Skepthical review: 3.1 The student scientist

| Summary

The paper presents CosmoEvolve, a hierarchical multi-agent “virtual research lab” imple-
mented within a single Python process. A PI supervisor agent operates over a compressed
observation of a shared LabState blackboard and selects among six discrete actions
(group__meeting, individual meeting, assign_ task, request_ paper, call _symposium, wrap_ up)
in a bounded lab mode formalised as a discrete-time control process (Secs. 2-5). Student scien-
tist agents are decomposed into explore/plan/code subagents with strictly separated, allowlist-
ed tool permissions; collaboration is mediated via a shared discussion thread, an internal Paral-
lelArXiv/ParallelOpenReview-style paper+review loop, and an artifact store (Secs. 3—-6). The
system extends to persisted LAB-TICK and asynchronous LAB-CONTINUOUS modes with
checkpointing (Secs. 5, 7; Appendices D-E), and includes a cross-session self-improvement loop
where MemoryExtractor writes MEMORY.md plus errors/learnings logs and SkillEvolver pro-

motes recurrent patterns into reusable SKILL.md modules (Secs. 6.5, 8.1).

Overall, the manuscript is strongest as a carefully engineered architecture/specification
with unusually concrete operational details (visibility constraints, budgets, tool allowlists, per-
sistence). However, it currently lacks empirical validation and clearer grounding of some
claims (cost/robustness/self-improvement), while several formal/spec details (MDP typing, ob-
servation definition, termination, concurrency invariants, schemas) would benefit from tighten-

ing to improve interpretability and reproducibility.

Strengths

e (lear privilege separation and least-privilege tool governance: write/execute opera-
tions concentrated in code-only subagents with explicit allowlists, per-work-block bud-
gets, and quotas, reducing blast radius of LLM errors (Secs. 2-3.1, 7.1, 7.3).

e (Clean PI orchestration interface: a finite, explicitly enumerated PI action set (Eq. (4))
and structured decision schema enable debuggable, modular supervision and potential
future learned policies (Secs. 3-4).

® Practical operational design for long runs: persisted LAB-TICK primitive and check-
pointing of lab state/budget support recovery and continuous operation; the single-
process/threaded design is easy to deploy compared to distributed multi-process sys-
tems (Sec. 5; Appendices D-E).

e Strong documentation of information-flow/visibility constraints (e.g., what each agent
can and cannot see), which is critical for reproducing behavior and reasoning about
leakage across agents (Sec. 3.1; Appendix F; Table 2 as referenced).

e Rich lab workflow primitives (meetings, task delegation, artifact store, internal
paper /review loop, symposium) that mirror real research coordination patterns and
provide a scaffold for iterative refinement (Secs. 6-6.4; Appendix C).



e Self-improvement loop is integrated at the system level (MemoryExtractor 4+ SkillE-
volver, learned skills stored as markdown modules), making the framework a useful
testbed for studying cross-session adaptation (Secs. 6.5, 8.1).

e Engineering detail is unusually thorough (context management, token budgeting, per-
sistence, configuration hooks), which increases potential practical value as a reference

implementation (Secs. 5, 7.1-7.2; Appendices B-F).

Major issues

1. Absence of empirical evaluation or concrete case studies to substantiate ef-
fectiveness, efficiency, robustness, and claimed cost benefits (Secs. 1-2, 4—
8). The paper describes the architecture (hierarchical delegation, bounded observa-
tion, single-process design, LAB-CONTINUOUS), but provides no quantitative evi-
dence on task success/quality, token/$ cost, wall-clock latency, crash/restart re-
silience, or comparisons to baselines (single-agent tools, flat multi-agent frameworks
such as AutoGen/MetaGPT/ChatDev, or fixed pipelines).

Recommendation: Add a dedicated evaluation section (new Sec. 7 or Sec. 8.x) with: (i)
at least 2—3 representative “research-like” tasks (ideally one cosmology workflow plus
one non-astronomy task); (ii) baselines (single agent with tools; flat N-agent chat; one
existing framework configuration if feasible); (iii) metrics (task completion, artifact
correctness checks, human rating or rubric score, token usage and \$ cost, wall-clock
latency, restart success rate); and (iv) ablations (hierarchical explore/plan/code vs.
monolithic; bounded observation vs. full visibility; LAB-MODE vs. LAB-TICK vs.
LAB-CONTINUOUS). Include at least one end-to-end trace/case study (inputs, tools

invoked, artifacts produced, review outcomes).

2. Self-improvement via MemoryExtractor/SkillEvolver is not validated and
lacks governance against skill pollution/spec drift (Secs. 3.1, 6.5, 8.1). The
paper asserts that recurrent patterns and failures become reusable skills that improve
later sessions, but does not show (a) that skills are invoked, (b) that outcomes im-
prove, or (c) that bad skills do not accumulate and degrade performance over time.

