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Coaep>xkaHue

. BBeaneHune B Grid Computing
» HekoTopble onpeaeneHuns

« Apxutektypa Grid

. The Programming Problem
. The Globus Toolkit™

- BBeneHune, 6e3onacHoCTb, yrnpasseHue
pecypcammn, ynpaBneHne AaHHbIMU

. [lepcneKkTuBbl

Tntro to GGrid Compiitino and
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% 334EM OHO HaLo?
(The Grid problem)

. Flexible, secure, coordinated resource sharing among
dynamic collections of individuals, institutions, and

resource
N3 “The Anatomy of the Grid: Enabling Scalable Virtual Organizations”

« [laTb BO3MOXHOCTb "BUPTYyasibHbIM OpraHm3aunsam”
COBMECTHOIro MCnosib30BaHUs reorpadumnyecku
yAOANEHHbIX pecypcoB Nnpun cCoBMecTHON paboTe —
nogpasyMmeBasi OTCYyTCTBME...

— LEHTpasIbHOro pacnosioXeEHUS,
— LUEHTPa/IM30BaHHOIro KOHTPO/IS,
— BCEBefeHus,

— aTMocdepbl AoBepUS.

Tntro to GGrid Compiitino and P
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CocTtaBnsatowme Npobnemsol

« CoBMeCTHOE MUCMnoJsib30BaHMe pecypcoB
— KoMnbloTepbl, XpaHeHne OAaHHbIX, CEeTH, ...

— CoBMEeCTHOE MCMNOJ1Ib30BaHME pecypcoB Bceraa
BO3MOXXHO TOJIbKO MpU onpeaenéHHbIX YC0BUSAX:
BOMPOCHI IOBEPUS, BHYTPEHHNX NpaBuna, onnaTa,
NeperoBopsl, ...

. KoopanHupoBaHHOE pelieHune 3agad
- AHanus y,EI,aJ'IéHHbIX AadHHbIX, BbIHNCIIEHNA, COBMECTHAA
paboTa, ...
« BupTyanbHble opraHnsauumn - oUHaAMUYHbIE,
BKAKYaKLWmMe passindHblie UHCTUTYTbI, rpynnbl

— HayuHble coobLiecTBa BKOYAOT pa3fiMyHble
KJlaCCMUYECKMe opraHmsaumnm

— MHoOro4yuncneHHble Uan HeT, AMHaMU4YHbIe UK

CTaTUYHbIE . .
Intro to GGrid Combiitino and 4
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MOTTYN B CeTU K HayUYHbIM
MHCTPYMEHTaM

Advanced Photon Source

wide-area
dissemination

P coBMeCTHoe
ynpaBneHue

Joe Insley | _ (O] X]

CH0p AaHHbI X
B pexume
peanbHOro BpeMm

oo o

R
[

oMorpacuyeckas
PEKOHCTPYKLUUS
DOE X-ray grand challenge: ANL, USC/ISI, NIST, U.Chicago

Intro to GGrid Combiitino and N
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rids B ®n3sunke B

There is a "bunch crossing” every 25 nsecs.
There are 100 “triggers” per second

Each triggered event is ~1 MByte in size

Tier 0

~622 Mbits/sec
or Air Freight (deprecated

Tier 1

bICOKMX 2HEeprummn

1 TIPS is approximately 25,000
SpecInt95 equivalents

~100 MBytes/sec

~100 MBytes/sec

S

~682 Mbits/sec

Tier 2 Tier2 Centre
~1 TIPS

~622 Mbits/sec

Institute
~0.25TIPS

Physics data cache

Physicist workstations™

Image co

Physicists work on analysis “"channels”.

Each institute will have ~10 physicists working on one or more
channels; data for these channels should be cached by the
institute server

urtesy Harvey Newman, Caltech

Tntro to GGrid Comniitino and A
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HomaluHe KoMnbloTepbl
TecTnpytoT nekapcrtea ot Cl1da

Tntro to GGrid Compiitino and

the Olson laboratory at
The Scripps Research Institute

L a powered by |
A\ entropia
S - software for Your PC - By downloading Download

b Fight AIDS @ Home Entropia onto your PC, FightAIDS@Home uses | Getting started is easy -

your computer's idle resources to accelerate download and install
P The AIDS Crisis powerful new anti-HIV drug design research! Entropia's free software now!
b How Your PC can Help
) Project Status Fig_htAlDSd@Horcr;t; is P? CCO)TnpUt?tIiJDnaI researﬁ:‘ Enter your email address
et the Download project conducted by the Ison la oratory.at The | below to receive
$a Scripps Research Institute in La Jolla, California. | FightAIDS@Home news
P Research Team The project uses Entropia's global Internet and announcements!
p The Discovery puting grid, which runs both commercial and |
) Links and Communities Tesearch applications on PCs. @
p Entropia
» Link Your Site to FA@H How Your PC Helps - FightAlIDS@Home uses
your computer to generate and test millions of _

PFAQ candidate drug compounds against detailed

models of evolving HIV viruses, a feat previously
impossible without dozens of multi-million dollar

September 22, 2000
supercomputers. Every PC matters!
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KoOMNbOTEPHbIE CETU

« Cetun vs. lNponsBoaAnNTENbHOCTbL KOMMbIOTEPOB
— BbluncnuTenbHble CKOPOCTU YyABanBalOTCA Kaxable 18

MEecAduEB

CKOpPOCTU ceTen yaBanBaloTCAa Kaxable 9 Mecsiues
— Pa3Hnua Ha uenbin nopsaok 3a 5 ner

. 1986 to 2000

— KOMMbKOTEPDbI.

X 500

- cetn: x 340,000

. 2001 to 2010

— KOMIMbKOTEPHLI.

— cetn: x 4000

X 60

Doubling Tme 8%'%31 zletc’em': d)

{months)

_ Perfomance per Dollar Spent

912 18

Siicon Computer Chip
(number of transistors,

Data Storage
{bits per square inch)

B Numbe: of Years

Moore's Law vs. storage improvements vs. optical improvements. Graph from Scientific American
(Jan-2001) by Cleo Vilett, source Vined Khoslan, Kleiner, Caufield and Perkins.

