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Welcome & Agenda

» CoE RAISE & Al Focus

> (Talk given by Prof. Dr. Morris Riedel, Uolceland)

> Motivation: Selected Challenges for Al/HPC Users

> Unique Al Framework (UAIF) Solutions Overview

> Collaboration Initiative with NCCs & EuroHPC Hosting Sites

> Load Al Modules, Environments & Containers (LAMEQC)

> (Talk given by Dr. Xin Liu, Juelich Supercomputing Centre)
> Example of Solutions for Simplifying Al/HPC Access

> AI4AHPC Library

> (Talk given by Dr. Eray Inanc, Juelich Supercomputing Centre)
> Example of Solutions for Training Al Models in CFD

> Discussions — Q&A
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Center of Excellence

Motivation: Selected Challenges for Al/HPC Users @ RASE

O F TensorFlow

: " " . !k\ HEAT PyTorch
> Questions on “Al at scale” using HPC T —

> Many distributed training tools for deep learning are available — what scales best? .
Scaling up means larger batch sizes — what are the limits? N

Not only faster training of models — but also better models — how? Sray TLINE

>
>
> Simple access like Google Colab — how exactly?
>

#!/usr/bin/env bash

‘ — ? _ ) ) One Common “Frustration”:
Exa m p | eS Of Batc h .JO b SC rl pts \Nh e re . ﬁsgi%E ??:sz:-:guratlon AI/HPC researchers spend approximate|y 23 days per
FSRATOH [_ntasks per-fiode=d month setting up the right environment and sending

> | Ncrea S| N g com p | eXIty Of u S| N g H PC SySte ms rsBATCH ::Ez:;‘ﬁi;‘gzi:igsat working & outdated job scripts around in emails

#SBATCH - -output=output.out

#SBATCH --error=error.er

> Module names for Al tools vary heavily on Tl S meaeatre2
#SBATCH --gres=gpu:1 --partition=booster

different systems & have many dependencies &

ml Stages/2020 GCC/9.3.0 OpenMPI/4.1.6rcl

> Different types of hardware need different a3 Ly 5. .
. . . . #activate my virtualenv
| I b ra rl e S fo r Al too | S (e . g . N VI d I a VS A M D G P U S) #source /p/project/joaiml/remote_sensing/rocco_sedona/ben_TF2/scripts/env_tf2_juwels_booster/bin/activate

#texport relevant env variables

> Broader availability of EuroHPC JU Hosting Sites & ™ oo vsmesmacsrons

#run Python program

need for porting applications w.r.t. computing time  srn -eeindene prthen -u train hud keras_s.p
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Compute & Data-Driven Use Cases of HPC/Al Methods

Al for turbulent boundar

Mesoscale ~ 1 um

V-9

e
drodynamics
(%

’
. & e
Smart models for_next-generation s
R e 0
aircr -

aft engine design

=y

) RAISE

Center of Excellence

CoE RAISE works on a wide variety of novel HPC/AI Methods including cutting-edge deep learning algorithms.

Use Case

Task

PINN

ANNs

CNN

NO

GNN

RNN

GAN

£8

RF

CcP

Details

CAE

va-
VAE

PINN

ANN

RBF-
ANN

Net

RES
NET

CNN

FNO

MLPF

GAT

LSTM

GRU

WGAN

CGAN

MViT

ViviT

Swin

A for turbulent
boundary layers

3.1

A for wind farm
layout optimization

3.2

Al for data-driven
models in reacting
flows

3.3

Smart models for
next generation
aircraft engine
design

34

Al for wetting
hydrodynamics

3.5

Event reconstruction
and classification at
the CERN HL-LHC
use case

41

Seismic imaging with
remote sensing for
energy applications

42

Defect-free metal
additive
manufacturing

4.3

Sound Engineering

44

NHRACES Project
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Unique Al Framework (UAIF) Solutions — Overview v RASE

w Center of Excellence

A processing-
Compute- & Data-Intensive CoE RAISE Use Cases]!‘ 'ug*?;\t)omain-speciﬁc CoE Use Cases I NCC & Industrial Use Cases intensive
A B C applications
A A 'y S GPyTorch ~ Data
co-design inputs ‘ adoptions adoptions e .