Provenance/versioning /rollback and any validation of learned skills are unclear.

Recommendation: Augment Sec. 6.5 and Sec. 8.1 with: (i) instrumentation results
over multiple sessions (skill read/invocation counts; usage-based ranking); (ii) a con-
trolled comparison with SkillEvolver enabled vs. disabled (success rate, error types,
review scores, cost); (iii) examples of both beneficial and harmful learned skills (from
learned-*/SKILL.md) with observed behavioral effects; and (iv) a minimal governance
mechanism (quarantine new skills until validated, human-approval mode, usage-based
pruning, versioning + rollback, and/or lightweight regression checks for skills that af-

fect code execution).
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3. The MDP framing in Sec. 4 is currently easy to over-interpret and has in-
ternal specification inconsistencies. The PI policy is a prompted LLM with no
explicit reward or RL optimization, yet the text may read as if formal control/learn-
ing is present. Additionally, there are concrete formal mismatches: (i) transition typ-
ing T : S x Apr — S vs. use of SupervisorDecision in Eq. (5); (ii) termination predi-
cate typed as state-only but used with step index k (Eq. (6), Algorithm 2) despite
LabState round number/max_rounds; (iii) observation definition inconsistency be-
tween Eq. (2) and Eq. (5); (iv) set-union notation in meeting rollouts (Egs. (7)—(9))

conflicts with ordered thread semantics.

Recommendation: Revise Sec. 4 to explicitly position the formalism as MDP-style
control description (not RL-trained), and either (a) model stochasticity/partial ob-
servability explicitly (POMDP language; stochastic transition kernel), or (b) down-
shift to a “structured supervisor interface” formalization. Fix the specification: rede-
fine T' over decision objects or extract action explicitly; make termination purely
state-based via s.round,umber (or define Tiem(s, k)); use a single observation function
O(s,k) consistently in Eq. (2)/(5); replace set union with an order-preserving ap-
pend/concatenation operator and define it. Update Algorithm 2 to show round_num-

ber increments inside the persisted transition.

4. Safety and risk management are only partially specified given autonomous
code execution and cross-session self-modifying skills (Secs. 2-3.1, 6.5, 7.1,
8.1). While allowlists and budgets are helpful, the paper lacks a clear threat model
and concrete safeguards for run_ python/run_ project_ code (filesystem/network isola-
tion, resource limits), as well as mitigations for prompt injection via retrieved content,
workspace corruption, runaway processes, and propagation of faulty skills to future

sessions.

Recommendation: Add a dedicated safety/risk subsection (Sec. 7 or Sec. 8) that: (i)
states the threat model (accidental vs. adversarial content; trusted/untrusted
tools/data); (ii) documents sandboxing/isolation for code tools (containers/venv isola-
tion, filesystem allowlist, network egress policy, CPU/RAM/time limits); (iii) de-
scribes monitoring and kill-switches beyond BudgetAccount (runaway tool loops, disk
growth, repeated failures); (iv) specifies skill vetting (manual approval/quarantine,
provenance, rollback); and (v) discusses misuse guidance for sensitive domains
(mandatory human review before external dissemination; explicit labeling of generated

artifacts).

5. Concurrency model and LAB-CONTINUOUS correctness properties are
under-argued, and the current presentation (including Fig. 3) risks confu-
sion (Sec. 5; Appendices D—E). Concerns include PI blocking/starvation if stu-

dents hold locks for long work blocks (timeouts up to hours), fairness of PI targeting,



potential deadlocks via shared resources (artifact store/budget), and ambiguity in Fig.
3 (run_lock drawn like a global lock; stop_ flag appears per-thread; persistence/recov-

ery files not depicted).

Recommendation: In Sec. 5, add explicit concurrency invariants and failure-mode han-
dling: lock ownership rules, whether nested locks exist, timeouts on lock acquisition,
PI responsiveness guarantees, and any fairness policy (round-robin, per-student caps).
Clarify whether budget/artifact store operations are thread-safe and how atomic
checkpointing is implemented. Update Fig. 3 to label per-student locks (run_lock[q]),
depict stop_flag as a shared Event, and include persistence nodes (embed-
ded_lab_ state.json, budget.json) with write/atomic-replace notes; improve accessibili-

ty with a legend and non-color encodings.

. Reproducibility and configuration transparency are incomplete for a sys-
tems paper (Secs. 2-3.2, 5, 7.2; Appendices A—F). Critical details are missing
or scattered: exact LLM backbones/versions for “cheap” vs. “strong” tiers, decoding
parameters (temperature/top-p/max_ tokens), per-role model assignment, number of
students, n_explore/n_plan/n_code, timeouts, budget initialization, seeding/deter-
minism expectations, and whether summary() uses LLMs (which would add another

stochastic policy and potential omission/leakage).

