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KoHuenuusa [ pug

«I'pux - 3T0 cucrema, Koropas:

* KOOPAMHUPYET UCIOJb30BAHUE PECYPCOB MPHU OTCYTCTBUM HEHTPAJIN30BAHHOIO
yIpaBJeHUs 3 TUMH pPecypcaMu

* HCIOJIB3YeT CTAHAAPTHBIE, OTKPbIThIe, YHUBEPCAJbHbIE IIPOTOKOJIbI U
HHTEp(deunchl.

- 00ecrneynBaeT BbICOKOKAYEeCTBEHHOE 06CJ1y)KI/IBaHI/Ie»

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

Co3aanue KOMNbIOTEPHOH HHPPACTPYKTYPbI HOBOI0 THIIA, 00ecneYuBaloIeii
100aJIbHYI0 HHTErpanui0 HHGOPMAIMOHHBIX ¥ BHIYMCJIUTEILHBIX PECYPCOB Ha
OCHOBE YNIPaBJISIIOILIEr0 ¥ ONTHUMH3UPYIOLIET0 MPOrPAMMHOI0 00ecreueHust
(middleware) HOBOro moxoJieHusl.

MeXaucCHUIUIMHAPHBIN XapaKTep rpua: pa3BUBaeMble TEXHOJIOT UM
NPUMEHSIIOTCH B (PU3HKe BLICOKUX JHEPruil, KocMOpu3nKe, MUKPOOHOJIOT UM,
IKOJIOTUH, METCOPOJIOTUH, PA3JIUYHBIX HH)KEHEPHbIX U OM3HEC NMPUJIOKEHUAX.

Bupryaabnbie opranuzanum (VO)

T.Strizh (LIT, JINR)



Five Emerging Models of Networked
Computing From The Grid

Distributed Computing
e || synchronous processing

High-Throughput Computing G RI D
e || asynchronous processing
On-Demand Computing

e || dynamic resources
Data-Intensive Computing

e || databases

Collaborative Computing
o || scientists

Edited by lan Fostar

lan Foster and Carl Kesselman, editors, “The Grid: Blueprint for a New Computing
Infrastructure,” Morgan Kaufmann, 1999, http://www.mkp.com/grids
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Pa3BuTne Hay4HbIX UCCrneagoBaHU B
dom3unKe BbICOKUX IHEPTUM,
acTpodusnke, buonornun, Haykax o
3emMrne u gpyrux TpebyeT cCOBMECTHOM
paboTbl MHOIMX opraHn3aumin No
0bpaboTke 6onbLIoro o6bema AaHHbIX
B OTHOCUTENbHO KOPOTKME cpokun. Ons
9TOro HeobxoamMmbl reorpauyeckm
pacnpeneneHHble BblHUCIUTESNbHbIE
CUCTEMBI, CNOCOBHbIE NepeaaBaThb U
NPUHUMATb AaHHble NopsiAaKa OJECATKOB
TepabanT B CyTKWU, OQHOBPEMEHHO
obpabaTbiBaTb AECATKM ThiCAY 3aaad
N 0ONTOBPEMEHHO XPaHUTb
netabanmTHble 06beMbI AaHHBbIX.

CoBpemeHHble [pua-nHdpacTpykTypbl 06ecneyYnBatoT MHTErpaumio annapaTypHbIX

N NPOrpaMMHbIX PECYPCOB, HAXOOALWMXCHA B pasHbIX OpraHn3auusix B macwtabax

CTPpaH, PErMOHOB, KOHTUHEHTOB B €4MHYI0 BbIYUCIIUTENbHYIO Cpeay, NO3BOSSOLLYIO

pellaTb 3aga4un no obpaboTke cBepxbonbLLINX 06BLEMOB AaHHbLIX, YEro B

HacTosILLiee BPpEMSI HEBO3MOXHO JOCTUYb B NTOKANbHbIX BbIYUCINTENBbHbIX LIEHTPAaX.
T.Strizh (LIT, JINR)



Five big ideas

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

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

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

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

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

Slide from Grid Cafe T.Strizh (LIT, JINR)



Grid is a result of IT progress

- Optical Fiber
\ T e Computer speed doubles D°Ub“"t% Time (bits per second)
etwork vs. every 18 months (mon S)i ..

pe(.:%?r?—]%tﬁge: ¢ Network speed doubles f
every 9 months 12 18

Silicon Computer Chips /

(number of transistors) | Data Storage

(bits per square inch)

e Computers: 500 times
faster

e Networks: 340000 times
faster
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CLEO VILETT, SOURCE: VINOD KHOSLA Kieiner Perkins Caufield & Byers

3
Number of Years

e Computers: 60 times Excellent wide area networks provide

2001 to 2010  faster _ for a distributed supercomputer - the
(projected): ¢ Networks: 4000 times Grid
faster

“Operating system” of such a
computer is Grid middleware

Graph from “The Triumph of the Light”, G. Stix, Sci.Am. januar-[r%h (LIT, JINR)
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To the Grid
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Gria-apqueKTypa C TOUKW 3peHMs IPOrpaMMHOI0 o0ecrieueHms

