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1. Provision of JINR and its Member States with high-s peed 
telecommunication data links 

2. Creation of a high-speed, reliable and protected lo cal area network 
(LAN) of JINR 

3. Creation and maintenance of the distributed high-pe rformance 
computing infrastructure and mass storage resources  

4. Provision of information, algorithmic and software support of the 
JINR research-and-production activity 

5. Elaboration of the JINR Grid-segment and its inclus ion in 
European and global Grid-structures

6. Methods and tools for modeling physical processes a nd 
experimental data analysis 

7. Methods and numerical algorithms for modeling magne tic systems 
and charged particle beam transport 

8. Software and computer complexes for experimental da ta 
processing 

9. Numerical algorithms and software for the simulatio n of complex 
physical systems 

10. Methods, algorithms and software of computer algebr a 
11. New generation computing tools
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LIT JINR: two important projects completed
Two large-scale very important projects have been c ompleted.

A grand presentation was held simultuneously with t he meeting of the 
Programme Advisory Committee for Particle Physics o n June 10. 

All organizations involved in the projects realisati on  together with the 
representatives of Ministry of Communications, Fede ral Agency for Science 
and Innovation attended the Presentation. 

Our community colleagues and prospective users - res idents of the special 
economical zone - were also invited. 
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JINR - Moscow telecommunication channel

Collaboration with RSCC, RIPN, MSK-IX,
JET Infosystems, Nortel
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JINR Central  Information and JINR Central  Information and 
Computing ComplexComputing Complex

In 2008In 2008, total CICC  , total CICC  
performance was 1400 performance was 1400 kSI2KkSI2K , , 
the disk storage capacity 100 TB the disk storage capacity 100 TB 

At presentAt present , the CICC , the CICC 
performance equals performance equals 2300 kSI2K2300 kSI2K
and the disk storage capacity and the disk storage capacity 
500 TB 500 TB 
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• Comprises 7 488
computers and nodes ,
Users - 4669
Remote VPN users – more 
2000;
• High-speed transport 
(1Gbps );
•
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Industry Industry 
JourneyJourney

Old World New World

Static

Solo

Physical

Manual

Application

Dynamic

Shared

Virtual

Automated

Service



e-Infrastructures: reference 
model



e-Infrastructures: network layer



e-Infrastructures: grid layer



e-Infrastructures: data layer

Standards

OGF
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GGÉÉANT2 PanANT2 Pan--European BackboneEuropean Backbone Dark Fiber Core
Among 19 
Countries:

u Austria
u Belgium
u Croatia
u Czech Republic
u Denmark
u Finland
u France
u Germany
u Hungary
u Ireland
u Italy
u Netherlands
u Norway
u Slovakia
u Slovenia
u Spain
u Sweden
u Switzerland
u United 

Kingdom

34 NRENs, ~30M Users; 50k km Leased Lines
12k km Dark Fiber; Point to Point Services

GN3 Next Gen. Network Projected Start Q2 2009
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GEANT2 International GEANT2 International 
ConnectivityConnectivity

GEANT2 International GEANT2 International 
ConnectivityConnectivity

New Projects in 2008-9
u ALICE2 in and to Latin America
u CAREN for Central Asia
u FEAST: Feasibility Study for Sub-Saharan Africa

Inter-Regional Connections
u GEANT2/ESNet over US 

LHCNet for US Tier2/ 
EU Tier1 Connections

u 4 10G Links to US R&E 
Nets 

u 1 GbE Connection to the 
Ubuntunet Alliance
(Africa); also TENET in 
South  Africa 

u ORIENT: CERNET + 
CSTNET (China) to Europe 
at 2.5G

u TEIN2: 9 Asian Countries + 
Australia to Europe; 
TEIN3 Approved 2008-2011

u EUMEDConnect: 11 Medi-
terranean + N. Africa

u ALICE: 12 Latin American 
countries to GEANT2 
at 622 Mbps

u SuperSINET (Japan) at
New York: 10G

u India: 100 Mbps
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A Global Partnership of R&E Networks and Advanced R &D 
Projects Supporting the LHC Program
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Real World Problems Taking UsReal World Problems Taking Us

BEYOND PETASCALE BEYOND PETASCALE 

1 PFlops
100 TFlops
10 TFlops
1 TFlops

100 GFlops
10  GFlops

1 GFlops
100 MFlops

1993 20171999 2005 2011

SUM
Of Top500

2023

#1

2029

Aerodynamic Analysis: Aerodynamic Analysis: 
Laser Optics: Laser Optics: 
Molecular Dynamics in Biology: Molecular Dynamics in Biology: 
Aerodynamic Design: Aerodynamic Design: 
Computational Cosmology:        Computational Cosmology:        
Turbulence in Physics: Turbulence in Physics: 
Computational Chemistry: Computational Chemistry: 