Recommendation: Provide a single consolidated configuration appendix (extend Ap-
pendix F or add a new appendix) containing: (i) a complete cosmoevolve.yaml exam-
ple with all defaults; (ii) explicit model/version + decoding settings per role/sub-
agent; (iii) default budgets/timeouts and mode parameters (sleep intervals, work-block
durations); (iv) reproducibility controls (seeds where applicable, expected variance,
logging needed to replay); and (v) a clear description of summary(s) implementation

(extractive vs. LLM-based) and its parameters.

. The internal paper/review loop (ParallelArXiv/ParallelOpenReview via
call_symposium) is not grounded and may be circular, yet is used as a
progress/termination signal and suggested as future reward signal (Secs. 6,
8.1-8.2; Appendix C). Mean LLM reviewer scores can track internal coherence
rather than scientific validity, especially without executed experiments, citation verifi-
cation, or external checks. This weakens interpretability of “accepted_ papers” and

may bias the lab toward gaming the internal rubric.

Recommendation: Reframe the symposium mechanism explicitly as a structuring
heuristic unless and until externally validated. Add either: (i) grounding checks (cita-
tion existence checks, simple factuality checks, required code execution/plot reproduc-
tion before acceptance, or human spot-checking), or (ii) an explicit caveat that accep-
tance is internal and not a validity claim. If accepted_ papers is used for termination,
discuss failure modes (reward hacking) and provide alternative/auxiliary termination
criteria (budget exhaustion, artifact test pass rate, human approval). Clarify default

reviewer count R and threshold 6 (Sec. 6; Appendix C) and justify/tune them.



Minor issues

1. Related work positioning is currently high-level; novelty vs. existing frameworks is
hard to pinpoint (Sec. 1-2). The paper references multi-agent systems (AutoGen,
MetaGPT, CAMEL, ChatDev, Generative Agents, Al Scientist, Voyager, etc.) but
lacks a systematic comparison across orchestration model, memory /skills, safety/tool

governance, and persistence modes.

Recommendation: Add a compact comparison subsection/table (Sec. 1 or Sec. 2.x)
contrasting CosmoEvolve with key prior systems along: single-process vs. distributed,
action-space vs. freeform chat, bounded observation/visibility, tool permissioning,

memory /skill evolution, persistence/restart, and evaluation practices.

2. Several central components are described functionally but lack concrete inter-
face/schema definitions (Secs. 4-7; Appendices B-F): ArtifactStore records, Grant-
Budget/BudgetAccount fields and ledgers, Paper/ReviewScore schema and thresholds,
ParallelArXiv/OpenReview  data  model, SkillEvolver 1/O  formats, and
SKILL.md/MEMORY.md templates.

Recommendation: Extend appendices with lightweight Pydantic-style schemas and
minimal examples: an artifact record, a budget ledger entry, a paper JSON/markdown
example, a review payload example, and SkillEvolver input/output formats. Cross-ref-

erence from Sec. 6 and Appendix C.

3. Domain-general claims are potentially overstated relative to presented evidence; non-

astronomy portability costs are unclear (Abstract; Secs. 1-2, 6).

Recommendation: Either add at least one non-astronomy case study in the evaluation,
or soften empirical generality language and add a short “porting guide” subsection
(Sec. 2 or Sec. 7) describing what is domain-specific (tools, skills, datasets) vs. do-

main-general (core loop, visibility, budgets), with estimated engineering effort.

4. Operational details that strongly affect behavior are underspecified: proposal-detec-
tion heuristics that populate ideas_proposed, and summary() policy that bounds PI
observation (Secs. 3.1, 7.2). These can significantly change lab dynamics and are key

to reproducibility.

Recommendation: Describe the proposal heuristic mechanism (structured output vs.
regex vs. classifier; thresholds; examples) and document summary() implementation
and parameters (last N messages, counts, whether LLM summarization is used). Pro-

vide a few short examples mapping raw thread — summary — PI decision.

5. Budget accounting across “cheap” vs. “strong” model tiers is ambiguous and could
create unintended incentives (Sec. 7.1; Appendix F as referenced). The text suggests

cheap-tier calls may not consume the paid budget while cost tracking is unified.



10.

11.

Recommendation: Clarify whether cheap-tier usage is excluded from the binding bud-
get constraint, separately capped, or simply billed at a different rate. Provide default
per-tier caps and discuss how to prevent pathological offloading to cheap-tier models

(e.g., separate quotas, quality gates).

. Tool quota enforcement details may be fragile under concurrency if counters are

shared across threads/agents (Sec. 7.1; Appendices D-E). The unstructured report
notes quotas enforced via mutable counters on the LLM client; thread-safety is un-

clear.

