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«Грид - это система, которая:
· координирует использование ресурсов при отсутствии централизованного
управления этими ресурсами

· использует стандартные, открытые, универсальные протоколы и 
интерфейсы.

· обеспечивает высококачественное обслуживание»

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

КонцепцияКонцепцияКонцепцияКонцепция ГридГридГридГрид

Cоздание компьютерной инфраструктуры нового типа, обеспечивающей 
глобальную интеграцию информационных и вычислительных ресурсов на 
основе управляющего и оптимизирующего программного обеспечения 
(middleware) нового поколения.

Междисциплинарный характер грид: развиваемые технологии 
применяются в физике высоких энергий, космофизике, микробиологии, 
экологии, метеорологии, различных инженерных и бизнес приложениях. 

Виртуальные организации (VO)
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nn Distributed ComputingDistributed Computing
•• || || synchronous processingsynchronous processing

nn HighHigh--Throughput ComputingThroughput Computing
•• || || asynchronous processingasynchronous processing

nn OnOn--Demand ComputingDemand Computing
•• || || dynamic resourcesdynamic resources

nn DataData--Intensive ComputingIntensive Computing
•• || || databasesdatabases

nn Collaborative ComputingCollaborative Computing
•• || || scientistsscientists

Ian Foster and Carl Kesselman, editors, “The Grid: Blueprint for a New Computing 
Infrastructure,” Morgan Kaufmann, 1999, http://www.mkp.com/grids

Five Emerging Models of Networked Five Emerging Models of Networked 
Computing From Computing From The GridThe Grid



T.Strizh  (LIT, JINR)T.Strizh  (LIT, JINR)

Развитие научных исследований в 
физике высоких энергий, 
астрофизике, биологии, науках о 
Земле и других   требует совместной 
работы многих организаций по 
обработке большого объема данных 
в относительно короткие сроки. Для 
этого необходимы географически 
распределенные вычислительные 
системы, способные передавать и 
принимать данные порядка десятков 
терабайт в сутки, одновременно 
обрабатывать  десятки тысяч задач 
и долговременно хранить 
петабайтные объемы данных. 

Современные Грид-инфраструктуры обеспечивают интеграцию аппаратурных 
и программных ресурсов, находящихся в разных организациях в масштабах 
стран, регионов, континентов в единую вычислительную среду, позволяющую 
решать задачи по обработке сверхбольших объемов данных, чего в 
настоящее время невозможно достичь в локальных вычислительных центрах. 
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FiveFive bigbig ideasideas

Resource sharing:Resource sharing: Global sharingGlobal sharing is the very essence of grid is the very essence of grid 
computing.computing.

Secure access:Secure access: TrustTrust between resource providers and users is between resource providers and users is 
essential, especially when they don't know each other. Sharing essential, especially when they don't know each other. Sharing 
resources conflicts with security policies in many individual resources conflicts with security policies in many individual 
computer centers, and on individual PCs, so getting grid security computer centers, and on individual PCs, so getting grid security 
right is crucial.right is crucial.

Resource use:Resource use: Efficient, balanced use of computing resourcesEfficient, balanced use of computing resources is is 
essential.essential.

The death of distance:The death of distance: Distance should make no difference:Distance should make no difference: you you 
should be able to access to computer resources from should be able to access to computer resources from whereeverwhereever
you are.you are.

Open standards:Open standards: Interoperability between different grids is a big goal, Interoperability between different grids is a big goal, 
and is driven forward by the adoption of open standards for grid and is driven forward by the adoption of open standards for grid 
development, making it possible for everyone can contribute development, making it possible for everyone can contribute 
constructively to grid development. Standardization also constructively to grid development. Standardization also 
encourages industry to invest in developing encourages industry to invest in developing commercial grid commercial grid 
servicesservices andand infrastructure.infrastructure.

