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Patatrack - Why?

With High Luminosity LHC, combining the increased instantaneous luminosity, increased Level 1 Trigger output (x7.5) and the
increased detector complexity, CMS High Level Trigger would need x25 new resources while, optimistically x4 is what we will get.

1L I |

Run2(2018) Run5(2032)

25 1
What we need (optimistically)

Change of paradigm is needed

What we expect from CPUs performance increase
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Patatrack — What?

Patatrack is a software R&D incubator
born in 2016 to study the feasability
of the online/offline heterogeneous
reconstruction starting from 2020s.

2018 Data
e <PU>=50
e 2018 LAT & HLT
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Patatrack — What?

Patatrack is a software R&D incubator
born in 2016 to study the feasability
of the online/offline heterogeneous
reconstruction starting from 2020s.

Everything started with global
pixel global track reconstruction.
Rapidly expanding to further
steps and detectors.

2018 Data
* <PU>=50
e 2018 LAT & HLT

\\J\a\é“ ’

ECAL & HCAL: local Ck’”ffdckcand\da“e

reconstruction & calibration -
(based on similar algorithms) \,J)

circles

For Pixel Tracks & Calorimeter Local
Reconstruction different approaches have
been followed and different validation
procedures have been developed
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Patatrack Pixel Tracks — The Workflow

GPU WF Deliverables CPU WF

Raw Data 1 RawData Raw Data

The goal: reconstruct pixel-based tracks and vertices on the GPU minimising
data transfer.

Digis Digis
(Partial SoA) (Legacy)
The workflow,running both on CPU and GPU:
it Clusters
Clust '
e (Parial Sol (Legacy) ® copy the raw data to the GPU
3
Digis & Clusters . .
(Legacy) ® run multiple kernels to perform the various steps
,_\3 * decode the raw data
Hits e cluster the pixel hits
(Legacy)

Doublets Doublets e form hit doublets
e form hit quadruplets (or ntuplets)
e clean up duplicates

n-Tuplets » fitting & vertexing

Pixel Tracks
(SoA)

n-Tuplets Pixel Vertices

(Soh)

—— Copy back the final results to the host, optimised SoA format, and

e (Sol) eventually convert to legacy event data

Pixel Tracks
(Legacy)

Pixel Vertices

Pixel Vertices
(Legacy)

Pixel Vertices

o

(Sod)
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Patatrack Pixel Track — The Validation

GPU WF Deliverables CPU WF The validation:

Raw Data 1 RawData Raw Data ) .
® compares results at dataset level: physics performance metrics of the

delivered collections

Digis Digis
AL (Legacy) ® is done in three stages:
I-_Iits Clusters
Clusters (Partial SoA) (Legacy) * For each Pull Request

Doublets Doublets

e * CMSSW Legacy reference vs Patatrack reference
)
s * CPU and GPU Patatrack Workflows
- -

® is based on the already existing tracking validation there in the CMS
reconstruction software that has been adapted to monitor the new
T collections. It relies on the DQM tools, ROOT formats.

Pixel Tracks
(SoA)
n-Tuplets Pixel Vertices
(SoA)

® is fully automatised and structured (see here)
Pixel Tracks

(Soh)

Pixel Tracks Pixel Tracks

(Legacy)

includes computational performance plots (throughput)

Pixel Vertices

Pixel Vertices
(Legacy)

Pixel Vertices

e

(Sod)
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https://github.com/cms-patatrack/cmssw/pulls
https://github.com/cms-patatrack/patatrack-validation

ack Pixel Track — The Validation - PRs

Let’s take an example PR

’ cms-patatrack / cmssw @® Unwatch

forked from cms-sw/cmssw

Code

Replace use of APl wrapper stream and event with plain

Issues 51 9 Pull requests 11 Actions Projects 0 Wiki Security 0

CUDA, part 1#389

Aol fwyzard merged 6 commits into cms-patatrack:CMSSW_11_0_X_Patatrack from makortel:removeWrapperStreamEvent & on 26 Oct 2019

it Conversation 27 o Commits 6 # Checks 0 Files changed 106
makortel commented on 17 Sep 2019 Member (@) <
PR description:

This PR is part of #386 and replaces the use of cuda::stream_t<> and cuda::event_t in the
interfaces and in the user code. The "framework" part still uses them as replacing them in the
stream and event caches requires cms-sw#28004. Anyway, this PR minimizes the impact of the
later PR.

| also left HeterogeneousCore/Product and HeterogeneousCore/Producer out from this exercise
as they will get nuked as soon as ClusterTPAssociationHeterogeneous is migrated away from
those (#229 (comment)).