Secure Shell Access (SSH) using batch 7~ Interactive Jupyter notebooks with JupyterLab sharing ..E Application Workflows (e.g., Apache Airflow), |
E submits to scale-up distributed training s . of datasets & scripts for rapid DL model prototyping X p including task pre- & post data processing ]| Reference
S A/ 7'y —/ Architecture Tensor

;————————J

AR elements of
y
” OpenML Community]h ClearML MLOps)| COE RAISE

Data-Driven

LAMEC API to specify models in ONNX format]__’gl.;\&MEC API to share & enable re-use of Al models with]

also enabling re-usability of existing Al models community platforms & industry tools & datasets -~ Platform & Pipelines latform & Models unique Al Hardware Use Case
H) I 1k 1K} - framework Infrastructure | Requirements &
e = ’ Feedback
= 3 for Exascale “ =
NEY . . ‘ — HPC & Al a2 5
LAMEC API Facade pattern LAMEC API Batch script repository LAMEC API generates HPC script modules, S Open HPC/AI Job Script Methods —
encapsulates use case instances & scalability-proven Al frameworks Al library setups & automated testin @ ¥ Generator Web Page(s UNIQUE Al
(0 M) N) YR 2 ) gets), FRAMEWORK
M F 3 M
3 Al at Exascale
My ‘1 Basic Science & Al 2% /-, TensorFlow & PyTorch ;.7 Horovod / PyTorch-DDP / DeepSpeed J\" .a%a rav - Hyperparameter Tuner software SaiicE M Methodologies
B libraries (NumPy, etc.) - (& DALI Data Loader) = Distributed Deep learning tools Ray Tune, Optuna, Deep Hyper || infrastructure Al & HPC BEST PRACTICES
P} )i 5
‘9-’ - > 3 EUroHPC & PRACE
B e e e e e e e e e —— =3 G adoptions - S Eurocc NCCs
= : 2
Prototype i V0" (i Aptainer IR EurcHPCJU | gy, 1 [ veGa [ karoLiNa [DEUCALION \ EL;C EURO
HPC Systems HPC Container Hosting Sites i
| JSJ\SI;EIETS [Al Evironment st |§eieonarDo [ MELUXINA [ DISCOVERER yEiems
Modular HPC ' Fh 2357 B e S
B v o Rudens
System DEEP i _ PO
CTE-ARM D-Wave Quantum Annealing System = ) BSC-CNS el 1] - | .VSC HPC l
® e Sysiein i Il' APPIaIner |, o System JUPITER Setems
3 Quantum SVM Container M Aachen G
. CTE-AMD /<> (SVR) Python Code Al Environment| ale Exascale
HPC System y 3 : Nostrum System Systems S

~y

M. Riedel and C. Barakat et al., "Enabling Hyperparameter-Tuning of Al Models for Healthcare using the CoE RAISE Unique Al Framework for HPC," 2023 46th
MIPRO ICT and Electronics Convention (MIPRO), Opatija, Croatia, 2023, pp. 435-440, doi: 10.23919/MIPRO57284.2023.10159755.
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Unique Al Framework (UAIF) — HPC is Usable for Al!

¢ RASE

Center of Excellence

> Addressing the Mindset of Al/HPC Users: Using HPC by Simplifying Al/HPC Access!

> Load Al Modules, Environments & Containers (LAMEC) AP CoF JAISE addresses
> (More information by talk given by Dr. Xin Liu, Juelich Supercomputing Centre) a’;‘;:‘;fr:;zf;;'jgf;:g:::r
> E.g., job script generator for the right module setup & Jupyter Notebooks month setting up the right
. . N . ) environment ana sending
> Examples of Batch Job Scripts — Where? Fine-Tuning with own Al/HPC scripts! working & outdated job
scripts around in emails

Load Al Modules, Environments, and Containers (LAMEC) API

Load Al Modules, Environments, and Containers (LAMEC) API

[ Y A
¥F F| E|F

nnnnn

W * *
- * EuroHPC

s s B s R B A I A
e |5 5|5 5|5 |8 8|5 E|F

- https://apps.fz-juelich.de/jsc/lamec-api/
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- RASE

