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Grid Computing In the News

BusmessWeek GRIDCEMPUTING € EARTHWEB'

PLANE'I' com
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MAGAZINE | | BRIEFING BUSINESS BUS|

FREE TeCH NEWSLETTERS YOUR EMAIL
JUKE 3, 2002 rideornputingplanet.corn @ News
i - N

Grid Computing Planet Text
b BW MAGAZINE INFORMATION TECHNOLOGY

U5, EDITION 'Mﬂ!gﬁ Researchers Achieve Production Grid Breakthrough
Full Table of Cantents AN me By Paul chread

Eove Sl Who Needs Supercomputers?

Up Front
Readers Report Grid software lets companies tap other machines in their network for

AN MIT ENTERPRISE

TECHNNLOGY  SeIHMEREPATENISCORECARDS

Emerging Technologies and Their Impact

PHYS'ES TH[IHY . Home . . . premium content
Qrg Bhoiseihiopic Grid Computing

s By M. Mitchell Waldrop 1ay 2002

Current Issue

Archive
FEATURE ARTICLES ZPHYSICS UPDATE § LETTERS | SEARCH & DISCOVER SalCUEH IR TuE
: Event
TABLE OF CONTENTS Feature Article e e Technology News Now

PAST CONTENTS TR STORE . N 1 [ -

LINKS TO PHYSICS TODAY . i Hardware
ADVERTISERS The Grid: A New Infrastructure for 21st Century Science . . o
d— EiGgldhcghmk!:ndltlng earns a living
; As computer networks become cheaper and more powerful, a new camputing paradigm is pois y =tephen Shanklan
BLVENR UIDE af science and engineering. Special to ZDMet MNews
February 21,2002, 4:00 AM PT

ABOUT US

CONTACT US Ian Foster

Is yrid computing in your company's future?

Slide courtesy by F.Berman, SDSC
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» http:.//www.itbl.jp/

& SETI@Home, UD Cancer research
project. Fight AIDS@home&td) m 8

cE?

» http://setiathome.ssl.berkeley.edu/

J o R T e

i) 'ﬁ

» http://members.ud. com/prmects/cancerl
» http://www.fightaidsathome.orq/ s

& N

B F—1 vk

»|PVv6, Q0S, IPsec,

BT 2
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A computational grid Iis a hardware and software
infrastructure that provides dependable,

consistent, pervasive, and inexpensive access (o

high-end computational capabilities
From “The GRID — Blueprint for a New
Computing Infrastructure”, 1999
http://www.mkp.com/grids/
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& CPU speed doubles every 18 months (Moore’s law)
& Storage capacity doubles every 12 months
& Network speed double every 9 months
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& 2005
»CPU 10 Gflops
» Network 16 Gbps
»Storage 1000 Gbytes
& 2010
»CPU 100 Gflops
»Network 1600 Gbps
»Storage 32000 Gbytes

CPU << Storage << Network
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policy, negotiation, payment, ...

Computers, storage, sensors, networks, ... O Beyond client-server:
Sharing always conditional: issues of trust, distributed data analysis,

computation, collaboration,

F\’/esource sharing & coordinated p/roblem solving in

dynamic, multi-institutional virtual organizations

» Communities committed to comnmon goals

@ Assemble team with heterogen:c::\rmer

@ Distribute across geography and
@ Assuming the absence of central

omniscience, existing trust relationships, . . .

Community overlays on classic org

org an iZ structures

) Large or small, static or dynamic
|OCatIO I, U TTUT CAT IJITTET \JI,

Slide courtesi bi lan, Carl, and S. Sekiiuchi
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Initial Grid application examples




APAN Trans-Pacific Telemicroscopy
Collaboration, Osaka-U, UCSD, ISl

NET NEWS

Microscopy Across
an Ocean

A big push by biologists to use com-
puter networks to operate rare instru-
ments from afar passed a major mile- s aE
stone on 25 June: Scientists took a spin
on the world’s most powerful electron
microscope in Japan—while sitting |
6000 kilometers away in California.