Slide from Grid Cafe
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Grid is a result of IT progressGrid is a result of IT progress

Graph from “The Triumph of the Light”, G. Stix, Sci. Am. January 2001 

•Computer speed doubles 
every 18 months

•Network speed doubles 
every 9 months

Network vs. 
computer 

performance:

•Computers: 500 times 
faster

•Networks: 340000 times 
faster

1986 to 2000:

•Computers: 60 times 
faster

•Networks: 4000 times 
faster

2001 to 2010 
(projected):

Excellent wide area networks provide 
for a distributed supercomputer – the 

Grid

“Operating system” of such a 
computer is Grid middleware
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From the From the 
conventional conventional 

HPC…HPC… To the GridTo the Grid
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Суперкомпьютеры, ПК- кластеры
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Массовая память, сенсоры, эксперименты

Грид - это средство для совместного использования вычислительных 
мощностей и хранилищ данных посредством интернета 
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Global
Community
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• Физика высоких энергий (Физика высоких энергий (Физика высоких энергий (Физика высоких энергий (LHC, CERN)LHC, CERN)LHC, CERN)LHC, CERN)• TeraGridTeraGridTeraGridTeraGrid• HealthGrid (GEMSS, MammoGrid, Pharma Grid, BioGrid, Infogenmed)HealthGrid (GEMSS, MammoGrid, Pharma Grid, BioGrid, Infogenmed)HealthGrid (GEMSS, MammoGrid, Pharma Grid, BioGrid, Infogenmed)HealthGrid (GEMSS, MammoGrid, Pharma Grid, BioGrid, Infogenmed)• Молекулярная биологии Молекулярная биологии Молекулярная биологии Молекулярная биологии для моделирования структуры белка, анализапоследовательностей ДНК• Бизнес Бизнес Бизнес Бизнес ———— нефтяная отрасль, геологоразведка• В банковском делеВ банковском делеВ банковском делеВ банковском деле• В автомобильной промышленности В автомобильной промышленности В автомобильной промышленности В автомобильной промышленности Grid позволяет ускорить и удешевить расчет виртуальных крэштестов• Airbus и Boeing Airbus и Boeing Airbus и Boeing Airbus и Boeing используют технологию для постоянного контроля состояния двигателей и других агрегатов и узлов самолета показания датчиков, непрерывно собирающих информацию, через спутник передаются на землю, где анализируются в сетях Grid• IBM IBM IBM IBM активно использует технологию Grid для внутренних нужд (моделирование при создании микропроцессоров следующих поколений, таких, как Power5 и Power6”

Перспективные  области  применения грид
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Grids in LHC experimentsGrids in LHC experiments
nn Almost all Monte Carlo and data processing today Almost all Monte Carlo and data processing today 

is done via Gridis done via Grid
nn There are 20+ Grid flavors out thereThere are 20+ Grid flavors out there

•• Almost all are tailored for a specific application Almost all are tailored for a specific application 
and/or specific hardwareand/or specific hardware

nn LHC experiments make use of only 3 Grid flavors:LHC experiments make use of only 3 Grid flavors:
•• gLitegLite
•• ARCARC
•• OSGOSG

nn All experiments develop own higherAll experiments develop own higher--level Grid level Grid 
middleware layersmiddleware layers
•• ALICE ALICE –– AliEnAliEn
•• ATLAS ATLAS –– PANDA, GANGA, DDMPANDA, GANGA, DDM
•• LHCb LHCb –– DIRAC, GANGADIRAC, GANGA
•• CMS CMS –– ProdAgent, CRAB, PhEDExProdAgent, CRAB, PhEDEx
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Bioinformatics and GridBioinformatics and Grid
nn Many large clusters Many large clusters 
utilized for utilized for 
•• ServicesServices

nn Sequence similarity (BLAST Sequence similarity (BLAST 
queues)queues)