Unique Al Framework (UAIF) — Ready-to-use Tools N4

> Enable "Al at scale” using HPC via UAIF Components
> Addressed: Many distributed training tools for deep learning are available — what scales best?
> All UAIF Components have been benchmarked & tested for scalability on different hardware

> Selected Ready-to-Use Tools using UAIF Components with innovative Al methods
> Provides open source-code & data for specific models (e.g., graph neural networks, coupling, etc.)
> E.g., AI4HPC for CFD researchers (Talk given by Dr. Eray Inanc, Juelich Supercomputing Centre)

Machine-Learned Particle-Flow (MLPF) is an algorithm based

This repository proposes convolutional (CNN) and graph- PhyDLL (Physics Deep Learning coupler) is an open-source

[Physical solverJ [ Deep Learning J

based neural network (GNN) architectures as physical coupling library (https://phy

surrogates in various industrial use cases. While CNNs can

reach state-of-the-art performances on structured grids,

GNNs offer natural surrogates for simulations relying on
complex unstructured meshes, Several use cases are

presented, with comparisons of training pipelines based on

s || FORTRAN || PYTHON || C/C++

CNNs and on GNNs.

accessib wider range s. To
e t of inter-G ons in multi-node
GIT Repository
GIT Repository settings within PhyDLL is under way.

= https://www.coe-raise.eu/coderepositories-uaif
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Unique Al Framework (UAIF) — Better Al/HPC Models

> Addressing another Dimension of Complexity beyond just using Al/HPC Tools
» Addressing: Scaling up means larger batch sizes — what are the limits?
> Addressing: Not only faster training of models — but also better models — how?

10 o .
. [ eraining | Distributed hypertuning sl - mernsren s e
—a— training ’ - - €M Simation reiminary  —a- st RandomSeureh > Mean validation loss
g 102 Ray Tune train.py: tune.run . —e— ASHA Bayesian Optimization
g 5 s o ; : decreased by ~44%
g i Hypertuning R giving a significant
09 - R evaluation §10  \
—e- e : performance
(a) —s— training ) (c) s SR 5 t
ol 0.95} T
TreNTRONT® R R T gy e T T T T » Improvemen CERN
MO - MO N =T - MO =T
v—tNu‘Eg v—tNmSg HNIDE:G“ .
#GPUs #GPUs #GPUs 3 R T S
2 2000 4000 6000 8000 10000
0 . | oo
2
—

Autoencoder Al model in CFD & Parallel performance using PyTorch-DDP
on JUWELS Booster (4 x NVIDIA A100 / node) = scalable - but is it efficient & useful ?

0.8

Run 3 (14 TeV), tt, QCD with PUSO

ining loss.
Vaiidation loss |

Assess learning
variability

Better learning

7 || == P¥Torch-DDP-DALI-CPU 04} | —a—LR step-wise cation accurac
— Horovod-DALI-CPU —& LR cosine annealing D T v —
—a— ideal 0.3 | | —— LR exponential W; s

092

T, dz Gi,z[z'z(zf_é.iﬁ".;ﬁ'i'ﬁﬂ' WO Tk % W Sk 1ok 5 o A R, A R e
Performance of Horovod & PyTorch-DDP Validation accuracy over batch size o - — T - - -
v v Two benefits for our NCC users: Using HPC for distributed training of deep learning models in

(with DALI dataloader) on up to 1,024 GPUs showing impact of learning rate
using ImageNet as scaling benchmark schedulers on ImageNet as benchmark

combination with hyperparameter—tuning skills on HPC enables better Al models much faster!
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Call for Collaboration — Towards a Community!

ClearML MLOps
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o Secure Shell Access (SSH) using batch o Interactive Jupyter notebooks with JupyterLab shanng
: E submits to scale-up distributed traming {F of datasets & scripts for rapid DL model prototyping
.

.

______ )
Horovod / PyTorch-DDP / DeepSpeed Zeany b
Distributed Deep learning tools

FAAY 1i5n Tuner
Ray Tune, Optuna, Deep Hyper

)

.

Agplication Workflows (c.g., Apache Airflow], B

including task pre- & gost data processing | Reference %

¥ Architecture =
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s <

e APl to specify reguired models in ONNX format AP to share & re-use of Al models with community] -

. lso enabling re-usability of existing Al models, platforms, industry tools, datasets, transfer learning -
.

