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Agenda
o8:30am Welcome
u8:35am Shaheen Ill Overview
u8:55am How to apply on Shaheen Il
9:05am Getting Started on Shaheen Il
09:15am Software Environment
«9:35am Job Scheduling
«10:00am Coffee Break
10:15am Storage overview & Best practices
010:30am Applications software exampleVASRvorkflow
«10:50am Applications software exampleCFDapplications
oll:10am Applications software exampleBio informatics workflow

l1:2011.30am Q&A and Open Discussion
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SABER FEKI,
DIRECTOR OF RESEARCH
COMPUTING CORE LAB (KSL + KVL)

BILEL HADRI KADIR AKBUDAK NAGARAJAN
ROOH KHURRAM ZHIYONG ZHU MOHSIN A. SHAIKH IR
HPC SW ENV.
€S WEATHER CFD SERVICES MATERIAL SCIENCE/ Al/ML i
AND TOOLS BIO-SCIENCE
AND CLIMATE CHEMISTRY

SUPPORT
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A Supercomputing is the cornerstone of KAUST from the beginning.
A KAUST has been maintaining wesldss supercomputing facility for open research,
A Similar to US NSF Supercomputing Centers and EU PRACE Research Infrastrug
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Shaheen3 /HPE Cray EX CPU
884,736 cores
39.5PF/s; 5.5MW
7.2GF/W
Since Feb. 2024; 200 projects, 3Billion core hours

Ranked #7 TOP500 July 2015

Shaheen2 Cray XC40
197,568 cores
7.2 PF/s; 3.1IMW
2.32GFW

8Billion core hours; 700 projects; 1200
publications;
(66% of KAUST faculty using Shaheen)

36x Performance
5.3x Energy efficeincy

Ranked #14 TOP500rk 2009

Shaheen 1 IBM Blue Gene
65,000 cores
0.2 PF/s; 500KW
0.44 GF/W

400Million Core hours, 200 projects
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Shaheen Ill Hardware Specifications: Compute

2x9 MmN 02 NB A

HPL Performancé Flopg & 0 chdyT ¢Cka LISNI y2RS
A . H- MH- McD. 55wpXnynnakl
aSY2NE 384GB

Memory STREAM Bandwidth ynn D.ka LISN y2RS

¢20Ff bdzYo SNI 2 ncny
¢20Ff bdzYo SN 2 yynzTtoc
Theoretical/Sustained PeaRFlopg a 35.66/39.61 (90%)

Aggregated Theoretical Bandwidth 4.6 PB/s
Power(at highest load) 5.3 MW
Cooling Direct Liquid Cooling
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A Cay EX 4000 CPU Blade with 4 Dual Socket
AMD EPYC compute nodes

06/07/2023, 0005

AMD EPYC 9654 Socket

11
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Shaheen |ll Hardware Specifications: Compute

AMD Genoa CPU Microarchitecture

4TH GEN AMD EPYC PROCESSOR
ARCHITECTURES

/0dle AMD EPYC 9004 SERIES PROCESSORS

12 memory controllers

PCIe®Gen5c0ntr0"ers | AR ANl RERRRERRRRERER - (16_96 CORES)

Infinity Fabric™ controllers " :
SATA controllers NE8E §EAR] BEES] T ‘Zen 4’ CPU die
CXL™ controllers [ et =t = (up to 12 per processor)
AMD Secure Processor E oo s TR "m”l g' 24 24 24._ 8 'Zen 4' cores

; TR ) L E— 1 MB L2 cache per core

ig —MMM @ | | s

CPU die _ : - || I ; Shared 32 MB L3 cache
Up to 16 cores per die (8 shown) "
Up to 12 dies per processor :

EENENEERENRRBQUERNNRRRRININNNA. i Z4 74 24 724
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Shaheen Ill GPUs Specifications : Early 2026
Characteristics

