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IBM Redbook

Introduction to Grid Computing with Globus

http://www.ibm.com/redbooks/
PDF, html version Z & CAF a8
N—FRIOE—%F3FXTHIEETED ($35+FEH)

This redbook covers the following topics:
Grid computing fundamentals
Architecture and security considerations
Introduction of OGSA
Description of the components of the Globus Toolkit
Globus Toolkit Version 2.2 implementation
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Tutorial 1: Introduction to Grids, GT and OGSA
18148 (X)
0830-0900 Opening
0900-1000 Keynote (l.Foster)
1030-1200 Operational Grids by GT (Tr.1)
1330-1530 Grid Appl. in Industry (Tr.1)
1600-1800 Product Strategies for GT & OGSA (Tr.1)

1A158 ()K)
0830-0915 Keynote (Cyberinfrastracture)
0900-1000 Keynote (Condor)
1030-1200 Security (Tr.1) 5
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18158 (K) (%)
1330-1530 How is GT used ? (Tr.2)
1600-1630 Grid Standards (Tr.1)
1630-1800 Grid Futures (Tr.1)

1A168 (K)
0830-0915 Keynote (Ceyba: Optical Equipment Vendor)
0900-1000 Keynote (BIRN: Biomedical Informatics Research Network )
1030-1130 QA with Globus Team
1130-1230 National/International Cyberinfrastracture
1330-1800 Workshop-3: Life Sciences
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Agenda Overview

Monday
2 tutorials
Opening reception (6:00 — 8:00pm)
Poster and sponsor displays, drinks, snacks
Tuesday — Thursday lunch
Conference: 3 parallel tracks

Wednesday Evening Forum (7:00-10:30pm)
BBQ Dinner, poster and sponsor displays

Thursday afternoon — Friday
1 tutorial, 3 workshops
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Conference Tracks

Track 1: Enterprise Planning
for Grids and the Globus Toolkit

Target: Strategic management

Track 2: Architecting Grids
with the Globus Toolkit (GT2 & GT3)

Target: Project management

Track 3: Developing & Administering
Globus Toolkit v2 (GT2)

Target: Developers & Administrators 8




Welcome

Tutorials

Introduction to Grids, the Globus Toolkit, and
OGSA (Monday)
Grid Services and Web Services (Monday)

Globus Toolkit v2 Developers and Administrators
Tutorial (Tuesday-Thursday, track 3)

Globus Toolkit v3 Developers and Administrators
Tutorial (Thursday-Friday)
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Welcome

Workshops
(Thursday 12:30 — Friday 1:30)

Grid Security
Organized by: Frank Siebenlist (ANL), Von Welch
(U Chicago), Marty Humphrey (U. Virginia)

Data
Organized by: Ann Chervenak (USC/ISI), lan
Foster (ANL & UC)

Grid in Life Sciences

Organized by: Steve Tuecke (ANL), Christine Miller
(IBM), Andrew Grimshaw (Avaki)
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Welcome

Registration Numbers
(approximate)

450 registrations
150 industry
240 government & academic
35 student
100 non-US
200 for Monday tutorials

220 for Thursday-Friday tutorials and
workshops
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Operational Grids by GT

I
HEE
NEESgrid http://www.neesgrid.org/
CERN/EU Data Grid http://eu-datagrid.web.cern.ch/eu-datagrid/
NASA/LBNL http://www.ipg.nasa.gov, http://www.doesciencegrid.org

NorduGrid http://www.nordugrid.org/
ANL/NSF Tera Grid http://www.teragrid.org/
Sun

Globus/Condor[ZDULNT:F. Gagliardi (CERN/EU Data Grid)
Open Source, Modularity, Flexibility, Easy Access, Good Support
Issues

R&D vs. Industry Quality Support
GT2-GT3
Different Funding/Goal -> Sharing Software
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the National Virtual Collaberatory

