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The Progress of Automation

https://www.computer-history.info/Page1.dir/pages/Fernbach.html

• Automating arithmetic 
calculations

• Automating entire sequences 
of computations

• Automating data management
• Automating the management 

of computational resources
• Fernbach abstracted the needs 

of applications to  architect of 
large-scale computing

• Fernbach turned scientific 
computing into an automated 
and repeatable process

NERSC, Established in 1974 at LLNL
First machine, CDC 6600 1975



Pegasus Workflow Management System 2001

Pegasus’ System Model 
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Abstraction: Resource-Independent Specification

Input Workflow Specification
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Abstraction: Resource-Independent Specification
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Supporting Science over Generations of CI

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

First Pegasus 
prototype

Multi-messenger 
neutron star merger 
observation

Blind injection detection First detection of 
black hole collision

Image credit: LIGO Scientific Collaboration

Nobel 
Prize

Pegasus working with LIGO 

(Laser-Interferometer Gravitational Wave Observatory)



Compilation and Optimization

Workflow transformations:  
• Partitioning to achieve scalability
• Hierarchical workflows for just-in-time planning 

and loops
• Task clustering to overcome system overheads 

and increase computation to 
communication/data transfer

• Data reuse: for efficiency and fault recovery
Data cleanup to reduce the workflow footprint

Scheduling: 
• Scheduling computational tasks
• Data-aware scheduling (for data locality or 

reduced data footprint)

2003

Data also 
available

Data already 
available

Data Reuse

Data Reuse

Jobs which output 
data is already 
available are 
pruned from the 
DAG

WORKFLOW
RED UC TION

Supercomputing 2003.



Workflow transformations:  
• Partitioning to achieve scalability
• Hierarchical workflows for just-in-time planning, 

loops and conditionals
• Task clustering to overcome system overheads 

and increase computation to 
communication/data transfer

• Data reuse: for efficiency and fault recovery
• Data cleanup to reduce the workflow footprint

Scheduling: 
• Scheduling computational tasks
• Data-aware scheduling (for data locality or 

reduced data footprint)

2007

Seventh IEEE International Symposium on Cluster Computing and the Grid (CCGrid).

Compilation and Optimization

Data 
clean up



Handling heterogeneous workloads:  
Running High Throughput Computing jobs 
on HPC systems… • Cluster HTC jobs 

• Add an MPI based workflow engine
• Submit the bundle to the HPC system

Compute Site

Submit Host

(e.g., user’s 
laptop)

Allows sub-graphs of a Pegasus 
workflow to be submitted as 

monolithic jobs to remote 
resources

Designed for SCEC, used also by LIGO and others 



12
Slide Courtesy of Scott Callaghan, USC

✓ Building engineers

✓ Disaster planners

✓ Insurance agencies

Useful information for:

Pegasus for Seismic Hazard Applications 

1 PB
Data

Managed by 
Pegasus

9M
Files

Staged to USC

Two new Northern California hazard models were produced.

55K
Frontier

OLCF
Node-hours

125K
Frontera

TACC
Node-hours

45
Days

Duration of 24/7 
operation

High-water marks were 4130 nodes on Frontier (44%) 
and 1029 nodes on Frontera (12%)

Neither used a reservation or priority bump.

945
Workflows

27,720 jobs

2024



Layered Architecture
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Long-standing collaboration with Miron Livny and

HTCondor Schedd

HTCondor DAGMan

Pegasus Planner
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checkpointing

Pre and Post job
Scripts
Workflow state 
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Leveraging proven technologies, building upon layers of resilience

ChatGPT 5.0

Compilation 
and Optimization

Workflow Engine

Job Scheduling 
to remote 
resources



Edge-2-Cloud Applications

14

CASA: Collaborative and Adaptive Sensing of the Atmosphere

● Has deployed a network of short-range Doppler radars
● Compute and data repositories at the edge, close to the radars
● Use on demand cloud resources to scale up their computations

http://www.casa.umass.edu/

Runs at 
the 
Edge

This work is funded by NSF,  award #2018074

Distributed Model, Data Footprint Management, Automated 
Data Staging

2019

http://www.casa.umass.edu/


From a proof of concept to winning the 2022
David Swanson Memorial Award

Pegasus provided:
1) Automation and scaling
2) Automatic job retries
3) Automation of file 

transfers
4) Managed disk space at 

execution sites

Investigation of the strong 
nuclear force

Connor Natzke,
Physics Student 

Colorado School of Mines

Pegasus-based 
Monte-Carlo 
simulation, 590,000 
jobs, 15 years total 
wall time, 4 hours wall 
time on Open Science 
Grid