- 0AYSi(a T E / NX@& 9:-nnnn
#Nodes 700 x 4 X GH Superchip
GPUs H100SXM 96GB HBM3 @ ~3TB/s
Host CPU Type 4 x NARM Grace/2 ARM Cores each
Host Memory 4X 128GB =512G@GB[ t 55wp U
CPUGPU Interconnect Memory Coherency
NICS 4 x CassirH n n [0 @drJsupekchip

GPU Perf 545 TH @600W
Peak FP64 Tensor

Total Perf/Peak FP64/ MpP H ®c/100RFks a
efficiency)
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Shaheen Ill Hardware Specifications: Interconnect

Shaheen Il High Speed Network

Topology Dragonfly, multievel altto-all
Bandwidth 200 Gbps per link

Up to 100s
Latency Up to 2.6 ps fomax 3 hops
Injections per CPU Nodes: 1 injection . Ricoi, el Emn

node GPU Nodes: hjections

Figure 26: Slingshot Extreme Scale and Performance with Dragonfly Topology

Features Adaptiverouting, RDMA Decongestion,
Ethernet compatible
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Shaheen Ill Hardware Specifications: Interconnect
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CPU Compute CPU Compute GPU Compute GPU Compute Hash Sorage Disk Sorage Project Sorage Management &
Goup 1 Group 18 Goup 1 Goup 7 Goup F GoupD Goup P Remote
_ Connectivity
Qray EX Cabinet Qray EX Cebinet Same as GPU Groups r A o Goup M
256 nodes 88 nodes/ 352 GPUs 1 to 5, with additional 10 SSLFIOPS 19U, 6 MDU, ety
ingle injecti uad injection ilation blade (2 2MDU 3CDS&7 DM ; o
(single injection) (g ) ) wng(tra nodes) ( (256 injections) (63 injections) ¢ De:gm:;?oig\‘ﬁ (49 injections)
104/144 L2 cebles 188/256 L2 cables 135/144 L2 cables 35/48 L2 cables 28/48 L2 cables 28/48 L2 cables

Bundle=41 Between CPU Compute Groups
messsssssssmmn Bundle=18 1 Between GPU Compute Groups
Bundle=41 CPU groupsto GPU Groups
Bundle=51 Hash Sorage Group to Compute Groups
Bundle=11 Disk Sorage Group to Compute Groups
Bundle =81 Disk Sorage Group to Hash Sorage Group
Bundle=11 Project Sorage Group to al others
Bundle=11 Management Group to all others

1€
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Shaheen Ill Hardware Specifications: Storage

Shaheen Il /scratch storag

Total Capacity (usable) 32 PB
Capacity tier (HDD) 25 PB
Capacity tier perf Read/Write 330/260 GBI/s
BW tier capacity 6.8PB (20.9%)
BW Perf. tier Read/Write 3750/2500 GB/s

IOPS tier capacity 338 TB
IOPS tier IOPS (Read/Write) 10+M IOPS

Characteristics

A 1/0500: #3 in Overall Production, #7 in Bandwidth, The fagtestreon the list
A Iproject storage will be disconnected from Shaheen I
A Coming Soon on Shaheen Il with upgraded capacity and performance !
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Processor type: AMD EPYC | 2 CPU sockets per nodg6
Genoa processors cores per CPU
CPU Nodes
4608 Nodes 884,736 cores
L 384 GB of memory per node | Over 1.770 PB totahemory
—
>
al
5
(@) More than 100 metrics tons 18+ Cray EX Compute cabinets
Speed HPL: 35Pflops/s #20
P HPCG: 651.5 TF #16
Network Cray Slingshot interconnect Dragonflytopology with a max of 3
hops
E1000Lustreappliance 32 Petabytef usable storage
LLl Scratch including a performance and IOPS
Y optimized tiers
E Project E1000Lustreappliance 57 PB of HDD
p) HPE Data Management 120 PB of tape storage, using a
Archiving Framework (DMF) for data spectra logic tape library.
backup
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Thank you!

https://www.instagram.com/reel/CzoM8pxtnic/?igsh=MTNuM2lpaTFubHAQaA%3D%3D
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Why and How to apply
on Shaheen II1?
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Example of some early success !
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KAUST wins the "Nobel" of high-
performance computing for climate

modeling

ACM Gordon Bell Prize for Climate Modelling

Boosting Earth System Model Outputs and Saving PetaBytes Y INNER
in Their Storage Using Exascale Climate Emulators