Kocmonormns
du3nKa
. BLICOKMX YHePrHit

TpancnopTHBIe TPOTOKOIBI, cepBepa MMeH,
Grid-pecypcsr R IDs
T S [IpOLeccopos, nm]:rpaerpwrypa OTKPBITOTO KITHO4a,
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MepcnekTUBHbIe OONacTuU NMpPUMeHeHus rpua

®u3suka sbicokux aHepruii (LHC, CERN)
TeraGrid
HealthGrid (GEMSS, MammoGrid, Pharma Grid, BioGrid, Infogenmed)

MonekynsipHas Guonorum ana moaenMpoBaHus CTPYKTYpbl Oernka, aHanusa
nocnepoBartensHocten JHK

busHec — HeTaHasa oTpacnb, reonoropasBeaka
B 6aHKOBCKOM fiene

B aBTOMOOMNBHOM NPOMbILLNEHHOCTN Grid NO3BONSET YCKOPUTL U YAELWEBUTL pacyeT
BUPTYaribHbIX KP3LITECTOB

Airbus n Boeing ncnonb3yoT TEXHOMOrMI0 ANSA MOCTOAHHOIO KOHTPOMSA COCTOAHUSA
ABUratesien n gpyrux arperaToB 1 Y3noB caMmosieTa nokasaHuns aT4ymMKoB, HEMPEPbIBHO
cobuparoLnx MHopMaUuIo, Yepes CNyTHUK NepeaaroTcs Ha 3eMrio, rae aHanusnpyTcs B
cetax Grid

IBM aktnBHO ncnonb3yet TexHonorunio Grid Ana BHYTPEHHUX HYXXA (MOoAenMpoBaHUE Npu
CO3JaHMN MUKPOMPOLIECCOPOB CreayoLwwmnx NoKONEeHNn, Taknx, kak Power5 n Power6”

T.Strizh (LIT, JINR)



|
Grids in LHC experiments

» Almost all Monte Carlo and data processing today
is done via Grid

s There are 20+ Grid flavors out there

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

LHC experiments make use of only 3 Grid flavors:
e glLite
e ARC

re N
- MR 1
o OSG nabling Gridsjiliassss
for E-scie

= All experiments devel
middleware layers

e ALICE - AliEn

e ATLAS - PANDA, GANGA, DDM

e | HCb - DIRAC, GANGA

e CMS - ProdAgent, CRAB, PhEDEXx

12
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Bioinformatics and Grid

= Many large clusters
utilized for

e Services
= Sequence similarity (BLAST

queues)

e Research

= Molecular modeling (folding,
docking)

= Training of novel predictors

= Jobs are typically short (3
minutes)

= But plenty (all against all —
1012)

= Considerable preparation for
single job (couple of gigabytes
of data to transfer)

13
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Biomedical applications

Biomedicine is also a pilot application area : ‘;

More than 20 applications
deployed and being ported

Three sub domains
e Medical image processing
e Biomedicine
e Drug discovery

Use Grid as platform for collaboration

(don’t need same massive processing power or storage as
HEP)

14
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Applications Example: WISDOM

s Grid-enabled drug discovery process for neglected
diseases

e In silico docking

= compute probability that potential drugs dock
with target protein

e To speed up and reduce cost to develop new
drugs

= WISDOM (World-wide In Silico Docking On Malaria): "

e Three large-scale deployments with
more than 6 centuries of computations

achieved in 190 days
e 3,5TB of data produced
e Up to 5000 computers in 50 countries

e Some promising in-vitro tests,
with relevant biological results.

Thursday, November 05, EGEE Applications
2009

T.Strizh (LIT, JINR)



Radio astronomy needs Grid, too

s Enormous datasets, massive
computing, innovative
instrumentation

e Dozens of new surveys
launched recently

e Many (10 - 100)
terabytes per survey

e High data rates

f e 10 — 100 researchers per
= survey

e International

collaborations (almost
always)

e Data is non-proprietary
(usually) 16

T.Strizh (LIT, JINR)



Computational Chemistry

= GEMS (Grid Enabled Molecular Simulator) application

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

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

Anqular distribution

= Virtual Monitors
e Angular distributions
e Vibrational distributions &
e Rotational distributions
e Many body systems

Many body system
Angular dlstrlbutlon

» End-User applications
e Nanotubes

e Life sciences
e Statistical Thermodynamics
e Molecular Virtual Reality tswin wr g

17



Fusion

= Large Nuclear Fusion installations
e E.g. International Thermonuclear Experimental Reactor

(ITER)
e Distributed data storage and handling need_g{gll_
e Computing power needed for ﬁﬁ”

= Making decisions in real time
= Solving kinetic transport
- particle orbits

= Stellarator optimization
— magnetic field to contain the plasme

e =i
. S - -LH.L
~ e e s,

T.Strizh (LIT, JINR)



Earth Science Applications

» Community

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

= The Earth
e Complex system
e Independent domains with interfaces
= Solid Earth — Ocean — Atmosphere
e Physics, chemistry and/or biology

= Applications
e Earth observation by satellite
e Seismology

e Hydrolo

Y L e Meteorology, Space
* Climate Weather
* Geosciences e Mars Atmosphere

e Pollution e Database Collection

T.Strizh (LIT, JINR)

