pool before execution. B2/B3 and
all text/transfer variants do not use this prompt because SDL performs the corresponding selection.

F.3.3 CODE AND DOCUMENT EDITING

After an edit action has been selected, the code editor receives the target file, current content, available
public evidence, the edit goal, and any readable organizational rules applicable to the treatment. The
editor returns anchored replacements rather than a whole-file rewrite. In B3/B3-text and both transfer
treatments, readable rules enter the model through a dedicated block:

HOW THIS ORGANIZATION WORKS:
- {readable rule 1}
- {readable rule 2}
...

F.3.4 FORMATION PROMPTS: REFLECTION, WISHES, AND PROPOSALS

Reflection receives recent work, failures, relevant episodes, product context, memory, and existing
protocol context and asks for structured self/team assessment, blockers, and concrete improvem
ent ideas. A protocol need is used when recurring avoidable failure suggests a standing,
checkable rule. The main formation path then maps these ideas into wishes; no separate LLM
wish-extraction call is used.

A qualifying wish is drafted into a proposal with the visible wish record, available registered actions,
and product context. The proposal instruction requires a concrete checkable requirement, names
required approvals, and does not allow the model to assume adoption. Proposal evaluation separately
returns feasibility, usefulness, risk, adoption score, blocking issues, and suggested revision. Recurring-
pattern synthesis can also produce a candidate protocol; it remains a proposal until the governance
path adopts it.

The exact prompt text, readable transfer rules, and wish-to-protocol measurement criteria are given in
Appendix K.7.1.

F.3.5 CONTEXT RENDERING

Rendering is section-ordered and budget-aware. Candidate menus, task boards, inboxes, pull requests,
test results, and product context retain the information needed to act; narrative history/reflection
sections use bounded rendering. Inbox triage and private-memory capacity provide additional shared
limits across conditions.

F.4 MATCHED EXPERIMENTAL CONTROLS

F.4.1 MODEL AND DECODING CONFIGURATION

The main study uses GPT-5.6 Terra, Claude Opus 4.6, and DeepSeek-V4-Flash, with 120 runs per
model. The DeepSeek runs use the provider model identifier deepseek-ai/DeepSeek-V4-F
lash-0731. GPT-5.6 Terra response identifiers include gpt-5.6-terra-2026-07-09 and
the unversioned family name. Internal transfer uses GPT-5.6 Terra; ProgramBench uses GPT-5.6
with xhigh reasoning effort. The in-situ binding ablation uses Claude Opus 4.6. The same-model
CooperBench comparison uses Claude Opus 4.6 with high reasoning effort.

Client transport documentation specifies a chat completions route, a 180-second request
deadline, six retries, and exponential backoff starting at three seconds. Connect, read, write, and pool
timeouts have separate configuration fields. Each run retains its provider/endpoint routing, wire API,
output limits, decoding fields, and request policy in the client configuration record. Reasoning effort
and temperature are separately identified fields.

A model-call failure propagates as a failed decision or enters the module-specific fallback path. llm
runtime identity records observed response models as a counter of returned model
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strings, an endpoint hash, a routing-context fingerprint, and a chained response-ID digest. llm run
time fingerprint hashes that identity block. Requested model identifiers, observed response
identifiers, and routing metadata thus remain directly inspectable for each recorded configuration.

F.4.2 TOOLS AND REGISTERED ACTIONS

One action registry and wiring function install the same candidate mapper, feature extractor, policy
implementation, and execution adapters across the conditions. Condition switches choose LLM-direct
or SDL action selection and activate member learning and institutionalization. The run record’s tool
surface fingerprint identifies the offered tool and action surface used by that configuration.

Protocol and tool creation pass through B3 governance. The four institutional actions are named in
Appendix F.1.3; their registry presence and condition-dependent execution are checked independently
of the common repository-delivery actions.

F.4.3 TASK-VISIBLE INFORMATION

The pack and seed fix the starter tree, public requirements or specification, public-test command,
entry points, and issue timing. Public-test outcomes are computed on each condition’s candidate
state. The analysis joins paired conditions through the manifest, starter, hidden-suite, and evaluator
identities retained in the run and evaluator records.

The aggregation pipeline validates starter digests before pooling paired conditions. A revised
public gate or evaluator produces a versioned asset identity, and the analysis maps each outcome
to its designated frozen task configuration. This join preserves the correspondence among the task,
candidate artifact, scoring procedure, and reported comparison.

F.4.4 EXECUTION HORIZON AND RESOURCE CEILINGS

The main-study matrix uses a 336-step horizon, checkpoints every 24 steps, 168-step sprints, and
disabled work rhythm. Token expenditure is measured per run, with no matched hard token, model-
call, or primary-action ceiling. Company-balance accounting is soft: charging clamps the remaining
balance and records violation flags, while action execution remains governed by the action and
repository validity checks.

The runner also supports a company-wide resource-ledger configuration with max llm calls, m
ax llm requested tokens, max llm prompt characters, max primary actions,
and max ticks. When enabled, its append-only usage and exhaustion signal operate at organization
scope. The run configuration records the active horizon and resource policy; the reported main-study
results use the scheduling-horizon setting above.

F.4.5 SEEDS AND RANDOMNESS

Each model–workload–condition combination uses seeds 1401, 2711, and 4013. The mechanism
case uses seed 1401.

Randomness is namespaced from the run seed rather than drawn from one global stream: policy jitter
and softmax sampling use Random(f"{seed}:{tick}:{agent}"); availability registration,
sandbox timing, the simulated community and substrate controls each derive their own stream; and
the shuffled-prior transform uses a prefixed string seed. Model calls use the configured provider
sampling. Within each step, members are served in roster insertion order.

F.5 RUN PROTOCOL

F.5.1 INITIALIZATION AND PREFLIGHT

Before launch, the pack passes the three qualification gates with --score. The evaluator and
qualification-plan hashes are printed and supplied as required runner arguments. The code tree
is copied into a run-specific frozen directory, and the public suite is executed on both starter and
reference to verify red/green acceptance behavior. The runner then initializes organizational state
from the selected manifest.
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Evaluator assets are loaded into the token-keyed vault, with the binding stored in world state. When
prompt auditing is enabled, hashing starts at the first intercepted call and the audit receipt records its
call coverage. The initialized run therefore retains the code, task, evaluator, and information-interface
identities used by its subsequent execution.

F.5.2 ONLINE EXECUTION

Each step: advance the clock; at a day boundary run the daily passes (growth where enabled, budget,
structural detectors); process meetings and background jobs; then for each member in roster order,
triage the inbox, build perception, construct and guard candidates, select, execute, appraise into
memory, and write graph edges. Governance passes run on their own cadences (Algorithm A2). State
is written to a checkpoint every 24 steps together with token totals, recorded at the same checkpoint.

F.5.3 CHECKPOINT AND ENDPOINT GRADING

Checkpoint scoring evaluates saved states offline with a 120-second per-contract timeout. Endpoint
grading evaluates final mainline state. The reported endpoint and 24-step checkpoint series cover the
three-model, 360-run study, with the tree type, scoring units, and metric eligibility attached to each
evaluated series.

Each checkpoint couples the saved organization and candidate state with its token totals and evaluated
outcomes. Figure 4 uses these recorded checkpoint steps; the cost sensitivity selects saved checkpoints
according to Appendix I.7.3.

F.5.4 STOPPING, SUBMISSION, AND RESUME

Runs end at the scheduling horizon. Interrupted execution resumes from the last saved checkpoint
under the same run identity. Appendix K.6.2 specifies provider retries and recovery.

F.5.5 RUN MATRIX AND INVENTORY

Table 20: Experimental accounting.

Experimental accounting
Evidence line Runs Design / coverage Configuration

GPT-5.6 Terra main
study

120 10× 3× 4 Ten workloads, three seeds, B0–B3.

Claude Opus 4.6 main
study

120 10× 3× 4 Ten workloads, three seeds, B0–B3.

DeepSeek-V4-Flash
main study

120 10× 3× 4 Ten workloads, three seeds, B0–B3; included in
the pooled endpoint table.

Internal transfer 60 30 Text + 30 Exec Ten workloads × three seeds per arm; 30
GPT-5.6 Terra B2 main-study references reused.

In-situ binding ablation 30 new B3-text; Claude
Opus 4.6, seeds
1401/2711/4013

Thirty matched B3 references reused from the
Claude Opus 4.6 main study.

Selected case included One matched
GPT-5.6 Terra
main-study unit

W01; GPT-5.6 Terra; seed 1401.

ProgramBench separate Same 25 tasks, two
systems

External protocol plug-in; no SDL.

CooperBench separate Full 652-pair
benchmark +
47-pair
same-model subset

Two-member Relic; full released-reference
comparison plus same-model Solo/Peer control
using the same broken-pair exclusion rule.

Human–agent extension walk-
through
study

P2/P3
walkthroughs

Human-facing interface evaluation.
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F.6 CONDITION-CONFORMANCE TESTS

F.6.1 MECHANISM-ISOLATION TESTS

The declared-factor test enumerates the fields allowed to change at each B0–B3 step and compares
them with the resolved condition definitions. For B2–B3, the allowed mechanism switch is ins
titutionalization enabled. The shared wiring installs the candidate generator, feature
extractor, decision layer, execution operator, registry, model, and member-information interfaces for
each condition.

An action-reachability test checks the offered candidates for the delivery chain: edit, commit, open,
review, CI, merge, and release. It checks the chain in both B0 and B3. When the candidate-pool
capacity limit binds, delivery actions are retained first. The conformance tests inspect this pool-priority
rule and the shared governance role topology alongside the condition switches.

F.6.2 CONFIGURATION, HORIZON, AND INFORMATION MATCHING

The four conditions for a workload and seed are launched from one plan that fixes workload,
horizon, seed, and model. Run records retain dataset manifest hash, starter repo
digest, hidden suite hash, evaluator environment hash, tool surface fin
gerprint, ablation fingerprint, llm runtime fingerprint, seed, and acti
on selection mode. These fields bind results to the resolved configuration and support the
workload/version/eligibility joins used by paired aggregation.

F.6.3 MEMBER-INFORMATION AND ACCESS TESTS

Access tests cover evaluator-private assets, future repository history, private member workspaces, and
live-network access. Artifact, search, perception, and snapshot checks are specified in Appendix E.5.4.
The optional prompt-visibility interceptor records the intercepted calls, and the future-recall checker
inspects generated identifiers. The execution-layer proxy and socket controls in Appendix E.3.3
complement these member-facing checks.

G INTERNAL PROTOCOL TRANSFER AND EXECUTABLE BINDING

The internal-transfer experiment uses 30 Text and 30 Exec GPT-5.6 Terra target runs over ten
workloads and three seeds. Fresh uses the corresponding 30 B2 main-study runs. Text and Exec share
a source-derived frozen rule package and vary its executable binding.

G.1 PROTOCOL SOURCE AND BUNDLE FREEZING

G.1.1 SOURCE-RUN ELIGIBILITY

The reported transfer package is constructed from B3-formed protocols using recurring capability
families observed across source runs as the selection frame rather than target performance. From
these families we selected functionally distinct representative concerns and normalized them into four
source concerns and six closed-set typed runtime guards. This selection did not use target-evaluation
outcomes. Normalization was limited to making rule semantics mechanically executable in the target
runtime: timed, multi-head, or otherwise unobservable clauses were removed or rewritten; triggers,
required fields/steps, affected actions, violation conditions, reason codes, and machine bindings were
made explicit. Compatibility checks verified trigger observability and action reachability. Table 21
shows the public functional mapping.

The final package uses bundle schema org capability bundle v2 and binding schema or
g protocol bindings v2. It was frozen before the reported target evaluation. Text and Exec
use exactly the same frozen readable content; the treatment contrast is the presence or absence of
executable bindings.
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Table 21: Public functional mapping of four source-protocol concerns to six compiled runtime guards.

Transferred protocol-to-guard mapping
Source
concern

Compiled guard Affected actions Functional role

S1 issue owner assigned open pr customer triage / ownership
S1 branch owned by actor open pr ownership map
S2 unchanged failed CI not retried run ci, ci test evidence workflow
S2 + S3 current CI attested merge pr workflow integration
S3 independent review review pr, approve pr,

formal pr review, merg
e pr

review gate

S4 release gate covered publish product relea
se

release governance

Notes. S1–S4 identify four source concerns; the CI-attestation guard combines S2 and S3.

G.1.2 PACKAGE PROVENANCE AND FREEZE RECORD

The transfer record identifies the package version, content digest, selected source items, normalization
steps, and freeze time. A source-checkpoint contribution is linked to the corresponding item. The
final freeze fixes the six compiled guards and their readable summaries before target evaluation, and
Text and Exec reference the same package identity.

Source-selection metadata, source IDs, and normalization records are retained with the frozen
package, connecting each compiled guard to the source concern in Table 21.

G.1.3 TARGET-WORKLOAD SELECTION

Targets use the W01–W10 starters, public requirements, and evaluators. Text and Exec are matched
through their target/workload/seed/configuration mapping, yielding 30 matched units. Fresh uses
the corresponding 30-run GPT-5.6 Terra B2 stratum. Seed rates are averaged within workloads, and
applicable workloads receive equal weight.

Curation includes a reverse-reachability check: required verification steps are mapped back to agent-
reachable artifacts and public issues before task admission. This check validates that the target action
surface supplies the work needed to satisfy the protocol’s verification obligations. Source-to-target
relations and scoring identities remain linked to the package and the target record.

G.2 FRESH-MEMBER INITIALIZATION

G.2.1 FRESH ROSTER

The target organization is freshly initialized from the canonical eight-role roster. Member-local state is
reset: private memory, personal workspace contents, sandbox cache, message read/acknowledgement
state, commitments, reflections, wishes, and accumulated member-local experience are not inherited
from the source run. Functional roles are reinstantiated for the target task, while the transferred
organizational package is applied according to treatment.

G.3 ORGANIZATIONAL-STATE ARMS

G.3.1 EXEC: EXECUTABLE PROTOCOL BINDING

Exec initializes fresh target members and supplies the frozen package as readable rules with six
live executable bindings. The target runtime receives the triggers, scopes, affected actions, required
steps and evidence, responsibility functions, exceptions, and retirement conditions. Registration and
identifier remapping associate subsequent runtime events with the imported rule and package.

Readable content is identical to Text. During target execution, existing bindings produce use and
consequence records while the package remains frozen under the treatment in Appendix G.3.4.
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G.3.2 TEXT: CONTENT-MATCHED PROTOCOL PRESENTATION

Text initializes fresh target members and presents the same six ordered rule summaries to model-
mediated work, including the code editor, through HOW THIS ORGANIZATION WORKS. The
prose preserves each rule’s trigger, scope, required steps and evidence, responsible functions, excep-
tions, and consequences. The representation uses capability as prose and the TEXT ONLY
DOC TYPE carrier.

Text retains SDL and member learning with zero compiled bindings for the transferred package.
The readable summaries and their order are checked against the same frozen package as Exec; the
verbatim content is reproduced in Appendix K.7.1.

G.3.3 FRESH REFERENCE: REUSED B2 MAIN-STUDY RUNS

Fresh uses the 30 GPT-5.6 Terra B2 main-study runs with ten workloads and three seeds, initialized
without an inherited protocol package.

G.3.4 FROZEN FORMATION AND THE B2 REFERENCE

The treatment freezes the mechanism-producing path for the entire target window: no new protocol
proposals, adoption of additional protocols, or learned rule revisions. Ordinary code edits, tests,
communication, local memory, and the B2 member-learning paths continue. Imported executable
bindings and their use/consequence records remain active while formation is frozen.

Table 22: Why the main-study GPT-5.6 Terra B2 condition is the fresh-start reference.

Transfer treatment freeze matrix
Target component Fresh reference Text Exec

B2 backbone: SDL and member learning same same same
New protocol proposal / adoption / revision off off off
Fixed transferred protocol content absent present present
Transferred executable bindings absent absent present
Origin of counted runs main study target run target run

G.4 TRANSFER PAYLOAD

G.4.1 PERMITTED PAYLOAD

Only organizational state may cross: executable rules with their trigger condition, scope, a
ffected actions, required steps, required fields, enforcement rule, enfo
rcement action, exception rule and sunset rule; their responsibility mappings over
functions; and the carrier documents those rules reference. The bundle is schema-versioned and
validated on both export and import.

G.4.2 EXCLUDED PAYLOAD

Excluded by construction: source code and patches from the source workload; any target patch or
solution; private member memory; hidden-test outcomes and any evaluator record; task-specific
answers; and future repository history.

G.4.3 PAYLOAD AND RESET RECORDS

Each transfer record contains a capability transfer block with roster origin, capabi
lity form, source repository id, and protocols injected. experiment phase
is capability transfer, and pack identifies the source-to-target relation. Receipt validation
checks the required fields, package contents, and source/target relation against the selected evaluation
plan.

The record stores treatment identity, package-item and carrier-document counts, package digest, and
reset state. A source-to-target role map binds obligations to target functions. Fresh initialization
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reconstructs member memory, workspaces, sandboxes, messages, commitments, reflections, and
wishes while retaining the designated external protocol package. Runtime events refer to the injected
package and rule identifiers, providing the join from inherited organizational state to later target
actions.

