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Why HPC and BD ?

HPC: High Performance Computing
BD: Big Data

Essential tools for Science, Societ and Industry

→֒ All scientific disciplines are becoming computational today

X requires very high computing power, handles huge volumes of data

Industry, SMEs increasingly relying on HPC

→֒ to invent innovative solutions
→֒ while reducing cost & decreasing time to market

HPC = global race (strategic priority) - EU takes up the challenge:

→֒ EuroHPC / IPCEI on HPC and Big Data (BD) Applications
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To out-compete 
you must out-compute

Andy Grant, Head of Big Data and HPC, Atos UK&I

Increasing competition, heightened customer expectations and shortening product 
development cycles are forcing the pace of acceleration across all industries. 

https://ec.europa.eu/digital-single-market/en/news/eu-ministers-commit-digitising-europe-high-performance-computing-power
http://knowledgebase.e-irg.eu/documents/243153/299805/IPCEI-HPC-BDA.pdf
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Different HPC Needs per Domains

Material Science & Engineering

#Cores 

Network Bandwidth

I/O Performance

Storage Capacity

Flops/Core

Network Latency
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Different HPC Needs per Domains

Biomedical Industry / Life Sciences

#Cores 

Network Bandwidth

I/O Performance

Storage Capacity

Flops/Core

Network Latency
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Different HPC Needs per Domains

Deep Learning / Cognitive Computing

#Cores 

Network Bandwidth

I/O Performance

Storage Capacity

Flops/Core

Network Latency
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Different HPC Needs per Domains

IoT, FinTech

#Cores 

Network Bandwidth

I/O Performance

Storage Capacity

Flops/Core

Network Latency
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Different HPC Needs per Domains

Material Science & EngineeringBiomedical Industry / Life SciencesIoT, FinTechDeep Learning / Cognitive Computing

#Cores 

Network Bandwidth

I/O Performance

Storage Capacity

Flops/Core

Network Latency

ALL Research Computing Domains
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Summary

1 HPC Components and new trends for Accelerating HPC and BDA

2 HPC Strategy in Europe & Abroad

3 Conclusion
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HPC Components and new trends for Accelerating HPC and BDA

HPC Computing Hardware

CPU (Central Processing Unit)

→֒ highest software flexibility
→֒ high performance across all computational domains
→֒ Ex: Intel Core i7-7700K (Jan 2017) Rpeak ≃ 268.8 GFlops (DP)

X 4 cores @ 4.2GHz (14nm, 91W, 1.75 billion transistors) + integrated graphics

Accelerators (from less to least software flexibility)

→֒ GPU (Graphics Processing Unit) Accelerator

X Ex: Nvidia Tesla V100 (Jun 2017) peak ≃ 7 TFlops (DP)
X 5120 cores @ 1.3GHz (12nm, 250W, 21 billion transistors)

X Ideal for Machine Learning workloads

→֒ Intel MIC (Many Integrated Core) Accelerator
→֒ ASIC (Application-Specific Integrated Circuits)
→֒ FPGA (Field Programmable Gate Array)
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HPC Components and new trends for Accelerating HPC and BDA

HPC Components: Local Memory

CPU

Registers
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-
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Memory

L2-cache
(SRAM)

reference

L3-cache
(DRAM)

reference
Memory (DRAM)

reference
Disk memory reference

Memory Bus I/O Bus

Larger, slower and cheaper 

Size:

Speed:

500 bytes 64 KB to 8 MB 1 GB 1 TB

sub ns 1-2 cycles 10 cycles 20 cycles hundreds cycles ten of thousands cycles 

Level: 1 2 3 4

SSD (SATA3) R/W: 550 MB/s; 100000 IOPS 450 e/TB

HDD (SATA3 @ 7,2 krpm) R/W: 227 MB/s; 85 IOPS 54 e/TB
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HPC Components and new trends for Accelerating HPC and BDA

HPC Components: Interconnect

latency: time to send a minimal (0 byte) message from A to B

bandwidth: max amount of data communicated per unit of time

Technology Effective Bandwidth Latency

Gigabit Ethernet 1 Gb/s 125 MB/s 40µs to 300µs
10 Gigabit Ethernet 10 Gb/s 1.25 GB/s 4µs to 5µs

