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Task 2.4 Process — Focus on Adoption & New Stakeholders

e,
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Challenges in using Al Methods on HPC at Scale
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Compute & Data-driven Use Cases — Complex Challenges RASE

Center of Excellence

man 3

% \"‘~\‘

Al for turbulent boundary layers Al for wind farm Iayoutvp JAIl for data- drlve modelsyln v
s %, - optimization

reactlng flowsj ==

l"'m

23
<&
QQ

Mesoscale ~ Tum ’}

Macroscale ~ Tmm

T
¢
N

-
2023-08-28 T2.4 - Software design of a unique Al framework - Status and next steps

[e)}


http://www.iconarchive.com/show/aesthetica-2-icons-by-dryicons/database-process-icon.html
http://www.iconarchive.com/show/real-vista-data-icons-by-iconshock/objects-icon.html

Requirements Gathering Process — Version Challenges RAISE

Center of Excellence

A Build from source | Tensorflow % |+ - m}

< C o QB8 https:

ensor W nstal earn « hd esources v lore ¥ Search nglish - itHul ignin
Te orFlo Install L API R M Q s English GitHub Signi

> Example: TensorFlow e —

= Filte On this page
Setup for Linux and

> Can we create an

Install TensorFlow Install Python
Version Python version Compiler Build tools CcuDNN CUDA and the
automated module Tesorton
package
Packages tensorflow-2.8.0 3.73.10 GCC7.3.1 Bazel 4.2.1 8.1 1.2 dependencies
pip
C h e C ke r fo r t h e SW bock tensorflow-2.7.0 3739 GCC7.31  Bazel37z 8.1 12 Instell Bazel
ocker Install GPU
? tensorflow-2.6.0 3.6-3.9 GCC7.3.1 Bazel 3.7.2 8.1 12 SUPF_“"'II .
Framework RAISE
° - " tensorflow-2.5.0 3.6-3.9 GCC7.3.1 Bazel 3.7.2 8.1 12 ¥
SuppO Download the
‘L . . GPU device plugins tensorflow-2.4.0 3.63.8 GCC7.3.1 Bazel 3.1.0 8.0 1.0 TensorFlow
Problems
source code
tensorflow-2.3.0 3.53.8 GCC7.3.1 Bazel 3.1.0 7.6 101 Configure the build
£ f 0 . Sample session
S e C ITI C Ve rS | O N S O u N e Fivin Build from source tensorflow-2.2.0 3.55.8 6CC7.31  Bazel2.0.0 7.6 101
. Configuration
Linux / mac0S

tensorflow-2.1.0 27,3.537 GCC7.31 Bazel 0.27.1 76 101 options

HPC modules or other Al frameworks e s e

TensorFlow 2.x

to WO r k i n S p eC i -ﬁ C Ve rS i O n S tog et h e r Language bindings tensorflow_gpu-1.15.0 27,3337 GCe7.3.1 Bazel 0.26.1 7.4 100 GPU support

Java 5 tensorflow_gpu-1.14.0 2.7,3.33.7 GCC 4.8 Bazel 0.24.1 7.4 100 TensorFlow 1.x
. Java (legacy) © Bazel build
> Pyt h O n Ve rS I O n S m u S-t b e c tensorflow_gpu-1.13.1 2.7,3.3-3.7 GCC 4.8 Bazel 0.19.2 74 100 options
Build the
6o [ tensorflow_gpu-1.12.0 27,3.336 GCC4.8 Bazel 0.15.0 7 9 package
C O r re Ct a S We | | tensorflow_gpu-1.11.0 27,3336 GCC 4.8 Bazel 0.15.0 7 9 Install the
package
. . tensorflow_gpu-1.10.0 2.7,3.33.6 GCC 4.8 Bazel 0.15.0 7 9 EO_T;E" Linux
ulds
> E . g o/ d I ffe re n C e S I n Pyt h O n tensorflow_gpu-1.9.0 2.7,3.3-36 GCC 4.8 Bazel 0.11.0 7 9 CPU-only
GPU support
tensorflow_gpu-1.8.0 2.7,3.33.6 GCC 4.8 Bazel 0.10.0 7 9 PP
X a n X Tested build
cT T tensorflow_gpu-1.7.0 27,3336 GCC4.8 Bazel 0.9.0 7 9 configurations
Linux

