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A The first exascale supercomputeasexpected to enter operation in 2021.
A Observation:Decline in performance growth ¥rew architecture paradigm need¢®)
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Modular Supercomputing
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Modular SupercomputingArchitecture cortir S8
Traditional HPC Concepfat Nodes UNIVERSITAT

A Underutilization
- Difficult: CPUs, GPUs, FP@#&son
one board concurrently
- Lkh d&aakKl NBR¢
A Scalability
" - Computing complex problems
collides with scale out
- Costly: energy and # of nodes

& A Composability

. - How to include future computing
elements?

- Quantum, neuromorphic?
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Modular Supercomputing Architecture £
Stateof-the-Art: JUWELS Exascale Pathfinder UuxivErsiTar

JUWELS Cluster JUWELS Booster

Intel Xeon (Skylake) processor AMD EPYC
InfiniBand EDR network Rome 7402 processor
300 L e 3,700 NVIDIA A100 GPUs
10.4 (CPU) + 1.6 (GPU) InfiniBand HDR DragonFly+
~ PFLOP/speak \ . 73 PFLOP/s peak o
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Modular SupercomputincArchitecture corrns F2
Evolution of a European HPC Paradigm UNIVERSITAT

Traditional HPC SystengsStatic Concept: ClusterBooster Conceptt Dynamic Solution:

Compute Cluster Storage Cluster
{TTTTTTTTm=mss—mmmm-—om—-mooo ] Metadata  o-------ooooooooooooooooo ) JORE JUBL
| | Servers >IN 88 : IBM Power p630 IBMEieGane.
EgnEassgasc =™
p | | (. ' JUGENE
 ENEEEEEEEEC! ; SEEER JuRoPA IBM Blue GenelP
EEEEEESEER. <> E-Mico i
i : | ! opis
I EEEEC] ; EIEEER
'DANEEEEEEEECO: Compuet | SIEISISH JUGUEEN
AN ENEEC] Storage : SIEI=I=R ~ IBM Blue Gene/Q
i .....,....%‘ ' Connection i 88 8 ] ilnl:gl:;'caAw(;‘glllster g 5.9 PFlop/s
B ity Attt - ittt Wit ---- ~2,2 PFlopls 2

Compute Nodes /10 Storage Storage =

Nodes Servers Devices General purpose cluster Massively parallel system
Interconnection Interconnection
Network Network

*Eicker N., Lippert, TMoschny T., Suarez, B:,KS 599t t N22S8SOG !y It GSNYFGABS FLINBFOK G2 KSGSNR3ISY
G KS YI yea eddéaundBcy &blEomputation: Practice and Experience Vol. 28, Issue @£2B9¢(QR016).
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Modular Supercomputing Architecture corrir B
General Concept of MSA UNIVERSITAT

TheModular Supercomputing ArchitecturéeMSA) concept was inventdxy
the JulichSupercomputing Centr@SC) as a generalizatiortiod
previouslyimplementedClusterBoosterconcepit.

Traditional Monolithic Modern Modular
Supercomputing Architecture Supercomputing Architecture
APPLICATION & WORKLOAD MODULES/CHARACTERISTICS APPLICATION & WORKLOAD MODULES/CHARACTERISTICS

oo O Ll N ' 2 AA
] ] | ] [ \’Q A A J
— — — |

MONOLITHIC HARDWARE MODULAR HARDWARE

SINGLE MODULE - WITH ALL NODES THE SAME MULTIPLE MODULES - EACH WITH TARGETED (DIFFERENT) NODES
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Modular SupercomputingArchitecture GoETHE 35
Highlevellllustrationof the System Architecture UNIVERSITAT

HOMOGENEOB®FTWARE

E. Suarez, NEicker Th. Lippert (2019).
Modular Supercomputing Architecture:

Single System View APPLICATIONVORKFLOW PROGRAMMING ENVIRONMENT from Idea to Productiarin Contemporary
high performance computing;RC Press.
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Modular Supercomputing Architecture corrir B
I YR Kt Qe Jintplé Case ONIVERSITAT

A1 YR Kf Xstatesthat the speedup of a

code is always limitely the sequentiapart

A Considers a tim¢o-solution problem for a
fixed problem size =Strong Scaling

A Feedup™with O processors is given by

o P
L )
A Scaling on infinitar. of processors) © Hs
o i nfo i

A But The number of useful processors is
limited bythe criticalpath!

Arndahl’'s Law
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GO a d | Wallityfoftie Sidgle Processor ApproachAd¢bieving Larg&cale
Computing Capabilitigsé Ay t NB OS S8R/ @6V, Sprifig Joikt SomputdNA
Conferenc& ! CLt { ),Qd8348% {AssdtIatibrdfor Computing Machinery, 1967.
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Modular Supercomputing Architecture —
Generalized YR KatvQa UNIVERSITAT

A Let a code have p parts with different concurrencie§ 0 0
- Thei code part has concurrenay 0 , that Amdahl likes to scale to infnity

- Forsimplicity, allb are defined for thé code parts in consideration
A as the numbers where 80 % of the maximal parallel spgetas been achieved
A or where the critical path does not allow for mopeocessors

A Intotal, all portionsaddupto 1B 1, p

. S . . Y B 1 P
A TheDSy SNI £ Al Saw(GAYbedords 7 7y = . 5 1L
U U

A Asymptoticallythe speedupis dominated byalower concurrency) :

P 5 P ¥
B 1L . n n n Yo =
6 0 0 0 O d
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Modular Supercomputing Architecture
Application and Workflow Mapping
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Modular Supercomputing Architecture coprur (B
Resource Management UNIVERSITAT
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