Six years ago, University of Califor-
nia, San Diego, neuroscientist Mark El-
lisman thrilled audiences at a conference in Chicago by using the
Internet to control an electron microscope in San Diego. Several
U.S. agencies jumped in to fund projects for operating micro-
scopes by remote control, and by now at least a dozen groups are
doing so in the United States, Ellisman's team has since moved on
to the Mount Everest of microscopes: Osaka University's Ultra
High Voltage Electron Microscope, a 3,000,000-volt behemoth
that can create three-dimensional images from much thicker
samples (such as biological cells) than ordinary microscopes can.
Ellisman and his U.S. and Japanese colleagues wondered if they
could operate this instrument’s roomful of controls from across
the Pacific Ocean.

They showed they could. Over 5 hours, San Diego scientists
imaged nerve cells from a rat and a frog without setting foot in
Japan, controlling things like focus and specimen position across a
private data line while the images came in across a satellite video
link, Ellisman says this lays the groundwork for researchers all
over the United States and Japan to borrow each others’ special-
ized microscopes, probably via a high-speed Internet link, “within
a year or two,"

(slide courtesy of Mark Ellisman@uUcsd)

(Osaka, Japan) (San Diego)
(Chicago) (San Diego)
TokyoXP  gTAR SDSC

ransPAC VvBNS
Globus
CRL/MPT UCS

UHVEM NCMIR
(Osaka, Japan) (San Diego)




Online Access to
Scientific Instruments

Advanced Photon Source

wide-area
dissemination

q

N, desktop & VR clients
&vith shared controls

real-time archival

collection

ley

tomographic reconstruction _'

DOE X-ray grand challenge: ANL, USC/ISI, NIST, U.Chicago
I TT’'5}n
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(LHC ATLAS, CMS, ...)
& ZEIRMEE (Tier0,Tierl, Tler2 )

1 TIPS = 25,000 SpecInt95
: ~PBy'res/sec
~100 MBytes/sec | PC (1999) = ~15 SpecInt95

FOTAVVRT L

Bunch crossing per 25 nsecs.
100 triggers per second
Event is ~I MByte in size ~622 Mbits/sec Tier 0

or Air Freight

Tier 1
m kAt s )
2 A—

Tier 2

~100 MBytes/sec

Physicists work on analysis ‘channels”.

Each institute has ~10 physicists working
100 - 1000 on one or more channels

I .F,F:g\bws/ sec Data for these channels should be

e - Tier 4 cached by the institute server
E— WY

24 March 2000, WW A/C Panel, P. Capiluppi




Data Grid Projects in Japan

& ATLAS/Grid Datafarm

» AIST, KEK, Titech,
UTokyo, . . .

» New Data Grid Architecture
for Petascale data-intensive
computing and its reference
Implementation (Gfarm)

& Japanese Virtual
Observatory

» NAO, Titech, AIST, . ..

» Distributed databases,
Common access method to
multiwavelength databases,
Statistical analysis

& NARC, Agriculture

& RIKEN, JAIST, Genome
Informatics

& Potential Projects

» Bosali, Earthquake
measurement

» NASDA, SELENE Luna
exploration




Trans-Pacific testbed at SC2003

i I

SuperSINET | #nodes 236
Titech Storage capacity 70 TBytes
I/O performance 13 GB/sec
147 no 100
e SuperSINET
N16) 2.4G
Univ 2.4G - :
. 7 ew 1G
=110 node-I;Sleub 10G M 5 York (1G)
-« 1 TBytes (1G) 4G
<4300 MB/s [950 Mbps]
KEK )J10G
7 node aGy 1G [500 Mbps] 1G
4 TByte 622 M Chicago
1200 MB/$&c
: APAN
i ¥ Matffin 1G \Tokyo XP APAN/TransPAC
AIST 5G 2.4 G Los Angeles
- [2.34 Gbps] 10G
24 noded0GWY Tsukuba 16 nodes
13 TBytes WAN 12 TBytes
3 GB/sec 2 GB/sec

ou9|IqV

Indiana
Univ

1G 52003
Phoenix

0G

32 nodes
24 TBytes
4 GB/sec



Mathematicians Solve NUG30

& Looking for the solution

to the NUG30 quadratic
assignment problem M
& An informal collaboration? -
of mathematicians and |
computer scientists