19



Earth Sciences: Earthquake analysis

s Seismic software application determines:
Epicentre, magnitude, mechanism

- May make it possible to predict future
earthquakes

- Assess potential impact on specific regions

= Analysis of Indonesian earthquake
(28 March 2005)

e Data from French seismic sensor network
GEOSCOPE transmitted to IPGP
within 12 hours after the earthquake

e Solution found within 30 hours after earthquake
occurred

= 10 times faster on the Grid than on local computers
e Results
= Not an aftershock of December 2004 earthquake

= Different location (different part of fault line further
south)

= Different mechanism
= Rapid analysis of earthquakes is important for relief efforts

T.Strizh (LIT, JINR)




How to Grid-enable your science

s Application-specific software is formalized as
Run-Time Environment (RTE)

e Installed and configured at each site, typically
by an authorized user/manager

e Advertised via information system for match-
making

e Jobs only need to specify the RTE name and
version

e Special authorization plugins are available in
case of a commercial application software

s Users with similar applications are grouped into
Virtual Organisations (VOs)

e A VO typically corresponds to a project
e A VO contributes the hardware
m Some VOs at JINR:
— CERN VOs: ALICE, ATLAS, CMS, LHCb
— HONE
— Fusion
— BioMed
— eEarth
— Panda

21
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Some history

1999 — Monarc Project

e Early discussions on how to organise distributed
computing for LHC

2001-2003 - EU DataGrid project

 middleware & testbed for an operational grid
2002-2005 — LHC Computing Grid - LCG

e deploying the results of DataGrid to provide a

production facility for LHC experiments
2004-2006 — EU EGEE project phase 1

e starts from the LCG grid

e shared production infrastructure

e expanding to other communities and sciences
2006-2008 - EU EGEE-II

e Building on phase 1

 Expanding applications and communities ...
2008-2010 - EU EGEE-III

T.Strizh (LIT, JINR)
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MONARC project

= 1998 - MONARC project
e a distributed model

= Integrate existing centres, department clusters,
recognising that funding is easier if the
equipment is installed at home

= Devolution of control- local physics groups have
more influence over how local resources are
used, how the service evolves

e a multi-Tier model

= Enormous data volumes - looked after by
a few (expensive) computing centres

= Network costs favour regional data access

= Simple model that HEP can develop and get
into production ready for data in 2005

23
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DataGrid Architecture

Local Computing

Grid
Grid Application Layer
Collective Services
Underlying Grid Services -
Grid
Fabric Fabric services

T.Strizh (LIT, JINR)



CIEICJIC) EGEE (Enabling Grids for E-sciencE)

Enabling Grids for E-sciencE

CERN
Central Europe (Austria, Czech Republic,
Hungary, Poland, Slovakia, Slovenia)

France
: [ | itzer
Rusaia Germany and Switzerand
B lreland and UK
A m [taly
W Northemn Europe (Belgium, Denmark, Estonia,
ap Finland, The Netherlands, Norway, Sweden)
L 0 NRENs
O Russia
Souih-East Europe (Bulgaria, Cyprus, Greece,
Israel, Romania)
South-West Europe (Portugal, Spain)
O USA
2003 2004 2005 2006 2007
Year 1 Year 2 Year 3 Year 4
@ Chemistry '7'(73.‘700_"'7"_'?"_3,’-’-‘." ="
5 ndustry  Geophysies
% _———EgTh_ é lls_eivP tioh Climate Modeling
=% pe—— R ——
< As‘"’"‘"f?_\ﬁ:‘"'“’*-* -~ Nanotechnology —
8
3
o 25 Sites 100 Sites 500 Sites (Global)
8 5K CPUs 50K CPUs 250K CPUs
5 50TB 1PB 10 PB
[=]
ke

EGEE-III INFSO-RI-222667

MpoekT EGEE - Enabling
Grids for E-sciencE
HanpaerieH Ha co3gaHue
rmobanbHomn
NHMPPACTPYKTYpPHI,
OCHOBaHHOW Ha
TEXHOMOrnsAX rpua.

Ha nepBoun gpase npoekTa
y4yactsoBanu 70
opraHusauum s 27
CTpaH.

B HacTosLwee Bpemsa B
NPOEKTE y4acTBYKT OKOSO
120 opraHnsaunm ns 45
CTpaH.

25



Enabling Grids for E-sciencE

_ e T ,
= i S
Y

Flagship Grid infrastructure project co-funded by the European Commission
Grid
Main Objectives Netwariing

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 vanagement
National Grid Initiatives 2%

Duration: 2 years
Consortium: ~140 organisations across 33 countries
EC co-funding: 32Million €

e R Middleware
engd. 5%

EGEE-III INFSO-RI-222667 The EGEE project - Bob Jones - EGEE'08 - 22 September 2008 26



Enabling Grids for E-sciencE

CEERE EGEE — What can we deliver?

