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· ����������	�  ������������	  �	������  ���  ����������  �	���������������
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· ��������	�  ����������	 , �������	 , ����	�������	  ���������  �  
���	��	��� .

· ��	��	����	� ���������	���	���	 �����������	 »

(Ian Foster: "What is the grid? ", 2002 �.)
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��������  �  ��������	�����  �	������  ��  
�����	  ������
��	��  �  ����
�������	��  ������

����  ��	��	�	��
  
(middleware) ������  �����	��
 .
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������	 , 
������������ , 
�������� , 
	�	�������� , ��������� ���	�	����  �  ����	�  ������	��
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Ian Foster and Carl Kesselman, editors, “The Grid: Bl ueprint for a New Computing 
Infrastructure,” Morgan Kaufmann, 1999, http://www.m kp.com/grids

Five Emerging Models of Networked Five Emerging Models of Networked 
Computing From Computing From The GridThe Grid
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FiveFive bigbig ideasideas
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Slide from Grid Cafe
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Grid is a result of IT progressGrid is a result of IT progress
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From the From the 
conventional conventional 

HPC…HPC…
To the GridTo the Grid
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Grids in LHC experimentsGrids in LHC experiments
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Bioinformatics and GridBioinformatics and Grid
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Biomedical applicationsBiomedical applications
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Radio astronomy needs Grid, tooRadio astronomy needs Grid, too

nn // ���������	
	��
����	��
������������	
	��
����	��
���
�����

����
����	

��������

����
����	

���

��
�����
	

��
��
�����
	

��
�� @�#
�������
������

��@�#
�������
������

��

�����	
���
�
���
�����	
���
�
���

�� 7��
�,�(�7��
�,�(�11 �((.� �((.�

�
���
�
���
������

�
���
�
���
������



�� =��	���������
�=��	���������
�
�� �(��(�11 �((��
�
���	
����
���((��
�
���	
����
��

����

����


�� "��
����������"��
����������

���������������,����������������������,�������
����
�.����
�.

�� @����������@����������??������
���
�������
���
�
,������
.,������
.



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

�5�5

Computational ChemistryComputational Chemistry
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FusionFusion
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Earth Science ApplicationsEarth Science Applications
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Earth Sciences: Earthquake analysisEarth Sciences: Earthquake analysis
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How to GridHow to Grid--enable your scienceenable your science
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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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DataGrid ArchitectureDataGrid Architecture

Collective Services Information 
& Monitoring

Replica 
Manager

Grid 
Scheduler

Local Application Local Database

Underlying Grid Services

Computing 
Element 
Services

Authorization 
Authentication 
& Accounting

Replica 
Catalog

Storage 
Element 
Services

Database 
Services

Fabric services

Configuration
Management

Node 
Installation &
Management

Monitoring
and Fault 
Tolerance

Resource 
Management

Fabric Storage
Management
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Grid Application Layer
Data 

Management
Job 

Management
Metadata 

Management
Object to 

File Mapping

Logging & 
Book-

keeping
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EGEEEGEE (Enabling Grids for E(Enabling Grids for E--sciencsciencEE))

(�����  EGEE - Enabling 
Grids for E-sciencE 
���������  ��  
�������  
����������
�����
��	��	�� , 
�
��������  ��  
��������� �  ���� .

)�  ������  ����  �������  
	
�
������� 70 
�",��������  �� 27 
��"�� .
*  ��
�� $��  ����  �  
�������  	
�
��	#�  �����  
120 �����������  ��  45 

���� . 



Enabling Grids for E-sciencE
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EGEE-III

Main Objectives
– Expand/optimise existing EGEE 

infrastructure, include more 
resources and user communities

– Prepare migration from a project-
based model to a sustainable 
federated infrastructure based on 
National Grid Initiatives

Grid 
operations & 
Networking 
support 51%

User 
Community
support 19%

Training
8%

Middleware
eng. 5%

Integration 
and testing

9%

Management 
2%

Dissemination 
& 

International 
Cooperation

6%

Flagship Grid infrastructure project co-funded by t he European Commission

Duration: 2 years 
Consortium: ~140 organisations across 33 countries
EC co-funding: 32Million €
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EGEE – What can we deliver?

