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Classical Scientific Workflows

An abstract description of a scientific process

➢ Directed Acyclic Graphs (DAGs)
○ Tasks: Functions, standalone kernels
○ Data: file-based transfers
○ Dependencies:  Flow or control

➢ 1 Workflow = 1 Application
○ Well defined structure
○ Full interoperability between components
○ No intrusion in kernel codes
○ Evolve as a whole



Modern Scientific Workflows



Research Challenges

➢ Modern workflows bring new challenges
○ Dynamic loose coupling of components
○ Periodic data production/consumption
○ Cross-facility dimension
○ Near real-time constraints
○ Command-and-control
○ Coordination of AI and HPC

➢ In addition of the classical ones 
○ Resource management
○ Data management
○ Scheduling and orchestration

➢ All require experiments to evaluate the quality of the proposed algorithms, 
systems, designs, …



Problem Statement

➢ Problem: Not enough data (workflows) to run experiments and draw 
convincing conclusions 
○ Just create more workflows!

■ Time/resources/expertise demand
■ Green computing, energy consumption

➢ Solution: create synthetic data (workflows) for experimentation
○ How? 
○ Is it realistic?

WfCommons
https://wfcommons.org



WfCommons

WfCommons is a framework that 
provides a collection of tools for 
analyzing real workflow 
execution traces, producing 
realistic synthetic workflow 
execution traces, and 
benchmarking / simulating 
workflow executions. 

https://wfcommons.org

WfCommons: A framework for enabling scientific 
workflow research and development
Coleman, T., Casanova, H., Pottier, L., Kaushik, M., Deelman, E., & 
da Silva, R. F.  Future generation computer systems 128 (2022).



WfCommons

WfInstances: Workflow instances 
in a common format for 
representing workflow execution 
instances called WfFormat.

https://wfcommons.org



WfCommons

WfChef: Automated generator of 
realistic workflow generators 

https://wfcommons.org



WfCommons

WfGen: Realistic workflow 
generator

https://wfcommons.org



WfCommons

WfSim: fosters the use of 
simulation for the development, 
evaluation, and verification of 
scheduling and resource 
provisioning algorithms 

https://wfcommons.org



WfCommons

Enable and simplify the exploratory research 
and benchmarking of workflow applications

https://wfcommons.org
Goal



WfFormat
and

WfInstances
Actual workflow execution instances



WfFormat     The WfCommons JSON Schema

➢ Objective: Ensure a seamless integration across frameworks and simulators
➢ Proposition: A universal JSON schema

○ https://github.com/wfcommons/WfFormat/blob/main/wfcommons-schema.json
○ Current version: 1.5 (since June 2023)

➢ Overall structure

Who created the instance
The description of the workflow itself

Which runtime system has been used to execute the workflow

https://github.com/wfcommons/WfFormat/blob/main/wfcommons-schema.json


Simple Forkjoin Example Workflow



Simple Forkjoin Example Workflow



And its WfFormat Description …



WfFormat     Workflow Specification



WfFormat     Workflow Execution



➢ Several runtime systems can export execution traces in WfFormat

WfFormat     Runtime System



WfInstances

➢ A Collection of curated open access production workflow executions from 
various scientific applications.

○ https://github.com/wfcommons/WfInstances/
➢ Obtained with three workflow runtime systems

○ Makeflow, nextflow, and Pegasus
➢ 24 scientific workflows from different scientific domains

○ Astronomy, AgroEconomics, Bioinformatics, and Seismology
➢ A total of 180 instances

○ Composed of from 11 to 9,805 tasks
○ Running in from 1.2 minutes to 42.9 hours
○ Handling up to nearly 52k files
○ Compute- or Data-intensive

https://github.com/wfcommons/WfInstances/


WfInstances           Browser Web Application

➢ Develop at the University of Hawaii at Manoa
○ WfInstances browser

➢ Periodically synchronized with the git repository

https://wfinstances.ics.hawaii.edu/


WfInstances           Browser Help 



WfFormat
and

WfInstances
Hands on



Docker: docker run -p 8888:8888 wfcommons/wfcommons-tutorial



Jupyter Notebook



Run all cells now



WfChef
and 

WfGen
Synthetic and realistic workflow 

instances



WfChef

➢ Automates the construction of synthetic workflow generators 
➢ Inputs 

○ Set of real world workflow instances
○ Desired instance size (number of tasks)

➢ Analyzes the instances 
➢ Finds common patterns
➢ Duplicates patterns to produce new graphs with desired size

from wfcommons.wfchef.recipes import SeismologyRecipe

# creating a Seismology workflow recipe with increased/decreased runtime and file sizes
recipe = SeismologyRecipe.from_num_tasks(num_tasks=100,

 runtime_factor=1.1,

 input_file_size_factor=1.5,

 output_file_size_factor=0.8)

Wfchef: Automated generation of accurate 
scientific workflow generators.
Coleman, T., Casanova, H., & da Silva, R. F. 
2021 IEEE 17th International Conference on eScience 