1 1 PetaflopsPetaflops
10 10 PetaflopsPetaflops
20 20 PetaflopsPetaflops

1 1 ExaflopsExaflops
10 10 ExaflopsExaflops

100 100 ExaflopsExaflops
1 1 ZettaflopsZettaflops

Source: Dr. Steve Chen, “The Growing HPC Momentum in China”,Source: Dr. Steve Chen, “The Growing HPC Momentum in China”,
June 30June 30thth, 2006, Dresden, Germany, 2006, Dresden, Germany

Example Real World Challenges:Example Real World Challenges:
•• Full modeling of an aircraft in all conditionsFull modeling of an aircraft in all conditions
•• Green airplanesGreen airplanes
•• Genetically tailored medicineGenetically tailored medicine
•• Understand the origin of the universeUnderstand the origin of the universe
•• Synthetic fuels everywhereSynthetic fuels everywhere
•• Accurate extreme weather prediction Accurate extreme weather prediction 

10 PFlops

100 PFlops

10 EFlops
1 EFlops

100 EFlops
1 ZFlops

What we can just 
model today with 

<100TF
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Reach Reach ExascaleExascale by 2018by 2018
From From GigFlopsGigFlops to to ExaFlopsExaFlops
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A look at CERN’s Computing A look at CERN’s Computing 
GrowthGrowth

0

20

80

100

2007 2008 2009 2010 2011 2012 2013

Source: CERN, Jarp Sverre

40

60

120 Tape Space (PetaByte)

Disk Space (PetaByte)

Computing

21,500 Cores @ 
1400 SI2K per core 

2014 2015 2016

30,000 Cores @ 2800 
SI2K per core

CERN Tape Library
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We do We do ee--ScienceScience
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New instruments, more data, New instruments, more data, 
more scientists, more computersmore scientists, more computers
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1989 - WWW born in CERN
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Modern HEP data processing: Modern HEP data processing: 
workflow of very different tasksworkflow of very different tasks
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Software for HEP experimentsSoftware for HEP experiments
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CERN CERN --
-- European Organization for Nuclear ResearchEuropean Organization for Nuclear Research

Research/
Discovery

Training

Technology

Collaborating
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Large Hadron ColliderLarge Hadron ColliderLarge Hadron ColliderLarge Hadron Collider
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LHC ring:
27 km circumference

CMS

ALICE

LHCb

ATLAS



��������		
���
	�������������		
���
	�����

*����+�
��#�%&&)*����+�
��#�%&&) %�%�

ATLAS superimposed to
the CERN 5-floors building 40
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ATLAS 

Number of scientists: 1800

Number of institutes: 164

Number of countries: 35
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Network switches

Second-
level
trigger

pROS

~ 500 

stores 
LVL2
output

LVL2 
farm

�(��

Read-
Out

Drivers
(RODs) First-

level
trigger

Dedicated linksVME

Data of events accepted
by first-level trigger

Read-Out
Subsystems

(ROSs)

USA15 1600
Read-
Out
Links

RoI
Builder

~150
PCs

Event data pushed @ & 100 kHz, 
1600 fragments of ~ 1 kByte each

Timing Trigger Control (TTC)

DataFlow
Manager

Event
Filter
(EF)

~1800

Network 
switches

Event data 
pulled :
partial events 
@ & 100 kHz, 
full events 
@ ~ 3 kHz

SDX1 dual-CPU nodesCERN 
computer 
centre Event rate 

~ 200 HzData 
storage

6
Local

Storage
SubFarm
Outputs

(SFOs)

~100 
Event
Builder
SubFarm

Inputs

(SFIs)

Trigger / DAQ architecture

LVL2
Super-
visor



��������		
���
	�������������		
���
	�����

*����+�
��#�%&&)*����+�
��#�%&&) �&�&

Final size for max L1 rate (TDR)
~   500 PCs for L2 + ~ 1800 PCs for EF

(multi-core technology)

For 2008 : 850 PCs installed
total of 27 XPU racks = 35% of final 
system 

(1 rack = 31 PCs) 
(XPU = can be connected to L2 or EF)

• x 8 cores
• CPU: 2 x Intel Harpertown quad-core 2.5 GHz 
• RAM: 2 GB / core, i.e. 16 GB

Final system : total of 17 L2 + 62 EF racks 
of which 28 (of 79) racks as XPU

HLT FarmsHLT Farms
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IN2P3

GridKa

TRIUMF

ASCC

Fermilab

Brookhaven

Nordic

CNAF

SARA
NIKHEF PIC

RAL

T2

T2

T2

T2

T2

T2
T2

T2

T2

T2

T2

T2s and T1s are inter-connected
by the general purpose research

networks

Dedicated
10 Gbit links

T2

Any Tier-2 may
access data at
any Tier-1 T2

T2

T2

• LHC experiments will produce 10-15 million Gigabytes of data 
each year (about 20 million CDs!) 