KAUST, National Center for Atmospheric Research, NVIDIA,
Saint Louis University, University of Notre Dame,

Laggere L‘lversmy ofanagergent Scie Sam
H s ! s rg,e q

ACM Gordon Bell Prize for Climate Modelling

Boosting Earth System Model Outputs and Saving PetaBytes
in Their Storage Using Exascale Climate Emulators
KAUST, National Center for Atmospheric Research, NVIDIA,

Saint Louis University, University of Notre Dame,

Lahore University of Management Sciences

\i‘”\

§ 'If “ "T “_a !

https://www.kaust.edu.sa/en/news/kaustwins-prestigious
gordonbell-prize-for-innovationin-climate-modelling
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351 HPOCWRE READERS’ &

2024 AWARDS

WINNERS ANNOUNCED!

Outstanding Leadership in HPC
DRAG2ZNBQ / K2AO0S

Since 2022David Keye$as been a finalist for the ACM Gordon Bell Prize utilizing leadesship
supercomputers such daugakuy Frontier, and Shaheen, and partnering with industry leaderddixebras
Nvidia, and HPE. These achievements, assisted by Hateeh were demonstrated across various real
scientific applications, includirgeostatisticsseismic analysis, climate modeling, and genomics.

Best Use of HPC in Life Sciences
ORAG2NBEQ / K2AO0S

Researchers #AUSTeveloped HPGVCW, an opesource parallel implementation for processing -
20,000 rice genomes on tighaheenlll HPECray EXsupercomputer. This breakthrough accelerates
the discovery of genetic diversity in Asian rice, supporting global food sustainability efforts and paving

GKS 6@ FT2NJ ONBFGAY3a GKS ¢g2NIRQa FTANRG aRAIAGEE ISy S ol
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Record humber of Saudi students
graduate from KAUST in 2024

. e et =g
Dec 13 2024 P : ‘ @eva | 3 Facesook | jn LNKEDIN | N TWATTE il

access to the Shaheen supercomputer which has been
utilized

https://www.linkedin.com/posts/salmaraljabrt
791257123 %D9%82%D8%B5%D8%B9I9%8A%D9I9%88%D8%B3%D9% 81
%D9%82%D8%B5%D8%A09%88%D8%B 7%D9%86%D8%A3%D8%B3%D8%
As KAUST celebrated its 15th commencement ceremony in 2024, it also celebrated a significant %DS%Bg%D9%84%D9%89
milestone: the highest number of Saudi graduates in the University's history. Saudi students %D8%A7%D9%84%D9%85%D8%B7%D8%A7%D9%8A@@m7
comes  727451364443496857BIhZN/?utm

just a week after KAUST was named the top Arab university for the second consecutive year by

comprised a record-breaking 203, or nearly 44%. of the total 465 graduates. This mile

Times Higher Education

N
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Recent Alumna winnning IEE CS TCHPC Aw

Collaboration and computation

Alomairy's research explores the intersection of algorithms and hardware, focusing on scalable, portable and energy-efficient
solutions for scientific computing and artificial intelligence (Al). At MIT's JuliaLab, part of the university's Computer Science and
Artificial Intelligence Laboratory (CSAIL), she develops advanced algorithms that account for hardware characteristics such as
memory structures, low-precision processing units and parallel task execution—particularly on heterogeneous supercomputers.

She also co-develops matrix-aware methods that accelerate applications on supercomputers like Frontier, Summit, ALPS, and
Shaheen-lll. Her methods aim to bridge HPC with domain science, delivering insights faster in materials design, genomics, and

climate science.

