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Motivace — proc gridy?



Readlné vyuziti vypocetnich zdrojt
- Cluster

= vykonny cluster
= periody intenzivniho vyuziti x idle
= Narazova potreba vykonu CPU

= Cena porizeni
= naklady provozni infrastruktury (energie, klimatizace)
= naklady na spravu



Readlné vyuziti vypocetnich zdrojt
- pracovni stanice

= pracovni stanice
= porizovana konfigurace (delsi obdobi)
= vykon potrebny pro béznou agendu
= idle time
= mimopracovni doba
= Obéd
= Cekani na interakci uzivatele (napr. word)
= 'Screen savers”



i Pronajem potrebného vykonu

= zapuljceni strojového Casu clusteru

= od koho — spratelené organizace (omezeny pocet)
= Casto potrebuiji vykon ve stejné dobé
= organizace stejného charakteru, podobné terminy..

= administrativa
= pristupova konta (security policy)
= metody pristupu, vytizeni sité, prenos velkych soubord
= monitorovani priibéhu vypoctu



i Vyuziti CPU pracovnich stanic

= Sluzba na pracovnlch stanicich,
v dobé necinnosti CPU provadi vypocet dané ulohy

= Prijem davky
= Zpracovani
= Odeslani vysledkd

= Seti@home, World Community Grid

= vnitrofiremni pouziti — napr. i Intel
= data, vypocty, vysledky neopusti firmu
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zacClenéni (vypocetnich) prostredkt do zdrojl
sdilenych v ramci VO

definovani politiky pristupu k prostredkiim

uloha do fronty

resource broker rozhodne o vhodném CE pro
danou ulohu

resi otazku bezpecnosti, pristupovych prav
vetsi mnozstvi organizaci



Oblibené projekty
distribuovaného pocitani



i Distribuované pocitani

= SETI@HOME
» hitp.//setiveb.ssl.berkeley.edu/
= plvodné SETI@home/Classic
s 0d 15.12.05 SETI@home/BOINC
= BOINC - Berkeley Open Infrastructure for
Network Computing
« http.//www.boinc.cz/

= World Community Grid
« hitp.//www.worldcommunitygrid.org/
= United Devices client OR Boinc




i World Community Grid

s wcg_boinc_5.10.30_windows_intelx86.exe
(9 408 KB)
pouzit k instalaci (3.12.2007)

= Linux (x86)
= Apple Mac (PowerPC, x86)
= United Devices for Windows (Vista, XP, 2000,..)



ﬁ World Community Gnd - BOINC Agent - InstallShield Wizard

Setup Type
Choose the setup type that best suits your needs.

Please select a setup type.

BOIMC runs only when you're logged on, and only you can manage BOIMC
(recommended).

") Shared Installation
BOIMNC runs whenever anyone is logged on, and anyone can manage BOINC.

i ) Service Installation
BOIMC runs even when no one is logged on. Only you can manage BOINC.
The screensaver does MOT work in this configuration.

I The show graphics feature does NOT work in this configuration.

InstallShield

< Back |[ Mext = ] | Cancel




‘ﬁ' World Community Gnid - BOINC Agent - InstallShield Wizard
Single-User Installation Configuration
Allows you to configure the settings for the single-user installation configuration

Please select which options you would like to enable.

Launch BOINC when logging on.

InstallShield

< Back “ MNext = ] | Cancel
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SETI: a global desktop grid

s SETI@home

= 3.8M users in 226
countries

= 1200 CPU years/day

= 38 TF sustained
(Japanese Earth
Simulator is 32 TF
sustained)

= Highly heterogeneovus:
>77 different processor
types

\




Gridy



What is Grid?