& Condor-G delivered
3.46E8 CPU seconds in 7  14,5,28,24,1,3,16,15,

days (peak 1009 10,9,21,2,4,29,25,22,
processors) in U.S. and 13,26,17,30,6,20,19,
Italy (8 sites) 8,18,7,27,12,11,23

MetaNEOS: Argonne, lowa, Northwestern, Wisconsin
T




Quadratic Assignment Problem (1)

S IGFTDIEMET 7 TAHDT7O—MNE5Z 60,
BN TI7 T4 DBRERET S
G %h%ﬂw%ﬁﬁ@Faﬁwﬂﬁﬁﬁ Loc1l

o d(1,2) =22, Fac 2

e d(1,3) =53 Loc 2
e d(2.3) = 40
. dE3.4} = 55, Fac 1
’ N Loc 4
&7 ) T4RHIDT7AO— o
o f(24)=1, Fac 3
o f(14)=2, .
L f12=3 Bx 1 fi7 Fac4
o f(3,4)=4
2,1, 4, 3

d(1,2) * f(1,2) + d(1,3) * f(2.4) + d(2,3) * f(1,4) + d(3,4) * f(3,4)

22%3+033%1+40% 2+ 55 %4 =419,




Quadratic Assignment Problem (2)

A Mathematical Formulation of the Quadratic
Assignment Problem

Mathematically, we can formulate the problem by defining two n by n matrices: a flow matrix F whose (ij)
element represents the flow between facilities i and j, and a distance matrix D whose (ij) element represents
the distance between locations i and j. We represent an assignment by the vector p, which is a permutation of
the numbers {1, 2, ..., n }. p(i) is the location to which facility j is assigned.

With these definitions, the QAP can be written as

min E Z fiidp(ip(5)

11
pc =1 7=1

The most effective algorithms for optimally selving quadratic assignment problems are based on Branch and
Bound.




Network for Earthquake
Engineering Simulation

& NEESgrid: national
infrastructure to couple ‘-—-E%tgu % naveras ,m'md,m

earthquake engineers T %ﬁggﬁ ;
with experimental L b

facilities, databases, ﬂJ mﬁﬁﬁiﬁi‘;‘im}
computers, & each other

& On-demand access to
experiments, data
streams, computing,
archives, collaboration

\rertical

NEESgrid: Argonne, Michigan, NCSA, UIUC, USC
S EEEEGEGEEEES




Home Computers

Evaluate AIDS Drugs
& Community =
»1000s of home

2 Fight AIDS @ Home - Powered by Entropia - Microsoft Internet Explorer provided by AltaVista

computer users

Fle Edt View Favoites Iook Help
. = A Q B 4 g a =
Back Foyerd Stop  Rsfiesh  Home | GSeach  Histoy Mal Pint  Tiacker  Translate Messenger

Address [&] hp: /i 1 ~| @60 Hunks & Bestof the'web ) Categories & Channel Guide & Cool Cential [TH) =

»Philanthropic
computing vendor
(Entropia)

»Research group
(Scripps)

A‘I' S @home

computing toward a cure

the Olson laboratory u
The Seripps Re:

ch Institute

powered by
@ entropia

N - Softvare for Your PC - By dounlosding

Entropia onta your PC, FightAIDSi@Home uses

P Fight AIDS @ Home .,/ cnmpu|er¥s il resonree 1o gﬂe\erate
P The AIDS Crisis powerful new anti-HIV drug design research!
} How Your PC can Help
} Project Status FightAIDSd@Hnr;lz \sha cg:npu(‘at:]ana\ resear%:v

roject conducted by the Olson laboratary at The
b Got the Downioad gc:\ggs Rosearch Inditete i Lo Jolla, California
I Research Team The project uses Entrapia's global Intermst