> S u p po rt AI d eve I O pe rs fo r m a ny Othe r tensorflow_gpu-1.6.0 27,3336 Gec 48 Bazel 0.9.0 7 9 macos
tools like PyTorch, Horovod, Ray Tune, etc.
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Requirements Gathering Process — Module Challenges RAISE

Center of Excellence

[riedell@dp-dam0l ~]§ module spider cudnn

CuDNN:

Description:
The NVIDIA CUDA Deep Neural Network library (cuDNN) is a GPU-accelerated library of primitives for deep neural networks.

Versions:
CuDNN/7.4.1.5-CUDA-%.2.88
CuDNN/7.5.1.10-CUDA-10.1.105
CUDNN/7.6.4.38-CUDA-10.1.105
CuDNN/7.6.5.32-CUDA-10.2.89
CuDNN/8.0.2.39-CUDA-11.0
CuDNN/8.2.1.32-CUDA-11.3

3.1.22-CUDA-11.5

> Many different versions / combinations

For detailed information about a specific "cuDNN" module (including how to load the modules) use the module's full name.
For example:

> £.g. FZJ JSC DEEP-EST HPC System

[riedellfdp-dam0l ~]§ module spider tensorflow

[riedell@dp-dam0l ~]§ module spider nocl

TensorFlow:
NCCL:

Description:

Description: : : N
An open-source software library for Machine Intelligence

The NVIDIA Collective Communications Library (NCCL) implements multi-GPU and multi-nede collective communication primitives that are performance optimized for NVIDIA GEUs.

Versions: Versions:
NCCL/2.4.2-1-CUDR-9.2.38 TensorFlow/1.12.0-GFU-Eython-2.7.15
NCCL/2.4.6-1-CODA-10.1.105 TensorFlow/1.12.0-GPU-Python-3.6.6
ﬁigg.:.:{um—m.n.ms TensorFlow/1.13.1-GPU-Python-3.6.8
NCCL/3.7. 3-1-CUDA-10.2.82 TensorFlow/2.2.0-GPU-Python-3.6.8-1
HCCL/2.8.3-1-CODA-11.0 TensorFlow/2.3.1-Python-3.2.5
NCCL/2.8.3-1-CUDA-11.3 TensorFlow/2.5.0-Python-3.8.5
NCCL/2.10.3-1-CUDA-11.3 TensorFlow/2.6.0-CUDA-11.5

NCCL/2.11.4-CODA-11.5

For detailed information about a specific "TensorFlow" module (including how to load the modules) use the module's full name.

For detailed information about a specific "NCCL" module (including how to load the modules) use the module's full name.
For example:

For example:

§ module spider NCCL/2.7.3-1-CUDA-10.2.89 § module spider TensorFlow/2.2.0-GPU-Python-3.6.8-1

[riedelifdp-dam0l ~]§ module spider cuda

CUDA:

Description:
CUDA (formerly Compute Unifisd Device Architecturs) is z parallel computing platform and programming model created by NVIDIA and implemented by the graphics processing units (GPUs) that they produce. CUDA gives developers access
to the virtual instruction set and memory of the parallel computational elements in CUDA GPUs.