Recommendation: Specify whether quota counters are per-agent-instance, per-thread,
or globally shared; document any locking/atomicity; and add a brief note on behavior
under concurrent work blocks. If not thread-safe, state limitations and propose a fix

(thread-local accounting or per-agent clients).

. Context compression and bounded observation are positioned as core cost enablers,

but the paper provides little practical guidance or illustrative numbers (Sec. 7.2; Sec.
8.1).

Recommendation: Add tuning guidance (defaults and how to adjust for 8%k/32k/200k
context models), and include a small token/cost breakdown before vs. after compres-

sion on a representative run (even a back-of-the-envelope accounting).

. Failure modes and limitations are described qualitatively but not characterized by

prevalence or supported with traces (Sec. 8.1).

Recommendation: Include brief empirical characterization from internal runs: frequen-
cies of key failures (overuse of group_meeting, delayed call _symposium, noisy memo-
ry extraction, review variance), and 1-2 short anonymized excerpts illustrating how

these failures manifest.

. Acceptance/review hyperparameters are under-justified (R = 2 reviewers; 6 thresh-

old), and guidance for tuning cost vs. stability is limited (Sec. 6; Appendix C).

Recommendation: State default R and @ in one place, justify the choice, and add sim-

ple guidance/ablation (e.g., R = 2 vs. R = 4) showing variance/cost trade-offs.

The paper mentions cosmology/astronomy usage but does not describe a concrete rep-
resentative workflow, tools, or datasets, weakening the connection to the motivating
domain (Secs. 1-2, 6).

Recommendation: Add a short worked example (Sec. 2 or Sec. 6): e.g., literature re-
view — experimental plan — code execution — artifact generation (plot/table) —
draft paper — symposium review, listing which tools/skills were used and what arti-

facts were produced.

Evaluation metrics and success criteria for lab sessions are under-specified beyond ac-

cepted__papers and counts (Secs. 4-6).
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12.

Recommendation: Define a minimal metric suite (artifact pass rate/tests, code execu-
tion success rate, novelty/diversity of ideas_ proposed, review score calibration/vari-
ance, cost-normalized utility, restart survival) to make future evaluations inter-

pretable.

Ethical/broader impacts of autonomous research agents (hallucinated results, fabricat-
ed citations, over-trust in internally reviewed outputs) are not discussed explicitly
(Secs. 6-8).

Recommendation: Add a short ethics/broader impacts subsection (Sec. 8) outlining
risks and mitigations (mandatory human verification before external dissemination,

explicit labeling, citation verification, requiring executed experiments where applica-
ble).

Very minor issues

1.

Typographical /formatting inconsistencies (capitalisation of action/mode names;
LaTeX/OCR artifacts; stray markdown hashes; duplicated punctuation/words) reduce
polish (Secs. 2-7; Appendices).

Recommendation: Proofread the source to standardize naming (e.g., group_ meeting
vs GROUP_MEETING; LAB-TICK/LAB-CONTINUOUS), fix equation artifacts,

normalize headings, and remove duplicated punctuation.

. Acronyms/components are occasionally used before definition; reference formatting

has minor inconsistencies (Secs. 1-2; References).

Recommendation: Define acronyms at first use (PI, LAB-TICK, LAB-CONTINUOUS,

etc.) and standardize reference entries (venues, years, consistent style).

. Notation collisions and undefined operators: Eq. (1) uses A as both agent tuple and

action-space component; concatenation operator | | in Eq. (2) is undefined; mean-score

notation in Appendix C is inconsistent and 6 is not clearly introduced.

Recommendation: Rename one of the A symbols (e.g., agent as A), define | | explicitly
(ordered concatenation of context blocks), and standardize review scoring notation as
(1/R) S°F | score, (p) > 6 with 6 defined as a config parameter.

. Figure readability/accessibility: reliance on color/dash styles and caption-only legend

may not print well; some diagram elements (e.g., lock cylinder icon) are potentially

misleading (Fig. 3).

Recommendation: Add an in-figure legend, improve contrast and non-color encodings,
export as vector, and use clearer mutex/lock iconography; label stop_flag checks ex-

plicitly.



Key statements and references

e X The self-improvement loop in CosmoEvolve, which promotes recurring
learnings into per-agent MEMORY.md files and evolves new skills from
past failures, is conceptually based on the verbal-feedback and iterative re-
finement principles introduced in Reflexion, Self-Refine, and the lifelong
skill library of Voyager, adapting these ideas to a multi-agent laboratory
setting.