.

: =3 for Exascale =

2 - = HPCEAl

2| stim Facade pattern to encapsulate ‘Batch scripts for HPC systems using API to generate KPC script modules & e OenHPC/ALIb Script) | Methods  *

: T CONCIELE USE CASE il i ) lability-p Al N Al library setups & automated testing * Generator Web Page(s) :

. T "

.

.

-

.

3 ‘ (= Basic Saence & Al +, TensorFlow & PyTorch Z X
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|
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Apptainer
Container
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HPC System JUPITER
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RAISE

Center of Excellence

> Lessons learned
talking already with
many NCCs & CokEs

> Problems of
mindset, skillset,
and toolset w.r.t.
Al/HPC use shared
across our EuroHPC
JU community

> E.g., UAIF-LAMEC
job script generator
useful for all NCCs
with industry or
“non-tech-savvy”
users

> Join our efforts!



RAISE

of Excellen

Code of the Month — Unique Al Framework

LAMEC (Load Al Modules, Environments
and Containers)

Johannes Nordal BSc, bor Arnar Curtis MSc, Xin Lin PhD

.

>



Motivation

> Software modules vary heavily between different HPC systems.

> Al developers spend 2-3 days per months setting up the right
environment on HPC systems.

> The goal is to simplify setup of components.

2023-07-26 CoE RAISE — Unique Al Framework (UAIF)
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Load Al Modules, Environments and Containers RASE

> LAMEC job script generator automatically selects the right module setup
> Loads correct modules for a given ML framework

> Sets sensible default values for SLURM, based and software and HPC
system

» Parses up-to-date job scripts maintained in a git repository
> A command-line and webpage tool

https://qgitlab.jsc.fz-juelich.de/CoE-RAISE/FZJ/lamec-0a
https://apps.fz-juelich.de/jsc/lamec-api/

2023-07-26 CoE RAISE — Unique Al Framework (UAIF) 12



Demonstration

e o D [ )] @ jupyter-jsc.fz-juelich.de ¢ @M + ©
4) Jupyter-JSC = 1- JupyterLab
Z Fle Edit View Run Kemel Git Tabs Settings Help Control Panel | (Jlight' | cPu:[ ] o%|mMem[  ]763/1031619 M8
- + ¢ & | @ u25@ogin07:~/test_slurm X
FAVORITES (venv) [liu25€jrlogin07 test_slurm]$ ./lamec_ml gen -sw ddp -a slfse -n 2 -o job.sh]
“',“, B8 CT-superresolution &
B8 $SCRATCH
o B $PROJECT
B $HOME
@ FILE BROWSER
I Filter files by name Q
@ M/ --- [jureca [ test_slurm [ w
Name - Last Modified
0 B TODOs 2 minutes ago
B venv 4 minutes ago
= | @ ddp_run.py 3 months ago
O lamec_ml 11 hours ago
Simple (/' 1 M0 & 4 Mem: 762:68/1031618.63 MB English (United States) liu25@jrlogin07:~/test_slurm

- 2023-07-26 CoE RAISE — Unique Al Framework (UAIF)

RAISE

Center of Excellence

https://qgitlab.jsc.fz-juelich.de/CoE-
RAISE/FZJ/lamec-0a

https://apps.fz-juelich.de/jsc/lamec-api/
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Upcoming RASE

eeeeeeeeeeeeeeeeee

> Adoption plan: LUMI, CTEAMD, Vega, PizDaint, VSC, Rudens

> Extend LAMEC support for containers, for ONNX format and enable re-
usability of exsiting Al models

> Automated testing

2023-07-26 CoE RAISE — Unique Al Framework (UAIF) 14
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of Excellen

Code of the Month — Unique Al Framework

Al4HPC

- by Eray Inanc



Al4HPC

# Al4HPC

Search docs

Al4HPC

Changelog

CFD HPC

Is an open-source library to
train Al models with CFD
datasets on HPC systems

2023-07-26 CoE RAISE — Unique Al Framework (UAIF)

RAISE

Center of Excellence

# / Welcome to Al4HPC! View page source

Welcome to AI4HPC!

