GRID Computing
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Pa3B0oj e-Hayke

* [lpe nojaBe NHTepHeTa

Teopujckn npUcTyn U/unu eKcnepumMeHTu
KOju ce n3Boae camMoCTariHO Unuy manum
rpynama; objaBrouBare pagosa

e HakoH nojaese VIHTepHeTa

— Kpeunpamne n uctpaxmsare Benukmx dasa
nogaraka gobunjeHnx nocMaTpatem nnm
cumMmynauujama

— Pa3Boj cumynauuja n vsuxoBa aHanunsa

YaarbeH npucTtyn crneunjann3oBaHum
NHCTPYMEHTMMA

— Pa3meHa uHopmauja Mehy yaarbeHnM ..
MYyNTUONCUMNIIMHAPHUM TUMOBUMA
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3ajeAHNYKHN KOHLIenTH

 [Nerbewe pecypca n KOOPANHUPAHO peLlaBaH:€
npobnema y AMHAMUYKUM,

MYTU-UHCTUTYLUNOHANTHUM BUPTYENHUM
opraHusauujama
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NMpumep

* [ pna Ha cyneppadyHapmma
— UK e-Science Project, CERN
e |IBM’s Globus (www.globus.org)
e ['pna HA NNUYHUM padyHapuma
— SETI

— Climateprediction
— Screensaver Lifesaver
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CERN

e Computing net
promises vast power
(BBC) Sept 2003

 [pua TexHonoruja
nckopuwheHa 3a
noBe3nBak-€e
cyneppadyHapa y
CBETY NPEKOo
MHTepHeTa ga 6u ce
cTBOpUNa HoBa
reHepauuja n3yseTHo
MONHUX padyHapa
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SETI@home

e Search for
Extraterrestrial
Intelligence (NoTpara 3a
BaH3eMalbCKOM
NHTENUIeHUNjOM)

e [lporpam Koju
aHanmaunpa nogaTke
npuMIbeHe ca paauo
Teneckona
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LLiTa je To Grid Computing

Grid computing harnesses the massive processing
power made possible by distributed computing and
applies it to business problems.

It does this through virtualising computers, storag e
and networking resources such that a grid appears
as one large computer.

A grid computing infrastructure is capable of
managing large peaks of work; managing large
amounts of processing and automatically adjusting
capacity to meet workload.

When this infrastructure is combined with business
systems that allow users to describe their
processes, substantial benefits can be obtained.
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LLiTa cy kopuctu oa Grid Computing

Improved Return on Assets

[NoBeharwe ckanadbunHoctn (MmoryhHocT
npoLwupeHa)

Business Flexibility & Agility

YnpaBrbake KOMNAeKCHUM UHPoOpMaLUOHUM
TEeXHO " -
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CepBucu N'pmpaa

NMokpeTawe nocna/Hagrnepame
TpaHcdep aaTtoTeka (individual, queued)
NMpuctyn 6aszama nogartaka

Data management (replication, metadata)
Monitoring/Indexing system information
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MehynoBe3aHOCT MHCTUTYLIM]A

Domain Trust

ic \ :
Author%y rust atch
=L ——Task=—> ¢ === -
SeX

] 12/47



BupTyanHa opraHu3saumija

CkynoBu opraHusaumja koje kopucte 'pug ga ou
HaMeHCKM Oenure pecypce 3a creuujanHe notpebe

[TlogpxaBar-€ jeAMHCTBEHE 3ajeaHuLe
Pa3Boj KoMnaTUBUITHMUX TEXHOMNOIMMja 1 goroBapame o

nonucama
— CurypHocHe nonwuce

Pa3Boj pasnnyntnx MpexHux cepBuca:
— Grid Information

— Grid Resource Brokering

— Grid Monitoring

— Grid Accounting
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OcHoBe N'pupa

Information Resource Data
Services Management Management

U H
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Security
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3alTuTa

 Resources being used may be valuable &
the problems being solved sensitive
- Both users and resources need to be careful
 Dynamic formation and management of virtual
organizations
- Large, dynamic, unpredictable...
VO Resources and users are often located in

distinct administrative domains
- Can’t assume cross-organizational trust agreements

- Different mechanisms & credentials
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3alTuTa

Interactions are not just client/server,

but service-to-service on behalf of the user
- Requires delegation of rights by user to service

- Services may be dynamically instantiated

Standardization of interfaces to allow for discovery,
negotiation and use

Implementation must be broadly available & applicable
- Standard, well-tested, well-understood protocols; integrated
with wide variety of tools

Policy from sites, VO, users need to be combined
- Varying formats

Want to hide as much as possible from applications!
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BupTtyanHe opraHusaumje

Federation
Service

: Virtual .
: Organization !
Domain
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NMpaBa npuctyna

Site admission-control

Effective access

policies
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Kopuwhemwe generarta
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NUMmnnemeHTaumnja GSI