Infrastructure operation
Currently includes >270 sites across 50 countries

Continuous monitoring of grid services & automated g
site configuration/management

Support ~300 Virtual Organisations from L
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 GGU S%B

Networking events (User Forum, Conferences etc.) \

EGEE-III INFSO-RI-222667 27



e ee Collaborating e-Infrastructures

Enabling Grids for E-sciencE

\
| NAREGI )

\.H____ 4

European Commlssmn co-funded projects

y _;_-. " 4 ? s
"%ﬁ ( > Projects with other funding G :
EANT2

Potential for linking ~80 countries by 2008

EGEE-III INFSO-RI-222667 28



ceee I 350 sites

Enabling Grids 55 countries

for E-sciencE 150,000 CPUs

+ .. 26 PetaBytes (Disk)

~ .. 40 PetaBytes (Tape)
“5.>15,000 users

300 Vos

2 min jobs/month

AcTpoHOMUS n acTpOU3nKe
besonacHocTb HaceneHus
BeluncnurensHaa xmmus
BbluncnurenbHble S
Hayku/[1porpammMmnpoBaHue " gl
dunamka KOHOEHCUPOBAHHOIO
COCTOSIHUS :

Haykn o 3emne

CuHTE3

dun3nka BbICOKNX IHEPTUN

Haykn 0 XXnsHu - GridPP

UK Computing for Particle Physics




ClE European e-Infrastructure

Enabling Grids for E-sciencE

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 NGls

Testbed phase Initial production phase Routine usage phase

Sustainable e-Infrastucture

09707 11/09
I | I | | | | | |
2002 2004 2006 2008 2010 2012



Cy The Future of Grids

Enabling Grids for E-sciencE

From e-Infrastructures to Knowledge Infrastructures

Network infrastructure connects
computing and data resources
and allows their seamless ; ,
usage via Grid infrastructures i

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

EGEE-III INFSO-RI-222667 Erwin Laure — glLite and Business — EGEE’08 BT — 22 Sept 2008 31



EGEE & OSG

WLCG depends on two major science grid infrastructures
EGEE - Enabling Grids for E-Science
OSG - US Open Science Grid

e CGCEC

Enabling Grids
farE-sclancE

T.Strizh (LIT, JINR)



LHC Computing Grid Project
(LCG)

OcHoBHOM 3apayvyen npoekta LCG siBnsietca co3naHue rnodanbHomn
MH(PACTPYKTYPbI perMmoHanbHbIX LLEHTPOB A1 06paboTKuy,
XpaHeHus n aHann3a AaHHbIX usndeckmnx akcnepumeHtoB LHC.
HoBenwune texHonornn GRID saBnsoTcA OCHOBOW NOCTPOEHUA 3TOU

UH(PACTPYKTYPbI.

NMpoekT LCG ocywecTBnsercsa B Ase da3bl.
1 ¢paza (2001-2005 rr.) - cozdaHue npomomurna u pa3pabomka
npoekma cucmemsbi (LCG TDR).
2 chasza (2005-2008 rr.) - cozdaHue uHeppacmpykmypsbi LCG,
2omoeol K obpabomke, xpaHeHUIO U aHasnlu3y 0aHHbIX HA MOMEHM
Ha4asia pabomsi yckopumens e 2008 200y.



WLCG activities

m-l  Applications Area
Common projects
Libraries and tools,

data management n-

C

O :
sa Middleware Area

e : Provision of grid
Distributed Analysis middleware — acquisition,

Joint project on distributed development, integration,
analysis with the LHC testing, support

experiments

== Grid Deployment Area e ee
Establishing and managing the
Grid Service - Middleware

certification, security, operations.
Service Challenges

LCG

= CERN Fabric Area
Cluster management
Data handling
Cluster technology
i Networking (WAN-+local)
NGy Computing service at CERN



LHC Computing Grid Project
http://lcg.web.cern.ch/LCG/

( Applications

Fahric

CERM Home = The LHC Computing Grid Project (LZG)

'[Find|

& &l CERN
":J' IT Department

O Lo

LCG Home
Operations Centre
Project Structure
Calendar

Jobh Opportunities
Contact Us...

LCG Logos

Operating Committees

Implementation (PEB})
GRID Deployinent Board
Architects Forum

High Level Committees

Owverview (POB)
Software & Computing
Committee (SC2)

Computing Resources
Review Board

LHC Computing Grid Project

The world's largest and most powerful paricle accelerator, the
Large Hadron Collider (LHZ), is heing constructed at CERR, the
European Qrganization for Muclear Research, near Geneva on the
horder hetween France and Switzerland.

The accelerator will start operation in 2007 and will be used to
answer the most fundamental guestions of science by some 6,000
peaple from universities and laboratories all around the world. The
computational requirements of the experiments that will use the
LHC are enormous: 12-14 PetaBytes of data will bhe generated
each wear, the equivalent of mare than 20 million CDs. Analysing
this will regquire the equivalent of 70,000 of today's fastest PC
processars.