• Workflow composition
• Resource need and performance prediction
• Anomaly detection 
• Dynamic workflow execution adaptation
• Learn about the workloads and systems 
• Predict/design systems to serve the workflows 

Create Workflow

AI models to support  
decision making and 

user experience

Make AI-ready monitoring data 
available to the community

2025 - 2030

Supported by NSF Grant #2513101



PegasusAI Team

Front row: Komal Thareja, Sai Swaminathan, Michela Taufer, Ewa Deelman, Mike Zink, Ty Anderson, Kin H. Ng
Back row: Michael Sutherlin, Mats Rynge, Karan Vahi,  Berent Aldikacti, Ian Lumsden, Micheal Stealey, Kin W. Ng, Dan Scott



Pegasus Analyzer

Current version of analyzer pinpoints and highlight failures. 
Example:

Mats is adding a Pegasus AI assistant 

to help interpret the errors.

2025-09-25 19:10:16,985    INFO:  /bin/cp -f -R -L '/home/rynge/ACCESS-Pegasus-Examples/04-Tutorial-

Debugging-Statistics/bin/llm-rag.py' '/home/rynge/ACCESS-Pegasus-Examples/04-Tutorial-Debugging-

Statistics/scratch/rynge/pegasus/llm-rag-books/20250925T190853+0000/./llm-rag.py'

2025-09-25 19:10:16,991   ERROR:  Expected local file does not exist: /home/rynge/ACCESS-Pegasus-

Examples/04-Tutorial-Debugging-

Statistics/inputs/Alices_Adventures_in_Wonderland_by_Lewis_Carroll.txt



============================= Pegasus AI Analysis ==============================

The workflow failed due to a missing input file. The job `stage_in_local_local_0_0` encountered an error:
**"Expected local file does not exist: /path/to/Alices_Adventures.txt"**

**Root Cause:**
- The required input file is missing from the specified path.
- This prevents the transfer process from completing, causing the workflow to fail.

**Next Steps:**
1. Verify the file exists at the specified path.
2. Ensure the file path in the workflow configuration matches the actual location.
3. Resubmit the workflow after resolving the file issue.

The remaining unsubmitted jobs (7 total) likely depend on this staged file, so fixing this error will enable 

further execution.

Challenges of using AI technologies
• Accuracy 
• Deployment hosted versus local 

deployments
• Dealing with network problems
• Data privacy
• Resources usage and costs

Latest development version of Pegasus 
has an AI assistant



Simple Input Validation Opportunities

ChatGPT 5.0
Prompt obtained from a discussion with LLM



Simple Input 
Validation 
Opportunities

ChatGPT 5.0
Prompt



Abstraction and Intent



Balance between Creation and  Validation and Verification

• More black boxes in the methods—not 

only AI, lots of software available for 

reuse and repurposing

• More AI-based methods are being used 

to analyze and synthesize data, chose 

solutions, etc..

• LLMs used to generate codes and 

connect codes

• Easily replicate our own work

• Easily reproduce others’ finding

• Meta-analysis: Need be be able to 

easily re-run the same analysis with 

different data and parameters 

(potentially a large number of times)