PR validation:

Unit tests run, profiling workflow runs. Code formatting was run.

[ makortel added 3 commits on 16 Sep 2019

Ll Replace cuda::stream_t<> with cudaStream_t in client code 3173923
Replace cuda::event_t with cudaEvent_t in the client code b7f4f38
Clean up BuildFiles 4d4f6b2

6

* Star 0 ¥ Fork 3.2k

Insights

+705 -652 mmmm

Reviewers

B fwyzard v

Assignees

No one assigned

Labels

None yet

Projects

None yet

Milestone

No milestone

Linked issues

Successfully merging this pull request
may close these issues.

None yet

Adriano Di Florio
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Patatrack Pixel Track — The Validation - PRs

All the procedure happens through a single (long) validate script (by A.Bocci™) allowing to compare (multiple) PRs or local developments

% Merged Replace use of APl wrapper stream and event with plain CUDA, part 1 #389

fwyzard merged 6 commits into cms-patatrack:CMSSW_11_0_X_Patatrack from makortel:removeWrapperStreamEvent @- on 26 Oct 2019

fwyzard commented on 24 Oct 2019 - edited v Member (@) -

Validation summary

Reference release CMSSW_11_0_0_pre7 at 411b633

Development branch CMSSW_11_0_X_Patatrack at 2b9431d
Testing PRs:

e #389 at 4d4f6b2
Validation plots

/RelValTTbar_13/CMSSW_10_6_0-PU25ns_106X_upgrade2018_realistic_v4-v1/GEN-SIM-DIGI-
RAW

e tracking validation plots and summary for workflow 10824.5

e tracking validation plots and summary for workflow 10824.51

e tracking validation plots and summary for workflow 10824.52

/RelValZMM_13/CMSSW_10_6_0-PU25ns_106X_upgrade2018_realistic_v4-v1/GEN-SIM-DIGI-
RAW

e tracking validation plots and summary for workflow 10824.5

e tracking validation plots and summary for workflow 10824.51

e tracking validation plots and summary for workflow 10824.52

/RelValTTbar_13/CMSSW_10_6_0-PU25ns_106X_upgrade2018_design_v3-v1/GEN-SIM-DIGI-
RAW

e tracking validation plots and summary for workflow 10824.5

e tracking validation plots and summary for workflow 10824.51

e tracking validation plots and summary for workflow 10824.52
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https://github.com/cms-patatrack/patatrack-validation/blob/master/validate

Patatrack Pixel Track — The Validation - PRs

All the procedure happens through a single (long) validate script (by A.Bocci™) allowing to compare (multiple) PRs or local developments

% Merged Replace use of APl wrapper stream and event with plain CUDA, part 1 #389

fwyzard merged 6 commits into cms-patatrack:CMSSW_11_0_X_Patatrack from makortel:removeWrapperStreamEvent @- on 26 Oct 2019

fwyzard commented on 24 Oct 2019 - edited v Member (@) -

Validation summary

Reference releasg CMSSW 11_0_0_pre7|at 411b633
Development brancthMSSW_11_O_X_Patatrack|at 2b9431d Create Worklng areas for a

Testing PRs:
reference release and a
development release.

e #389 at 4d4feb2

Validation plots

/RelValTTbar_13/CMSSW_10_6_0-PU25ns_106X_upgrade2018_realistic_v4-v1/GEN-SIM-DIGI-
RAW

e tracking validation plots and summary for workflow 10824.5

e tracking validation plots and summary for workflow 10824.51

e tracking validation plots and summary for workflow 10824.52

/RelValZMM_13/CMSSW_10_6_0-PU25ns_106X_upgrade2018_realistic_v4-v1/GEN-SIM-DIGI-
RAW

e tracking validation plots and summary for workflow 10824.5

e tracking validation plots and summary for workflow 10824.51

e tracking validation plots and summary for workflow 10824.52

/RelValTTbar_13/CMSSW_10_6_0-PU25ns_106X_upgrade2018_design_v3-v1/GEN-SIM-DIGI-
RAW

e tracking validation plots and summary for workflow 10824.5

e tracking validation plots and summary for workflow 10824.51

e tracking validation plots and summary for workflow 10824.52
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https://github.com/cms-patatrack/patatrack-validation/blob/master/validate

Patatrack Pixel Track — The Validation - PRs

All the procedure happens through a single (long) validate script (by A.Bocci™) allowing to compare (multiple) PRs or local developments

% Merged Replace use of APl wrapper stream and event with plain CUDA, part 1 #389

fwyzard merged 6 commits into cms-patatrack:CMSSW_11_0_X_Patatrack from makortel:removeWrapperStreamEvent @- on 26 Oct 2019

fwyzard commented on 24 Oct 2019 - edited v Member (@) -

Validation summary

Reference release CMSSW_11_0_0_pre7 at 411b633
Development branch CMSSW_11_0_X_Patatrack at 2b9431d Create Working areas for a
Testing PRs:

reference release and a
development release.
Validation plots !