Tntro to GGrid Compiitino and Q
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The Globus Project™

Making Grid computing a reality

TecHoe coTpyaHM4YecTBO C peanbHbiMM Grid
NpoeKTaMn B HaykKe U NPOMbILLUIEHHOCTHU

Pa3paboTka n pacnpocTtpaHeHne CTaHAapTHbIX
npoTokonoB Ana Grid C uenblo AOCTUXEHUS
COBMECTUMOCTU U CO3AaHUA NHMPPACTPYKTYpPbI

PazpaboTka 1 pacnpocTpaHeHne cTaHaAapTHOro
nporpaMMHoro obecneyenuns ana Grid -
YHUBEPCANbHOIMO N MYNbTUMNATPOPMHOro

The Globus Toolkit™: becnnatHoe, B npssMOM
aocrtyne; 6asa aAns co3gaHuns pasfiInyHbIX
npuioXxeHunm n cosgaHnsa Grid MHPPaACTpPyKTypbl

Global Grid Forum: Pa3paboTka cTaHaapTHbIX
NPOTOKONIOB U nNpunoXxeHun anga Grid

Tntro to GGrid Compiitino and 0
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Hek

ckoTOpble Grid MpoekTbl

Name URL & Focus
Sponsors
Access Grid@ www.mcs.anl.gov/FL/ Create & deploy group collaboration

New@

accessgrid; DOE, NSF

systems using commodity technologies

BlueGrid @ IBM Grid testbed linking IBM laboratories

DISCOM WWW.CS.sandia.gov/ Create operational Grid providing access
discom to resources at three U.S. DOE weapons
DOE Defense Programs | laboratories

DOE Scienc@ sciencegrid.org Create operational Grid providing access

f&vid DOE Office of Science to resources & applications at U.S. DOE

science laboratories & partner universities
Earth Systew| earthsystemgrid.org Delivery and analysis of large climate
Grid (ESG) DOE Office of Science model datasets for the climate research
@ community

European eu-datagrid.org Create & apply an operational grid for

Union (EU) European Union applications in high energy physics,

DataGrid environmental science, bioinformatics

Intro to GGrid Combiitino and 10




KoTopble Grid MpoeKTbl

Name

URL/Sponso
r

Focus

L J

EuroGrid, Grid

eurogrid.org

Create tech for remote access to

Interoperability New European Union supercomp resources & simulation codes;
(GRIP) @ in GRIP, integrate with Globus Toolkit™
Fusion New | fusiongrid.org Create a national computational

Collaboratory

©

DOE Off. Science

collaboratory for fusion research

Globus Project™

€«

globus.org

DARPA, DOE,
NSF, NASA, Msoft

Research on Grid technologies;
development and support of Globus
Toolkit™; application and deployment

GridLab New | gridlab.org Grid technologies and applications
@ European Union
GridPP New | gridpp.ac.uk Create & apply an operational grid within

U.K. eScience

the U.K. for particle physics research

Grid Research
Integration Dev.\&W
Support Center

grids-center.org
NSF

Integration, deployment, support of the
NSF Middleware Infrastructure for
research & education

Intro to (r1id

omniitino and 11
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HekoTopble Grid MpoeKTbl

Name URL/Sponsor Focus
Grid Application hipersoft.rice.edu/ | Research into program development
Dev. Software grads; NSF technologies for Grid applications
Grid Physics @) ariphyn.org Technology R&D for data analysis in
Network NSF physics expts: ATLAS, CMS, LIGO, SDSS
Information Power |ipg.nasa.gov Create and apply a production Grid for
Grid @ NASA aerosciences and other NASA missions
International ivdgl.org Create international Data Grid to enable
Virtual Data Grid NSF large-scale experimentation on Grid

Laboratory New

technologies & applications

Network for
Earthquake Eng.
Simulation Grid New

neesgrid.org
NSF

Create and apply a production Grid for
earthquake engineering

Particle Physics @
Data Grid

ppdg.net
DOE Science

Create and apply production Grids for
data analysis in high energy and nuclear
physics experiments

Intro to GGrid Combiitino and

1D
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HekoTopble Grid [NpoeKTbl

Name URL/Sponsor Focus
TeraGrid @ teragrid.org U.S. science infrastructure linking four
New | NSF major resource sites at 40 Gb/s

UK Grid Support @

Center New

grid-support.ac.uk
U.K. eScience

Support center for Grid projects within
the U.K.

Unicore

BMBFT

Technologies for remote access to
supercomputers

Also many technology R&D projects:
e.g., Condor, NetSolve, Ninf, NWS

See also www.gridforum.org

Tntro to GGrid Compiitino and

13
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Site Resources

| HPSS

External
Networks

Caltech

megonusproiect | 12 1 3.6 TF TeraGrid:
Computing at 40 Gb/s

Site Resources

External
Networks.

SDSC
41 TF
HPSS 225 TB

Site Resources

""z‘“ R/
" va' w2

74 ,"
N Lo %
278% S8 NN
L 2 NN
27201 7 X

TeraGrid/DTF: NCSA, SDSC, Caltech, Argonne

HPSS —\i\ '
External _—
Networks -
Argonne ‘
External
II Networks

Site Resources

UniTree

www.teragrid.org

Tntro to GGrid Compiitino and 14
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wa  1IVDGL:
ational Virtual Data Grid Laboratory

{}%& -@: Tier0/1 facility
® Tier2 facility
W Tier3 facility
10 Gbps link
2.5 Gbps link
: ,*-‘-' —— 622 Mbps link
i = Other link
U.S. PIs: Avery, Fosté?, Gardner, Newman, Szalay www.ivdgl.org
Tntro to GGrid Compiitino and 15
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Ana nHdopMauun
. Globus Project™

- www.globus.org
« Grid Forum GRID

—_— WWW.qudforumlorq : Edited by lan Foster

« KHura (Morgan
Kaufman)

- www.mKkp.com/grids

i,
;;'.";.' P
y 4
i
P/ ?if@
i L LT
jin
(g

Intro to GGrid Combiitino and 16
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HeKoTopble Ba>XHble onpeaeneHnsd

. Pecypc
. [lpoToKONn ceTun
. CepBuc, obecneuymBaeMbin CETbIO

. NHTepdenc npunoxeHuna - Application
Programmer Interface (API)

. Software Development Kit (SDK)
« CHMHTaKcuc

Tntro to GGrid Compiitino and 1R
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« BCE&, 4TO MOXHO MUCMO/Ib30BaTb COBMECTHO

— KoMnbloTepbl, HaKONUTENN MHPOPMaLnKU, AaHHbIE,
KOMMbOTEPHbIE MPOrpaMmbl U T.A4.

. He obga3aTenbHO AoskeH ObiTb PU3nyeckoun
eaANHULUEN
— Condor pool, distributed file system, ...

. Onpepgensercda nHTepdencamm, a He yCTpoucTteamm

- ‘nnaHunpoBwmnK’ (such as LSF and PBS) onpepenseT
KOMbIOTEPHbIN pecypcC

— Open/close/read/write onpenensaeT A0OCTynN K
pacnpenenédHHon cucrteme panmnos , e.g. NFS, AFS,
DFS

Intro to GGrid Combiitino and 10
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CeTeBOW MPOTOKO/JI

« @opManbHOoe onncaHne opmMaToB COOOLEHNN U
Habop npaBun and obMeHa coobLleHnamMun

- [MpaBnna MoryT onpeaensaTb NocnenoBaTeNbHOCTb
obMeHa coobweHnamm

— [MpoToKOoN MOXeT onpeaenaTb U3MeHEeHNne COCTOSAHUS
CUTEMbl B KOHEYHOWN ToYKe (HanpuMmep, U3MeHeHue
COCTOSAHNA CUCTEMbI (pannoB)