• Infrastructure operation
– Currently includes >270 sites across 50 countries
– Continuous monitoring of grid services & automated 

site configuration/management
– Support  ~300 Virtual Organisations from 

diverse research disciplines

• Middleware
– Production quality middleware distributed under 

business friendly open source licence

• User Support - Managed process from first contact 
through to production usage
– Training
– Expertise in grid-enabling applications
– Online helpdesk
– Networking events (User Forum, Conferences etc.)
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Collaborating e-Infrastructures

Potential for linking ~80 countries by 2008
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350 sites
55 countries
150,000 CPUs
26 PetaBytes (Disk)
40 PetaBytes (Tape)
>15,000 users
>300 Vos
12 mln jobs/month

+
�������  �  �
���������
,�����
��
��  ��
����� 
*�
�
��������  ���� 
*�
�
���������  
��	�� /(���������������
-�����  ������
����������  

�
�� �� 
)�	��  �  �����
!�����
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����  �������
)�	��  �  %����  
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European e-Infrastructure

Need to prepare permanent, common Grid infrastructure
Ensure the long-term sustainability of the European  e-

infrastructure independent of short project funding  cycles
Coordinate the integration and interaction between National Grid 

Infrastructures (NGIs)
Operate the European level of the production Grid i nfrastructure 

for a wide range of scientific disciplines to link NGIs
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The Future of Grids

• From e-Infrastructures to  Knowledge Infrastructure s

• Network infrastructure connects 
computing and data resources 
and allows their seamless 
usage via Grid infrastructures

• Federated resources and 
new technologies enable new 
application fields: 
– Distributed digital libraries
– Distributed data mining
– Digital preservation of cultural heritage
– Data curation

-  Knowledge Infrastructure
Major Opportunity for Academic and Businesses alike

31Erwin Laure – gLite and Business – EGEE’08 BT – 22 Sep t 2008
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LHC Computing Grid Project LHC Computing Grid Project 
(LCG)(LCG)

����*���  �������   "��#��  LCG �*������  ��������  ,���������  
��."���"�#��"�  "�,��������/  ����"�*  ���  ��"����#� , 
/"������  �  �������  �����/  .������#�/  +#� �"�$����*  LHC.

�*��0��  ��/����,��  GRID �*��%���  ����*��   ���"�����  +���  
��."���"�#��"� .

�"��#�  LCG ���1���*������  *  �*�  .��� .
1 .���  (2001-2005 ,, .) - ��������  	
�����	�  �  
��
����
�  
	
��
��  �������  (LCG TDR).
2 .���  (2005-2008 ,, .) - ��������  ���
���
�
��
�  LCG, 
�������  
  ��
����
� , �
������  �  �������  ������  ��  ������  
������  
�����  ��
�
�����  �  2008 ���� . 
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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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LHC Computing Grid Project 
http://lcg.web.cern.ch/LCG/
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Information serviceInformation service LCGLCG
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Job submission to the WLCGJob submission to the WLCG
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Replica Catalogue (RC)
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gLite gLite http://www.glite.orghttp://www.glite.org
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�������#��  #����"���$ RDIG (Russian Data Intensive Grid) ���  ������  *  2003 
,���  #�#  ������������  ,"�� -.���"����  *   "�#�� EGEE.


  ������1��  *"�$�  RDIG –��."���"�#��"�  �������  ��  15 "���"���/  ����"�* , *  
#���"�/  ����� ��  �#���  5000  "������"�* � 2000 TB ���#�*�,�   "���"����*� . 

RDIG �����
��	��	��

RDIG Resource 
Centres:
– ITEP
– JINR-LCG2
– Kharkov-KIPT
– RRC-KI
– RU-Moscow-KIAM
– RU-Phys-SPbSU
– RU-Protvino-IHEP
– RU-SPbSU
– Ru-Troitsk-INR
– ru-IMPB-LCG2
– ru-Moscow-FIAN
– ru-Moscow-GCRAS
– ru-Moscow-MEPHI
– ru-PNPI-LCG2
– ru-Moscow-SINP
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•• �
�
���
�
�� �����
������
� 	����
� 	����
� : LHC : LHC –– ATLAS, ALICE, CMS, ATLAS, ALICE, CMS, LHCbLHCb; ; 
PHOTON, HONE …PHOTON, HONE …

•• �
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•• Fusion Fusion 
•• �������������������� VOs:  eVOs:  e--Earth (Earth (���	�
������	�
��� ), ), 
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�����
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�"���#��  $�2��  3��
 , �������  �  �'4'  ��  �������  *  
 "��#��  LCG ���   �� ����  *  2003 ,��� . MoU ��  �������  *  
 "��#� WorldwideLHC Computing Grid (WLCG) ���  
 �� ����  *  2007 ,��� .
5�����  �'4'  *   "��#��/5�����  �'4'  *   "��#��/ WLCG/EGEE WLCG/EGEE 

