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Machines

• Haswell: (16 cores) Intel(R) Xeon(R) CPU E5-2630 v3 @ 2.40GHz
• Broadwell: (24 cores) Intel(R) Xeon(R) CPU E5-2650 v4 @ 2.20GHz
• Skylake: (32 cores) Intel(R) Xeon(R) Silver 4216 CPU @ 2.10GHz
• Icelake:  (32 cores) Intel(R) Xeon(R) Gold 6326 CPU @ 2.90GHz

• Haswell went offline: measurements incomplete
• Broadwell clock seems to be locked at 2.45GHz
• Would have been useful to test AMD machines as well
• Used a workstation for some limited tests
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Workflows
• Alice

• Gen-sim-digi-reco
• singularity run -B $workdir:/results oras://registry.cern.ch/hep-workloads/alice-gen-sim-reco-run3-bmk:ci-v0.6-aod -t4

• Atlas
• Gen (single thread)

• singularity run -B $workdir:/results oras://registry.cern.ch/hep-workloads/atlas-gen_sherpa-bmk:v0.2 -t1

• Sim
• singularity run -B $workdir:/results oras://registry.cern.ch/hep-workloads/atlas-sim_mt-bmk:v0.4 -t4

• Reco
• singularity run -B $workdir:/results oras://registry.cern.ch/hep-workloads/atlas-reco_mt-bmk:v0.1 -t4

• CMS
• gen-sim

• singularity run -B $workdir:/results oras://registry.cern.ch/hep-workloads/cms-gen-sim-run3-bmk:v0.6 -t4

• digi
• singularity run -B $workdir:/results oras://registry.cern.ch/hep-workloads/cms-digi-run3-bmk:v0.6 -t4

• reco
• singularity run -B $workdir:/results oras://registry.cern.ch/hep-workloads/cms-reco-run3-bmk:v0.6 -t4

• Juno (single thread)
• Gen-Sim-Reco

• singularity run -B $workdir:/results oras://registry.cern.ch/hep-workloads/juno-gen-sim-reco-bmk:v2.0 -t 1

• IGWN
• singularity run -B $workdir:/results oras://registry.cern.ch/hep-workloads/igwn-pe-bmk:v0.3 –t4

• LHCb (single threads)
• gen-sim singularity run -B $workdir:/results oras://registry.cern.ch/hep-workloads/lhcb-gen-sim-2021-bmk:ci-v0.4 -t1
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Methodology

• Use perf record / perf report to understand WHAT we are actually running  
and identify hot-spots (single copy) 
• Retuned number of events to reduce impact of initialization

• Use turbostat to make a time profile of used resources (full machine)
• Use perf stat for a detailed understanding of performance

• Single copy, full machine with and w/o HyperThread
• Number of events “adjusted” to avoid initialization overhead or too long 

runs

• All tools run “on metal”: full singularity job profiles
• perf stat singularity run …
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Expectations
• https://www.anandtech.com/show/14514/examining-intels-ice-lake-

microarchitecture-and-sunny-cove/3

Icelake
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What are we actually running?
Perf report relies on the availability of the actual code outside the container (cvmfs
in our case)
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ALICE gen-sim-reco

• G4 Navigation
• Digitization
• libm19/9/22 Vincenzo Innocente: HEPSpec perf 7



Atlas Gen (Sherpa)

• INTEL mathlib
• Populating a std::map
• memcpy, tcmalloc new
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Atlas Sim

• Navigation in LArWheel (including custom sincos)
• INTEL libm
• TLS management
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Atlas Reco

• INTEL libm
• tcmalloc
• Navigation in magnetic field
• Eigen
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Side remark about INTEL libm
• Intel libm notoriously does not reproduce between Intel and AMD even for the very 

same binary code (it uses rsqrt and rcp instructions)
• Indeed some grepping in log files will show for instance that the total number of 

generated tracks differ

Intel Icelake
12:28:52 G4UA::UserActionSvc.G4UA::G4TrackCounterTool                      INFO nEvents 40
12:28:52 G4UA::UserActionSvc.G4UA::G4TrackCounterTool                      INFO nPrimaryTracks 20027
12:28:52 G4UA::UserActionSvc.G4UA::G4TrackCounterTool                      INFO nSecondaryTracks 25617
12:28:52 G4UA::UserActionSvc.G4UA::G4TrackCounterTool                      INFO n50MeVTracks     2651431

AMD Ryzen 9 5900X
11:32:01 G4UA::UserActionSvc.G4UA::G4TrackCounterTool                      INFO nEvents 40
11:32:01 G4UA::UserActionSvc.G4UA::G4TrackCounterTool                      INFO nPrimaryTracks 20027
11:32:01 G4UA::UserActionSvc.G4UA::G4TrackCounterTool                      INFO nSecondaryTracks 24955
11:32:01 G4UA::UserActionSvc.G4UA::G4TrackCounterTool                      INFO n50MeVTracks     2647485

Intel Haswell
15:05:59 G4UA::UserActionSvc.G4UA::G4TrackCounterTool                      INFO nEvents 40
15:05:59 G4UA::UserActionSvc.G4UA::G4TrackCounterTool                      INFO nPrimaryTracks 20027
15:05:59 G4UA::UserActionSvc.G4UA::G4TrackCounterTool                      INFO nSecondaryTracks 25617
15:05:59 G4UA::UserActionSvc.G4UA::G4TrackCounterTool                      INFO n50MeVTracks     2651431

https://indico.cern.ch/event/1143946/contributions/4801434/attachments/2420216/4142495/Correctly rounded pow.pdf slide 8

https://github.com/jeff-arnold/math_routines/blob/main/rsqrt_rcp/docs/rsqrt_rcp.pdf
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LHCb Sim

• Spending 40% of the 
time in these 4 lines of 
code (G4 10.6)
• code changed (from 

vector to map) in 10.7
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CMS reco (DQM?)

