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Can leverage distributed and heterogeneous CI

Pegasus Workflow Management System
Est. 2001

SUBMIT HOST RUNS ON

same architecture, anywhere
Your laptop Hosted submit node Open OnDemand

Abstract 
Workflow

Planner

Generates executable DAGs, performs 

optimizations

Workflow Execution  ·  DAGMan

Walks the DAG, releases tasks, handles 

retries queued tasks

Job Execution  ·  HTCondor schedd

Queues jobs, dispatches 

to remote resources job queue

Data transfer 

and 
compute jobs 

SUBMIT HOST

Collaboration with    

Explicit dataflow, portable, reproducible

HTC

HPC

OSPool · Condor pools

Cloud

AWS · GCP, Jetsteam

ACESS, NAIRR, DOE 
facilities

REMOTE 

EXECUTION ENVIRONMENT

HTCondor brokers 
jobs across resource types

Heterogeneous, distributed compute

Infers data 
transfers

Task clustering 
     for small tasks

Pegasus

Workflow level
     checkpointing

Data footprint 
     reduction

Data reuse

Monitoring 
Dashboard



1. Gravitational Wave Physics: LIGO – search for gravitational waves from compact-object binary   
coalescences,  part of first direct detection of a gravitational wave, collaboration 2001 -

2. Dark Matter Physics:  XENONnT – used for Monte Carlo simulation and main data processing

3. Earthquake Science: SCEC  –  used to generate the first ever physics-based probabilistic hazard 
map ”shake map” of S. California, information needed to enhance building codes in SoCal 

4. Plant genomics:  SoyKB –  a community resource for “building a better soybean”

5. Weather modeling: CASA – prediction of hail and wind, used in drone flight path planning

6. Bacterial genomics: ProkEvo  – supporting public health and food safety, used for outbreak 
detection, source tracking, understanding epidemics, public health surveillance, pathogen 
transmission, etc. 

7. Socio-environmental systems: Integrated Assessment Model @ U VT – land use classification 
based on different economic and policy scenarios

8. Understanding black holes: Event Horizon Telescope (EHT)  –  used for black hole modeling

9. Integrated in science gateways: HUBzero – providing workflow management/automation 
capabilities to a broad spectrum of applications and users

10. Real time instrument data processing: CryoEM@USC  – used to give real time feedback on data 
quality during data acquisition leading to higher quality results

Pegasus and its workflows are used in Computer Science to explore workflow scheduling, 
provenance, resource provisioning, use of clouds for science, computing at the edge, etc.

Scientific Impact of the Pegasus Workflow Management System, Ewa Deelman, PI
Selected Examples          University of Southern California 
      

Funded by NSF under grants:   SDCI- 0722019;  SI2-1148515; SI2-1664162, CSSI-2513101                     http://pegasus.isi.edu ;   deelman@isi.edu 
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Cognitive Disconnect

CK Chan, Associate Astronomer, Steward Observatory
University of Arizona



Cognitive Disconnect

CK Chan, Associate Astronomer, Steward Observatory
University of Arizona

Uses Pegasus Python API 



AI Can Accelerate Workflow Creation

AI is becoming a practical partner
for designing and building scientific workflows.

Faster Start
Skip the blank page 

— get a working 

scaffold in minutes

Fewer Errors
Catch missing inputs, 

dependencies, and 

configs early

More 

Accessible
Lower the barrier for 

non-experts to build 

workflows

Komal Thareja
RENCI

Enables Small 

Team Science
Can greatly increase 

productivity





Case Study: Soil Moisture Analysis (Edge-to-Cloud Pattern)
A Pegasus workflow for precision agriculture answering: “Should I water my crops?” 

Code: github.com/pegasus-isi/soilmoisture-workflow

Validated with SAGE testbed soil moisture data



ChatGPT  5.5



But you need more to get things working on current CI



Scientists have their pipelines as...