A Grid is a collection of
computers, storages, special
devices, services that can
dynamically join and
leave the Grid

They are heterogeneous in
every aspect

They are geographically
distributed and connected
by a wide-area network

They can be accessed on-
demand by a set of users




‘L Definice gridu

I. Foster, C. Kesselman:

Vypocetni grid je hardwarova a softwarova infrastruktura,
ktera poskytuje spolehlivy, standardizovany,
vsudypritomny a levny pristup ke Spickovym vypocetnim
sluzbam.



i Analogie — rozvod elektfiny

= plvodné kazda budova vlastni generator elektfiny
= cca 1910, drahé, neefektivni

= zavedeni elektraren a rozvodné sité

= podobny vyvoj ve vyuziti vypocetnich prostredkl



i Vlastnosti Gridu

= koordinuje zdroje nepodleéhajici centralizované sprave

= pouziva standardni, otevrené, obecné protokoly a
rozhrani

= poskytuje netrivialni kvalitu i kvantitu sluzeb (vic nez
jednotlivé Casti zvlast)
= Geograficka vzdalenost nehraje roli



i Vlastnosti Gridu

= rtizné druhy zdroji
= CPU, disk. prostor, prenosova kapacita siti
= specialni hw (senzory, mikroskopy..)

= rlzny hw participujicich zafizeni

= rUzné druhy interakci

= rUzné uZivatelské sku upiny a "p kace
= dynamicnost

= zdroje a uzivatelé pribyvaji-ubyvaji-meni se



i Typy grid@l

0 VVPOEEtni
= spousténi aplikaci na distribuovanych zdrojich
= Datove
= sdileni velkého mnozstvi dat, replikované datové katalogy

= Informacni (znalostni)

= Celosvétové

= Interni v ramci organizace
= V pracovni dobé — po pracovni dobé - vikendy



Gridy - historie

= Cca od 90tych let 20.stoleti ..

= Distribuovana vypocetni infrastruktura pro vedeckeé a
inzenyrske vypocty

= Vytvareny virtualni organizace (VO)
= Sprava a monitorovani distribuovanych zdrojd

Bezpecnost

« Dilvéra

= Ochrana soukromi



i VirtudIni organizace

= Skutecné organizace
= Mohou participovat v jedné nebo vice virtualnich org.
= Sdileni zdrojl — podminéné
= Podminky udané vlastnikem zdroje
= Kdy, kde a co je mozné se zdrojem délat

= Novy Ucastnik

= K jakym zdrojlim je mozné pristupovat
= Napt. i dle publikaci s odkazem na VO
= Charakteristika zdrojl

= Definice politiky, ktera ridi pristup ke zdrojiim



Standardy

= OGSA (Open Grid Service Architecture)

= Definuje gridové sluzby, zadné technické detailni specifikace

= OGSI (Open Grid Service Infrastructure)

= Formalni a technicka specifikace
= Nahrazena WSRF a WS-Management

= Globus Toolkit
= Referencni implementace OGSI
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OGSI

= OGSI definuje mechanismy pro vytvareni, spravu a
vymeénu informaci mezi entitami — gridove sluzby

= Gridova sluzba — webova sluzba, ktera splnuje
mnozinu specifikaci (rozhrani a chovani), které
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= Zalozena na WSDL



i Webova sluzba

= Umisténi — entita aplikacniho serveru

= Rozhrani webové sluzby — popsané WSDL
= Mnozina vykonatelnych operaci

= Stateless
= Nepamatuje si stav mezi jednotlivymi volanimi
|

B INUII UdllsiIcliu

= Klienti se pripojuji ke stejné instanci



Gridova sluzba

= Grid Service Factory
= Zodpovédna za vytvareni a ruseni objektd

= Klient vykonava operace na stejné instanci GS
= Jedna instance — vétsinou vyuzivana jednim klientem

= Service data elements - popisuji stav sluzby
= State information — aktualni stav sluzby, vysledky operaci
= Service metadata — info o sluzbe, napr. naklady
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GS - jednoznacna jména

= QOdliseni rliznych instanci
= GSH (Grid Service Handler) — pojmenovani, URI

http.//localhost:8080/0gsa/services/samples/counter/basic/
CounterFactoryService/hash-31889293-1079702176271

= GSR (Grid Service Reference)
= Popisuje vSe potrebné pro vyvolani sluzby
= Ve formé WSDL dokumentu



i Globus Toolkit 3->4

= Grid Service Middleware

= Implementace zakladnich sluzeb zalozenych na OGSI
= Java

« Dalsi sluzby — jazyk C (pouze na Unixech)
= GRAM (Globus Resource Allocation Manager)
« GridFTP (File Transfer Protocol, similar to FTP)
= MDS3 (Monitoring and Discovery Service)
» GSI (Grid Security Infrastructure)




