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Task 1.5

[...] The work package goals include: the porting and
optimization of current event-generation codes and higher-
order perturbative calculations to state-of-the-art and future

hardware architectures, particularly GPUSs; [...]

[NextGen Triggers Proposal, p. 19]

In this talk:

* event generators and their motivations;
* status of MadGraph port on GPU,;

* plans for next year.
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Event generators in the grand scheme
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[T. Sjostrand, “Monte Carlo generators for the LHC (1/4)"]
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[ATLAS HL-LHC Computing Conceptual
Design Report, 2020]

ATLAS Preliminary
2020 Computing Model -CPU: 2030: Baseline
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 Monte-Carlo event generation for
HL-LHC is estimated to be 20% of
the total computing resources.
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[J. Alwall, M. Herquet, F. Maltoni, O. Mattelaer,
and T. Stelzer. JHEP 06 (2011), p. 128]
[J. Alwall et al. JHEP 07 (2014), p. 079]

MadGraph5

LHEF

Physics
model

Writes ready-to-run
g ; MadGraph5 code in Python, C++,

+ physics g C, FORTRAN
process

Generate random Matrix element Phase space Parton Distribution
numbers calculation integration Functions (PDF)
interpolation and evaluation
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[A. Valassi. CHEP24]

Sequential vs data-parallel processing
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Sequential processing Data-parallel processing
(lockstep processing)
Single Instruction Single Data:

1 input and 1 output per cycle. i Single Instruction Multiple Data:

I
i i i
— = N inputs and N outputs per cycle
B Instructions
[] Data © Ars Technica (2000)
B Results
4 D 4 D
GPUs = SIMT Vector CPUS = SIMD
(CUDA) (C+4)
. J \ y

2 main strategies to go from sequential to data-parallel

25/11/24




[J. Alwall, M. Herquet, F. Maltoni, O. Mattelaer,
and T. Stelzer. JHEP 06 (2011), p. 128]
[J. Alwall et al. JHEP 07 (2014), p. 079]

MadGraph5

Rewrite relevant parts in
CUDA /HIP ] CPU
vector instructions

Profile and conquer

/

Offload the
slowest parts es ready-to-run
on GPU MadGraph5 in Python, C++,

C, FORTRAN

Generate random Matrix element Phase space Parton Distribution

numbers calculation integration Functions (PDF)
interpolation and evaluation

25/11/24




MadGraph5

Profile and conquer

/

>

Functions in alphabetical order
Size « time spent wrt total

Offload the ' Flamegraphs!
slowest parts m
on GPU |

Generate random Matrix element Phase space Parton Distribution
numbers calculation integration Functions (PDF)
interpolation and evaluation
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gg - ttgg: FORTRAN

~ 97% running time

fivl 0 vwvl 0_ fivl 2 fivl 1 vvvlp0 1_

matrix1
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dsigl_vec_

dsigproc_vec_

dsig vec_

sample_full_

MAIN

main
__libc_start_call_main
madevent_fortra (1811287)

Stack

Functions in alphabetical order

Matrix element
calculation
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gg - ttgg: CUDA

[S. Hageboeck et al. EPJ Web Conf. 295 (2024), p. 11013]

A e [A. Valassi et al. ACAT 2022 (2023)]
[unkn...
[unkn...
[unkno...
[unknow...
Lnknoy e ~ 8% running time
[unknow...
libcudart. ..
Ih_polint_ cudaDev...
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o nnevolvepdf Ih_polin2_ _ZN9mg5. .. Ih_polin2_
% fdist_.part.0 nnevolvepdf  fbridgeseq... nnevolvepdf
5 pdg2pdf fdist_.part.0 fbridgeseq... xbin_ fdist_.part.0
rewgt pdg2pdf_ _ cluster_ sample... pdg2pdf_
dsigl vec setclscales one_tree dsigl
dsigproc_vec_ update scal... gen_mom_ dsigproc_
dsig vec X to f arg prepare_grou...
sample_full
MAIN
main
__libc_start_call_main start. ..
madevent_cuda (1811244) cud. ..
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>

Functions in alphabetical order
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gg - ttgg: CUDA
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See [A. Valassi. CHEP24] for a detailed report.

The new architecture

OLD madevent NEW madevent

APPLICATION APPLICATION
SINGLE-EVENT MEs MULTI-EVENT MEs
(< MG 3.6.0)

RANDOM NUMBERS RANDOM NUMBERS

Scalar:
NEW bottleneck

MOMENTA MOMENTA

CUDA / C++: Parallel:
MEKERNELS Much faster

MATRIX ELEMENTS

MATRIX ELEMENT:
CPU bottleneck

MATRIX ELEMENTS
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Status 2024 (the leading-year) A Valasi, CHEP24]

cuee
. Madgraph5_aMC@NLO o

* First release for acceleration of leading-order on GPUs and vector CPUs:
processes on GPUs and vector CPUs available towards production
on : first Lghfeféﬁgrcj%gfé;%rﬁioo. 00

— Excellent collaboration with O. Mattelaer L

(UCLouvain, main MadGraph developer);

g Quantifying the Computational SpeedupCMs
H with MG4GPU for CMS Workflow

— Already very good speedups of the application
via hardware acceleration of matrix elements.

