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= Web Services
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# 1. Collaboratory eScience, eBusiness:

= : EU DataGrid: 3000
® 2.

® 3.

o : Commodity Grid( )
® 4.

o : Peer-to-Peer, Voluntary Computing (P2P)

® 5, Uparadability

#® 6.

o : VLBI
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» telnet, rlogin
o 0S (1980 )
= Message Passing - PVM, MPI
o WWW - HTTP/HTML/CGI
= ORB (Object-Request Broker)- CORBA, DCOM, Java RMI
= Agent (Plangent, Aglets, Voyager )
= XML + Web Services (SOAP/WSDL/UDI/.NET )
® ( )
= ORB Organizational Domain VC
¥ WebServices (Open Grid Services

Architecture)




(AVAKI )

Global Gridt

Multiple sites:
across domains,
geographies
Enterprise Grid: and WANs
Cluster Grid: Muitipie owners,
! muitiple file
3 W’“"“’" ": o systems, VPN
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4
# “GridOS”
= Globus, Legion (Avaki) # Perf Monitoring/Simulation
# High-throughput computing = NWS, GMA, Bricks (Titech)
= Condor-G, Nimrod-G # Desktop access to Grid
# Message Passing/ GridRPC/ ~ Resources, Portals
Programming Tools s Commodity Grid Toolkits (CoG
= MPICH-G2 KitS), NPACI GridPort, JIPANG
s GridRPC # Distributed collaboration
+ Ninf, Netsolve, Nimrod m CAVERNSsoft, Access Grid
= AppLeS, APST # Commercial P2P Grid Tools
# Data Intensive (DataGrid) = United Devices
= Globus DataGrid Layer = Entropia
¥ (Kaga}fr/rﬁIST/UtOKVO/TIteCh = Platform Computing
m Avaki
( - = Sun GridEngine

) R
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App-Specific
Frameworks
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Tools, Portals Systems Tools
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lan Foste

ANL

=

The Globus Project: Developing

a Grid Services Architecture (GridOS)
@ Argonne National Lab/USC-ISI

= Www.globus.org
= The most popular Grid “Toolkit”

# Developed as a key enabling mechanism the Grid
Security Infrastructure

s Uniform authentication & authorization mechanisms in multi-
Institutional setting

= Single sign-on, delegation, identity mapping
= Public key technology, SSL, X.509, GSS-API
# Used to construct Grid resource managers that provide
secure remote access to

s Computers: GRAM server (HTTP), secure shell

m Storage: storage resource managers, GSIFTP

s Networks: differentiated service mechanisms

- lan Foster (Argonne )Carl Kesselman(ISl)
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NSF National Technology Grid
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= | TeraGrid/iVDGL
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(2002 )

®

NSF TeraGrid
- NSF NCSA-SDSC 13

NSF iVDGL (International Virtual-Data Grid Laboratory for Data
Intensive Science)

DOE Science Grid

10

EU DataGrid/GridLab/DataTag
= EU

UK e-Science

NSF Cyberlnfrastructure(4.3 / ), EU FP6 (6
Euro/4 )




NSF TeraGrld

Fran Berman/SDSC
Dan Reed/NCSA

. IBM, Intel
Qwest, Myricom,
sun,

TeraGrid

Fran Berman




TeraGrid: 13.6 TF, 6.8 TB memory, 79 TB internal disk, 576 network disk

Caltech
0.5/ TF

A4TB M/emory 32 ' 32

86 TB disk

NTON ==
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7
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N
1176p IBM SP
1.7 TFLOPs

Blue Horizon

Sun E10K

'_

4

_. 92p IA-32

HPSS

ANL
1TF

.25 TB Memory
25 TB disk

Chicago & LA DTF Core Switch/Routers

<« Cisco 65xx Catalyst Switch (256 Gb/s Crossbar)\>

‘ @ SDSC

Fran Berman
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SDSC
41 TF
2 TB Memory
225 TB SAN

Sun
Serv

16

NCSA
8 TF
4 TB Memory
240 TB disk

0OC-48

574p IA-32
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Fran Berman

TeraGrid ( )