/RelValTTbar_13/CMSSW_10_6_0-PU25ns_106X_upgrade2018_realistic_v4-v1/GEN-SIM-DIGI-
RAW

e tracking validation plots and summary for workflow 10824.5

e tracking validation plots and summary for workflow 10824.51

If one ore more PRs are specified

merge them in the dev branch,
. /RelValZMM_13/CMSSW_10_6_0-PU25ns_106X_upgrade2018_realistic_v4-v1/GEN-SIM-DIGI-
build them and test them. RAW

e tracking validation plots and summary for workflow 10824.52

e tracking validation plots and summary for workflow 10824.5
e tracking validation plots and summary for workflow 10824.51
e tracking validation plots and summary for workflow 10824.52

/RelValTTbar_13/CMSSW_10_6_0-PU25ns_106X_upgrade2018_design_v3-v1/GEN-SIM-DIGI-
RAW

e tracking validation plots and summary for workflow 10824.5

e tracking validation plots and summary for workflow 10824.51

e tracking validation plots and summary for workflow 10824.52
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https://github.com/cms-patatrack/patatrack-validation/blob/master/validate

Patatrack Pixel Track — The Validation - PRs

All the procedure happens through a single (long) validate script (by A.Bocci™) allowing to compare (multiple) PRs or local developments

% Merged Replace use of APl wrapper stream and event with plain CUDA, part 1 #389

fwyzard merged 6 commits into cms-patatrack:CMSSW_11_0_X_Patatrack from makortel:removeWrapperStreamEvent @- on 26 Oct 2019

‘.« fwyzard commented on 24 Oct 2019 - edited v Member (@) -

Validation summary

Reference release CMSSW_11_0_0_pre7 at 411b633

Development branch CMSSW_11_0_X_Patatrack at 2b9431d Create Working areas for a
Testing PRs:
reference release and a

* #3689 ot N development release.

Validation plots

/RelValTTbar_13/CMSSW_10_6_0-PU25ns_106X_upgrade2018_realistic_v4-v1/GEN-SIM-DIGI-
RAW

Legacy pixel-tracks reconstruction
e tracking validation plots and summary for workflow 10824.5 — egacyp

e tracking validation plots and summary for workflow 10824.51 =— Pixel-tracks (with Riemann fit) on the GPU

If one ore more PRs are specified

merge them in the dev branch,
. /RelValZMM_13/CMSSW_10_6_0-PU25ns_106X_upgrade2018_realistic_v4-v1/GEN-SIM-DIGI-
build them and test them. RAW

e tracking validation plots and summary for workflow 10824.52 ——, Pixel-tracks (with Riemann fit) on the CPU

e tracking validation plots and summary for workflow 10824.5

e tracking validation plots and summary for workflow 10824.51

e tracking validation plots and summary for workflow 10824.52

Run various workflows (legacy, GPU, CPU) on

Q‘\:vl\)/alTTbarJ3/CMSSW_10_6_0-PU25ns_106X_upgrade2018_design_v3-v1/GEN-SIM-DIGI- Relval Samples producing thSiCS performance
e tracking validation plots and summary for workflow 10824.5 pIOts and Summary tables uploadlng them to a
e tracking validation plots and summary for workflow 10824.51 comparisons are uploaded to the user web area
e tracking validation plots and summary for workflow 10824.52 making them eaS"y browsab|e_
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https://github.com/cms-patatrack/patatrack-validation/blob/master/validate
https://patatrack.web.cern.ch/patatrack/validation/pulls/3a394a5257b10550f738491ea58e79943974ced0/RelValTTbar_13-CMSSW_10_6_0-PU25ns_106X_upgrade2018_realistic_v4-v1/10824.5/index.html

Patatrack Pixel Track — The Validation - PRs

All the procedure happens through a single (long) validate script (by A.Bocci™) allowing to compare (multiple) PRs or local developments

% Merged Replace use of APl wrapper stream and event with plain CUDA, part 1 #389

fwyzard merged 6 commits into cms-patatrack:CMSSW_11_0_X_Patatrack from makortel:removeWrapperStreamEvent @- on 26 Oct 2019

