SGlI

m SGI
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Internet
“over-load” “under-
utilized”
- TCO total cost of
ownership
|

m PC
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m PC

Intel-United Devices CANCER Research
Project

SETI@home

! SETIThomao

m SETI@home i

(SETI the Search for Extra-
Terrestrial Intelligence)

m Folding@home

rojding @ivoms
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m United Devices
Intel-United Devices CANCER Research

Project
Intel,
(National Foundation for
Cancer Research) (American

Cancer Society)

Intel Philanthropic Peer-to-Peer Program
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m 1995




“Distributed Computing” —
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Grid
Computing
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IBM

21

Volume Business Grid Application

Core Competency Computing :

Core
HPC Compet(_ancy
Computing

T

Workstations and networks | .
infrastructure
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Ftp, telnet rlogin etc

-
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m The Globus Project (Globus
)

www.globus.org

28




m |IEEE Task Force on Clustered Computing (TFCC)

“the CCGRID2002 International Symposium on
Clustered and Grid Computing”

m New Productivity Initiative
Www.newproductivity.org

m SGI

= HP/Compaq
m Platform

= Terraport

|
29

e
m NCSA/Max Planc/SDSC/Argonne — Cactus
(relativistic astrophysics simulation)

3 Origin 2000’s (one 256p, two 128p) IBM 128
nodes (1020 p) ATM/OCI2
m Cactus toolkit/Globus toolkit/MIPCH-G2

m European DataGrid Project

http://www.eu-datagrid.org/

CERN, CNRS, ESRIN,INFN,NIKHEF,PPARC
15
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m NASA PowerGrid
Information Power Grid (IPG)

m ASCI Distributed Resource Management Testbed

31

rF.
Applications and Portals Grid

Collaboration Prob. Solving Env. Web enabled Apps Apps.

Development Environments and Tools Grid

Distributed Resources Coupling Services Grid

Resource Trading Market Info Middleware

Local Resource Managers
Operating Systems Queumg Systems ies & App TCP/IP & UDP Grid

Networked Resources across Organlsatlons Fabric

Storage Systems Scientific Instruments




Applications
Science Engineering Commerce Portals
High-level Services and Tools
DUROC MPI-G globusrun
Core Services
Nexus 5
clobus GRAM
Security
GASS DURGC Interface GARA

Grid
Apps.

Grid
Tools

Grid
Middleware

Grid
Fabric

m Globus toolkit (
www.globus.org

= Globus

m2
m Neux

API

GRAM
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m MPICH-G2

http://www.niu.edu/mpi/

MPI v1.1
MPI

Globus
“globus2” MPICH

35

m Sun Grid Engine
www.sun.com/gridware

Sun (OpenSource)
" ('Sun Grid Engine Software)
= Global Resources Director

m Sparc/Solaris  IA-32/Linux

m Milan Project ( Metacomputing in Large Asynchronous
Networks)
http://www.cs.nyu.edu/milan/milan/

36




m GRACE (Grid Architecture for Computational Economy)
http://www.csse.monash.edu.au/~rajkumar/ecogrid/
Globus

Alpha/Tru64

Intel IA32/Linux 2.2
MIPS/Irix 6.5
SPARC/Solaris 7 or 8
RS/6000/AIX
Alpha/Digintal Unix 4.0

m Condor Project - http://www.cs.wisc.edu/condor

Condor
Condor
CPU
Solaris, IA-32 Linux, IRIX, NT, Digital Unix HP-UX

37

Fewopa-

= GUI
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m |[PG the NASA Information Power Grid




B NASA Information Power Grid (IPG)

e .
B o I 8 g Ay L ST U (e ST 1 Yy
L r——— TR
INFORMATION POWEA GAID __ @) ~

A e Fryssmy s

= 1)
.
.."__...- —u ttp://www.ipg.nasa.gov
, T -E_ﬂ

" IPG the NASA Information Power Grid

m NASA @

= “Multi-Disciplinary Simulation” :

Multi-Disciplinary Simulation :

42




Multi-Disciplinary Simulation

Airframe Models

\ r

Crew Capabilities

- accuracy
- perception
- stamina
- re-action times
[ i e |
]
=
(=]
(—]

Human Models

Wing Models

\//

T[T

E]I

Landing Gear Models

«Lift Capabilities
*Drag Capabilities

«Braking performance
«Steering capabilities
«Traction

«Dampening capabilities

«Thrust performance
*Reverse Thrust performance
*Responsiveness

*Fuel Consumption

Stabilizer Models

*Deflection capabilities
*Responsiveness

m NASA

44
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IPG Serwces Unlform access to heterogeneous, distributed resources

Wu Iiri =

IPG

" IPG the NASA Information Power Grid




h_lgh-llft subsonic The research branch of NAS is investigating algorithms that are suitable
wind tunnel model for a Grid computing “ meta-platform.” One candidate is overset grid codes
that can tolerate timestep mis-matches on the intra-object boundaries. A
version of the OVERFLOW, Navier-Stokes, CFD simulation code is being
modified for this approach. It has been demonstrated operating across
Systems at ARC, GRC, and LaRC, solving for flow about large test objects

mounted in awind tunnel.