P The Discovery puting grid, which runs both commercial and

) Links and Communities Tes=arch applications an PCs

} Entropia

P Link Your Site to FA@H How Your PC Helps - FightAIDS@Home uses
your computer to generate and test millions of

PFAQ candidate drug compounds against detailed
madels of evolving HIY viruses, a feat previously
Seplember impossible without dozens of multi-million dollar

supercornputers. Every PC matters!

Shared Discovery Recognition - Data from the
best candidates is sent back to the research
team for further analysis. If a particular drug
degign generated by your PC or team proves
crucial as an effective new treatment for HIV, you

Download

Gelting started is easy

Gat Project News via E-mail

Enter your email address
below to receive

FightAIDS @Home nevs
and announcements!

e
[EED)

&] http:#/www fightaidsathome org/team. asp

|[€1Fioht AIDS @ Home - [E]inbes - Micrasait Dulack

R Start | | (3 Exploring - PowerPaint

Microsoft PowerPaint

@ Common goal=
advance AIDS
research

Bl g4aam
LS ]




; Access Grid Demo Co_nfiguration y CCESS@lD

Internet

APAN IMnet
Tokyo XP T
c-3
o TITITHGE A
/7Eukuba WAM EERMKLEMZER
AT =Y
S ONOG DM T _,m InternalRouter
o Cisco7507
| oc-12 | [ GbE
ATM ExternalRouter
ATM SW Atomis$S SSR8000/2000
0C-12 | GbE
CoreRouter —A
0C-3 BD6808
ECHAL TSUKUBA | =BE
ATM : Mbone Router
MA155SX POIIIQCSySgggter RIP2/MBGP
GbE Catalyst5505
FE GbE
v Mcast_SW
Catalyst3550 HP Procurve



http://www.transpac.org/

Broader Context

& “Grid Computing” has much in common with
major industrial thrusts

»Business-to-business, Peer-to-peer, Application
Service Providers, Storage Service Providers,
Distributed Computing, Internet Computing...

& Sharing issues not adequately addressed by
existing technologies

» Complicated requirements: “run program X at
site Y subject to community policy P, providing
access to data at Z according to policy Q”

»High performance: unigue demands of

advanced & high-performance systems
T



Grid Architecture and
standard
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ERE(ZE DT )R T—XTOF %

@ EETOra), BEY—EXDRF
pIR[EERERADEBDOTIEAAR
v BEFZOTORIILIZE DL

& J')yKFAPI, SDKDRBI%
»JykZORI)L, H—ERADAEZ—TI—X
» 7 7)) r—a RARICHTHIYE LA ILDH

REriRHE

& Il : A2 F3—2R Yk
»HTTP and HTML
» TCP/IP, telnet, ftp, mall, . . .




himli

0w 5 ]

& Internet Protocol, Web Services|Z& <
» TCP/IP, WSDL, SOAP, etc.

& J)IFICHELGR/INENDH—ERXRETESE
»Grid Security

»Addressing — WS-A (WS-Addressing)
@ http://www.w3.0org/Submission/ws-addressing/

»State — WSRF (WS Resource Framework)
@ http://www.oasis-open.org/committees/wsrf/

»Notification — WS-N (WS-Notification)
@ http://www.oasis-open.org/committees/wsn/



http://www.w3.org/Submission/ws-addressing/
http://www.oasis-open.org/committees/wsrf/
http://www.oasis-open.org/committees/wsn/