A sentence
"I need a workflow that predicts soil 
moisture"

A napkin sketch
hand-drawn flowchart with boxes and 
arrows

A published paper
methodology section with pipeline 
stages

A Nextflow/Snakemake existing pipeline in another WMS

Python scripts
working code in notebooks and .py 
files

A specification doc requirements + dataset description

But Pegasus requires...
• Learning the Pegasus Python API

• Writing workflow_generator.py with DAG logic

• Building site, transformation, replica catalogs

• Creating standalone bin/ scripts per step

• Containerizing everything (Docker/Singularity)

• Configuring HTCondor job profiles

• Debugging data staging & runtime failures

• Writing docs and test infrastructure

→ Weeks of effort for a novice developer

What if AI could bridge this gap — accepting any of these inputs and producing a production-ready Pegasus workflow?

Taking a step back, what are the raw materials?



The Methodology — Any Input → Pegasus Workflow

Prompt/Pattern
soilmoisture, airquality

Napkin Sketch
Napkin-vibe

Paper
Sea ice

Nextflow
mag, proteinfold, rnaseq

Snakemake
tnseq

Existing Code
s2-segmentation, sea ice

Spec + Datasets
medical-imaging-fl

Pegasus-AI Engine
Claude Code + MCP Skills

/scaffold /convert

/wrapper /dockerfile

/review /debug

+ indexed Pegasus docs + 
iterative debugging

Production-Ready Output

• workflow_generator.py — full Pegasus 
DAG with catalogs

• bin/ scripts — standalone wrappers

• Docker/Singularity — pinned 
containers

• Site + Transformation + Replica 
catalogs

• README + run instructions

14
workflows built

~190
total prompts

~15
dev-days

~$90
API costs



/scaffold skill





Spec-First — Plan, Then Build

Two prompts beat continual prompting — ask for the design before any code.

THE TWO PROMPTS

PROMPT 1 — 
DESIGN

"Write a specification.md — stages, 

I/O, deps, containers. No code yet."

PROMPT 2 — 
BUILD

"Implement this spec as a Pegasus 

workflow." AI does the typing.

THE OUTCOME

PRODUCTION 
WORKFLOW

workflow_generator.py + bin/ + 

containers + catalogs + README

WHY THIS WORKS
• Why it works: review intent in plain text — 

cheap to redirect; redirecting code is 

expensive

• Shareable artifact: spec is reproducible 

— share it or rerun later to get the same 

build

• Proven in practice: FL + sea-ice — 12-

page specs, near-first-pass 

implementations

• Takeaway: human owns the design; AI 

does the implementation

Komal Thareja
RENCI



http://ci-compass.org  Events

https://ci-compass.org/about/contact/

Part II coming at the end of June

http://ci-compass.org/
http://ci-compass.org/
http://ci-compass.org/


Debugging
Pegasus Analyzer

Current version of analyzer pinpoints 

and highlight failures 

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_Le
wis_Carroll.txt

Mats Rynge  USC/ISI

============ 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.

Next major version of Pegasus will have AI augmentation



Concern: 
 From a software project into a service operator 
 (infra, finops, SaaS)

Today we ship software; users run it on their own compute, at no runtime cost to us. 

Hosted AI changes that - we'd have to:

➔ Operate inference for pegasus-analyzer, pegasus-status, workflow 

development, and the chatbot

➔ Train and serve the anomaly + runtime models (training recurs)

➔ Provision, scale & pay for the AI/GPU infrastructure

➔ Own SaaS duties we don't have today: hosted services, monitoring, 

capacity planning, cybersecurity, and ongoing cost management (finops)

Free-tier users can bring their own models, shifting some cost - but we still fund the 
free tier, where most users will stay.

Mats Rynge
USC/ISI

SUBMIT HOST RUNS ON

same architecture, anywhere
Your laptop Hosted submit node Open OnDemand



Where are we heading?  -- Pegasus Studio



Summary

Pegasus:  http://pegasus.isi.edu                             deelman@isi.edu 

Big Thanks to NSF and DOE  for the support!

• AI models make it very easy to create new 
science products, but validation and 
verification are hard

• We are very interested in understanding how 
to create scientifically valid and trusted 
workflows with AI

• We need to think about what tools can 
help/are needed to inspect outputs, AI models, 
processes

• Deployment issues: infrastructure, finops, 
SasS, and cybersecurity

• We want to collaborate on these issues

http://pegasus.isi.edu/
mailto:pegasus@isi.edu
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