‘.« fwyzard commented on 24 Oct 2019 - edited v Member (@) -

Validation summary

Reference release CMSSW_11_0_0_pre7 at 411b633
Development branch CMSSW_11_0_X_Patatrack at 2b9431d Create Working areas for a
Testing PRs:
reference release and a
* #3689 ot N development release.
Validation plots
CMSSW_10_6_0-PU25ns_106X_upgrade2018_rea|istic_v4-v1/GEN-SIM-DIGI-
RAW

Legacy pixel-tracks reconstruction
e tracking validation plots and summary for workflow 10824.5 — regacyp

f ,f, d e tracking validation plots and summary for workflow 10824.51 =— Pixel-tracks (with Riemann fit) on the GPU
I one ore more PRS are SpeCI e e tracking validation plots and summary for workflow 10824.52 ——, Pixel

-tracks (with Riemann fit) on the CPU

merge them in the dev branch,
. QRelValZMM_13) MSSW_10_6_0-PU25ns_106X_upgrade 1/GEN-SIM-DIGI-
build them and test them.

e tracking validation plots and summary for workflow 10824.5

e tracking validation plots and summary for workflow 10824.51

e tracking validation plots and summary for workflow 10824.52

Run various workflows (legacy, CPU, GPU) on
{QRAevI\)/aITTbarJ3/CMSSW_10_6_0-PU25ns_106X_upgrade/GEN-SIM-DIGI- Relval Samp|eS producing phySiCS performance
plots and summary tables uploading them to a

Testing on different event e tracking validation plots and summary for workflow 10824.5

topologies and detector conditions e tracking validation plots and summary for workflow 10824.51 comparisons are uploaded to the user web area
to avoid biases (not Patatrack . : i g o o
specifics — common in CMS) tracking validation plots and summary for workflow 10824.52 maklng them eaS|Iy browsable.
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https://github.com/cms-patatrack/patatrack-validation/blob/master/validate
https://patatrack.web.cern.ch/patatrack/validation/pulls/3a394a5257b10550f738491ea58e79943974ced0/RelValTTbar_13-CMSSW_10_6_0-PU25ns_106X_upgrade2018_realistic_v4-v1/10824.5/index.html
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Patatrack Pixel Track Validation — Physics Peformance
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Live plots and summary

* Legacy

e Patatrack Ref
e Patatrack Dev
* PR Testing
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https://patatrack.web.cern.ch/patatrack/validation/pulls/3a394a5257b10550f738491ea58e79943974ced0/RelValTTbar_13-CMSSW_10_6_0-PU25ns_106X_upgrade2018_realistic_v4-v1/10824.5/plots_pixel_pixel/effandfakePtEtaPhi.pdf
https://patatrack.web.cern.ch/patatrack/validation/pulls/3a394a5257b10550f738491ea58e79943974ced0/RelValTTbar_13-CMSSW_10_6_0-PU25ns_106X_upgrade2018_realistic_v4-v1/10824.5/plots_summary.html
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Live plots and summary

Patatrack Pixel Track Validation — Physics Peformance

| Efficiency vs P. |

610 P_/P.)

Legacy
Patatrack Ref

PR Testing

A

1A

1:.... J )

4 1l
....... RIS A 5
------ .-‘“--------
..... ;;;5*;;:‘:*1'..

I_rllllli 1 1 Ll
..... 't' ...M.+:;
=

'A-*'L‘-‘-

+* . H++

-----------------------

1

2 3
TP'S (PCA thbeamlindf

Adriano Di Florio

HSF - WLCG Workshop, 11-13 May 2020



https://patatrack.web.cern.ch/patatrack/validation/pulls/3a394a5257b10550f738491ea58e79943974ced0/RelValTTbar_13-CMSSW_10_6_0-PU25ns_106X_upgrade2018_realistic_v4-v1/10824.5/plots_pixel_pixel/effandfakePtEtaPhi.pdf
https://patatrack.web.cern.ch/patatrack/validation/pulls/3a394a5257b10550f738491ea58e79943974ced0/RelValTTbar_13-CMSSW_10_6_0-PU25ns_106X_upgrade2018_realistic_v4-v1/10824.5/plots_summary.html
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Pixel tracks
summaryRaw.pdf

summaryRaw_ntracks.pdf summaryRaw_ntracks.pdf summaryRaw_ntracks.pdf summaryRaw_ntracks.pdf