# NIH BIRN (Biomedical
- Informatics Research Network)

N4
( )
¢ TeraGrid
© 4 ¢! )
# TeraGrid
. 10
+ 400 (100 )

® TeraGrid 25TeraFlops,
Petabyte (Extended Terascale
Facility)
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The Global Grid Forum

http://www.globalgridforum.org

4
#1999 Grid Forum ( ‘
IETF )
# 2000 eGrid Forum GGF
= : Charlie Catlette ( Argonne )
= 30 Working Groups/Research Groups
= 3 GGF meeting
o ( )
# 2002 , NPI (New Productivity Initiative) P2P
Consortium
® 2002 7 GGF5
= 1000

# 2002 10 14-17 GGF6 @ Chicago
# 2003 3 4-7 ( ) : 1000 ?
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#2001-2

#® ACT-JST ( 1.2 2001-2003)
s GridLib( )
o ( )
® AO5( ) (8
2001-2005)
: ( )
= P2P ( )
o X 9 ( )
# Ninf-G ( / / )
IPA (2 2001-2002)
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# Desktop Grid, P2P

= Entropia , Entropia Desktop Grid
= United Devices

®

= Sun Microsystems, Sun GridEngine
= Platform Computing, Sympnony (LSF
= Turbo Linux  Enfusion (Nimrod

2
s Avaki , Avaki

)
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)
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NEC: Globus

NTT . “Cell Computring”
IBM:

Open Grid Services Arcﬁitecture (OGSA)
Services (I1BM)

(

(4)
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PC
(LAN/WAN)

AMD PC
Athlon




“Commodity Grid” Resources Starting

April, 2002 (under our control)

# 1. My Lab Machines: ~900 CPUs, ~1.8 TeraFlops
IA32

# 2. Titech (Campus) Grid Resources:
= —800 CPUs, 1.3 TeraFlops, 1A32 “Blades”
= 8-16 proc IBM Regatta Power4 Server

# 3. “Nationwide” Commodity Grid Experiment:
~several hundred 1A32 CPUs (2H2002)

# Total: 1700~2000 high-end processors in 2002

= Distributed and dedicated to Grid computing, esp.
GridRPC

s Some Processors for APGrid Testbed




Laboratory “Grid Clusters”: Presto |11 Athlon
Cluster (2001-2002) 1.6 TeraFlops, 100Terabytes

4|

# Full Assistance from AMD, # Presto |||(3) —Aprll 2002 — Dual 512

Donation of Athlon CPUs, proc AthlonMP 1900+
Bestsystem(Assembly), etc. = 1.6 TeraFlops Peak, 716.1 GigaFlops
#® Gfarm/LHC/ATLAS, Bioinfomatic Linpack (so far)
Apps = 47t on the Top500 (9t in Japan, 2nd
# Presto I11(1), April, 2001 — 80 fastest Linux PC cluster)
node Athlon 1.33Ghz www.top500.0rg
m 206 Gigaflops Peak s 100Terabytes online (for LHC/ATLAS)
s Top500 2001/June, 439th ] |

s The first-ever AMD-Powerec
Cluster on the Top500

# Presto 111(2) —Oct, 2001 D
256 proc AthlonMP 1.2Ghz
m 614 GigaFLOPS Peak

= Top500 2001/Nov.
331.7GigaFlops, 86th



Titech GSIC Matsuoka Lab Grid Cluster
Infragtruciure. (1Q2002)

~898 GFLOPS (Peak), 29.5 TeraBytes (Storage)

-

Grid Cluster Infrastructure
Matsuoka Laboratory e

_ Tokyo Institute of Technology

“Frestu li+ Cluster (GFarm Testbed)