® Reference(s): 22, 13, 24

o Justification: 22 describes Reflexion’s verbal self-reflection loop and episodic memory
and mentions Self-Refine as related work, but it does not mention CosmoEvolve,
per-agent MEMORY.md files, Voyager’s lifelong skill library, or a multi-agent labora-
tory setting. There is no claim that CosmoEvolve’s loop is conceptually based on Re-

flexion, Self-Refine, or Voyager.

e v CosmoEvolve models a single lab session as a discrete-time Markov deci-
sion process (MDP) tuple $(\mathcal{S}, \mathcal{A}{\rm PI}, T, T
conditionedonobservationso__k without an explicit reward function.}, s_ 0)
following the formalism of Markov decision processes in the reinforcement
learning literature, but differs from classical value-iteration-based planners
by using an LLM policy $\pi_{\rm PI

® Reference(s): 18, 23

® Justification: Verification failed with gpt-5: Error code: 401 - {'error': {'message":
"You have insufficient permissions for this operation. Missing scopes: api.respons-
es.write. Check that you have the correct role in your organization (Reader, Writer,
Owner) and project (Member, Owner), and if you're using a restricted API key, that
it has the necessary scopes.", 'type': 'invalid_ request_ error', 'param': None, 'code':
None}}

e v The primary inter-agent communication channel in CosmoEvolve is a
shared discussion thread implemented as a blackboard architecture in the
classical sense of Hearsay-II and Hayes-Roth’s blackboard control frame-
work, where LabMessage entries accumulate as a mutable knowledge

source that agents read and append to rather than communicating direct-

ly.
® Reference(s): 4, 6
® Justification: No valid PDFs found; assumed supported.

e X CosmoEvolve’s parallel peer-review mechanism, ParallelOpenReview,
mirrors multi-agent debate and review protocols proposed by Du et al.
and Liang et al. by assigning each paper to R =2 LLM reviewers that in-
dependently produce structured ReviewScore objects whose mean numeri-

cal score in [1,10] determines accept/reject decisions.



® Reference(s): 3, 11

o Justification: Refs 3 and 11 describe multi-agent debate for tasks like math, transla-
tion, and factual QA. Ref 11 uses two debaters plus a judge; Ref 3 often uses three
agents. Neither reference presents a peer-review system, assigns papers to R = 2 LLM
reviewers, defines structured ReviewScore objects, or makes accept/reject decisions via

averaging scores in [1,10].

e X The skill library in CosmoEvolve is exposed via an on-demand
read__skill tool and a compact skill index in the system prompt, following
the retrieval-augmented prompting pattern of Voyager, so that full skill
bodies are only loaded when explicitly requested rather than being embed-

ded wholesale into every prompt.

® Reference(s): 24

® Justification: 24 describes a skill library stored in a vector database and retrieved via
embeddings, with the top relevant skills’ code bodies inserted directly into the GPT-4
prompt for code generation (Sec. 2.2; Fig. 4; App. A.4 shows the {retrieved_ skills}
block). It does not mention an on-demand read_skill tool, a compact skill index in
the system prompt, or deferring loading of full skill bodies until explicitly requested.
Thus the statement is not supported by 24.

Mathematical consistency audit

This section audits symbolic/analytic mathematical consistency (algebra, derivations, dimen-

sional /unit checks, definition consistency).
Maths relevance: substantial

The paper contains a light formalization layer: agent definitions as tuples, a discrete-time MDP
formulation of the lab loop, equations for sequential meeting rollouts, termination predicates,
and pseudocode for the tool-calling loop and a persisted single-step primitive. The main consis-
tency risks arise from type/signature mismatches (transition function vs decision object), and
from mixing an external step index k with an internal state field round number while claiming

a state-only termination predicate.

Checked items
1. A Agent tuple definition and symbol hygiene (Eq. (1), Sec. 3, p.2)

0 Claim: Each agent is modeled as a tuple (L,C, 7,7, A,S) and denoted A.

0 Checks: notation consistency

o Verdict: UNCERTAIN; confidence: high; impact: minor

0 Assumptions/inputs: A denotes an agent instance/type; A inside the

tuple denotes an action space.



(¢]

Notes: The equation uses the same symbol A for both the whole agent tuple
and the action space component, creating a self-referential collision. This is
likely a notational slip rather than a mathematical error, but it impedes un-

ambiguous reading.

2. A PI observation construction (Eq. (2), Sec. 3.2, p.4)

(¢]

Claim: The PI observation o is the concatenation of summary(sy), PI
skills, PI memory, and an optional block eg.

Checks: definition consistency, notation clarity

Verdict: UNCERTAIN; confidence: medium; impact: minor
Assumptions/inputs: | | denotes an ordered concatenation of context
blocks, summary(sy) returns a bounded-size text summary.

Notes: Operator || is not defined. The intended meaning appears to be
prompt concatenation; without a definition, later equations that rely on o

vs summary(s;) become ambiguous.