« XOpolune NpoToKO/bl CO34aHbl C OAHOW LEeNbio
— [MpoTokoNbl MOXHO HakNaAbIBaTb APYr Ha Apyra

o [lpunmMmepsbl [1poTOKONOB
— IP, TCP, TLS (6binio SSL), HTTP, Kerberos

Intro to GGrid Combiitino and 70
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. Co3paHuMe NpoToKOoMa, KOTOPbIN
onpeanensetr Habop BO3MOXHOCTEN

— MpoTokon onpeaenseT cBsA3b C CEPBUCOM
— Bce cepBuchbl Hy>XaaloTCcs B NPOTOKOE

— He Bce npoToKONbl UCMNOBL3YIOTCSA 4SS
npepocrtaBsneHnda cepeuncale.g. IP, TLS)

« [lpnMepsbl: FTP n Web cepBepbl

FTP Server Web Server
FTP Telnet HTTP Protocol
Protocol | Protocol TLS Protocol
TCP Protocol TCP Protocol
IP Protocol IP Protocol

Intro to GGrid Combiitino and 71
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Application Programming Interface

. Habop cneundukaumm ansa NnpuIoXeHus

— OTHOCUTCHA K DYHKLMOHANbHOMY OMNMpeaeneHnto, a He K
KOHKPETHOMY BOMJIOLLEHUIO

- Hanpwumep, cyuwectByeT MHOro sonnouweHnn MPI
. YacTto aTn cneumndukaunmn 6bIBatOT NPUBHA3AHbI K
KOHKPETHOMY A3blKYy NpPOrpaMMmpoBaHnS

— Has3BaHMe nporpaMmmbl, KOJIMYECTBO U TUMN ApPpryMeHTOoB,
onpeaeniéHHble A3bIKOBble KOHCTPYKLUUK

- [loBeneHue GyHKLUMN UK NPOrpaMmbl
. [lpnmepsl
— GSS API (security), MPI (message passing)

Intro to GGrid Combiitino and 0]
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“PIIOTOKON MOXET MMETb
MHOXXecTBO APIs

« TCP/IP APIs BkntoyatroT B cebs BSD
sockets, Winsock, System V streams, ...

« [1poTOKON NpeaocCTaBNdeT COBMECTUMOCTD:

nporpaMmmbl, ncnonbsywuwme pasHbole APIs,
MOryT obMeHmnBaTbCs UHMOpMaLMEN

« MHe He HY>XHO 3HaTb API gpyroro

BaTe 14
Application Application

WinSock API Berkeley Sockets API

 \ P 4

TCP/IP Protocol: Reliable byte streams

Tntro to GGrid Compiitino and 72
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~APF MOXET MMEeTb MHOIO

NMPOTOKOJIOB

MPI - nopTtatuBHO: Nntobas npaBusibHas

nporpaMmMa A0J/1XKHa KOMMUANPOBATBLCA U
paboTaTb Ha fitobon nNnatdpopme

SDK

Application

LAM SDK

E.g., MPICH n LAM Bepcunn MPI

HOo HMKaKOW COBMECTUMOCTU Ha YPOBHE

Application

MPICH-P4 SDK

LAM protocol

Pa3Hbin chopmMmaT
coobTweHunn,

>

4acTOThbl O6MeHa mn

np.

MPICH-P4 protocol

Tntro to GGrid Compiitino and 4
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« CtaHaapTHble APIs/SDKs Ba)Hbl
— OHU Aal0T NMPUNOXEHWUKO NnopTatTnBHOCTb

— Ho 6e3 cTaHAapTHbIX NPOTOKO/I0B BHYTPEHHSAS
COBMECTUMOCTb HeBO3MOXHa (1tobon SDK noHnmeT
nobon npoTokon?)

o CTaHﬂ,apTHble MPOTOKOJIbl BA>XHbl

— JatoT BHYTPEHHIOO COBMECTUMOCTb
HE3aBUCMMOCTU OT MECTOPACMNONIOXEHUS

— [lenatoT BO3MOXHbIM COBMECTHble

MHPPACTPYKTYPHbI
— Ho 6e3 ctanpapTtHbiX APIs/SDKs cTaHOBUTCS
HEBO3MOXHbIM MOPTAaTUBHOCTb MPUIOXEHUS

(pa3nunyHbie riatpopMbl paboTatoT C NPOTOKO1IAaMU
No-pa3HoOMY)

Intro to GGrid Combiitino and 75
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Software Development Kit

OnpeneneHHoe sonsioweHne API

SDK coctounT ns 6mbnmortek n nporpamMmm

- lNpepctaBnsaer cobon BorsioweHmne
cneundukaumm API

nnsa ogHoro API moxeT 6bITb MHOro SDKs

[TpuMepbl SDK
- MPICH, Motif Widgets, LAM

Tntro to GGrid Compiitino and 76
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. [lpaBuna ansa pacwmnopoBKn MHDOpMaL UK
— XML, Condor ClassAds, Globus RSL
— X.509 certificate format (RFC 2459)
— Cryptographic Message Syntax (RFC 2630)
« [lpocbba, He nyTaTb C NpoTOKOJSIOM!

— OAWH U TOT Xe CUMHTaKCUC MOXeT 6bITb NCMOSIb30BaH
pa3HbIMM NpoTokosiamun (e.g., XML)

« CHHTaKcUC MOXeT 6bITb HA/NOXeEH OAUH Ha APYrow
- E.g., Condor ClassAds -> XML -> ASCII

— Oy4yeHb Ba)XHO NOHMMATb KOHLEeNnuUunto HanoXxeHuns
CUHTAKCMCa MNMpun CpaBHEHUNAX U OLEHKE.

Intro to GGrid Combiitino and 27
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. OnucaHue

- MpennoxuTtb obwmne TepMMHbI ANs
obcyxaneHunsa Grid cuncrem

. HanpasneHwune paboT

— OnpegennTb OCHOBHbIE 06/1aCTH,
TpebyLuime co3gaHns cepsuca

. [lpeponpeneneHune

- Onpenenutb cTaHaapTHble “Intergrid”oBckue
npotokonbl U APIs ona co3pgaHus
COBMECTUMbIX U MOPTATUBHbIX MPUJTOXKEHNN

Intro to GGrid Combiitino and 70
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NaeHTndunkaums .
ABTOpuM3aunga&npasuna
[TOUCK pecypcoB

OnuncaHune pecypcos °
Pe3epBMpoBaHue pecypcos .
PacnpenenéHHsblie .
aJIrTOPUTMBI .
[JocTyn K yaAanéHHbIM .
OAHHbIM

BbICOKO-CKOpPOCTHa4
nepechbiyika AaHHbIX

[[@apaHTUpoOBaHMe °
NPOU3BOAUTENBHOCTU

HekoTopble TpeboBaHUA

O6HapyxeHune
HECaHKLUMOHNPOBAHHOIO
nocTyna

PacnpeneneHune pecypcos
CyeTa u onnaTta
O6HapyxeHne Henonaaok
DBOOUNA CUCTEM

MOHUTOPUHT
N T.40.
N T.0.

