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Current Big Data providers:

1 HEP

« LHC (WLCG —-RDIG)

2 Materials science (Nano — Bio)
« Synchrotron source

« Neutron source

« E Microscopy

3 Genomics

4 Brain science
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THE PARTICIPATION IN INTERNATIONAL PROJECTS ABROAD

«LHC European Organization for Nuclear Research (Geneva, Switzerland)
«European X-Ray Free Electron Laser (Hamburg, Germany)

«International Thermonuclear Experimental Reactor (Cadarache, France)
«Facility for Antiproton and lon Research in Europe (Darmstadt, Germany)
«European Synchrotron Radiation Facility (Grenoble, France)

PROJECTS ON ESTABLISHMENT OF MEGA SCIENCE FACILITIES WITH THE
INTERNATIONAL PARTICIPATION ON TERRITORY OF THE RUSSIAN FEDERATION

«International Center for Neutron Research based on reactor PIK (Gatchina,
Leningrad Region)

<Russian-Italian Project of Tokamak IGNITOR (Troitsk, Moscow)
-Specialized Synchrotron Radiation Source of the 4th Generation

«NICA (Nuclotron-based lon Collider facility) complex (Dubna, Moscow
Region)
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« EGEE: took part in all three of them, as the part of the RDIG
distributed Tier-2 infrastructure

« EGI: continuing to act within RDIG, new Tier-1 emerged,
so coordination roles expanded

« Grid: not just a resource provider, also security coordination,
operations and research (taking part in EGI CSIRT), national
Certification Authority for Grid, regional monitoring,
operations

« GLORIAD: Kl led the RU part for the whole project duration

- RDIG : part of WLCG
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« Data Exchange

« Distributed Data management
« Data Analysis & Visualization

« Modelling & Simulation

« AA

« Both Grid/HTC (since 2003) and HPC (since 2007)

« HTC/HPC at our facilities already converge for some projects
(when it is useful, e.g. for LHC and genomics)

o X.509 in the Grid and infrastructure; distributed LDAP used for
HPC/cloud users with foreseen expansion to all Kl sub-
institutions
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Tierl

/‘ Routed path to HPC4/HPC5
( 240 Ghit/sec aggregated capacity

Internal fabric
4.8 Thit/sec now (3 line cards),
up to 15Thit/sec (8 line cards).
Extreme Network BDX8

TOR switches
In-chassis switches
10 Gbit/sec uplinks

1 Ghit/sec downlinks
Non-blocking capacity

S

Tape library IBM 3500
Enterprise tapes:
TS1120 JC/JY media, 250 MBfsec
7.4 PB of tape space
9 drives, 9 gateways

o O
CPU-based worker nodes . Tape gateways
Intel Xeon v2/v3 102%%?;:?;?&5 Enstore from FermiLab o O
8300+ cores, 71 000 HEP-SPEC06 1 Ghit/sec downlinks 10 Gbit/sec to internal core
2.25 GB RAM/slot Non-blocking capacity 8 Gbit/sec FC to SAN
1 Gbhit/sec Ethernet 9 machines L

Fibre Channel SAN (tapes)
Dual-path dual-switch fabric
8 Gbit/sec, 24 ports per switch

ook
(00

Disk servers: 16-disk 3U machines
Xeon v2, 128 GB RAM

Infrastructure:

dual-SSD for system
1/10 Ghit/sec to internal core
1 Ghit/sec to external core
6.3 PB of disk space

Grid services, DNS, NAT,
Databases, monitoring, Squid,
perfSonar, installation, etc.
More than 30 machines
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HPC 4&5

TOR switches
10 Ghitfsec uplinks
1 Ghit/sec downlinks
Non-blocking capacity

~

|

364 CPU-based worker nodes
Intel Xeon v3 2680 2.5 GHz
128 GB RAM, 1 TB local disk

1 Ghit/sec Ethernet
FDR InfiniBand

23 GPU/CPU-based worker nodes
Intel Xeon v3 2680 2.5 GHz
3x NVidia Tesla K80 -
128 GB RAM, 1 TB local disk
1 Gbit/sec Ethernet
FDR InfiniBand -

Peak computing capacity:
370 TFLOPS CPU, 130 TFLOPS GPU

Ethernet core
Stack of 10/40 Ghit/sec switches
Aggregated capacity 420 Ghit/sec
Oversubscription 21:8

HPC5 Ethernet core
240 1 Ghit/sec, 16 10 Gbit/sec
non-blocking switch

Lustre FS
1440 spindels, 30 GB/sec write
12 Dell head + JBOD pairs,
6 clustered server pairs
1 Gbit/sec Ethernet
FDR InfiniBand