The goal of the LCG project is to meet these unprecedented
computing needs by deployving a worldwide compotational grid
service, integrating the capacity of scientific compouting centres
spread across Europe, America and Asia into a virtual compoting
arganisation,

 {Grid Deployment’ { Grid Technology (

ARDA

LCG Links

Project Overview

Project Planning
Docurments/Presentations
Meetings

LCG User's Overview

Grid Application Group (GAG)
Technology Tracking
Regional Centre Resources
Reguirements (RTAGs)

External Links

LHZ Experiments
Industrial Collaboration
European Grid Projects
Other Grid Projects

In the Press




Information service LCQG

rid esource
nformation
ystem - GRIS

Grid Index
Information
System - GIIS

CE,SE — GRIS — GIIS — BDII
GLUE Schema

T.Strizh (LIT, JINR)



Job submission to the WLCG

Replica Catalogue (RC) ubmitted

Information Service (IS)

waiting

ready

Resource Broker cheduled

running

done

Comuting

|
Job Submission
Service (JSS) |
Storage utputready
l Element

(SE)

Element
(CE)

cleared

Logging and Bookkeeping =

T.Strizh (LIT, JINR)



gLite http://www.glite.org

e

Enabling Grids g |te
for E-sciencE : ; :
Middleware for Grid Computing

What is gLite?

glite (pronounced "gee-lite") is the next generation middleware for grid computing. Born from the collaborative efforts of more than 80
people in 11 different academic and industrial research centres as part of the EGEE Project, glite provides a bleeding-edge, best-of-
breed framework for building grid applications tapping into the power of distributed computing and storage resources across the Internet.

Want to know more about glite? Read the following presentation.
FGLITE SUBSYSTEMS 4 4

COMPUTING ELEMENT gLite News

DATA MAHAGEMENT
New gLite web site unveiled {13/09,/2004)

shiind L The new glite web site has officially gone online an Monday 13 September. The web site offers a single point of access to public

LOGGING AHD BOOKEEPING docurentation, installation packages and guides and loads of other useful information. The web site has been developed by the glite
Integration Team with the collaboration of all project members using original web ternplates form TERERNA.

INFORMATION & MOHITORING

SECURITY glLite People

WORKLOAD MAHAGEMENT
The glite software is produced as part of the ELI EGEE Project funded by the European Communities. The following academic and

industrial research centres are collabarating to the development of the software organized in three different Activities: JEAT (data
b OA METRICS management, workload management, manitoring, accounting, computing element, logging and bookkeeping), JBAS (security) and JEAL
(netwoark maonitaring and provisioning).

FDOWHLOAD

= ABOUT GLITE
EGEE JRA1
EGEE JRA3 The European Organization far Muclear Research (CERN)
EGEE JRA4
SOFTWARE LICENSE

Istituto Mazionale di Fisica Mucleare (INFM), ltaly
r ABOUT EGEE

Datamat Spa, ltaly




- Virtual
Workload LOgB%IOnE S Organisation
BDII Management : Hydra Membership
Service keeping Service
: : Proxy
File Transfer LHC File S
) AMGA
Service [ Catalogue
-
CREAM | |
= Manager | O s
MON i BLAH — = ;EI' LCAS &
= dCache LCMAPS _




RDIC

ussian | ata RDIG MqupaCprKTypa

ntensive  rid

Poccuuckumn koHcopuuym RDIG (Russian Data Intensive Grid) 6b1n co3gaH B 2003
rogy Kak HauMoHanbHas rpua-cenepaumnsn B npokte EGEE.

B HacTosiwee Bpemsa RDIG —nHdpacTpykTypa cocTonTt n3 15 pecypcCHbIX LEHTPOB, E
KoTopbiXx goctynHo okono 5000 npoueccopoB n 2000 TB aguckoBOro npocTpaHcTBa.

RDIG Resource
Centres:
l = ITER
] YA~ O — Kharkov-KIPT
" novgors - : — RRC-KI
'::.ut.r.ji.ﬁhe:m-q — RU-Moscow-KIAM
G5 Cav ) — RU-Phys-SPbSU
TPushehine — RU-Protvino-IHEP
T — RU-SPbSU
— Ru-Troitsk-INR
—ru-IMPB-LCG2
— ru-Moscow-FIAN
— ru-Moscow-GCRAS
— ru-Moscow-MEPHI
— ru-PNPI-LCG2
— ru-Moscow-SINP

IMPE RAS




CTpyKTYypHBIE DJIEMEHTHI IpuI-UH(PPacTpyKTyphl B Poccun

ROC — pervoHanbHbIK onepaunoHHbIN LeHTp B Poccuu

e (OOecrnieueHre PYHKIIMOHUPOBAHUS 0a30BBIX I'PUJI CEPBUCOB 24X7
e MOHUTOPUHT U PEAarupPOBAHUE HA YEPE3BbIYANHBIC CUTYyAIlUN

e VYyeT pecypcoB U BBIIOJIHEHHBIX padbOT (accounting)

e VYmnpapieHHE U MOAACPKKA BUPTYaJIbHBIX OpraHu3aIui

e ITlognepxka 6e3omacHocTu HHPpacTpykTyphl, CA

e Ceptudukanus (Baaumanus) rpug [110

* [logmepxka IoJIb30BaTEIIEU

e OmnepanoHHas NOAACPKKA PECYPCHBIX IIEHTPOB

RC — pecypcHble ueHTpbl (CPU, Disk, Tape)
VO - BupTyasibHble OpraHm3auun:

e (¢usuka Beicokux 3Hepruii: LHC — ATLAS, ALICE, CMS, LHCb;
PHOTON, HONE ...

e OmoMmen

e Fusion

e poccutickue VOs: e-Earth (ceogpusuka),

o xumeusuxa (Yepnoronoska, MI'Y ++),
HAHOMEXHONOZUU U HAHOUHOYCIIPUA



NMpoTtokon mexay LLEEPH, Poccuein n OUAN 06 yuactum B
npoekTe LCG 6bi1n noanucad B 2003 roay. MoU 06 yyactun B
npoeke WorldwideLHC Computing Grid (WLCGQG) 6bin
noanucaH B 2007 roay.