SSL/WS-Security

with Proxy _ |
Authz Callout Certificates Services (running
\ on user’s behalf)
< h N\ VOMS
or
l Compute issuing SAML
\ Center or X.509 ACs
\ -_" e
-
Local Policy /

on VO identity VO
or attribute
authority N -

/
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Kopuwhemwe Npuaa

 [lokpeTame nporpama y 'puay Kopuctehu
aenerara:

voms-proxy-init -voms VONAME
Enter PEM pass phrase: ****xxxkrreeees

« Kpeupalse npuBpemMeHor, fIoKanHor, generarta
(proxy)

« Delegation = remote creation of a (second level)
proxy credential, which allows remote process to
authenticate on behalf of the user
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Opa uera ce 'pua cacrojm

e Security to control access and protect communication (GSI)
» Directory to locate grid sites and services: (VORS, MDS)

« Uniform interface to computing sites (GRAM)

« Facility to maintain and schedule queues of work (Condor-G)
« Fast and secure data set mover (GridFTP, RFT)

» Directory to track where datasets live (RLS)

Grid Resources dedicated

Grid Client by UC, IU, Boston 0o
o3
Application 5=
User
Interface

Ja1sn|D
Bunndwo)

Grid resources shared
by OSG, LCG, NorduGRID

Grid resource time purchased
from commercial provider
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Middleware

CakpuBamwe guctpmndbyumje annukauumje
CakpuBame xeTeporeHOCTU cuctema

OGe3behuBame yHUdOpMHOr, cTaHaapaHoOr
UHTepdejca BUCOKOr HUBOA pa3BOjHUM TUMOBUMaA
annukauujama

OGe3behnBame ckyn cepBuca pasnuuuTte
pyHKLUMOHANHOCTHU



Middleware

LCG: Large Hadron Collider Computing Grid
LCG infrastructure running LCG -2 is “EGEE-0”

In parallel producing new web-service-oriented
middleware (“gLite”), which will replace LCG -2 as
production facility this year

2003 2004 2005 2006 2007
Year 1 Year 2 Year 3 Year 4
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KopucHuuku norneg Ha I'pua
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POYHKLUMOHUCaHbE
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interface *sandboX”  BroKer  paasets Catalogue

Information

| Output
Service

>
-
—
=]
JUSAT NWQNS gor

S o Storage
T ) Element
F 'S
: Job Status :
........................................... Computing

Logging Element

Book-kessypimg)

26/47



POYHKLUMOHUCaHbE

Soft state
Reliable remote MDS-2 ’EEi?LStL'ciﬂIOn:
invocation (Monitor / Discovery Service) quiry

User

Reporter

Ry Grid Informati
(registry and l Grid Information

Gatekeeper
Index Server

Grid Securi |
urity Authenticate and (factory)

Infrastructure create proxy discovery) Other (discovery)
(GSI) credential . GSl-authenticated (GIIS)
Crealelprocess Register remote service

requests

User

process #2 Other service
Proxy #2 (for example,
GridFTP)

Grid Resource Allocation and Management (GRAM)
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Workload Management System (WMS)

 Distributed scheduling
— multiple UI's where you can submit your job
— multiple RB’s from where the job can be sentto a CE
— multiple CE’s where the job can be put in a queuing system

« Distributed resource management
— multiple information systems that monitor the state of the grid
— Information from SE, CE, sites



Authentication and Authorization

e Authentication
— User obtains certificate from CA
— Connects to Ul by ssh
— Downloads certificate
— Invokes Proxy server

— Single logon —to Ul - then Secure Socket Layer with proxy
identifies user to other nodes

» Authorization - currently
— User joins Virtual Organisation
— VO negotiates access to Grid nodes and resources (CE, SE)

— Authorization tested by CE, SE: gridmapfile maps user to local
account



User Interface (UI)

Ilnctawe pecypca Koju ogroBapajy notpedbama nocna
Koju Tpeba oa ce u3BpLUN

[TlogHoLWeH-€ nocna Ha U3BpLLUEHE
OTKa3uBake nocna
[1lpey3nmamn-e pesynTtaTta n3BpLlueHor nocna

[lpernegase MHOPMAaLKMja O cTaTyCy nocna Koju ce
n3BpLUaBa,

MaHunynucare (CMmjewiTare, Konmpakwe n bpucame)
gatotekama Ha [ pudy

[lpernegake MHOPMAaLMja O cTaTyCy pPasnUuInUTUX
pecypca y okBupy 'pud mpexe.

[TokpeTane nocrna kopuwherwem nocedbHor jesnka JDL
(Job Description Language)
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Computing Element (CE)

A CE is a grid batch queue

with a “grid gate” front-end:
e Job request

Grid gate nod

Homogeneous set of E
worker nodes m m
AN
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Storage Element (SE)

Storage elements hold files: write once, read many
Replica files can be held on different SE:

— “close” to CE; share load on SE

Replica Catalogue - what replicas exist for a file?
Replica Location Service - where are they?

