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With MSA to ExaScale
Research on Parallel Architectures at JSC
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Modular Supercomputing Architecture

is about

Organizing Heterogeneity
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Heterogeneous Clusters

Flat IB-Topology

Simple Resourcemanagement

Static Assignment of CPU & GPU

Accelerator not autonomous
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Alternative Integration

Go for more capable accelerators
– e.g. MIC

Attach all nodes to low-latency fabric

All nodes might act autonomously

Dynamical assignment of
cluster-nodes and accelerators

Accelerator bandwidth limited by PCIe

Ability to off-load more complex kernels (including communication)

Communication between CPU and Accelerator less frequently
 larger messages    less sensitive to latency⇒ ⇒
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DEEP Cluster-Booster Architecture

The first ever CBA realized in the DEEP projects (Dynamical Exascale Entry Platform)
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Hardware
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2011-2021 DEEP Projects
– DEEP (2011 – 2015)

 Introduce Cluster-Booster architecture
– DEEP-ER (2013 – 2017)

 Add I/O and resiliency functionalities 
– DEEP-EST (2017 – 2021) 

 Modular Supercomputer Architecture (MSA)

Past projects
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Modular Supercomputing

• E. Suarez, Th. Lippert, N.E., "Modular 
Supercomputing Architecture: from idea to 
production", Chapter 9 in Contemporary High 
Performance Computing: from Petascale toward 
Exascale, Volume 3, pp 223-251, CRC Press. 
(2019)

• E. Suarez, Th. Lippert, N.E., "Supercomputer 
Evolution at JSC", Proceedings of the 2018 NIC 
Symposium, Vol.49, p.1-12, (2018) [online: 
http://juser.fz-juelich.de/record/844072].

Composability of 
heterogeneous 
resources

Module 2
 Booster

BN

BN

BN

BN

BN BN

BN

BN

BN

Module 1
 Cluster

CN

CN

CN

CN

Module 6
Multi-tier Storage 

System

Storage 
system

Storage 
system

Module 3
 Data Analytics 

Module

AN AN AN

Module 5
 Quantum 

Module

QN QN
Module 4

Neuromorphic 
Module

NN NN

MSA



9     Norbert Eicker – With MSA to ExaScale14 September 2
023

CPU
GPU GPUGPU GPU DDR GPU-

centric 
node

HBM HBM HBM HBMMSA

   CPU

DDR NVM

Strong 
CPU (with fast 
memory)

+GPU

GPU

HBM

V
P
U

V
P
U

H
B

M
D

D
R

H
B

M
D

D
R EPI 

node 



10     Norbert Eicker – With MSA to ExaScale14 September 2
023

Modular Supercomputing

• Fit application diversity
– Large-scale simulations
– Data analytics
– Machine- and Deep 

Learning
– Artificial Intelligence
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Co-design Approach
Characterization 

and 
Requirements

DEEP-EST 
HW/SW 

architecture
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2011-2021 DEEP Projekte
– DEEP (2011 – 2015)

 Introduce Cluster-Booster architecture
– DEEP-ER (2013 – 2017)

 Add I/O and resiliency functionalities 
– DEEP-EST (2017 – 2021) 

 Modular Supercomputer Architecture (MSA)

2021-2024 SEA Projekte
– DEEP-SEA, IO-SEA, RED-SEA

Ursprünge
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Heterogeneity in HPC is there an will not go away
– in processor, memory and network
– Different codes run better on different components
– Programming models might be even vendor-specific

Burden on application developers, who must:
– Understand very well their codes and the HW
– Decide where to run each part of their codes
– Port codes to different technologies
– Optimize codes for different platforms

Goal: ease and/or automatize some of these tasks
– Provide solutions with high TRL (near production)

Motivation
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NVRAM Accelerator CPU NIC NV-Storage
Heterogeneous & Hierarchical Hardware

Local OS           Global OS

WP4 Node

WP1 Application and Math Library Test Cases

WP5 Cluster / System

Measurement Access
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OS+Programming 
environment+Runtime

Application / Workflow

Programming Model

Component-specific 
node-level support

Component-specific 
node-level support

Component-specific 
node-level support

Operating System

System Architecture
CPU 

+DDR 
+NVM

GPU 
+HBM

Accel. 2 
+ mem

Accel. N
+ mem

…

Runtime

GPIOpenMP OmpSs MPI

DaCeDSL NabLab

• Support for 
accelerators & 
memory

• Malleability

• Interoperability

• Composability

• Performance 
portability

• Resiliency
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Enabling Applications
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Partner von ExaOcean & IFCES2

2
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ICON MSA study
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3. Functional Concurrency

10

 L
in

ar
da

ki
s 

et
 a

l. 
20

22
. 

ht
tp

s:
//

do
i.o

rg
/1

0.
51

94
/g

m
d-

20
22

-2
14

• Functional Concurrency ermöglicht 
Modellkomponenten besser zu verteilen 
und der Heterogenität der zukünftigen 
HPC-Systeme Rechnung zu tragen 
⇒ verfeinerte Auflösung