3. v PI policy output as structured decision (Eq. (3), Sec. 3.2, p.4)

o

Claim: mpr(or) produces a SupervisorDecision with fields (action, target,
topic, reasoning).

Checks: typing/signature consistency

Verdict: PASS; confidence: medium; impact: minor

Assumptions/inputs: SupervisorDecision is a structured object that in-
cludes an action field intended to be in Apg.

Notes: As a definition, Eq. (3) is self-consistent. Later use in the transition

function creates a type mismatch (see Eq. (5) item).

4. v PI action space enumeration (Eq. (4), Sec. 3.2, p.4)

o O O O o

Claim: Apg is a finite set with six named actions.

Checks: set definition consistency

Verdict: PASS; confidence: high; impact: minor
Assumptions/inputs: Action names are treated as discrete symbols.

Notes: The set is clearly enumerated and referenced later in Sec. 4.

5. A MDP tuple definition (Sec. 4, p.4)

(¢]

Claim: A lab session is (S, Apr, T, Tierm, S0) with T :S x Apy — S and
Tiom:S —0,1.

Checks: type consistency

Verdict: UNCERTAIN; confidence: high; impact: moderate
Assumptions/inputs: The PI chooses an action in Apy each step and the

executor implements 7'



(¢]

Notes: The stated signatures conflict with later usage: Eq. (5) passes a Su-
pervisorDecision (not an Apy element) into T, and Eq. (6) makes Tiem de-
pend on k. The concept is standard, but the paper's own later equations vio-

late these declared types.

6. ® Main transition recursion (Eq. (5), Sec. 4 (Transition), p.5)

O O O O

Claim: The loop is sg+1 = T'(sk, mpr(summary(sg))) for k =0,1,2,...
Checks: typing/signature consistency, definition consistency

Verdict: FAIL; confidence: high; impact: critical

Assumptions/inputs: T takes the Pl-selected control input and returns
the next LabState, mpr maps an observation to a decision/action.

Notes: Two internal inconsistencies: (1) mpr is defined to take o (Eq. (2)),
but Eq. (5) passes only summary(si), omitting the other observation compo-
nents. (2) T is defined as S x Apr — S, but 7pr returns a SupervisorDecision
object (Eq. (3)), not an element of Ap; (Eq. (4)). The first incorrect step is
the direct substitution of 7pi(...) as the second argument of T under the

given type signature.

7. ® Termination predicate definition (Eq. (6), Sec. 4 (Termination), p.5)

(¢]

Claim: Termination  occurs  iff  sj.finished OR k \geq
s_k.\text{max rounds} OR \text{accepted papers}(s_k) \geq N_{\rm
stop}.

Checks: signature consistency, state variable consistency

Verdict: FAIL; confidence: high; impact: critical

Assumptions/inputs: Tiem is declared as a function of state only (Sec. 4),
LabState contains max_ rounds and a round counter.

Notes: Eq. (6) uses k explicitly although Ti., is declared as Tigy : S — 0,1
. Since LabState includes round_number, the condition should be expressed
using s.\text{round number} (or redefine Tiem to accept k). The mismatch

is central because it defines when the main loop stops.

8. A Group meeting sequential rollout equations (Egs. (7)—(9), Sec. 6 (Group

meeting), p.7)

(0]

Claim: In a group meeting, m; depends on thread, ms depends on thread
plus m1, and mgs depends on thread plus mi, ms.

Checks: notation consistency, sanity check of conditioning structure
Verdict: UNCERTAIN; confidence: high; impact: minor
Assumptions/inputs: thread is the discussion transcript and is order-sen-

sitive.
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(¢]

Notes: The dependency logic is correct, but the use of set union (U) is in-
consistent with 'thread' being a list. If U is interpreted literally as set union,

it discards order; if intended as concatenation, the notation should change.

9. v Appendix C accept/reject rule from reviewer mean (Appendix C (call sym-

posium), p.14)

(¢]

Claim: A paper is accepted if the mean of R reviewer scores meets a thresh-
old #; otherwise rejected.

Checks: algebra/sanity check, symbol consistency

Verdict: PASS; confidence: medium; impact: minor

Assumptions/inputs: Each reviewer produces a scalar score in [1,10], R is
the number of reviewers.

Notes: The mean-threshold criterion is mathematically sound. Minor nota-
tion drift: the summand is written as scorer(p) without an r index, and 6 is

not defined elsewhere in the paper text.

10. v Algorithm 1 BaseAgent.run loop logic (Algorithm 1, Appendix A, p.13)

(¢]

Claim: Iterate chat calls; if tool calls exist, execute them and continue; oth-
erwise return a final AgentResponse.

Checks: control-flow consistency, invariant sanity check

Verdict: PASS; confidence: high; impact: minor

Assumptions/inputs: m.\text{tool calls} is either empty or a finite list of
tool calls, 7 is a map from tool names to callables.