Browse Folder
Pixel tracks

Pixel tracks pT > 0.9 GeV Pixel tracks from PV
summaryRaw.pdf

Patatrack Pixel Track Validation — Physics Peformance

Pixel tracks pT > 0.9 GeV from PV Pixel tracks Resolution

summaryRa

Legacy

Patatrack Ref

Patatrack Dev

PR Testing

reference-1

0824.5 |[development-10824.5 |development-10824.52

testing-10824.52

Efficiency

0.5128 0.5252

0.5818

0.5818

Number of TrackingParticles (after cuts)

5530 5320

5320

5320

Number of matched TrackingParticles

2836 2794

3095

3095

Fake rate

0.0472 0.0479

0.0212

0.0212

Duplicate rate

0.0150 0.0152

0.0003

0.0003

Number of tracks

32648 32656

39763

39763

Number of true tracks

31108 31093

38920

38920

Number of fake tracks

1540 1563

843

843

Number of pileup tracks

27279 27270

34467

34467

Number of duplicate tracks

491 495

12

12

’1

Live plots and summary
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https://patatrack.web.cern.ch/patatrack/validation/pulls/3a394a5257b10550f738491ea58e79943974ced0/RelValTTbar_13-CMSSW_10_6_0-PU25ns_106X_upgrade2018_realistic_v4-v1/10824.5/plots_pixel_pixel/effandfakePtEtaPhi.pdf
https://patatrack.web.cern.ch/patatrack/validation/pulls/3a394a5257b10550f738491ea58e79943974ced0/RelValTTbar_13-CMSSW_10_6_0-PU25ns_106X_upgrade2018_realistic_v4-v1/10824.5/plots_summary.html

Patatrack Pixel Track Validation — Checks

For the CUDA-enabled workflows the pixel reconstruction job is

Replace use of APl wrapper stream and event with plain CUDA, part 14 also run multiple times under cuda-memcheck:
9 fwyzard merged 6 commits into cms-patatrack:CMSSW_11_0_X_Patatrack from makortels e cuda-memcheck --tool initcheck

* cuda-memcheck --tool memcheck --leak-check full
--report-api-errors all
* cuda-memcheck --tool synccheck

Logs & reports are produced and uploaded.

logs and nvprof / nvvp profiles

/RelValTTbar_13/CMSSW_10_6_0-PU25ns_106X_upgrade2018_realistic_v4-|
RAW

e reference release, workflow 10824.5
e development release, workflow 10824.5
e development release, workflow 10824.51

e development release, workflow 10824.52
o \/ cuda-memcheck —-tool initcheck (report, log) did not find any errors

o \/ cuda-memcheck —--tool memcheck --leak-check full --report-api-errors all

(report, log) did not find any errors

$MSG-i CUDAService: (NoModuleName) 24-Oct-2019 19:59:44 CEST pre-events
CUDA runtime successfully initialised, found 1 compute devices.
CUDA device 0: Tesla T4
_________ compute capability: 7.5 (sm_75)
_________ CUDA-MEMCHECK i any errors streaming multiprocessors: 40
========= LEAK SUMMARY: 0 bytes leaked in 0 allocations CUDA cores: 2560
Yy ool synccheck (reporl single to double performance: 32:1
========= ERROR SUMMARY: 0 errors 6.86452 compute mode: default (shared)
: memory: 14969 MB free / 15079 MB total
constant memory: 64 kB
L2 cache size: 4096 kB
{::‘:\\IlaIZMM_B/CMSSWJ0_6_0-PU25ns_106X_upgrac Ll cache mode: local and global memory
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Patatrack Pixel Track Validation — Throughput

Throughput on DATA samples is measured for the
testing PR and Patatrack reference. Plots are
produced (scanning # EDM streams) and uploaded.
The effect of each PR is traced and recorded.

% Merged Replace use of APl wrapper stream and event with plain CUDA, part 1 #389

fwyzard merged 6 commits into cms-patatrack:CMSSW_11_0_X_Patatrack from makortel:removeWrapp|

Throughput plots

/EphemeralHLTPhysics1/Run2018D-v1/RAW run=323775 lumi=53

800 1

600

name
® development-136.86452
400 o testing-136.86452

average throughput (ev/s)

200 1

T T T T T T T T T
4 5 6 7 8 9 10 1 12

EDM streams

9501

925 1

900 1

8754
name

e development-136.86452
e testing-136.86452

average throughput (ev/s)

825

8001

775 4

T T T T T T T T T
4 5 6 7 8 9 10 11 12
EDM streams
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Patatrack Pixel Track Validation — Throughput

950 A t - :

= 0]
[0} o 8
925 - o o

w
2 5
@ 900 -
o ®
£
o 8757 * Development
(@) ° .
£ Testing
= 850 -
(o)}
o
< 825 -
©

Throughput on DATA samples is measured for the

testing PR and Patatrack reference. Plots are
800 7 | produced (scanning # EDM streams) and uploaded.
The effect of each PR is traced and recorded.