GT4 & Web Services:
Uniform State, Security, Mgmt

User Applications

) > C
T X Custom GT4 =
% o | Custom | WSRF WSRF Web 'ag
I :__% Services | Services Services T 3
O S

o <

(F—; = WS-A, WSRF, WS-Notification
@

. WSDL, SOAP, WS-Security




%2 -Evolution of the Grid

Increased functionality,

-------------- e
S | App specific ™
@ ‘Services .~
Ny el -
go) .
S Web services Op_en Grig
I= Services Arc
% GGF: OGSI, WSRF, ...
X.509, (leveraging OASIS, W3C, IETF)
LDAP, Globus Toolkit ) Multiple implementations,
FTP, ... Including Globus Toolkit
Defacto standards
Custom GGF: GridFTP, GSI
L solutions (leveraging IETF)

Time
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& lan Foster, Carl Kesselman. Computational Grids. In The Grid:
Blueprint for a Future Computing Infrastructure, Morgan-
Kaufmann, 1999.

http://dsl.cs.uchicago.edu/papers/gridbook chapter2.pdf

& |. Foster, C. Kesselman. The Grid 2: Blueprint for a New
Computing Infrastructure, Second Edition, ISBN 978-1-55860-
933-4, 2003. http://www.mkp.com/grid?2

@ |. Foster, C. Kesselman, S. Tuecke. The Anatomy of the Grid:
Enabling Scalable Virtual Organizations.. International J.
Supercomputer Applications, 15(3), 2001.
http://www.globus.org/research/papers/anatomy.pdf

& |. Foster, C. Kesselman, J. Nick, S. Tuecke. The Physiology of the
Grid: An Open Grid Services Architecture for Distributed
Systems Integration.; June 22, 2002.
http://www.globus.org/research/papers/ogsa.pdf



http://dsl.cs.uchicago.edu/papers/gridbook_chapter2.pdf
http://www.mkp.com/grid2
http://www.globus.org/research/papers/anatomy.pdf
http://www.globus.org/research/papers/ogsa.pdf

S22 @k : Web Services

& Web Services Addressing,
http:.//www.w3.org/Submission/ws-addressing/

& Web Services Resource Framework,
http.//www.oasis-open.org/committees/wsrf/

& Web Services Notification, http://www.oasis-
open.org/committees/wsn/



http://www.w3.org/Submission/ws-addressing/
http://www.oasis-open.org/committees/wsrf/
http://www.oasis-open.org/committees/wsn/
http://www.oasis-open.org/committees/wsn/
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& lan Foster and Carl Kesselman. Globus: A
Metacomputing Infrastructure Toolkit. International
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1997.
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& Andrew Grimshaw, Michael Lewis, Adam Ferrari, and
John Karpovich. Architectural Support for Extensibility
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Systems. University of Virginia CS Technical Report CS-
98-12, June 1998.
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& ) yRF+t¥a1)F+ (Grid Security Infrastructure, GSI)

& O—A/LIFEHRY—E X (Grid Information Service, GRIS)

& [LiE S E T —FE5E (GridFTP)

& EREETR—U (Grid inetd, GRAM)

& FHRT—E XD &Y (Grid Index Information Service, GIIS)
& ')>)—X7JHO—A (Condor-G, Nimrod-G)
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N EASERE S R (public-key encryption)

& JEXFREE S & (asymmetric encryption) &%

& NEREeLTE HEd

X -e>BEEX-d> FX

& eMLdDFEIFFHEEMIZIEIRERN

& NHBIIMEFICT HIVEITZED. RENES

& FEFZL. EXRDO=-OIZIX, EFIIBHAIME

& DESZZE DX FEFICHENEWN=0 . 5IEHT —RERE D=
HDFFEB DD EE. VL YMA—FEHRGEERE LAY
T—UICFIASNS

& Handbook of Applied Cryptography, by A. Menezes, P. van
Oorschot, and S. Vanstone, CRC Press, 1996
http://cacr.math.uwaterloo.ca/hac/
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&= ¥ & 4 (digital signature)
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Globus ToolkitlZ&5 T4 t¥F2!)T4(GSI)