• Filling histograms
• Tracking MVA
• tbb overhead
• malloc/free
• Magnetic field19/9/22 Vincenzo Innocente: HEPSpec perf 13



igwn

• Libm (almost a hot spot)
• Other libraries not available 

“on metal”
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Summary (1)

• No notable hotspot
• Major exception
• Vector scan in LHCb simulation (may change in future versions)

• Minor exceptions
• libm in igwn and sherpa (may change in future OS or using alternative libm)
• Histogram filling in CMS reco
• “Navigation” in LArWheel for Atlas Sim 
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Resource Utilization 
(full machine, no HT unless explicitly quoted)

turbostat
turbostat --interval=1 -S >& aliceSim10F.turbolog&

./doPerfStat "singularity run -B $workdir:/results oras://registry.cern.ch/hep-workloads/alice-gen-sim-reco-run3-bmk:ci-v0.6-aod -t4 -e10" >& aliceSim10F.perflog

killall -9 turbostat
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Busy %
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Busy %
(HT on)
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Busy Freq
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Ave Freq
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Core 
Power
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Memory 
Power
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Poll 
(I/O)
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Memory 
Power
(HT on)
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Summary (2)

• All wf but igwn keep cores 100% busy during main processing
• Igwn uses 80% of the cores and shows a long ending tail

• Can be mitigated by over-committing
• Alice wf has long low efficiency stretches and a tail of low cpu efficiency 

and high memory and I/O usage.
• ATLAS reco shows large memory access during processing
• ATLAS sim and reco shows “long” single thread initialization

• Long production job will not be affected by that
• LHCb memory usage is very high if HT is on (affecting timing)
• Igwn seems to suffer from freq-throttling on Skylake
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Detailed Perf Statistics
Full Machine
No HT unless specified

Guilherme Amadio @SFT meeting https://indico.cern.ch/event/980497/

Vincenzo Innocente @ESC18 https://agenda.infn.it/event/16941/contributions/34860/attachments/24525/27968/Architecture_ESC18.pdf
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Reminder:
Processor Architecture

Source 
https://www.researchgate.net/publication/322305793_Meltdown
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Instruction Breakdown
(on Icelake)
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Floating-point

code compiled for SSE. 
Presence of AVX (even 
AVX512 for igwn) means 
that “fat libriaries” are 
used
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Freq
throttling

divisions 
and sqrt
(fraction of 
total cycle)
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Wall 
clock

Icelake 40% faster than Broadwell
10->15% faster than Skylake
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Thread 
efficiency:
Task time /
Wall clock
(should be 
either 32 or 24)
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HyperThread
efficiency:
Wall clock Ratio:
1: fully efficient
2: zero efficient
>2: penalizing

Ratio of Cache misses 
(access to main memory)

Total “cost” (in cycles of memory access)
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CPU 
efficiency
IPC 
(max 4)
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Parallelism:
#cycles >1 
instrutions
(2 or more)
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Stalls
cycles where 
no instruction 
executed
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CPU starvation

empty 
reserve-station
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Branch misses
(bad speculation)
cost ~20 cycles

https://users.elis.ugent.be/~leeckhou/papers/ispass06-eyerman.pdf
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Instruction 
cache stall
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Memory 
stalls
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L1 cache access
% total 
instruction
(4 cycles latency)
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L3 cache 
access
(50 cycles 
latency)
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Main memory 
access 
(>200 cycles
~100 ns 
latency)
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HyperThread
Main memory 
access 
(>200 cycles
~100 ns latency)
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Summary (3)

• Icelake is faster and “wider” than previous Intel models
• In general all metrics improve (not as much as advertised)
• Resource hungry wf will profit more
• Higher memory access (cache misses) w/r/t Broadwell

• HyperThread efficiency is limited by memory access
• On Icelake is in general less performant
• For LHCb simulation is even penalizing

• 0.2% of avx512 instructions are costing a 10% frequency reduction on 
Skylake (running 33% of the time al lower frequency) 
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Conclusions
• I have shown how simple, light tools (turbostat, perf) can provide 

critical insight on the performance of workflows and detect:
• Hotspots
• Resource hungriness
• Anomaly in Metrics

• I will advice to add those tools to the standard singularity benchmark 
instance. This will allow
• To produce detailed “perf report” w/o access to library on metal
• To generate reports by “turbostat” and “perf stat” at each benchmark run
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Backup
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Detailed Perf Statistics
Single Process
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#Instructions
good:
same program!
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Wall 
clock
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Thread 
efficiency:
Task time /
Wall clock
(should be 
either 4 or 1)

19/9/22 Vincenzo Innocente: HEPSpec perf 51



CPU 
efficiency
IPC 
(max 4)
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Stalls
cycles where no 
instruction 
executed
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Parallelism:
#cycles >2 
instrs
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CPU starvation
empty 
reserve-station

19/9/22 Vincenzo Innocente: HEPSpec perf 55



Branch 
misses
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L1 cache 
access
(4 cycles 
latency)
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L3 cache 
access
(50 cycles 
latency)
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Main memory 
access 
(>200 cycles
~100 ns 
latency)
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Stalls on 
memory

Stalls on 
instr-
loads
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Floating-point

code compiled for SSE. 
Presence of AVX (even 
AVX512 for igwn) means 
that ”fat libriaries” are 
used
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Freq
throttling

divisions 
and sqrt
(latency: 10-20 
cycles)

https://www.agner.org/optimize/instruction_tables.pdf19/9/22 Vincenzo Innocente: HEPSpec perf 62
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