3apgaun OUAN B npoekTtax WLCG/EGEE

[Mooaepxka n passutne WLCG/EGEE vHdpacTpykTypbl;
YyacTtue B TeCTUpoBaHUU N cepTUUKaLm HOBOro
npomexytodHoro N0 (middleware testing/evaluation),
Yyactne B Data and Service Challenges,

Pa3Butne cuctem grid MOHUTOPUHIa U y4eTa pecypCoB;
PasButne cucremol FTS-monitoring;

Pa3Butne nupopmaymoHHon cuctemol MCDB;

Yyactume B npoekte ARDA;

Pa3Buture npunoxeHum B odractm dusnkmn BbICOKUX 3HEPTUN;
OpraHusauunsa oby4yeHnss nonb3oBaTenem N CUCTEMHbIX
agMUHNCTPATOPOB

[Toooepxka cTpaH-yvyactHuy OUAN B passntnm rpng-texHonernm

T.Strizh (LIT, JINR)




CeteBas nHgpactpykrypa LUMBK ONAN

dCache
Servers

CICC
Servers

20 JINR Backbone
2 x 10 GbE

(1) HP Procurve 5412z)-966 ﬂfm ﬂiﬂm
(Z) Hp Procurve 2810-24 G RAID arrays

(3) Hp Procurve 2810-48 G
@ (4) Cisco Catalyst 2970
e Twins (5) Cisco Catalyst 3750

15 X 2 nodes

12| [12 [12 [12 12 [12
-Plag?}m‘m D Installed Equipnent UPS

BT rell e 1o s o ol . Enouinmant under Insialistinn
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JINR CICC structural scheme

USERS WLCG
(Interactive)

) (JOB submission fromfto LCG)
i

SL4/32|S5L4/64
Int/Ul| Int/UI

I

1]

it :
BATCH server
TORQUE + MALUI
Quewes & Priorities

el |

WO Administration LCG at JINR
Ui, CE, WH T o
L, CE, W, int.. -‘~1 Rerm.. Ui, CE .. .

BATCH clusteriglite-WN T N

o

WHN

WHN

x

WN

VW

WHN

i VObox VObox

SL4/64

ALICE CMS

CICC. Hesuumes, Access & Support
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JINR WLCG infrastructure

CICC comprises:

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 )
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JINR WLCG infrastructure

JINR provides the following services in the WLCG environment:

Basic services:
- Berkley DB Information Index (top level BDII);
- site BDII;
- 2 x Computing Element (CE);
- Proxy Server (PX);
- 2 x Workload Management System (WMS);
- Logging&Bookkeeping Service (LB);
- RGMA-based monitoring system collector server (MON-box);
- LCG File Catalog (LFC);
- Storage Element (SE), dCache 400 TB, 4 x gridftp door, 14 x pool;
- 4 x User Interface (Ul), installed in AFS.

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

Software for VOs: dCache xrootd door, AiIROOT, ROOT, GEANT packages for ALICE;
ATLAS packages; CMSSW packages for CMS and DaVinchi, Gauss packages for
LHCDb.
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RDIG monitoring&accounting
http://rocmon.jinr.ru:8080

Monitoring — allows to keep an eye on parameters Of
Grid sites' operation in real time

Accounting - resources utilization on Grid sites by

o PN

virtual organizations and single users N b
Monitored values i N fﬂ —
CPUs - total /working / down/ free / busy NS =
Jobs - running / waiting S N

Storage space - used / available
Network - Available bandwidth
Accounting values

Number of submitted jobs . 7 ..
Used CPU time i = '

Accounting ©ystem

Totally sum in seconds for Rysian Dt “tersive Grid

Normalized (with WNs productivity) T

Average time per job amr o e e Moo Rars o o
Waiting time L .

Totally sum in seconds

Average ratio waiting/used CPU tiy J : '

per job JINR CICC

Physical memory 47
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Portal www.egee-rdiqg.