Al4HPC, part of CoE RAISE, is an open-source library to train Al models with CFD datasets on HPC
systems.

In CoE RAISE, innovative Al methods on heterogeneous HPC architectures capable of scaling
towards Exascale are developed and generalized for selected representative simulation codes and
data-driven workflows.

Al4HPC consists of data manipulation routines tuned to handle CFD datasets, ML models useful
for CFD analyses, and optimizations for HPC systems. AI4HPC also includes a benchmarking suite
to test the limits of any system with CPUs and GPUs towards Exascale and a HyperParameter

Optimization (HPO) suite for scalable HPO tasks.

The source code can be found here !

Minibatch
A

4 3\
= (Y &) TS ) s == | AT = S

aidhpc.readthedocs.io

16


ai4hpc.readthedocs.io

What AI4HPC offers RAISE

Center of Excellence

# Al4HPC [3) README | 35 GNU General Public License v2.0 or later | [5] CHANGELOG @ 4

| Set up CI/CD Add Wiki | {6} Configure Integrations

Search docs

Name Last commit

& Al4HPC £ Batch Update 5 files

installation > Pre-processing routines £ Bench upciate 0 vO;

Run

Distributed FWSs > ML models for CFD cases sdded HRo

Networks . . . EJ HPO Update 5 files

>

N HPC optimizations . o

Dataloaders > Post-processing routines s Spcate 5 o

Postprocessing . .

Supported HPC systems »Benchmarking suite  CHANGELOG.md added HPO

Hyperparameter Optimization > H PO su |te B3 LICENSE Add LICENSE

Benchmarking suite M+ README.md Update README.md

Acknowledgements

= setup.py added HPO
Changelog

Source code: gitlab.jsc.fz-juelich.de/CoE-RAISE/FZ)/aidhpc

2023-07-26 CoE RAISE — Unique Al Framework (UAIF) 17



gitlab.jsc.fz-juelich.de/CoE-RAISE/FZJ/ai4hpc

Why need of HPCs? RASE

0.016
Training using 1 GPU*: .
» 2 hours per epoch 2
» Each training would take 1 year... g oo

+ many runs for development ® 0.010
+ even more runs for tuning

0 200 400 600 800 1000
#Epochs
CAE model developed by Dr. Sarma in FZJ

Solution? Reduce runtimes! Use HPCs!
but how?
where to start?

2023-07-26 CoE RAISE — Unique Al Framework (UAIF) *NVIDIA A100 on JURECA DC 18



Parallelisation

Distributed Trainings - DDP
> mini-batch is split to smaller batches

> ldentical NN each GPU

» Server gathers, updates and sends NN
params
» NCCL/RCCL
> MPI with CUDA/HIP support
> Gloo (experimental)

> Minibatch = Microbatch * #GPU

» Model accuracy?
> Tuning required!

2023-07-26 CoE RAISE — Unique Al Framework (UAIF)

RAISE

Center of Excellence

Minibatch
A

L 9 FAN 4 J
Y Y Y

TBL dataset

Microbatch 1 Microbatch 2 Microbatch N
4 4 4
Worker 1 Worker 2 Worker N
Load batch Load batch Load batch
v v

Forward pass Forward pass

Backward pass Backward pass

v
Forward pass
. v
Backward pass
v v A4
Gradient g, Gradient g, Gradient gy

computation computation computation
¢,
D%f@ *f
&r 7
S0z 0%/ Host
s . =
Average gradients g

Update*weights R A\I S E

- Center of Excellence
whtl = yn — ag

DDT workflow with N GPUs

19



Backend frameworks RAISE

eeeeeeeeeeeeeeeeee

— O PyTorch
1. Distributed Data Parallel (DDP) - PyTorch

2. Horovod — Uber
’ ’
3. DeepSpeed — Microsoft

4. HeAT — Helmholtz Analytics Framework

& HEAT

@ deepspeed

2023-07-26 CoE RAISE — Unique Al Framework (UAIF) 20



Hardwares tested

> Tier-0/1
HPCs

» Prototypes

RAISE

Center of Excellence

Location |System name CPU GPU

CINECA |Marconi100 1,960 IBM POWER9 3,920 NVIDIA V100
FZ) Juwels Cluster + Booster 2,560 Intel Xeon 3,774 NVIDIA A100
FZ) Jureca DC 1,536 AMD EPYC 768 NVIDIA A100
FZ) DEEP-EST 147 Intel Xeon 75 NVIDIA V100