•• ResearchResearch
nn Molecular modeling (folding, Molecular modeling (folding, 
docking)docking)

nn Training of novel predictorsTraining of novel predictors
nn Jobs are typically short (3 Jobs are typically short (3 
minutes)minutes)

nn But plenty (all against all But plenty (all against all →→
10101212))

nn Considerable preparation for Considerable preparation for 
single job (couple of gigabytes single job (couple of gigabytes 
of data to transfer)of data to transfer)
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Biomedical applicationsBiomedical applications

nn Biomedicine is also a pilot application areaBiomedicine is also a pilot application area

nn More than 20 applications More than 20 applications 
deployed and being ported deployed and being ported 

nn Three sub domains Three sub domains 
•• Medical image processingMedical image processing
•• BiomedicineBiomedicine
•• Drug discoveryDrug discovery

nn Use Grid as platform for collaboration Use Grid as platform for collaboration 
(don’t need same massive processing power or storage as (don’t need same massive processing power or storage as 

HEP) HEP) 
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Thursday, November 05, Thursday, November 05, 
20092009

EGEE ApplicationsEGEE Applications 1515

Applications Example: WISDOMApplications Example: WISDOM
nn GridGrid--enabled drug discovery process for neglected enabled drug discovery process for neglected 

diseasesdiseases
•• In silicoIn silico docking docking 

nn compute probability that potential drugs dock compute probability that potential drugs dock 
with target proteinwith target protein

•• To speed up and reduce cost to develop new To speed up and reduce cost to develop new 
drugsdrugs

nn WISDOM (WorldWISDOM (World--wide In Silico Docking On Malaria)wide In Silico Docking On Malaria)  ::
•• Three largeThree large--scale deployments withscale deployments with

more than more than 6 6 centuries of computations centuries of computations 
achieved in achieved in 190 190 daysdays

•• 33,,55TB of data produced TB of data produced 
•• Up to Up to 5000 5000 computers in computers in 50 50 countriescountries
•• Some promising inSome promising in--vitro tests,vitro tests,

with relevant biological results. with relevant biological results. 
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Radio astronomy needs Grid, tooRadio astronomy needs Grid, too

nn EEnormous datasets, massive normous datasets, massive 
computing, innovative computing, innovative 
instrumentationinstrumentation
•• Dozens of new surveys Dozens of new surveys 

launched recentlylaunched recently
•• Many (10 Many (10 –– 100) 100) 

terabytes per surveyterabytes per survey
•• High data ratesHigh data rates
•• 10 10 –– 100 researchers per 100 researchers per 

surveysurvey
•• International International 

collaborations (almost collaborations (almost 
always)always)

•• Data is nonData is non--proprietary proprietary 
(usually)(usually)
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Computational ChemistryComputational Chemistry
nn GEMS (Grid Enabled Molecular Simulator) applicationGEMS (Grid Enabled Molecular Simulator) application

•• Calculation and fitting of electronic energies of atomic Calculation and fitting of electronic energies of atomic 
and molecular aggregates (using high level and molecular aggregates (using high level ab initioab initio
methods)methods)

•• The use of statistical kinetics and dynamics to study The use of statistical kinetics and dynamics to study 
chemical processes chemical processes 

nn Virtual MonitorsVirtual Monitors
•• Angular distributionsAngular distributions
•• Vibrational distributionsVibrational distributions
•• Rotational distributionsRotational distributions
•• Many body systems Many body systems 

nn EndEnd--User applicationsUser applications
•• NanotubesNanotubes
•• Life sciencesLife sciences
•• Statistical ThermodynamicsStatistical Thermodynamics
•• Molecular Virtual RealityMolecular Virtual Reality

Angular distribution

Rotational distribution

Vibrational distribution

Many body system
Angular distribution
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FusionFusion
nn Large Nuclear Fusion installationsLarge Nuclear Fusion installations

•• E.g. International Thermonuclear Experimental Reactor E.g. International Thermonuclear Experimental Reactor 
(ITER)(ITER)

•• Distributed data storage and handling neededDistributed data storage and handling needed
•• Computing power needed forComputing power needed for

nn Making decisions in real timeMaking decisions in real time
nn Solving kinetic transport Solving kinetic transport 
àà particle orbitsparticle orbits

nn Stellarator optimizationStellarator optimization
àà magnetic field to contain the plasmamagnetic field to contain the plasma
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Earth Science ApplicationsEarth Science Applications
nn Community Community 