775 A

1 | 1 1 | 1 1 1 1
4 5 6 7 8 9 10 11 12
EDM streams
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Patatrack Pixel Track Validation — PR Summary

All the procedure happens thorugh a single (long) validate script allowing to compare (multiple) PRs or local developments

O Pullrequests Issues Marketplace Explore A +- -

Y cms-patatrack / cmssw @ Unwatch~ 6 Y Star 0 YFork 3.2k

forked from cms-sw/cmssw

Code Issues 51 19 Pull requests 11 Actions Projects 0 Wiki Security 0 Insights

Replace use of APl wrapper stream and event with plain
CUDA, part 1 #389

IV CCe M fwyzard merged 6 commits into cms—patatrack:CMSSW_11_0_X_Patatrack from makortel: removeWrapperStreamEvent [E& on 26 Oct 2019

(=3 Conversation 27 -o- Commits 6 B Checks 0 Files changed 106 +705 -652 MEEN

makortel commented on 17 Sep 2019 Member @) - Reviewers

E fwyzard v
PR description:

This PR is part of #386 and replaces the use of cuda::stream_t<> and cuda::event_t in the Assignees
interfaces and in the user code. The "framework" part still uses them as replacing them in the

: . P . No one assigned
stream and event caches requires cms-sw#28004. Anyway, this PR minimizes the impact of the

later PR.

Labels
| also left HeterogeneousCore/Product and HeterogeneousCore/Producer out from this exercise None yet
as they will get nuked as soon as ClusterTPAssociationHeterogeneous is migrated away from
those (#229 (comment)).

Projects
PR validation: None yet
Unit tests run, profiling workflow runs. Code formatting was run.

Milestone

No milestone

Gl makortel added 3 commits on 16 Sep 2019
Linked issues

Replace cuda::stream_t<> with cudaStream_t in client code 3173923 Successfully merging this pull request

Replace cuda::event_t with cudaEvent_t in the client code b7f4f38 may close these fssu
None yet H H

o Bttt tes o ’ A report that summarises all the jobs that
vesicaions | have been run and their status is saved

melortel mentienee this pullrequest on17.5<p 2019 X ~ = a5 report.md with all the usefull links, plots,
Remove the use of CUDA API wrappers #386 Ys‘u‘: ;j’;i';\’::g ‘”h‘::fr': . . .
sk coneleia . : tables. This is automatically posted on
GitHub as a comment to the PR.
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https://github.com/cms-patatrack/patatrack-validation/blob/master/validate

Calorimeter Local Reconstruction - Workflow

CPU GPU The goal: port calorimeter local reconstruct on the GPU.
RawData
¢ The workflow:

Unpacker (a.k.a. digis prod.) — ® pulse shape analysis reconstruction (a.k.a. multifit for ECAL,

MAMHI for HCAL) is a similar algorithm for both detectors.
# \ Parallelization per crystal and restructuring of amplitude

Amplitude reconstruction Amplitude reconstruction algorithm to expose parallelization.
L / ® unpacker ported on GPU
RecHit producer e ® RecHit producer ported to GPU:
v e convert the amplitudes in ADC counts
PFRecHit producer « transform into energy: APD/PN, alpha, flags, IC,
* conditions ported/transferred to GPU as well
PFClusters
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Calorimeter Local Reconstruction - Workflow

CPU GPU The goal: port calorimeter local reconstruct on the GPU.
RawData > RawData
¢ # The workflow:
Unpacker (a.k.a. digis prod.) it asr sl ® pulse shape analysis reconstruction (a.k.a. multifit for ECAL,

MAMHI for HCAL) is a similar algorithm for both detectors.
% $ Parallelization per crystal and restructuring of amplitude
algorithm to expose parallelization.

Amplitude reconstruction Amplitude reconstruction
L L ® unpacker ported on GPU
RecHit producer — RecHit producer ® RecHit producer ported to GPU:
\ -
V/ * convert the amplitudes in ADC counts
PFRecHit producer * transform into energy: APD/PN, alpha, flags, IC,
+ * conditions ported/transferred to GPU as well
PFClusters
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Calorimeter Local Reconstruction - Validation