(�����%��  �  �������� WLCG/EGEE �����
��	��	�� ;
.
�
���  �  ��
���������  �  
�����������  ������  
�����%	��
����  (/  (middleware testing/evaluation), 
.
�
���  �  Data and Service Challenges,
��������  
�
���  grid �����������  �  	
���  ��
	�
�� ;
��������  
�
����  FTS-monitoring;
��������  ��������������  
�
����  MCDB;
.
�
���  �  �������  ARDA; 
��������  �����%����  �  ����
��  ������  ��
����  ������� ; 
/���������  ��	
���  �������������  �  
�
������     
������
��������
(�����%��  
���� -	
�
����  /010  �  ��������  ���� -����������

�'4'  *   "��#��/�'4'  *   "��#��/ WLCG/EGEE WLCG/EGEE 



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

!�����  �����
��	��	��  20*3  /010!�����  �����
��	��	��  20*3  /010



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

))))

JINR JINR CICC structural schemeCICC structural scheme
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CICC comprises :
65 servers

4 interactive nodes
960 computing nodes, Xeon 5150, 8GB RAM (GEthernet)
(160 computing nodes, Xeon X5450, 16GB RAM, InfiniB and).

Site name: JINR-LCG2
Internal CICC network – 1Gbit/sec
Operating system -Scientific Linux CERN 4.6 (transf er to Scientific Linux 
SL release 5.2.) ; 
Middleware version GLITE-3.1
File Systems – AFS (the Andrew File System) for user  Software and 
home directories is a world-wide distributed file sy stem. AFS permits to 
share easily files in an heterogeneous distributed environment (UNIXes, 
NT) with a unique authentication scheme (Kerberos).
dCache- for data.
User registration system – Kerberos 5  ( AFS use Ker beros 5 for 
authentication )

JINR  WLCG JINR  WLCG infrastructureinfrastructure
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JINR provides the following services in the WLCG en vironment:JINR provides the following services in the WLCG en vironment:

Basic services:Basic services:
-- Berkley DB Information Index (top level BDII);Berkley DB Information Index (top level BDII);
-- site BDII;site BDII;
-- 2 x Computing Element (CE);2 x Computing Element (CE);
-- Proxy Server (PX);Proxy Server (PX);
-- 2 x Workload Management System (WMS);2 x Workload Management System (WMS);
-- Logging&Bookkeeping Service (LB);Logging&Bookkeeping Service (LB);
-- RGMARGMA--based monitoring system collector server (MONbased monitoring system collector server (MON--box) ;box);
-- LCG File Catalog (LFC);LCG File Catalog (LFC);
-- Storage Element (SE), dCache Storage Element (SE), dCache 400400 TB, 4 x gridftp door, 14 x pool;TB, 4 x gridftp door, 14 x pool;
-- 4 x User Interface (UI), installed in AFS.4 x User Interface (UI), installed in AFS.

Special Services Special Services -- VO boxes for ALICE and for CMS; ROCMON;VO boxes for ALICE and for CMS; ROCMON;
PPS and testing infrastructure PPS and testing infrastructure -- PrePre--production gLite version; production gLite version; 

Software for VOs: dCache xrootd door, AliROOT, ROOT , GEANT packages for ALICE; Software for VOs: dCache xrootd door, AliROOT, ROOT , GEANT packages for ALICE; 
ATLAS packages; CMSSW packages for CMS and DaVinchi , Gauss packages for ATLAS packages; CMSSW packages for CMS and DaVinchi , Gauss packages for 
LHCb.LHCb.

JINR  WLCG JINR  WLCG infrastructureinfrastructure
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RDIG monitoring&accounting  
http://rocmon.jinr.ru:8080

Monitored values
CPUs  - total /working / down/ free / busy
Jobs - running / waiting 
Storage space - used / available
Network - Available bandwidth 
Accounting values
Number of submitted jobs
Used CPU time

Totally sum in seconds
Normalized (with WNs productivity)
Average time per job

Waiting time
Totally sum in seconds
Average ratio waiting/used CPU time 
per job

Physical memory
Average per job

JINR CICC

• Monitoring – allows to keep an eye on parameters of 
Grid sites' operation in real time

• Accounting - resources utilization on Grid sites by 
virtual organizations and single users
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Integration with Google EarthIntegration with Google Earth

&/!(*��E�������H�����&/!(*��E�������H�����
6���

���,!/>&��"9;8�.6���

���,!/>&��"9;8�.