& EXRILHBEES +X 50988 +SSL (Secure Socket Layer)
& HEBEAREMAZEICLLHMHEDRE
& NFHEBRES GExeE)
» NHEBIIT—ADOEBESILIZFIHINS
» MERBIIAFBETEESIESIN-T—2DESICHWS
& FRIZEZIDIUT1T4(A—H ., EHF) FFZABIC&L>TELSN
“SEBAEZRFLTINS
& X.509 FEAEIERDELDZEEATILS:
» TT1T4MDsubjects (user ID, host name)

» TDREBE =
> SEBEIZB L LCLBRIER (CADID TLN
» SREER/(CAYILD“ELR” AN
@ FEAZEMNERERMORITSN TS LZEDD | Issuer (CA)
@ Subject4s D REE Digital Signature
@ 2ABABEsubjectf EDXIE DREE 4
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LTOHIEI—FRIAETHAD . COHFARDERIEBITHN . HHEIZFRIET 5
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00001 >

21— EEEAE
Subject DN ==
WER /Aﬁﬁ(% ) IRE S f?%gl
s Issuer (CA —— | /AR | 235
(FES1t) ol ISR _ bigital Signature

challenge string
QAZWSXEDC... — QAZWSXEDC...]
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& Proxy Certificate Profile

» X.509 (RFC 2459) =& D<Proxy Certificate Profile

» restricted impersonation within a PKI based authentication system.
& GSS-API(RFC 2743) DHiikR

» Credential DEIH | & A

» FEDRIAZIVT DEFE

» Credential DIRIEDYLIE

@ fRXE SN f=credential

& Internet X.509 Public Key Infrastructure Proxy Certificate
Profile

» RFC 3820 by Grid community — OGF
» GSS-API Extensions
w ftp://ftp.rfc-editor.org/in-notes/rfc3820.txt
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GSI in Action “Create Processes at A and
B that Communicate & Access Files at C”

Single sign-on via “grid-id”
& generation of proxy cred. User Proxy

User L

Or: retrieval of proxy cred.
from online repository

creation requests™

/Site B Authorize Ditto
Map to local id _
(Kerberos) Create process (Unix)
Computer Generate credentials
_________________________________ -
Communication™
i - 7
Kerberos B/ ,;yy/‘/ Remote file 7/57%
//M/é/% access request™ m
/Site C K
(Kerberos)

Authorize

* With mutual authentication P _
Storage Map to local id
system

Access file
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DAL DELE (Globus ToolkitdDi5 &)

& FREE/E (certificate authority) D&% 5E
» SGLOBUS_ LOCATION/setup/globus/setup-simple-ca
@ CAMSubject DND A A
# cn=CA, ou=CS, o=Univ Tsukuba, c=JP
@ Email7FL X
@ AHAR
@ MEZEBD/INRTL—X
+ BFERICFIATS
& AR—R[EFEZLZL
» $GLOBUS_LOCATION/setup/globus simple ca CA Has
h_setup/setup-gsi -default
@ /etc/grid-security/certificates|ZCAMD A FAEZE R TF
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& RAMEAEDFRITER
» grid-cert-request -host <hostname>
@ /etc/grid-security/hostkey.pem (F4 2% §2)
@ /etc/grid-security/hostcert_request.pem
@ /etc/grid-security/hostcert.pem(Z 774 JL)

@ RAIZHERLTHLD
& hostcert_request.pemZzCAIZESL, BEFEEALTHLD
» grid-ca-sign -in hostcert_request.pem -out signed.pem

& E&Ehi-hostsigned.pemZ%ZHY, /etc/grid-
security/hostcert.pem|Z&#F

@ SEREDHBERT
» openssl x509 —in hostcert.pem -text
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& 1—HREBAEDRITER
» grid-cert-request
@ ~/.globus/userkey.pem (F4 % )
@ ~/.globus/usercert_request.pem
@ ~/.globus/usercert.pem(ZET 74 JL)

@ RAIZHERLTHLD
& usercert_request.pemZCAIZESRTL, BFERALTEDSS
» grid-ca-sign -in usercert_request.pem -out signed.pem