Tntro to GGrid Compiitino and 20)



T TiRKTa ana npespaweHms “Grid
computing” B pyTuHy...

1) HoBble noaxoabl K peweHunto npobnem
- Data Grids, pacnpenenéHHble BblYNCEHUS,
peer-to-peer, 06beaAnHEHHbIE grids, ...

2) CTpyK

- Ab6CTpakuumn, UHCTPYMEHTHI
eyeHune coBMecTHoro AJEEa
- WNHC ecypcoB, oocTyn, aHue,

blaeneHne; ayTeHTuduKaumns, aBTopu3auuns:
KOMMYHMWKaums; JuarHoctuka c6oes;y.stems

dMM

roblem

blem

Tntro to GGrid Comniitino and 21



feseeBoiRiTQre, Grid ApxXxuTekTypa,
pneHTnpoBaHHada Ha [1pOTOKONbI:

. Co3gaHve NpoToKOSI0B U cepBrncHou ob6onoykm Grid
— JlocTyn K yaanéHHbIM pecypcam Yyepes rnpoToKObI
— HoBble cepBUCHI: NpeaocTaBNeHne pecypcoB
— “paboTtaTb B Grid” = noHnmaTb Intergrid NnpoToKoO/bI

— B OCHOBHOM Yy>e nmetroLmnecs npoToKoIbl UK UX
paclUMpEHUNS

o CospaHue Grid APIs & SDKs
- WHTepdencsl K Grid npoTokonaMm u cepsucHon oboouke

— [MomMowWwb B CO34aHUN MPUMTOXEHNN NYTEM CO34aHUN
abcTpakuumn Ha 6onee BbICOKOM YpOBHE

. Mopgenb , nmetrowas orpoMHbIn ycnex - Internet

Tntro to GGrid Compiitino and 9



the globus project

www.globus.org

oypoBHeBas Apxutektypa Grid (l1o
AHanornm c Apxmutektypou NHTepHeTa)

Application

“"KoopanHaums MHOMOUYNCNEHHbIX l

pecypcoB”: cneundunyeckmne cepBUCHI _

“CoBMeCTHOE UCMOoJIb30BaHWe OAHUX
pecypcoB”: AOCTyn No AOroBopy,
MCNOJSIb30BaHME Mo KOHTPOSEM

(Internet npoTtokonbl) &
3aWUMNLLEHHOCTb

Tntro to GGrid Comniitino and P39

Resource

102030.4 J,BU.JBJ,UI

“NoKanbHbIW KOHTPO/Ib HaA
pecypcamMmn”: JocTtyn n KOHTPOJb
pecypcoB
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ct
oToKONbI, CepBuc n APIs
HaXoAATCA Ha KaXXAOM ypOBHe

NMpunnoxeHwme

i

lMpoTokonbl obuiero cepsuca

APIs and SDKs pecypcoB |
MpOTOKOJIbl CEPBUCA PECYpPCOB

CepBUC pecypcos

| APIs cBa3u |

MpOoTOKO/bl CBS3U MpoTokonbl n APIs nokanbHOro 4ocrtyna

Tntro to GGrid Comniitino and 4
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Ba>XHbleé MOMEHTbI:

« OcHoBaHO Ha nNpoTokKonax n cepsuce NHTepHeT
— CBS3b, MapWwpyThbl, onpeaeneHne MMeHun, n T.4.
« "MHOroypoBHeEBOCTb" 34eCb YMNCTO KOHUenTyasnbHa, HE

HakK/flagblBaeT HUKAKNX OrpaHNYeHUn Ha TO, KTO Kakune
MYHKUMN MOXET BbI3BaTb

— MpoTokonbl/cepuc/APIs/SDKs B uageane, 6yayt
CaMOLOCTaTOYHb

- HekoTopble Belu 30ecb pyHAAMEHTAbHbI: HANpPUMED,
KOMMYHUKaLUNA U 3aLLUNLLEHHOCTb

— [MpuBnekaTtenbHO ANg GYHKLUNNA BbICOKOIO YPOBHS
NCMONIb30BaTb CTaHAApPTHbIE PYHKLUUN HNU3KOIO YPOBHS

Intro to GGrid Combiitino and PEN
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« He cywecTByeT HMKaKux ‘oduumanbHblX’ CTaHOapTOB
. HO:

— Globus Toolkit™ gaesnsertcsa npakTnyecku de facto
CTaHAAPTOM A1 MHOIMMX Ba>XHbIX NMPOTOKONO0B (CBA3b,
pecypchbl n obuimne)

— GGF nmeeT pabouyto rpynny no apxmrtekType

— TexHu4yeckue geTann HaxoasTcs cemyac B
pa3paboTke: 3aWNWEHHOCTb, YrpaBsieHne pecypcamm
N AaHHbIMU, UHPOPMALMNOHHBLIN CEPBUC

— HdokyMeHTbl (B 06s1acTn 6€30nacHOCTUN) NPUHSATLI K
nyébnmkaumm B IHTepHeTe

Intro to GGrid Combiitino and 2/
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www.globus.org Fa b ri C ! y p O B e H b
[IpOoTOKONbI N CEPBUC

BCcé 4TO MOXHO OXMAAaTb: OrpoMHOEe pa3Hoobpa3une
COBMECTHbIX pecypcoB
- MK, annoBblie CUCTEMbI, apXUBbI, KaTaaoru
MEeTaldadHHbIX, CETN, CEHCOPbLI U T.4, N T.I.
HeckonbKO orpaHU4YeHni Ha TEXHONOMMMN HU3KNX
ypoBHeun (Few constraints on low-level
technology): NnpoToOKO/bl CBA3M N pecypCcoB
ABJIAOTCSH Y3KMM MECTOM

« Onpepnenserca nHTeppencammn, a He PU3NYECKUMU

XapaKTepUCTUKaAMM

Tntro to GGrid Compiitino and 7
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s YHOBEHb CBA3WU.
[IpoToKONblI & CepBUC

« KOMMYHUKaLUUSA
— Internet npotokonsbl: IP, DNS, routing, etc.

o 3awmwéHHocTb: Grid Security Infrastructure (GSI)

- EanHas naeHtTndunkaums, aBTopmlaumns m 3alUULLEHHAS
nepeaava coobuleHmni

- OaHOKpaTHbIA NOrNH, AenernpoBaHne, naeHTudmnKaumns
— Public key technology, SSL, X.509, GSS-API

- WH@pacTpyKTypa noaaepXKu: LeHTpain3oBaHHas
Bbldaya CepTUPMKATOB, ynpaB/eHne ceptupmukaTamm u
KSilo4amy, ...

GSI: www.gridforum.org/security/gsi
Intro to GGrid Combiitino and R
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=¥ nNOBEeHb peCcypCoB:
[IpoToKONblI & CepBUC

. Grid Resource Allocation Management (GRAM)

— YpanéHHble pecypchl : BblAeNeHne, pe3epBUpoBaHue,
MOHUTOPWHI U YNpaB/IEHNE KOMMbIOTEPHbLIMU pecypcamm

— GridFTP npotokon (FTP pacwmnpeHus)

— BbICOKOCKOPOCTHOM AOCTYN K AAHHbIM U Mepecblsika
« Grid Resource Information Service (GRIS)

— HdocTyn K nHpopmaummn

. B npoekTe: gocTyn K Katanoram, Aoctyn K 6ubnmnorteke
nporpam, Catalog access, code repository access, u T.
a.