FZ) JUAWEI 11 ARM HiSilicon

HLRS Hawk 11,264 AMD EPYC 192 NVIDIA A100 + 64 V100*
CSCS Piz Daint 9,330 Intel Xeon 68,448 NVIDIA P100
BSC Marenostrum4 6,912 Intel Xeon

BSC CTE-AMD 33 AMD EPYC 66 AMD MI150

BSC CTE-ARM 192 ARM AB4FX

BSC HUAWEI 16 ARM Kunpeng 920

CEA Joliot-Curie 2,484 Intel Xeon + 2,292 AMD EPYC

LRZ SuperMUC-NG 6,480 Intel Xeon 64 NVIDIA V100*
CSC LUMI 5,632 AMD EPYC 10,240 AMD MI250x

2023-07-26 CoE RAISE — Unique Al Framework (UAIF)

*cloud nodes

50,000 CPUs and 90,000 GPUs! 2



Performance

Super scaling

> Test on JUWELS-BOOSTER
» Up to 3,604 GPUs

> E>0.93

Details:
> DDP

» PyTorch? w/ Horovod?

> 1/O disabled — synthetic data

2023-07-26 CoE RAISE — Unique Al Framework (UAIF)

916

768

256

(Nworkers, prefetchF)
—— (24.2)

Scaling beha

RASE

Center of Excellence

viour

4

128 256

512

1024

NGPUs

2048 2400 3072 3664

AlI4HPC benchmarking suite tested on JUWELS-BOOSTER*
*https://www.fz-juelich.de/en/ias/jsc/systems/supercomputers/juwels
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GPU matters

> AMD: prototype CTE-AMD
> NVIDIA V100: prototype DEEP-EST
> NVIDIA A100: JUWELS

> Experimental!
H100 ~40% faster than A100

2023-07-26 CoE RAISE — Unique Al Framework (UAIF)

comp. time /s

104 m

103 E

RAISE

Center of Excellence

-®- AMD -4&- V100 -4- Al00
4\ 240
..\A\ 220-
1 & 200
] t L 9
] < 180
; :
- o 160
. - >
“t::: ~~~~~~ * 4 140
D Y I
2] = 120
100 -
24 8 16 32 2 4 8 16 32
#GPGPU #GPGPU

CAE (10K params) with TBL-small

23



Framework comparison RAISE

Center of Excellence

> HPC JURECA_DC -®- PyTorch-DDP -#- Horovod -4- HeAT -%-- DeepSpeed =—-- ideal 102 -
1% 16 1" (p) ) R (c)
> Network: CAE (10K params.) A 11% 1
o o 22T 10340, e
: : 2 R LN oy
» Dataset: TBL-small (22GB) = .. 3 i o ) S 4
5 . ﬁg'{? g 1044 9.4
> Hyperparameters: ’ RN S
21 /
» Epoch=10 N — . e 2 e — | A I |
. 48 16 32 64 48 16 32 64 48 16 32 64
> Learmng Rate=0.01 #GPGPU #GPGPU #GPGPU
> Batch size=96 1.00 7 "*':f' """"" (i | 180 600 i (f)
0.95 R 8
N \\‘\ e, B\E 160 % 500 - I
g 0.90 4 ‘\\\\* \/’_A _3 © 400 -
S 0.85 R g | § 0 S ] II
2o L Sk S 300 II
()]
0.80 EJ 120 < 200 -
\\ = 100 - II I 1 _ L
0.75 ] | \? 100 - N
48 16 32 64 4.0 8.0 16.0 32.0 64.0 4.0 8.0 16.0 32.0 64.0
#GPGPU #GPGPU #GPGPU
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Implementations / optimizations RAISE