CPU GPU
RawData > RawData The validation (ECAL, similar for HCAL):
¢ # ® is performed event by event for each channel (crystal)
Unpacker (a.k.a. digis prod.) Unpacker (a.k.a. digis prod.)
; ‘ ® compares MultiFit amplitueds, RecHits #,energies, y?,flags
Amplitude reconstruction Amplitude reconstruction
| L ® introduces new plots (to be integrated within the CMSSW
+ DQM context).
RecHit producer — RecHit producer
/
/ ® is “lower level” than the Pixel Tracks validation. Rapidly
\/ evolving. Based on A.Massironi scripts.
PFRecHit producer
PFClusters

Adriano Di Florio HSF - WLCG Workshop, 11-13 May 2020 17



https://github.com/amassiro/cmssw/tree/amassiro_patatrack_ECALrechit_on_GPU/RecoLocalCalo/EcalRecAlgos/bin

ECAL - Validation

A different approach with respect to Pixel Tracks. Legacy CPU & Patatrack GPU workflows run on the same events and both collections of
deliverables are written in the Event.

¥ amassiro / cmssw ®© Watch~ 1 *star 0  YFork 3.2k

forked from cms-sw/cmssw

<> Code Pull requests 0 Actions Projects 0 Wiki Security 0 Insights
Branch: amassiro_patat... v cmssw / RecoLocalCalo / EcalRecAlgos / bin / makeEcalRechitValidationPlots.cpp Find file =~ Copy path
a amassiro cleaning ongoin 2236c25 on 17 Feb

1 contributor

840 lines (747 sloc) 34.4 KB Raw Blame |History [J # 1

#include <iomanip>
#include <iostream>
#include <string>
#include <vector>
#include <fstream>

#include <TCanvas.h>
#include <TStyle.h>
#include <TPad.h>
#include <TFile.h>
#include <TH1D.h>
#include <TH2D.h>
#include <TTree.h>
#include <TPaveStats.h>

ROOT Based

#include "DataFormats/Common/interface/Wrapper.h"

#include "DataFormats/EcalRecHit/interface/EcalRecHit.h"

#include "DataFormats/EcalRecHit/interface/EcalRecHitCollections.h"
#include "CUDADataFormats/EcalRecHitSoA/interface/EcalRecHit_soa.h"
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ECAL - Validation

A different approach with respect to Pixel Tracks. Legacy CPU & Patatrack GPU workflows run on the same events and both collections of

deliverables are written in the Event.

std::cout << "validating file " << fileName << std::endl;
TFile rf{fileName.c_str()};
TTree xrt = (TTreex)rf.Get("Events");

// Allocating the appropriate data to their respective pointers
rt->SetBranchAddress("ecalTagsoaecalRecHit_ecalCPURecHitProducer_EcalRecHitsEB_RECO."
rt->SetBranchAddress("ecalTagsoaecalRecHit_ecalCPURecHitProducer_EcalRecHi RECO."
rt->SetBranchAddress("EcalRecHitsSorted_ecalRecHit_EcalRecHitsEB_RECO."# &wcpuEB);
rt->SetBranchAddress("EcalRecHitsSorted_ecalRecHit_EcalRecHitsEE_RECO."\ &wcpuEE) ;

&WgpUEB) ;
SwWOpUEE) ;

constexpr float eps_diff = le-3;

// accumulate sizes for events and sizes of each event on both GPU and CPU
//  auto const nentries = rt—>GetEntries()
int nentries = rt->GetEntries();

//-—— AM: tests

if (nentries > 1000) {
nentries = 1000;

}

// nentries = 1;

Metric hiStogramS fi"ed std::cout << "#events to validate over: " << nentries << std::endl;

for (int ie=0; ie<nentries; ++ie) {
event by event rt->GetEntry(ie);

// const charx ordinalll = { "th", "st", "nd", "rd", "th", "th,
auto cpu_eb_size = wcpuEB—>bareProduct().size();

, "th", “th", “th"

auto cpu_ee_size = wcpuEE->bareProduct().size();
auto gpu_eb_size = wgpuEB->bareProduct().energy.size();
auto gpu_ee_size = wgpuEE->bareProduct().energy.size();
float eb_ratio = (float) gpu_eb_size/cpu_eb_size;
float ee_ratio = (float) gpu_ee_size/cpu_ee_size;

// Filling up the histograms on events sizes for EB and EE on both GPU and CPU
hRechitsEBGPU->Fill(gpu_eb_size);

hRechitsEBCPU->Fill(cpu_eb_size);

hRechitsEEGPU->Fill(gpu_ee_size);

hRechitsEECPU->Fill(cpu_ee_size);

hRechitsEBGPUvsCPU->Fill(cpu_eb_size, gpu_eb_size);
hRechitsEEGPUvsCPU->Fill(cpu_ee_size, gpu_ee_size);
hRechitsEBGPUCPUratio—>Fill(eb_ratio);
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ECAL Validation - Amplitudes

