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WHY HPC, SUPERCOMPUTERS, ETC?
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SIMULATIONS

Solving problems of increasing complexity
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* 3-body problem - numerical simulation

2-body problem - analytical solution
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SIMULATIONS IN FUNDAMENTAL SCIENCES

New Physics Nuclear Physics Plasma Physics Geophysics

1u“ Years 15-1 ﬂg Years

" Tev_ggf | 4meV 0.7 meV

Astrophysics Particle Physics Solid State Physics
Cosmology Structure of Matter Chemistry
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Environment Aging society Material sciences Energy

Climate, weather Medicine, biology Spintronics Plasma physics,
Nanoscience fuel cells
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SIMULATIONS IN ENGINEERING

Plane simulation Nuclear reactors Car design Film and Games
CFD, aerodynamics Design, safety, operation Aerodynamics, Graphics design
shock tests
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INCREASING PROBLEM COMPLEXITY

What you can solve depends ton the capabilities of your tools

* Numerical complexity, relative scales

* Global predictions for climate change

e Simulation of a full human brain

* There are always problems not solvable with today’s tools

¢ \Wait until new tools are available

* Develop special-purpose tools

* Newer, better computers enable progress
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A BIT OF HISTORY



HIGH PERFORMANCE COMPUTING
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SUPERCOMPUTER EVOLUTION

A personal note: a JUMP from 2004 to 2018
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HPC IN GERMANY

* Gauss Centre for Supercomputing (GCS)

* 3 national supercomputing centers: LRZ, HLRS, JSC

* Gauss-Allianz (Verein)

* National “club” of HPC actors (incl. GCS, DESY, DFN, etc. )

* NHR-Verein

* Bundles resources and competencies at German universities

(e.g. RWTH, U Dresden, etc.)

Page 12

19094
Ssdeedand

GaulR-Allianz

ki

NATIONALES
HOCHLEISTUNGS
RECHNEN



HPC AND HEPH



COMPUTE NEEDS IN HEPex

LHCONE L3VPN: A global infrastructure for High Energy Physics data analysis (LHC, Belle 1l, Pierre Auger Observator
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COMPUTE NEEDS IN HEPex TIER-2:
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COMPUTE NEEDS IN HEPex

- Raw data (1 copy) {,,,--—*- . - Calibration

- Mass storage (Jeer0 ) - First pass processing
. :

- Raw data (2" copy),_--:‘_--ﬁ \ (10x) . Reprocessing

- Mass storage )L ees L Terl J - Group prod.

(data + MC) / : \ ,.-“'/ \ =
- Simulation ‘ L/Tler-Z: ( _fl'ier-2___} (,_:I'ier-Z___} ( fl'ier-z___:?l‘ e
- User Analysis — | /“ i (B Sy (70x) 9

(erz) *=====" + (Tier2) (Tier2) S
(ATLAS wide resources / MoU)
- Code development l l j (Private/local resources, v
- Grid Ul C f, e_r§ (fi;éﬂ vee (ﬁe_r-é") Clouds, HPCs)
- Small scale analysis & opportunistic production (~1000x)

>160 centers, >1 EB disk, 2.5 EB tape, ~1.5 million CPU cores



COMPUTE NEEDS IN HEPex
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COMPUTE NEEDS IN HEPex
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COMPUTE NEEDS IN HEPex

= WLCG GRID

== HPC (all workflows)
== HLT farm

== HPC (simul only)

== BOINC
= Tier-0

Usage of the HPC “backfill queue”
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HPC AND HEPEex



SIMULATIONS OF LATTICE QCD

A history of counting cycles

* Immense costs of LQCD calculations drove the development of HPC systems

* Lattice QCD researchers joined hardware vendors to develop hardware suitable for
“the cause”

* Initially, only quenched calculations were possible
— fermion determinant ignored = unquantifiable systematics

* Still, a complete quenched spectrum calculation took 20 years and the fastest
supercomputers of their time

* Status 1983: my =1000(150) MeV, m, =800(150) MeV, m, =1300(150) MeV
(incl. SU(2), discrete approx. etc.)

l) JULICH
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SIMULATIONS OF LATTICE QCD

A history of counting cycles
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SIMULATIONS OF LATTICE QCD