•• Many small groups that aggregate for projects (and Many small groups that aggregate for projects (and 
separate afterwards)separate afterwards)

nn The Earth The Earth 
•• Complex systemComplex system
•• Independent domains with interfacesIndependent domains with interfaces

nn Solid Earth Solid Earth –– Ocean Ocean –– AtmosphereAtmosphere
•• Physics, chemistry and/or biologyPhysics, chemistry and/or biology

nn ApplicationsApplications
•• Earth observation by satelliteEarth observation by satellite
•• SeismologySeismology
•• HydrologyHydrology
•• ClimateClimate
•• GeosciencesGeosciences
•• PollutionPollution

•• Meteorology, Space Meteorology, Space 
WeatherWeather

•• Mars AtmosphereMars Atmosphere
•• Database CollectionDatabase Collection
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Earth Sciences: Earthquake analysisEarth Sciences: Earthquake analysis
nn Seismic software application determines:Seismic software application determines:

Epicentre, magnitude, mechanismEpicentre, magnitude, mechanism
ààMay make it possible to predict future May make it possible to predict future 

earthquakesearthquakes
ààAssess potential impact on specific regionsAssess potential impact on specific regions

nn Analysis of Indonesian earthquake Analysis of Indonesian earthquake 
(28 March 2005)(28 March 2005)
•• Data from French seismic sensor network Data from French seismic sensor network 

GEOSCOPE  transmitted to IPGP GEOSCOPE  transmitted to IPGP 
within 12 hours after the earthquakewithin 12 hours after the earthquake

•• Solution found within 30 hours after earthquake Solution found within 30 hours after earthquake 
occurred occurred 

nn 10 times faster on the Grid than on local computers10 times faster on the Grid than on local computers
•• ResultsResults

nn Not an aftershock of December 2004 earthquakeNot an aftershock of December 2004 earthquake
nn Different location (different part of fault line further Different location (different part of fault line further 

south)south)
nn Different mechanismDifferent mechanism

nn Rapid analysis of earthquakes is important for relief effortsRapid analysis of earthquakes is important for relief efforts
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How to GridHow to Grid--enable your scienceenable your science
nn ApplicationApplication--specific software is formalized as specific software is formalized as 
RunRun--Time Environment (RTE)Time Environment (RTE)
•• Installed and configured at each site, typically Installed and configured at each site, typically 

by an authorized user/managerby an authorized user/manager
•• Advertised via information system for matchAdvertised via information system for match--

makingmaking
•• Jobs only need to specify the RTE name and Jobs only need to specify the RTE name and 

versionversion
•• Special authorization Special authorization pluginsplugins are available in are available in 

case of a commercial application softwarecase of a commercial application software
nn Users with similar applications are grouped into Users with similar applications are grouped into 
Virtual Virtual OrganisationsOrganisations (VOs)(VOs)
•• A VO typically corresponds to a projectA VO typically corresponds to a project
•• A VO contributes the hardwareA VO contributes the hardware

nn Some VOs at JINR:Some VOs at JINR:
–– CERN VOs: ALICE, ATLAS, CMS, CERN VOs: ALICE, ATLAS, CMS, LHCbLHCb
–– НОНОNENE
–– FusionFusion
–– BioMedBioMed
–– eEartheEarth
–– PandaPanda
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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
nn 1998 1998 –– MONARC projectMONARC project

•• a distributed modela distributed model
nn Integrate existing centres, department clusters,Integrate existing centres, department clusters,

recognising that funding is easier if the recognising that funding is easier if the 
equipment is installed at homeequipment is installed at home

nn Devolution of controlDevolution of control–– local physics groups have local physics groups have 
more influence over how local resources are more influence over how local resources are 
used, how the service evolves  used, how the service evolves  

•• a multia multi--Tier modelTier model
nn Enormous data volumes Enormous data volumes àà looked after by looked after by 

a few (expensive) computing centresa few (expensive) computing centres
nn Network costs favour regional data accessNetwork costs favour regional data access
nn Simple model that HEP can develop and get Simple model that HEP can develop and get 

into production  ready for data in into production  ready for data in 20052005
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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

Grid

Fabric

Local Computing

Grid

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))

Проект EGEE - Enabling 
Grids for E-sciencE 
направлен на создание 
глобальной
инфраструктуры, 
основанной на 
технологиях грид.