Wrinat 2000 CLOS Full 4 Plug&Play Note PC Cluster
AfhionMP 1 2GHz | | Mwest Bandwidth S - g Y ren
76EME Mamary 1 | | D
) 1 Celzron S00MHz
G E HDD
hiyrinet 2000 - i 128ME Memory
1006 ag=-T X |
1008ase-T ! 12G8 HDD
i 1EﬂBaﬁu-T
Procs i .
— — Gateway
Prospero (Prestoll) Cluster ( I u St er S 8 ﬁﬁ e, = Partiumill S00MHz
f T 5V () 4 il s 256MEB Memory
Pantumill 800MHz Dual —F—+— GXI-2Z22M & 1 | 30G8 HDD
B40ME Memory o GXI-0245 | 1008ase-T x 2
swoerel” || | | [ty sf;;;-z,,ci 8 TFlops(P i e e
100Base-Tx 2 - | Hil G245 22 = \ '...I'.II'.II:,"I"i.‘- J;{ - Penliumill S00kHz
| = Ciual
CardPC §_‘ A .ﬂ I5EE Memory
e era ytes .
2580B Memory | P T s - B S
1038 HOD —~
100Base T2 e Y : _
CardPC | 50Base T SV T0Fom iz POM Heterogeneous Development Cluster
s i - Planer GXLZ22M X1 ® 100Base-T SW (18Port | soocuse 14| | Pentiumil SO0MIE Dual | |
256ME Memory [ | Pienexgxrazes<z | | Planex F5-16E — ME
1068 HOD B TR E T I | | 258ME Memory, ela.
1D0Baae-T x 2 —l—.— Plarve GXLZ22M » 1 =—;—-|— s
B Planes GX-0245 x 2 L Fyrimat SV My 100Base-T
ProCessors - : o MZM-DLLAL- SV hlyrirvet
ey IIII.'B....G- T* & 6 channel 0B aea- 5%, il ik x l:__ ! w12 nodes, 29 ProOCessos. |
" ! Super TITANET -
Presto | Cluster et
vozase Tyl VOOEwse-T SW (70Por) F ] Solaris Java DSM Development ClustEl
Caleran SO0 ——————  Planex GXI-2Z22M « 1 TS T
35488 Memory Prangx GXI-0245 x 2 100Base-T 5'.!"1 I_WPnﬂ} | oA T Celeron G00BHE
4GB HOD e+, | 10DBase-T SW (T0Por | Pl TRIeE | 258MB Memory
100Base-T x 2 i Planox GX1-2220 x 1 20GE HOD
oy T Pranes GXI-0245 x 2 PN eree- 5 Miyrinat S | ik 100Base-T
/ MZM-OUAL-SWE | SRR .. ... I |
w16 nodes, 16 prﬂcamni !




Grid Clusters at TITECH
Matsuoka Lab

L
: ;.- :a :f:ui!-.,ih__ -
===




PRESTO Commodity Grid Clusters
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Matsuoka Lab Grid Clustering

Project

# Dependable, Fault-tolerant
clustering for the Grid
¢ Parakeet Fault Tolerant MPI
¢ Fault Tolerant GridRPC
# Plug&Play Clustering
¢+ Extended Parakeet
¢ Lucie Dynamic Cluster
installer
# Heterogeneous Clustering
# Hetergeneous Omni
OpenMP
# Heterogeneous High
Performance Linpack (HPL)

# Muliple Cluster Coupling on
the Grid

# Grid Projects on Clusters
# Ninf-G GridRPC
# SOAP/XML GridRPC prototype

# GFarm — middleware for
Petascale data processing

# Grid Performance Benchmarking
and Monitoring

# Bricks Parallel Grid Simulator
# JIPANG Jini-based Grid Portall
# Java for Cluster and the Grid

# OpendIT Flexible high-
performance JIT compiler

# JavaDSM — Secure and Portable
Java DSM System for Clusters




Example Mcell w/Netsolve-APST on Presto

Clusters [Casanova, Berman et. al.]
A—Salk-tnstitute and CMU

# Neuro-science application
# Revolutionary disciplinary results
# 3-D Monte-Carlo simulation

# Embarrassingly parallel with
file sharing.

e Small-scale runs

e Medium-scale runs

e Large-scale runs:
e > 500,000 tasks
e Terabytes of data




Mcell (Cont’d)