GridFTP (z http://www-unix.mcs.anl.gov/~liming/primer/)

A high-performance, secure data transfer
service optimized for high-bandwidth

wide-area networks @)= Conirol Chanel —p» Basic Transfer
. . - | GridFTP | One control
FTP with extensions GridFTR 1 —p
- s _ Client Data Channels »| Server | channel, several
» Uses basic Grid security (control and data < parallel data
»« Multiple data channels for parallel
transfers
= Partial file transfers Third-party
. - . _ _ ’
= Third-party (direct server-to-server) GAdFTP [ Data Channole — | GridFTP | Transfer
transfers Server »| Sewver | Control channels to
OGF recommendation GFD.20 each server, several
parallel data
Control Channe!  Control Channel channels between
servers
GridFTP
Client

GlobusWORLD 2006 Globus Primer 39
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WSRF (Web Service Resource
Framework)

Applications

Applications

OGSA OGSA

Web Services

Web Services

Pre-WSRF — WSRF



WSRF

= spolecny standard pro webove a gridové sluzby
= vyuziva middleware Globus Toolkit 4

= jak vytvorit z bezestavovych webovych sluzeb sluzby
stavovée
= OGSI - reseno pridani SDE ke kazdé gridové sluzbé

= WSRF — specifikuje resource, které jsou od sluzby oddeleny
a obsahuji info drive ulozené v SDE
kazdy resource — identifikovan klicem
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i WSRF

klient se nepripojuje ke specifické sluzbé, ale k obecné
sluzbé s predem danym klicem zdroje

= v GT4 se pomoci factory nevytvareji instance sluzeb,
ale pouze instance zdrojt (resource)

= instance sluzby — vytvorena pri startu kontejneru a dale

17 nracirie ca 7droii
th Hl UUUJ\-‘ w1 VJI

= kazdy zdroj — unikatni klic EPR (endpointReference)
= dvojice sluzba - kli¢



* Implementace sluzby v GT4

Factory Service Uses the resouwrce home 1o
Requests - . creale resources
A EndpointRafarance creataResource() -
resource I:TEEHEII_L,:" "
J.-"'.-- . > .
e ™
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Client Uses th h H
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\H Instance Service g |
Requests that an operation s |
void subtract(ist a)
resource
.\_\"-‘-n.
‘-\_\-\_"‘—'-\_._\_\_
H’"““-Ha______q_ Resource
add() and subftract|{) operate
. int value
on the resource properties String lastop

contaned in the resounce
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SDE:MathData
Speed:; 5
Cest: $30
Statistic: false
Service Data Type:
MathDataType Server A

Speed: 9

Cost: $125

D Statistic: false
Service Data Type:

MathDataType

Clisnt

Service Data T}rpe:
MathDalaType

=envice Data Type:
StatisticsDataType
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i Volani sluzby - vytvoreni

= Ogsi-create-service

http://127.0.0.1:8080/0gsa/services/progtutorial/core/first/Math
FactoryService

m  Service successfully created:
Handle:

http.//127.0.0.1.:8080/o0gsa/services/progtutorial/core/first/Math
FactoryService/hash-24981262-10/8167170769
Termination Time: infinity



Volani sluzby - klient

= java -classpath ./build/classes/:$CLASSPATH \
org.globus.progtutorial.clients.MathService.Client \

http://127.0.0.1:8080/0gsa/services/progtutorial/core/first/Math
FactoryService/hash-24981262-1078167170769 5

s Added 5
Current value: 5



& Zrudeni instance

= 0gsi-destroy-service

http://127.0.0.1:8080/0gsa/services/progtutorial/core/first/Math
FactoryService/hash-24981262-1078167170769



i EGEE grid

= Funkce prvkl je podobna u vSech gridl

= Pojmenovani specifické pro EGEE

= Cilem vyvoj a integrace gridoveho prostredi
= > 70 instituci z Evropy, Rusko, USA




EGEE Grid

= The first EGEE infrastructure - Largest functioning Grid of the world:
= more than 100 sites, over 10,000 CPUs, 4 PB
= 5,000 jobs simultaneously
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i EGEE komponenty

= Resource Broker (RB)

= Compute Element (CE)

= Working Node (WN)

= Storage Element (SE)

= User Interface (UI)

= Replica Catalog (RC)

= Replica Location Server (RLS)
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i UI — User Interface

= pripojeni klienta ke gridovému systému
= vytvorit novou ulohu (jdI)

= monitorovani stavu ulohy

= pristup k uzivatelskym datim



i CE — computing element

= prijme Ulohu pro danou mnozinu homogennich uzl{
« 1 PC, cluster, ...