• LHC data analysis requires a computing power equivalent to 
~100,000 of today's fastest PC processors .
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Tier 0 Tier 0 –– Tier 1 Tier 1 –– Tier 2Tier 2
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Tier-0 (CERN):
• �����  ����	

• ����
����  
�������������  ����	


• ��������
����  ����	


Tier-1 (11 centres):
•����������  
�������  
����	

•�������������  �  
���������
•���
��
Tier-2  (>200 centres):
• ����
��������
• ����������  ���
��
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reconstruction

analysis

simulation
interactive
physics
analysis

batch
physics
analysis

detector

event 
summary

data

raw
data

event
reprocessing

event
simulation

analysis objects
(extracted by physics topic)

Data Handling and 
Computation for 

Physics Analysisevent filter
(selection &

reconstruction)

processed
data
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Tier-2

Tier-1

Tier-0
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Some historySome history

nn 1999 1999 –– Monarc ProjectMonarc Project
•• Early discussions on how to organise distributed Early discussions on how to organise distributed 

computing for LHCcomputing for LHC
nn 20012001--2003 2003 -- EU DataGrid projectEU DataGrid project

•• middleware & testbed for an operational gridmiddleware & testbed for an operational grid
nn 20022002--2005 2005 –– LHC Computing Grid LHC Computing Grid –– LCGLCG

•• deploying the results of DataGrid to provide adeploying the results of DataGrid to provide a
production facility for LHC experiments production facility for LHC experiments 

nn 20042004--2006 2006 –– EU EGEE project phase 1EU EGEE project phase 1
•• starts from the LCG gridstarts from the LCG grid
•• shared production infrastructureshared production infrastructure
•• expanding to other communities and sciencesexpanding to other communities and sciences

nn 20062006--2008 2008 –– EU EGEEEU EGEE--II II 
•• Building on phase 1Building on phase 1
•• Expanding applications and communitiesExpanding applications and communities… … 

nn 20082008--2010 2010 –– EU EGEEEU EGEE--IIIIII

CERN
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MONARC projectMONARC project
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Then came the GridThen came the Grid
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CERN
The MONARC Model
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2000s 2000s -- the Decade of the Gridthe Decade of the Grid
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EGEE & OSG
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Middleware Area
Provision of grid

middleware – acquisition,
development, integration,

testing, support

CERN Fabric Area
Cluster management

Data handling
Cluster technology

Networking (WAN+local)
Computing service at CERN

Grid Deployment Area
Establishing and managing the

Grid Service - Middleware 
certification, security, operations.

Service Challenges

WLCG activitiesWLCG activities
Applications Area
Common projects

Libraries and tools,
data management

Distributed Analysis
Joint project on distributed 

analysis with the LHC 
experiments
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Integration with Google EarthIntegration with Google Earth
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Experiment specific monitoring 
systems provide input data
Dashboard agents publish this 
information in the KML format
Strong contribution to the 
development of Sergey Mitsyn 
(JINR)
Application will be shown 
during the LHC demo at the 
EGEE conference in Barcelona
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HE Calibration DB StatusHE Calibration DB Status

• System is online
• Full calibration cycle support
• Integrated into CMS computing 

environment
• ~30000 records
• ~500Mb
• ~600Gb raw data transferred to JINR
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CERN CERN -- JINR Data management  for MTCC: JINR Data management  for MTCC: 
common schema of realizationcommon schema of realization

Data Storage
Disk Pool
with AFS

Castor
CERN

Buffer file 
Storage

With AFS

Dat a

{UI GRID

DA
TA

DATA

JINR DS
DCache

DATA

Data 
management 
information 

system 

Management and metadata

Management and metadata

HE Calibration and Raw Data FlowHE Calibration and Raw Data Flow
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Offline reconstruction

HE DB

 API API 

SX 5

OMDS
ORCON

DAQ
Trigger 0

ORCOF

Castor
CERN

Conditions da ta

Conditions for  HLT

Conditions  data

HLT

CERN
JINR Dubna

JINR D S
D Cach e

XML files in  concerned format;
Pedestals
Leveling coefficient
Timing
GeV/ADC (in progress)

SX5 Data Storage
D isk Pool

Raw Data by GRID Protocols

Raw Data by GRID
Protocols

Raw data to JINR  by GRID protocols ~1TB of raw data 
already transferred

Data storage and data 
management
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Remote ATLAS Control Room in Remote ATLAS Control Room in DubnaDubna //
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