EGEE-RDIG - Microsoft Internet Explorer [Zl[ﬁlle

Madn  Mpaeka Bua  MsOpanHoe CepeMmc  Cnpaeka :;r
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A
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Eﬂab_[‘mg GTdS
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for'E&SciencE : > AN | (Y o 7
= o = EGEE RDIG Microsoft Internet Explorer

A
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. = i g . Tog
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@j httpeffrus egee-rdia.ruf VI £ Mepexoa  Links >

rdig

News

3 EGEE & RDIG
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Boards EGEE (Eng

integrate c

Documents Grids to

3 S 2 f
services Enabling Grids [t
Certification Authority for E-sciencE [Eiiess

CIC countries,
Germany/Shitreriand frefandfUi, fFaly, MortH

ROC : : L |
L£55), the largest international Grid infrastructur oo N EGEE & RDIG
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Mail Lists The EGEE wision is to provide distributed B =k £
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activities location. The resulting infrastructure will provid = Yuacrimen
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File Transfere System Monitoring and Testing

Storage system

CASTOR

~  CLEENTS

_ 7 CHANNEL - / \
\\\\\\ AGENTS //.// _ MYPROXY N

Storage system

FTS

WHd. o 3agayax \WEBSERVlCE”/

WHdopmaum /

VO g 0 3ajavax 3anpocbl

_ AGENTS _— Y ,
~——<__ VWHd. o 3apavax 3agaum /

/ Nindpopmaums

FTS S/
DATABASE _—

3;npocu

3anpocm/

ObecneunBaet
V. 0 nepenadax  ceprudpukaril

. SERVER

T.Strizh (LIT, JINR)

/S~ Tools



Integration with Google Earth

= Google Farth
Tools  Add  Help
- . o DTN ek Running jobs: 31451%:
e 4 ¥ " T2 PL WAR
- Spo@mdEmm T & 5i“ransfrar ratge 1.35°GB/sec;

T3CUKESGRIDIGXFORDE
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Add Content
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Andreeva (CERN, IT/GS)
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Production Normalised CPU time per EGEE
Region (June-August 2009)

PRODUCTION Normalised CPU time per REGION
LHC VOs. December 2008 - July 2009

PRODUCTION Normalised CPU time per REGION

(C) CESGA 'EGEE View': PRODUCTION / normepu / 2008112 - 20051 LHC VOs. June 2009 - August 2009

(C) CESEA 'EEEE View': PRODUCTION / rormepu / 2009:6-2009:8 / REGION-VO / |he (x) / ACCBAR-LTIN /i



Russia and JINR Normalized CPU time per
SITE (January 2009 - September 2009 )

Normalised CPU time (Spectint2000*hour = 1000) per
Site

Normalised CPU time (Spectint2000*hour = 1000)
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FZK-LCG
CERN-PROD
INFN-T1

GRIF

JINR
CYFRONET-LCG
PIC
UKI-GLASGOW
RAL-LCG2
UKI-LT2-IC-HEP
IN2P3-CC

8,095,787
4,552,891
4,334,940
4,089,269

3,957,790
3,948,857
3,921,569
3,860,298
3,793,504
3,752,747
3,630,425
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ceCe

Enabling Grids
for E-sciencE

RDI

ussian ata

ntensive

rid

[IpoekThl B 001aCTH pa3BUTHS grid-TEXHOIOTUI

WLCG: npoexrt rpua ais boabmoro Agponnoro Kosutaiinepa (Worldwide LHC Computing GRID)
EGEE: pa3septbiBanne rpua-cucreM 175 e-Hayku (The Enabling Grids for E-sciencE)
RDIG: Poccuiicknii rpuj A1 HHTEHCUBHBIX ONEePaluii ¢ JAHHBIMU

IIpoext CKU®-I'PU/I: nporpaMmma pa3BUTHS BbICOKONIPOM3BOIUTEILHBIX BHIUYHMCIEHHI COI03HOI0 rOCyIapcTBa
Poccus - besgopych

I[MoaroroBka BeruncanTeabHbIX kKoMILiekcoB JIUT OUAMU (r. Ayona) u HHI{ XPTH (r. XapbkoB) Kk
pacnpeneieHHomMy aHaau3y AaHHbIX IkcniepumMenTa CMS (CERN) Ha ocHOBe IrpHA-TeXHOJIOT Wil

I'pua MoHnTOpPHHT 1151 3P PEeKTUBHOTO PYHKIMOHUPOBAHMSA BUPTYaIbHBIX Opranusamnuii (coemectnsiii ¢ [IEPH)

Pazgutue I'pun —ndpacrpykrypsl u I10 15 odecriedeHnsi COBMECTHBIX MccaeqoBaHuii ¢ yuactuem OUSIUA n
neHTpoB I'epmannu (punancupoBanue BMBF)

Pa3zButne rpua-cermenta A LHC s3xcnepumentoB B koonepauuu ¢ FOAP (punancupoanue FOAP);

NATO npoekt "DREAMS-ASIA“ (Pa3BuTHE IPUA-TEXHOJIOTHH /151 HAYKH U MeTuIIMHbI B LleHTpanbHoi A3un)
OUSAU-Pymbinns koonepanus B nporpamme Xyayoeii-Memepsakos

OUSAU-UucturyT Ppusuxku AH Yexun npoexkt «I'pua-undppacrpykrypa Ajist GusndecKnx IKCIEPUMEHTOB»
«Pa3BuTHe pacnpenenenHoi rpua-nHppacTpykrypsl OUSAN-Apmenns 1Jis1 HAyYHBIX HCCIe10BAHUIN»