G.5 CONTENT MATCHING AND BINDING CONTROL

G.5.1 CONTENT-MATCHED PROSE CONSTRUCTION

Text and Exec use the same canonical v2 package. The six ordered summaries render to an
identical 3,148-character code-editor block in both treatments. Exec activates six compiled bindings;
Text activates none. Appendix K.7.1 provides the shared readable text and package identifiers.

G.5.2 EXECUTION-HOOK REMOVAL

Exec registers the transferred package’s affected actions matchers, responsible roles
routing hooks, and execution checks. Text retains the corresponding prose in shared work state with
zero compiled bindings. Both treatments keep the target-stage proposal, adoption, and revision path
disabled.

Conformance checks compare package identities, readable fields, and rendering order across Text
and Exec and inspect the presence of compiled bindings in Exec and their absence in Text. Existing-
binding use, violation, and execution events are recorded separately from protocol creation and
revision, preserving the frozen target treatment throughout the observation window.

G.6 TRANSFER ESTIMANDS AND EVALUATION SCOPE

G.6.1 PRIMARY CONTROLLED COMPARISONS

Table 23: Internal-transfer comparisons.

Internal transfer: controlled contrasts
Contrast Reference Pass-rate

effect
Interpretation

Exec–Text Actual target treatments +6.5 pp Executable binding of content-matched protocols.

Exec–Fresh Reused GPT-5.6 Terra
B2 equivalent +15.8 pp Comparison with the designated no-package

reference.

G.6.2 INTERPRETATION

Exec–Text estimates the gain from executable binding of the content-matched source-derived package.
Exec–Fresh measures the gain over fresh B2 initialization.

H METRICS AND STATISTICAL ANALYSIS

H.1 CANONICAL DATA SOURCES

H.1.1 REPOSITORY STATE AND ACTION LOG

Product and delivery outcomes use the repository objects in world.repo system.repo, the
product artifacts, and evaluator outputs for the corresponding candidate state. The action log records
explicit action occurrences. Protocol lifecycle measures use the protocol ledger and proposal histories.
These source interfaces retain the object identifiers needed to join a reported count to its underlying
records.

The selected case labels repository and action counters separately and specifies the runtime paths
connecting them in Table 48.
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H.1.2 EVALUATOR OUTPUTS

The final-evaluation artifact uses schema orgenv oss final evaluation v1. Each contract
or check records task id, command, owner, kind, base status, candidate status, r
equired, baseline repo digest, candidate repo digest, execution policy h
ash, exit code, stdout hash, and stderr hash.

Passing cases satisfy candidate status == passed; a confirmed fix additionally satisfies
base status == failed. Checkpoint evaluation uses the same scoring fields at each saved
step across the current 360-run study. Infrastructure and malformed-evaluation errors retain explicit
statuses and enter the metric-eligibility rules in Appendix H.3.3.

H.1.3 ORGANIZATIONAL-STATE AND PROTOCOL RECORDS

Protocol measures join proposal-manager objects and their status histories with the protocol event
ledger. Adoption, use, violation, enforcement, amendment, and retirement each have their own event
type. Per-spec scalar counters provide a cross-check against the corresponding ledger totals.

Distinct affected targets are reconstructed from typed governed-object references in enforcement
events. The references identify PRs, patches, commits, and other work objects, and link the object-
level consequences to the protocol lineage that generated them.

H.1.4 TOKEN AND COMPUTE RECEIPTS

Provider receipts accumulate per call in usage totals and are written to the run-level llm u
sage record, including retry calls. Input, output, and cached-token counters are retained where
supplied by the provider. Checkpoint token totals are stored with the corresponding saved state for
the matched-spend analysis.

Run duration is recorded in seconds. Provider-token accounting and elapsed time are separate mea-
surements; tool and container compute follows the resource-accounting definition in Appendix D.5.

H.2 METRIC DICTIONARY

Table 24: Metric dictionary.

Metric dictionary
Metric Numerator Denominator Better Applicability

Verified production (evaluator, mainline)
Evaluator-confirmed seeded
issues

issues whose contract failed on
starter and passes on candidate

seeded issues in pack high all packs

Exposed cases on mainline exposed units passing exposed units high packs separating exposed
from held-out

Held-out cases on mainline held-out units passing held-out units high packs with a held-out set
Complete contracts on mainline hidden contracts fully passing hidden contracts high all packs

Workspace and delivery
Workspace contracts contracts passing on the

workspace tree
hidden contracts high packs with a workspace

series
Workspace exposed cases exposed units passing on

workspace tree
exposed units high idem

Patch acceptance accepted patches generated patches high all runs
Accepted work reaching
mainline

accepted patches present in a
merged commit

accepted patches high all runs with patches

PR merge rate merged pull requests opened pull requests high runs that opened a PR
Releases release objects published — (count) n/a all runs

Organizational mechanism
Currently adopted protocols registry lineages with terminal

adoption status=adopt
ed

— (count) n/a all runs

Ever-adopted protocol lineages distinct run–protocol lineages
with an adoption record,
including later obsolete rules

— (count) n/a runs with lifecycle
records

Terminal protocol-registry
objects

all registry objects, with
adopted, proposed, and
obsolete states counted
separately

— (count) n/a runs with a terminal
registry

Continued on next page.
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Table 24 (continued)

Metric dictionary
Metric Numerator Denominator Better Applicability

Mechanism uses recorded use events, evidence
level labelled

— (count) n/a all runs

Runtime protocol enforcements exported protocol-linked
enforcement events; scope
stated with the count

— (count) n/a runs with the reported
counter

Distinct affected targets distinct governed objects in
enforcement events

— (count) n/a bundles with references

Efficiency
Tokens per task total tokens summed over tasks tasks low all runs
Tokens per confirmed fix block-level token total block-level confirmed-fix

count
low positive-fix

model–workload blocks;
macro averaged

Actions per outcome total actions confirmed fixes low idem

Diagnostic
Seeded completion (declared) tasks the board marks complete seeded issues — all packs
Completion credibility declared issues also

evaluator-confirmed
declared-complete issues high common eligible issue

set; positive declarations

H.2.1 VERIFIED PRODUCTION METRICS

The four mainline production rates in Table 24 are computed from frozen evaluator records. Confirmed
seeded issues pair a baseline-failing contract with a passing candidate status. Exposed and held-out
rates use their own requirement sets and scoring units. A complete contract requires all constituent
behavioral cases to pass, with partial credit retained at case level.

Each numerator is computed on the evaluated mainline artifact and paired with the corresponding
frozen denominator. This procedure ties the reported production endpoints to both the starter behavior
and the final integrated code.

H.2.2 WORKSPACE AND DELIVERY METRICS

Workspace metrics score local candidate trees; mainline metrics score the integrated shared repository.
Delivery accounting follows generated patches, accepted patches, accepted patches contained in
merged commits, opened pull requests, and merged pull requests. Repository objects supply these
stages, while explicit action occurrences remain separate log counters.

Workspace/mainline comparisons align run identity, checkpoint or endpoint, and scoring units.
Latency measures use recorded event or checkpoint times. The selected case additionally joins PR
identities to their opening, verification, blocking, and merge records.

H.2.3 ORGANIZATIONAL-MECHANISM METRICS

Protocol measures include proposal, adoption, registration, activation, action matching, reading,
use, enforcement, amendment, and retirement. Each event retains its protocol identity and time.
The generic use event credits a successful action matching the protocol’s affected actions;
decision and execution effects have their own linked records.

The census identifies autonomous, seeded, and imported rules by origin. Revisions are grouped
into the parent within-run lineage. Persistence is measured from a named lifecycle origin, such as
adoption or activation, to the last qualifying use or recorded active step. Formation applies the unit,
step, use-count, and 48-step criterion in Appendix C.4.3; the strong evidence grade joins third-party
execution, governed-object changes, and evaluator outcomes.

H.2.4 EFFICIENCY METRICS

Mean tokens per run averages provider-token totals over contributing runs. For cost per confirmed
issue, tokens and confirmed fixes are pooled across the contributing seeds within each model–
workload block. The block cost is its token total divided by its confirmed-fix total. Zero-success runs
retain their expenditure within the block, and blocks with positive confirmed-fix counts supply the
eligible block ratios.
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Arm estimates macro-average their eligible block ratios: B0–B3 use 18, 21, 21, and 22 blocks,
respectively. The paired B3–B2 contrast computes both conditions on the same 20 common blocks
before aggregation. Table 38 retains the Terra+Opus auxiliary calculation on its 14 common blocks.
Internal-transfer costs use the separate transfer analysis associated with Table 2.

H.2.5 DIAGNOSTIC METRICS

Completion credibility is the fraction of declared-complete issues confirmed by the evaluator.

H.3 AGGREGATION, COVERAGE, AND MISSINGNESS

H.3.1 METRIC-SPECIFIC POOLING

For each run r and metric k, the analysis records numerator nrk, denominator drk, applicability,
and evaluation status. It first computes the eligible run-level rate nrk/drk, averages the three seeds
within each model–workload–condition block, and then equally weights applicable model–workload
blocks across the three-model study. The Terra+Opus auxiliary analyses use the same block-macro
procedure on their two-model population.

The numerator and denominator travel together with the metric’s scoring unit and contributing-run set.
Measured zero outcomes retain their zero value; inapplicable or undefined rates retain their NA status.
Paired contrasts apply the same metric-eligibility and workload/version mapping to both conditions
before recomputing the aggregate.

H.3.2 CHECKPOINT AND ENDPOINT COVERAGE

The reported checkpoint curves and main endpoints cover the 360-run three-model study. Curves use
the 24-step grid, with tree type and metric-specific scoring units fixed for each series.

H.3.3 MISSING AND INAPPLICABLE METRICS

The analysis retains metric applicability, denominator validity, evaluator status, run completion, and
version eligibility as separate fields. NA denotes an inapplicable or undefined rate, including held-out
metrics for workloads without a held-out set and outcome-normalized ratios with a zero denominator.
A measured failure contributes zero to the corresponding pass numerator while retaining its valid
denominator.

Infrastructure and malformed-evaluation errors retain explicit error statuses. The recorded eligibility
rule determines which metric rows enter the paired calculation, and both conditions use the same rule.
Run and version records preserve the reason associated with an excluded or superseded observation.

H.3.4 EXACT COUNT RECORDS

Each reported metric is associated with its raw numerator, denominator, scoring unit, contributing-
run count, and analysis-population identifiers. The aggregation records retain the workload and
model weights used to produce the displayed rates. These fields provide the numerical inputs for
recomputing the table entries and matching an aggregate back to its constituent run and evaluator
records.

H.4 ESTIMANDS

H.4.1 PRIMARY ORGANIZATION CONTRAST

The primary contrast is B3–B2 within matched model–workload–seed units for verified production
and resource outcomes. The design contains 30 matched units per model, or 90 across the three
models.

H.4.2 SECONDARY ORGANIZATION CONTRASTS

B2 minus B1 estimates the SDL-based configuration bundle, including selection mode, profile
conditioning, and member learning (Appendix F.1.3); B1 minus B0 estimates having long-horizon
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multi-agent collaboration under the documented condition definitions. All three models cover
the same ten-workload, three-seed, four-condition design. Both are reported as secondary ladder
diagnostics.

H.4.3 TRANSFER ESTIMANDS

Exec–Text uses 30 matched GPT-5.6 Terra workload–seed units. Exec–Fresh uses the corresponding
B2 main-study runs. Seed rates are averaged within workloads, then applicable workloads receive
equal weight. Held-out outcomes use W02–W10, or 27 observations per treatment.

H.4.4 HETEROGENEITY ESTIMANDS

Heterogeneity is summarized by workload, workload family, seed, and model. Model-stratified
endpoints cover all three models. Workload/family and leave-one-workload-out summaries use
Terra+Opus, with run-level rates macro-averaged over the corresponding blocks.

H.5 STATISTICAL ANALYSIS AND SUPPLEMENTARY CHECKS

H.5.1 MATCHED EFFECTS AND CLUSTERING

The paired main-study unit is model–workload–seed. Bootstrap resampling holds the model–
workload blocks fixed and samples seeds within each block. For a treatment contrast, corresponding
seeds are resampled as pairs, and each draw recomputes the same block-macro estimate used by the
endpoint table. Arm intervals recompute their respective arm estimates.

This procedure preserves the shared starter, requirement set, and evaluator associated with each
workload while retaining the paired treatment structure. Population-specific resampling settings are
given below.

H.5.2 CONFIDENCE INTERVALS AND BOOTSTRAP

The production endpoints in Table 1 use 50,000 bootstrap draws. Each arm interval recomputes
that arm’s block-macro estimate; the B3–B2 interval resamples matched seeds within each fixed
model–workload block.

The three-model outcome-normalized-cost analysis uses 20,000 draws. Arm intervals use the
respective eligible blocks, and the cost contrast resamples matched seeds within the 20 common
B2–B3 blocks. Terra+Opus workload/family, leave-one-workload-out, and budget-capped analyses
use 10,000 draws with random seed 1729.

Internal-transfer intervals come from the transfer analysis associated with Table 2. The in-situ
complete-contract interval uses 200,000 matched-seed draws within its ten workloads; Table 43
reports paired 95% intervals for all four in-situ endpoints.

H.5.3 MULTIPLICITY

The complete-contract B3–B2 contrast is primary; secondary endpoints are reported with pointwise
95% intervals.

I FULL RESULTS AND ROBUSTNESS CHECKS

I.1 RUN INVENTORY

I.1.1 MAIN-STUDY COVERAGE

The main study contains 120 runs per model and 30 runs per condition within each model. Table 20
summarizes the experiment inventory.

I.1.2 TRANSFER RUNS

Table 25 summarizes the transfer treatments and reused Fresh reference.
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Table 25: Internal-transfer treatment accounting.

Internal-transfer treatment accounting
Condition Run accounting State and origin

Text 30 new runs Ten workloads × three seeds; fresh members and readable protocol
content.

Exec 30 new runs The same ten-workload, three-seed design; fresh members and
content-matched executable package.

Fresh reference 30 reused runs GPT-5.6 Terra B2 main-study reference.

I.1.3 CASE-DIAGNOSTIC RUNS

The mechanism case uses W01, GPT-5.6 Terra, seed 1401, and the 336-step horizon. Appendix J
gives the protocol and delivery timeline.

I.2 WORKLOAD, SEED, AND FAMILY OUTCOMES

I.2.1 PER-WORKLOAD OUTCOMES

Table 26 reports Terra+Opus workload-level B3–B2 effects using the block-macro aggregation in
Appendix H.3.1.

Table 26: Per-workload mainline B3–B2 point estimates.

Per-workload verified production: B3–B2
Workload Complete

contracts
Confirmed

seeded issues
Exposed

cases

W01 −6.67 pp −6.67 pp −6.19 pp
W02 +5.56 pp +4.76 pp +4.76 pp
W03 +14.81 pp +19.05 pp +16.67 pp
W04 +16.67 pp +16.67 pp +16.67 pp
W05 0.00 pp 0.00 pp 0.00 pp
W06 +6.25 pp +8.33 pp +8.33 pp
W07 +13.54 pp +18.06 pp +18.06 pp
W08 +7.69 pp +9.26 pp +9.26 pp
W09 +1.04 pp +1.39 pp +1.39 pp
W10 +6.25 pp +8.33 pp +8.33 pp

I.2.2 REPAIR AND CONSTRUCTION SPLIT

Table 27: Construction and repository-based workloads reported separately.

Verified production by workload family
Metric B0 B1 B2 B3 B3–B2

Construction
Complete contracts on mainline 6.92% 8.10% 9.25% 15.32% +6.07 pp
Evaluator-confirmed seeded issues 8.37% 7.70% 10.30% 17.06% +6.76 pp
Repair
Complete contracts on mainline 13.69% 28.32% 23.37% 30.32% +6.95 pp
Evaluator-confirmed seeded issues 18.33% 38.24% 31.39% 40.46% +9.07 pp

Notes. Repository-based workloads W06–W10 include bug fixes and feature development.
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I.3 FULL ENDPOINT AND TIME-SERIES RESULTS

I.3.1 CHECKPOINT CURVES

Figure 4 pools checkpoint trajectories and endpoints across the three-model, 360-run study. Series
are evaluated on the 24-step grid and rendered as step-held curves between checkpoints.

I.3.2 WORKSPACE AND MAINLINE OUTCOMES

Figure 4 presents workspace and mainline outcomes. Appendix J.3 traces repository delivery through
seven 48-step windows in the mechanism case.

I.3.3 DECLARED COMPLETION AND EVALUATOR CONFIRMATION

Figure 4a compares declared completion and evaluator confirmation across all three models. Dashed
and solid curves use the same checkpoint grid and eligible issue set.

For one eligible run/checkpoint let D be the set of seeded issues declared complete, E the set
confirmed by the evaluator, and I the common eligible issue set. The two marginal rates are |D|/|I|
and |E|/|I|. The object-level summary reports declaration confirmation |D ∩ E|/|D|, unconfirmed
declarations |D \ E|/|D|, and confirmed-but-undeclared issues |E \D|.

Table 28: Object-matched declaration diagnostics.

Matched declaration diagnostics
Matched diagnostic B0 B1 B2 B3

Declared issues confirmed, |D ∩ E|/|D| 56.68% 56.41% 54.01% 48.37%
Declared issues unconfirmed, |D \ E|/|D| 43.32% 43.59% 45.99% 51.63%

Notes. Terra+Opus endpoint declaration records.