\ 500 TFLOPS total

-

\

InfiniBand fabric
S5X6536 648 ports
Non-blocking FDR

Single director switch
Fat tree topology

Routed path to Tier-1
240 Gbit/sec aggregated capacity

_J

InfiniBand fabric
SX6512 216 ports

Non-blocking FDR
Single director switch

Fat tree topology /

_

148 GPU/CPU-based worker nodes
Intel Xeon v2 2650 2.6 GHz
128 GB RAM, 1 TB local disk

2x NVidia Tesla K80
1 Gbit/sec Ethernet
FDR InfiniBand

Peak computing capacity:
50 TFLOPS CPU, 550 TFLOPS GPU

\ 600 TFLOPS total /
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COMP (HEP-SPECO06)




I“I HALUMOHAMNbHBIA
.’ WCCNELOBATENBCKMIA LIEHTP

WY KYPYATOBCKMIA MHCTUTYT> Netwo rkl nNg

« Historically Kl is good here: first connection between RU
and Internet done from here via Finland

« Runs LHCONE backbone VRF for RU: connects all major Tier-
1/Tier-2, peers with most of other VRFs

« We provide general IP and R&E connectivity for all KI sub-
institutions: ITEP, PNPI and IHEP (with new ones coming), over
10 Gbit/sec (and growing) of transit traffic

« Network presence at Amsterdam, Budapest, Finland

« Aggregated channel capacity to the rest of the world:
60 Gbit/sec



I"I HALUMOHAMNbHBIA
Il /ICCNEJOBATENBCKMIA LIEHTP

VT KYPYATOBCKUA UHCTUTYT»

LHCOPN

I 1G Canarie-Surinet
TW-ASGC ES-PIC CA-TRIUMF US-T1-BNL
. s L L.
e 117.103.96.0020 193.109.172.0/24 206.12.1.0/24 130.199.185.0/24
140.109.96.0/24 2001:67c:1148:200::/64 206.12.9.0/29 130.199.48.0/23
140.109.102.024 2001:67c:1148:201:/64 206.12.9.64'28 130.199.54.0/24
202.140.160.0/19 2001:67c:1148:202::/64 192.12.15.0024

202.169.168.0/22

KR-KISTI

AS17579
134.75.125.0v24

109.105.124.0/22
2001:948:40::/42

UK-T1-RAL

AS 43475
130.246.176.0/22
130.246.152.240/28

194.171.96.128/25

100G Surfret-DFN

US-FNAL-CMS

L 3152

1312252001

131.225.160.0/24
131.225.184.0v22
131.225.188.0d22
131.225.204 V22

RRC-KI-T1

...

144.206.224.0i24
144.206.236.0/24

131.154.128.017

JINR-T1

nsaars

193.93.226.0/22

IT-INFN-CNAF

FR-CCIN2P3

193.48.90.004
2001:660:5009:9::/64

10G Mordunet-Surfnet
241G bocal interconnection

10G DFN-Renater

2x1G DFN-Surfret- USLHCnet-ESnet

106G RUNNet

2x1G USLHC net-ESnet

— T0-T1 and T1-T1 raffic
s T 1-T1 traffic only

= = = Motdeployed yet
E— (thick) >=10Gbps
s (thin) <10Gbps

0 = Aiice [ = Atlas
B=CMS  =LHCb

p2p prefic 192 16.166.0/24 - 2001:14 583024 8
edoardo marteliicern.ch 20 141212



(" IHEP, AS2643
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NORDUnet open exchange
Espoo, Finland

( PNPI, A529493 \

10 GigE
1 GigE

" JINR, AS2875 e G

Moscow, M9 exchange .

ESnet, USA
CANARIE, Canada I Internet2, USA
10 GigE
< - KISTI,
10 GiQI‘E 10 GigE KREORnet

Netherlight/ANA-200

/

. 10 GigE
I almost done
CERN, Geneva,

10 GigE

-t 4

10 GigE

80 GigE

L

RU-VRF for LHCONE
AS57484, KIAEnet

#

) 20 GIgE™™

CERNIlight
NIKHEF Housing
Amsterdam
p 2x 10 GigE
10 Gige via CERN
GARR, Italy
NL-T1: NIKHEF, SARA
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« Looking at ways to improve our infrastructure for the current
and foreseen tasks

« Workbench approach for synchrotron-like use-cases

o Current research for LHC, Run-3 timeline: developing new
approach for building Tier-1/Tier-2 (distributed) facilities

o Current research for 2019-2020: next-generation HPC which
includes new interconnects (Omni-Path, photonics), liquid
cooling, large SSDs (3D NAND & Co), convergence of GPGPU
and x86 (Intel MIC), new FPGA and ARMs, dense (watt/rack)
packaging
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« CERN EOS and dCache: both as parts of a production
in Tier-1 and R&D activity for federated cloud +
WLCG/XFEL demonstrators, also CERNbox/EQOS

as Kl infrastructure project

« Job management/scheduling: Torque/Maui, Slurm,
CREAM CE, ARC CE

« Storage: Lustre, UFS/ZFS-based NFS, CERN VM FS,
HTTP/Rsync/SSH-based access

« Management: HP CMU, CFEngine, Puppet,
own deployment engine

« Pipeline engines: for some end-user activity
o Analysis : ANN & ML algorithms
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Thank You!