. Bcé noctpeHo Ha ypoBHe: GSI & IP

GRAM, GridFTP, GRIS: www.globus.org

Tntro to GGrid Compiitino and 0
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e QB LM YPOBEHD:
[TpoToKOMblI & CepBUC

. PacnpepeneHune pecypcos (e.g., Condor
Matchmaker)

— [1oOnUCK 1 BbiIB/1IeHNE pecypcCoB
. KaTtanor pennuk
« CepBuC KONMpoBaHUSA

. CepBuc no ogHOBpeEMEHHOMY
pe3epBMpPOBaAHUIO U BblAENEHUIO

e N T.A.

Condor: www.cs.wisc.edu/condor
Tntro to GGrid Compiitino and 40
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Collective
(App)

Collective
(Generic)

Resource

Connect

Fabric

the globus project

[MpunoxeHue, cneynuyHoe a5 Kakon-to obnactu

Bbibop pennunkn, ynpaBrieHue 3aaHUEM, BUPTYabHbIN
KaTasnor AaHHbIX, ...

KaTtanor pennuk, ynpaBleHWe pensmkamm, BblaeneHmne
PECYpPCOB, BblAa4ya CEPTUPUKATOB, KaTasiorm MeTagaHHbIX

[lOCTyn K AaHHbIM, AOCTYMN K KOMMNbOTEpaM, A0CTYN K
MHpOopMaUMM O CeTH,..

KoMmMyHukaunmn, nounck cepeuca (DNS), naeHtndpumnkauyms,
aBTopu3auusa, agenerayus

CuncTeMbl XpaHEeHUS AaHHbIX, KNacTepbl, CETH, ...

Intro to GGrid Combiitino and 41







B the globus project

The Programming Problem

. But how do I develop robust, secure,
long-lived, well-performing applications for
dynamic, heterogeneous Grids?

« I need, presumably:

— Abstractions and models to add to
speed/robustness/etc. of development

— Tools to ease application development and
diagnose common problems

— Code/tool sharing to allow reuse of code
components developed by others

Intro to GGrid Combiitino and A4
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[IlpobnemMa nporpaMMmMpoBaHUS

« Hy n Kak MHe co3aaTb HaAéXHoe,
NONroBpeMeHHoe, BbICOKOI((dPEKTUBHOE
npunoXeHne ansa AMHaAMUUYHbIX U PAa3HOPOAHbIX
Grids?

o [N19 3TOro MHe HY>HO:

- A6CTpakumu u Mmoaenm 4tobbl YCKOPUTL/YNYy4YlWNTb
caM npouecc

— Habop nporpaMMHbIX CpeacTB ana ANarHoCTnkKu
I'IpO6J'I€M N ynpoweHna HanmcaHm4 nporpamMmmeol

— Co3aaTb YHUBEpPCAJbHbIE cpeacTBa, YTobbl 6b1110
BO3MOX>HO MCMNOJ/Ib30BAaHNE HEKOTOPbIX KOMMOHEHT
ApYyrumm

Intro to GGrid Combiitino and 44
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~amnEyamples of Grid
Programming Technologies

« MPICH-G2: Grid-enabled message passing

« CoG Kits, GridPort: Portal construction,
based on N-tier architectures

. GDMP, Data Grid Tools, SRB: replica
management, collection management

. Condor-G: workflow management
. Legion: object models for Grid computing

« Cactus: Grid-aware numerical solver
framework

- Note tremendous variety, application focus

Tntro to GGrid Compiitino and 45
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“Fipmmepbl MporpaMMHBbIX
TexHonorum B Grid

« MPICH-G2: agantupoBaHHbIN ana Grid MPI

« CoG Kits, GridPort: naoes noprtana, ocHoBaHo Ha N-
YPOBHEBOWU apXUTEKType

. GDMP, Data Grid Tools, SRB: ynpasneHue
pensnkaMmn, HabopoM AaHHbIX

« Condor-G: ynpaBJfieHne npoLeccoM pac4yeToB

. Legion: o6bekTHble MOaenu ans
nporpamMmmmnpoBaHuns B Grid

. Cactus: apantnpoBaHHbie anga Grid Habop cpeacTs
ONd peweHuns YncneHHbIX 3aaaud

- Cnepyet 06paTuTb BHUMMaAHME Ha OrPOMHOE
pa3Hoobpas3une cpencTts (BCe OpMeHTUPOBAHHbI Ha
onpeaenéHHoe NpuIoXeHne)

Tntro to GGrid Compiitino and A4A
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BCEMDTUM CTOUT eAuHbIN Habop
NpoOrpaMMHbIX CpeacTB

« HW oauH U3 NepeyncneHHbIX NPOEeKTOB He co3aaBarl
MPOTOKO/bl U MNp. C Hyn4!

. Wcnonb3oBancsa eguHbin HAbop CcpeacTB, KOTOPLIW...

- WMeeT BCe OCHOBHbIE DYHKL NN

> SDKs KOTOpbI MOXeT bbITb MCMOBb30BaH A5 CO3AaHUS
pPa3/INYHbIX NMPOrpamMMHbIX NPOAYKTOB

> CTaHAapTHbLIA CEPBUC, KOTOPbIN JIerko YCTaHOBUTb

- HapéXHbIN, NpaBu/IbHO CNPOEKTUPOBAHHLIN, HE
npoTuBopevalwmnm cebe

- SdBnsetca 6ecnnaTHbIM, LWUMPOKO AOCTYMHbIM

. BceM atuM TpeboBaHuaM oteevaeT Globus
Toolkit™...

Tntro to GGrid Compiitino and 47
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B the globus project

Globus Toolkit™

« Habop nporpaMMHbIX CpeacTB, peLlatoLmnm
OCHOBHble TexHun4deckumne npobsieMbl Npu
COo3aHNKN NporpaMMHoOro obecneyeHmnsa ans
Grid
— Mpennaraet ‘'nakeTHbIn® HAabop cpeacTs

— [Mo3BongaeT noastarHoe co3aaHme NporpamMMHbIX
cpencts v npunoxeHunn ansa Grid

— Bonsiowaet ctaHaapTHble Grid NpoOTOKO/bI U
APIs

- JdocTtyneH 6ecnnaTtHo ana Bcex (Open source)

Intro to GGrid Combiitino and 40
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O6bwnm noaxoa

Onpepenntb Grid npotokosnbl & APIs

— JocTyn K yaanéHHbIM pecypcam nocpeacTBoOM NpoOTOKOJI0B
— WHTerpupoBaTb U paCclLUMPUTb MMEOLLMECS CTaHAAPThI
Co3aaTb COOTBETCTBYHOLWMM HAbop cpencTs

— HoctynHbin BceM Globus Toolkit

- Habop ytunut, SDKs, cepsuc, n 1.A4.