10 years of progress: early (quenched) calculations
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SIMULATIONS OF LATTICE QCD

A history of counting cycles
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SIMULATIONS OF LATTICE QCD

20 years of progress: end of the quenched era
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0O GF11 infinite volume K—input

® CP-PACS K-—input
O CP—PACS ¢—input

25

* Continuum limit
* m, = 300 MeV
« Systematics are ~ 10%

Phys. Rev. Lett. 84 (2000) 238
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SIMULATIONS OF LATTICE QCD

The Berlin Wall
2.0
Ne=2+1 | Algorithmic changes were needed for physical
15} 100 cont ] simulations. Hardware performance was not
| configs 1

. witha! =2 GeV - enough
g | ' — Optimized integrators
> 10F ..
g | — Multigrid solvers
= — Hasenbusch mass preconditioning

05l — Multiple integration step-sizes
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Figure 3. Cost of Ny =2+1 QCD at a=' =2 GeV
for 100 independent configurations.

Nucl. Phys. B (PS) 106107 (2002) 195
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SIMULATIONS OF LATTICE QCD

A history of counting cycles
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SIMULATIONS OF LATTICE QCD

Era of unquenched simulations 38 L -
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SIMULATIONS OF LATTICE QCD

A history of counting cycles
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SIMULATIONS OF LATTICE QCD

30 years of progress: dynamical simulations, physical point, and spectrum
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SIMULATIONS OF LATTICE QCD

A history of counting cycles
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SIMULATIONS OF LATTICE QCD

New milestone: physical point with chiral fermions, dynamical QCD+QED

9.0

Domain wall QCD with physical quark masses
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https://inspirehep.net/literature/1329971

SIMULATIONS OF LATTICE QCD

The end of specialized hardware and rise of GPUs

BGQ
@
P
T BGL OB ®
A, *°.
@) BGL
[ ]
E o ©
) Qepoc
— o
-~ ® APEnext
E 3 o O o ¢
B 1077 CP-PACS. @ @
® APEmille
APE100 e o
o oaMAPS
Columbia 3
® “GF1RCDPAX
10* ACPMAPS ¢
APE Columbia 2
[ ) [ )
Columgia 1 ORIKEN
1071 . .
1980 1990 2000
Year
Member of the Helmholtz Association 33 J

JULICH

Forschungszentrum



SIMULATIONS OF LATTICE QCD

Precision physics and the arrival of Al
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SIMULATIONS OF LATTICE QCD

The present: Exascale computing
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THE PRESENT



MOORE’S LAW...

50 Years of Microprocessor Trend Data
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Original data up to the year 2010 collected and plotted by M. Horowitz, F. Labonte, O. Shacham, K. Olukotun, L. Hammond, and C. Batten
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THE LIST (JUNE ‘25)

Performance Development

10 EFlop/s
’.‘."r Accelerator/Co-Processor Performance Share
1 EFlOp."S uua"‘
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2 .
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ENERGY EFFICIENCY OF VARIOUS ARCHITECTURES

High-Performance Linpack Benchmark

B Embedded & Desktop Frontier #2©0° JUPITER Booster #4
— GPU OAurora #3
s Vector Engi
g ector Engine Supercomputer Fugaku #70 &
< ® x86 ® OAOBA-S #93
a 10" o ARM e
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Sources: top500.org (2025-06) | github.com/geerlingguy/top500-benchmark
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https://top500.org/lists/green500/2025/06/
https://github.com/geerlingguy/top500-benchmark/tree/31ffbc1c1c5423b9328733e652e1a5de048c8d10

SIMULATIONS OF LATTICE QCD

From custom hardware to “regular” users

Density Functional Theory

* LQCD runs on most HPC centers in the world

* Optimized codes for different classes of target
hardware to improve performance

* Consumer of 10+% of public supercomputer cvcles

7

JUWELS
~165 Projects

a

Reseach Fields
- Basic Biological and Medical Research

- Medicine

Neurosciences
- Chemical Solid State and Surface Research

- Analytical Chemistry, Method Development (Chemistry)

Condensed Matter Physics

Atmospheric Science, Oceanography and Climate Research
Geophysics and Geodesy

Geochemistry, Mineralogy and Crystallography

Water Research

- Mechanics and Constructive Mechanical Engineering
- Heat Energy Technology, Thermal Machines, Fluid Mechanics