• smarte Kommunikation essenziell
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4. Last-Balancierung für flexible Domänenaufteilungen

11

statische 2D 
Gebietszerlegung

dynamische 
Gebietszerlegung

Strong scaling 
benchmark on 
BlueGene/Q with 
1024 x 1024 grid

• viele Atmosphärenphänomene (z.B. 
Wolken oder Atmosphärenchemie) 
benötigen nur an bestimmten Orten 
einen hohen Detailgrad
⇒ verbesserte Adaptivität

• Last-Balancierung kann völlig neue 
Wege zur Beschreibung komplexer 
und detailreicher Atmosphären- 
Prozesse ermöglichen

• effiziente Kommunikation essenziell
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MSA in Production

Today & Tomorrow
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Modular supercomputer JUWELS

JUWELS Cluster
Intel Xeon (Skylake) processor

InfiniBand EDR network 

2,500 compute nodes

10 PFLOP/s peak (CPU-based)

JUWELS Booster
AMD EPYC Rome 7402 processor

3,700 NVIDIA A100 GPUs

InfiniBand HDR DragonFly+

70 PFLOP/s peak (GPU-based)

JUWELS is a Blueprint for JUPITER
(modulo specific hardware vendors and generation)
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2011

Modular 
Supercomput

ing
Architecture 

(MSA)

FP7 - H2020

2023

2024

JUPITER

2020

EuroHPC

2021

MSA 
Pre-Exascale

@Lux, @It

2022

2× MSA pilots

Modular Supercomputing
towards Exascale
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JUPITER – Timeline

17.12.2021: Call for Expression of Interest (EoI) for Hosting Entity 

14.02.2022: Deadline EoI Submission

16.05.2022: Hearings

15.06.2022: Hosting site decision & announcement

14.12.2022: Signature hosting agreement

Q1-Q3 2023: Procurement (Competitive Dialogue)

Q1/2024: Start installation of JUPITER

End of 2024: Put in operation JUPITER
The acquisition and operation of the EuroHPC supercomputer is funded jointly by the EuroHPC 
Joint Undertaking, through the European Union’s Digital Europe programme, as well as by 
Germany through the BMBF and the MKW.
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JUPITER – Architecture and Options

Basic 
Configuration

Future Technology 
Modules

Optional
Modules

Parallel 
High Capacity 
Data System

Parallel 
High Bandwidth 

Flash Module

High Capacity 
Backup/Archive 

System

Universal 
Cluster

GPU
Booster

Interactive 
Computation

and Visualization

Neuromorphic
Module

EU-Technology 
Enabling Module

Quantum 
Module

Target >20× 
application performance 
compared to 
JUWELS Booster
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Research on HW building blocks
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The European Processor Initiative 



September 14, 2023      Norbert Eicker – With MSA to ExaScale 29

EPI Consortium
Work presented here has been performed by the EPI Consortium: 

www.european-processor-initiative.euw
@EuProcessor

European Processor Initiative

European Processor Initiative

http://www.european-processor-initiative.eu/
https://twitter.com/EuProcessor
https://www.linkedin.com/company/european-processor-initiative/
https://www.youtube.com/channel/UCGvQcTosJdWhd013SHnIbpA/
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Main Objective
Develop European microprocessor and accelerator techn.
• Strengthen competitiveness of EU industry and science

Rhea

Arm-based 
general purpose 

CPU

EPAC

RISC-V based 
Accelerator

SiPearl BSC, SemiDynamics, 
EXTOLL, FORTH, 
ETHZ, UniBo, 
UniZG, Chalmers, …

High 
Byte/Flop

High 
Flop/Watt
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Overall Technology Roadmap

24/10/2022

EPI-1 
EPAC test chips

EPI-2 
Rhea1 Go-To-Market
EPAC Demonstrator

Next project(s)
EU Chips act related

Pilot projects

Exascale Systems

Centres of Excellence in HPC Applications

2019 – 2021 2022 - 2024 2025 - 2015 – 20182011 – 2014

H2020 projects
HPC ecosystem exploration & set-up

EuroHPC-2019 projects
Software ecosystem
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Summary

Broad spectrum of activities towards Parallel Architectures
• Develop, Implement and Assess new concepts
• Deploy into Production Systems

DEEP  JURECA  JUWELS  JUPITER⇒ ⇒ ⇒

Keep the Software Stack in the focus
• All types of Middleware and Tools need to be enahnced

Support the Application Development
• Participation in dedicated projects, Simulation Labs

Prepare for integration of future (uncommon) Hardware
• Quantum (                  ), Neuromorphic, ???


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Modular Supercomputing_clipboard0
	Slide 9
	Modular Supercomputing
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	OS+Programming environment+Runtime
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Modular Supercomputing towards exascale
	Slide 25
	Slide 26
	Slide 27
	The European Processor Initiative: overview and status update
	EPI Consortium
	Main Objective
	Overall Technology Roadmap
	Slide 32

