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• Profiling LArSoft code: Profiling and optimization work to 
identify problem areas and solutions in existing workflows.
– Setup an application to run LArSoft
– Identify a major production workflow
– Do preliminary profiling
– Ease of use of profiling tools

• Resources: the Wilson cluster (tev.fnal.gov)
– phi[1-4] nodes (4 x Intel Xeon CPU E5-2620@ 2.00GHz)
– /cvmfs/fermilab.opensciencegrid.org
– /cvmfs/dune.opensciencegrid.org
– pnfs-stken:/larsoft
– stkensrv1n:/dune
– filesrv01.fnal.gov:/web/sites/g4cpt.fnal.gov 

Introduction: Scope
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• LArSoft/protoDUNE: dunetpc v06_57_00
– 6 GeV proton
– gen-g4-detsim-reco-ana 

• 1 GeV cosmic (protoDUNE mmc9)
– lar –n 100 -c mcc9_gen_protoDune_beam_cosmics_p1GeV.fcl
– Input files from /pnfs/dune and /pnfs/larsoft

• Thanks to Thomas Junk, Tingjun Yang, Robert Sulej, Dorota
Stefan, Heidi Schellman

Introduction: Workflow
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• Memory: IgProf (http://igprof.org) v5.9.6
• CPU: HPCToolkit (http://hpctoolkit.org)

Introduction: Tools

5 12/5/17 S.Y. Jun | Preliminary Profiling Results of LArSoft/protoDune



• Link: http://g4cpt.fnal.gov/LArSoft.html
Results: LArSoft
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• CPU and Memory Summary from Art
Results: Bench Test
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• Profiling overhead:  Profiling/Bench-test (OH)
Results: Profiling Overhead
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• https://g4cpt.fnal.gov/larsoft/dunetpc_v06_57_00/igprof.html

• Summary of top memory contenders
– g4: larg4::LArVoxelReadout::DriftIonizationElectrons(…)
– detsim: opdet::OpDetDigitizerDUNE::produce(art::Event&)
– reco geo::GeometryCore::ChannelToWire(unsigned int)
– ana: sim::SimChannel::TrackIDsAndEnergies

LArSoft/protoDUNE: IgProf 
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• https://g4cpt.fnal.gov/larsoft/dunetpc_v06_57_00/hpctoolkit.html
LArSoft/protoDune: HPCToolkit
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• https://g4cpt.fnal.gov/larsoft/dunetpc_v06_57_00/hpctoolkit.html
• Top CPU functions

– g4: G4Exp (from larg4::OpFastScintillation::PostStepDoIt)
– detsim: __normal_iterator (from sim::SimChannel::Charge)
– detsim: __GI_memcpy (from art::EDProducer::doEvent)
– reco: mostly from Eigen_tf namespace (tensorflow-core)

• CPI (Cycle per Instruction)
– Good balance with minimal stalls
– detsim/reco =  0.48/0.55

• FMO (Flops per Memory operation)
– Computational intensity
– detsim/reco = 0.35/0.24

• Other (PAPI) hardware counters can be easily added 

LArSoft/protoDUNE: HPCToolkit
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• https://g4cpt.fnal.gov/larsoft/dunetpc_v06_57_00/hpctoolkit.html
HPCToolkit: hpcviwer (Demo) 

12/5/17 S.Y. Jun | Preliminary Profiling Results of LArSoft/protoDune12



• Identified a major workflow of the LArSoft/protoDUNE
simulation and reconstruction chain and provided preliminary 
profiling results 
– proton 6 GeV and cosmic 1 GeV (mmc9)
– Total memory churns with IgProf
– Top CPU functions and libraries with HPCToolkit

• Future work
– Extend measurements for DUNE-FD simulation (?)
– Try to resolve an issue converting raw data of Open|Speedshop

to database (conflict with forked processes other than lar            
- 9 sh/bash, 1 awk, 1 cat)  

– Understand instability of measurements (occasional deadlocks 
from reco)

Summary
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