I.4 ACTION ALLOCATION AND DELIVERY CONVERSION

I.4.1 ACTION TOTALS AND CATEGORY COVERAGE

Table 29 reports mapped and unmapped action totals for the Terra+Opus runs. Action shares use
mapped actions within each condition.

Table 29: Terra+Opus action-log totals.

Terra+Opus action-log accounting
Action accounting B0 B1 B2 B3

Mapped actions 9,459 86,288 82,111 88,289
Unmapped actions 0 1 0 0

I.4.2 DELIVERY FUNNEL

Table 30: Raw delivery-object counts across 60 runs per condition.

Delivery funnel: repository-object counts
Stage (60-run raw totals) B0 B1 B2 B3

Generated patches 1,868 9,048 8,610 8,079
Accepted patches 1,508 6,684 6,473 6,381
Accepted patches reaching mainline 510 1,435 1,971 2,234
Opened PRs 498 1,695 2,361 2,908

Continued on next page.
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Table 30 (continued)

Delivery funnel: repository-object counts
Stage (60-run raw totals) B0 B1 B2 B3

Merged PRs 352 1,168 1,743 2,090

Notes. Delivery rates use model–workload macro averaging.

I.4.3 NO-VISIBLE-PROGRESS AND REWORK DIAGNOSTICS

No-visible-progress actions record effort or status without touching an artifact, patch, branch, review,
or message. The action taxonomy assigns work on task, rest, defer, overtime, and idle
to this category.

I.5 ORGANIZATIONAL-MECHANISM INVENTORY

I.5.1 PROPOSALS AND ADOPTION

Table 31 summarizes 617 terminal protocol objects across the 60 Terra+Opus B3 runs: 513 adopted,
92 proposed, and 12 obsolete. Adopted objects comprise 393 autonomous and 120 environment-
seeded rules. The 12 obsolete lineages each retain a nonempty adoption tick, which joins
their earlier adoption to the terminal lifecycle state. Runtime protocol enforcements counts
accumulate over the recorded trajectory, including events preceding retirement.

Table 31: B3 protocol-state inventory and recorded runtime activity.

B3 protocol inventory and runtime activity
A. Terminal registry status across the Terra+Opus 60 B3 runs
Terminal status Autonomous Environment-

seeded

Currently adopted 393 120
Proposed, not adopted 92 0
Obsolete after adoption 12 0
Terminal objects by origin 497 120

All terminal protocol-registry objects 617
All currently adopted protocols 513
All ever-adopted lineages, including later obsolete rules 525

B. Recorded runtime activity by workload
Workload Recorded uses Runtime

enforcements

W01 6,450 4,199
W02 4,453 1,270
W03 4,848 4,297
W04 4,648 582
W05 4,231 3,997
W06 4,155 2,452
W07 4,235 4,373
W08 6,087 5,144
W09 5,230 1,970
W10 5,253 5,159

All B3 runs (all protocols) 49,590 33,443
B0/B1/B2, each condition 0 0
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Notes. The environment-seeded rules are proto review before merge and proto experiment log
ging, each present in all 60 Terra+Opus B3 runs. Runtime activity totals include both autonomous and seeded
rules.

I.5.2 USE AND ENFORCEMENT

Table 31 reports protocol-use and enforcement events. The mechanism case links 211 enforcements
to 12 pull requests (Appendix J.8.1).

I.5.3 AMENDMENT AND LIFECYCLE

Of the 280 formed lineages, 182 have revisions, totaling 1,231 revision entries and 1,231 folded or
superseded proposal identifiers. Retirement is recorded as obsolete; repair proposals use polic
y repair proposal.

I.5.4 CAPABILITY FAMILIES

Recurring protocol themes include commit-bound verification, interface-to-contract checking, review
assignment, experiment logging, release readiness, and handoff readiness.

I.5.5 CORPUS, COUNTING UNITS, AND FORMATION COVERAGE

The autonomous-protocol census covers the 60 Terra+Opus B3 runs. Autonomous lineages exclude
proto experiment logging and proto review before merge.

The census counts within-run protocol lineages identified by (run, protocol id), with revi-
sions grouped into their parent lineage. Formation uses the criterion in Appendix C.4.3; the strong
grade adds object-state and evaluator-linked evidence.

Coverage. The census links terminal protocol states, structured rule content, formation records,
family labels, roles, and revisions across all 60 Terra+Opus B3 runs. Each formed registry ID resolves
to its rich ProtocolSpec; the (run, protocol id) key joins its proposal, adoption, use, and
revision records while grouping versions into one lineage.

Table 32: Autonomous-protocol census over the Terra+Opus B3 population.

Autonomous formation: Terra+Opus 60-run census
Stage or coverage All 60

B3 runs
Interpretation

Autonomous proposal lineages 497 Excludes both seeded rules.
Currently adopted lineages 393 Terminal adoption status=ad

opted.
Unadopted proposal lineages 92 Terminal adoption status=pr

oposed.
Subsequently obsolete lineages 12 Terminal obsolete; all have an

adoption step.
Ever-adopted lineages 405 393 currently adopted plus 12

subsequently obsolete.
Weak-or-strong formed 280 Exact formation count.

weak-only 248 Strong is excluded from this row.
strong subset 32 Object-level and evaluator-linked

evidence grade.

Across the complete 60-run census, 393 of 497 autonomous proposal lineages remain adopted at
the endpoint (79.1%). Another 12 were adopted and later became obsolete, giving 405 ever-adopted
lineages (81.5% of proposals); the remaining 92 are unadopted proposals. The 280 weak-or-strong
formed lineages constitute 69.1% of the ever-adopted set and 56.3% of all autonomous proposal
lineages. Of the formed lineages, 248 are weak-only (88.6%) and 32 strong (11.4%). Every formed
registry ID maps to its rich ProtocolSpec, allowing versions to remain in one lineage.
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I.5.6 SEMANTIC CLUSTERING AND FUNCTIONAL CATEGORIES

We distinguish raw naming from functional grouping. The 280 formed lineages use 243 distinct raw p
rotocol type strings. These strings capture free naming and task-specific wording. All 280 map
to a rich spec with an existing, runtime-recorded family. The present grouping uses these recorded
labels, with content inspection organized around triggers, concrete obligations, roles, affected objects,
and intended effects. Eight of the ten registered families occur; docs and other do not occur as
primary family labels.

Table 33: Recorded functional families of formed autonomous protocols.

Formed capabilities by functional family
Recorded family Formed

lineages
Share Runs

/60
Tasks

/10
GPT-5.6

Terra
Claude

Opus 4.6
Strong

Review and merge 108 38.6% 48 10 38 70 14
Release engineering 80 28.6% 46 10 39 41 8
Evidence governance 56 20.0% 38 10 26 30 6
Debugging 17 6.1% 12 9 3 14 4
Customer 10 3.6% 7 4 0 10 0
Ownership 7 2.5% 6 6 2 5 0
Experiment 1 0.4% 1 1 0 1 0
Budget governance 1 0.4% 1 1 0 1 0

Total 280 100% — 10 108 172 32

Notes. Family counts use one primary label per lineage. Run and workload coverage may overlap across families.

Review and merge. The largest family typically responds to an opened or updated PR, or a claim
that work is merge-ready or release-ready. Obligations include mapping issue acceptance criteria to
tests, rerunning applicable CI against current mainline, recording a non-author review decision, and
refusing readiness claims or merges when evidence, ownership, CI, or review is incomplete. The 108
lineages cover all ten workloads.

Release engineering. These 80 lineages center on release candidates and release gates. A re-
curring sequence assigns an owner, locates the failing module, applies a patch, runs targeted and
smoke/readiness tests, obtains reviewer sign-off, and reruns the release gate before publishing or
declaring readiness. This family and review/merge both use CI and evidence, but differ in their
principal object: a release candidate versus a PR and mainline promotion.

Evidence governance. The 56 lineages regulate claims about fixes, compatibility, resolution, exper-
iment results, or release status. They require applicable acceptance behavior, preserved compatibility,
current verification status, and traceable evidence; insufficiently verified work remains pending,
blocked, or under review rather than resolved or shipped. Coverage across all ten workloads shows
recurrence of this protocol theme.

Debugging and recovery. Seventeen lineages join failure signatures, suspected modules, patches,
targeted tests, smoke results, and review sign-off into a closure chain. Four have strong evidence, a
larger within-family fraction than the overall strong fraction.

Customer, ownership, experiment, and budget. The ten customer lineages, all in the Claude Opus
4.6 records, connect customer issues to implementation or PRs, triage, owners, and response dates.
Seven ownership lineages specify responsibility and handoff for tasks or artifacts. One experiment
lineage requires shared tracker entries with run content, reproducibility state, seed/configuration, raw
trace, and cost. The single budget-governance lineage targets institutional cost: when a protocol
blocks too many requests in a week, its benefit and time cost must be reviewed and revision or
retirement may be proposed.
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Structural completeness, revisions, and role templates. All 280 formed lineages have nonempty
triggers, responsibility maps, success metrics, and enforcement-action fields. Problem evidence is
present in 264 (94.3%), required steps in 274 (97.9%), and required fields in 270 (96.4%). These
fields describe the structured content of formed protocols.

Table 34: Field completeness of the 280 formed rich protocol specifications.

Structured-field coverage of formed protocols
Structured field Nonempty /280 Coverage

Trigger condition 280 100%
Responsible roles 280 100%
Success metric 280 100%
Enforcement action 280 100%
Problem evidence 264 94.3%
Required steps 274 97.9%
Required fields 270 96.4%

Executor-role assignments are founder 179, cofounder 27, reliability 18, editorial 16, fast engineer 13,
artifact design 12, community 8, and external voice 7. Every spec’s reviewer and approver fields con-
tain the same cofounder + founder pair. The generation template fixes this reviewer/approver
pair; executor-role assignments vary by protocol.

I.5.7 DIVERSITY, CONCENTRATION, AND CROSS-WORKLOAD REUSE

The three largest families account for 244/280 formed lineages (87.1%). With family shares pk, the
observed Herfindahl index is

∑︁
k p

2
k = 0.276. Shannon entropy is H = −

∑︁
k pk log pk = 1.469

nats, giving H/ log 8 = 0.706 across the eight observed families and an effective family count
exp(H) = 4.34. The distribution has a long tail but is concentrated around review, release, and
evidence obligations. These statistics summarize lineage-weighted diversity over the recorded
functional families.

Table 35: Model strata of the Terra+Opus B3 protocol census.

Model strata of the capability census
Complete model stratum GPT-5.6

Terra
Claude

Opus 4.6

B3 runs with content and evidence 30 30
Formed lineages 108 172
Strong lineages 14 18
Mean formed per run 3.60 5.73

The GPT-5.6 Terra stratum contains 108 formed lineages across five recorded families, while the
Claude Opus 4.6 stratum contains 172 across eight. These strata characterize how the observed
capability census is distributed across the two model settings.

Review/merge, release engineering, and evidence governance each occur across 10/10 workloads;
debugging occurs across nine, ownership six, customer four, and experiment and budget one each.
Within a recurring family, triggers, fields, and affected artifacts remain workload-specific.

Episode-window reconstruction shows post-adoption use beyond the originating episode window
for all 280 formed lineages. This complements the cross-workload family recurrence and the
independent-organizational-unit criterion used in the formation classifier.

I.5.8 CAPABILITY COVERAGE

The formed-protocol census is concentrated in review/merge, release engineering, and evidence
governance, with smaller families covering debugging, customer handling, ownership, experiment
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tracking, and institutional cost. A complementary formation-funnel view follows visible friction
through recognition, proposal, adoption, and sustained use, while ordinary repairs remain separate
from newly formed organizational mechanisms.

I.6 MODEL-CONDITIONED FRICTION AND INSTITUTIONAL RESPONSES

We examine recorded work episodes and episode-to-protocol links under GPT-5.6 Terra, Claude
Opus 4.6, and DeepSeek-V4-Flash, abbreviated as Terra, Opus 4.6, and DeepSeek.

Overlapping recorded pressures. All three strata encounter debugging, launch pressure, experi-
mentation, feedback, and claim disputes (Table 36). Typical debugging and launch-pressure counts
are close, although other categories have different spreads. One Opus 4.6 PDF-workload run records
4,009 experiment episodes; retaining it raises that stratum’s experiment mean to 209.86, while its
median is 26.5. We therefore describe typical activity using medians and interquartile ranges.

Table 36: Recorded friction and pressure episodes. Entries are the reported median [first quartile, third
quartile] per run.

Episode category Terra Opus 4.6 DeepSeek

Debugging 33.0
[27.5, 45.8]

31.5
[26.0, 39.8]

29.5
[24.0, 39.3]

Launch pressure 34.0
[33.0, 36.8]

35.0
[33.0, 37.8]

33.0
[32.0, 35.0]

Experiment activity 27.0
[24.3, 39.0]

26.5
[22.3, 33.0]

21.0
[18.0, 25.0]

Feedback ingestion 12.0
[10.3, 73.0]

13.0
[11.0, 37.5]

13.0
[11.0, 14.8]

Claim disputes 1.0
[0.0, 1.0]

1.0
[1.0, 1.0]

1.0
[0.0, 1.0]

Episode-to-protocol links. Formed protocol specifications link source-episode categories to pro-
tocol families through source episode ids. Table 37 reports distinct linked lineages for
selected source–family combinations. For example, Terra contributes 24 launch-pressure-to-release-
engineering links; Opus 4.6 contributes 17 debugging-to-release-engineering links and 13 launch-
pressure-to-review/merge links. DeepSeek contributes seven debugging-to-release-engineering links
and five experiment-to-review/merge links. These records connect concrete work episodes to protocol
formation.
Table 37: Recorded links from source episodes to formed protocols. Counts pool the three analysis strata.

Source episode Protocol family Distinct linked
lineages

Launch pressure Release engineering 39
Debugging Release engineering 34
Launch pressure Review / merge 25
Experiment Review / merge 18
Feedback ingestion Review / merge 14
Debugging Review / merge 11
Feedback ingestion Evidence governance 5
Experiment Evidence governance 4
Launch pressure Evidence governance 4
Claim dispute Evidence governance 3
Debugging Debugging 3

Notes. A lineage may link to multiple source-episode categories.

Friction volume and institutional response. Workload–seed-block-centered correlations vary
by episode category. Debugging with debugging/release institutions has r = 0.20 (95% CI [−0.07,
0.46]); claim disputes with evidence governance, r = 0.19 [−0.15, 0.47]; and launch pressure with
review/release, r = 0.20 [−0.06, 0.46]. Experiment activity with experiment/evidence institutions is
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positively associated (r = 0.24 [0.08, 0.44]), while feedback with customer/ownership institutions is
negatively associated (r = −0.24 [−0.33, −0.14]).

The episode links connect recorded work experiences to the protocol-formation history.

I.7 COST AND EFFICIENCY RESULTS

I.7.1 240-RUN TOKEN ACCOUNTING

Table 38: Terra+Opus token accounting over 240 runs.

Main-study token expenditure and outcome-normalized cost
Token metric B0 B1 B2 B3 B3–B2

paired

Terminal total (M) 211.309 2,634.198 225.058 391.372 –

Mean / run (M) 3.522
[3.350,3.695]

43.903
[40.745,47.262]

3.751
[3.439,4.054]

6.523
[5.119,8.379]

+2.772
[1.373,4.665]

Per confirmed issue (M) 4.947
[3.396,5.963]

31.760
[25.994,46.592]

2.907
[2.402,4.632]

3.651
[2.359,6.660]

−0.174
[−1.686,0.633]

Notes. Brackets give 95% intervals. Mean-token/run uses all 60 runs per condition. Per-confirmed-issue arm
estimates average each arm’s eligible nonzero model–workload blocks; the paired B3–B2 contrast is recomputed
on 14 common nonzero blocks (42 paired runs), so it need not equal the arithmetic difference of the two arm
estimates.

I.7.2 OUTCOME-NORMALIZED COST

Table 38 reports Terra+Opus cost estimates. Table 1 reports the pooled three-model estimates. Both
use the block-macro cost definition in Appendix H.2.4.

I.7.3 BUDGET-CAPPED CHECKPOINT SENSITIVITY

For each (model,workload, seed) pair, the budget-capped sensitivity takes B2’s final token expendi-
ture as the cap and selects the last saved B3 checkpoint at or below that cap. The score is the evaluator
output at the selected checkpoint. All 60 Terra+Opus matched units have a qualifying checkpoint
with an evaluator output.

Token receipts provide recoverable monotone checkpoint curves for the 60 B3 runs, and terminal
totals match the corresponding frozen token records. The analysis joins each checkpoint’s recorded
cumulative spend, candidate state, and evaluator output. It equally weights model–workload blocks
and uses 10,000 paired-seed bootstrap draws with seed 1729.

Table 39: Budget-capped checkpoint sensitivity.

Budget-capped checkpoint sensitivity
Endpoint Pairs Blocks B2 B3

under cap
B3–B2

[95% CI]

Complete contracts 60 20 16.310% 23.760%
+7.450 pp
[3.491, 10.927]

Held-out cases 54 18 13.43% 18.51%
+5.08 pp

[0.926, 11.111]

Exposed cases 60 20 22.570% 34.290%
+11.720 pp
[6.781, 19.617]

Evaluator-confirmed seeded issues 60 20 20.840% 27.052%
+6.212 pp
[4.528, 11.719]

Notes. Held-out outcomes use W02–W10; all other rows use W01–W10.