I'puaHHC- uHppacTpyKTypa permOHAJbHBIX HEHTPOB MPOrPaMMbI Pa3BUTHSI HAHOTEXHOJIOT Il 1 HAHOMHYCTPHUH
dyona-I'pua: co3nanne ropoackoi rpua-uHPppacTpyKTypbl

CoBMecTHBIE POEKTHI 10 PA3BUTHIO IPHA-TEXHOJIOTHI ¢ HAYYHBIMH LeHTpamMu Apmenun, besopyccenu, Boarapun,
I'py3un, Hoabmmn, Pymbinnu,CioBakun, Y3oekucrana, Ykpaunsl, ®PI', Yexun, FOAP
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User Training and Induction

g train and practise with Grid and the
GANGA

COURSES LECTURES PRACTICAL TRAINING 55
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Distributed training infrastructure

—_—

site BDII

4 MP1 WNs

site BDII

site BI;)II—
RU-JINR-2 3IVIPIWNs

WMS + LB site BDII

RU-JINR-MPI

SE
. site BDII
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RDMS CMS Data Bases

RDMS CMS Data Management system

Equipment Data Bases

API to databases
ME 1/1
HE WEB Interfaces

Condition Data Base

Calibration data base HE Data storage and data

management

Export data and integration
with other databases

HE Calibration DB Status

System 1s online
Full calibration cycle support

Integrated into CMS computing
environment

~30000 records
~500Mb
~600Gb raw data transferred to JINR
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HE Calibration and Raw Data Flow

OMDS - Online Master Data
Storage

ORCON - Offline
Reconstruction Conditions
DB ONIline subset

ORCOF - Offline
Reconstruction

Conditions DB OFfline
subset

Raw data to JINR by GRID protocols

already transferred

CERN - JINR Data management for MTCC:
common schema of realization

Data
_»| management
_— information
Management and metadata system

a_ X5
Buffer file
Storage ul

With AFS

Q)

Data Storage
Disk Pool
with AFS




YaaneHHbI MOHUTOPUHT

» Konnabopauusa ATJIAC:
e 164 MHCTUTYTOB N3 35 CTpaH

s 119 253 PEeKTUBHOIro yyactms B
Konna6opaumm NnoJib30BatTesin AOJ1XKHbI
MMETb BO3MOXHOCTD.

e OTCnexwunBaTb 06WNMN CTATyC SKCNEpPMMEHTA
e OTCNEXMBATb COCTOSAHUE MOACUCTEM,
pa3paboTaHHbIX B UX UHCTUTYTaxX

= DOTU 3a4a4YM peLllarTca C NOMOLWbIO
CUCTEMbl YAA/NEHHON0O MOHUTOPUHIA
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Remote ATLAS Control Room in Dubna

MOTIVATION

= Monitoring of the 7
detector at any time 2

= Participation of the
subsystem experts
from Dubna in the
shifts and data quality [ g
checks remotely

= Training the shifters
before they come to
CERN

ACR at CERN

The goal - to have reduced copy at JINR

T.Strizh (LIT, JINR)



3-rd International Conference
"Distributed Computing and Grid-technologies in

Science and Education”
30 June — 4 July, 2008

G AINE | Welkome b CRII200H] - Mozilla Fireoy

Firel Anneanccmint

Wisea I Prigpamini

........

eeeeeeeeeeee
SUPERMICR®

2k 1oy st 2thon o by ] N.A_GR&

T NAATA AL

1;6 reports, 211 participants
http://grid2008.jinr.ru
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The XXII International Symposium on Nuclear
Electronics and Computing (NEC'2009)
Bulgaria, Varna, 7-14 September, 2009.

) NEC'2009 -

lectronics and Computing - Mozilla Firefox

|| NEC'2009 - XXII International

A N\ AUUy

XXII International Symposium on
Nuclear Electronics & Computing

BULGARIA, VARNA, 07-14 September, 2009

Fii’stf-\nnnuncement‘ .
Hews

Orgamizi@'g Committes
Topics .

Registration Form
Particinants list
Abstracts

Programme

Laocation
Symposiums Archives 3

Home

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

http://nec2009.jinr.ru
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Development of the JINR
Grid-environment — 2010-2016

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.

- [2010-2011 | 2012-2013 | 2014-2015

CPU(KSRK) | 3500 | 5000 | 8000 | 12000 |
Disk systems (TB)| 1500 | 2500 | 4000 | 8000 |
Mass storage (TB)| 1000 | 2000 10000

T.Strizh (LIT, JINR)




Useful References:

Grid Cafeé: http://www.gridcafe.org/

OPEN GRID FORUM: http://www.ogf.org

GLOBUS: http://www.globus.org

"N ERAGRID: hit /Wi .teradrid.ong

= _
.I#E.I

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

s LCG: http://Icg.web.cern.ch/LCG/

CGCC , EGEE: http://www.eu-egee.org

Enabling Grids
for E-sciencE

» EGEE-RDIG: http://www.egee-rdig.ru

EGI: http://web.eu-eqgi.eu/

International Science Grid this Week: http://www.isgtw.org/
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The blind men and the
elephant in the room
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