 Available for NVIDIA and AMD GPUs.
SYCL port being worked on.

e NS framenork,

-----
uuuuuuuu

* Work on integration with CMS (S. Bhattacharya,
J. Choi).

single

[¥2d3aHD ‘10D r]

[S. Roiser. CERN IT & HEP Software Foundation. LHC Monte-Carlo Working Group, 14/11/2024]
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CHEP 2024
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https://github.com/madgraph5/madgraph4gpu

Status 2024 (the leading-year)

* Acquired strong experience in the development
on GPU & SIMD architecture.

Architecture NVIDIA NVIDIA NVIDIA NVIDIA

 Eager to test on latest architecture and chips: Blackwell Hopper Ampere Volta
— NVIDIA Hopper, Blackwell, Grace-Hopper Year 2024 2022 2020 2017
superchip; GPU GB200 H100 A100 V100

- AMD Instinct MI300X; FP64 90 34 9.7 7.8

- ARM, RISC-V. FP32 180 67 19.5 15.7

* Floating-point precision is a challenge: FP16 NIA 134 8 N/A
FP64 90 67 19.5 N/A

> we need double precision for Feynman % TF32 5 000 989 312 N/A
diagrams; ':5’ FP16 10 000 1979 624 125

2 regarding future GPUs (like Blackwell for 2 FP8 20 000 3958 N/A N/A
Al)...you sure get more FP64, but you pay c Fpa 40 000 N/A N/A N/A

the price of many FP4 tensor cores. _
Expressed in TFLOPSs. [A. Valassi. CHEP24]
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Plans for 2025 (the next-to-leading year)

1) Main topic will be to port Next-to-Leading Order (NLO) computations to GPU:
¢ How to deal with high-precision floating point calculations?

¢ Double precision to lower precision FLOPs ratio will stay constant (or at worst
decrease) in future GPUSs.

¢ How to deal with quadruple precision (mainly needed for loop calculation)?

2) Enrico Bothmann (one of SHERPA's authors) will join the team in January 2025.
¢ Main contributor to PEPPER: GPU version of SHERPA.
¢ Plan to implement NLO in PEPPER.

[S. Roiser. CERN IT & HEP Software Foundation. LHC Monte-Carlo Working Group, 14/11/2024]
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Plans for 2025 (the next-to-leading year)

PDF interpolation

& evaluation
Ih_polint_ cudaDev...
Ih_polin2 Ih_pali... _ZN9mg... Ih_poli...
nnevolvepdf Ih_polin2_ _ZN9mg5... Phase space Ih_polin2
fdist_.part.0 nnevolvepdf | fbridgeseq... nnevolvepdf
EQEZE df ist_.part. fbridgeseq... xbin_ fdist_part.0
rewgt_ cluster_ sample... _pdg2pdf
dsigl vec_ setclscales one_free_ dsigl
dsigproc_vec_ update scal... |gen_mom_ dsigproc_
dsig vec 'x_tn_f_arﬁ prepare_groul...
sample_full
MAIN
main
_ libc_start call main start...
madevent cuda (1811244) cud...
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Plans for 2025 (the next-to-leading year)

1) Main topic will be to port Next-to-Leading Order (NLO) computations to GPU:
¢ How to deal with high-precision floating point calculations?

¢ Double precision to lower precision FLOPs ratio will stay constant (or at worst
decrease) in future GPUSs.

¢ How to deal with quadruple precision (mainly needed for loop calculation)?
2) Enrico Bothmann (one of SHERPA's authors) will join the team in January 2025.

¢ Main contributor to PEPPER: GPU version of SHERPA.

¢ Plan to implement NLO in PEPPER.

3) Make more parts of the MadGraph workflow suitable for hardware accelerated
execution (phase space, PDF interpolation & evaluation).

[S. Roiser. CERN IT & HEP Software Foundation. LHC Monte-Carlo Working Group, 14/11/2024]
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Next-to-next plans

* |nvestigation on machine learning techinigues for phase-space sampling
optimization:

. T. Heimel et al. SciPost Phys. 15, 141 (2023
- MadNIS method in the MadGraph event generator. (1 home o scpos phe. 17 093 (05)

e Collaborate with experiments on deployment of accelerated codes.

* |nvestigate more areas of software engineering in Monte-Carlo event
generation:

— Interest in going beyond hard scattering, e.g. shower calculations;
— Investigation on negative weights.

[S. Roiser. CERN IT & HEP Software Foundation. LHC Monte-Carlo Working Group, 14/11/2024]
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