All four verified production contrasts remain positive at the selected budget-capped B3 checkpoints.
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I.8 COMPLETE TRANSFER RESULTS

I.8.1 ALL INTERVENTION ARMS

Table 40: Complete internal-transfer summary.

Internal protocol transfer: complete outcomes and costs
Metric Fresh Text Exec

Behavioral-case pass rate 25.4% 34.6% 41.2%
Exposed-case pass rate 23.434% 39.7% 44.4%
Held-out-case pass rate 11.111% 11.1% 25.9%
Complete-contract rate 18.574% 31.5% 32.3%
Evaluator-confirmed issue rate 21.720% 41.4% 45.1%

Pull requests opened, mean / run 47.1 52.1 48.8
Pull requests merged, mean / run 38.2 42.2 39.7
Releases, mean / run 24.1 26.7 26.2
Patches generated / accepted, mean / run 141.8 / 110.0 124.7 / 122.4 118.0 / 116.7
File-edit actions, mean / run 141.9 121.0 118.0
Total actions, mean / run 1,389.3 1,377.8 1,385.9

Imported mechanisms, mean / run 0 6.0 (text) 6.0 (executable)
New target mechanisms, mean / run 0 0 0
Recorded uses, mean / run 0 0 588.0
Recorded binding enforcements, mean / run 0 0 197.0
Amendments, mean / run 0 0 0

Mean tokens / run (M) 2.381 2.615 2.448
Tokens / evaluated case (k) 176 154 144
Tokens / verified pass (k) 691 444 350

Notes. Count-valued rows are means per run. Confidence intervals for behavioral-case pass rate and cost metrics
appear in Table 2.

I.8.2 PRIMARY CONTROLLED CONTRASTS

Exec improves behavioral-case pass rate by 6.5 pp [0.7, 15.6] over Text and 15.8 pp [9.2, 31.8] over
Fresh. Exec also exceeds Text on each production endpoint in Table 40.

I.9 ROBUSTNESS CHECKS

I.9.1 EQUAL-TASK AND MATCHED SUBSETS

Terra+Opus auxiliary analyses use ten workloads, three seeds, and B0–B3. Complete, exposed, and
confirmed-issue contrasts have 60 pairs; held-out contrasts have 54 pairs over W02–W10.

I.9.2 MODEL-STRATIFIED B3–B2 EFFECTS

Table 41: Model-stratified B3–B2 effects.

Model-stratified B3–B2 effects
Endpoint B2 B3 B3–B2

[95% CI]
Applicable

pairs

GPT-5.6 Terra

Complete contracts 18.574% 23.440%
+4.866 pp

[−1.713, 11.359] 30/30

Continued on next page.
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Table 41 (continued)

Model-stratified B3–B2 effects
Endpoint B2 B3 B3–B2

[95% CI]
Applicable

pairs

Held-out cases 11.111% 12.037%
+0.926 pp

[−4.630, 7.407] 27/30

Exposed cases 23.434% 28.082%
+4.648 pp

[−0.011, 12.505] 30/30

Confirmed seeded issues 21.720% 28.082%
+6.362 pp
[1.296, 14.220] 30/30

Claude Opus 4.6

Complete contracts 14.046% 22.200%
+8.154 pp
[4.509, 13.271] 30/30

Held-out cases 15.741% 35.185%
+19.444 pp
[0.167, 49.333] 27/30

Exposed cases 21.706% 32.518%
+10.812 pp
[3.911, 17.613] 30/30

Confirmed seeded issues 19.960% 29.438%
+9.478 pp
[5.113, 18.018] 30/30

DeepSeek-V4-Flash

Complete contracts 9.54% 13.64%
+4.10 pp
[1.31, 7.13] 30/30

Held-out cases 1.85% 4.63%
+2.78 pp
[0.93, 5.56] 27/30

Exposed cases 12.79% 17.08%
+4.29 pp
[0.77, 7.92] 30/30

Confirmed seeded issues 12.05% 17.08%
+5.03 pp
[1.73, 8.45] 30/30

Notes. Each model has 30 matched pairs for complete, exposed, and confirmed-issue outcomes and 27 for
held-out outcomes. DeepSeek intervals use 50,000 same-workload, matched-seed bootstrap draws.

All four B3–B2 point estimates are positive for GPT-5.6 Terra, Claude Opus 4.6, and DeepSeek-
V4-Flash, with no endpoint direction reversal across models. For DeepSeek-V4-Flash, the paired
95% intervals for all four verified endpoints exclude zero. For held-out cases specifically, B0/B1
are 0.00% [0.00, 0.00], B2 is 1.85% [0.00, 3.70], and B3 is 4.63% [0.00, 8.33], with B3–B2 +2.78
pp [0.93, 5.56]. Its additional behavioral diagnostics are positive on mainline (B0/B1/B2/B3: 4.80
[2.78, 7.06] / 11.50 [9.42, 13.59] / 10.28 [7.09, 13.49] / 13.64 [11.55, 15.90]%; B3–B2 +3.35 pp
[0.28, 6.59]) and on workspace (9.88 [6.98, 12.46] / 17.54 [15.20, 20.11] / 15.21 [11.50, 18.63] /
17.57 [14.76, 20.55]%; +2.37 pp [−2.13, 7.15]). Under the same block-macro outcome-normalized
cost definition used for the main-study paired estimand, the DeepSeek B3–B2 effect is −1.087M
tokens per confirmed issue.

I.9.3 LEAVE-ONE-WORKLOAD-OUT ANALYSIS

Table 42: Leave-one-workload-out robustness.

Leave-one-workload-out robustness
Endpoint Full B3–B2

[95% CI]
LOO > 0 LOO CI

> 0

Complete contracts
+6.51 pp

[2.812, 10.517] 10/10 10/10

Exposed cases
+7.73 pp

[2.183, 13.016] 10/10 8/10

Confirmed seeded issues
+7.92 pp

[2.908, 14.409] 10/10 10/10

Continued on next page.

54



Preprint

Table 42 (continued)

Leave-one-workload-out robustness
Sensitivity range across workload omissions
Endpoint Minimum LOO Maximum LOO Max. abs.

deviation

Complete contracts +5.39 pp
omit W04

+7.98 pp
omit W01

1.46 pp

Exposed cases +6.58 pp
omit W07

+9.27 pp
omit W01

1.55 pp

Confirmed seeded issues +6.68 pp
omit W03

+9.54 pp
omit W01

1.62 pp

Notes. Each refit omits one workload from both models and paired conditions. “LOO CI > 0” counts intervals
wholly above zero.

The three reported endpoints remain positive under every W01–W10 omission, so the aggregate
direction is not attributable to a single workload. Complete-contract effects range from +5.39 to
+7.98 percentage points, exposed effects from +6.58 to +9.27 points, and confirmed-issue effects
from +6.68 to +9.54 points.

I.10 IN-SITU PROSE-ONLY INSTITUTIONALIZATION ABLATION

I.10.1 DESIGN AND INTERVENTION

The internal Text/Exec experiment fixes a transferred package and disables new target-stage formation.
Here we test executable binding inside the original organizational setting while proposal generation,
governance, approval, adoption, and revision remain enabled. The completed ablation uses Claude
Opus 4.6, all ten workloads W01–W10, and three seeds (1401, 2711, and 4013), yielding 30 new
B3-text runs matched to the corresponding 30 executable B3 runs from the main study by workload
and seed.

B3-text retains the B3 roster, member-local learning, reflection, wishes, protocol proposals, gover-
nance, adoption, revision, the core SDL scoring parameterization, and ordinary task and repository
validity checks. The intervention changes what adoption produces operationally: an adopted Pro
tocolSpec remains a readable shared organizational rule and is rendered through the text-only
decision-context interface, but it does not install an executable protocol binding. Learned-rule effects
on selection and routing, automatic protocol-use recording, and protocol-specific enforcement are
disabled. Environment-level CI, review, and transaction-validity checks continue to apply.

Both conditions begin at the initial state and independently develop their work, proposals, and adopted
rules throughout the run.

I.10.2 THREE-SEED OUTCOME COMPARISON

The primary in-situ endpoint is complete contracts on mainline. Complete, exposed, and confirmed-
issue outcomes use 30 matched workload–seed units; held-out outcomes use 27 matched units
because W01 has no held-out set. For each metric, run-level rates are first averaged over the three
seeds within each applicable workload, then equally weighted across applicable workloads: ten for
complete, exposed, and confirmed-issue outcomes, and nine for held-out outcomes. Table 43 reports
the aggregate comparison.

Table 43: Three-seed in-situ B3-text versus executable B3.

In-situ binding ablation: verified mainline outcomes
Endpoint B3-text B3 B3−B3-text Paired 95% CI

Complete contracts on
mainline

15.03% 22.20% +7.18 pp [+3.54, +10.91] pp

Held-out cases on mainline 12.96% 35.19% +22.22 pp [+10.85, +29.71] pp

Continued on next page.
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Table 43 (continued)

In-situ binding ablation: verified mainline outcomes
Endpoint B3-text B3 B3−B3-text Paired 95% CI

Exposed cases on mainline 18.47% 32.52% +14.04 pp [+8.99, +20.23] pp
Evaluator-confirmed seeded
issues

17.72% 29.44% +11.71 pp [+6.27, +15.91] pp

Notes. Rates macro-average the three seeds within each workload, then equally weight applicable workloads.
Intervals are paired 95% CIs; held-out outcomes use W02–W10.

Executable B3 exceeds B3-text by 7.18 percentage points on complete contracts (95% CI [+3.54,
+10.91]). The same direction appears on held-out (+22.22 pp), exposed (+14.04 pp), and evaluator-
confirmed seeded-issue (+11.71 pp) endpoints. All four paired 95% intervals are above zero.

I.10.3 MATCHED COMPLETE-CONTRACT ENDPOINTS

Table 44 reports complete-contract counts for the 30 matched B3-text / B3 pairs.

Table 44: Matched complete-contract endpoints for B3-text / B3.

Matched complete-contract endpoints: B3-text / B3
Workload Seed 1401 Seed 2711 Seed 4013

W01 Mini Blobstore 0/5 / 0/5 0/5 / 0/5 0/5 / 0/5
W02 Traffic Watch 2/9 / 2/9 0/9 / 2/9 1/9 / 1/9
W03 TG Automation 1/9 / 5/9 1/9 / 1/9 1/9 / 3/9
W04 PDF Reformatter 0/4 / 1/4 0/4 / 2/4 0/4 / 1/4
W05 FastAPI Dashboard 0/4 / 0/4 0/4 / 0/4 0/4 / 0/4
W06 Boltons 10/16 / 11/16 10/16 / 12/16 12/16 / 10/16
W07 Celery 1/16 / 3/16 1/16 / 1/16 2/16 / 2/16
W08 Soup Sieve 1/13 / 1/13 0/13 / 1/13 1/13 / 1/13
W09 cattrs 4/16 / 5/16 2/16 / 4/16 4/16 / 2/16
W10 Tenacity 6/16 / 4/16 2/16 / 5/16 5/16 / 3/16

10-workload macro 17.23% / 25.42% 10.49% / 22.85% 17.37% / 18.34%

Notes. Each cell gives B3-text / executable B3. The three-seed aggregate is 15.03% / 22.20%, yielding the +7.18
pp contrast in Table 43.

I.10.4 SEED-STRATIFIED ENDPOINTS

Table 45 reports seed-stratified endpoint rates.

Table 45: Seed-stratified endpoint macros for the in-situ ablation.

Seed-stratified endpoint macros
Metric Arm Seed 1401 Seed 2711 Seed 4013

Complete contracts B3-text 17.23% 10.49% 17.37%
Complete contracts B3 25.42% 22.85% 18.34%
Held-out cases B3-text 13.89% 2.78% 22.22%
Exposed cases B3-text 20.96% 13.10% 21.37%
Evaluator-confirmed seeded issues B3-text 19.21% 13.10% 20.87%

I.10.5 BINDING MANIPULATION CHECK

Table 46 reports proposal, adoption, readable-rule, and executable-binding state across the 30 matched
runs.
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Table 46: Three-seed B3-text manipulation check.

B3-text manipulation check
Check Seed 1401 Seed 2711 Seed 4013 B3-text total B3 total

Protocol proposals 106 115 103 324 347
Adopted protocols 70 81 76 227 321
Endpoint-renderable adopted rules 66 80 75 221 249
Cells with readable-rules block 10/10 10/10 10/10 30/30 —
Cells with executable binding enabled 0/10 0/10 0/10 0/30 30/30
Recorded protocol-use events 0 0 0 0 25,079
Protocol-specific enforcement events 0 0 0 0 18,594

Notes. Endpoint inventories and whole-run event totals across the matched 30 runs; seed columns each cover ten
workloads.

J CASE-STUDY EVIDENCE: COMMIT-BOUND VERIFICATION

This case traces protocol formation, enforcement, revision, and delivery in the W01 Mini Blobstore
run with GPT-5.6 Terra and seed 1401. Displayed member, protocol, and event identifiers use
consistent aliases.

J.1 CASE CONFIGURATION

J.1.1 MATCHED DIAGNOSTIC CONFIGURATION

Four runs, one per arm, on Mini Blobstore (W01) at seed 1401 with a 336-step horizon and model gp
t-5.6-terra with low reasoning effort. All four share pack, starter tree, hidden suite, evaluator,
seed, horizon, model, tool surface and information; circadian rhythm is ablated in all four. The
primary endpoint:

Table 47: Matched case diagnostic, endpoint on mainline.

Selected case: verified mainline endpoints
Endpoint B0 B1 B2 B3

Behavioural cases passing 0/35 0/35 0/35 28/35
Complete contracts 0/5 0/5 0/5 2/5

J.2 REPOSITORY AND ACTION COUNTS

J.2.1 REPOSITORY-STATE COUNTERS

Table 48: Repository objects and action occurrences in the matched case.

Selected case: repository and action counters
Source Counter B0 B1 B2 B3

repo state code patches accepted 74 168 113 118
repo state pull requests opened 1 8 16 80
repo state pull requests merged 0 2 4 76

action log edit repo file 75 169 131 112
action log commit patch 1 12 50 93
action log open pr 0 0 3 20
action log merge pr 0 2 1 28
action log run ci 33 427 142 126
CI records runs recorded 73 651 589 339
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Notes. Some runtime paths create or merge pull requests without emitting a separate open pr or merge pr
action-log entry.

J.3 WORK WITHOUT DELIVERY

J.3.1 LOCAL PRODUCTION

The baseline arms continued to perform editing and verification actions. Actions taken per 48-step
window are flat to the horizon: at t∈ [0, 48) the four arms take 23, 206, 194 and 208 actions; at
[96, 144) they take 22, 198, 184 and 231; at [192, 240) they take 18, 204, 183 and 200; at [288, 336)
they take 17, 185, 174 and 234. B1 is as busy at t = 330 as at t = 10. B0 is a single member, so its
twenty per window is comparable effort per head.

For local editing, B3 made 112 edit repo file actions and had 118 code patches accepted,
against B1’s 169 and 168. B3 has the fewest recorded file-edit actions of the three multi-member
arms. The selected B1 mainline endpoint remains zero despite its larger number of these local
operations.

J.3.2 SHARED DELIVERY

Where they differ is handover. B0 committed once. B1 merged two pull requests, both inside the
first 48 steps, opened its last at t = 96, and spent the remaining 240 steps writing and checking
without handing anything over: its final 96 steps contain 114 CI runs, 63 edits, 62 internal searches,
51 public-test runs, and no pull request opened or merged. B2 opened sixteen and merged four, all
four inside the first 48 steps; its final 96 steps went to work on task (114) and update task s
tatus (77), which is task bookkeeping around work that never left the desk. B3’s final 96 steps are
shaped differently: work on task 50, run ci 36, edit repo file 27, commit patch 26,
approve proposal 18.

J.3.3 DELIVERY OVER TIME

Table 49: Pull requests opened / merged per 48-step window, from repository state differenced per window.

Selected case: shared delivery over time
Window B0 B1 B2 B3

steps 0–48 1 / 0 6 / 2 12 / 4 13 / 9
steps 48–96 0 / 0 2 / 0 3 / 0 13 / 12
steps 96–144 0 / 0 0 / 0 1 / 0 13 / 14
steps 144–192 0 / 0 0 / 0 0 / 0 7 / 9
steps 192–240 0 / 0 0 / 0 0 / 0 13 / 9
steps 240–288 0 / 0 0 / 0 0 / 0 10 / 15
steps 288–336 0 / 0 0 / 0 0 / 0 11 / 8

Total 1 / 0 8 / 2 16 / 4 80 / 76

Early B3 adoptions occur at t = 21, 39, 58, 60, and 65. All recorded baseline merges occur in the
first 48-step window; baseline PR openings extend into later windows, through t = 96–144 for B2.
Adoption timing, PR creation, and merged delivery are shown as distinct series.

58



Preprint

J.4 CAPABILITY INVENTORY AND GOVERNANCE

J.4.1 ALL PROPOSED MECHANISMS

Table 50: Every mechanism this run proposed, adopted or failed to adopt.

Selected case: complete proposal and adoption inventory
Proposal Proposed Adopted Uses Enf. Amend.