Sharp
OVERFLOW on

IPG
using Globus and
MPICH-G2 for intra-

problem, wide area

Whitcomb

Lomax
512daode SGI Origin 2000 Application POC: Mohammad J. Djomehri

47

m CSAR

HPC
Cray T3E, Origin 2000, Origin 3000, Itanium
Fujitsu
SGI Cray CSA (Comprehensive System

Accounting)

CPU

48




T3E -
816CPUs

Origin 2000
128CPUs

Fujitsu
Vpp3000 - 8

[tanium

cluster IBM SP

cluster
Origin 3000

512CPUs

Globus

Daresbury Labs - CCLRC

EPSRC:The Engineering and Physical Sciences Research
Council)

Globus
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g DoD HPCMP

[ DOD
HPCMP High Performance Computing
Modernization Program
m DoD HPCMP 3
(HPC)

Common High Performance Computing Software
Support Initiative (CHSSI)

http://www.platform.com/PDFs/whitepapers/build
ingqrids.pdf

51

# DoD HPCMP

2 HPC

m HPC

52




Site Location Type
AEDC Arnold Engineering Developnent Arnold Air Force Base, TN Dc
Center
ARL Army Research Lab Aberdeen Proving Ground, MD MSRC
AFFTC Air Force Flight Test Center Edwards Air Force Base, CA DC
NAVO Naval Oceanographic Office Stennis Space Center, MS MSRC
NRL Naval Research Laboratory Washington, DC DC
RTTC Redstone Technical Test Center Redstone Arsenal, AL DC
SMDC Space and Missile Defencse Command Huntsville, AL DC
SSCSD Space and Naval Warfare Systems San Diego, CA oc
Center, SD
Tank-Automotive Research,
TARDEC Development and Engineering Warren, MI DC
Center
WSMR White Sands Missile Range White Sands Missile Range, NM DC
o4 Major Shared Resource Centers (MSRC: )
*17 Distributed Centers (DC: )
53

DoD HPCMP

Site Status LSF Cluster Name System Name System Configuration
ARL Active ari-sgi Gargole 8CPU Origin2000
NAVO Active navo-sgi odyssey 128 CPU Origin2000
NRL Active nrl-metag Neo 128 CPU Origin3000
RTTC Active rttc-sgi lucy, snoopy 2 x 32 CPU Origin2000
SMDC Active arc-sgi arc220 80 CPU Origin2000
. . . 32 CPU Origin2000
TARDEC Active tacom-sgi dracos orion 28 CPU Origin2000
- - Deep-kimchi 4 CPU Origin2000
WSHR Active wsmr-sgt Deep-purple 64 CPU Origin2000
AEDC Inactive
AFFTC Inactive
SSCSD Inactive
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Confidential

Major Shared Resource Centers (MSRCs)

Organization Systems Applications
US Army Research Lab 10 x ©2000/03000 Structural Mechanics,
Total of 1256p Electromagnetics

(includes 3 x 3800/256, total of 768)

Wright-Patterson AFB 6 x 02000 CFD, Electromagnetics
Aeronautical Systems Ctr  Total of 512p

US Army Engineer and 3 x 02000/03000 Structural Mechanics
Development Center Total of 776p Climate Modeling

(includes 3800/512)

Naval Oceanographic 2 x 02000 CFD, Climate
Office, Stennis Total of 136p Modeling
Total 2680p
55
Confidential
u Distributed Centers (DCs)
Organization Systems Total CPUs Applications
AAC (MS) 2 x Onyx2 68 CFD
02000 20
JINTF (CO) Onyx2 88 FEA
02000 64
NAWCWD (CA) 2 x Onyx2 64 FEA, CEM, Acoustics
RTTC (AL) 2 x 02000 64 FEA
TARDEC (MI) 2 x Onyx2 88 FEA
MSRC & DC 48 systems 3840 cpus
56




m Foster, |. & C. Kesselman (eds.), The Grid: Blueprint for
a New Computing Infrastructure, Morgan Kauffman
Publishers, Inc.,