Versions:
CUDA/9.2.88
CUDA/10.1.105
CUDA/10.2.89
CUDA/11.0
CUDA/11.0.207
CUDA/11.3
CUDA/11.5

For detailed information about a specific "CUDA" module (including how to load the modules) use the module's full name.
For example:

$ module spider CUDA/11.0.207

2023-08-28 T2.4 - Software design of a unique Al framework - Status and next steps 8
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Example: Detailed Knowledge of Modules Necessary RAISE

Center of Excellence

B Deep_DDP important bug fix 3 months ago

B Deep_DeepSpeed Deepspeed in Deep 6 months ago

> M O d u | e S ! /LIS r/ bin/env bash e tert B e
B3 Deep_Horoved Deep modifications for Horoved and fex bu... 6 months ago

> Va ry heaV| |y betwee N # Slurm job configuration B Deep_TensorFlow inital TF push 5 months ago
#SBATCH -- n0d95=1 B HELPER Scripts fix tgdm bug 4 months ago

d iffe re nt H P C Syste m S #SBATCH --ntasks -per-node=4 B Jureca_DDP latest fixes 1 month ago

#SBATCH --cpus-per-gpu=20

#SBATCH --account=hai_so2sat S e B
> 2 - 3 D a yS/ M O n t h S S p e n d #SBATCH - -Ou‘tpu‘t=0utpa‘t . Out B3 Jureca_Graphcore added Graphcare dir and fixed Irank in CASES 2 months ago

#SBATCH --error=error.er B Jureca_HeAT Jatest fixes 1 month ago

by re S e a rC h e rS fo r #SBATCH --time=6:00:00 B9 Jureca_Horovod latest fixes 1 month ago
q 1 #SBATCH --job-name=BENTF2 i R
EJEEttIr]EJ tr]e} rlEJPWt #SBATCH --gres=gpu:1 --partition=booster B - o
. B3 Jureca_RayTune Update Jureca_RayTune/create_jureca_env.sh 3 months ago

e n V I ro n m e nt / H P C Syste m #load modules B3 Juwels_DDP Update README.md 3 months ago

: : 1 Stages/2020 GCC/9.3.@ OpenMPI/4.1.0rcl s T . o
> Goal: UAIF Slmpllfy setup i Hoiiszd/e.29.3-Python-3.sr.)§n " S )

ml TensorFlow/2.3.1-Python-3.8.5

Of com pOﬂeﬂtS #activate my virtualenv

) #source /p/project/joaiml/remote_sensing/rocco_sedona/ben_TF2/scripts/env_tf2_juwels_booster/bin/activate
> E.g., automated job _
#export relevant env variables

Script generator for #export CUDA_VISIBLE_DEVICES="9,1,2,3"
right module setup #trun Python progran

. srun --cpu-bind=none python -u train_hvd keras_aug.py
> E.g., re-usable scripts

E3 PARAMETER_TUNING Update PARAMETER_TUNING/Autoencoder/ 3 months ago

Already available for the community: https://gitlab.jsc.fz-juelich.de/CoE-RAISE/FZ])/ai-for-hpc-oa
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Requirements Gathering Process — Time Efforts Challenges RAISE

Center of Excellence

> Example of Setups it
> Tried many varieties of kernels
» Developers /Pls / PhD Students loose

~3-4 hours average by trying new - . =
HPC machine just to get new modules |- . i R R R
right and/or setup kernels that work — p— — T = =
with modules
> Selected debug/solution tools not it
known always, e.g., nvidia-smi, | s
really scalable components, etc. R {W_W -
> Note: Jupyter framework itself seems o A
not to be the problem, rather R e
complex hardware/software - =
configurations =
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Unique Al Framework (UAIF) Co-Design Process

O 0
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Unique Al Framework (UAIF) Co-Design Process at a Glance RAISE

Center of Excellence

O PyTorch  Data

\

P
: & Hardware Infrastructure

Jupyter

L_‘/!-l- Prepare & Document available production systems at partners’ HPC centers
‘ Examples: JUWELS (JUELICH), LUMI (UolCELAND), DEEP Modular Prototypes, JUNIQ (JUELICH), etc.