P01 step 12 step 21 419 211 2
P02 step 13 step 39 58 0 0
P03 step 7 step 58 18 0 0
P04 step 48 step 60 247 0 4
P05 step 48 step 65 242 0 7
P06 step 264 step 276 39 0 0
P07 step 44 never — — —
P08 (1st) step 267 never — — —
P09 (2nd) step 278 step 291 — — —
P10 (3rd) step 321 never — — —

Notes. Event-ledger proposal and adoption records. A dash denotes an unavailable count.

J.4.2 ADOPTED AND REJECTED MECHANISMS

The run proposes ten mechanisms, adopts seven, and leaves three unadopted. A merge-readiness
handoff is adopted on its second attempt. P02 uses a generic review-before-merge template; P03 uses
a generic experiment-logging template.

J.4.3 USES, ENFORCEMENTS, AND AMENDMENTS

Counts are in Table 50. At the t = 336 endpoint, elapsed time since adoption is 336−21 = 315 steps
for the principal rule and 336 − 60 = 276 steps for the current-commit integration-evidence rule.
Lifecycle records separately track activation, revision, retirement, and last-active state. Amendments
total 13 across three protocols, the last at t = 317, so revision continued to within twenty steps of
the horizon. The case’s 211 reported enforcements are linked to P01 and 12 distinct pull requests
(Appendix J.8.1). P02–P06 have positive reported use counts and zero reported enforcements.

J.5 RELATED RULES FOR VERIFICATION AND EVIDENCE FRESHNESS

J.5.1 FIVE CONVERGENT RULES

Five related mechanisms address evidence completeness, current-commit verification, and readiness
as repository state changes. Four members proposed them (M02, M04, M01, M05). The following
clauses retain the source requirements, with task-identifying names and object identifiers anonymized;
the clauses are:

• P01 (M02, proposed step 12, adopted step 21, 315 steps from adoption to the endpoint):
a pull request affecting public callables or cross-module behaviour is merge-eligible only
when its review record identifies every changed public callable signature, identifies every
added or modified cross-module invocation, maps each identified item to the applicable
written contract, and records successful execution of the applicable public smoke tests
through the highest stacking step affected by the change; anything unmappable, or any
required smoke failure, must be resolved or explicitly rejected before merge approval.

• P04 (M04, proposed step 48, adopted step 60, 276 steps from adoption to the endpoint,
revised four times): a pull request changing a stacking-step implementation or a shared-state
boundary must not be merged unless its recorded CI result and relevant public smoke result
both identify the exact current PR head commit as the tested commit and both pass; if
mainline changes after either result is recorded, the PR must be synchronized and both
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rerun on the resulting current head; and a reviewer or merger must be able to compare the
recorded tested commit with the current head and determine pass or fail without relying on
an author’s statement.

• P05 (M01, adopted step 65, revised seven times): no release, launch announcement or
readiness claim may proceed until the checklist is complete, CI passes on current mainline,
required reviews are complete, and the external claim is limited to the verified dependency
chain.

• P06 (adopted step 276): not merge-ready until the review record contains a complete
trace for each changed completion entry point and a linked passing affected integration or
public-contract smoke result for the PR head.

• P09 (adopted step 291 on the second attempt): the owner records current mainline revision
and passing CI immediately before merge; any mainline movement invalidates that.

J.5.2 SHARED PRINCIPLE

The following formulation summarizes their shared verification concern:

A verification result belongs to a commit, not to a pull request — and when mainline
moves, the result expires.

The integration-evidence rule explicitly binds both CI and public smoke results to the current PR
head and requires reruns after mainline movement. The readiness rule refers to current-mainline
evidence, while the contract-boundary rule emphasizes checkable interface-to-contract mappings.
The trace and handoff rules add related obligations.

The learned rules organize responsibility, review evidence, and readiness obligations around the
shared commit-bound CI workflow.

J.5.3 RELATION TO THE OBSERVED FAILURE MODE

The CI ledger measures the absence of that discipline in the other arms (Table 51): B0 made one
commit and ran CI against it 73 times, with none passing; B1 made twelve commits, recorded
651 CI runs, one single commit accounting for 162 of them, and passed two. The baseline arms
repeatedly tested a small set of commits while delivering few changes. This repeated-verification
pattern coexists with the environment-level commit-binding checks shared across conditions and
motivates the additional organizational evidence discipline learned in Relic.

J.6 CI LEDGER

J.6.1 RUNS, COMMITS, PASSES, AND MERGES

Table 51: CI ledger for the matched diagnostic.

Selected case: commit-bound verification and delivery
Condition CI runs Commits Runs/

commit
CI passes Merged

B0 73 1 73.0 0 0
B1 651 12 54.2 2 2
B2 589 50 11.8 5 4
B3 339 93 3.6 126 76

J.6.2 REPEATED-VERIFICATION PATHOLOGY

B0 made one commit in 336 steps and ran CI against it 73 times; none passed. B1 made twelve
commits and recorded 651 CI runs, of which its most-tested object, C-A, accounts for 162 by itself;
two passed. B2 sits between, at 11.8 runs per commit and five passes. B3 tested each of 93 commits
about three and a half times.
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The distinction that matters is between testing a lot and testing something that has moved. A rule
requiring current-head evidence and freshness after mainline movement expresses a discipline relevant
to this pathology.

J.7 ONE RULE’S GOVERNED LIFECYCLE

J.7.1 ORIGINATING FRICTION AND CHALLENGE

The initiating episode is EP-A, recorded as a speed-versus-quality tension in which the timeline did
not establish that the implementation work had been validated end to end. The first challenge is a
formal review in which M01 refuses pull request PR-C and states the requirement in the refusal:
add the missing tests, provide the relevant test file and evidence, and request a review before it
can proceed. Recurrence follows as repeated ci contract break events against different pull
requests inside the same window. All three are events with identifiers, actors and steps, and all three
were visible to the proposer at proposal time.

J.7.2 PROPOSAL, SUPPORT, AND ADOPTION

The proposal is made at t = 12, naming signature drift across a module boundary as the friction it
is written against. It is supported and adopted at t = 21, with M02 as supporter. On adoption the
compiled spec is registered and enters the action context.

J.7.3 FIRST USE AND FIRST ENFORCEMENT

The first use event occurs at step 22, one step after adoption. At step 26, the ledger records a protocol-
linked refusal of the requested merge and retains paired before/after snapshots of the governed PR.
The event identity, step, protocol reference, and object snapshots connect the adopted rule to this
concrete execution consequence. Subsequent PR records link the same object to repair, verification,
and its final delivery state.

J.7.4 AMENDMENTS WHILE IN FORCE

The rule is amended twice while in force, at t = 33 by M01 and at t = 59 by M02. Governance
applies to the amendments as well as to the rule: the source of the second, AM-A, was itself edited by
M02 at t = 39 and by M01 at t = 43 before it was adopted. Enforcement per step rose from 0.50 to
0.68 across the first amendment and from 0.55 to 0.69 across the second. These rates summarize the
rule’s recorded enforcement activity across the two amendment intervals.

J.7.5 LATER REUSE

The principal rule records 419 uses and 211 enforcements through t = 336, spanning 315 steps from
adoption to the endpoint. It satisfies the formation criterion in Appendix C.4.3. P09 is adopted at
t = 291 and has a 45-step post-adoption observation window.

J.8 PULL-REQUEST-LEVEL CONSEQUENCES

J.8.1 DISTINCT PULL REQUESTS AFFECTED

The 211 enforcement events involve 12 distinct pull requests.

J.8.2 DELAYED AND LATER-MERGED WORK

Eleven of the twelve blocked requests subsequently merged, 15 to 112 steps after their first recorded
block, usually with additional patches. These block-to-merge intervals include the subsequent
implementation, verification, and coordination needed before delivery.

J.8.3 WORK STILL BLOCKED AT THE OBSERVATION HORIZON

One request, PR-B, remained blocked and unmerged at the recorded horizon, without an observed
override, despite approval by an agent occupying the reviewer role. Its head, C-B, was verified 87

61



Preprint

times. The organization responded by building a tool named after the repair rather than by overriding
the gate, preserving the rule while pursuing a repair.

J.8.4 UNAFFECTED MERGES

Of the 76 merges, 65 were never blocked by this rule. Eleven previously blocked requests later
merged and one remained unmerged at the horizon.

J.9 CASE INTERPRETATION

The case traces recurring integration friction into a proposed and adopted rule, followed by repeated
use, pull-request enforcement, amendments, and sustained shared delivery.

K INTEGRITY AND REPRODUCIBILITY

This section connects the execution interfaces, frozen artifacts, run records, and recovery procedures
used to reproduce and inspect the reported experiments.

K.1 EVALUATOR ISOLATION

K.1.1 FILESYSTEM AND PROCESS INTERFACES

The member-facing substrate exposes the project identifier, product name, dataset directory, and
starter directory. Evaluator assets occupy the private hidden-test, held-out-requirement, and reference
directories. Scoring creates a one-shot candidate workspace outside the simulation and hashes its tree
before and after execution. The recorded hashes bind the score to the exported candidate state.

In the container configuration, evaluation runs in a separate untrusted, network-disabled container
built from a digest-pinned image. In the host configuration, it runs in a separate process against the
exported tree. The execution-policy receipt identifies the mode, dependencies, and artifact identities
used for the corresponding score (Appendix E.3.3).

K.1.2 HIDDEN-TEST AND REFERENCE ISOLATION

The evaluator resolves hidden suites and reference content through the 32-byte token-keyed vault
described in Appendix E.3.2. World state and checkpoints retain the versioned binding. Constant-time
token comparison controls vault lookup. Artifact, search, perception, and snapshot tests inspect the
member-facing representations, and initialization validates that private evaluator assets use the vault
interface.

K.1.3 OUTPUT INTERFACE

Endpoint evaluation runs after rollout and writes evaluator-side contract/check records. During rollout,
members receive the outputs of public tests, CI, and ordinary readiness/release gates, including their
associated failure reasons. Hidden-test source, assertions, held-out requirements, and reference
implementation remain in the private evaluator interface. The run records retain both the member-
visible execution feedback and the offline evaluation needed to reconstruct the sequence.

K.2 TEMPORAL AND NETWORK CONTROLS

K.2.1 NETWORK RESTRICTIONS

Repository operations use the in-process repository model, and the search system’s five domains use
internal or frozen corpora. The frozen-web domain is a seeded document snapshot. Replay resolves
searches through the saved corpus and cache; an unresolved lookup raises a cache-miss error. Product
and evaluator execution use the proxy and loopback-only socket controls in Appendix E.3.3. Model-
provider calls are the designated network egress. When enabled, the prompt-visibility interceptor
records call hashes and coverage.
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K.2.2 FUTURE-HISTORY RESTRICTIONS

The member-visible starter is the designated frozen task snapshot. Public issue text supplies the
problem and acceptance requirements. Later repository versions, hidden requirements, reference
code, and source-identifying metadata are retained in evaluator-side provenance. Workload names
and upstream version pairs in the paper link the results to those frozen source records.

K.2.3 ACCESS VALIDATION

Runtime access tests, enabled prompt audits, and post-run future-recall checks record information-
interface validity. A flagged run is handled under the recorded exclusion policy. The flag, run identity,
and validity reason remain associated with its execution and analysis record.

K.3 BENCHMARK IDENTIFIERS AND ARTIFACT JOINS

W01–W10 consistently join workload manifests, result tables, transfer records, and case-study
references. Table 16 gives their names, original pack IDs, and upstream version pairs in the frozen
analysis order. Member, protocol, and event aliases retain consistent mappings within the case. These
identifiers connect the paper’s summaries to the corresponding task definitions and event records.

K.4 RUN-BUNDLE SCHEMA

K.4.1 CONFIGURATION AND IDENTITY

The versioned record experiment run record.json uses schema orgenv experiment
run v2. Its identity fields include run id, pack, condition, arm id, seed, provider, m
odel, and reasoning effort. Configuration fields retain action selection mode, pro
file assignment, experiment phase, oss control, evaluation perturbation,
and mechanism ablations.

The record schema associates these values with the ablation fingerprint, llm runtime
identity, llm runtime fingerprint, resource budget fingerprint, tool su
rface fingerprint, and information budget fingerprint. Artifact fields include d
ataset manifest hash, starter repo digest, reference repo digest, candid
ate repo digest, hidden suite hash, evaluator environment hash, event gr
aph hash, and run manifest hash. started at, ended at, and duration seconds
retain execution timing.

K.4.2 EXECUTION RECORDS

The bundle contains the action log, typed world-event log, model-call records, and perception-
derived decision context. ActionDecision rows retain validation status and rejection reasons.
Checkpoints retain member state and private memory, repository and product state, the protocol
ledger and proposal objects, scheduler and background-job state, and the deep per-step replay frames
and final snapshot.

Typed identifiers join actions to the work objects they changed and to the governance or protocol
records relevant to the transition. The same joins support event-ledger counts, distinct-object counts,
and case-study reconstruction.

K.4.3 EVALUATION AND INTEGRITY RECORDS

The final-evaluation artifact retains per-contract status and digest fields, and the reported checkpoint
series covers the three-model study. llm usage supplies provider-token receipts. organizatio
nal capability evidence retains formation evidence and its hash, while transfer runs carry
a capability transfer receipt. Enabled prompt audits use prompt visibility audit
with a chained hash.

A completeness block checks the record against the expected field profile for its run and phase,
and record notes preserves validation details. Required-field counts, availability statuses, and
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artifact identities remain attached to the record. These checks provide an explicit input-validation
step for replay and aggregation.

K.5 CHECKPOINTING AND REPLAY

K.5.1 SERIALIZATION

Whole-world serialization stores a versioned payload with a SHA-256, a separately hashed metadata
sidecar, and the case-plan, source-provenance, model-binding, and resource-budget fingerprints. The
live model client is detached before serialization and reattached after loading. The payload preserves
the organization, member, scheduler, and background-job state needed to continue from the saved
step.

K.5.2 RESUME EQUIVALENCE

A zero-step resume loads the checkpoint and checks state equivalence before advancing the simulation.
The resume path validates the case-plan, source-provenance, model-binding, and resource-budget
fingerprints and rejects a mismatch. The supervised launcher uses this path for recovery after machine
interruption.

K.5.3 REPLAY AND CONTINUED EXECUTION

Recorded-event replay reconstructs the checkpoint world state, seeded environment randomness,
saved search corpus and cache, and evaluator identity. Case-study timelines use the recorded events
and checkpoints. Continued execution restores this state and then issues new provider calls under
the saved configuration. The run records retain the restored checkpoint and subsequent calls as one
execution lineage.

K.6 RUN VALIDITY AND RECOVERY

K.6.1 FAILURE TAXONOMY

Timeout, transport, empty/malformed response, and schema failures enter the provider-error handling
path with bounded within-call retries. Returned-model counters preserve the observed model identity.
Container and dependency faults are recorded as CI or public-test infrastructure errors. Qualification
and evaluator failures retain contract-level statuses, and checkpoint scoring uses its per-contract
timeout. Checkpoint hashes validate serialized artifacts; machine termination recovers from the last
saved checkpoint.

K.6.2 RETRY AND RERUN POLICY

Provider errors are retried within the call according to its deadline and retry policy. An interrupted
run resumes from the last checkpoint under the same scenario–condition–seed identity, retaining
earlier partial artifacts. A new statistical draw uses a new seed. A provider blackout activates the
batch circuit breaker and pauses remaining launches. Superseded records retain their lineage and
status while the designated completed record supplies the aggregate.

K.6.3 RUN INCLUSION AND VERSION MAPPING

The main endpoint matrix contains 360 condition runs. Each paired analysis applies its declared
population, metric eligibility, and frozen asset/version mapping. Run identity, completion status,
scoring eligibility, selected checkpoint lineage, and replacement reason are retained as separate
analysis fields.

Starter or evaluator changes produce a new frozen asset identity. The aggregation record joins each
retained outcome to its designated task, source package when applicable, manifest, evaluator, and
completion status. Superseded or invalidated records remain linked through the provenance record,
supporting reconstruction of the final included set.
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K.7 PROMPTS, SCHEMAS, AND CONFIGURATION ARTIFACTS

K.7.1 EXACT CONDITION PROMPTS

Relic separates what-action selection from the model calls used to perform, reflect on, or formalize
a selected activity. B0 and B1 use an LLM to choose from a constrained candidate menu. B2, B3,
B3-text, Transfer Text, and Transfer Exec use SDL for what-action selection; their model calls are
module-specific.

Shared cognitive-module guard. For reflection, proposal drafting, proposal evaluation, and proto-
col synthesis, the system message combines the rendered workload/company brief, global grounding
rules, the module name, and the module instruction. The common guard is:

You are the cognition of one agent in a simulated startup. You PROPOSE, REASON,
COMPOSE, EVALUATE and VERBALIZE. You do NOT change the world: the system
validates and executes. Never invent facts, objects, or actions that are not in
the provided context. Return ONLY valid JSON matching the schema.

The composition pattern is:

SYSTEM =
COMPANY_BRIEF_TEMPLATE.format(company_name, product_name,

product_stage, product_purpose)
+ "\n\nGlobal rules:\n"
+ GLOBAL_GROUNDING_RULES
+ "\n\nCurrent module: " + module_name
+ "\n\n" + module_instruction

USER =
agent_identity_for(agent, world)
+ "\n\n"
+ module_user(rendered_context)

B0/B1 action choice.

Choose the next intentional action for {agent_id} at tick {tick}.

{rendered_action_context}

Return ONLY JSON matching the action schema
(candidate_action and target_object_id MUST identify
one exact entry from candidate_options).