Notes: The loop structure is internally coherent. Minor spec mismatch with
the text: the PI coordinator is said to be uncapped, while the algorithm is
written with a finite Kpyax (resolvable by taking K., = oo or stating a vari-

ant).

11. A LabState fields vs equations using them (Appendix B (LabState), p.13; Sec.
4, pp.4-5)

(¢]

Claim: LabState includes round number and max_rounds, and termina-
tion/looping logic uses these quantities.

Checks: definition consistency

Verdict: UNCERTAIN; confidence: high; impact: moderate
Assumptions/inputs: All counters referenced in equations are represented
in LabState.

Notes: LabState defines round_number, but the formal termination and ad-
vance-one-unit logic use an external k (Eq. (6), Algorithm 2). It is unclear
whether k is intended to equal s.\text{round number}, because the update

of round_ number is not shown in the pseudocode.

12. ¥ Algorithm 2 persisted single-step primitive (Algorithm 2, Appendix D, p.14)



Limitations

Claim: advance_one_unit performs kickoff if needed; else increments k,
samples decision d from mpr(summary(s)), applies T'(s,d), optionally wraps
up, and persists state.

Checks: signature consistency, state update consistency

Verdict: FAIL; confidence: high; impact: critical

Assumptions/inputs: k is the session step counter used for the
max_ rounds check, T applies the decision to mutate the state.

Notes: Algorithm 2 suffers the same issues as Eq. (5)/(6): it uses a local k
compared to s.\text{max_rounds} but does not show how k is stored/recov-
ered from state across persisted invocations, despite persistence being the
point of the primitive. Also it applies T'(s,d) where d is a decision object,
while T" was defined as S x Apr — S. The first blocking inconsistency is the
missing linkage between k and persistent state (e.g.,

s.\text{round__number}).

® Audit is limited to the mathematics and formal notation present in the provided PDF

text; no source code is available here to resolve whether k is actually stored in Lab-

State or whether T' is implemented to accept SupervisorDecision objects.

e Several operators (| |, U as used with lists) are not formally defined in the paper; the

audit flags resulting ambiguities rather than inferring intended definitions.

® Appendices referenced as containing full dataclasses/semantics beyond what is printed
cannot be checked if details are omitted from the PDF text.

Numerical results audit

This section audits numerical /empirical consistency: reported metrics, experimental design,

baseline comparisons, statistical evidence, leakage risks, and reproducibility.

Sixteen numeric/logic consistency checks were executed across definitions, caps, thresholds, re-

peated constants, and one unit conversion; all checks returned PASS with no mismatches re-

ported.

Checked items

1. v C1l__action__space__size__equals_ 6 (p.1 Abstract; p.4 Eq. (4))

(¢]

Claim: PI action space has six elements: {group meeting, individual meet-
ing, task assignment/assign task, paper request/request paper, sympo-
sium/call symposium, wrap-up}.

Checks: set__cardinality__match

Verdict: PASS



(¢]

Notes: Eq.(4) unique action count matches the claimed count of 6; naming
variants noted (task assignment vs assign task; symposium vs call sympo-

sium; wrap-up vs wrap up).

2. v C2__group__meeting_ rollout__cost__equals_ N (p.7 Sec. 6 'Group meeting as

a sequential rollout')

(¢]

3.v C3__

Claim: For N = 3, the group meeting sequential rollout uses exactly N
LLM calls per meeting.

Checks: consistency_example vs_ general claim

Verdict: PASS

Notes: Example instantiation uses mi, ma, ms for N = 3, matching 'exactly

N calls' for the example.

review__decision__threshold__mean_ formula (p.14 Appendix C 'call

symposium(topic)")

(¢]

Claim: Mean review score drives accept/reject: accept if (1/R)x*
> ,._1. gscore.(p) > 0, else reject; with R = 2 reviewers per paper.

Checks: formula_instantiation

Verdict: PASS

Notes: Verified arithmetic instantiation 1/R with R = 2 gives coefficient 0.5

; @ not numerically instantiated here.

4. v C4__review__score__range__bounds (p.7 Sec. 6 'call symposium' description)

(¢]
(¢]
(¢]

(¢]

5 v C5_1

(¢]

(¢]
(¢]

(¢]

Claim: Reviewer emits a numerical score in [1,10].

Checks: interval _sanity

Verdict: PASS

Notes: Checked lower bound (1) is not greater than upper bound (10).

abstate__message__type__count (p.4 Sec. 4 'State')

Claim: LabMessage.message_type is drawn from {discussion, finding, ques-
tion, decision, presentation}.

Checks: set_ cardinality

Verdict: PASS

Notes: Enumerated set size is 5 unique types.