На первой фазе проекта 
участвовали 70 
организаций из 27 
стран.
В настоящее время в 
проекте участвуют около 
120 организаций из 45 
стран. 
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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 the 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

Астрономия и астрофизика
Безопасность населения
Вычислительная химия
Вычислительные 
науки/Программирование
Физика конденсированного 
состояния
Науки о Земле
Синтез
Физика высоких энергий
Науки о жизни 



Enabling Grids for E-sciencE

EGEE-III INFSO-RI-222667 30The EGEE project - Bob Jones - EGEE'08 - 22 September 2008 30

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 infrastructure 

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

• From e-Infrastructures to  Knowledge Infrastructures

• 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 Sept 2008
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WLCG WLCG depends on two major science grid infrastructures depends on two major science grid infrastructures 
EGEEEGEE -- Enabling Grids for EEnabling Grids for E--ScienceScience
OSGOSG -- US Open Science GridUS Open Science Grid

EGEE & OSG



LHC Computing Grid Project LHC Computing Grid Project 
(LCG)(LCG)

Основной задачей проекта LCG является создание глобальной 
инфраструктуры региональных центров для обработки, 
хранения и анализа данных физических экспериментов LHC.
Новейшие технологии GRID являются основой построения этой 
инфраструктуры.

Проект LCG осуществляется в две фазы.
1 фаза (2001-2005 гг.) - создание прототипа и разработка 
проекта системы (LCG TDR).
2 фаза (2005-2008 гг.) - создание инфраструктуры LCG, 
готовой к обработке, хранению и анализу данных на момент 
начала работы ускорителя в 2008 году. 
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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

CE,SE CE,SE →→ GRIS GRIS →→ GIIS GIIS →→ BDIIBDII
GLUE SchemaGLUE Schema

BDII ALDAPLDAPLDAPLDAP BDII BREGION A1GIISGIISGIISGIIS REGION A2GIISGIISGIISGIIS REGION B1GIISGIISGIISGIISLDAPLDAPLDAPLDAP
SECEGRISGRISGRISGRIS GRISGRISGRISGRISSite AGIISGIISGIISGIIS SECEGRISGRISGRISGRIS GRISGRISGRISGRISSite BGIISGIISGIISGIIS SECEGRISGRISGRISGRIS GRISGRISGRISGRISSite CGIISGIISGIISGIIS

Grid Resource Information System - GRIS Grid Index Information System - GIIS
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Job submission to the WLCGJob submission to the WLCGUser InterfaceUser InterfaceUser InterfaceUser InterfaceUser InterfaceUser InterfaceUser InterfaceUser Interface

Logging and BookkeepingLogging and BookkeepingLogging and BookkeepingLogging and Bookkeeping

Replica Catalogue (RC)

Resource BrokerResource BrokerResource BrokerResource Broker
submittedsubmitted

waitingwaiting

readyready

scheduledscheduled

runningrunning

donedone

outputreadyoutputready

clearedcleared

Information Service (IS)Information Service (IS)Information Service (IS)Information Service (IS)
Job SubmissionJob SubmissionJob SubmissionJob SubmissionService (JSS)Service (JSS)Service (JSS)Service (JSS) ComputingComputingComputingComputingComputingComputingComputingComputingElement Element Element Element Element Element Element Element (CE)(CE)(CE)(CE)(CE)(CE)(CE)(CE) StorageStorageStorageStorageStorageStorageStorageStorageElement Element Element Element Element Element Element Element (SE)(SE)(SE)(SE)(SE)(SE)(SE)(SE)
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gLite gLite http://www.glite.orghttp://www.glite.org
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EGEE Maintained 
Components