Inputflles

Output file

3-D Rendering w
Post-processed Output

= IRy

v
r
5 \ 4
"
=

Application Run over the Pacific using TransPAC




Mcell APST Validation ExperimentJ
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Experimental Results in Grid
Scheduling of MCell

Xperimental Setting:

cell simulation with 1,200 tasks:
composed of 6 Monte-Carlo
simulations

input files: 1, 1, 20, 20, 100, and
100 MB

4 scenarios:

Initially

(a) all input files are only in Japan

(b) 100MB files replicated in
California

(c) in addition, one 100MB file
replicated in Tennessee

(d) all input files replicated
everywhere

T

GO0

Executicn time in seconds
s E£ & &

=]
_—
=]

i (&l - ] il i

Scenanos

Bl workgueue
B Gantt-chart algs




GSIC 13-14 : Titech

(Campus) Grid ( )
Titech Grid E-Science
( 13 )
800 PC
(Super TITANET)
(
E-Science

( = /]

San Diego Supercomputer Center 4
" T & L] |
-l

= Super SINET

A = - | “ ( Gigabits)
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Titech Grid

512KB

«80Gig

PC
*NEC Pentium 111-S 1.4Ghz,
L2Cachex 2
aByte
B~1GB

*512M

NEC Express 5800
BladeServer

PC
- x12  24CPU
-512MB 80GB HDD/
- 100Base-T
ST 2 13U
; 20A
> w=El ooo0 g
x 14
(NEC+ ( )
x2( )
GSIC PC
- x128  256CPUx2
-Myrinet2000
(128 256CPU )
-1GB (128 ) 512MB (128 )
- 5
: (GSIC) -
800CPU, 25TeraByte ~ |itech Campus
Grid Testb

the globus ugg TITANET (2001 4 )

SuperSINET (2002
10Gbps

Super
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Titech Grid

& 14 3 -
4 14 (Phasel, Phase?)
o (
= NEC
= |IBM Regatta High-end Node
4 14 (Phase 3)

@ 15 (Phase 4)

SCore




IBM - Titech Heterogeneous Campus Grid |M &SFC
Infrastructure

v'High-end Resources (proposed, ﬂ]
Power4) to facilitate high-end o
jobs and to foster migration from the
Vectors.

v The first campus-wide pilot Grid system
deployment in Japan, partnerships with
AIST Grid Center, SDSC, IBM(TRL), etc.

Suzukake-dai
Campus

Super TITANET
(1-4Gbps)

High-End Grid Node
Power4 Servers

24-processor satellite cluster @ IBM p670

each department x 12 systems <:|
= E-\ “Grid Queue” 7
- 2 Oo-okayama <
‘E_‘i—.—‘.l y Submission,

 — Campus |:! SR

Grid-wide Single System

via Grid Portal

Existing
Image via Grid middleware: Bk E g;?g“;‘t’gnpute'fsv Super SINET
Globus, Ninf-G, Condor, Commodity cluster S (10 Gbps MOE National
NWS, ... (200 moceser) w2 system Backbone Network)
) ! ) to other Grids

: hd
Heter ogeneous Grid resourcesto scaleto 30 TeraFlops, 1Petabyte by 2005




ACT-JST 4)

-SCRM
2) -BMI
a) partial fault - GA
XXt %3=Cy
b) q/ . Plug&Play XXt Xy Xgt XoXsT €y

X XX3= Gy _
Cyclic Polynomial

—

" 3) GridRPC

c) GridRPC-AP|
(& @

=P~

1) Pc | - TFlops
> 1000 TeraFlops 1 1/100




4) Terascale Genetic Algorithm GA) and its Bioinformatic

Application on the Commodity Grid
Gepetlc Algorithm: Simulates Biological Evolution for Powerful Global Optimization

Numerical/Structural  Global *Multi-Purpose
Optimizations Optimizations Optimizations
Method 1: Distribute Evaluation of Genes Method 2. Spatically Divide Search Space
toMultiple CPUson the Grid into Multiple Parallel GA Groupson the Grid
cPul| |cpuz| |cPus| B CPUn crut| |cruz| |ceus|” ~777 | cPUn