KAUST alumna Dr. Rabab Alomairy wins
prestigious IEEE CS TCHPC Early Career
Researchers Award

(© 3 min read - Wed, Oct 22 2025
&% By David Murphy,

£ Awards News
© HPC

KAUST alumna and Ibn Rushd Postdoctoral Fellow Dr. Rabab Alomairy received the
|[EEE CS Early Career Researchers Award in HPC, becoming the first Middle Eastern
and one of the youngest recipients professionally to earn this distinction in the award's
decade-long history.

https://cemse.kaust.edu.sa/articles/2025/10/22/kausiumnadr-rabab-alomairywins-prestigiousieee-cstchpcearly-career
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Which field of Science i1s beina done on

0.9%
Health

0.9%
Water Science

1.1%
Applied Physics

1.2%
Electrical Engineering

CFD/Combustion

1.7%
Applied Mathematics & CS

2.7%
Material Science

4.9%
Bioscience

6.3%

Marine Science

7.6%

Agriculture

8.0%

Geoscience

25.5%

Climate

M.7%

14.3%

Chemistry

13.0%
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imulation of Flows Around

Racing Cars

Performance Study of Sustained Petascale Direct Numerical
Simulation on Cray XC40 Systems

Bilel Hadri*! | Matteo Parsani?® | Maxwell Hutchinson® | Alexander Heinecke* | Lisandro

Dalcin? | David Keyes?

*KAUST Supercomputing Lab, King Abdullah
University of Science and Technology, Thuwal,
Saudi Arabia

“Extreme Computing Research Center, King
Abdullah University of Science and
Technology, Thuwal, Saudi Arabia

“Citrine Informatics, Redwood City, California,
UsA

“Intel Corporation, Santa Clara, California, USA

Correspondence

“Bilel Hadri, KAUST Supercomputing Lab, Al
Khawarizmi Bldg. (1) Office 126, 4700 King
Abdullah University of Science and Technology.
Thuwal 23955-6900. Email:
bilel.hadri@kaust.edu.sa

Significantly enhance simulation accuracy at the full vehicle scale

Abstract

We present in this paper a comprehensive performance study of highly efficient extreme scale
direct numerical simulations of secondary flows, using an optimized version of Nek5000. Our
investigations are conducted on various Cray XC40 systems, using a very high-order spectral ele-
ment methed. Single-node eft

y is achieved by auto-g ly it tations
of small matrix multiplies and key vector-vector operations, streaming lossless I/O compression,
aggressive loop merging and selective single precision evaluations. Comparative studies across
different Cray XC40 systems at scale, Trinity (LANL), Cori (NERSC) and Shaheen|| (KAUST), show
that a Cray programming environment, network configuration, parallel file system and burst
buffer all have a major impact on the performance. All three systems possess a similar hardware
with similar CPU nodes and parallel file system, but they have different theoretical peak network
bandwidths, different OSs and different versions of the programming environment. Our study
reveals how these slight configuration differences can be critical in terms of performance of the
application. We also find that with 9216 nodes (294,912 cores) on Trinity XC40 the applications
sustains petascale performance, as well as 50% of peak memory bandwidth over the entire solver
(500 TB/s in aggregate). On 3072 Xeon Phi™" nodes of Cori, we reach 378 TFLOP/s with an aggre-
gated bandwidth of 310 TB/s, corresponding to time-to-solution 2.11 x faster than obtained with
the same number of (dual-socket) Xeon® nodes.

KEYWORDS:
Cray XC40, Haswell, KNL, Nek5000, Performance Analysis, Regression, Energy Efficiency

A Detect and improve performance bottleneck
A Scaling the code up to fllhaheerll

~5 Collaboration projects / year
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Donald Francis Jun 8 (5 days ago) o~
to Omar, me |~

Gents,

I want to thank you for the excellent effort provided by your team in preparing the Wave Study for the waterfront area adjacent to our
property. This has become a key component of further review for setting the minimum safe floor elevation for structures and roadway
design. We had previously used incomplete information from which we determined the safe elevation to be approx. 4.0 MSL and have

been constructing accordingly. However, when using your data we have been able to lower that elevation to 2.23 MSL. This may not

sound like a big change however this equates to a savings of some 90 million cubic meters of fill material or SR 1.8 billion across the

City. As you can imagine this is a huge savings to our project.