External Components

gLitegLite MiddlewareMiddleware

Bob Jones Bob Jones -- EGEE09EGEE09 3939Physical Resources

User Interface

General Services

LHC File
Catalogue
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File Transfer
Service
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In
fo

rm
a
tio

n
 S

e
rv

ice
s

BDII

MON

User 
InterfaceUser Access

Security
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Virtual 
Organisation 
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Proxy 
Server
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LCMAPS
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gLExec
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Российский консорциум RDIG (Russian Data Intensive Grid) был создан в 2003 
году как национальная грид-федерация в прокте EGEE.

В настоящее время RDIG –инфраструктура состоит из 15 ресурсных центров, в 
которых доступно около 5000 процессоров и 2000 TB дискового пространства. 

RDIG инфраструктура

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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СтруктурныеСтруктурные элементыэлементы гридгрид--инфраструктурыинфраструктуры в Россиив России

ROCROC –– региональныйрегиональный операционныйоперационный центрцентр в в РоссииРоссии
•• ОбеспечениеОбеспечение функционированияфункционирования базовыхбазовых гридгрид сервисовсервисов 2424хх77
•• МониторингМониторинг и и реагированиереагирование нана черезвычайныечерезвычайные ситуацииситуации
•• УУчетчет ресурсовресурсов и и выполненныхвыполненных работработ (accounting) (accounting) 
•• УправлениеУправление и и поддержкаподдержка виртуальныхвиртуальных организацийорганизаций
•• ПоддержкаПоддержка безопасностибезопасности инфраструктурыинфраструктуры, CA, CA
•• СертификацияСертификация ((валидациявалидация) ) гридгрид ПОПО
•• ПоддержкаПоддержка пользователейпользователей
•• ОперационнаяОперационная поддержкаподдержка ресурсныхресурсных центровцентров

RC RC –– ресурсныересурсные центрыцентры (CPU, Disk, Tape)(CPU, Disk, Tape)  
VO VO –– виртуальныевиртуальные организацииорганизации::

•• физикафизика высокихвысоких энергийэнергий: LHC : LHC –– ATLAS, ALICE, CMS, ATLAS, ALICE, CMS, LHCbLHCb; ; 
PHOTON, HONE …PHOTON, HONE …

•• биомедбиомед
•• Fusion Fusion 
•• российскиероссийские VOs:  eVOs:  e--Earth (Earth (геофизикагеофизика), ), 
•• химфизикахимфизика ((ЧерноголовкаЧерноголовка, МГУ, МГУ ++), ++), 
нанотехнологиинанотехнологии и и наноиндустриянаноиндустрия
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Протокол между ЦЕРН, Россией и ОИЯИ об участии в 
проекте LCG был подписан в 2003 году. MoU об участии в 
проеке WorldwideLHC Computing Grid (WLCG) был 
подписан в 2007 году.
Задачи ОИЯИ в проектахЗадачи ОИЯИ в проектах WLCG/EGEE WLCG/EGEE 

Поддержка и развитие WLCG/EGEE инфраструктуры;
Участие в тестировании и сертификации нового 
промежуточного ПО (middleware testing/evaluation), 
Участие в Data and Service Challenges,
Развитие систем grid мониторинга и учета ресурсов;
Развитие системы FTS-monitoring;
Развитие информационной системы MCDB;
Участие в проекте ARDA; 
Развитие приложений в области физики высоких энергий; 
Организация обучения пользователей и системных    
администраторов
Поддержка стран-участниц ОИЯИ в развитии грид-технологий

ОИЯИ в проектахОИЯИ в проектах WLCG/EGEE WLCG/EGEE 
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Сетевая инфраструктура ЦИВК ОИЯИСетевая инфраструктура ЦИВК ОИЯИ



T.Strizh  (LIT, JINR)T.Strizh  (LIT, JINR)

4444

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, InfiniBand).