AnantupoaTb ang Grid MHOXXeCTBO M3BECTHbIX
NPUTOXEHUN

— Globus Toolkit, FTP, SSH, Condor, SRB, MPI, ...
e YUNTbCHY HA CBOEM ONnbITe

(2TW Te3uncobl B34Tbl C oPpuLIManbHOro canTa...)

Tntro to GGrid Compiitino and 50
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YHeTbipe Knt4yeBbiX MPOTOKOMNA

« The Globus Toolkit™ ocHoBaH Ha 4YeTbIpEéX
OCHOBHbIX MPOTOKOJ1aX
— YpOBE€Hb CBA3MU:
> 3awmnuéHHoctb: Grid Security Infrastructure (GSI)

— YpOBEHb pecypcCoB:

> Ynpasnenune pecypcamun: Grid Resource Allocation
Management (GRAM)

> WNHpopmaymnoHHbii cepBuc: Grid Resource Information Protocol
(GRIP)

> [lepecbisika agaHHbix: Grid File Transfer Protocol (GridFTP)
« TaKXe OCHOBHble NPOTOKOJIbI ‘0bLlero’ ypoBHS

- WMHMOopMaLUNOHHBIN CEPBUC, YNpaB/eHne pensinkamu,
nT.Aa.

Tntro to GGrid Compiitino and 51






T pobremMbl npu peanusaummn Grid
Security...

Resources being used may be valuable & the
problems being solved sensitive

Resources are often located in distinct
administrative domains

— Each resource has own policies & procedures
Set of resources used by a single computation
may be large, dynamic, and unpredictable

— Not just client/server, requires delegation

It must be broadly available & applicable

- Standard, well-tested, well-understood
protocols; integrated with wide variety of tools

Tntro to GGrid Compiitino and 51
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th

Single signfon via “grid-id”

GSNn Actio

Communicate

[ Site A
(Kerberos)

Computer

& generatjon of proxy cred. Usen Froxy
- Or: retrigval of proxy cred.
from onljne repository

Remote process
creation requests*

Map to local id
Create process
Generate credentials

Acgess Files at

Authorize Ditto

(Unix)

Communication*

Kerberos Restricted
ticket proxy

* With mutual authentication Storay
ge
syste

Remote file
access request*
 Site C
(Kerberos)
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User View

Grid Security Requirements

Resource Owner View

1) Easy to use
2) Single sign-on

1) Specity local access control
2) Auditing, accounting, etc.

3) Run applications 3) Integration w/ local system
ftp,ssh,MPI,Condor,Web,... Kerberos, AFS, license mgr.
4) User based trust model 4) Protection from

5) Proxies/agents
(delegation)

compromised
resources

Developer View

API/SDK with authentication, flexible message protection,

flexible communication, delegation, ...
Direct calls to various security functions (e.g. GSS-API)
Or security integrated into higher-level SDKs:
E.g. GlobusIO, Condor-G, MPICH-G2, HDF5, etc.

Tntro to GGrid Compiitino and 55
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X.509 Proxy Certificate

. Defines how a short term, restricted
credential can be created from a normal,
long-term X.509 credential
— A "proxy certificate” is a special type of

X.509 certificate that is signed by the
normal end entity cert, or by another proxy

— Supports single sign-on & delegation
through “impersonation”

— Currently an IETF draft

Intro to GGrid Combiitino and 56
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Globus Security APIs

« Generic Security Service (GSS) API
— IETF standard

- Provides functions for authentication,
delegation, message protection

— Decoupled from any particular
communication method

. But GSS-API is somewhat complicated, so
we also provide the easier-to-use
globus_gss_assist API.

« GSI-enabled SASL is also provided

Intro to GGrid Combiitino and 57
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Results

GSI adopted by 100s of sites, 1000s of users

— Globus CA has issued >3000 certs (user &
host), >1500 currently active; other CAs active
« Rollouts are currently underway all over:
— NSF Teragrid, NASA Information Power Grid,
DOE Science Grid, European Data Grid, etc.
Integrated in research & commercial apps
— GrADS testbed, Earth Systems Grid, European
Data Grid, GriPhyN, NEESQgrid, etc.

Standardization begun in Global Grid Forum,
IETF

Intro to GGrid Combiitino and §R
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GSI Applications

. Globus Toolkit™ uses GSI for authentication

. Many Grid tools, directly or indirectly, e.q.
- Condor-G, SRB, MPICH-G2, Cactus, GDMP, ...
. Commercial and open source tools, e.qg.
- ssh, ftp, cvs, OpenLDAP, OpenAFS
— SecureCRT (Win32 ssh client)
« And since we use standard X.509 certificates,
they can also be used for
— Web access, LDAP server access, etc.

Intro to GGrid Combiitino and 50
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Ongoing and Future GSI Work

Protection against compromised resources
— Restricted delegation, smartcards
Standardization

Scalability in numbers of users & resources
— Credential management

— Online credential repositories ("MyProxy”)

- Account management

Authorization

— Policy languages

- Community authorization

Intro to GGrid Combiitino and 6O
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Security Summary

« GSI successfully addresses wide variety of
Grid security issues

. Broad acceptance, deployment, integration
with tools

. Standardization on-going in IETF & GGF
« Ongoing R&D to address next set of issues

« For more information:

- www.globus.org/research/papers.html
> “A Security Architecture for Computational Grids”

> “Design and Deployment of a National-Scale
Authentication Infrastructure”

- www.gridforum.org/security

Intro to GGrid Combiitino and A1
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%«eg‘ows project
| The Challenge

. Enabling secure, controlled remote access
to heterogeneous computational resources
and management of remote computation

— Authentication and authorization
— Resource discovery & characterization
— Reservation and allocation
— Computation monitoring and control
« Addressed by new protocols & services
— GRAM protocol as a basic building block
— Resource brokering & co-allocation services
— GSI for security, MDS for discovery

Intro to GGrid Combiitino and 6
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Resource Management

. The Grid Resource Allocation Management
(GRAM) protocol and client API allows
programs to be started on remote
resources, despite local heterogeneity

. Resource Specification Language (RSL) is
used to communicate requirements

« A layered architecture allows
application-specific resource brokers and
co-allocators to be defined in terms of
GRAM services

- Integrated with Condor, PBS, MPICH-G2, ...

Tntro to GGrid Compiitino and 6A
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GRAM Protocol

« GRAM-1: Simple HTTP-based RPC

— Job request

> Returns a “job contact”: Opaque string that can be passed
between clients, for access to job

— Job cancel, status, signal

- Event notification (callbacks) for state changes
> Pending, active, done, failed, suspended

« GRAM-1.5 (U Wisconsin contribution)

— Add reliability improvements

> Once-and-only-once submission
> Recoverable job manager service
> Reliable termination detection

« GRAM-2: Moving to Web Services (SOAP)...