. NEESgrid »«:-
NEESgrid =2gnid
http://www.neesgrid.org/

= NEESgrid will link earthquake researchers across the U.S. with leading-edge
computing resources and research equipment, allowing collaborative teams
(including remote participants) to plan, perform, and publish their experiments.
NEESgrid, the systems integration component of the NEES project, uses the newest
and fastest communications technologies to tie the NEES network together.
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N E E S @ Gearge E. Brown, Jr. Network for Earthquake Engineering Simulatior

http://www.nees.org/

The George E. Brown, Jr. Network for Earthquake Engineering Simulation
(NEES) is an ambitious national program to advance the study of earthquake
engineering and find new ways to reduce the hazard earthquakes represent to life
and property. NEES represents an unprecedented effort, in which research
institutions across the country will use simulation— both physical and numerical —to
develop increasingly complex, comprehensive, and accurate models of how the
infrastructure responds to earthquake loadings. NEES is funded by a Major
Research Equipment grant from the National Science Foundation.

14
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Grid Appl's in Industry (1/8)

|
IBM http://www.ibm.com/qgrid/

Butterfly.net http://www.butterfly.net/
GlobeXplorer http://www.globexplorer.com/
Charles Schwab http://www.schwab.com/
Platform http://www.platform.com/

HP http://www.hp.com/

15
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Grid Appl's in Industry (2/8)

IBM: On Demand Business

01-14

Government

Create large-scale IT infrastructures to drive economic development
and/or enable new collaborative government services

Taiwan Integrated Grid for Education and Research

Enterprise Optimization

Optimize computing and data assets to improve utilization, efficiency,
business continuity and resiliency

Butterfly.net

Research & Development

Accelerate and enhance the R&D process by enabling the sharing data
and computing power seamlessly for research intensive applications

Aventis, Drag Design
16




01-14 03/02/26, globusWORLD KN

Grid Appl's in Industry (3/8)

IBM: On Demand Business (cont.)

= Engineering & Design

Share data and computing power for computing intensive engineering
and scientific applications to accelerate product design

Microprocessor Design, Benchmarking, Z-Server Design
= Business Analytics

Optimize computing and data assets to improve utilization, efficiency,
business continuity and resiliency

Insurance Firm
« GridiBEDT-HDHRRGXIE, HE, EREBEEMRLTLD,
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Grid Appl's in Industry (4/8)
Butterfly.net : Video Game
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Grid Appl's in Industry (5/8)
Butterfly.net : Video Game

I
ARDHDT—L, FAENEFLTLNSESAIZYY—RFEY
L T5:[Applications for Industry JOE KA T+

On Demand, IBM
Butterfly.net is a development studio and technology infrastructure provider for massively-
multiplayer online PC, console and mobile games.
With our unique server grid technology, we've developed the best solution to the challenges
of scalability, reliability and performance for persistent-state 3D worlds that must support
millions of gamers.
We've deployed the first commercial server grid for Massively-Multiplayer Games (MMGs),
the most exciting and fastest-growing sector of the powerful video game market, in which
millions of gamers worldwide face challenges together in real-time, immersive 3D worlds.
Our MMG platform, dubbed the Butterfly Grid, is available as a fully-managed service, as a
packaged software license, or as a complete hardware/software solution.
Butterfly.net's Grid is the first system to allow MMG game worlds to scale in size and support
an unlimited number of players within the same game.
Grid does this by allocating communications and computing resources to the most populated

areas and most popular games 19
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Grid Appl's in Industry (6/8)
GlobeXproler

=0 e e e o |
RIFBREBREBEEDRR e
Real Estate, Insurance
Travel & Web Portals
Mobile & Wiress

GlobeXplorer saved about 1 million dollars the first year using
SUN GridEngine during off-peak hours using our existing assets
(production web site and back office machines).

