Speeding up
MadGraphs
with GPUs

Daniele Massaro

CERN School of Computing 2024
10th September 2024
In collaboration with:

S. Roiser, S. Hageboeck, A. Valassi,
Z. Wettersten, O. Mattelaer




Physics search workflow

Monte-Carlo
simulation

Data taking

Hardware trigger

Event generation _

Tracking particles R

through material

Detector response

Hardware trigger Software trigger
emulation

Reconstruction

Data partitioning



Monte-Carlo
simulation

Event generation

Tracking particles
through material

Detector response

Hardware trigger
emulation

* Simulate
collisions of
particles.

* Needsto
improve in
performance in

view of HL-LHC.

Physics search workflow

How to speed
up event
generators?



© logos-world.net

Cryptocurrencies

Scientific computing

MingCraft w/ shaders

LLM

~

Hi ChatGPT, say hello to the people
participating in the CSC!

Hello to everyone participating in the CSC! #: Welcome! |
hope you're all feeling energized and excited. Let's make this

an amazing journey of learning and collaboration. You've got

this! & J

© attackofthefanboy.com

© chatgpt.com

N



[J. Alwall, M. Herquet, F. Maltoni, O. Mattelaer,
and T. Stelzer. JHEP 06 (2011), p. 128]

M I G r I 5 [J. Alwall et al. JHEP 07 (2014), p. 079l

LHEF

Physics
model

Writes ready-to-run
g ; MadGraphs code in C, C#+,

+ physics W FORTRAN
process

Generate Matrix Phase Parton
random element space Distribution
numbers calculation integration Functions (PDF)

interpolation and
evaluation



MadGraphs

Profile and conquer

!

Offload the
slowest stuff
on GPU

Rewrite relevant
parts in CUDA

MadGraphs pDde In C, C++,
FORTRAN

Generate
random
numbers

Matrix
element
calculation

Phase Parton
space Distribution
integration Functions (PDF)
interpolation and

evaluation




MadGraphs

Stack -_ I
] ll
Profile and conquer “» N
| -
' M Functions in alphabetical order

Size «x time spent wrt total
“» Flamegraphs!

Generate Matrix Phase Parton
random element space Distribution

numbers calculation integration Functions (PDF)

interpolation and

evaluation




gg-ttgg: FORTRAN

~ Q7% running time

ffvl 0 vwwl 0 fftvl 2 ffvl 1 vwvlp0 1

matrix1
smatrix1_

dsigl vec

dsigproc_vec_

dsig vec

sample_full

MAIN

main
__libc_start_call_main
madevent forfra (1811287)

Matrix
element
calculation

Offload to GPU



g-ttgg:CUDA

[unk...

[unkn...

[unkn...

[unkno...

[unknow...

[unknow...

[unknow... o . '

madr.  ~ 87 FUNNING time
Ih_polint_ cudaDev...
Th_polin2_ Ih_poli... _ZN9mg... Ih_poli...
nnevolvepdf Ih polin2 _ZNSmg5... Ih polin2
fdist_.part.0 nnevolvepdf  fbridgeseq... nnevolvepdf
pdg2pdf fdist .part.0 fbridgeseq... xbin_ fdist .part.0
rewgt ‘pdg2pdf | cluster sample... pdg2pdf
dsigl_vec setclscales_ one_ftres dsigl
dsigproc_vec update scal... gen mom dsigproc_
dsig vec X to f arg prepare_groii...
sample_full
MAIN__
main
__libc_start call main start. ..
madevent cuda (1811244) cud. ..

[S. Hageboeck et al. EPJ Web Conf. 295 (2024), p. 11013]
[A. Valassi et al. ACAT 2022 (2023)]



g-ttgg:native PDF
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wadr..  ~ 3776 FUNNING tiMme
Ih_polint_ cudaDev...
Th_polin2_ Ih_poli... _ZN9mg... Ih_poli...
nnevolvepdf Ih polin2 _ZNSmg5... Ih polin2
fdist_.part.0 nnevolvepdf  fbridgeseq... nnevolvepdf
fdist .part.0 fbridgeseq... xbin_ fdist .part.0
rewgt _ smatrix] ... cluster sample...
dsigl_vec setclscales_ one_ftres dsigl
dsigproc_vec update scal... gen mom dsigproc_
dsig vec X to f arg prepare_groii...
sample_full
MAIN__
main
__libc_start call main start. ..
madevent cuda (1811244) cud. ..
PDF Use external
interpolation library LHAPDF
and C#+)
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[mnknown.1...

[unknown.14070...
[inknown.140708. ..
[unknown.1407080...
[unknown.14070803990. ..
[unknown.14070803991. ..
[unknown.14070804070...
libcudart_static_ff466e5. ..
cudaDeviceSynchronize
_ZN9mg5amcGpu25Ma. ..

-»ttgg: LHAPDF

[A. Buckley et al. Eur. Phys. J. C 75 (2015), p. 132]

~10% running time

_ZN9Img5amcGpubPBridg. ..

fbridgesequence
fbridgesequence nomult..
smatrix1 multi

dsigl vec

dsigproc_vec_

dsig vec

sample full

MAIN__

main

_ libc_start_call main
madevent_cuda (1814343)

. lpd. ] fin... xbin_
re... - cluster_ sample_get x_ xbin_ -
setclscales one ftree sample g...
npdate_scale_coupling_vec_ gen_mom_
X to f arg

Next: try GPU implementation of LHAPDF.
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Conclusions

* GPUs allow obtaining a significant speed up of MadGraph.

* The computations on GPU are so fast that most of the time
the GPU is idle:

2 try to offload more stuff (PDF evaluation, phase space
integration).

* Very close to release.

14



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14