Infiniband QDR 40 Gb/s 5 GB/s 1.29µs to 2.6µs
Infiniband EDR 100 Gb/s 12.5 GB/s 0.61µs to 1.3µs

100 Gigabit Ethernet 100 Gb/s 1.25 GB/s 30µs
Intel Omnipath 100 Gb/s 12.5 GB/s 0.9µs

32.6 %

Infiniband

40.8 %

10G

13.4 %

Custom

7 %

Omnipath

4.8 %

Gigabit Ethernet

1.4 %
Proprietary

[Source : www.top500.org, Nov. 2017]
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HPC Components and new trends for Accelerating HPC and BDA

Network Topologies

Direct vs. Indirect interconnect
→֒ direct: each network node attaches to at least one compute node
→֒ indirect: compute nodes attached at the edge of the network only

X many routers only connect to other routers.

Main HPC Topologies

CLOS Netw rk Fat-Trees [Indirect]

→֒ can be fully non-blocking (1:1) or blocking (x:1)
→֒ typically enables best performance

X Non blocking bandwidth, lowest network latency

Mesh r 3D-torus [Direct]

→֒ Blocking network, cost-effective for systems at scale
→֒ Great performance solutions for applications with locality
→֒ Simple expansion for future growth
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HPC Components and new trends for Accelerating HPC and BDA

[Big]Data Management: Disk Encl.

≃ 120 Ke - enclosure - 48-60 disks (4U)

→֒ incl. redundant (i.e. 2) RAID controllers (master/slave)
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HPC Components and new trends for Accelerating HPC and BDA

[Big]Data Management: FS Summary

File System (FS): Logical manner to store, organize & access data
→֒ (local) Disk FS : FAT32, NTFS, HFS+, ext4, {x,z,btr}fs. . .
→֒ Networked FS: NFS, CIFS/SMB, AFP

→֒ Parallel/Distributed FS: SpectrumScale/GPFS, Lustre

X typical FS for HPC / HTC (High Throughput Computing)

Main Characteristic of P rallel/Distributed File Systems

Capacit and Performance increase with #servers

Name Type Read* [GB/s] rite* [GB/s]

ext4 Disk FS 0.426 0.212
nfs Networked FS 0.381 0.090
gpfs (iris) Parallel/Distributed FS 10.14 8,41
gpfs (gaia) Parallel/Distributed FS 7.74 6.524
lustre Parallel/Distributed FS 4.5 2.956

∗ maximum random read/write, per IOZone or IOR measures, using 15 concurrent nodes for networked FS.
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HPC Components and new trends for Accelerating HPC and BDA

HPC Components: Data Center

Definition (Data Center)

Facility to house computer systems and associated components

→֒ Basic storage component: rack (height: 42 RU)

Challenges: P wer (UPS, battery), Cooling, Fire protection, Security

P wer/Heat dissipation per rack:

→֒ HPC computing racks: 30-120 kW
→֒ Storage racks: kW
→֒ Interconnect racks: kW

Various Cooling Technology

→֒ Airflow
→֒ Direct-Liquid Cooling, Immersion...

P wer Usage Effectiveness

PUE =
Total facility power

IT equipment power
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HPC Components and new trends for Accelerating HPC and BDA

New Trends in HPC

Continued scaling of scientific, industrial & financial applications

→֒ . . . well beyond Exascale

New trends changing the landscape for HPC

→֒ Emergence of Big Data analytics
→֒ Emergence of (Hyperscale) Cloud Computing
→֒ Data intensive Internet of Things (IoT) applications
→֒ Deep learning & cognitive computing paradigms
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Eurolab-4-HPC Long-Term Vision
on High-Performance Computing

Editors: Theo Ungerer, Paul Carpenter

Funded by the European Union Horizon 2020 Framework Programme (H2020-EU.1.2.2. - FET Proactive)

[Source : EuroLab-4-HPC]

 

December 2016    #US42030316 

Special Study 

Analysis of the Characteristics and Development Trends of the 
Next-Generation of Supercomputers in Foreign Countries 

Earl C. Joseph, Ph.D. Robert Sorensen 
Steve Conway Kevin Monroe 

IDC OPINION 

Leadership-class supercomputers have contributed enormousl  to ad an e  in fundamental and 

applied ience, national security, and the quality of life. Advances made po ible b  thi  la  of 

upercomputers have been instrumental for better predi ting severe weather and earthquakes that can 

de a tate live  and propert , for designing new material  used in products, for ma ing new energy 

our es pragmati , for de eloping and testing methodologies to handle "big data," and for many more 

benefi ial uses. 