Orthorectification

Color balancing

Mosaicing

compression

20
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Grid Appl's in Industry (7/8)
. GlobeXproler:

Remotely Distributed Technology
Technical Workflow

Search Archive

GX Web

Mapping

Service Existing Assets
(cpu+storage)

Return Image

SUN GridEngine Remote
DataCenter

Remote
DataCenter
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Grid Appl's in Industry (8/8)

Charles Schwab: Grid in Commerce

I
Application Usage Profile
Jobs not as large
Executed over and over, thousands of times
Large volumes of users
Users typically not just doing one large job
Failure is not an option
Database is King
Programmer Skill
Administration and Management expectations

CNFETORER: KEEGHEZISAZTHLEET »
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P.A. Freeman (CISE/NSF)
Keynote: Cyberinfrastructure

Directorate for Computer & Info. Science &
Engineering http://www.cise.nsf.gov/
¥AaE7O0o 9D

NVO (National Virtual Observatory)

Human Genome Sequence

NEES

EarthScope

NEON (National Ecological Observatory Network)
NSF Cyberinfrastructure [ZDUNT

[k SaL—2 1DEQ
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How is GT being used ? (1/3)

Condor

ORACLE

TACC/UT Austin  http://www.tacc.utexas.edu/
U.Michigan http://www.mgrid.umich.edu/

http://www.chefproject.org/
U.Potsdam/Max-Placnk/GridLab
http://www.qgridlab.org/

24
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How is GT being used ? (2/3)
U.Potsdam/Max-Placnk/GridLab

RN

I5991R—ILDIIaL—ay

Dynamic Adaptive Distributed Computation by Cactus/MPI-G2:

Gordon Bell in SC2001

Distributed Computation in SC2002 using Grid Appl. Toolkit

(GAT) in GridLab.
70 systems all over the world including Mac/OSX
Winner of Bandwidth Challenge SE==SEs F
) I S

GridLab. o, - =
lLegacy Code on Grid D7z '
HDY—ILFYk
CactusR—X, C & Fortran

25
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How is GT being used ? (3/3)
U.Potsdam/Max-Placnk/GridLab (cont.)

o — g :
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SCa002
Denonctrotiong
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01-15

Grid Futures (1/5)

ERMICHGYESABFLRIEEE>T M,
Francine Berman (NPACI/UCSD): #hd AH 51

“The promise of the grid has not been oversold, but the difficulty of
developing the requisite Grid infrastructure has been underestimated”

Carl Kesselman (USC)

CostBRE(TEIC HE
ITAR K TITHEHON TSI LEZVDITHR— T EIONEE

EHARp7%#E Z 7 VO, Collaboration: E SR ADH R THATEE: IBMEMS
RAUF—RIZEbhNTEDERNT S e.g. CORBA
Rick Stevens (ANL/U.Chicago)
PCIEITHVEH E#E TIZARLY: PDA, PS2 (72 EPS2HV?)
= Embedded Processor Based Products, Grids for those
User-Centered Grid, Personal Grids, Grids-on-a-chip ...

27
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"~ Grid Futures (2/5)

Grid Technology Partner
www.gridpartners.com

Grid Business Dpportunity & Applications

Thess Techrokgy 5 ourses
RADH sating now peaking in 2005
T etarting n 2003 paskng amurd 007

stading in 207 peaking bl

n fha decads
FEFEEEFICA>TLADIZIE
H%FEHthJ‘?b‘étL‘i:tf)‘ ? K02 E':l:lﬁ 007
Grd Tertrology Portrers iy
28
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Grid Futures (3/5)
Grid Technology Partners

www.gridpartners.com

"Gaing g0 large that they are just nol believable"

+ Monsanto accelerades noa ganams dscowvary by B years
=Ly AR Frighcl Dedn’ b
+ Fluent offers Computational Fluid Dynamics software at U2 3 15
per GPL howr. Par seal licanss cosl was LIS 525 000 annualky

il Bama W Flasra
« Amarcan Diabeles Associaton l&\l&l’dl}':‘& 250 PCa al ila
headquarters o reduce Archimedes simuatian fime fram 8 hawrs

1z 8 minutas

=l Somas Fara Crest Somanar Al
UC Berieley saves LIS 800,000 an a research sener far
MaihCAD and Mathemalica applications by levaraging PCs in MEA
compular lab

- b Sdee B e Heime e U B ey

Ord Technology Parfrers i i - g
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Grid Futures (4/5)
Grid Technology Partners

www.gridpartners.com

Stumbling Blocks

4, Zacuriy
3. Organizabonal Inertia
2. BHardards

1. Applicaions, Applicatons & Apphcations

il Technoiog,) Parfmers . I
30
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Grid Futures (5/5)
Grid Technology Partners

www.gridpartners.com

Bl if We are Successiul. ..