Optics, Quantum Optics and Physics of Atoms, Molecules and Plasmas - Materials Engineering

Particles, Nuclei and Fields

- Statistical Physics, Soft Matter, Biological Physics, Nonlinear Dynamics

Astrophysics and Astronomy
Mathematics

[JUWELS@JSC 2022]
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- Materials Science

Computer Science
Construction Engineering and Architecture

 186%

Lattice QCD "

Quantum Chemistry
Fusion - Multiphysics

8%

N-Body (MD)
8.1%

8.6% Scalable Solvers

9.1%
Fusion - PIC

12.8%

Climate

[Perimutter@NERSC 2025]
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EL CAPITAN

LLNL, USA

Near Node

Local Storage

8 GB/s/direction

MI300A MIZ00A

2 % 64 GB/fs/direction

MI300A MI300A

CASSINI CASSINI

PCle-Gé& (x4)
e PCle-G4 ESM (x16)

XGMI3

2006 Slingshot

50 GBy/s/direction

25 GB/s/direction
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CPU: AMD EPYC “Genoa”

GPU: AMD Instinct MI300A (4 per node)
APU (CPU GPU bundle) 128 GB HBM3 each
Performance peak: 1.74 Eflops (29.6 MW)
Deployment: 2024

#1 in TOP500

Natlo al La"' ‘rmo
f’ \ v
"“"E‘ERGY

el | r
‘ , l
Hewlett Packard AMDI R;‘," Ell Hpnm“ ‘
Enterprise

] n;u_u'mlamf

Just

how
big is
exascale?

|8 o ermare
(0 frmibetiay
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FRONTIER

ORNL, USA

QCD Constraints on Isospin-Dense Matter and the
Nuc'ear Equation of State Phys. Rev. Lett. 134, 011903 — Published 6 January,

2025

CPU: AMD EPYC “Trento”, 512 GB

GPU: AMD MI250 (4 per node, 128 GB each)
Performance peak: 1.35 Eflops (24.6 MW)
Deployment: 2022

#2 in TOP500

A
Lo/ . h\I

Infinity
fabric

L e

To Slingshot COPYRIGHT 2020 HPE

- 4 : PCle-G4 ‘J J U Ll C -]
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AURORA

ANL, USA

CPU: 2 x Intel Xeon Max, 128 GB HBM, 1024 GB DDR5
GPU: Intel DC GPU Max (6 per node, 128 GB HBM each)
Performance peak: 1.01 Eflops (38.7 MW)

Deployment: 2023

#3 in TOP500

2 INTEL XEON SCALABLE PROCESSORS \\\m ..%\\\ LEADERSHP PERFORMANCE
Sapphire Rapids B \ - For HPC, data analytics, Al

UNIFIED MEMﬂ!W ARCIF![BWRE
6 XEARCHITECTURE BASEDGPU'S |
ALL-TO-ALL CONNECTIVITY WITHIN NODE

UNPARALLELED /0 SCALABILITY ACROSS NODES

CPU-CPU: UPI, CPU-GPU: PCle-G5. GPU-GPU: Xe link, CPU-NIC: PCle-G5 switched to G4

IJ JULICH
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AN INCREASINGLY DIVERSE LANDSCAPE

JUPITER@JSC (Germany, EU)
. CPU: ARM Grace (GH200)
GPU: H100 (GH200)
Performance peak: 0.79 Eflops
Deployment: 2025

LUMI@CSC (Finland, EU)
CPU: AMD EPYC
GPU: AMD MI250

#4 in TOP500 Performance peak: 0.38 Eflops
Deployment: 2023

Fugaku @ Riken (Japan) #9 in TOP500

CPU: ARM

i, GPU:

" Performance Peak: 0.44 Eflops
Deployment: 2021

#7 in TOP500

Leonardo@CINECA (ltaly, EU)
CPU: Intel Xeon

GPU: Nvidia A100
Performance peak: 0.17 Eflops
Deployment: 2022

#10 in TOP500

== ALPS@CSCS (Switzerland)
. CPU: ARM Grace (GH200)
1 GPU: H100 (GH200)
" Performance peak: 0.43 Eflops
Deployment: 2024
#8 in TOP500