The broad range of leader hip- la  uper omputer  examined during thi  tud  ma e it lear that 

there are a number of national programs planned and already in place to not onl  build pre-exascale 

tem  to meet man  of toda ’  mo t aggre i e re earch agenda  but to al o de elop the hardware 

and software ne e ar  to produ e su tained e a ale s tem  in the 2020 timeframe and be ond. 

Although our studies indicate that there i  no ingle te hnolog  trateg  that will emerge a  the ideal, it 

i  ati f ing to note that the wide range of inno ati e and forward leaning efforts going on around the 

world almost certainly ensure  that the push toward more capable leadership-clas  supercomputers 

will be successful.  

IDC anal t  re ogni e, howe er, that for almo t e er  HPC de elopment proje t e amined here, the 

urrent effort within ea h organi ation i  onl  their late t tep in a long hi tor  of HPC progre  and 

use. As such, IDC anal t  assess that a leading-edge upercomputer development and user facility 

mu t be ontinuall  in ol ed in the e ploration of new tem te hnolog , or ri  falling behind tho e 

on i tentl  ommitted to the a qui ition and u e of leadership-cla  tems. IDC anal ts believe 

that the ost of mi ing even one generation of HPC de elopment ould au e ub tantial difficultie  

for any facility looking to maintain a world-class HPC-based research capabilit . 

Looking at the strengths and weaknesses in exascale plan  and apabilitie  of different ountrie : 

 The U.S. has multiple programs, strong funding and many HPC vendors, but has to deal with 

hanging federal support, a major lega  technology burden, and a growing HPC labor 

hortage. 

 Europe has strong software programs and a few hardware efforts, plus EU funding and 

upport appear  to be growing, and the  ha e Bull, but the  ha e to deal with 28 different 

ountries and a weak investment community. 

 China has had major funding support, has installed many very large tems, and i  

developing its own core technologies, but has a maller user base, many different ustom 

tem  and urrentl  i  e perien ing low utili ation of it  large t omputers. 

This study was carried out for RIKEN by

[Source : IDC RIKEN report, 2016]

https://www.eurolab4hpc.eu/static/deliverables/D2-2--final-vision.3718a25ff0dd.pdf
http://www.aics.riken.jp/aicssite/wp-content/uploads/2017/05/Analysis-of-the-Characteristics-and-Development-Trends.pdf


HPC Components and new trends for Accelerating HPC and BDA

Toward Modular Computing

Aiming at scalable, flexible HPC infrastructures
→֒ Primary processing on CPUs and accelerators

X HPC & Extreme Scale Booster modules

→֒ Specialized modules for:
X HTC & I/O intensive workloads;
X [Big] Data Analytics & AI

[Source : "Towards Modular Supercomputing: The DEEP and DEEP-ER projects", 2016]
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HPC Strategy in Europe & Abroad
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HPC Strategy in Europe & Abroad

HPC International State of Affairs

Global race toward Exascale Technology

EXDCI Final Sep. 2017

5

Barcelona, Sept 7-8, 2017

International State of Affairs I: investment

European HPC Technology 

Projects

5
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HPC Strategy in Europe & Abroad

HPC International State of Affairs

Global race toward Exascale Technology

EXDCI Final Sep. 2017

6

Barcelona, Sept 7-8, 2017

International State of Affairs II: exascale delivery

European HPC Technology 

Project

6

2019…
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HPC Strategy in Europe & Abroad

Exascale Feasibility

EXDCI Final Sep. 2017

7

Barcelona, Sept 7-8, 2017

International State of Affairs III: feasabilit ?