v Intarmel Demsscralizes Inloemation .. Grd Damocralizes
Camputatian

2 Cpmlwramy Cend &l 10 cant per CFLU hogr
+ Lilthe Men escape Io becams Fres Prodessionals (L Winght Mlls &
1653

+ Demographics + Gnd changes Global Compettne Piclure

B Technoiogy Parfrers N ey,

B P - LA A
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F.Bermann (NPACI/SDSC)
Cyberinfrastructure Panel

TeraGrid by friends is already difficult.
Cyberinfrastructure: more challenges

Programming Model

Programming Environment

Logistical, Legal, Ideological Challenges
International Issues

Resources

Policy

Time Sharing: 9-to-5

32
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Distributed ComputingBa F 5 &t
Open ForumT®D & £

BREL=DIXSCEC (Southern California
Earthquake Center) M A
EEMRRITOHACSAUEERFTHS,
develop
debug
test, evaluation
BICVE—MRENLDTANGE
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¥ Life Sciences Workshop (1/4)
I

1A168 (K)F#&, 178 (£) FHl
1I6BFRDAHHFE
AONEEDHFEE (16 BFEDKME)

pA=ErAw NN
Keynote (14, 50%3: P.Afflard, Novartis Pharma AG)
Vendor Presentation (34§, 1545 ea.), Talk(9#, 25%rea.)
Roundtables (704%3)
ZM>5%, Vendor 244, Talk 64 (ZH &

34
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Life Sciences Workshop (2/4)
RERNS =

Bioinformatics/ By Data GridBEFR RN EZ HhoT1-,
AVAKI Data Grid http://www.avaki.com/

KBRKZ:BioGrid http://www.biogrid.jp/
Indiana Univ.: 1UBio/BioGrid http://iubio.bio.indiana.edu/biogrid/

Virginia Tech: PathPort (pathogen portal)
http://www.vbi.vt.edu/~pathport/

YEal—aviio
The Scripps Institute

IBM Almaden: OptimalGrid
http://www.almaden.ibm.com/software/ds/OptimalGrid/index.shtml

35
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Life Sciences Workshop (3/4)
FRMANZA Data Grid

|
AVAKI
20185 LL L DR FICFI SN TLNSAY, Life Science/n B A
RLEELGBEE,
OGSI/OGSA, GT3%100% Y 7R—rLTLVS, 1H13HMDGT3
FREERICIRIE,

BioGrid, 1UBio, PathPort
Biological Data® %1

Distributed, Various Formats, Various Modes of Access ...
T—AN—RBE, TRFTY—IL, AIRIEY—IL
XMLIZ& BB T—218&, Parser®fiF
HBUEICBEALTHRERBISERN Ho=EBH NS, GGFITRG,,
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Life Sciences Workshop (4/4)
FRINZA :Simulation

IBM Almaden

HED, RUBILEIZEKS I FIFEMBEEMiddlewareDEEL T
Life Science& [ EER RN >I=- (ABIDEED AV 1% R

BTN T=AY),
lPerfect Parallel Computingl: M &KS3%Appl. TIETHAD &
THdh,

Scripps Institute
Protein Folding®D < 2alL—Y 3> %MetacompuringlZ&YEf#E
U.Virginia® -5 X4 &ASCI Blue Horizon (NPACI) ZTLegion |
T2%<
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The Globus Toolkit®

A software system addressing key technical
problems in the development of Grid-enabled
tools, services, and applications

Offer a modular set of orthogonal services

Enable /incremental development of Grid-enabled
tools and applications

Implement standard Grid protocols and APIs
Available under liberal open source license
Large community of developers & users
Multiple commercial support providers

38
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Globus Toolkit:
A Story of Evolution

= Definition of Grid problem has been stable since
original Globus Project proposal in 1995
= Although we’ve got better at articulating it