The model receives the available action menu, candidate options, valid targets, work state, recent
events, task board, inbox, pull requests, test results, and other member-visible context. The returned
action is validated against the candidate pool before execution.

Code editing. After an edit action has been selected, the code editor receives the complete target
file, public evidence available to the member, the edit goal, and readable organizational rules when
present:

Target file:
{target_object_id} -- {title}
{summary}

CURRENT FILE CONTENT:
{complete_file_content}

{current_build_error, if present}
{published_contract, if present}
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{imported_public_API, if present}
{readable_protocol_rules, if present}

Edit goal:
{edit_goal}

Reason:
{rationale}

Known gaps:
{known_gaps}

Return the patch JSON with ‘edits‘ = the list of anchored
replacements that make this change. Quote each ‘search‘
exactly from the file above; do not return the whole file.

{revision_brief, if an earlier patch was refused}
{anchor_correction, if a replacement did not apply}

Reflection and wish creation. The reflection user message is:

Reflect on the situation.
CONTEXT:
{JSON(reflection_context)}

Its full formation instruction is:

Reflect on the agent’s own and the team’s situation after recent events/episodes.
Output an honest self_assessment, team_assessment, blockers, and concrete
improvement_ideas (each with need_type/description/urgency/risk_if_unaddressed).
‘need_type‘ says what kind of thing is missing, and the schema lists the kinds.
Choose protocol_need when the same avoidable mistake keeps happening and what is
missing is a standing rule everyone follows -- a checkable requirement on work
before it lands. Say in ‘description‘ what the rule should require and which
recurring failure it prevents; the organization writes and votes on the rule
from that. Choose policy_repair_need when an existing rule is the problem and
should be relaxed or repealed. The rules you are shown carry what each has been
holding up lately: a rule turning away most of the work while nothing ships is a
candidate however sound it reads, and one turning away nothing is not. Then say
in ‘description‘ how it should read instead -- write the replacement requirement
in full, keeping the part that was earning its keep and dropping the part
nothing can satisfy. A repair that only says the rule is too strict cannot be
applied: the wording you give is the wording work will be judged against
afterwards. When ‘what_has_been_failing‘ is present it is what the gates
actually said, in their words, with how the recent failures divide by kind.
Read it before you name a need: a failure that keeps arriving in the same words
is the clearest thing you have to reason from, and the need you name should
answer what those verdicts say, not what the situation feels like.

The main-study path maps and filters the structured improvement ideas from this reflection
output into wishes; there is no separate LLM wish-extraction call.

Wish → proposal. The module instruction is:

Turn a wish into a concrete, feasible proposal composed from EXISTING
actions/capabilities/artifacts. Do not assume adoption -- name
approval_required_from. A wish is worded as a suggestion -- "propose a
checklist", "create a matrix". proposed_solution is not: it becomes the rule
the organization is held to, so write what must be true of a piece of work,
checkable by someone who was not there. Never write it as a plan to make a rule.
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The user message is:

Draft a proposal for this wish.
CONTEXT:
{

"wish": {visible wish record},
"available_actions": [registered action identifiers],
"product_context": {visible product context}

}

Recurrent-wish clustering. The clustering system prompt is:

You read what the members of one organization have been asking for and name the
few themes that recur. A theme is worth a standing rule when the same avoidable
failure keeps costing the organization and a checkable requirement on work would
have caught it. Group the wishes: cite in ‘wish_numbers‘ the ones each theme
rests on, and name no theme that rests on fewer than two. Do not restate a rule
the organization has already adopted, and do not return two themes that a single
rule would cover -- each must stand on its own. ‘enforcement_rule‘ must be
checkable against a piece of work by someone who was not there: name what must be
true, not what people should care about. Return nothing rather than something
vague. Reply JSON only.

The user message provides already adopted rules and numbered wishes and asks for at most the
configured number of themes worth a standing rule.

Pattern → candidate protocol.

Synthesize a candidate protocol from a repeated problem pattern. It is only a
proposal -- never adopt it yourself.

The corresponding user message provides the repeated pattern, occurrence count, candidate seed, and
available actions.

Proposal evaluation.

Evaluate the proposal’s feasibility/usefulness/risk/adoption. You only score and
suggest revisions; you cannot approve or reject.

with user message:

Evaluate this proposal.
PROPOSAL:
{JSON(proposal)}

The evaluator returns feasibility, usefulness, risk, adoption score, blocking issues, and suggested
revision. Approval/adoption itself follows the governed review and approval path.
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Stage Recorded criterion

Reflection → wish Each idea records need type, description, urgency, and risk; wishes retain source
reflection, related objects/episodes, supporters, urgency, and status. Similar open
wishes are merged.

Wish → proposal Eligible when urgency is at least 0.85, it has at least two supporters, spans at least
two episodes, or has founder endorsement; proposal provenance retains source
wish/reflection/episode links.

Proposal → adoption A protocol proposal with available provenance represents recurrence across at
least two episodes or two wishes. Adoption requires at least three steps of review
and two distinct approvers in the reported semi-automatic governance
configuration.

Weak formation Valid proposal/adoption, at least two post-adoption uses on distinct use units and
steps, and at least 48 steps from adoption to the last qualifying use.

Strong evidence Weak formation plus validated third-party enforcement, governed-state change,
and independently evaluated outcome evidence.

Table 52: Wish-to-protocol formation and measurement criteria.

Wish-to-protocol formation criteria.

Formation-record fields. The per-run formation interface includes protocol count, weak
protocol count, strong protocol count, time to emergence, repeated prot
ocol use rate, cross context protocol reuse rate, protocol persistence
rate, valid third party enforcement rate, measurable impact, and protoco
l proposal rate. Post-adoption persistence, amendment/repair, and episode-transfer records
provide lifecycle detail. The autonomous census joins these records by within-run lineage and applies
the formation criteria in Table 52.

Readable protocol exposure in Transfer Text and Exec. Both treatments use the frozen cano
nical v2 package. Its semantic SHA-256 is a627adfcf6c299d0fabb185345bbc01106e
a6901380aa0fbfee37c830ad8cdb6. The shared 3,148-character code-editor rule block has
UTF-8 SHA-256 9c505e567afab8853436c1e7cbc609e51928de2e29e64be299d472
1bef09ab49.

Transfer component Text Exec

Frozen package canonical v2 canonical v2
Six readable summaries and
code-editor rendering order

identical identical

Compiled machine bindings 0 6
New target protocol
formation/revision

disabled disabled

Table 53: Content matching for the Text/Exec transfer comparison.

The six verbatim readable summaries are:

1. Issue ownership before PR opening. “Before open pr, resolve the source branch exactly as the
action handler does. If its commits link work, every explicit linked task must exist and have a non-
empty owner id. Every native Issue must have owner id set, and every Task associated with that
issue must also exist and be owned. A ProductArtifact issue has no inferred owner: it must resolve
to at least one associated Task, and every associated Task must exist and be owned. A branch with
no issue or task linkage is outside this guard. Assign every missing owner and retry; editing and
committing remain allowed.”

2. Branch ownership. “Before open pr, resolve the source branch exactly as the action handler does
and require actor.id to equal branch.owner id. A non-owner is blocked without changing
the branch; the recorded owner can open the request, so editing, committing, review, and merge repair
lanes remain available.”

3. CI retry on changed state. “Before run ci or ci test, resolve the pull request exactly as the
action handler does. Block only when its latest CI result is failed and already attests the current
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source-branch head against the current mainline commit list. A new branch head or changed mainline
permits a retry; a not run infrastructure result follows the native retry path.”

4. Current CI attestation at merge. “Before merge pr for a pull request carrying commits or patches,
require approved status and no merge conflict; require pr.commit ids to exactly equal the source
branch commit list and pr.patch ids to exactly equal the ordered flattening of those commits’ pa
tch ids; require both pr.ci passed and a latest passed CI result for the current branch head and
require ci base main commit ids to equal the current repo.main commit ids. When the
active profile exposes a deterministic candidate-tree digest, ci tree hash must exactly equal that
digest; ordinary RepoLite uses the commit head and mainline base as its exact identity and does not
require an unavailable digest. Missing, failed, conflicted, unsynchronized, or stale evidence blocks
only merge; commit and run ci remain available to repair it.”

5. Independent review. “When the roster contains an agent other than the pull-request author, review
pr, approve pr, and formal pr review by that author are blocked, and merge pr requires
at least one approved by identifier that is both a current roster member and different from autho
r id. Unknown actor identifiers cannot review or approve. A one-agent roster may self-review so the
workflow does not deadlock; request changes and all repair actions remain allowed.”

6. Release-gate coverage. “Before publish product release, resolve the release candidate
exactly as the action handler does. Require approved status, the roster-aware release approval
met check, no blockers, a non-empty included pr ids list whose requests all exist, are merged,
and have ci passed. Each candidate must carry the exact non-empty, duplicate-free gate profile
selected by release gates for(world). Each profile gate must have exactly one recorded
passed result or its exact identifier must already be listed in waived gates; unknown gates, waivers,
and results are rejected. Run readiness, collect the required approvals, and repair blockers before
retrying publish.”

K.7.2 CONFIGURATION ARTIFACTS

Frozen workload manifests and brief templates define the public task inputs, entry points, progressive
contract steps, and public-test commands. Machine-readable schemas define the member and
organizational state, proposal and protocol fields, and runtime bindings. The exact model prompts
and transferred rule summaries above identify the text consumed by the corresponding cognitive
modules.

Transfer metadata links the source package, content digest, freeze record, carrier documents, role
mapping, and target reset state to the treatment configuration. Appendix G.4.3 specifies the capabi
lity transfer fields used to inspect the injected package and its later execution records.

L HUMAN–ORGANIZATION INTERFACES

Relic primarily studies whether autonomous agent organizations can accumulate persistent organiza-
tional capabilities. Once such an organization can maintain its own workstreams, responsibilities,
review processes, protocols, evidence, and institutional state, however, a second problem appears:
how should a human participate in an organization whose internal operating representation and
execution tempo are increasingly machine-native?

We explore three interface designs for human participation in a continuously operating agent organi-
zation.

L.1 WHY DIRECT HUMAN PARTICIPATION BECOMES DIFFICULT

Our initial design treated the human as another organizational member. This preserves an appealing
symmetry: human and agent members communicate through the same channels, observe organiza-
tional objects available to their roles, and participate in the same workflows. In practice, this design
exposes a representation mismatch.

Relic maintains structured organizational state including task ownership, review and CI status, active
protocols, approvals, episodes, evidence, commitments, requests, and institutional memory. These
representations are useful for agent decision making and organizational governance, but they are
not necessarily the representation in which a human wants to understand ongoing work. A person
entering the organization may first have to determine which workstreams matter, what is blocked,
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When a Human Joins, the Interface Breaks

P1 AND P2: OUR FORMATIVE EXPERIENCE WITH A WORKING AUTONOMOUS ORGANIZATION

1 P1 · Direct participation 2 P2 · Secretary assistance

The human joins as an ordinary member. A helper is present; the complexity is still exposed.

One chat event among ongoing work

Human

“Why is it blocked?”
Machine-native state

Task ownership / PR state

Review / CI evidence

Protocol / approval state

Episodes / agent messages

Unfiltered organizational state

Human

Secretary

Delegates dev / tests

Agent organization

Tasks and workstreams

Review / CI / protocols

Decisions and history

I R C

No complete translation or attention boundary

No onboarding

Reconstruct who is doing what.

Weak input salience

A concern need not change action.

Cognitive overload

Decode and prioritize raw state.

Natural language in. Structured state out. The human is left doing the translation.

Figure 7: Interface progression before P3. In P1, the human joins the autonomous organization
directly and must interpret machine-native organizational state. In P2, a secretary assists with dele-
gated work, but substantial organizational complexity remains directly exposed. These experiences
motivate a liaison-first abstraction boundary in P3.

which evidence is current, who owns a decision, and whether an apparent problem has already been
handled elsewhere.

Conversely, a natural-language message from a human is only one event in a continuously operating
organization. Asking “Why is this blocked?” does not itself guarantee that the organization will stop,
that the relevant agent will immediately answer, or that no other authorized member will act before
the human finishes considering the issue.

A second prototype introduced a secretary agent that could help the human delegate implementation
and verification work. This reduced some execution burden, but much of the underlying organizational
state remained directly exposed. The human still had to interpret the machine-native organization and
decide which internal objects deserved attention.

Figure 7 summarizes the interface progression that motivated a stronger human–organization abstrac-
tion boundary.

L.2 MOVING THE HUMAN–ORGANIZATION ABSTRACTION BOUNDARY

We organize the design space into three interface levels. The progression changes how organizational
complexity is presented to the human.

P1: Direct organization. The human directly navigates organizational state and communicates
with organizational members. This maximizes direct visibility into the organization but places the
burden of orientation, interpretation, and attention allocation on the human.

P2: Transparent liaison. A secretary assists with communication and delegated work while the
underlying agents, workstreams, and organizational structures remain directly visible. The secretary
reduces some execution burden, but the human still operates close to the machine-native representation
and remains responsible for understanding a substantial fraction of organizational state.

P3: Liaison-first interaction. The secretary becomes the primary human-facing interface. The
organization is not simplified internally. Instead, its state is summarized, translated, and selectively
surfaced to the human. Detailed organizational evidence and provenance remain available on demand.
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Hybrid human–organization interface levels
Primary interface Main interaction property

P1 Organization directly Human interprets organizational state
and communicates with members di-
rectly.

P2 Secretary + visible or-
ganization

Secretary assists, but substantial or-
ganizational complexity remains ex-
posed.

P3 Secretary first; organi-
zation on demand

Secretary translates state and intent
while preserving access to evidence
and provenance.

Table 54: Three human–organization interface levels.

L.3 P3: A LIAISON-FIRST HYBRID HUMAN–AGENT ORGANIZATION

P3 places the secretary at the human-facing boundary while preserving the autonomous organization.
It combines three concurrently operating components: a full autonomous Relic organization, a human
member with a human-facing office, and the shared organizational workflow.

Autonomous Relic organization. The upper-right component of Figure 8 is the autonomous Relic
organization. It continues to maintain its own workstreams, tasks, responsibilities, review processes,
protocols, evidence, and institutional memory. Other organizational members continue working
independently of the human-facing interaction.

The organization may discover problems, aggregate evidence, form recommendations, execute
unrelated work, and update its institutional state without waiting for continuous human direction.

Human office. The human is represented as a member of the larger organization and retains their
own execution capacity. The human office contains the human, the secretary, and delegated execution
agents that can carry out work belonging to the human member’s responsibilities. For example, a
human may specify a desired behavior and constraints, after which the secretary can coordinate
implementation or verification work on the human’s behalf.

The secretary consequently has two distinct responsibilities:

1. organizational liaison: translate organizational state into human-readable summaries and
route human intent back into organizational objects; and

2. human-work coordinator: decompose and delegate work that belongs to the human
member’s own organizational responsibilities.

The secretary coordinates the human-facing interface and delegated work while shared governance
and the organization’s persistent decision processes continue to govern organization-wide work.

Shared organizational workflow. Artifacts produced through the human office re-enter the same
organizational workflow as work produced by other members. Code, documents, tests, and other
artifacts remain subject to applicable review, CI, evidence requirements, and active protocols.

Together, these components form a hybrid human–agent organization: the agent organization contin-
ues operating autonomously, while the human participates through a human-facing abstraction layer
and retains delegated execution capacity.

L.4 BIDIRECTIONAL TRANSLATION

The secretary acts as a bidirectional abstraction layer between two different representations of work.

Organization to human. The autonomous organization may contain many simultaneously active
tasks, reviews, failures, protocols, and commitments. The secretary compresses this state into
human-facing updates. We distinguish three forms of communication:
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P3: A Hybrid Human–Agent Organization
A secretary mediates between the human member and the autonomous agent organization, while coordinating the human’s delegated work.

How much organization is visible? Direct organization Transparent liaison Liaison-first with organization available on demand ILLUSTRATIVE WORKFLOW

File   Edit   View   Help −    □ ×

Batch project exportRelic

New conversation

All conversations

Pull requests

Projects

Workspace

Batch project

export

Weekly summary

User feedback

Protocol review

Human member

In this conversation

Shown on request

CURRENT WORK

Batch export ready

Feedback incorporated

WHO IS INVOLVED

Product, coordination

WHY THIS FEATURE

Recurring user requests

Existing review process

Why is it ready?

On-demand explanation

Implementation linked

Verification passed

CI checks passed

Review satisfied

View organization details

FYI  /  Organization handled it

The weekly work summary is ready.

No action needed from you.

Decision needed  /  Human judgment required

The product team recommends batch export after

reviewing repeated requests from users who send

several projects to colleagues. Shall we add it?

Read feedback Recommendation from the organization

Yes. Let me select a few projects and download

them as one ZIP. Show me what’s included

before I download it.

Secretary

I’ll have your execution team add selection and

ZIP export, with a preview of the included projects.

I’ll send you a reviewed version to try.

Your execution team is working on batch export

Selection, preview and ZIP download

Batch export is ready to try.

Select projects, preview, then download. Try batch export

Why is it ready?

Ask a question, share a goal, or give feedback…

Autonomous Relic Organization
The full Relic organization continues operating independently.