Intro to GGrid Combiitino and AN
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Resource
Management Architecture

A Broker RSL o _
RS f specialization
L
Application Querie |
~ & Info
OUTmg
RSL .
| Co-allocator JJ
Simple [ground RSL
Local
resource
manager LSF Condor NQE
S
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Resource Specification Language

« Common notation for exchange of
information between components

— Syntax similar to MDS/LDAP filters
« RSL provides two types of information:

— Resource requirements: Machine type,
number of nodes, memory, etc.

— Job configuration: Directory, executable,
args, environment

« Globus Toolkit provides an API/SDK for
manipulating RSL

Tntro to GGrid Compiitino and 67
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RSL Syntax

. Elementary form: parenthesis clauses
— (attribute op value [ value ... ])

« Operators Supported:
- <, <=,=,>=,>

4

« Some supported attributes:

— executable, arguments, environment, stdin, stdout,
stderr, resourceManagerContact,
resourceManagerName

. Unknown attributes are passed through
— May be handled by subsequent tools

Tntro to GGrid Compiitino and GR
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Constraints: “"&”

. For example:
& (count>=5) (count<=10)
(max_time=240) (memory>=64)
(executable=myprog)

« 'Create 5-10 instances of myprog, each
on a machine with at least 64 MB
memory that is available to me for 4
hours”

Tntro to GGrid Comniitino and 6O
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Disjunction: “|”

. For example:
& (executable=myprog)
( | (&(count=5)(memory>=64))
(&(count=10)(memory>=32)))
. Create 5 instances of myprog on a
machine that has at least 64MB of

memory, or 10 instances on a machine
with at least 32MB of memory

Tntro to GGrid Comniitino and 70
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. Gatekeeper
— Single point of entry

— Authenticates user, maps to local security
environment, runs service

- In essence, a “secure inetd”
. Job manager
— A gatekeeper service

— Layers on top of local resource management
system (e.g., PBS, LSF, etc.)
- Handles remote interaction with the job

Intro to GGrid Combiitino and 71
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GRAM Components

MDS client API calls

to locate resources

Client

GRAM client API calls to
request resource allocation
and process greation.

Gri ecurity
rastfucture

~

Creat

\4

[ Gatekeeper

»
-

l MDS: Grid Index Info Server J

M client API calls Site boundary
to get\esource info

MDS: Grid Resource Info Server ]

Query current

GRAM &ljent API state status
change\callbacks , DI

[ Local Resource Manager ]

Aqvuest

Job Ménager

Allocate &
create

Process

\ o
Parse
Monitor
RSL Library control

Tntro to GGrid Compiitino and



@eg]obus project

.« Simultaneous allocation of a resource set

— Handled via optimistic co-allocation based
on free nodes or queue prediction

— In the future, advance reservations will also
be supported (already in prototype)

. Globus APIs/SDKs support the
co-allocation of specific multi-requests

— Uses a Globus component called the
Dynamically Updated Request Online
Co-allocator (DUROC)

Intro to GGrid Combiitino and 72
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Multirequest: "+"”

« A multirequest allows us to specify multiple
resource needs, for example

+ (& (count=5)(memory>=64)
(executable=p1l))
(&(network=atm) (executable=p2))

— Execute 5 instances of pl on a machine with at least
64M of memory

— Execute p2 on a machine with an ATM connection
« Multirequests are central to co-allocation

Tntro to GGrid Compiitino and T4



the globus project

www.globus.org

A Co-allocation Multirequest

+( & (resourceManagerContact=
hasi.edu:754:/C=US/.../CN=flash.isi.edu-fork™)

I

Different resource

executable= @ managers

Different ( & (resourceManagerContact= /

counts 2sp139.5dsc.edu:8711:/C=Us/.../CN=5p097.5dsC.edu=Isf)
W \

(label="subjob B")

(executable Different executables

)

Tntro to GGrid Comniitino and 75
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Grid Information Services

. System information is critical to operation
of the grid and construction of applications

— What resources are available?
> Resource discovery

— What is the “state” of the grid?

> Resource selection

- How to optimize resource use
> Application configuration and adaptation?

. We need a general information
infrastructure to answer these questions

Tntro to GGrid Compiitino and 77
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Examples of Useful Information

« Characteristics of a compute resource

— IP address, software available, system
administrator, networks connected to, OS
version, load

. Characteristics of a network

. Bandwidth and latency, protocols, logical
topology

. Characteristics of the Globus infrastructure
— Hosts, resource managers

Tntro to GGrid Compiitino and TR
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Grid Information: Facts of Life

« Information is always old
- Time of flight, changing system state
— Need to provide quality metrics

. Distributed state hard to obtain
— Complexity of global snapshot
« Component will fail

« Scalability and overhead

. Many different usage scenarios

— Heterogeneous policy, different information
organizations, etc.

Intro to GGrid Combiitino and 70



'''' US.OTg

Grid Information Service

« Provide access to static and dynamic
information regarding system components

. A basis for configuration and adaptation in
heterogeneous, dynamic environments

. Requirements and characteristics
— Uniform, flexible access to information
— Scalable, efficient access to dynamic data
— Access to multiple information sources
— Decentralized maintenance

Intro to GGrid Combiitino and Q0
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he"GIS Problem: Many Information
Sources, Many Views

P4

'i'
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Information Protocols

« Grid Resource Registration Protocol
— Support information/resource discovery

— Designed to support machine/network
failure

« Grid Resource Inquiry Protocol

— Query resource description server for
information

— Query aggregate server for information
— LDAP V3.0 in Globus 1.1.3

Intro to GGrid Combiitino and QD
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GIS Architecture

Customized Aggregate Directories
Users

Registration
Protocol

®)

Standard Resource Description Services

Tntro to GGrid Compiitino and Q7
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Metacomputing Directory Service

« Use LDAP as Inquiry

« Access information in a distributed directory

— Directory represented by collection of LDAP
servers

— Each server optimized for particular function
« Directory can be updated by:
— Information providers and tools
— Applications (i.e., users)
- Backend tools which generate info on demand

. Information dynamically available to tools and
applications

Intro to GGrid Combiitino and il
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. Lightweight Directory Access Protocol
- IETF Standard
— Stripped down version of X.500 DAP protocol
— Supports distributed storage/access (referrals)
— Supports authentication and access control
« Defines:
— Network protocol for accessing directory contents
— Information model defining form of information

- Namespace defining how information is
referenced and organized

Intro to GGrid Combiitino and QRS
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Information Services API

« RFC 1823 defines an IETF draft standard
client API for accessing LDAP databases

— Connect to server
— Pose query which returns data structures
contains sets of object classes and

attributes
— Functions to walk these data structures
« Globus does not provide an LDAP API. We
recommend the use of OpenLDAP, an open
source implementation of RFC 1823.