& EL/IhT=signed.pemZZHY,
~/.globus/usercert.pemIZ{R%E
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& Grid-mapfilelZ&

»Grid-mapfile-add-entry -dn “/C=JP/O=Univ
Tsukuba/OU=CS/OU=tatebe.net/CN=0samu
Tatebe” -In tatebe

@ /etc/grid-security/grid-mapfile[ZT > k) Z B0




GSl-enabled OpenSSHM % 7

& $GLOBUS LOCATION/sbin/SXXsshd#%
/etc/init.d/gsisshdlzaE—

& service gsisshd start




HEBSTBRZ 0 4 [ &login

am

& REFIRAE D AR
»grid-proxy-init [ -debug ] [ -veriry ]
& FERR
»grid-proxy-info
& GSIEZEEICkBLogin
»(gsissh hostname
p 1—HIEBAE N REINS
& GSIFRREIC &k Hftp
»gsisftp hosthname
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& lan Foster, Carl Kesselman, Gene Tsudik and
Steven Tuecke. A Security Architecture for
Computational Grids. Proc. 5th ACM Conference
on Computer and Communication Security, 1998.
ftp.//ftp.globus.org/pub/globus/papers/security.ps
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& Eshwar Belani, Amin Vahdat, Thomas Anderson,
and Michael Dahlin. The CRISIS Wide Area
Security Architecture. Proc. USENIX Security
Symposium, January 1998.
http://now.cs.berkeley.edu/WebOS/papers/uss.ps
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Figure 1. Distributed virtual organizations. Users in VO-A and VO-B have access to partially overlap-
ping resources. While VO-B is split by network failure, it should operate as two disjoint fragments.
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Globus MDS Approach

& Based on LDAP
»Lightweight Directory Access — Application

Protocol v3 (LDAPvV3)

»Standard data model WDillsere

»Standard query protocol

& Glo
» H
& Glo

»GRIS, GIIS, gram-reporter
»Data discovery, publication,...-

ous Toolkit schema — LDAP API

ost-centric representation /\
Ous tools -| B
| |

=L




“Classic” MDS Architecture

& Resources push information into a central organization server via
regular updates (globus-gram-reporter), where it can be retrieved by
clients.

& Regular updates don’t scale as the number of resources grow rapidly.
Commercial LDAP servers are optimized for “read” requests, and can’t
handle frequent “write” requests.

& If organization server is unavailable, no information is available.

clients query organization server
for current information.

gram-reporters periodically
update LDAP server’s information.




“Standard” MDS Architecture (v1.1.3)

& Resources run a standard information service (GRIS) which speaks
LDAP and provides information about the resource (no searching).

& GIIS provides a “caching” service much like a web search engine.
Resources register with GIIS and GIIS pulls information from them
when requested by a client and the cache as expired.

& GIIS provides the collective-level indexing/searching function.

Clients 1 and 2 request info
directly from resources.

GIIS requests information from
GRIS services as needed.

Client 3 uses GIIS for searching
collective information.




MDS (Metacomputing Directory Service)
DiEER

& Grid Resource Information Service (GRIS)
pEFED)Y—RICET HIEHRTIZME
pEHDBHRIOANAT T R—F T S EIIZERTER]

AE
»EILVEHEIZIXLDAP ZJORa)LEALNS
& Grid Index Information Service (GIIS)
» B DGRISH—/NTEH-IFREIE M
» B DGRISH—/\ZH LR Z R/ R
WEhHhEHIEEFTIE
»EILVEHEIZIXLDAP JORa)LEALNS
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& K. Czajkowski, S. Fitzgerald, |. Foster, C. Kesselman.
Grid Information Services for Distributed Resource
Sharing. Proc. Tenth IEEE International Symposium on
High-Performance Distributed Computing (HPDC-10),
|EEE Press, August 2001.

http://www.globus.org/research/papers/MDS-
HPDC.pdf
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