November 2022: 5/10 top systems use Nvidia GPUs, 3/10 no GPUs, 2/10 AMD GPUs, 0/10 Intel GPUs
November 2021: 7/10 top systems used Nvidia GPUs, 3/10 no GPUs, 0/10 AMD or Intel GPUs
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JUPITER

The first exascale machine in Europe _. *** . *:.._-

* ParTec/Eviden Supercomputer Consortium

* Implementing Modular Supercomputing Architecture

* JUPITER . High scalability; 1 EFLOP/s HPL, >70 EFLOP/s FP8 -

* JUPITER . High versatility; 0.5 B/FLOP balance J\v . ;@ﬁ@f@@ﬁ%
* Network: 200/400 Gigabit NVIDIA Mellanox InfiniBand NDR %%ﬁ%%%gﬁgﬁ%@
* Storage: 29 PB Flash IBM Storage Scale 6000 %ﬁ@%ﬁ@%ﬁ@%ﬁ@%@%@%ﬁ@
* 17 Megawatt Linpack Power Consumption BullSequana XH3000; DLC

* Direct Liquid Cooled (36 -> 4x degree) to enable heat-reuse

{0 Parfec EV SANVIDIA ) SIPEARL

.V. MODULAR SUPERCOMPUTING
@) JiLic

Forschungszentrum
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https://upload.wikimedia.org/wikipedia/commons/a/a4/NVIDIA_logo.svg

JUPITER MODULES

JUPITER
* ~125 Racks BullSequana XH3000
* Node design

* ~6000 nodes

)
%

\
i

R
V4V
v

%

3

A%y
* 4x NVIDIA CG1 per node q‘?
* CG1: NVIDIA Grace-Hopper ﬂ 4
* 72 Arm Neoverse V2 cores g
(4x128b SVE2); 120 GB LPDDR5 ,A'

* H100 (132 SMs); 96 GB HBMS3
* NVLink C2C (900 GB/s)

Member of the Helmholtz Association

ExaFLASH: 29PB (raw) NVMe, IBM SS6000
Exa :  308PB (raw) HDD, IBM SS6000
Exa , 370PB Tape, LTO9

48

JUPITER

* ~14 Racks BullSequana XH3000

* Node design

* ~1300 nodes

* 2x SiPearl Rhea1 per node
* Rhea1

* 80 Arm Neoverse V1 cores
(2x256b SVE)

* 256 GB DDRS,
64 GB HBM2e

/.

JULICH
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JUPITER ASCENDING

Since January 2025

=t 70221195686
= . COLONIAIR B8

e TR

R ' @) JULICH
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Vendor: Eviden
* Area: ~2300m?
* 1x Datahall (Storage, Management)

* 7xIT Modules (20 Racks per module)
* UPS, Generator

* Entrance area

* Workshop, Warehouse

* 15x 2,5 Megawatt Power Stations

Member of the Helmholtz Association
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GENERAL PURPOSE VS SPECIALIZED SYSTEMS

Modular Supercomputing Architecture

—

Mouie ] = CICICICICIC
A pEEEEN CPU node
EEEEER multi-core
Module 6 Module 2 E .....D i ( )
Multi-tier Storage Booster O pEEEHE /e
System —

Module 5 M Sl \ Module 3

Quantum Data Analytics
Module Module

GPU-centric
node

CPU
GPU DDR | GPU
HBM HBM

Module 4

QN — QN Neuromorphic accel-
SRR highy
Z2d  heterogeneous
NN H NN S node
B v [
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(@souip & ..Lch
JUNIQ USER FACILITY ™ rter

+! technologien

+! technologien

. @
Quantum computing A coacisioaio
ouantum /SIS
* JUNIQ provides access to | é;[;éﬁnfmgl E
QC resources ™ 1A DN'~?-° _
evices e =
* Usual merit based | ? ”
ommercia
procedure (proposals) s _NisQ
evices
* Presently available JUNIQ |

* 5000 QBit D-Wave

®* Several smaller devices

Pasqal
] Quantum
° Upcomlng Simulator
* 25 QBit digital system D-Wave (HPC|®S
. Quantum ; EuroHPC
* 100 QBit Pasqgal system Annealer e T
Member of the Helmholtz Association Page 55 J Forschungszentrum