I look forward to your proposal to expand the work to study the tidal surge impact on these numbers as we are hoping to reduce our
fill requirements further by some 10 million cubic meters or SR 200 million. As the previous tidal surge was a significant factor in the
buildup of our elevation hopefully this can be reduced also. If this can be achieved we would then realize a balanced dirt work across
the City and eliminate the need for further import of material.

Thanks again for your efforts.

Don Francis, PE
Head, Corporate Construction
g

=== ECONOMIC
m— CTY
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Advanced Support for Saudi Aramco:
Trillion Node Reservoir Simulation

/

A TeraPOWERSnew trillion node reservoir simulation to model oil migration
problems in the Kingdom in a fraction of the time of previous run

A Shaheerll serves as the ONLY platform in the KingdonTéoaPOWERSr
developing capability and performing large scale production runs

A &We simulated an oil migration problem in the Kingdom from the source rock to t
trap with millions of years of history in 10 hours using 1 trillion active -

computational cells ~ DbgtuA The EXPE@dvancedResearchCenter (EXPEC

, _ . _ _ _ _ ARC)eraPOWERRchnologyleam,underthe
A 8We could not have achieved this incredible milestone without the expertise and |eadershipof SaudiAramco fellow Al Dogry

resources from KAUST, which provided superb supgort [ I NNE Cdzy 3 achieved a major breakthrough with the
A Y R dzdirst Mo &ell reservoir simulation
run on October28, 2016

Aramco news, Dhahran, November 23, 2016

http://www.saudiaramco.com/en/home/news -media/news/saudraramco-scientistsachievenew-world-record.html
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Training on Engineering Simulation

A Educate the next generation of leaders in the field of engineering simulation
for the era of digital economy
A Providing training on tools from Altair, ANSYS, COMSOL, Convergent Science,

MathWorks,Tecplot
A ANSYS

A Held 9 workshops since: total attendee of ~500
A Held 6 certification programs: total certified of ~250

A MATLAB

A Provide easy way to apply de¢garning to engineering problem
A Two online event with ~300 attendees B
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How to apply on

Sha

Do you have an account on Shaheen I1I?
63 responses

@ Yes
@® No
Material Science
Geophysics
Mathematics and Computer...
Climate
Chimestry
Al and Deep Learning
CFD and/or Combustion

Water Desalination
Bioinformatics
Biology

Physics

2 (3.2%)

heen |17

4 (6.3%)

5 (7.9%)

9 (14.3%)
7 (11.1%)
8 (12.7%)

9 (14.3%)
9 (14.3%)
10 (15.9%)

14 (22.2%)

15 (23.8%)
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A Home
Development proposal

PR \WELCOME TO

SHAHEEN €& EE5iasie
USER PORTAL
A The PI ( faculty) completes the form and submit online = &
3 uold £ 8
A https:// apply.hpc.kaust.edu.¢a ‘wwShaheen

A Dedicated only to KAUST faculty
ACANRGO GAYS tLQA LINR2SO0 2N yS¢g RSOUSEt2LISR 02
A Small amount of core hours (2M core hours)
A Computational readiness review by KSL scientist team

A KSL will send instructions for setting the account

A Any issue, send an email help@hpc.kaust.edu.sa

35


mailto:help@hpc.kaust.edu.sa

SEn v (=
Production Project proposal
B e WELCOME TO
_ _ SHAHEEN €& &g
A The PI ( faculty) completes the form and submit online
A https:// apply.hpc.kaust.edu.g¢a i o ML

A Production project proposal

A Needs RCAC approval (monthly reviewed)

A Computational readiness review by KSL scientist team
A Scientific review

A RCAC final review and recommendation

A KSL will send instructions for setting the account

A Any issue, send an email poojects@hpc.kaust.edu.sa



mailto:projects@hpc.kaust.edu.sa

M alllasc Ellall asaly
S i *| Core Labs and ‘=-=
(@e« King Ah'd,ulszjl::.,v:rsitvw == KAUST
sienceanaeemnaoey | R@S€@rch Infrastructure

m SUPERCOMPUTING

CORE LAB