WfChef

Task Types 



WfChef

Type Hash
○ Top Down (TD)
○ Bottom UP (BU)
○ Taks Type
○ Type Hash = TD + BU



WfChef

Find Pattern
Round 1



WfChef

Find Pattern
Round 2

shared

visited visited



WfChef

Find Pattern
Round 3

shared

visited visited

visited visitedvisited visited

visited
visited

shared



WfChef

Find Patterns



WfChef

Find Patterns

Different Type Hashes



WfChef

Find Patterns



WfChef

Replicate &
Generate



WfChef

➢ Not a pattern?
➢ Cannot be duplicated 

by itself



WfChef
and 

WfGen
Hands on 



WfSim  Simulation of workflows and 
cyberinfrastructures



Why Simulation?

● Real-world experiments in the field of parallel and distributed computing are 
not easy to conduct

○ Labor-intensive: need fully deployed software/hardware stacks
○ Time- and energy-intensive: experiments are often long-running
○ Limited in scope: can only experiments with software/hardware stacks available to the 

researcher
○ Non-perfectly reproducible: platform noise, background loads, updates/upgrades
○ Non-perfect observable: Full logging is expensive and typically not available

● Simulation (implementation of a software artifact that mimics the real world) 
can alleviate all these difficulties!



What simulator to use?

➢ Any simulator able to parse WfFormat would do the job, but …

➢ Performance evaluation results should enable transfer of to production
➢ Need to reflect behavior of all the components of actual cyberinfrastructures 

○ Compute, network, storage, software stack, …
➢ Better to build on existing frameworks

○ Validated simulation models, well defined API, reusability, maintenance, …
 

➢ Additional desired feature: keep development of simulator simple!



SimGrid    A scientific instrument on your laptop

➢ Open Project since 1998
○ 2,300+ citations and 640+ usages
○ Version 3.36     https://simgrid.org 

➢ Key strengths
○ Usability: Fast, Reliable, User-oriented APIs
○ Validated performance models: Open Science à Predictive Power
○ Versatility: Grid, P2P, HPC, Cloud, Fog, …

➢ SimGrid’s fundamental concepts (the S4U API)

https://simgrid.org


SimGrid Models in a Nutshell

➢ Discrete Event Simulator (sequential, but fast)

➢ Simulation kernel main loop
a. Some activities are created (by actors) and assigned to resources
b. Compute share of everyone (resource sharing algorithms)
c. Compute the earliest finishing activity, advance simulated time
d. Remove finished activity
e. Loop back to b

➢ Flow-level models
○ Boils down to solve a linear max min problem
○ Applied to computing, network, and I/Os
○ Good tradeoff between speed and accuracy
○ Multiple optimization techniques and specializations 



Some SimGrid highlights



Workflow Simulation with SimGrid



WRENCH

➢ Project initiated in 2016
➢ Objectives

○ A virtual lab to study WMS
○ Improve SimGrid expressiveness

➢ DSL-like approach:
○ High level concepts
○ Composable modules
○ Different levels of APIs

➢ Version 2.3
➢ https://wrench-project.org 

https://wrench-project.org


Simulation with WRENCH 



WfSim
Hands on 



Concluding Remarks

WfCommons is a framework that 
provides a collection of tools for 
analyzing real workflow 
execution traces, producing 
realistic synthetic workflow 
execution traces, and 
benchmarking / simulating 
workflow executions. 

https://wfcommons.org

WfCommons: A framework for enabling scientific 
workflow research and development
Coleman, T., Casanova, H., Pottier, L., Kaushik, M., Deelman, E., & 
da Silva, R. F.  Future generation computer systems 128 (2022).



WfCommons is Used in Research Studies



WfCommons
https://wfcommons.org



Useful Links

➢ Website
○ https://wfcommons.org/ 
○ https://docs.wfcommons.org/en/latest/ 

➢ WfInstances browser
○ https://wfinstances.ics.hawaii.edu/ 

➢ Github repositories
○ https://github.com/wfcommons
○ https://github.com/wfcommons/WfFormat 
○ https://github.com/wfcommons/wfinstances 

➢ Simulation tools
○ https://simgrid.org
○ https://wrench-project.org
○ https://eduwrench.ics.hawaii.edu/ 

https://wfcommons.org/
https://docs.wfcommons.org/en/latest/
https://wfinstances.ics.hawaii.edu/
https://github.com/wfcommons
https://github.com/wfcommons/WfFormat
https://github.com/wfcommons/wfinstances
https://simgrid.org
https://wrench-project.org
https://eduwrench.ics.hawaii.edu/


Contributing Back to WfCommons
https://wfcommons.org

➢ Adopt WfFormat when tracing workflow executions

➢ Add new instances to the WfInstances repositories

➢ Let us know of:
○ New recipes 
○ New simulators
○ New simulation toolkits supporting WfFormat
○ New publications using WfCommons

Thank you for your participation on this tutorial! 


