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CINECA

CINECA at glance

Services both for Universities and Ministry

» Solutions & Services for the University Administration

 Information system for the Ministry for the management, assessment,
evaluation, funding of the research

e Promote the use of the most advanced High Performance Computing
systems to support public and private scientific and technological research

Innovation and technology transfer

* Numerical experiment, virtual prototyping
* Big data
« Scientific visualizations, computer graphics
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Changes in the road-map to Exa

Xeon Phi™ Processor

Intel’s Data Center Group GM Trish Damkroger describing the company’s
exascale strategy and other topics they are talking about at the SC17 conference,
she offhandedly mentioned that the Knights Hill product is dead. More
specifically she said that the chip will be replaced in favor of “a new platform and

new microarchitecture specifically designed for exascale.”
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Exascale How serious the situation is?

Peak Performance

10718 Flops  Moore law Number
of FPUs

FPU Performance
1079
1079 Flops Dennard law

Working hypothesis

Exascale Architectures |:> Heterogeneus
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General Consideration

« Exascale is not (only) about scalability and Flops

performance!
* In an exascale machine there will be 1079 FPUs, bring data

iIn and out will be the main challenge.
10" nodes, but 10”5 FPUSs Inside the nodes!

* There is no silver bullet (so far)
* heterogeneity is here to stay
« deeper memory hierarchies

IIIIIIIIIIIIIIIII
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Exascale “node”, according to Intel
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https://www.hpcwire.com/2018/01/25/hpc-ai-two-communities-future/
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Intel Configurable Spatial Accelerator
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Speclalized cores

Nvidia Volta Streaming Multiprocessor

16*4 fp32 cores
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Exascale system

Dimension 2012 System Exascale System Specifications

Nodes Single nodes and DDR Multiple aggregated nodes with HBM stacks
Performance ~20 PF peak 1.30-1.40 EF peak

Power ~10 MW ~ 20MW-40MW

Space ~4,000 sqft ~ 6,000sqft

Memory Cap. 1.5 PiB 6-12 PiB

Memory B/W 4 PB/s 100-200 PB/s

NVM I/O NA 10-100 TB/s

Al Gara’s vision for the unification of the “3 Pillars” of HPC currently underway.

“The convergence of Al, data analytics and traditional simulation will result in system
with broader capabilities and configurability as well as cross pollination.”

IIIIIIIIIIIII
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Exascale.. some guess

From GPU to specialized core (tensor core)
Specialized memory module HBM

Specialized non volatile memory NVRAM

Performance modelling

Refactor code to better fit architectures with specialized HW
Avoiding WRONG TURN

Autotuning
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Marconli - convergent

Scale Out

MARCONI
* 3200 Lenovo Stark servers > 9 PFlops
Intel SkyLake
2x24 cores @ 2.1GHz. 196GByte x node
* 3600 Intel/ lenovo servers > 11PFlops
Intel PHI code name Knight Landing
68 cores @ 1.4GHz.
single socket node: 96GByte DDR4
+ 16GByte MCDRAM
e 720 Lenovo NeXtScale servers
Intel E5-2697 v4 Broadwell
18 cores @ 2.3GHz.
128GByte x node
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HPC solution

Cloud/Data Proc.

792 Lenovo NeXtScale servers
Intel E5-2697 v4 Broadwell
- 216 nodi eth x cloud HPC/DP (MEUCCI)
- 360 nodi QDR x Tier 1 — HPC (GALILEO)
- 720 nodi OPa x Tier 1 — HPC (????)

40 Lenovo NeXtscale servers (GALILEO)
- Intel E5-2630 v3 Haswell
- QDR + Nvidia K80

Catania- 13/09/2018 11
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D.A.V.I.D.E.(Prototype)

Logical Name

Architecture

D.A.V.I.D.E.
(August 2017) 5 pr‘ocur‘ement,.
E4 Cluster Whole System Design for
e CEn e Energy Efficient HPC”

OpenPower NVIDIA NVLink

OpenPower 8

Processor NVIDIA Tesla P100 SXM2
# of core ~ 1000
45 x (2 Power8 + 4 Tesla
# of node P100)
# of rack 3
RAM per node 256GByte
|nterco:neCt|0 Mellanox EDR
Operating GNU/Linux
System
Total Power ~ 90Kw
Peak
Performance 1 Pflops