File transfer Requests

Logging

Info system

}

Disk arrays or tapes

IS I . e 32/47



Resource Broker

 Run the Workload Management System
— To accept job submissions
— Dispatch jobs to appropriate Compute Element (CE)
— Allow users

* To get information about their status
* To retrieve their output

« A configuration file on each Ul node determines which
RB node(s) will be used

 When a user submits a job, JDL options are to:
— Specify CE

— Allow RB to choose CE (using optional tags to define
requirements)

— Specify SE (then RB finds “nearest” appropriate CE, after
interrogating Replica Location Service)
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Logging and Bookkeeping

 Who did what and when?
 What's happening to my job?
e Usually runs on RB node
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Information System

* Receives periodic (~5 min) updates from CE, SE

 Used by RB node to determine resources to be used
by a job

e Currently BDII is used
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Kopuwhemwe Npuaa




CepTudukartu 3a npokcu

 Kpeunpare npokcuja
$ voms-proxy-init --voms <vo>

e [lpuKkynrbawe nHgopmaunja o NpoKcujy
$ voms-proxy-info

« [aweHe npokcuja
$ voms-proxy-destroy
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NokpeTamwe nocna

[MokpeTane nocna, ver={edg, glite}

$ ver-job-submit <jdl_file>

$ ver-job-submit —o <job_ID _file> <jd|_file>
$ ver-job-submit —r <CE_ID> <jdl_file>
[loxBaTane nHdopmatmja o nocny

$ ver-job-status <job_ID>

$ ver-job-status —i <job_ID_file>
[loxBaTaH-€ n3nasa nocna

$ ver-job-get-output <job_ID>

$ ver-job-get-output —i <job_ID file>

$ ver-job-get-output —dir <path> <job_I1D>
OTKasuBaks€e rnocna

$ ver-job-cancel <job_ID>

$ ver-job-cancel —i <job_ID _file>
Jlnctamwe norogHunx CE

$ ver-job-list-match <jdl_file>
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Crarba nocna

SUBMITTED

READY
/
CANCELLED 1€ SCHEDULED ABORTED
!
Y
RUNNING
DONEfailed)

CLEARED




ATpunbytu JDL hajna

Type
for LCG2 only “Job” type supported
JobType

values: “Normal”, “MPICH”, “Interactive”...

Executable

command name

Arguments

command line arguments

StdOutput

file where the job standard output goes
StdError

file where the job standard error goes
InputSandbox

files for transfer from Ul to the WN
OutputSandbox

files for transfer from WN to the U
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ATpunbytu JDL hajna

Requirements

to send a job to a particular CE

Requirements = other.GlueCEUniquelD ==
“ce.phy.bg.ac.yu:2119/jobmanager-pbs-seegrid”;

job must run on a CE where a particular experiment software
IS installed

Requirements = Member("VO-atlas-release-11.0.2",
other.GlueHostApplicationSoftwareRunTimeEnvironment );
for MPI job

Requirements = Member("MPICH",
other.GlueHostApplicationSoftwareRunTimeEnvironment )

EEEEEESESESE——— . e 4.1 /47



NMpumep IDL dajna

Executable = "/bin/hostname”;

Arguments = "";

StdOutput = "message.txt";

StdError = "stderror.txt";

OutputSandbox = {"message.txt","stderror.txt"};

Requirements =
RegExp("rti29.etf.bg.ac.yu*",other.GlueCEUniquelD);



NMpumep IDL dajna

Executable = "/usr/java/jdk1.6.0/bin/java";

Arguments =" -classpath
/storage/exp_soft/drs/gravitacion/Gravitational

StdOutput = "message.txt";
StdError = "stderror.txt";
OutputSandbox = {"message.txt","stderror.txt"};

Requirements =
RegExp("rti29.etf.bg.ac.yu*",other.GlueCEUniquelD);
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N Body Gravitational Problem

Y cBemunpy noctoju N HebeCKux Tena Koja
MmehjycobHo uHTeparyjy. Kopucrtehn nporpamckm
je3unk JaBa NnoTpeOHO je cuMynupaTu Kpetamwe
oBUuX Tena Kopuctehu Buwe pavyHapa y
napanenu. lNpun Tome Tpeba y3eTn Aa je jenaH
padyHap 3agy)XeH 3a Buwe Hebeckux tena. bpoj
HebGeckux Tena je MHoro Behu og 6poja
pacnonoXxmBux padvyHapa.
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N Body Gravitational Problem

mymi(q; — Qi)
quj_’}rz j| _j |3 :j=1
k=3 d; qr
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[MnTara?

3axapuje Pagusojesunh
EnekTpoTexHndkm dakynrteT
YHuBep3uteT y beorpaay
zaki@etf.rs




