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MAP

Talk Roadmap
From orchestration idea to two concrete research pipelines.

01 Introduction
Why agentic orchestration needs roles, gates, and statistical inner loops.

02 ATLAS
Adaptive self-evolution with task-distributed multi-LLM supporters.

03 AIVV
Trustworthy V&V through conformal gates and semantic councils.

04 Conclusion
Unified view plus future directions for scientific agent systems.

Keep the lens fixed: agents as engineered system components, not free-floating chatbots.
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INTRO

The Paradigm of Agentic Orchestration

TAKEAWAY Role-specialized LLM orchestration is a systems architecture for adaptive learning and trustworthy verification.

Old view
A single assistant produces answers 
or code in isolation.

New view
LLMs coordinate around data, policies, 
requirements, and safety gates.

ORCHESTRATION

Part I: ATLAS
Self-evolution and adaptation under non-stationary 
environments.

Part II: AIVV
Verification, validation, and safety bounds for dynamic 
maneuvering.

Core move: specialize the cognitive jobs, then couple them through measurable gates.



PART I

ATLAS
Adaptive Self-Evolutionary Research Agent
with Task-Distributed Multi-LLM Supporters

Research frame
Long-horizon adaptation under 
drift

Training engine
EvoDPO with controlled reference 
promotion

Students
Ujin Jeon, Jiyong Kwon, Madison Ann 
Sullivan, Caleb Eunho Lee

ATLAS: https://arxiv.org/abs/2602.02709
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ATLAS

The Challenge in Non-Stationary Environments

TAKEAWAY Frozen agents and static fine-tuning pipelines are brittle when the world keeps moving.

Frozen optimizers
Agents are treated as fixed 
solvers rather than developing 
systems.

Optimization only
Prior multi-agent work often 
improves search, not agent 
development.

Distribution drift
Changing tasks break fixed 
fine-tuned pipelines over long 
horizons.

Missing control
Robust self-evolution needs 
reference management and 
safety gates.

Research gap How can an LLM agent improve itself progressively without drifting into stale references, mode 
collapse, or unstable preference updates?
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ATLAS

Introducing ATLAS

TAKEAWAY ATLAS decomposes self-improvement into role-specialized support around one evolving research agent.

Research Agent

Llama-3.2-1B
trainable core

Exploration Supporter
Proposes diverse candidates and 
targeted perturbations.

Fine-Tuning Strategist
Controls DPO hyperparameters using 
training telemetry.

Policy Inspector
Promotes references only under 
score and KL constraints.

Core idea: distribute the jobs so preference learning stays adaptive, diverse, and inspectable.
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ATLAS

ATLAS Workflow Overview

TAKEAWAY The loop alternates candidate exploration with EvoDPO updates, while a policy-inspector gate controls reference promotion.

Prompt

task + constraints

Research
Agent

candidate code

Exploration
Supporter

diverse edits

Preference
Dataset

passed / failed

EvoDPO +
Strategist

fine-tune policy

Inspector
Gate

accept or reject

next round: updated reference + policy

Phase 1: Exploration
supporter-guided candidate generation

Phase 2: EvoDPO updates
strategist tuning + inspector promotion
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ATLAS

Task-Distributed Multi-LLM Supporters

TAKEAWAY ATLAS gains control by assigning different cognitive jobs to different agents instead of asking one model to do everything.

Model Role Task allocation

gpt-oss-120B Exploration Supporter candidate diversity + domain-aware perturbations

DeepSeek-R1-32B Fine-Tuning Strategist DPO telemetry control + hyperparameter steering

Llama4-latest Policy Inspector score/KL-gated reference promotion

Llama-3.2-1B Research Agent evolving executable solution writer

Design principle: separation of duties gives the training loop knobs, guards, and diversity.
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ATLAS

The Self-Evolving Research Agent

TAKEAWAY The research agent writes executable solutions, receives evaluator-induced preferences, and updates its policy.

Llama-3.2-1B
Research Agent

Code generator
writes Python policies and PINN loss 
strategies

Six-island exploration
parallel candidate search to preserve 
diversity

Preference pairs
passed/failed outputs become (y+, y-) 
supervision

Policy evolution
updates phase policy pi_theta,k during 
fine-tuning

Mode collapse defense: track cluster coverage and keep both successful and failed candidates informative.
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ATLAS

Role 1: Exploration Supporter

TAKEAWAY The exploration supporter proposes targeted, domain-aware modifications to prevent mode collapse.

Model
gpt-oss-120B

Function
Senior technical advisor providing static 
analysis on research-agent code outputs.

Responsibilities
Proposes diverse strategies, candidate 
completions, targeted perturbations, 
and bottleneck diagnoses.

Bandits
Adjust sliding window and 
regularization to respond to high 
drift.

PINNs
Recommend Huber loss with 
dynamic normalization to stabilize 
gradients.

Anti-collapse job: keep the candidate pool broad enough that preference learning has something real to learn from.












































