PRACE pre-commercial

+ INAF
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Cineca ‘“sustainable” roadmap toward

exascale
5x
>250PF+
5y " >20pF
SOPF+  — ~8MW
pEe | — . 10PF 2x
‘5/X~ 9PF ~AMW (latency cores)
20x 2PF 3.5MW 1x
1MW 10x (latency cores) ﬁ
- = (in total) ﬁ
1MW Paradigm Pre-exascale
change solid
2009 2012/2013 2016/2017 2019/2020 2021/2022
IBM SP6 Fermi Marconi Marconi + EuroHPC
Power6 IBM BGQ Xeon + KNL PPI4HPC +
PowerA2 ICEI (PPI-HB)

IIIIIIIIIIIIII

TTTTTTTTTTTTT

Massimiliano Guarrasi — CINECA - New HPC architectures landscape and impact on code developments Catania-13/09/2018 43 0 GO T



CINECA

Technical Project

Marco | Marco | Marco
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Upgrade, 4 new driver .
10Thyte tapes: 30PByte (BigData & Al)

Max capacity
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PRACE/EUDAT)

« Goal of the procurement
> New Prace Tier-0 system

» Target: 5x increase of syste
capability

» Maximize efficiency
(capability/w)

» Sustain production for 3
years minimum

> Integrated in the curre
infrastructure

» Possibly hosted in tf
data center as EC

IIIIIIIIIIIIIIIII
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The data centers at the Science Park

1 ECMWF DC main characteristics
.+ 2 power line up to 10 MW (one bck up of the
Electrical Outdoor Chillers + ' AW other)
e mechanics - ¥ _ ' « Expansion to 20 MW
—— 'R * Photovoltaic cells on the roofs (500 MWh/year)
| * Redundancy N+1 (mechanics and electrical)
* 5x2 MW DRUPS
* Cooling
* 4dry coolers (1850 kW each)
* 4 groundwater welles
* 5 refrigerator units (1400 kW each)

NFN — CINECA DC main characteristics

* upto20 MW (one bck up of the other)

* Possible use of Combined Heat and Power Fuel
Cells Technology

“llﬁlﬂmﬁqﬂl — 7 s = i * Redundancy strategy under study
e T * Cooling, still under study

CaTDIERE roomens SSWitch 1o ’ « dry coolers

3| | E@R@spr%ﬁlg...m#m Gas;storaj |l - * groundwater welles
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?'-_NECA SReg’oneEmiliaRmmgna

Integration of CINECA-HPC and INFN-HTC computing DR
infrastructure and progressive inclusion of the others
quallfled systems owne by national entities: Cooperation framework on High Performance Computing

© Institutional basic and applied research

©  Enabling for Public administrations Bundesrepublik Deutschland
. . ) and
© Proof of concept and innovation for private
organizations and industries Repliblica Portuguesa
and

République frangaise
and
DATA Reino de Espafia
and
A Repubblica Italiana

l' ' and

Grand-Duché de Luxembourg

Integrated
Research and
Data Infrastructure the Netherlands

+ INAF
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INFN DC Road Map: towards HL-LHC

*The INFN data processing
and storage requirements
are driven by:

M milions CPU cores
* the experiments will run
on the High Luminosity W EXAByte

Large Hadron Collider (HL-
LHC) at CERN W Electric Power in MW

* Astro particle experiments 2
like Advances
LIGO/VIRGO, CTA, etc.

INFN requires up to 10 MW 2020
within 2028

2024

IIIIIIIIIIIIII
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Power budget for INFN-CINECA data
center

Power Budget for CINECA-INFN DC

2020 2022 2024 2028
YEARS

IIIIIIIIIIIIIIIII
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EuroHPC Mission and objectives

m to provide scientists, industry and the public sector from the Union with
latest HPC and Data Infrastructure and support the development of its
technologies and its applications across a wide range of fields.

m to provide a framework for acquisition of an integrated world-class pre-
exascale supercomputing and data infrastructure in the Union;

m to provide Union level coordination and adequate financial resources to
support the development and acquisition of such infrastructure, which will
be accessible to users from the public and private sector primarily for
research and innovation purposes;

Present EU Financial Framework Next EU Financial Framework

/
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EuroHPC Mission and objectives

2 Pre-exascale
machines
|

Infrastructure Acquisition
Operating machines

HPC ecosystem

Research & Innovation
Applications & Skills

Joint Undertakings

Pillar 1:

Acquisition of infrastructure:

=>» 2 pre-exascale machines

=>» >= 2 peta-scale machines

Installation, deployment and operation via hosting entities
+ access to users

Pillar 2:

European exascale technologies and systems (incl. low
power processor)

Excellence in HPC applications; CoE; competence centres
for industry (incl.SME); Training and Outreach

+ INAF
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Activites and Funding

_EC__| _Ps | Total(Me)

Id

Infrastructure Acquisition
Operating machines

Research & Innovation
Applications & Skills

JU Admin/Running costs o | 2 |

clejiid Tae

i
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