JUPITER meets JARVIS
Completing Al Supercomputing

40 ExaFLOP/s FP8 Al Scalability, Sovereignty

performance European (experimental) technology
24 000 NVIDIA GH200 superchips

=5

Q5
JUPITER \ 57
Al FACTORY )



BENCHMARKING - Use For Benchmarks

Basic Medical

Neuroscience
hemical

Molecules

CS

QCD
T 2
e h Wa%: 2k .- "‘ ®
e&%‘:’%ﬁ;’sﬂg : | Statistical Physics
Climate Astro

Maths

Member of the Helmholtz Association

Biology

Condensed Matter

CS

»  Geoscience
Medicine

Physics

Engineering

lJ JULICH
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APPLICATIONS FOR THE JUPITER PROCUREMENT

GPU

: g GPU High-Scale CPU Grl
* Selection criteria v v
* Current workload 2 ’
* Future workload 4 7 !
* Relevance 2 v
* Balance with other applications /
* Domains -
* Programming models ‘ ’ ‘
* Programming languages 4 ’ .
* Profile ; ’ ;

* High Scalability up to Exascale

IJ JULICH

Member of the Helmholtz Association Forschungszentrum



THE FUTURE



REALITY...

...sets in

Al takes over

Member of the Helmholtz Association

OWNER®
H1DD EQUIVALENTS

Sy HEkoE

B.4

NexGen Cloud
Hyperstack AD
Compute
Eupercnmputer e

/ Anonymized
| Chinese ."‘
{' System #3 | Lambda

| 32K

| Lambda Lahs
H1D00/HZ200

\ CoreWeave

42K

Y s
: 1
Flngr:;\’r_g;zeed A CoreWeave
System #3 N, H200s

AWS ECZ PS5
UltraClusters

® us.

[ ) Meta A

24.6K

Meta GenAl
20243 ®

b Meta GenRAl

OpenAI

100K

OpenRl/Microsoft
Boodyear Arizong

Jupiter, lolich

xAl Colossus
Memphis Phase 1

¥Al Colossus
Memphis Phase 2
ORACLE

65.5K

Oracle OCI
Supercluster
H200s

Oracle OCI
MI300x

U.S. DEPARTMENT

Lof ENERGY

44K

a0K

Tesla Cortex

Lawrence Livermore Phase 1

NL EL Capitan
Phase 2

Anonymized
Chinese
System #2

Andreessen
Horowitz Oxygen

‘China’s owner names are unavaliable
Represents confirmed or likely existing
computer clusters as of June 2025
Source: Epoch Rl

GERMANY & NDRWRAY @ CHINA

/.
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HARDWARE TRENDS - Al RULES

Al-Focused Projects

* Project Stargate, USA (OpenAl, Oracle, Softbank)

$100 billion investment in Al supercomputers

* 5 Al Gigafactories + 19 Al Factories, EU
— €20 billion for large datacenters as part of €200 billion fund

* Mission, Vision (LANL), Solstice, Equinox (ANL), Lux (ORNL)
— Upcoming DOE Al-specific systems

Member of the Helmholtz Association 61
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HARDWARE TRENDS

Push to low precision HW

Vera Rubin TBD TBD 100,000 =576 (HBM4) =26 (est.) Vera (88c) (LPZ[SODCI)ROSX) yes
GB200 80 2,200 18,000 372 (HBM3e) 16 Grace (72c) 480 (LPDDR5X) 2,700
B300 1.2 1,250 15,000 270 (HBM3e) 8.0 = — 1,400
B200 40 1,100 9,000 192 (HBM3e) 7.7 — — 1,000
B100 30 900 7,000 192 (HBM3e) 8.0 — — 700
GH200 67 989 — 144 (HBM3e) 48 Grace (72c) 480 (LPDDR5X) 1000
H100 PCle 51 756 — 80 (HBM2e) 2.0 — — 350