5 : b Compute New 4

Sl =t ‘. '\ Generation
Child gl | S
Evaluation [ g L2 e TR

Generation
- ﬂ I
Selection J _ ﬂ Gene Search Space
Child ° o giz'gg;:e) Develop GA Algorithm Appropriate
Generation “Gene” ) ~ o )

Population for the Commodityv Grid
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Petascale Data Intensive Computing /
Large-scale Data Analysis

# Data intensive computing, large-scale data
analysis, data mining :
= High Energy Physics (e.g. CERN LHC)
= Astronomical Observation, Earth Scie
= Bioinformatics...
= Good support still needed

# Large-scale database search, data mining
s E-Government, E-Commerce, Data warehouse

= Search Engines
s Other Commercial Stuff
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# Earth System Grid (DOE Office of Science)
( ) (

# European Data Grid (EU)
(EU)

O EU
# GriPhyN (NSF ITR)
: ”( NSF)

# Particle Physics Data Grid (DOE Science)
( ) (




Example: Large Hadron Collider Accelerator at
CERN and the ATLAS Detector

Y

L

~2000 physicists from 35, _betector for
cou ntl"i es (displaced for clarity)

Other
Large Hadron Collider at CERN Detectors e.g. ATLAS

Circumierence 26.7 km (16.6 miles) CMS (4T otala)qﬁ Detector
Proton Beams W 40mx20m

7000 Tons

Experimental Hall
(Collision point) @

ATLAS experiment



REC

data

ESD

event. summary

data

AOD

analysis object

data

Event

reconstructed

EVH‘L
1 2
Event
2 ‘ 3 ‘ >

Et miss

~1PB/
1IMB/

~1PB

~300TB/
100K B/

~10TB/
10K B/




. Analysis Model Schema (LHC ATLAS, CMS,
...) — EU/CERN DataGrid

@ I— |erarchv of Resources (TierO,Tierl,Tier2, ...)

. ”ﬁfﬂ e 1 TIPS = 25,000 Speclnt95

e TR R ,\ ~100 MBytes/sec | PC (1999) = ~15 Speclnt95

Bunch crossing per 25 nsecs.

100 triggers per second

Event is ~1 MByte in size ~622 Mbits/sec Tier O
or Air Freight

Tier 1
CHEK
Reqiona

Center
Tier 2

~622 Mbits/se

~100 MBytes/sec

Physicists work on analysis “channels”.

Each institute has ~10 physicists working

100 - 1000 on one or more channels

Mbits/sec

}é Data for these channels should be

=, 1@ Tler 4 cached by the institute server
Workstations

24 March 2000, WW A/C Panel, P. Capiluppi
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Grid Data Farm (Gfarm)

~
g
¢ PC
& gfarm> exec <program> gfarm:<filename>
CPU @ % <program> gfarm:<filename>
CPU

% <program> gfarm:<filename>

® % <program> gfarm:<filename>
CPU 1/0 !
ofs pio_open

@



Grid
Gfarm/ATLAS
/UTokyo/TITech)

N4
User, Administrator

Gfarm client ‘ﬁ*
' GridRPC

Gfarm Portal

Goals:
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s OGSA (Open Grid Services Architecture): IBM




OGSA: Web Services

N

# \Web Services: Web e-
n e-
n Web

# IBM OGSA (Open Grid Services Architecture)

m 2002 2 ( ) : Web Services
| e_

4 OGSA e-
= |IBM 200

'






@

Globus

.

