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More than a decade of experience operating online and offline software at LHC

• A wealth of operational knowledge and well-honed patterns in intense data-taking

• Particularly exploiting multi-core architectures and designing high throughput systems in that context 

• Heterogeneous architectures

• For reconstruction and simulation, vast experience in understanding interplay of threading models

• FCCee and Muon Collider are similarly intense data-taking environments

CMSSW is a state-of-the-art multithreaded event processing framework

• Good performance of core framework across workloads, module implementation quality 

governs throughput, degree of thread safety encoded in inheritance patterns

• Well-patterned handling of detector conditions in multithreaded environment across all 

relevant time scales (e.g. run, luminosity section)

However: CMSSW does not speak EDM4HEP, making it difficult to practically demonstrate 

how this wealth of knowledge maps on to future collider software needs as to inform future 

design choices.

CODE4HEP Justification
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The proof of concept:

• Bring EDM4HEP into fork of CMSSW, patch CMSSW to read and write EDM4HEP files

• To work out the mismatches in conceptual design, and map matching parts well

• This work is largely complete

Extract the core of CMSSW, “Stitched”, as a maintainable, standalone package

• In progress in parallel, with buildable modern examples available

• Eventually leading to wrapped key4hep modules running in stitched

• Develop generator interfaces so that we may run consolidated workflows

• This was waiting for the above, and community consensus on exchange formats, and is just starting

• Integrate and refine GEANT4 multithreading in a complete, multi-purpose framework

• We are working with GEANT4 developers to harmonize / streamline its internal threading model

• Evaluating this also in the context of BIB simulation and event mixing

• In progress with useful insights to discuss

Finally, use modern analysis software stacks on the output of these products.

In this way we demonstrate interoperability at all levels, and contribute to wider FC 

software community while creating a testbed.

CODE4HEP Overview
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CODE4HEP Proof of Concept

01

4



• Reproducer available at: https://github.com/code4hep/build

Diving into the proof-of-concept!
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At the end ->Then go make 

a coffee…

W. Dagenhart, C. Jones, K. Pedro

https://github.com/code4hep/build


How’d we do this? (I)
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• Exposed podio and edm4hep 

classes to Stitched 

• Created a translation layer from 

Stitched semantics to edm4hep file 

schema

• Occasionally large differences in how 

edm4hep labels event data products 

compared to Stiched

• Developed output module to write 

podio frames to root files

• To fix: crash for links in certain cases 

W. Dagenhart, C. Jones, K. Pedro



How’d we do this? (II)
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GEANT4 Development Work
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OscarMTProducer and Geant4: Two Thread Models 
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Large migration to using immutable shared data 

and thread local data where appropriate.



Refactored: more correspondence between threads
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• Multithreading now available at the coarsest boundaries of conditions data (Runs)

• More efficient use of cores when running out of events to process during run-dependent MC production

• This is likely quite pertinent for FCC where conditions will be following ~5-minute-long spills over multiple 

hour detector runs

• This refactorization could be used as implementation by any other framework

• The architecture is specific to CMSSW but the way that threads are handled could be used in any event 

processing framework

• Improvements to multithreading data architecture in GEANT4 shared by all client code

• Likely benefits to FCCee and Muon Collider simulation efforts

• Muon Collider can benefit from better sharing of memory from event to event in BIB simulation where each 

event is very complex (worse than HL-LHC in total particle flux)

• FCCee benefits from being able to scale horizontally for less complex beam background and hard scatter 

events

Geant4 Refactorization Impact
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Stitched and Analysis
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• New extraction of CMSSW core framework being developed at:

• https://github.com/code4hep/stitched-alpha2

• Issues around contribution and code ownership being considered:

• Complete git and cvs history of CMSSW (back to CMSSW_0_0_0!) are saved in this extraction

• Scripts for fetching upstream CMSSW core and performing complete extraction are available and being 

automated

• Spack integration for easy installation with alongside key4hep already worked out

• Initial iterations of stitched were already ensuring this

• Current status is such that you can do this:

• And get a functioning cmsRun

• Should be able soon to take code4hep

proof of concept and run it entirely within

stitched instead of CMSSW

• Achieve experiment agnostic framework

that has decades of operational time behind

its design.

• Next steps include extracting heterogeneous compute interface from CMSSW

• e.g.: SONIC, alpaca, etc., along with asynchronous, non-blocking interfaces to each for maximum efficiency

Stitched: The Next Generation
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C. Jones, M. Kortelainen

https://github.com/code4hep/stitched-alpha2
https://github.com/code4hep/stitched-alpha2
https://github.com/code4hep/stitched-alpha2
https://github.com/code4hep/stitched-alpha2


• Unfortunately, we do not have a presently working demonstration of running coffea on 

edm4hep output from CMSSW, the file format has changed too much since initial 

development of the schema.

• However, we would like to return to the state demonstrated above.

Interface to Analysis
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• Large degree of work complete for interfacing edm4hep with CMSSW

• Can read and write test data using actual podio classes, test close on edm4hep data produced by 

CMSSW

• GEANT4 refactoring work proceeding well, with benefits for any multithreaded 

framework that uses GEANT

• CMSSW extracted as “stitched” and is in a mature state of development

• Soon hope to move to using stitched as opposed to edm4hep-grafted version of CMSSW

• Data analysis unfortunately lost to version skew – but working with authors of edm4hep 

interpretation in coffea to return this to functionality

• Lots of work has been going on in edm4hep!

Remarks / Conclusions
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