= But our approach to its solution has evolved
= from APIs and custom protocols ...
« to standard protocols ...
= to Grid services (OGSA)

= Driven by experience implementing GT,
deploying GT, & building real applications

39
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Grids and Open Standards

iemmTTTTTs ~—./

Web services

GGF: OGS, ...

standardization

X.509, (+ OASIS, W3C)
LDAP, Multiple implementations,
FTP, ... including Globus Toolkit

Defacto standards

CUSt_0m GGF: GridFTP, GSI
solutions

Increased functionality,

v

Time
40
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Grid, VO, Grid Architecture

“Grid” computing has emerged as an important new field, distinguished from
conventional distributed computing by its focus on large-scale resource sharing,
innovative applications, and, in some cases, high-performance orientation.

Virtual Organizations (VO)

...First, we review the “Grid problem,” which we define as flexible, secure,
coordinated resource sharing among dynamic collections of individuals, institutions,
and resources—what we refer to as virtual organizations. In such settings, we
encounter unique authentication, authorization, resource access, resource
discovery, and other challenges. It is this class of problem that is addressed by Grid
technologies.

Grid Architecture

...Next, we present an extensible and open Grid architecture, in which protocols,
services, application programming interfaces, and software development kits are
categorized according to their roles in enabling resource sharing.

Anatomy 03/02/26, globusWORLD KN

Grid Architecture DB &

Application
=
£ Applicati o)
S . ication =3
3] Collective 2 =
2 o
E S
< g
© o
o Resource =
Q >
= =
° S
o Transport =
= 3
o vi =
Connectivity e b=

Fabric Link

42
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Grid Architecture D E &

-Multidisciplinary Simulation
-Ray Tracing etc.

Application

-Distributed Data Archiver
-Checkpointing, Job Management

KN

-Coupler appl. specific

Collective -Resource Discovery/Brokering
-System Monitoring
-Community Authorization
-Certificate Revocation

Resource -Access to Computation/Data/etc...

Grid Protocol Architectlire

-Communication (IP)
Connectivity -Service Discovery (DNS)
-Authentication, Authorization, Delegation

-Storage Systems

Fabric -Computers supported
-Networks bv GT 43
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World Wide Web

The ubiquity of Web technologies (i.e., IETF and W3C standard protocols—TCP/IP, HTTP,
SOAP, etc.—and languages, such as HTML and XML) makes them attractive as a platform for
constructing VO systems and applications. However, while these technologies do an excellent
job of supporting the browser-client-to-web-server interactions that are the foundation of
today’s Web, they lack features required for the richer interaction models that occur in VOs.

APS/SSP
Internet/P2P Computing

Enterprise Computing

Enterprise development technologies such as CORBA, Enterprise Java Beans, Java 2
Enterprise Edition, and DCOM are all systems designed to enable the construction of
distributed applications. They provide standard resource interfaces, remote invocation
mechanisms, and trading services for discovery and hence make it easy to share resources
within a single organization. However, these mechanisms address none of the specific VO
requirements listed above. Sharing arrangements are typically relatively static and restricted to
occur within a single organization. The primary form of interaction is client-server, rather than
the coordinated use of multiple resources.

Relationships with Other Tech's

22
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Globus Toolkit v3 (GT3)
Open Source OGSA Technology

Implement core OGSI interfaces
= Reference implementation of GS Spec
= Support primary GT2 interfaces
= High degree of backward compatibility
= Target multiple platforms & hosting envs
= J2EE, Java, C, .NET
= New services
= SLA negotiation (GRAM-2), registry, replica location, community
authorization, ...
= Growing number of external contributions
= Database services (UK DAIS), Python hosting (LBNL), ...
= External adoption

= E.g., IBM, Avaki, science projects i

lan Foster Welcome 03/02/26, globusWORLD KN

GT3: Open Source OGSA
Technology

5577 il - 1)L
[wercr-ca [condor-e] AR []

B B Ed EEm o [S0]
[Partners|

OGSA/GT3-
based tools
& services

Platforms

Runtimes/hosting environments

23
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Architecture Framework by OGSA
Integrated Functionality

47
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