E2M1: -6, -4, -3, -2, -1.5, -1, -0.5, =0, +0, +0.5, +1, +1.5, +2, +3, +4, +6

IJ JULICH
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HARDWARE TRENDS

Limits to growth

Waver sales price

$18,000.00

$16,000.00

$14,000.00

()
.2 $12,000.00

o

(%]
@ $10,000.00

©

(%]

s $8,000.00

>

()
= $6,000.00

$4,000.00

n 1 B I I

$0.00 .
90 65 40 28 16/12 10 7 5

Lithography process

https://www.tomshardware.com/news/tsmcs-wafer-prices-revealed-300mm-wafer-at-5nm-is-nearly-dollar17000 ‘ l J U L I C H
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HARDWARE TRENDS

ilizing | . . _ |
Utilizing low precision FP64 emulation using INT8 Tensor Cores

Energy per FLOP

Precision Operation (Matrix Multiply)

FP64 FMA 2.5X
FP32 FMA 1.0x
FP16 FMA 0.5x

GFLOPS/Watt Ratio

(V]
=
=

[§]
pd
~
e

[4}]
'
o

-]

S
L

FP64 Tensor Core MMA 1.5x
FP16 Tensor Core MMA 0.12x
FP8 Tensor Core MMA 0.06x
INT8 Tensor Core MMA 0.04x ms=7 %s=8

s: # of slices used for DGEMM emulation

Ootomo, Ozaki, Yokota, arXiv:2306.11975
JULICH
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HARDWARE TRENDS

LQCD performance on NVIDIA

12,000 I B200 day 1

Wilson Dslash, single precision * [ B200 256-bit Id/st
Code from 2008 runs unchanged [ B200 Tune L1/shared carve out
(optimized for Blackwell - 100 B200 FFMA2
corrected for lack of parallelism) M B200 alt I2F
B B200 prefetch
9,000 Il B200 index opt

75

%
6,000 g
E
3,000 I i
0 [ || [ | . I
Tesla Fermi Kepler Maxwell P100 V100 A100 H100 B200 Half Single Double
2008 2010 2012 2014 2016 2017 2020 2023 2025
&) JULICH
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HARDWARE TRENDS

AMD - Al again

MI250X (CDNA2, OAM)
MI300X (CDNA3, OAM)
MI300A (CDNA3 APU, SH5)
MI325X (CDNA3, OAM)
MI350X (CDNA4, OAM)
MI355X (CDNA4, OAM)
MI450 Series (CDNA “Next”)

Member of the Helmholtz Association

47.9
81.7
61.3
81.7
72.1
78.6
TBD

47.9
163.4
122.6
163.4
144.2
157.3

TBD

9,200
10,100
40,000

66

128 (HBM2e)
192 (HBM3)
128 (HBM3)
256 (HBM3e)
288 (HBM3e)
288 (HBM3e)
432 (HBM4)

3.2
5.3
53
6.0
8.0
8.0
20

560
750
760
1,000
1,000
1,400
TBD

IJ JULICH
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EXOTIC HARDWARE



EXOTICS: RISC-V

Free and open instruction set architecture (ISA)

Embedded Systems Al Accelerators

Milk-V Jupitel: trenstorrent Wormhole Axelera Al Metis AIPU

"RISC-V PC for Everyone” ’ "Networked Al” ”the best Al Processing Unit”

IJ JULICH
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EXOTICS: RISC-V

Free and open instruction set architecture (ISA)

Embedded & Desktop Systems Al Accelerators
Octa-Core AI-CPU (RV64GCVB) Scalable Al building blocks

» 256-bit Vector support .

* 5.66 Gflops @ FP64 HPL
* 10.6 Watts

* 2 TOPS for Al

Tensix Cores

- tensor math unit

- SIMD engine

- five RISC-V CPU cores
- L1 cache

Torus-shaped NOC

NOC extends over Ethernet
4x 100Gbit Ports per Card
300 Watts

466 TFlops @ FP8

132 TFlops @ FP16
Supports FP32 output

Milk-V Jupiter tenstorrent Wormhole
"RISC-V PC for Everyone” "networked Al”

Member of the Helmholtz Association

Seite 69

F

or Al Edge Application

4 Al cores
In-memory-computing-based
matrix-vector-multiplier
Activations & weights: INT8
Accumulation: INT32

8-15 Watts

214 TOPS @ INTS8

Axelera Al Metis AIPU

’the best Al Processing Unit”

IJ JULICH
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EXOTICS: RISC-V

HPC hardware made in Europe

E l Combining open RISC-V architectures, chiplet technologies, and a co-
Qq re designed software ecosystem for European digital autonomy in HPC and Al.