Site name: JINR-LCG2
Internal CICC network – 1Gbit/sec
Operating system -Scientific Linux CERN 4.6 (transfer 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 system. 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 Kerberos 5 for 
authentication )

JINR  WLCG JINR  WLCG infrastructureinfrastructure
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JINR provides the following services in the WLCG environment:JINR provides the following services in the WLCG environment:

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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PortalPortal wwwwww..egeeegee--rdigrdig..ruru
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File Transfere System Monitoring and TestingFile Transfere System Monitoring and Testing
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Integration with Google EarthIntegration with Google Earth

NEC09, Varna,  Julia NEC09, Varna,  Julia 
Andreeva (CERN, IT/GS)Andreeva (CERN, IT/GS)

5050

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 )



T.Strizh  (LIT, JINR)T.Strizh  (LIT, JINR)

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)

5353

GRID-site            CPU time             Num CPU
-------------------------------------------------------
FZK-LCG                    8,095,787 8620
CERN-PROD              4,552,891 6812
INFN-T1                    4,334,940 2862
GRIF 4,089,269 3454
JINR 3,957,790                      960
CYFRONET-LCG         3,948,857 2384
PIC                             3,921,569 1337
UKI-GLASGOW          3,860,298 1912
RAL-LCG2                  3,793,504 2532
UKI-LT2-IC-HEP        3,752,747 960
IN2P3-CC                   3,630,425 4544
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Проекты в области развития gridПроекты в области развития grid--технологийтехнологий
nn WWLCG: LCG: проектпроект гридгрид длядля Большого Большого АдронногоАдронного КоллайдераКоллайдера (Worldwide LHC Computing GRID)(Worldwide LHC Computing GRID)

nn EEGEE: развертываниеGEE: развертывание гридгрид--системсистем длядля ee--наукинауки (The Enabling Grids for E(The Enabling Grids for E--sciencEsciencE))

nn RDIG: RDIG: РоссийскийРоссийский гридгрид длядля интенсивныхинтенсивных операцийопераций с с даннымиданными

nn Проект СКИФПроект СКИФ--ГРИДГРИД: : программа развития высокопроизводительных вычислений союзного государства программа развития высокопроизводительных вычислений союзного государства 
Россия Россия -- БелорусьБелорусь

nn Подготовка вычислительных комплексов ЛИТ ОИЯИ (г. Дубна) и ННЦ ХФТИ (г. Харьков) к Подготовка вычислительных комплексов ЛИТ ОИЯИ (г. Дубна) и ННЦ ХФТИ (г. Харьков) к 
распределенному анализу данных эксперимента CMS (CERN) на основе распределенному анализу данных эксперимента CMS (CERN) на основе гридгрид--технологийтехнологий

nn ГридГрид мониторинг для эффективного функционирования виртуальных организаций мониторинг для эффективного функционирования виртуальных организаций ((совместный с ЦЕРН)совместный с ЦЕРН)

nn Развитие Развитие ГридГрид ––ифраструктурыифраструктуры и ПО для обеспечения совместных исследований с участием ОИЯИ и и ПО для обеспечения совместных исследований с участием ОИЯИ и 
центров Германии (финансирование центров Германии (финансирование BMBF)BMBF)

nn Развитие Развитие гридгрид--сегментасегмента для для LHC LHC экспериментов в кооперации с ЮАР (финансирование ЮАР)экспериментов в кооперации с ЮАР (финансирование ЮАР);;

nn NATO NATO проект проект "DREAMS"DREAMS--ASIA“ (ASIA“ (Развитие Развитие гридгрид--технологийтехнологий для науки и медицины в Центральной Азии)для науки и медицины в Центральной Азии)

nn ОИЯИОИЯИ--РумынияРумыния кооперация в программе кооперация в программе ХулубейХулубей--МещеряковМещеряков

nn ОИЯИОИЯИ--ИнститутИнститут физики АН Чехии проект «физики АН Чехии проект «ГридГрид--инфраструктураинфраструктура для физических экспериментов»для физических экспериментов»