* | « Software Infrastructure

. Prepare & Document available open source tools & libraries for HPC & Al useful for implementing use
Data-Driven

Hardware Use Case - : cases
Infrastructure SIS . Examples: DeepSpeed and/or Horovod for interconnecting N GPUs for a scalable deep learning jobs

Feedback Computing-driven Use Cases Requirements & Feedback
5

Use cases with emphasize on computing bring in co-design information about Al framework & hardware

UNIQUE Al Examples: Use feedback that TensorFlow does not work nicely, so WP2 works with use cases on pyTorch
FRAMEWORK

- Data-driven Use Cases Requirements & Feedback
Al at Exascale

Methodologies

Use cases with emphasize on data bring in co-design information about Al framework & hardware
OPEN SOURCE COMMUNITY

Al & HPC BEST PRACTICES

SHIGHEC S ERACE - UNIQUE Al FRAMEWORK (UAIF)

EuroCC NCCs

Examples: Deployment blueprint by using Al training on cluster module & inference/testing on booster

Living design document & software framework blueprint for HPC & Al also with pretrained Al models
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Unique Al Framework (UAIF) Co-Design Process Approaches RAISE

Center of Excellence

> Fact Sheets

> Foster initial understanding

> Living document & each Fact Sheet
per WP3/WP4 Use Case

> (Experience from many other EU projects)

> Selected Contents
> Short Application Introduction
> Clarify Primary Contacts
> Codes/Libraries/Executables
> HPC System Usage Details ,
> Specific Platforms & ‘where is what data’? Driven by

. : Prof. Matthias Book &
> Machine/Deep Learning Approaches of Interest Prof. Helmut Neukirchen

interaction room process

2023-08-28 T2.4 - Software design of a unique Al framework - Status and next steps 13



Interaction Room Status & Discussions — WP3/WP4 Overview RASE

Center of Excellence

> T3.1: Turbulent Flow = Done (2023-06-05) o '
> 13.2: Clean Energy = Done (2023-04-11) % Con'ﬂnously Updating
> T3.3: Reactive Flows = Done (2023-05-09) 3 R e R e e e
> 13.4: Engine design = Done (2023-05-09)
» 13.5: Coating - Done (2023-04-24)

ANN | RBF- | U-Net | RES | FNO | MLPF | GAT | LSTM | GRU | WGAN | MWIT | VIVIT | Swin
NN

> T4.1: Fundamental physics = Done (2023-04-28) K
/1\ > T4.2: Seismic imaging = September?

T4.3: Manufacturing = D 2023-05-02
: T44- Soaunnu da;:nuzlnnegerm c;neDéne (2023_0)4_2 . > Carve out more details on Al/HPC methods
o 9 J > Contribute to the Unique Al Framework

> > Update our HPC/AI Methods Matrix

> Next round Interaction Rooms for Adoption

2023-08-28 T2.4 - Software design of a unique Al framework - Status and next steps 14
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CoE RAISE UAIF Status RAISE

Center of Excellence
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Realization of SW Framework