• And more

Growing need for Automation

Growing emphasis on 

verification methods and 

validation of results

* Methods change over time as AI models learn



Funded by DOE:  DE-SC0024387
2023- 2028

SWARM: Scientific Workflow Applications 
on Resilient Metasystem

Intersection of Agentic AI 
and Distributed and High-
performance computing

• Heterogenous agents
• Inter-agent 

communications
• Resilient strategies
• Consensus 
• Communication patterns



SWARM team

Ewa Deelman, Ph.D.
USC

Prasanna Balaprakash, Ph.D.
ORNL

Erik Scott
RENCI

Anirban Mandal, Ph.D. 
RENCI

Krishnan Raghavan, Ph.D. 
ANL

Sheng Di, Ph.D.
UCR

Franck Cappello, Ph.D.
ANL

Zizhong Chen, Ph.D.
UCR

Shixun Wu
UCR

Hong-Jun Yoon, Ph.D.
ORNL

Prachi Jadhav
ORNL

Imtiaz Mahmud, Ph.D.
LBNL

Hongwei Jin, Ph.D.
ANL

Komal Thareja
RENCI

Suman Raj
USC

Jean Luca Bez, Ph.D.
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SWARM Methodology & Findings

Swarm intelligence 
algorithms do not 

give good solutions 
for traditional 

problems like job 
scheduling 

With sophisticated 
prompting, LLMs can 

be used for job 
scheduling and can 
make multi-criteria 
decisions, criteria 
can be dynamic

Greedy algorithms 
perform well for 

consensus-based job 
selection when 

compared to 
traditional 

consensus protocols

Ring building 
algorithms enhanced 

by Q-learning 
improve the diameter 
of network overlays 

over traditional 
methods

Agentic frameworks 
can be used for job 
scheduling and data 
management using 

tools for information 
gathering and job 

submission

Utilizing Simulations, the NSF Fabric testbed, and DOE systems at ANL, LBNL, and ORNL



Pushing the boundaries of abstraction and automation 
in the scientific lifecycle

Ask research
Question

Perform 
Experiment
Collect Data

Gather
Resources

Form 
Hypo-
thesis

Research
existing 

knowledge

Analyze
Data

Interpret
Results

Publish
ResultsPotential:

• Enhance productivity
• Overcome our limited 

time, attention, 
cognition

• Enhance objectivity

Downsides
of Cognitive 

Automation
• Leads to skill 

degradation
• Reduction in critical 

thinking skills 

Budzyń, Krzysztof, et al. "Endoscopist deskilling risk after exposure to 
artificial intelligence in colonoscopy: a multicentre, observational 
study." The Lancet Gastroenterology & Hepatology 10.10 (2025): 896-903.

* Gerlich, Michael. "AI tools in society: Impacts on cognitive offloading and the 
future of critical thinking." Societies 15.1 (2025): 6.

* “This could result in a 
workforce that is highly efficient, 
yet potentially less capable of 
independent problem-solving 
and critical evaluation.”



Impact on Science: AI and Automation Change
the Science Workforce Landscape

https://pegasus.isi.edu
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How will the scientific lifecycle look like in 
10-20 years?
• How much of it will be automated?
• Will we still publish papers?
• Are there better ways of expressing 

ideas and gaining knowledge
• What happens to human collaborations?
• How will we teach science?
• What skills will we need?

ChatGPT-4: “draw a revolution in the scientific 
lifecycle organized by ai robots”



Impact on Society: Can we maintain/enhance 
critical thinking skills?

“Ability to analyse, evaluate, and 
synthesise information to make 
reasoned decisions <…> fundamental 
cognitive skill essential for academic 
success, professional competence, and 
informed citizenship” *

https://gawker.com/5919185/technology-making-people-
lazier-as-finding-the-remote-fast-becoming-the-only-form-of-
exercise

* Gerlich, M. ‘AI Tools in Society: Impacts on Cognitive Offloading and the Future of Critical Thinking”
Societies 2025, 15, 6.

• Problem-solving
• Decision-making
• Reflective thinking
• Deep thinking



Summary thoughts on AI automation

https://pegasus.isi.edu
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• Tremendous opportunities to improve systems, make 
new scientific discoveries

• We need methodologies to quantify and verify, validate, 
and curate AI solutions

• How do we curate knowledge, how we exchange ideas 
and findings?

• How we improve productivity while maintaining human 
collaborations and satisfaction?

• How to use AI to improve education and enhance critical 
thinking skills?



Kai Lars Polsterer
Heidelberg Institute for Theoretical Studies

“To be creative, you have to dislike 
being bored. And I don’t think a 

computer will ever feel bored”

and inquisitive
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