= detailni informace o vykonu a instalovaném sw
= lokalni davkovy systém
= PBS, LSF, NQE, Condor



i SE — Storage Element

= datové ulozistée
= vzdaleny pristup k datlim
= repliky, pristup k nejblizsi replice v gridu

= kazdy soubor
= registrovany
= Vlastni identifikace v gridu
= identifikace nezavisla na jménu a lokaci



i RC, RLS

= Informace o replikach soubord
= RC (Replica Catalog)
= RLS (Replica Location Server)



i WN — Worker Node

= provadi vlastni vypocet

= pristup k aplikacnimu sw
= lokalné instalovany
= dostupny pres sdileni

= neni k nim pFl'm;'/ pristup

IAA—IIAA -

= Mmnozina WNSs je reprezentovan

m
CE

Q)\



i RB — Resource Broker

hlavni komponenta
= planovac
» fidi distribuci zdroj& mezi vypocetni Glohy
= jaké CE bude pro danou ulohu pouzito
= posle zvolenému CE tzv. InputSandBox( DL,..)
ti

= UL UUUJCUC FMation >e

\_/



Zivotni cyklus Glohy v gridu

Submitted

= Uloha je vytvorena uzivatelem, popsana .jdl souborem
Wait
= RB najde vhodny CE

VvV /

= RB pripravi Ulohu k béhu
= Prida potrebné administrativni informace
= VSe posle CE



Zivotni cyklus Glohy v gridu

= Scheduled

= CE prijme ulohu a preda ji lokalnimu davkovému systému

= Running
= Uloha bézi na dostupném WN
= uzivatelska data zkopirovana RB -> WN
= mUze vyuzivat data ze SE
= nove vytvarena data — na SE a registrovana v RLS



Zivotni cyklus Glohy v gridu

= Done
= Uloha je hotova

= vystup — OutputSandBox (stdout,stderr) kopirovan zpét na
resource broker

= Aborted

= Uloha je zrusena uzivatelem



Possible job states

CANCELLED

<€

A

SUBMITTED
WAITING
T \\‘

SCHEDULED

ABORTED

.

RUNNING

DONE(failed)

DONE(ok)

/

CLEARED [*€




i JDL — Job Description Language

= popis pozadavkl a zavislosti Ulohy
= textovy soubor .jdl
= vyzadovane a volitelné parametry



i IDL - parametry

Type — "Job”
JobType
= Normal, Interactive, MPICH

Executable
= CO se bude vykonavat

vunuauurganuauun
= aktualni VO

NodeNumber
= pocet vyzadovanych uzl( (MPICH)

Requirements — dalsi pozadavky



i IDL - parametry

= Arguments

= StdInput, StdOutput, StdError
= definice I/O stream{, jména soubor{

= Environment

= InputSandBox

= které soubory pro béh potrebujeme, preneseny do CE(WN)
spolu s programem

= OutputSandBox
= co bude preneseno z CE do UI po skonceni ulohy



i IDL - priklad — myjob.sh

Executable
StdOutput
StdError
InputSandbox
OutputSandbox
RetryCount
Arguments

= “/bin/bash”;

“myjob.out”;

“myjob.err”;

{"myjob.sh"};
{"myjob.err”, "myjob.out”}
1;

“myjob.sh 1 2 3;




i DL priklad

= Uloha — spusténi myjob.sh
= Vvystup a chybovy vystup — myjob.out, myjob.err

= skript bude poslan na cilovy uzel jako soucast
InputSandBoxu



MPI Job

[ JobType = “MPICH";

Executable = "cpi';

NodeNumber = 2;

StdOutput = "test.out';