�(�(

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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Production Normalised CPU time per EGEE 
Region (June-August 2009)
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Russia and JINR Normalized CPU time per 
SITE  (January 2009 - September 2009 )
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Production Production NormalisedNormalised CPU time per EGEE site for CPU time per EGEE site for 
VO LHC (June VO LHC (June –– September 2009)September 2009)
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nn WWLCG: LCG: ���	�����	�� ���� ���� ��
 ��
 "���#���  "���#���  $��������$�������� %������	��%������	�� (Worldwide LHC Computing GRID)(Worldwide LHC Computing GRID)

nn EEGEE: ����	�������	GEE: ����	�������	 ���� ���� --����	
����	
 ��
 ��
 ee--���������� (The Enabling Grids for E(The Enabling Grids for E--sciencEsciencE))
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  LHC LHC ����	��
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����COURSES                          LECTURES                     PRACTICAL TRAINING

Russian and JINR physicists  
participants of ATLAS experiment 
train and practise with Grid and the 
GANGA

User Training and Induction
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Distributed Distributed training training infrastructureinfrastructure
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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

��������������	�
�
��������������	�
�


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

�;�� ? � ����
� ; ���
�� � ����
� �����

����. ? � �����
�
� 
������������� � ����������
@A��. ���
 ����
�
����/ ? � �����
�
� 
������������
� ����������@A� �/ ����

����
�

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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nn _PSSR`PLRXOa_PSSR`PLRXOa bcdbe'bcdbe'
�� ��$)$) OQ\YOY]YPZ�O^�OQ\YOY]YPZ�O^����� \YLRQ\YLRQ

nn fSa�ghhMiYOZQPNP�]jR\YOa�Z�fSa�ghhMiYOZQPNP�]jR\YOa�Z�
iPSSR`PLRXOOiPSSR`PLRXOO WPST^PZRYMSO�kPSlQU�WPST^PZRYMSO�kPSlQU�
OmMYT�ZP^mPlQP\YT'OmMYT�ZP^mPlQP\YT'
�� JY\SMlOZRYT�P`nOV�\YRY]\�gi\WMLOmMQYRJY\SMlOZRYT�P`nOV�\YRY]\�gi\WMLOmMQYR
�� JY\SMlOZRYT�\P\YPaQOM�JY\SMlOZRYT�\P\YPaQOM�WPk\O\YMmWPk\O\YMm��

LR^LR`PYRQQUo�Z�Oo�OQ\YOY]YRoLR^LR`PYRQQUo�Z�Oo�OQ\YOY]YRo

nn pYO�^RkRjO�LMqRrY\a�\�WPmPnTr�pYO�^RkRjO�LMqRrY\a�\�WPmPnTr�
\O\YMmU�]kRSsQQPNP�mPQOYPLOQNR\O\YMmU�]kRSsQQPNP�mPQOYPLOQNR
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Remote ATLAS Control Room in Remote ATLAS Control Room in DubnaDubna ''

739"E69"3&�������739"E69"3&�������
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3-rd International Conference
"Distributed Computing and Grid-technologies in 

Science and Education“
30 June – 4 July, 2008

126 reports, 211 participants
http://grid2008.jinr.ru
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The main topics of the 
symposium are:

§Detector & Nuclear Electronics 
§Computer Applications for 
Measurement and Control in 
Scientific Research 
§Triggering and Data Acquisition 
§Accelerator and Experiment 
Automation Control Systems 
§Methods of Experimental Data 
Analysis 
§Information & Data Base Systems 
§Computer Networks for Scientific 
Research 
§Data & Storage Management 
§Grid computing 

The XXII International Symposium on Nuclear 
Electronics and Computing (NEC'2009)
Bulgaria, Varna, 7-14 September, 2009.

http://nec2009.jinr.ru
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Development of the JINR Development of the JINR 
GridGrid--environment environment –– 20102010--20162016

Network level:
links between Moscow and Dubna on the basis of stat e-of-the-art 
technologies DWDM and 10Gb Ethernet.  
JINR Local area network :
JINR High-speed backbone construction – 10Gbps

Resource level:
requirements of the LHC experiments stimulate the d evelopment of a global 
Grid-infrastructure, together with the resource cen ters of all the cooperating 
organizations. First of all, this is of primary conc ern for such large research 
centers as the JINR. To reach effective processing and analysis of the 
experimental data, further increase in the JINR CIC C performance and disk 
space is needed.
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Useful ReferencesUseful References::
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The blind men and the The blind men and the 
elephant in the roomelephant in the room

Cyberinfrastructure

Grids

Shared 
Infrastructure/ 

Shared Services

SaaS

SOA

Virtualization

Web 2.0

Automation