VEC AIPU GPP Applications
Vector Accelerator Inference Accelerator General Purpose CPU and Software

pen ¢ @

® Codasi
o ocasip @) JULICH

Forschungszentrum

Barcelona

Supercomputing

Center

Centro Nacional de Supercomputacion

JULICH
SUPERCOMPUTING
CENTRE

NXeLerRA

ARTIFICIAL INTELLIGENCE

l) JULICH
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EXOTICS: STENCIL ACCELERATORS

Funded through EPI, EuPilot, STXDemo & STXMOD Projects

STX Stencil Acclerator (Gen 1)

® RISC-V compute clusters with

9CINgH

stencil extension

® High energy efficiency

Z Fraunhofer Z Fraunhofer Z Fraunhofer

ITWM IZM 1

. R
JULICH Ttuzzzz ZONNEC
Technischa Universitat

Forschungszentrum p Kaiserslautern

Landaou
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EXOTICS: NEUROMORPHIC COMPUTING

. . . . Wordline 1
* Brain inspired computing approach -\
* Memristor-based architectures 4}
* Low energy-cost and On-Chip-Memory g\l} g::?\» gh\
 Example of neuromorphic architectures:
pE o o V2 g\:?\ g\' 9\2‘5\
 Spiking (typically digital): ' 212 '
* Mimic neuron switching behavior |74
. . . . . 3 ) b
* Low-precision, pot. faster than biological timescale 9\3} g}}\ 9\32\
 Examples: SpiNNaker, Intel Loihi sitine T | oue | fout,|  Touts
* Multilevel arrays: I I |
* Nanosecond timescales with higher precision Rria
* Only limited by noise and parasitics Vout  Vout,  Vout

* Potential for stochastic computing, true random
number generation, and other emerging fields

l) JULICH
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EXOTICS: ANALOG PHOTONIC COMPUTING

* Energy efficient devices using photonic circuits for
operations

* Laser pulses with different amplitudes and phases
encode information

* 16-bit floating point precision
* No cooling required — increased computational density
* Very low power consumption

* Claim: “30 times more energy efficient”

A few demonstrators already being tested in HPC context,
for example Q.ANT at JSC in Germany.

Member of the Helmholtz Association 73

[Q.ANT Native Processing Server (NPS)]
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EXOTICS: FIELD-PROGRAMMABLE GATE ARRAYS (FPGA)

* Custom hardware pipelines with logic gates —{ue) |- i
— high throughput for specific algorithms — Y L o
* Potential for low latency data flow, fine-grained parallelism atir= fr i } e
_ . . W — v-v (’ft_: U;m ?ﬂi“\j\\? V=V
* Energy efficiency if tailored properly B AN e 74 I
- = PN
* Memory bandwidth often the bottleneck _! U
| it ] |
« FPGA development (HDL, HLS) is more involved than GPU e | Y et =l
0op %6 op 1152 op 2l6op

programming

: : . : . Korcyl & Korcyl 2020
» Scaling to large lattices and multi-node systems remains non-trivial: [Korey J !

communication, network interconnect, FPGA cluster design

* Wilson Dirac operator tests date back to 2005 [Callanan et al. 2005]

[Intel/Altera Stratix 10]

Member of the Helmholtz Association 74 Forschungszentrum
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QUANTUM COMPUTING

A very broad landscape

Several computing paradigms Several hardware technologies

Neutral Atoms

Quantum Dots

Trapped lons

Universal Quantum Computer

A very active field of research for lattice gauge theories.

IJ JULICH
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SUMMARY

* HEP is a major user of cycles, HEPex moving to HPC
* QC too early to be more than a target for method development
* Alternative architectures may offer bandwidth/power benefits

* Pressure by needs of Al applications changes the vendor roadmaps

Mixed precision is nothing new

Bootstrapping from low precision shown to work (even integers)

* Energy efficiency will be a concern for scientific HPC applications
(can’t afford a backyard nuclear power plant)

A window for “specialized” hardware may open again

Member of the Helmholtz Association 76
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