
1

ORNL IS MANAGED BY UT-BATTELLE LLC 
FOR THE US DEPARTMENT OF ENERGY

The (R)evolution of Scientific 
Workflows in the Agentic AI Era:
Towards Autonomous Science

2026.  5 .  20

The Agent ic  Revo lu t ion :  L ightn ing  S ess ions  on  
Agent ic  Workf lows

Workflows Community Talks

Woong Shin, Renan Souza, Daniel Rosendo, Frédéric Suter,
Feiyi Wang, Prasanna Balaprakash, Rafael Ferreira da Silva

SC25 - WORKS25 Paper



Current State Future State

The Vision with Agentic AI in Workflows
“Autonomous  Science"

Static DAGs

Manual Coord.

Months per Cycle

Human Bottleneck

Autonomous Coord.

Intelligent Agents

Hours per Cycle

Continuous

10~100x Discovery Acceleration



How do we Get There?
Scientific Workflows in the Agentic AI Era

How does AI interplay with existing workflows?
What about traditional machine learning techniques?

What are we supposed to do? Ditch the 20-year infrastructure?

Fiercely 
Optimistic

Fatigue



Fiercely 
Optimistic

But…

Workflows and AI Agents share 
the same DNA!

Agentic AI is merely an 
evolutionary extension!

We can do this!

Fierce Optimism: Autonomous Science is an Evolution
Not a … *cough cough* … Revolution



Shared DNA: Computational Structure

Scientific 
Workflows

States (task, data)
Transitions (deps.)

Control logic (rules)

AI
Agents

States (context, mem)
Transitions (actions)

Decision logic (policy)

Common denominator – the State Machine
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Shared DNA: Computational Structure

Scientific 
Workflows

AI
Agents

Shared foundation enabling systematic characterization of the evolution:

How “smart” are the
transitions?

How do they
work together?

Intelligence
Dimension 1

Composition
Dimension 2

State Input Transition Initial Final



Evolution Framework
Shared foundation enabling systematic characterization of the evolution:

Intelligence
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Static Learning Optimizing IntelligentAdaptive

Single Pipeline Hierarchical Mesh Swarm

Progressive sophistication of the transition function

Progressive sophistication of coordination between entities
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Shared foundation enabling systematic characterization of the evolution:
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Progressive sophistication of the transition function
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Details of each dimension in Table 1 & Table 2 in our paper



The 5x5 Evolution Matrix
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There is an evolutionary path

Evolutionary path based on scientific need

We can support this evolutionary path!!



Architectural Blueprint of this Evolutionary Path

Intelligence Service Layer

Workflow Orchestration Layer

Coordination & Communication Layer

Resource & Data Management Layer

Physical Infrastructure

Infrastructure Abstraction Layer

Human Interface Layer
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Distributed Task Scheduling, OptimizationHuman 
Interface 

Federated
Infrastructure
for Scientific Discovery

Data
Browser

Cloud

Science 
IDE

Edge

Mobile
App.

Cloud

Dashboard
Edge

Data & Knowledge

Learning & Optimization 
Meta Optimization

Agent
AI Hub

Planning 
Hypothesis

Agent
Literature

Agent
Exp. Design

Agent
AI HubAI HubAI Hub

Execution & Coordination 
Synthesis

Agent
Charact.
Agent

Simulation
Agent

Analysis
Agent

Edge Edge HPC Cloud

Data streaming & Async coord.

Librarian 
Agent

AI Hub Edge

Facility
Specific 

Knowledge
Experimental

Data

Edge

Scientific 
Knowledge

Graph
AI Hub

Model
Registry

AI Hub

Scientific
Discovery!

AI Hub Interface

AI Hub

Cloud Interface

Cloud

HPC Interface

HPC Center

Edge Interface

Autonomous Laboratory

Example: Autonomous Materials Discovery Intelligence Svc.
Workflow Orch.
Coord. & Comm.
Resource & Data

Human I/F



The Revolution is Evolutionary

Autonomous Science
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The Revolution is Evolutionary
Scientific 
Workflows
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AI

Nearer than we think!

Autonomous Science



The Revolution is Evolutionary
Scientific 
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We are “the community” that 
can make this come true!

Autonomous Science



The Revolution is Evolutionary
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Modularity, Communication, FAIR
Partnership, Scientific Leadership

+20 years of excellence

Autonomous Science
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Let’s work together!
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