StdError = "test.err';

InputSandbox = {"cpi'};

OutputSandbox = {''test.out",'test.err"};

1

= [he more processors you require the longer your job will
stay in the queue waiting for free resources



i Genius Portal, GILDA

= Genius Portal
= standardni graficky UI pro pristup k EGEE gridu

= Gilda
= Vvirtualni laboratore pro predvedeni vlastnosti gridu

= Gilda Testbed
= RB, II, RLS, CE, SE
= INFN Grid Middleware (kompatibilni s LCG)



i Gilda Grid Demonstrator

s https://qilda.ct.infn.it/grid-demo.html

editace / prohlizeni souboru
VO Services — Job Services — Job Submission

= 09 Simple Hello World
helloworld.jdl



9 Welcome to the GENIUS Grid Portal - Mozilla Firefox
Soubor Upravy Zobrazit Historie Zalozky Nastroje  Nipovéda

@ MV @ &y m‘ |9E:'f,5 https://glite-deme.ct.infn.it/ ﬂ|"’| B'] |*|gi|da grid demonstrator
P Jak zacit ] Prehled zprav

Se2uam =] | Q Hiedej + 5 | EEN->cZ -
R N CICT I

INFN F nabling Crids Grrie Eavizs web :Nviconment oo
‘ i mban parnn ke r :
< i Hs G Rz f'l:!r c-8GIenGt

& Pravopis = | [=] E-mail -

site I ndependent User jor Submission @ en MFEmE _,4//&

S-Rank | Mastaveni -

W GILDA Grid Services
Ea Job Services Job Submission

----- ) Job Submission

----- ) Job Queue

Selected Virtual Organisation name (from proxy certificate extension): gilda
Connecting to host glite-rbZ2.ct.infn.it, port 7772
Logging to host glite-rbZ.ct.infn.it, port 9002

(] Job Data

E-{-] HadronTherapy Services

Click here to see the status of this job

Sonification
SW-Algnment
Back home

E-{-] Raster-3D glite-job-submit Success
D WATERMARKING The job has been successfully submitted to the Network Server.
-} CODESA3D Use glite-job-status command to check job current status. Your job identifier is:
-} EMPIRE
-[) GAdts - https://glite-rbZ2.ct.infn.ic:3000/-Z1REWtayzsiYTWnh-aziQ
e job identifier has been saved in the following file:
D caTE Th b id £ h b d he foll fil
ome /demo .genius/.tmp submittedjo Emo
 gmon /home/demo43/ /.tmp_sub djob_demo43
-] MAGIC
-] MOAH
-] PATSEARCH
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LDA Grid Services

| Job Services Job Queue

{ Job Submission Exit

{9 Job Queue # Globus JobID Last Update Time Status Destination Code Name
B f;:a[:a]t:h Oueus 1 -ZIREWtayzsiYTWnh-aziQ 16:25:33 Mon Dec 3:| Scheduled [+ grid010.ct infn_it:2119/jobmanager-lcgpbs-long Ihelloworld.jd
| HadronTherapy Services *Details

| Raster-30 Submission:

WATERMARKING * Job manager: genius

CODESASD s Time: 16:25:39 Mon Dec 3:

EMPIRE o T

SeaE * Directory:

SIS Execution:

gMoD * Time:

MAGIC . . . .

NOAH . Hpst: grid010.ct.infn.it:2119/jobmanager-lcgpbs-long

PATSEARCH * Directory:

Sonification
SW-Algnment
Back home

L

Copyright £ 1998 - 2006 Mice 5.r.l. All trademarks and logos on this page are owned by MICE s.r.l. or by their respective owners.



i Middleware

= Pristup aplikaci ke kapacitam gridu
= Management prostredkl gridu

= zdroj gridu
= vypadek
= Saturace



& PouZita literatura, odkazy

= http://www.ics.muni.cz/zpravodaj/articles/343.html

= http://www.egee.hu/grid05/




‘L MetaCentrum

s http://meta.cesnet.cz

= EGEE

N Melerld
= CESNET, FN Motol, MN Usti nad Labem

s CoreGrid



Osirava

Struktura
Ukazky informaci z meta.cesnet.cz