nn «Развитие распределенной «Развитие распределенной гридгрид--инфраструктурыинфраструктуры ОИЯИОИЯИ--АрменияАрмения для научных исследований»для научных исследований»

nn ГридННСГридННС-- инфраструктура региональных центров программы развития инфраструктура региональных центров программы развития нанотехнологийнанотехнологий и и наноиндустриинаноиндустрии

nn ДубнаДубна--ГридГрид: создание городской : создание городской гридгрид--инфраструктурыинфраструктуры

nn Совместные проекты по развитию Совместные проекты по развитию гридгрид--технологийтехнологий с научными центрами Армении, Белоруссии, Болгарии, с научными центрами Армении, Белоруссии, Болгарии, 
Грузии, Польши, Грузии, Польши, Румынии,СловакииРумынии,Словакии, Узбекистана, Украины, ФРГ,  Чехии, ЮАР, Узбекистана, Украины, ФРГ,  Чехии, ЮАР
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5555COURSES                          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

5656 Рисунок подготовил Н. Кутовский
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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

RDMS CMS Data BasesRDMS CMS Data Bases

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

Data

{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

OMDS - Online Master Data 
Storage
ORCON - Offline 
Reconstruction Conditions 
DB ONline subset
ORCOF - Offline 
Reconstruction
Conditions DB OFfline
subset

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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Удалённый мониторингУдалённый мониторинг

nn КоллаборацияКоллаборация АТЛАС:АТЛАС:
•• 116464 институтов из институтов из 3355 странстран

nn Для эффективного участия в Для эффективного участия в 
коллаборацииколлаборации пользователи должны пользователи должны 
иметь возможность:иметь возможность:
•• Отслеживать общий статус экспериментаОтслеживать общий статус эксперимента
•• Отслеживать состояние Отслеживать состояние подсистемподсистем,,

разработанных в их институтахразработанных в их институтах

nn Эти задачи решаются с помощью Эти задачи решаются с помощью 
системы удалённого мониторингасистемы удалённого мониторинга
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Remote ATLAS Control Room in Remote ATLAS Control Room in DubnaDubna   

MOTIVATION       MOTIVATION       

nn Monitoring of the Monitoring of the 
detector at any timedetector at any time

nn Participation of the Participation of the 
subsystem experts subsystem experts 
from from DubnaDubna in the in the 
shifts and data quality shifts and data quality 
checks remotelychecks remotely

nn Training the shifters Training the shifters 
before they come to before they come to 
CERNCERN

ACR at CERN 

The goal - to have reduced copy at JINR
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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



T.Strizh  (LIT, JINR)T.Strizh  (LIT, JINR)

6161

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 state-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 development of a global 
Grid-infrastructure, together with the resource centers of all the cooperating 
organizations. First of all, this is of primary concern for such large research 
centers as the JINR. To reach effective processing and analysis of the 
experimental data, further increase in the JINR CICC performance and disk 
space is needed.
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Useful ReferencesUseful References::
nn Grid Café: Grid Café: http://www.gridcafe.org/http://www.gridcafe.org/

nn OPEN OPEN GRID FORUMGRID FORUM:: http://http://www.www.ogfogf.org.org

nn GGLOBUS: LOBUS: http://http://www.globus.orgwww.globus.org

nn TERATERAGGRIDRID: : http://www.teragrid.orghttp://www.teragrid.org

nn Open Science Grid: Open Science Grid: http://opensciencegrid.org/http://opensciencegrid.org/

nn LCG: LCG: http://http://lcg.web.cern.ch/LCG/lcg.web.cern.ch/LCG/

nn EGEE: EGEE: http://www.euhttp://www.eu--egeeegee.org.org

nn EGEEEGEE--RDIG: RDIG: http://www.http://www.egeeegee--rdig.rurdig.ru

nn EGI:   EGI:   http://web.euhttp://web.eu--egi.eu/egi.eu/

nn International Science Grid this Week:International Science Grid this Week: http://www.isgtw.org/http://www.isgtw.org/
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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