Tasks, protocols, evidence and institutional memory

Persistent capabilities shape later work and shared organizational state

Maintenance Review Other tasks

Product agent

Feedback suggests batch

export. Collect the requests

and ask the human?

Secretary

Groups requests and replies

with evidence links.

Surfaces the recommendation.

request

reply

reads

Summarizes the need for human judgment

report

Human Office
Human member + Secretary + delegated execution agents

Secretary coordinates human-owned work

BEHAVIOR

CONSTRAINT

ACCEPTANCE

Select projects, preview contents, download one ZIP

Include only selected projects

Preview and ZIP match the selected projects

delegates within the human office

The human’s execution department subagents

Interface

Selection + preview

Export

Assemble ZIP download

Verification

Check selected contents

intent

Shared Organizational Workflow

PR / artifact / test results Review / CI / protocol checks Institutional state

Secretary reports the result

Human-owned work follows the same organizational review and governance as other members’ work.

Figure 8: P3: a liaison-first hybrid human–agent organization. The autonomous Relic organi-
zation continues operating independently (upper right). The human interacts primarily through a
secretary, which summarizes organizational state, surfaces items requiring human judgment, and
translates human intent into organizational work. The human also has delegated execution agents in-
side a human office. Human-owned artifacts subsequently enter the same shared review, CI, protocol,
and institutional workflow as other organizational work.

• informational updates, for work that the organization has handled without requiring human
action;

• decision requests, for cases in which human judgment, preference, authorization, or un-
available information is required; and

• on-demand explanation, through which the human can request the evidence, provenance,
review history, or organizational trace behind a summary.

P3 therefore uses progressive disclosure. The default representation is concise, while the underlying
organizational state remains inspectable when the human needs additional evidence.

Human to organization. Human input is expressed in ordinary language but may imply different
organizational actions. For example, “I do not trust this result” may indicate a request for additional
evidence, whereas “always review these changes” may express a persistent policy-level intention
rather than a one-time task.

The secretary can translate such input into structured organizational objects such as tasks, concerns,
review requests, constraints, acceptance criteria, or protocol proposals. The resulting object then
follows the organization’s ordinary validation, approval, and execution path.

L.5 HUMAN ATTENTION AS AN ORGANIZATIONAL RESOURCE

A highly autonomous organization should not require the human to inspect every internal action.
At the same time, aggressive filtering can conceal important disagreement or make consequential
decisions difficult to inspect.

This creates an organizational problem of deciding what deserves human attention. Routine and
reversible issues may be handled internally; recurring but non-urgent issues may be summarized peri-
odically; high-impact, irreversible, or unresolved decisions may require direct escalation. Escalation
policy therefore becomes part of the human–organization interface rather than only a notification
preference.
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The completed walkthroughs expose a second dimension of the same problem: when human attention
can arrive. An organization must decide not only which events deserve human judgment, but also
whether its own execution should wait, slow down, continue autonomously, or defer irreversible
actions while that judgment is pending.

L.6 FORMATIVE PAIRED WALKTHROUGH PROTOCOL

Four members of the author team completed formative paired walkthroughs of P2 and P3 after
implementation. None had participated in the design or implementation of Relic or the two interfaces.
Each explored ongoing work, inspected blockers and evidence, communicated a requested change,
and responded to decisions requiring human judgment.

L.7 PAIRED INTERNAL WALKTHROUGH RESULTS

P3 reduced organizational interpretation burden. Across the four paired walkthroughs, the
liaison-first P3 interface was consistently easier to follow than P2. In P2, the secretary could assist
with delegated work, but the evaluator still had to inspect and interpret substantial machine-native
organizational state before deciding how to intervene. Active workstreams, agent activity, pending
reviews, protocol state, evidence, and other internal objects remained directly salient to the human
interaction.

In P3, the secretary absorbed much of this interpretation burden. It summarized ongoing organi-
zational state, surfaced the subset of issues that required attention, and allowed the evaluator to
request underlying evidence or provenance when needed. The organization itself remained unchanged
internally; what changed was the human-facing representation. The interaction therefore shifted
from navigating the organization toward judging the decisions and exceptions that the organization
surfaced.

Human deliberation became the remaining bottleneck. A recurring observation was that im-
proved legibility did not remove the difference in operating speed between humans and autonomous
agents. While an evaluator was reading a summary, inspecting evidence, or considering whether to
approve, reject, or redirect work, other agents could continue operating elsewhere in the organization.

In some interactions, useful work advanced while the human was still deliberating. When another
agent had sufficient authority over a pending item, that item could also be resolved before the human
responded. The resulting friction was therefore no longer primarily about understanding the state of
the organization. It was about whether human judgment could arrive on the same timescale as the
organization that was waiting for, or acting around, that judgment.

This makes the timing of intervention a separate interface variable. A human may understand the
issue perfectly and still be too slow to participate in every decision at machine execution speed.

Pausing provides control but changes the workflow. The interface can pause the organization
while the human deliberates. This is a practical control mechanism: it prevents the relevant organiza-
tional state from continuing to evolve while the human reads evidence and forms a judgment.

However, pausing also changes the interaction regime. A continuously operating autonomous
organization becomes temporarily synchronized to human decision speed. If every consequential
decision requires such a pause, the resulting system behaves less like an autonomous organization
with intermittent human oversight and more like a workflow that repeatedly waits for a human
operator.

Representation mismatch and temporal mismatch are distinct. The P2/P3 comparison separates
two problems that can otherwise be conflated.

The first is representation mismatch: directly exposing machine-native organizational state makes it
costly for a human to understand what is happening. P3 substantially reduces this burden through
liaison-first summarization and progressive disclosure.

The second is temporal mismatch: even when the relevant state is presented clearly, human delibera-
tion may remain slower than the organization that is acting around that decision. Better summarization
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reduces the time needed to understand a situation, but it does not make human reasoning operate at
agent execution speed.

A human–organization interface must therefore decide both what should be escalated and how the
organization should behave while judgment is pending. Possible policies include waiting only for
irreversible actions, continuing reversible work, slowing selected workstreams, assigning decision
deadlines, or allowing another authorized member to proceed after a timeout.

L.8 AUTHORITY AND INTERACTION RECORDS

Visibility, permissions, and decision rights follow the human and secretary roles. Human-owned
artifacts re-enter the shared review, CI, and protocol workflow. Interaction records connect the
human’s original instruction, the secretary’s structured interpretation, the resulting work or governance
object, and subsequent execution.

The human can request the organizational evidence and provenance behind a summary. This record
preserves the path from a human-facing decision to its source evidence and organizational conse-
quences while the shared governance process remains active.

M EXTERNAL SOFTWARE BENCHMARK: COOPERBENCH

CooperBench evaluates joint implementation of interacting features in existing software reposito-
ries (Khatua et al., 2026). We evaluate the complete two-member Relic architecture on the full
benchmark against released Solo, Peer/coop+git, and hierarchical Team trajectories. We additionally
evaluate a fixed 48-pair same-model subset as a controlled test of coordination loss and recovery.

M.1 FULL-BENCHMARK SCOPE AND SUCCESS CRITERION

The full CooperBench evaluation space contains 652 exact interacting-feature pairs. A pair succeeds
when the delivered candidate passes the official tests for both features (both passed=true); each
exact pair is one scoring unit.

Benchmark-validity auditing ran alongside Relic execution. Once an issue family was established, all
affected exact pairs were entered into the validity ledger. The completed audit excludes 183 exact
pairs and leaves 469 valid pairs. Relic passes 371 of those 469 pairs; the Raw and definite-defect
matched analyses use their corresponding exact-pair identities.

We report three validity policies:

• Raw. No benchmark-validity exclusion is applied. The matched Relic analysis uses the 616
exact pairs with formal official verdicts.

• Definite-defect exclusion. We remove only pairs affected by a directly established
specification–verification mismatch, unpublished mandatory interface or representation, ex-
plicit behavioral conflict, or established cross-feature incompatibility. This policy excludes
111 unique exact pairs from 21 issue families, leaving 541 pairs.

• Final validity exclusion. We remove every exact pair admitted by the completed benchmark-
validity audit. The final ledger excludes 183 unique exact pairs, leaving a 469-pair
validity-filtered benchmark.

For released systems, trajectories for all 652 pair identities are available. We therefore recompute
their results on the same fixed 652-, 541-, and 469-pair universes. Only an official PASS contributes
to the numerator; a non-passing or missing formal verdict does not further shrink the policy-defined
denominator.

M.2 TWO-MEMBER RELIC ADAPTATION

The adapter places two feature owners in one shared organization. Each starts from its assigned
feature brief and works through a private workspace and branch. Requirements and local findings
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reach the other member through explicit messages or shared artifacts. Pair-specific run identities keep
workspaces, patches, messages, and organizational state separate across concurrent pairs.

The B3-2 configuration retains SDL, governed protocol formation, and executable bindings. SDL
selects feasible work, communication, review, and governance actions; the model produces code and
messages. Members can propose rules from visible coordination failures, submit them for validation
and approval, and apply adopted rules to subsequent work.

Joint delivery follows owner-local editing and public testing, commits and pull requests bound to a
code revision, peer review, integration replay, and synchronization to shared mainline. Both members
attest to the same mainline digest and export the same joint patch to their submission slots. The
official evaluator then applies the two native feature test suites to that delivered candidate.

Public-probe receipts retain the probe, associated public requirements, candidate and relevant baseline
statuses, and bounded execution errors and output. Fixed patch guards and artifact-identity checks
implement the adapter, while learned protocols retain their own proposal, adoption, and execution
records. The final official evaluation is linked to the exact pair identity, model, execution settings,
and adapter revision.

Initial adapter development used a separate task to check coordination, integration, and submission
before the reported evaluations. The full-benchmark Relic runs use Claude Opus 4.6 with high
reasoning effort.

M.3 BASELINE CONFIGURATIONS

The full-benchmark comparison uses three released GPT-5.5-hao references (CooperBench, 2026b;a).
Solo assigns both interacting features to one coding agent. Peer / coop+git assigns one feature to
each of two peers without a permanent lead. Team no-proto uses the released lead–member hierarchy
with shared task state and scratchpad.

Across the released runs, these structures exhibit a stable coordination hierarchy:

Peer < Solo < Team.

Splitting interacting features across plain peers reduces success relative to Solo, whereas the structured
lead–member Team exceeds Solo. Relic retains the peer topology with no permanent lead and adds
persistent organizational state and executable governance to that structure.

The separate 48-pair controlled comparison uses Claude Opus 4.6 with high reasoning effort for Relic,
Official Peer, and Official Solo. Official Peer assigns one interacting feature to each peer; Official
Solo assigns both features to one agent. Relic retains the same model and two-peer feature split.

M.4 BENCHMARK-VALIDITY AUDIT

M.4.1 HIDDEN TESTS VERSUS HIDDEN REQUIREMENTS

We distinguish withheld test instances from withheld requirements. A benchmark may hide concrete
test code, input instances, edge cases, reference implementations, and evaluator data. However, for a
hidden evaluation to measure satisfaction of the stated task, the acceptance semantics exercised by
those tests must be supported by the public task contract available to the evaluated system. In short,
test instances may be hidden, but task requirements should not be.

For example, if a public specification requires correct handling of all valid JSON inputs, a previously
unseen valid JSON instance is an appropriate hidden test. By contrast, if the public specification
requires JSON and CSV support while the evaluator additionally requires YAML, the evaluator
has introduced an unpublished requirement rather than merely an unseen test instance. Likewise,
a requirement to produce an error log does not by itself justify an evaluator that accepts only one
unpublished exact log string.

Our audit therefore asks whether behavior enforced by the official evaluator is supported by the public
specification.
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M.4.2 AUDIT SCOPE AND OUTCOME DISTRIBUTION

The audit identifies 38 specification–verification issue families affecting 183 distinct exact feature
pairs. The sum of family-level pair incidences is 194 because 11 exact pairs instantiate two issue
families; deduplication by exact pair identity yields 183 affected scoring units.

Once an issue family is admitted, it applies to every affected exact pair. In the complete 183-pair final
exclusion set, the raw Relic states comprise 21 PASS, 123 FAIL, and 39 pairs without an official
verdict. The 111-pair definite-defect subset contains 5 PASS, 76 FAIL, and 30 pairs without an
official verdict. The validity audit asks whether a scoring unit can distinguish failure to implement
the public requirement from failure to satisfy an unpublished or materially under-specified evaluator
assumption.

All original evaluator outcomes and experimental artifacts are retained. Validity exclusion changes
only whether an exact pair contributes to the corresponding aggregate score; it does not rewrite its
raw outcome.

M.4.3 VALIDITY EVIDENCE LEVELS

The six failure classes below describe what kind of contract problem is present. Independently, each
issue family is assigned one of two evidence levels: a definite defect or a specification ambiguity.

Definite defects. A definite defect is directly established from the public specification and evaluator
behavior: an explicit specification–verification mismatch, an unpublished mandatory interface or in-
ternal structure, an unpublished exact representation, an explicit behavioral conflict, or an established
cross-feature incompatibility. The audit contains 21 definite-defect families covering 111 unique
exact pairs.

Specification ambiguities. A specification ambiguity occurs when more than one behavior remains
consistent with the public contract, while the evaluator accepts only one such interpretation. The
D/A-tiered audit contains 12 ambiguity families covering 71 unique exact pairs; seven of these
pairs also appear in the definite-defect set. The completed audit contains five additional issue families
covering eight further exact pairs, for 38 issue families and 183 excluded exact pairs in total.

Thus, the definite-defect sensitivity policy excludes 21 families / 111 pairs, while the completed final
validity policy excludes 38 families / 183 pairs.

Class Specification–verification failure Issue
families

Primary
pairs D coverage A coverage

C1 Public contract and evaluator acceptance are
inconsistent

9 48 47 0

C2 Hidden interface, internal structure, or
input-domain requirement

7 34 30 5

C3 Callback protocol is not defined by the
public contract

3 18 0 20

C4 Behavioral scope or boundary semantics are
not determined

11 49 3 48

C5 Exact output representation is not publicly
specified

3 20 21 0

C6 Cross-feature contract or retained-test
incompatibility

5 14 12 0

Across-
class
total /
union

38 183 111 71

Table 55: CooperBench validity taxonomy and evidence levels. “Issue families” counts all 38
root issue families in the completed audit. “Primary pairs” assigns each affected pair to one class
in a fixed C1–C6 order so that the column sums to 183. D/A coverage reports the explicitly tiered
definite-defect and ambiguity subsets and is not additive across classes.

76



Preprint

The completed audit adds one C1 issue, one C2 issue, two C4 issues, and one C6 issue beyond the
D/A-tiered family set; these five families account for the eight additional excluded exact pairs.

M.4.4 COMPLETE ISSUE-FAMILY INVENTORY

Table 56 lists every admitted issue family. Because CooperBench scores exact feature pairs rather
than isolated features, a defect associated with one repeatedly paired feature can propagate to several
scoring units.

Table 56: Complete CooperBench specification–verification issue-family audit. D denotes a definite
defect; A denotes specification ambiguity; “–” marks a final exclusion family without a separate D/A
sensitivity-tier assignment. “Pairs” is the number of exact feature pairs affected by the family and may
overlap across rows.

ID Class /
tier Repository / task / feature Observed contract problem Pairs

R01 C1 / D go chi / 56 / f1 The public example permits “GET, HEAD” as one Allow-header value,
whereas the evaluator indexes two separate values from Header.Value
s("Allow").

4

R02 C2 / D go chi / 27 / f3 The evaluator directly requires internal logging symbols that are not part of
the publicly specified interface.

3

R03 C4 / A go chi / 26 / f3 The public contract does not fully determine the version-selection entry
point or fallback behavior for an unknown selector or role; the evaluator
selects one specific behavior.

3

R04 C4 / A outlines / 1371 / f2 The public contract does not specify the behavior for unregistering a
nonexistent filter; the evaluator requires unregister filter("non
existent") to succeed without raising.

3

R05 C4 / D outlines / 1371 / f4 The public task specifies JSON/CSV behavior, while the evaluator
additionally requires YAML support.

3

R06 C4 / A outlines / 1655 / f4 The public contract permits colon or hyphen separators but does not
determine whether they may be mixed; the evaluator rejects mixed forms.

9

R07 C6 / D outlines / 1706 / f1 The new feature requires wording that includes both Transformers and
MLXLM, while retained tests from interacting features still match the
older Transformers-only wording.

7

R08 C1 / D tiktoken / 0 / f9 The public contract names the parameter compress, whereas the
evaluator calls compression.

9

R09 C2 / D tiktoken / 0 / f10 The public task specifies LRU/use cache behavior, while the evaluator
additionally requires an assignable enc.cache attribute that is not
published in the contract.

9

R10 C3 / A tiktoken / 0 / f7 The validator protocol is underspecified: the contract does not determine
whether validation returns a Boolean or raises directly, while the evaluator
fixes a False-returning predicate protocol.

9

R11 C5 / D click / 2068 / f10 The public task requires error handling, but the evaluator additionally
requires the unpublished exact text “Editing failed”.

11

R12 C1 / D click / 2956 / f7 The public example/model input uses an underscore-form parameter name,
whereas the hidden acceptance condition requires the hyphenated CLI
spelling.

7

R13 C4 / A click / 2956 / f3 The public contract specifies ValueError for negative batch size but
does not determine the exception class for non-multiple input; the
evaluator requires TypeError.