Amplitude reconstruction: perfect match
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1
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ECAL Validation —RecHits

Number of RecHits: perfect match

RechitsEBCPU RechitsEBGPUvsCPU RechitsEBGPU/CPUratio
_ RechitsEBCPU 5 5000 RechitsEBGPUvsCPU RechitsEBGPU/CPUratio
Entries 1000 B - Entries 1000 Entries 1000
- Mean 2167 4500 Mean x 2167 10° & M Mean 1
Std Dev 690.1 E Mean y 2167 F Std Dev 0
i RechitsEBGPU 4000 StdDevx  690.1 -
Entries 1000 E StdDevy 690.1 B
Mean 2167 3500 :_ B
10 StdDev  690.1 E
L E 25 10% E
- 3000 — s E
— : ,///' :
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- E / -
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For Pixel Tracks & Calorimeter Local Reconstruction different approaches have been followed and then different validation
procedures have been developed.

The common ground:
® the comparison among different platforms is mainly based on physics performance plots comparison

® features/tools inherited from the already existing CMS validation infrastructure (DQM,ROQOT, Tracking Validation) and
adapted to the new collections & requirements

For ECAL/HCAL validation: based on the comparison of the GPU/CPU reconstructed deliverables. Done event by event,
channel by channel.

For Pixel Tracks in addition:
® validation process fully automatised
® PR validation implemented

® computational performace (throughput) and checks for the new development on GPU added
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Pixel Tracks — Computational Performance

912
824
804
518 518 510 511
485
427 4271 427 440
. .311 |

1000

800

700

throughput (ev/s)

400

300

200

100

o

CPU

e dual socket Xeon Gold 6130 2
x 16 cores (2 x 32 threads)

e throughput measured on a
full node
4 jobs with 16 threads

GPU

single NVIDIA Tesla T4
* 2560 CUDA cores
* single job with 10-16
concurrent events

Transfer

* ondemand
* small impact on event
throughput

Conversion

 on demand, to be minimised

* small impact on event
throughput

* high cost in CPU usage

legacy (on CPU) quadruplets (on CPU) quadruplets (on GPU) triplets (on CPU) triplets (on GPU)
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ECal Reconstruction — Computational performance

CMS Ecal Reconstruction CPU vs GPU

5000 -

3

Throughput (ev/s)

1000 H

0 T | I
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CUDA Streams
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HCAL & ECAL - Readout

Hadronic CALorimeter

Detect [ \
etleclor B "' E]
> L
> SiPMs A
FEE Card (12 channels)
FE Module (48 channels)

7/

Calorimeter Trigger

* hadronic showers

* brass and scintillator (HB) + steel and quartz fiber (HE)
* HPDin HB & SiPM in HE

. 25|92 (HB) + 3384 x 2 (HE) = 9360 independent channels

9072 for HL-HLC

AMC13 <=l
CDAQ < — _——
Primitive (TP)
formation
(@)

Electromagnetic CALorimeter (ECAL)

VFE card LVRB FE card

Strip FENIX ASICs

TPG FENIX ASIC

- DAQ FENIX ASIC
T GOL mezzanines
TP link

- DAQ link

APDs MGPA ADC Slow / fast control

* ely

* lead tungstate (PbWO,) as scintillating crystals

« VPTinEE& APDin EB

61200 (EB) + 7324 x 2 (EE) = 75848 independent channels
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Pulse Shape Analysis

Collisions at 40 MHz, sampling at 25ns: in each sample there could be energy deposit from previous and following collisions.

Charge [fC]
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2000

CMS Preliminary 2018 13TeV
- —e Data Run 315645, LS 331, Event 330065045
- — Totalfit |Eta 28, IPhi 39, Depth 1
[ — In-time pulse
:_ — Previous pulse 1'- HCAL
E —— Next pulse
C Baseline
o :
- '
- | ' s Lt
L *
e I S

0 2 4 6

Time slice

Energy (uev)

Need to disentangle multiple contributions : in-time signal + out-of-time pulses

CMS simulation, Vs=13 TeV

PU=20/BX, 25 ns

e Observed signal
— Total pulse

— In-time pulse

= Out-of-time pulses

)

ECAL

Si dlgltlZEd amplitUdes (data) (l = O, very NTS with NTS—HCAL =7& NTS—ECAL =9

C pulses covariance matrices (including noise)

A; amplitudes from the pulse at bunch cross C (4 in-time deposit)

p pulses shapes extracted from LHC single bunch. Identical, 25ns shifted -

”
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