p processing-
Compute- & Data-Intensive CoE RAISE Use Cases][[t%?{omain-specific CoE Use Cases I = NCC & Industrial Use Cases Digital Twins Use Cases intensive
A) {B) C) applications
.. — A N—r .
‘ co-design inputs ‘ adoptions adoptions
f ©  Secure Shell Access (SSH) using batch < Interactive Jupyter notebooks with JupyterlLab sharing |.E§ Application Workflows (e.g., Apache Airflow),
\g}g\submits to scale-up distributed training : of datasets & scripts for rapid DL model prototyping @ including task pre- & post data processing Reference
N\ \—/ ¥ Architecture
¥ TR elements of
\J
LAMEC API to specify models in ONNX format LAMEC API to share & enable re-use of Al models with i OpenML Community [ #= ClearML MLOps COE_ RAISE
also enabling re-usability of existing Al models community platforms & industry tools & datasets ~ Platform & Pipelines latform & Models unique Al
H ) T 1) K} framework
— 'or Exascale
1 for E. I
W - - - HPC & Al
LAMEC API Facade pattern # LAMEC API Batch script repository i LAMEC API generates HPC script modules, Open HPC/Al Job Script Methods
encapsulates use case instances M & scalability-proven Al frameworks i Al library setups & automated testing $ Generator Web Page(s)
L 'y L 0 K
fgj]  Basic Science & Al -, TensorFlow & PyTorch o~ Horovod / PyTorch-DDP / DeepSpeed , . ° RAY Nie Hyperparameter Tuner software
ii ‘P lIibraries (NumPy, etc.) ) (& DALI Data Loader) R Distributed Deep learning tools ' Ray Tune, Optuna, Deep Hyper |} jnfrastructure
J I
N e 2 h —'e
—_— e e e — e — e, _, S ——_———————————T T T T *adoptions
[ NEE : v vodur —————— OB cooren o - o om | eu U
Prototype e, 001 80 Apptainer EuroHPCJU | gy v [ veGA [ aroLINA [DEUCALION
HPC Systems | | HPC Cgstainer Hosting Sites IS-IP(tI
) — N J%’;E‘E’E‘S Al Environment @ LeoNARDO [ MELUXINA B piscoverer ysems -

w Modular HPC L B Rudens hardware
_—__System DEEP w \ /| infrastructure
- CTEARM ) D-Wave Quantum Annealing System [ ] BSC-CNS .VSC HPC
\. HPC System | I Appta!ner HPC System JUPITER ___Systems )

\ . Quantum SVM C Container (. Aachen |

. CTE-AMD (SVR) Python Code _ Al Environment Mare Exascale .

L HPC System | = \ Nostrum System ’I Systems |

RASE

Center of Excellence

The strategy of “ready-to-
run toolsets” Presented at
CASTIEL Code of the
Month event (2023-07-26
public Webinar), where to
put the tools in the
overview, e.g. HPC4Al,
PhzDLL, etc.?

2023-08-28 T2.4 - Software design of a unique Al framework - Status and next steps
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Realization of SW Framework — YouTube RAISE Channel RAISE

Center of Excellence

Thanks to Lin, Eray,
Johannes, Arnar, ...
GREAT WORK!!!

' p| o) o002/4503

5 Il
Code of the month vol. 2 - Unique Artificial Intelligence Framework D) 6
CoE RAISE E K
allav

RAISE Subscribed 2 Sh J Download £ Cli =+ S
Al L L Q ubscri v Ty ca /> Share 4 Downloa 3¢ clip + Save

44 views 2 days ago

.
CoE RAISE follows the rules of open science and publishes its results open-access when they are ready for wider application. All developments of CoE RAISE are being integrated into the Unique Al co ntl n o u s Iy
Framework (UAIF), which will not only contain the trained models but also documentation on how to use them on current Petaflop and future Exascale HPC, prototype, and disruptive systems. The ° I
developments toward the Unique Al Framework are continuously progressing Show more U p d at I n g H

2023-08-28 T2.4 - Software design of a unique Al framework - Status and next steps 17
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Realization of SW Framework — Interactive Website ASE

Center of Excellence

A - Compute- and Data-Intensive CoE RAISE Use Cases

N 5 | Component (A) in Fig. 1 represents the co-design efforts of the UAIF based on compute- and data-intensive use cases. Fact Sheets for

each use case have been produced and describe what novel Al methods correlate to available UAIF components. They foster general
Center of Excelence understanding of the contributions that have been added over time to the UAIF and include scalability and utility for Exascale aspects.
Several tasks in WP2 contributed to benchmarking and proof of scalability of selected components of the UAIF on various production
and prototype HPC systems in this context. Detailed co-design activities have been performed via the Interaction Room methodology

About MNews Research MNetwork  Services  Events  Media iny f e and Mural Boards. During the project and especially in the last reporting period, a clear picture is provided on what components are
relevant for the UAIF

Unique Al Framewo rk

A wide variety of CoEs have been funded in different domain-specific areas providing use cases that leverage simulation sciences or
AI/HPC methods to utilize the emerging Exascale computing. At the time of writing, another EuroHPC JU Work Programme (WOPRO)
outlining future funding of CoEs addresses the needs of large user communities in four specific areas of application domains. As
shown in Fig. 1(B), the UAIF is recommended to CoEs to adopt the UAIF to prevent Al developers in domain-specific sciences wasting
a lot of effort.