VPN

Globus

GridOS
Linux

VO

IT
VC Single System Image
Globus
CA (Certificate Authority)
Certificate
VC Peer-to-Peer

NG  single sign-on




	グリッドコンピューティングについて- 21世紀のIT基盤へ -
	従来のインターネットの利用法
	グリッドコンピューティング（Grid）とは
	背景：科学技術における情報の基盤としての台頭
	計算機と計算科学の進歩-大規模スパコンへ
	タンパク質立体構造予測
	タンパク質立体構造予測計算の時間(産総研CBRC MolTreC)
	問題点(1): スパコンの大規模化の限界
	問題点(2): 全ての計算はそこまで巨大なスパコンを必要とするか?
	問題点(3): (最も重要)科学におけるの地球規模の協調の必要性⇒ e-Science
	協調の例: 加速器の研究 (高エネルギー物理)
	グリッド: E-サイエンスの次世代ITインフラ
	グリッドに対する誤解
	グリッドの「より正確な」定義
	グリッドのさまざまな効能
	従来分散コンピューティング技術とグリッド
	クラスタから世界規模グリッドへ(AVAKI社)
	グリッドに対する技術的要請
	Grid用のソフトウェア、ツール
	Grid Services とミドルウェア
	The Globus Project: Developinga Grid Services Architecture (GridOS)
	天文学の場合：天文グリッドによる望遠鏡を使わない天文学 (Sloan Digital Sky Survey等)
	グリッドでの航空機設計(NASA)
	「バイオグリッド」の例:ゲノム情報と創薬
	医療グリッドの例: 脳機能解析
	実際のグリッドの構築例
	分散配置の例: 大学キャンパスグリッドインフラ提案
	米国のグリッドの例
	最近の海外のグリッドプロジェクト動向(2002夏)
	NSF TeraGrid
	TeraGridにおけるバイオアプリケーション(医療)
	The Global Grid Forumhttp://www.globalgridforum.org
	わが国のグリッドプロジェクト例(1)(2002年1月)
	商用グリッドシステム
	わが国のグリッドプロジェクト(2)
	ITBL Application examples
	わが国のグリッドプロジェクト(3)
	わが国のグリッドプロジェクト(4)
	“Commodity Grid” Resources Starting April, 2002 (under our control)
	Laboratory “Grid Clusters”: Presto III Athlon Cluster (2001-2002) 1.6 TeraFlops, 100Terabytes
	Titech GSIC Matsuoka Lab Grid Cluster Infrastructure (1Q2002)
	Grid Clusters at TITECH Matsuoka Lab
	PRESTO Commodity Grid ClustersPeak Performance Scaling
	Matsuoka Lab Grid Clustering Project
	Example Mcell w/Netsolve-APST on Presto Clusters [Casanova, Berman et. al.]
	Mcell (Cont’d)
	Mcell APST Validation Experiments
	Experimental Results in Grid Scheduling of MCell
	東工大キャンパスグリッド構成図(NEC)
	Titech Grid ノード装置/設置場所
	参加専攻、センター一覧(18)
	各専攻のアプリケーション提案
	プレス発表・報道・NEC
	Titech Grid 今後の予定
	4) Terascale Genetic Algorithm（GA) and its Bioinformatic Application on the Commodity Grid
	最適化アプリケーション開発例: グリッド上の並列GA最適化によるチャレンジ(担当:小野@徳島大)
	Petascale Data Intensive Computing /Large-scale Data Analysis
	「データグリッド」問題
	主要なデータグリッドプロジェクト
	Example: Large Hadron Collider Accelerator at CERN and the ATLAS Detector
	高エネルギー実験のデータ解析モデル
	Globusデータグリッドの標準的なアーキテクチャ
	Grid Data Farm (Gfarm) の発想
	Gridによる大規模データ解析Gfarm/ATLASプロジェクト(KEK/ＡＩＳＴ/UTokyo/TITech)
	Gfarmのデザイン
	バイオにおけるデータグリッド
	Avaki社の商用データグリッド
	特定領域研究C: A05:最先端の情報通信システムを活用した新しい研究手法
	医療用GRIDアプリケーションの開発(下條班、阪大)
	空間パターン情報の並列処理による蛋白質機能解析(大川､ 阪大)
	Archiveを用いた天文学研究
	ナショナルグリッドに向けて
	グリッドのバイオへの産業応用
	バイオグリッドの様様な動き
	産業とグリッド
	OGSA: Web Servicesとグリッド技術の統合
	まとめ
	参考: グリッドに対するよくある誤解