Intro to GGrid Combiitino and RA
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Searching an LDAP Directory

grid-info-search [options] filter [attributes]

. Default grid-info-search options

-h mds.globus.org MDS server

-p 389 MDS port

-b "o=Grid” search start point

-T 30 LDAP query timeout

-s sub scope = subtree
alternatives:

base : lookup this entry
one : lookup immediate children

Tntro to GGrid Compiitino and
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Data Grid Problem

. "Enable a geographically distributed
community [of thousands] to pool their
resources in order to perform

sophisticated, computationally intensive
analyses on Petabytes of data”

« Note that this problem:
— Is common to many areas of science
— Overlaps strongly with other Grid problems

Tntro to GGrid Compiitino and Q0O
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Major Data Grid Projects

Earth System Grid (DOE Office of Science)
— DG technologies, climate applications
European Data Grid (EU)

- DG technologies & deployment in EU
GriPhyN (NSF ITR)

— Investigation of “Virtual Data” concept

Particle Physics Data Grid (DOE Science)
— DG applications for HENP experiments

Intro to GGrid Combiitino and a0
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Data Intensive Issues Include ...

rness [potentially large numbers of]

data, storage, network resources located in
distinct administrative domains

Respect local and global policies governing

what can be used for what

e SC
Ssu

e AC

nedule resources efficiently, again
pject to local and global constraints

nieve high performance, with respect to

both speed and reliability

. Ca

talog software and virtual data

Tntro to GGrid Compiitino and 01



the globus project

= Datg Intensive
Computing and Grids

« The term "Data Grid” is often used

- Unfortunate as it implies a distinct
infrastructure, which it isn’t; but easy to say

. Data-intensive computing shares numerous
requirements with collaboration,
iInstrumentation, computation, ...

— Security, resource mgt, info services, etc.

. Important to exploit commonalities as very
unlikely that multiple infrastructures can be
maintained

. Fortunately this seems easy to do!

Tntro to GGrid Compiitino and o))
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Model Architecture for Data Grids

Attribute .
Specification Replica
L. Catalo
Application 9
. - Multiple Locations
Logical Collection and Selected
Logical File Name Replica
Performance
GridFTP Control Channel Information &

Predictions

Y
--

D

| GridFTP isk Cache
- Data i
SB88:. =i 808
Disk Array Disk Cache
Replica Location 1 Replica Location 2 Replica Location 3
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Globus Toolkit Components
Two major Data Grid components:

1. Data Transport and Access

e Common protocol
e Secure, efficient, flexible, extensible data movement

e Family of tools supporting this protocol

2. Replica Management Architecture

e Simple scheme for managing:
e multiple copies of files
e collections of files

Tntro to GGrid Compiitino and 04



Yy B the globus project |

,;f"'"Access/Tra nsport Protocol Requirements

. Suite of communication libraries and related tools
that support

- GSI, Kerberos security - Integrated instrumentation

— Third-party transfers - Loggin/audit trail

- Parameter set/negotiate— Parallel transfers

— Partial file access — Striping (cf DPSS)

— Reliability/restart — Policy-based access control
— Large file support — Server-side computation

— Data channel reuse — Proxies (firewall, load bal)

. All based on a standard, widely deployed protocol

Intro to GGrid Combiitino and (OLN
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And The Protocol Is ... GridFTP

« Why FTP?
— Ubiquity enables interoperation with many
commodity tools

- Already supports many desired features,
easily extended to support others

— Well understood and supported
« We use the term GridFTP to refer to
— Transfer protocol which meets requirements
— Family of tools which implement the protocol
. Note GridFTP > FTP

« Note that despite name, GridFTP is not
restricted to file transfer!

Intro to GGrid Combiitino and 04
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GridFTP: Basic Approach

« FTP protocol is defined by several IETF RFCs
. Start with most commonly used subset
- Standard FTP: get/put etc., 3"-party transfer

. Implement standard but often unused features
— GSS binding, extended directory listing, simple
restart
. Extend in various ways, while preserving
interoperability with existing servers

— Striped/parallel data channels, partial file,
automatic & manual TCP buffer setting, progress
monitoring, extended restart

Intro to GGrid Combiitino and o7
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GridFTP Protocol Specifications

. EXisting standards
— RFC 949: File Transfer Protocol
— RFC 2228: FTP Security Extensions

— RFC 2389: Feature Negotiation for the File
Transfer Protocol

— Draft: FTP Extensions

. New drafts

— GridFTP: Protocol Extensions to FTP for the
Gric
> Grid Forum Data Working Group

Intro to GGrid Combiitino and OR
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A Word on GASS

« The Globus Toolkit provides services for file and
executable staging and I/0 redirection that
work well with GRAM. This is known as Globus
Access to Secondary Storage (GASS).

« GASS uses GSI-enabled HTTP as the protocol
for data transfer, and a caching algorithm for
copying data when necessary.

. The globus_gass, globus_gass_transfer, and
globus gass cache APIs provide programmer
access to these capabilities, which are already
integrated with the GRAM job submission tools.
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Grid Physics Network (GriPhyN)

Enabling R&D for advanced data grid systems,
focusing in particular on Virtual Data concept

Individual Investigator

;

2
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Interactive User Tools

; i

’
L Virtual Data Tou
-\-\.\

S

Request Planning and Request Execution
Scheduling Tools Management Tools
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Resource Security and : Other Grid
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0000 computers, and network
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The Virtual Data Concept

“[a virtual data grid enables] the definition
and delivery of a potentially unlimited
virtual space of data products derived from
other data. In this virtual space, requests
can be satisfied via direct retrieval of
materialized products and/or computation,
with local and global resource management,
policy, and security constraints determining
the strategy used.”
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Virtual Data in Action

Major Archive
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"*Problem Evolution

'« Past-present: 0(102) high-end systems; Mb/s
networks; centralized (or entirely local) control
- I-WAY (1995): 17 sites, week-long; 155 Mb/s
- GUSTO (1998): 80 sites, long-term experiment
— NASA IPG, NSF NTG: O(10) sites, production

. Present: O(10%-10°) data systems, computers;
Gb/s networks; scaling, decentralized control

— Scalable resource discovery; restricted delegation;
community policy; Data Grid: 100s of sites, O(10%)
computers; complex policies

. Future: O(10°-10°) data, sensors, computers;

Tb/s networks; highly flexible policy, control
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wwgoson Tha Future:
All Software is Network-Centric

« We don't build or buy “computers” anymore,
we borrow or lease required resources

- When I walk into a room, need to solve a
problem, need to communicate

« A “computer” is a dynamically, often
collaboratively constructed collection of
processors, data sources, sensors, networks

— Similar observations apply for software
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And Thus ...

. Reduced barriers to access mean that we
do much more computing, and more
interesting computing, than today =>
Many more components (& services);
massive parallelism

« All resources are owned by others =>
Sharing (for fun or profit) is fundamental;
trust, policy, negotiation, payment

« All computing is performed on unfamiliar
systems => Dynamic behaviors, discovery,
adaptivity, failure
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Summary

. The Grid problem: Resource sharing &
coordinated problem solving in dynamic,
multi-institutional virtual organizations

« Grid architecture: Emphasize protocol and
service definition to enable interoperability
and resource sharing

. Globus Toolkit™ a source of protocol and API
definitions, reference implementations

. See: www.globus.org, www.gridforum.org
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