European HPC Technolog  

Project

7

Courtesy: J. Dongarra
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HPC Strategy in Europe & Abroad

European HPC strategy

EU HPC strategy initiated in 2012

→֒ implementation within H2020 program

re recently:

→֒ IPCEI on HPC and Big Data (BD) Applications
X Luxembourg (leader), France, Italy & Spain
X Testbed around Personalized Medicine, Smart Space, Industry 4.0,

Smart Manufacturing, New Materials, FinTech, Smart City. . .

Latest advances:

→֒ EU Member States sign EuroHPC (Mar. 2017)
X common effort to create/grow European supercomputing ecosystem
X Federation of national/regional HPC centers (see also PRACE2)

→֒ EU Objective with EuroHPC:
X 2-3 Pre-exascale systems by 2019, exascale systems by 2021
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HPC Strategy in Europe & Abroad

European HPC strategy

EU HPC strategy initiated in 2012

→֒ implementation within H2020 program

More recently:

→֒ IPCEI on HPC and Big Data (BD) Applications (Nov. 2015)
X Luxembourg (leader), France, Italy & Spain
X Testbed around Personalized Medicine, Smart Space, Industry 4.0,

Smart Manufacturing, New Materials, FinTech, Smart City. . .

Latest advances:

→֒ EU Member States sign EuroHPC (Mar. 2017)
X common effort to create/grow European supercomputing ecosystem
X Federation of national/regional HPC centers (see also PRACE2)

→֒ EU Objective with EuroHPC:
X 2-3 Pre-exascale systems by 2019, exascale systems by 2021
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HPC Strategy in Europe & Abroad

EU HPC Strategy Implementation

European Technology Platform (ETP) for HPC
→֒ Industry-led forum feat. HPC stakeholders
→֒ Providing EU framework to define HPC research priorities/actions

X UL (P. Bouvry, S. Varrette, V.Plugaru) part of ETP4HPC (2016-)
X See Strategic Research Agenda, 2017 European HPC Handbook. . .

EU COST Actions, for instance:
→֒ NESUS Network for Sustainable Ultrascale Computing
→֒ cHiPSet High-Performance Modelling and Simulation for BDA

PRACE - Partnership for Advanced Computing in Europe
→֒ Non-profit association, 25 member countries, now entering PRACE2
→֒ Providing acce to Five EU Tier-0 compute & data resources
→֒ Luxembourg 25th country to join (Oct. 17th, 2017)

X Official Delegate/Advisor (P. Bouvry/S. Varrette) from UL
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HPC Strategy in Europe & Abroad

EU HPC Strategy Implementation

European High-Performance Computing Joint Undertaking
→֒ EuroHPC JU effectively operational starting Jan 1st, 2019

X administrative management from Luxembourg

→֒ Public and private members
X EC, 14 MS, representatives from supercomputing/BD stakeholders
X Governing Board (public members)
X Industrial & Scientific Advisory Board (private members)

→֒ EU Objective with EuroHPC:
X 2-3 Pre-exascale systems by 2020, 2 exascale systems by 2022
X Pending decision on hosting countries

EuroHPC Budget: × e

European Processor Initiative (EPI)
→֒ Initial plan vs current plan.
→֒ Me via Framework Partnership Agreement (FPA)
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Conclusion

Conclusion

New trends changing the landscape for HPC, with convergence of
→֒ Big Data analytics and (Hyperscale) Cloud Computing
→֒ Data intensive Internet of Things (IoT)
→֒ Deep learning & cognitive computing paradigms

All new deployments re (normally) planned modular
→֒ the right module for the right application
→֒ assumes data-locality aware schedulers and execution
→֒ improved netw rk backbone between sites: GEANT upgrade

Several On-going Strategic HPC efforts in Europe...

ETP4HPC, EU COST Actions etc.
PRACE, now entering PRACE2
IPCEI on HPC and Big Data (BD) Applications
EuroHPC for concrete Exascale deployment.
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Thank you for your attention...

Questions? http://hpc.uni.lu

Dr. Sebastien Varrette
University of Luxembourg, Belval Campus:
Maison du Nombre, 4th floor
2, avenue de l’Université
L-4365 Esch-sur-Alzette
mail: sebastien.varrette@uni.lu
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