> Multi-process dataloader for

irreqular data shapes

o o i » - @- Std. 10 = Tileal R R e
» Reduced precision definitions PRI S e = 1N
. . : g 10844 %" 2 .l |8 084
» Adaptive summation algorithm g NE Y14~ £ .
0 0 : 8.‘ ) " 4” 0‘,’ 06* :*
» Deterministic test-runs 10° 31— 4 e | i |
o 48 16 32 64 48 16 32 64 48 16 32 64
> Training error for CFD problems* #GPUs #GPUs #GPUs

> G I’adle ﬂt accumu |atIO N CAE (65K params) with TBL-large (8.3TB)

> Nvsight & Torch.profiler
10x speed-up

*from the work by Jin et al.
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https://doi.org/10.1063/1.5024595

Influence of 1/0: dataset size

» Data per GPU is limited! i
-
~ Too few data -> comm overhead ‘ >
o
» Test: try 10x8.3=83TB dataset
m
o
(a) (b) O
16 - re. size K] 19 -8:. ------------------ 0
-).(: s(c)lgsize 3 g “,,:" %
N - == Ideal /-' X . .. o
5 P - S 0.8
” o : b o
4 o‘f“ .0 »
i l" " ? s
‘I&'é 1I6 3|2 614 éllé 1‘6 3‘2 614
#GPUs #GPUs

CAE (65K params)
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(e) CPU

Same!

Different!

Comm

Cottin 36.3%

63.7%

(b) GPU

Comm

35.3%
Comp °

64.7%

(d) GPU

Comp
45.4% (532’{;%1

(f) GPU

RAISE

Center of Excellence

Profiling shares with [1,2,16] nodes or [4,8,64] GPUs
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Influence of minibatch size & learning rate RASE

Center of Excellence

> Minibatch = Microbatch * #GPU reature Mmportances
1024 GPUs -> Minibatch, . =! 1024

> LR affects training error! _

» 2 solution to fix large Minibatch:

o
~

o©
w

1. Scale learning rate LR*
» Simple to implement
> Try-and-error

o
(N)

Mean decrease in impurity

o©
'—l

2. Use adaptive summation
(Adasum) algorithm**
> Hard to implement
> LR independent

0.0 1

T T T T T
wn o = \ Q
m - 8 E

Automated Hyperparameter tuning (thanks to M. Aach)

*Goyal et al. https://arxiv.org/pdf/1706.02677.pdf
2023-07-26 CoE RAISE — Unique Al Framework (UAIF) **Maleki et al. hitp://arxiv.org/abs/2006.02924 27
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Influence of minibatch size & learning rate ASE

Center o f Excellence

> Minibatch = Microbatch * #GPU

1024 GPUs -> Minibatch, .. =1 1024
>~ LR affects training error! 5 T = i
_ -@ LR = 0.001

~ 2 solution to fix large Minibatch: o Il S SR
1. Scale learning rate LR* 5, )

> Simple to implement gf’ e

> Try-and-error Eﬁ - ’»'.‘ _ P Du
>, Use adaptive summation g s |

(Adasum) algorithm** e - o

» Hard to implement

: CAE (65K params) with TBL-large (8.3TB)
> LR independent g I

*Goyal et al.

** :
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A result RAISE

Center of Excellence

» Case: TBL

> Motivation: Super-resolution

» Aim: recover 5 times coarse grid

> Model: Convolutional Defiltering (CDM)

54 X original Z
» HPC: 32 GPUs on JURECA-DC g o |7 fiered 2
= — output 7
» Shown: Streamvice velocity results £ o7 ,
> Black line -> fine grid — - . 2 ~
> Red line -> 5x coarse grid i
> Blue line -> super-resolution o =i
% — outputé
—2IO —IIO , [ni)m] lIO 2IO
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Remarks RAISE

Center of Excellence

1. Al4HPC is a first step to combine
> Al
» CFD
» HPC

2. Complete package
» Pull the repo and start running!

3. Great performance
» Data size and |/O bottleneck

4. Constant development and user support
> Not limited to CFD!

Thank you for your attention
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https://medium.com/@raise_info
https://www.researchgate.net/project/CoE-RAISE
https://www.youtube.com/channel/UCAdIZ-v6cWwGdapwYxdN7dg
https://www.facebook.com/CoERAISE2021
https://www.linkedin.com/company/coe-raise
https://twitter.com/CoeRaise
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