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Introduction & Motivation PLLIE

* Current autonomous Al systems for science often act as "black boxes" with
obscured intermediate decisions

* Key Issues:
* Generation of unsupported claims.
* Lack of auditability and reproducibility in loosely orchestrated workflows.

* High-risk actions performed without explicit oversight.

* The CHAINS Solution:
Decomposes the research process into task-specialized agents with a structured
run manifest and explicit Human-In-The-Loop (HITL) checkpoints
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Background ==&
& Definitions

Agentic Al:

* Specialized Al agents collaborating to perform
complex tasks.

Artifact-Driven Workflow
* Systemswhere every intermediate output (notes,
plans, drafts) is saved as an inspectable artifact
(e.g., JSON or Markdown)

* Human-In-The-Loop (HITL):
* Agovernance model where humans retain the
authority to approve, decline, or continue agent
runs at critical checkpoints.

Deterministic Verification:

* Using rule-based (non-LLM) checks to ensure
structural and citation integrity
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Research Questions JASEEN

& RQ1 (Operationalization):
T How efficiently can CHAINS turn knowledge gaps into feasible micro-
oo experiments?

RQ2 (Transparency):
@ Does CHAINS’s artifact-driven workflow improve transparency and
reproducibility compared to black-box LLM systems?

RQ3 (Trust):
& How do Human-In-The-Loop (HITL) checkpoints influence safety, failure
prevention, and user trust?



Researcher / User IA RI A

o System [

CHAINS Web UI (React)

T Architecture:

— ArtifactList (drafts, logs, plots)
YJSON REST / SSE
CHAINS Backend API (FastAPI)

— POST /runs, GET /runs

— /continue, /approve LI * Frontend
— levents (SSE), /artifacts/{path} e e .
e Run Sfomgé ("DB") * React + Tailwind dashboard
CHAINS Orchestrator + Pipelines i Ru: e
— Mode A: search, plan, write, verify {)en:an(i)lz:js(m, sy  Backend
— Mode B: exp_plan, exp_feasibility, exp_run gaps, draft * FastAPI
— Writes manifests, m;ut'ics.lcmtls‘l = il G, e Uvicorn
001 _calls
MCP-style Tool Layer B0, Snoco . C
— dataset.load (datasets_hf) artifacts ore

— model.train (models_sklearn) * OrchestratorAl

— metrics.classify (metrics_sklearn)

_ viz.cm (viz_mpl) * External Services
— storage.save_* (storage_local) ° Ope nAl APls

— Refs/search (refs, search) e arXiv
— LLM routing (ai) * MCP-style tools

Y API calls

External Services

— OpenAl / Agents SDK / LLMs * Storage .

— arXiv / DOI search APls * runmanifests

* artifacts

* metrics



Multi-Agent
Workflow

Agent Roles:

PlannerAl: Designs high-level research and writing plans.
SearcherAl: Queries arXiv and converts results into
structured notes.

GapFinderAl: Analyzes notes to identify 1-3 specific
knowledge gaps.

ExperimentRunnerAl: Executes micro-experiments and
saves metrics (e.g., confusion matrices).

WriterAl: Drafts the research paper based on the collected
evidence.

CriticAl & VerifierAl: Review the draft for unsupported
claims and structural compliance.
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Quality Metrics

WCR (Word Count Ratio):
nalatie Measures length conformity against
‘ the target plan.

ABI (Adherence to Binary
Instructions): Fraction of satisfied
structural requirements (e.g.,
presence of required sections).

GAS-lite (Grounding Accuracy
Score-lite): A sampled audit
checking if cited claims match the
evidence in literature notes.

A decentralized swarm where distinct agents handle specialized scientific task



Results & fooa
Findings

A live, interactive laboratory generating
structured, interpretable artifacts.
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Limitation &
Future Work

Limitations:

* Preliminary Evaluation: Based on a
limited number of runs.

* Semantic Truthfulness: VerifierAl and
GAS-lite are strong proxies but don't
fully guarantee semantic truth.

* Scale: Lacks large-scale
benchmarking across diverse tasks.

Future Work:

* Stronger semantic-grounding
verification.

* Supportforricher, real-world datasets
and specialized tools.

* Comparative benchmarking against
other orchestration frameworks
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Autonomy is a capability.
Auditability is a necessity.

CHAINS proves that autonomous agents must be treated as coordinated components within an
artifact-driven workflow, not opaque end-to-end replacements. Transparency, traceability, and
human governance are the prerequisites for Al-assisted scientific discovery.
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Conclusion

Literature Analysis
identifies Knowledge
Gaps (JSON).

Synthesis Statement

CHAINS frames Al agents not as opaque
Bl b nl i e | replacements, but as coordinated
Execution yields results, g refine the understanding of those gaps. p Gaps trigger .
updating literature notes. Thiough explicit checknointa: tumen Micro-Experiment Proposals. CO mp onents 1n a human- gOVerned
oy workflow. The core value of CHAINS is
transparency, traceability, and controlled
execution 1n  Al-assisted scientific
- research.

Human HITL Approval
validates the feasibility
of the experiment.
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