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Motivation
Performance Development ςTop500

aƻŘǳƭŀǊ {ǳǇŜǊŎƻƳǇǳǘƛƴƎ ŀƴŘ ƛǘǎ wƻƭŜ ƛƴ 9ǳǊƻǇŜΩǎ 9ȄŀǎŎŀƭŜ /ƻƳǇǳǘƛƴƎ {ǘǊŀǘŜƎȅ ω ϭ{ŀǊŀƘ aΦ bŜǳǿƛǊǘƘ ω DƻŜǘƘŜ-Universität Frankfurt 2

Å1 Eflop/s (exaFLOP/s) = 1018 Floating Point Operations per Second

ÅThe first exascale supercomputer was expected to enter operation in 2021.

ÅObservation: Decline in performance growth => new architecture paradigm needed(?)
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Motivation
European HPC Ecosystem
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Modular Supercomputing
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Modular Supercomputing Architecture 
Traditional HPC Concept ςFat Nodes

ÅUnderutilization
- Difficult: CPUs, GPUs, FPGAs etc, on 

one board concurrently

- Lκh άǎƘŀǊŜŘέ

ÅScalability
- Computing complex problems 

collides with scale out

- Costly: energy and # of nodes

ÅComposability
- How to include future computing 

elements? 

- Quantum, neuromorphic?
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Modular Supercomputing Architecture 
State-of-the-Art: JUWELS Exascale Pathfinder
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Modular Supercomputing Architecture
Evolution of a European HPC Paradigm
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Traditional HPC Systems ςStatic Concept: Cluster-Booster Concept* ςDynamic Solution:
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*Eicker, N., Lippert, T., Moschny, T., Suarez, E., ¢ƘŜ 599t tǊƻƧŜŎǘ !ƴ ŀƭǘŜǊƴŀǘƛǾŜ ŀǇǇǊƻŀŎƘ ǘƻ ƘŜǘŜǊƻƎŜƴŜƻǳǎ ŎƭǳǎǘŜǊπŎƻƳǇǳǘƛƴƎ ƛƴ 
ǘƘŜ ƳŀƴȅπŎƻǊŜ ŜǊŀ. Concurrency and Computation: Practice and Experience Vol. 28, Issue 8, 2394ς2411 (2016).



Modular Supercomputing Architecture
General Concept of MSA

The Modular Supercomputing Architecture(MSA) concept was invented by
the Jülich Supercomputing Centre(JSC) as a generalization of the

previously implemented Cluster-Boosterconcept.
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Modular Supercomputing Architecture
High-level Illustration of the System Architecture
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E. Suarez, N. Eicker, Th. Lippert (2019). 
Modular Supercomputing Architecture: 
from Idea to Production. In Contemporary 
high performance computing, CRC Press. 



Modular Supercomputing Architecture
!ƳŘŀƘƭΩǎ [ŀǿ ςThe Simple Case 

Å!ƳŘŀƘƭΩǎ [ŀǿ* states that the speedup of a 
code is always limited by the sequential part

ÅConsiders a time-to-solution problem for a 
fixed problem size => Strong Scaling

ÅSpeedup Ὓwith ὔprocessors is given by

ÅScaling on infinite nr. of processors ὔᴼЊ:

ÅBut: The number of useful processors is 
limited by the critical path!
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*GΦ aΦ !ƳŘŀƘƭΣ άValidity of the Single Processor Approach to Achieving Large Scale 
Computing CapabilitiesΣέ ƛƴ tǊƻŎŜŜŘƛƴƎǎ ƻŦ ǘƘŜ !ǇǊƛƭ 18-20, 1967, Spring Joint Computer 
ConferenceΣ !CLt{ Ωст ό{ǇǊƛƴƎ), p. 483ς485, Association for Computing Machinery, 1967.
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Modular Supercomputing Architecture
Generalized !ƳŘŀƘƭΩǎ Law

ÅLet a code have ὶ ρparts with different concurrencies ὔ ὔ ὔ
- The ὶ code part has concurrency ὔ ὔ , that Amdahl likes to scale to infnity
- For simplicity, all ὔ are defined for the ὶcode parts in consideration
Åas the numbers where 80 % of the maximal parallel speed-up has been achieved
Åor where the critical path does not allow for more processors

Å In total, all portions add up to 1: В ὴ ρ

ÅThe DŜƴŜǊŀƭƛȊŜŘ !ƳŘŀƘƭΩǎ Law (GAL)becomes 

ÅAsymptotically, the speedup is dominated by a lower concurrencyὔ :
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Modular Supercomputing Architecture
Application and Workflow Mapping
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Modular Supercomputing Architecture
Resource Management
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