@

o

- (UAIF) -

CoE RAISE follows the rules of open science and publishes its results open-access when they are ready for

C - NCC and Industrial Use Cases
wider application. All developments of CoE RAISE are being integrated into the Unigue Al Framework (UAIF),

A pan-European network of NCCs has been created under the EuroCC-1 and
and Medium Enterprises (SMEs) to leverage HPC resources made available vi
represent adoptions of the UAIF by NCCs and the significant potential to gove}

processing-intensive applications of a wide variety of scientific and engineering domains. speed-up and scale-up their applications towards Exascale. T I I l M i I I &

D - Digital Twins {DT) Use Cases

. DTs and corresponding workflows as they are developed, e.g., in the Destinat|
LLE ot B Do WWWECDE F— CESES][ ! Domein speciic Cot Use Crses n - ; intensive for scientific and engineering HPC users in Europe. Component (D) has been o n ’ o000
applications of DTs that are also highly relevant for CoE RAISE, either the DTs
odeptians use cases in CoE RAISE

Secure Shell Access (55H) using batch i off Aoplication Workliows (2.5, Apache Allow),
e )subrits 10 scale-up distibuted waining_J**{ ey _of datasets &scripts for rapid DL model prototyping J**| A including task pre- & past data processing || Reference
F s
Sl B elements of [ ]

which will not only contain the trained models but also documentation on how to use them on current Petaflop

and future Exascale HPC, prototype, and disruptive systems. The UAIF developed by CoE RAISE works with

m-demm Inputs

TAMEC AP to specify models in ONNX format LAMEC AP to share & ensble re-use of Al models with) § Opental Lamm“mw = ClearML MLOps Reference Architecture Elements
ils0 enabling re-usabilty of axisting Al modlels ~_community latforms & industy tools & dniath Platform & P\pa\lnes Splatform & Models ""'W"M"
— 1 for Exascale This section describes the reference architecture components relevant for thej
HPG& Al - = . -
LAMEC API Facade pEUE% LAMEC AP| Batch script repository LAMEC API generates HPC scnpmadule] Open HPC/Al lob s.cnplll Fig. 1in the second layer {components (E) — (O)). This covers descriptions of th
I i & scalability- Alfr e Al i ups & d testi * . e
encapsulates use case instance: scalability-proven Al frameworks A rary setups & automated testing] Generstor Web Page(s) notebooks highdevel access, application workflows, LAMEC API Open Neural
_____ API community platform integration, community platform OpenML interoperability, ClearML MLOps platform interoperability, LAMEC
Besic Sclence & Al ») Tensarflow & PyTarch g "y 3] Worawod I PyTorch-DOP / DeepSpeed i i, Hyperoarameter Tuner || software API facade pattern implementation, LAMEC AP batch script repository, LAMEC API batch script generator, and open HPC/AI script
lioraries (tumPy, etc) || & DALI Dats Loader) Distributed Deep learning tools Ray Tune, Optuna, Deep Hyoer || infrastructure
° 0 generator web page(s).

______.'______.__.___.r -------- au‘u:mans @
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of relevance for CoE RAISE is that Al researchers often use batch scripts for distributed training of DL models to leverage the high

@ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ number of Graphical Processing Units (GPUS) that are available on HPC systems. o Updating!
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Summary: Unique Al Framework Overview RAISE
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