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The Vision with Agentic Al in Workflows
“Autonomous Science”

Current State

Static DAGs 'ﬁ 'ﬁ Intelligent Agents

Manual Coord. ' Autonomous Coord.

Months per Cycle f Hours per Cycle
Human Bottleneck J Confinuous i

10~100x Discovery Acceleration
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How do we Get There?

Scientific Workflows in the Agentic Al Era

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

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

Workflows and Al Agents share
the same DNA!

Agentic Al is merely an
evolutionary extension!

We can do this!
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Shared DNA: Computational Structure

Scientific
Workflows

States (task, data) States (context, mem)
Transitions (deps.) Transitions (acftions)
Conftrol logic (rules) Decision logic (policy)

Common denominator - the State Machine

M = (S,E,5,80,F)

a St
OmOn°
[nitial State Final
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Shared DNA: Computational Structure

Scientific
Workflows

Input - Output  AKnowledge
LRM
States (task, data) States (context, mem) :

Transitions (deps.) Transitions (acftions)
Control logic (rules) Decision logic (policy)

l Pro Common denominator - the State Machine Process

S2
Process
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Shared DNA: Computational Structure

Shared foundation enabling systematic characterization of the evolution:

Intelligence Composition

How “smart” are the How do they
transitions? work together?

/T~

State Input  Transition Initial Final
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Evolution Framework

Shared foundation enabling systematic characterization of the evolution:

A
Swarm

Mesh
Hierarchical
Pipeline

Single

Nelile Adaptive Learning Optimizing Intelligent

Progressive sophistication of the transition function
Intelligence Static |~ Adaptive | Learning | Optimizing  Intelligent

Progressive sophistication of coordination between entities

Composition Single Pipeline  Hierarchical Mesh Swarm
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Evolution Framework

Shared foundation enabling systematic characterization of the evolution:

Swarm
Mesh
Hierarchical
Pipeline

Single

Nelile Adaptive Learning Optimizing Intelligent

. Details of each dimension in Table 1 & Table 2 in our paper
Intelllgence Table 1: The intelligence dimension Table 2: The composition dimension p p

Dimension Description Dimension Description
Transition function depends solely on Single: M One isolated machine with no coordina-
current state and input, implementing tion
predetermined execution paths

Static: 5

Pipeline: M; o ¥ equential composition with unidirec
Extended with observations/feedback tional dataflow, enabling staged process-
signals O enabling runtime adjustments ing with clear depender

and conditi an Hierarchic: ‘Manager structure implementing dele-
orates history thro i pervision with centralized

corp y through leaming
function L that updates transitions based control

ege o
- oonesperienceH 0000 : y Full connectivity enabling peer-to-peer
Optimizing: 8" = arg mins J(5) Seeks optimal behavior via cost function communication and  collaborative
], balancing exploration and exploitation problem-solv
F e ~ EADERSHIP Intelligent: M (M,C,G) Meta-optimization through operator Q , Emergent behavior through emergence
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The 5x5 Evolution Matrix

Composition

Swarm

Hierarchical

Pipeline

Single

A

Parameter
Sweep

Fixed
Grid

Adaptive
Sampling

Load
Balancing

Dynamic
Allocation

Exceptions

Particle
Swarm Opt.

Federated
Learning

Ensemble

ML Pipeline

ML
Model

Ant
Colony

Distributed
Optimization

Hyper
Optimization

AutoML

Optimizer

Adént
Sodlety

Agent Chains

LLM Agent

Adaptive

Learning

Optimizing

Intelligent

Intelligence
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The 5x5 Evolution Matrix

Composition

A
Swarm

There is an evolutionary path

Hierarchical Evolutionary path based on scientific need

We can support this evolutionary path!!

Pipeline

Single

Adaptive Learning Optimizing Intelligent

Intelligence
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Architectural Blueprint of this Evolutionary Path

Human Interface Layer

Intelligence Service Layer
Workflow Orchestration Layer
Coordination & Communication Layer

Resource & Data Management Layer

Infrastructure Abstraction Layer
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Example: Autonomous Materials Discovery

Human I/F
Intelligence Svc.

Workflow Orch.
Coord. & Comm.

Resource & Data
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The Revolution is Evolutionary
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The Revolution is Evolutionary

Scientific
Workflows

Fiercely
Optimistic
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The Revolution is Evolutionary

Scientific
Workflows

The 5x5 Evolution Matrix

Composition

Parameter Adaptive Particle Ant

Swarm Sweep Sampling Swarm Opt. Colony

Fixed Load Federated Distributed Agént
Grid Balancing Learning Optimization Sodlety

Batch Dynamic ERSemiIe Hyper

Hierarchical System Allocation Optimization

Pipeline ML Pipeline AutoML Agent Chains

1 " ML P
Single Exceptions Model Optimizer LLM Agent

Static Adaptive Learning Optimizing Intelligent

Intelligence
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The Revolution is Evolutionary

Scientific
Workflows

Nearer than we think!
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The Revolution is Evolutionary

Scientific
Workflows
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The Revolution is Evolutionary

Scientific
Workflows
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The Revolution is Evolutionary

Scientific
Workflows

Let’'s work together!
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The Revolution is Evolutionary
Let's work together!
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