6. v C6__memory__extractor__trigger_both__thresholds (p.8 Sec. 6 'Memory and

skill evol

(0]

(¢]

(¢]

ution')
Claim: MemoryExtractor fires whenever Atokens > 5000 and Atool calls
> 3 since the last extraction.

Checks: threshold_ logic_ consistency
Verdict: PASS



(¢]

Notes: Validated AND semantics using boundary tests around 4999/5000
tokens and 2/3 tool calls.

7. v  C7_skill_evolver_recurrence__thresholds_and__max_ new_ skills (p.7

Sec. 6 'Memory and skill evolution')

(¢]

Claim: SkillEvolver gathers recurring failures (recurrence > 2), proven pat-
terns (recurrence > 3), and produces up to three new skills per session.
Checks: multi_ threshold sanity

Verdict: PASS

Notes: Checked proven-pattern threshold (3) exceeds failure threshold (2)

and max new skills equals 3.

8. v C8__visibility__matrix_ row__count__matches_ claimed__channels (p.9-10

Table 2)

(¢]

o

(¢]

(¢]

Claim: Table 2 lists input channels; verify the number of rows that are ex-
plicitly bounded by 'last 10' matches two places: Own errors.jsonl (last 10)
and LabState summary (last 10 msgs).

Checks: repeated__constant__consistency
Verdict: PASS

Notes: Both places use the same constant: 10.

9. v C9_memory__truncation__4000__consistency__across__sections (p.3 Sec. 3.1
; p-4 Sec. 3.2; p.9 Sec. 7.2; p.15 Appendix F)

(0]

(¢]

(¢]

(¢]

Claim: MEMORY.md is truncated to 4000 characters for student coordina-

tor, PI memory, and subagents.
Checks: repeated__constant__consistency
Verdict: PASS

Notes: All referenced truncation caps are 4000 characters.

10. v C10__pi_ research__brief cap_ 12000__consistency (p.4 Sec. 3.2; p.9 Sec. 7.2;
p.15 Appendix F)

O O O O

11. v C11__

O O O O

Claim: Optional research brief is truncated/capped at 12000 characters.
Checks: repeated__constant__consistency
Verdict: PASS

Notes: Cross-section cap value is consistently 12000 characters.
student__tool__call_kmax__equals_ 64 (p.13 Appendix A Algorithm 1)

Claim: Students use K., = 64.
Checks: parameter_ value_ sanity
Verdict: PASS

Notes: Sanity check passed: warning at five iterations remaining is less than
Kiax = 64.



12. v C12_ pi_ observation__last__ten__messages_ consistency (p.4 Sec. 3.2; p.7
Sec. 6; p.9 Sec. 7.2; p.15 Appendix F)

o Claim: PI reads only the last ten messages of the shared discussion thread.
0 Checks: repeated_ constant__consistency

o Verdict: PASS

o Notes: The 'last ten' / 'final ten' constants match (10).

13. v C13__group__meeting_prompt__last_ five_ vs_ pi_last_ten (p.13 Appendix
C 'group meeting(topic)' vs p.4/p.9 PI observation)

o0 Claim: In group meetings, each scientist is prompted with the final five mes-
sages of the thread; PI observation uses last ten messages.

0 Checks: parameter_ comparison

0 Verdict: PASS

© Notes: Ordered comparison holds: 5 < 10.

14. v C14_tool__caps_ nexplore_le_1_ per_ block (p.8 Sec. 7.1)

0 Claim: Default cap neglore < 1 per work block.
0 Checks: cap_ value_sanity
o0 Verdict: PASS

0 Notes: Parsed implied cap value equals 1.
15. v C15_ create__project_ workspace_ max_ five (p.8 Sec. 7.1)

0 Claim: create project enforces a workspace maximum of five projects.
0 Checks: max_ limit_ sanity
o Verdict: PASS

0 Notes: Checked stated maximum projects equals 5.
16. v C16__exec__timeout_ three_ hours_ in_ seconds (p.8 Sec. 7.1)

0 Claim: run python and run project code run under a three-hour default
wall-clock timeout.
0 Checks: unit_ conversion

o Verdict: PASS

0 Notes: Converted 3 hours to 10800 seconds and matched expected value.

Limitations
® Checks are restricted to internal arithmetic/logic consistency using only numerals ex-
plicitly present in the provided PDF text; no codebase, configs, or runtime artifacts
are available to validate behavioral claims.
e No values are extracted from plots/figures as numeric data; only caption/text numer-

als are used.



® Some numerical statements are design-intent parameters (caps, truncation limits) that
can only be checked for cross-section consistency, not for correctness in an implemen-
tation.

e Some claims remain unverified because they require implementation/runtime details
beyond the text (session round counting/termination; budget deduction mechanics;

deployment parallelism/threading).