7

R14 C6 / D click / 2068 / paired
features

One feature explicitly requires wait(timeout=timeout), while
retained mocks in interacting-feature tests expose a narrower wait
signature.

3

R15 C6 / D click / 2068 / f1--f8 The new feature moves to edit files, while the interacting feature’s
retained tests still depend on the older internal edit file API.

1

R16 C1 / D jinja / 1559 / f3 The public task requires retries beginning at priority 0, while the evaluator
also requires the priority-0 case to invoke the operation only once.

9

R17 C4 / A jinja / 1465 / f5 The public task discusses None, empty-string, and falsy values but does
not define grouping semantics for a completely missing attribute; the
evaluator requires one particular treatment.

9

R18 C3 / A HF datasets / 3997 /
f2,f3

The custom criteria callback arguments are not specified. The
evaluator accepts a single feature argument but rejects the alternative (na
me, feature) protocol.

7

R19 C4 / A HF datasets / 3997 / f4 The public contract does not specify whether a JSON-formatted string
supplied as an update value should be automatically deserialized into a
dictionary; the evaluator requires that behavior.

4

R20 C3 / A pillow / 68 / f4 The public task specifies an error handler callable and high-level
strategy but not its exact arguments or return protocol; the evaluator fixes (
error,key,value) and specific fallback/skip semantics.

4

R21 C5 / D pillow / 68 / f5 The public task requires relevant logging, whereas the evaluator accepts a
particular unpublished sentence form such as “Orientation value: 3”.

4

R22 C1 / D pillow / 290 / f4 The public contract permits fallback to the maximum color count when the
MSE threshold cannot be met, whereas the evaluator imposes strict error
ordering. The reference image remains above the stated threshold even at
256 colors.

4

Continued on next page
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ID Class /
tier Repository / task / feature Observed contract problem Pairs

R23 C5 / D llama index / 17244 /
f4

The public force mimetype contract does not require the exact data:
image/png;base64, representation, while the evaluator does.

6

R24 C4 / A llama index / 18813 /
f5

The public task mentions trimming but does not define it as removal of
zero bytes from both ends of the raw binary payload; the evaluator fixes
that interpretation.

5

R25 C2 / D llama index / 18813 /
f6

For format=mp3 without an explicit mimetype, the evaluator requires
unpublished BytesIO.mimetype and BytesIO.as base64
attributes.

5

R26 C2 / D dirty equals / 43 / f6 The public task defines an issuer parameter, while test collection directly
requires an unpublished class-subscript API such as IsCreditCard["V
isa"].

8

R27 C4 / A dirty equals / 43 / f7 The public contract does not determine whether an invalid hash algorithm
should fail at construction or evaluate to false during comparison; the
evaluator requires a constructor-time ValueError.

8

R28 C2 / D react hook form / 153 /
f6

The public contract does not make the otherwise required onValid
argument optional, while the evaluator supplies undefined and requires
successful handling.

5

R29 C1 / D react hook form / 153 /
f5

The public task explicitly permits either a configuration object or an
additional parameter, while the evaluator accepts only a third-argument op
tions object.

5

R30 C1 / D react hook form / 85 /
f2

The public contract permits either formState.isLoading or a
dedicated state representation, while the evaluator accepts only the former.

4

R31 C2 / A dspy / 8635 / f4 The public task permits None to be intercepted at the call site, while the
evaluator directly invokes a private helper with None; the private-helper
input contract is not specified.

5

R32 C1 / D dspy / 8587 / f3 The public task describes timestamps as optional, while the evaluator
requires specific private t0/ t last mappings and fixed output keys.

5

R33 C6 / D pillow / 25 / f1--f2 Feature 1 requires readonly state to be preserved when saving to a different
file, whereas Feature 2 requires the default preserve readonly=Fal
se behavior to ensure that the destination is writable before saving. The
same default save-as operation therefore cannot simultaneously satisfy
both public feature contracts.

1

R34 C2 / – click / 2068 / f5--f8 The public feature permits lock-conflict failure but does not specify the
exception class; the evaluator recognizes only a specific exception type.

1

R35 C4 / – pillow / 25 / f1--f5,
f2--f5, f3--f5

The public corner-marking contract does not specify source-image
immutability or restoration after a marked save, while the evaluator
enforces that boundary.

3

R36 C4 / – dirty equals / 43 /
f1--f3

The public email contract does not specify a minimum final-label length,
while the evaluator rejects the one-character final label used by this exact
pair.

1

R37 C1 / – dspy / 8394 / f2--f3 The public namespace contract requires the same value to be identical to N
one after assignment and remain callable as a context manager.

1

R38 C6 / – dspy / 8635 / f1--f6,
f5--f6

The paired public contracts impose incompatible adapter/probe revision
and composition requirements across the interacting features.

2

Why 38 issues affect 183 scoring units. CooperBench scores exact feature pairs rather than isolated
features. Consequently, a contract defect associated with one repeatedly paired feature propagates to
every scoring unit containing that feature. For example, the unpublished exact-output requirement in
click/2068/f10 affects 11 pairs; the tiktoken parameter-name and hidden-cache issues each
affect nine; the jinja priority conflict affects nine; and the outlines separator ambiguity affects
nine.

The 183 excluded pairs arise from 38 shared feature- or pair-level contract issues propagated
through CooperBench’s pairwise composition.

M.5 RELEASED-BASELINE SENSITIVITY

The definite-defect policy leaves 652− 111 = 541 exact pairs, while the final validity policy leaves
652− 183 = 469. We apply the identical pair sets to all released trajectories.
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Validity policy N GPT-5.5 Solo Peer / coop+git Team no-proto

Raw 652 362/652 (55.5%) 329/652 (50.5%) 403/652 (61.8%)
Definite-defect 541 339/541 (62.7%) 305/541 (56.4%) 380/541 (70.2%)
Final validity 469 311/469 (66.3%) 277/469 (59.1%) 349/469 (74.4%)

Table 57: Released GPT-5.5-hao CooperBench trajectories under three benchmark-validity
policies. Only official PASS outcomes enter the numerator; the denominator is fixed by the validity
policy.

The validity policy changes absolute pass rates but not the structural ordering:

Peer / coop+git < Solo < Team no-proto.

In the released CooperBench settings, plain peer cooperation is therefore the weakest of the three
structures: splitting the interacting features across peers reduces performance relative to Solo, whereas
the structured lead–member Team exceeds Solo.

M.6 RELIC RESULTS AND MATCHED-PAIR SENSITIVITY

Within each validity policy, Relic, Solo, Peer, and Team are compared on exactly the same exact-pair
identities with formal Relic verdicts.

The final validity comparison contains all 469 valid exact-pair identities; the Raw and definite-defect
sensitivity rows use their corresponding matched identity sets.

Validity policy Relic Peer Solo Team no-proto

Raw (n = 616) 388/616 (63.0%) 317/616 (51.5%) 350/616 (56.8%) 391/616 (63.5%)
Definite-defect
(n = 535)

383/535 (71.6%) 303/535 (56.6%) 337/535 (63.0%) 378/535 (70.7%)

Final validity
(n = 469)

371/469 (79.1%) 277/469 (59.1%) 311/469 (66.3%) 349/469 (74.4%)

Table 58: Matched-pair CooperBench sensitivity. Within each row, all systems are scored on
exactly the same pair identities with formal Relic verdicts under that policy.

Raw comparison: lifting peer coordination to the Team regime. On the unfiltered matched
set, Relic reaches 63.0% on 616 identities, compared with 51.5% for the released Peer reference
and 56.8% for Solo on the same identities. This is a +11.5 percentage-point gain over Peer and a
+6.2-point gain over Solo, with Relic 0.5 percentage points below the hierarchical Team reference on
the same pairs (63.5%).

The released CooperBench baseline ordering is

Peer < Solo < Team.

Peer/coop+git is the weakest released coordination setting, whereas the lead–member Team is the
strongest. Relic retains two peer feature owners with no permanent lead and reaches essentially the
same performance regime as the specialized hierarchical Team on the unfiltered matched set.

Sensitivity to benchmark validity. Under the definite-defect policy, Relic reaches 71.6%, com-
pared with 56.6% for Peer, 63.0% for Solo, and 70.7% for Team on the same 535 pair identities. The
corresponding differences are +15.0 points over Peer, +8.6 points over Solo, and +0.9 points over
Team.

Under the final validity policy, Relic reaches 79.1% on the complete 469-pair validity set, compared
with 59.1% for Peer, 66.3% for Solo, and 74.4% for Team. The corresponding differences are +20.0
points over Peer, +12.8 points over Solo, and +4.7 points over the hierarchical Team reference.

Relic’s advantage increases under stricter validity policies. On the raw matched set it exceeds
Peer by 11.5 points and Solo by 6.2 points while remaining within 0.5 points of Team; under the
definite-defect and final-validity policies it exceeds Team by 0.9 and 4.7 points, respectively.
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From the weakest released topology to Team-level performance. The released CooperBench
hierarchy shows a coordination penalty for plain peers: splitting interacting features across two peers
performs worse than assigning both to one agent, while a specialized lead–member hierarchy is
required to exceed Solo.

Relic keeps the peer feature-owner structure and adds persistent organizational state, governed
protocol formation, and executable coordination rules. This moves the peer topology from the
weakest released CooperBench setting to Team-level performance on the unfiltered matched set,
above Team under the definite-defect policy, and further above the hierarchical reference on the final
validity set.

M.7 FROZEN 48-PAIR SAME-MODEL COORDINATION CHECK

The same-model coordination check uses a fixed 48-pair subset spanning 30 task instances and
12 repositories, selected independently of Relic outcomes. The final audit excludes one of those
identities, leaving 47 valid pairs scored for Relic, Official Peer, and Official Solo.

Table 59: Frozen CooperBench same-model evaluation pairs.

# Repository Task Pair

1 dottxt ai outlines 1371 F1/F2
2 dottxt ai outlines 1655 F1/F3
3 dottxt ai outlines 1655 F6/F7
4 dottxt ai outlines 1655 F7/F10
5 dspy 8563 F1/F4
6 go chi 27 F3/F4
7 go chi 27 F2/F4
8 huggingface datasets 7309 F1/F2
9 llama index 17070 F1/F2

10 llama index 17244 F5/F6
11 llama index 17244 F2/F6
12 openai tiktoken 0 F4/F8
13 openai tiktoken 0 F1/F5
14 pallets click 2800 F1/F4
15 pallets click 2800 F1/F2
16 pallets jinja 1621 F6/F10
17 pallets jinja 1621 F1/F6
18 pillow 25 F1/F5†

19 pillow 25 F1/F4
20 pillow 68 F1/F5
21 pillow 290 F3/F5
22 pillow 290 F2/F3
23 react hook form 153 F2/F6
24 react hook form 153 F1/F3
25 samuelcolvin dirty equals 43 F2/F3
26 samuelcolvin dirty equals 43 F2/F4
27 typst 6554 F2/F6
28 typst 6554 F1/F3
29 dottxt ai outlines 1706 F4/F6
30 dottxt ai outlines 1706 F5/F6
31 dspy 8394 F3/F4
32 dspy 8394 F3/F5
33 dspy 8587 F1/F4
34 dspy 8587 F2/F3
35 dspy 8635 F1/F4
36 dspy 8635 F4/F6
37 go chi 26 F1/F2
38 go chi 26 F2/F4
39 go chi 56 F1/F5
40 go chi 56 F2/F3
41 huggingface datasets 3997 F1/F2
42 huggingface datasets 6252 F4/F6
43 llama index 18813 F1/F5
44 pallets click 2068 F1/F4
45 pallets click 2956 F1/F8
46 pallets jinja 1465 F1/F7
47 pallets jinja 1559 F1/F8
48 react hook form 85 F3/F4
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†pillow / 25 / F1/F5 was part of the original frozen 48-pair selection but is classified as
BROKEN by the final benchmark-validity audit. We therefore exclude it from the same-model
aggregate, exactly as broken pairs are excluded from the full-benchmark comparison. The reported
controlled comparison consequently uses 47 final-valid pairs; this excluded identity was a Relic PASS
and an Official Solo/Peer FAIL.

M.7.1 SAME-MODEL RESULTS

System Model Structure Pass / 47

Relic (B3-2) Claude Opus 4.6 (high) Two peer feature owners; no fixed
lead

28/47

Official Solo Claude Opus 4.6 (high) One agent receives both
interacting features

26/47

Official Peer Claude Opus 4.6 (high) Two peers split the interacting
features

13/47

Table 60: Same-model CooperBench coordination check on 47 final-valid pairs from the frozen
48-pair subset.

Official Peer drops from Solo’s 26/47 to 13/47 when the interacting features are divided across peers.
Relic retains the same model, reasoning setting, two-peer feature split, and absence of a permanent
lead, yet reaches 28/47. Thus Relic not only recovers the coordination loss observed in Official Peer
but exceeds the same-model Solo reference on this controlled subset.

Together with the full-benchmark comparison, the frozen-subset experiment provides a direct same-
model control over the peer coordination setting, while the full benchmark evaluates the same
peer-organizational design at benchmark scale against the released Solo, Peer, and hierarchical Team
references.

N EXTERNAL SOFTWARE BENCHMARK: PROGRAMBENCH

ProgramBench (Yang et al., 2026) evaluates a frozen executable protocol layer attached to the native
Bash-action interface of a single mini-SWE-agent coding agent.

N.1 SYSTEM CONFIGURATION

The baseline is official mini-SWE-agent (Yang et al., 2024). The treatment adds a stateful protocol
sidecar around the same single-agent Bash interface. The model chooses actions, edits the candidate
code, maintains the conversation history, and decides when to submit. Before dispatch, the sidecar
checks the proposed action and accumulated execution evidence. Its response allows the action,
requests current evidence, or refuses a transition that violates an executable rule.

The treatment uses mini-SWE-agent 2.4.6, ProgramBench 1.2.4, and GPT-5.6 with xhigh reasoning
effort and all-turn context. Protocol content remains frozen throughout the target runs. Binding rules
and advisory rules are identified separately in Table 62.

N.2 TASK SELECTION AND FIXED EVALUATION SET

Adapter integration was developed on a separate demonstration task. We randomly sampled 25
ProgramBench tasks, fixed their identities, and evaluated both systems on this paired set.
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Fixed random sample of 25 ProgramBench tasks

1. zip-password-finder 10. tig 19. muffet
2. tui-journal 11. parqeye 20. elfcat
3. oranda 12. igrep 21. svd2rust
4. scc 13. loop 22. argc
5. rustowl 14. dropbear 23. code-minimap
6. datasurgeon 15. bartib 24. tty-clock
7. xh 16. gdal 25. nomino
8. rust-sloth 17. proj
9. 7zip 18. quinn

Table 61: ProgramBench evaluation set. The task identifiers are randomly sampled once and then
held fixed for both systems.

The sample contains 17 Rust tasks, three C++ tasks, three C tasks, and two Go tasks.

N.3 FROZEN PROTOCOL PACKAGE AND RUNTIME BINDING

The treatment uses the fixed programbench pack v0 package. It contains six executable binding
rules and three advisory rules. Harness adaptation maps their triggers, evidence fields, and actions to
the native mini-SWE-agent interface; the package remains fixed during evaluation.

Rule Mode Runtime intent

PB0 Binding Require an original candidate implementation rather than copying, linking, or
delegating execution to the reference executable.

P0 Binding Protect public probes and other harness-scored surfaces from modification by the
candidate.

P3 Binding Invalidate stale verification after source changes; modified code must be rebuilt or
rechecked in its current state.

P4 Binding Preserve build/check failure semantics; an unsuccessful or unavailable check
cannot be represented as successful evidence.

P7 Binding Require patch.txt, when present, to correspond to the current candidate code
state.

P8 Binding Gate final submission on originality, non-empty source changes, current build
evidence, absence of known failing current checks, and inspection of the current
diff.

P1 Advisory Encourage probing the available reference behavior on real inputs before repeated
implementation changes.

P5 Advisory Encourage obtaining new reference evidence when the same failure recurs without
new information.

P6 Advisory Encourage periodic re-inspection of the current source and diff during long trajec-
tories.

Table 62: ProgramBench protocol package. Binding rules can affect execution; advisory rules are
recorded as shadow guidance and do not themselves block an action.

N.4 RUNTIME FOOTPRINT

Across the 25 treatment trajectories, the coding agent executes 2,215 Bash actions. The protocol
layer records 933 validation receipts and 815 inspections of source, diffs, or reference behavior, while
issuing 40 hard refusals. Twenty-six hard refusals arise from P3, requiring current verification after
the code state changes, and fourteen arise from P4, preserving a failed or unavailable build/check as
a failure rather than accepting it as successful evidence.

The three advisory rules additionally record 293 shadow cases in which their recommended condition
would have requested a different next step: 239 under P6, 37 under P1, and 17 under P5. These
shadow events do not block execution.

The 933 validation receipts comprise 370 PASS, 48 FAIL, and 515 INCONCLUSIVE outcomes.
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N.5 SCORING AND OUTCOMES

We compute each task’s behavioral pass percentage using ProgramBench’s native evaluator, excluding
tests marked ignored by that evaluator, and macro-average over the fixed 25 tasks. Both systems use
the same scoring procedure.

Official mini-SWE-agent reaches 64.164%; the protocol treatment reaches 70.916%, an absolute gain
of 6.752 percentage points (10.5% relative). All 25 treatment trajectories produce submissions and
completed evaluations.
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