The GLOBUS Project, http://www.globus.org

Platform Computing, http://www.platform.com

Global Grid Forum, http://www.gridforum.org

New Productivity Initiative,
http://www.newproductivity.org

m Department of Defense, United States of America, High
Performance Computing Modernization Program,
http://www.hpcmp.hpc.mil

m NASA Information Power Grid (IPG),
http://www.ipg.nasa.gov

57

g¢ e-HPCoom

mSGlI CSC

m 512P Origin3800 6 pipe Onyx

m : BNFL, BAE Systems, Pratt
and Whitney, Merrill Lynch

m Grid

58




Frorrceom

URL:
http://www.e-hpc.com/
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m SGI
NUMA
IRIX ACE (Advanced Cluster Environment)
Performance Co-Pilot
NUMAflex
VizServing
CXFS
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IP)

m SGI

SGlI

HPC

63




66




RISC SMP NUMAflex™
SMP
SGI™Qrigin™
SGI™Origin™ 300
3000 Series
SGI™
SGI™
Origin™ 20
Challenge™/ 2uod
Power Challenge™
IRIS Power
Series™
r
1988 1994 1996 2000 2001 2002
67

CPU

Hub

Memory

—El—

CPU CPU CPU

CPU

CPU

m ccCNUMA

cache-coherent
Non-Uniform Memory

m Single-system image (SSI).

Next level

512
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" Bus & Switch

Processor || Processor Processor | Processor
| | | |

Main Main
Memory Memory

Local Switch

. 4w lane
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" ccNUMA SGI Origin 3000

| C-brick | | C-brick | [ c-brick | [c-brick ]

| c-brick || | c-brick | | c-brick |

| c-brick || | c-brick | | c-brick || | c-brick |

[ c-brick | | c-brick | [ c-brick | | c-brick |

HP & Sun | &

Compaq |4

IBM

o

100 200 300 400 500 600




[ |
[ |
= CPU,
[ |
= Origin 3000

= 1000 CPU

MIPS IPF

512CPU

74




NASA/Ames: 1024 CPU Origin 3000

CPUs
1024 (MIPS R12000)
400 MHz CPUs
800 MFLOP/s per CPU
819 GFLOPS total
8 MByte cache per CPU
8 GByte total Cache

Memory
256 GB main memory

Disk
4 TB FC Raid disks

System Software
OS single system image
Single XFS File System
Compiler parallel 1024 CPUs wide

75

MP

MLP Process 1
Common /locall/ al,b1
QR focal2/ Lot

=
&
I I

UNIX Shared Memory Arena (Holds BC data, etc)

-
Solve Zones 1,4,3 :

Data sharing via =
Load/Stores I

330 nanosec
C——
Contrast with I
WPl at =
10 microsec I

MP

MLP Process 2
common /locall/ al,b1
common /local2/ c1,d1

Solve Zones 2,5

common /global/ x,y,z

764




Performance (GFLOP/s)

Origin3000

OVERFLOW-MLP Performance vs CPU Count
Systems: 512 CPU 02K, 128 CPU 03K

75
/V
Problem: 35M Points, 160 Zones ,//
7
60 e
7
e
e
b d
Mendel 03K (400:MHz) —»//
45
'
7
7
'
7

30 < Lomax 02K (300MHz)
15

16 CPU C90 OVERFLOW limit
Origin limit for Standard Release

256
Number of CPUs

384

Gigaflops

Origin3000

NASA Climate Modeling
Initial FVCORE Scaling on Popular Systems
(MPI results from Rotman, Mirin etal)

14

12 +—

10 ——

—e— 02K 300mhz - NAS - MLP
—*— Power3 200mhz - NERSC
—— 02K 250mhz - NAS
PPC604e 332mhz - ASCI Blu
-#-EV5 440mhz - LLNL
——T3E-900 - NERSC

240 256

#CPUs 78
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www.sgi .co. jp/origin/300
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SGI™ Origin™ 300

m SGI Origin 300
4 MIPS® CPUs,

n PCI

12 64-bit, 66MHz PCI

m SGI™ Total Performance 900

(TP900)
Ultral60 SCSI JBOD
584GB 3.5
G . _, NUMAIlink

8 NUMAIlink

Tall rack (39U)
76 CPUs

Short rack (17U)
32 CPUs

32 CPUs 56 PCI
SSi

p® SGI™ Origin™ 300

1 m NUMAIlink
NUMAIink : /

Origin3000 Router(R-
Brick)

Short(17U) rack : 2-16P

Tall 39U) rack : 2-32P

/

3
l'f




SGI™ Origin™ 300

32p Origin300
39U Origin3000 Rack

16 pci slots...8 busses

16 internal disk slots

8 external SCSI busses
32GB MAX Memory

24p Origin300
17U Origin3000 Rack
2 pci slots...6 PCI busses

23U config E 12 internal d!sk slots

I= 6 ext scsi bus

1 24GB MAX Memory
— 13U config
Origin30( |E'
Origin30C 'E- origin300 4P
origin3oc .? : Origin300 4P

Rou = Origin300 4P

Origin30( Origin300 4P
0rigin30C
Origin30 Origin300 4P
Origin30(

Origin300 4P

Power E :- 3ay

83
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MPI MPICH
MPI

2 Globus (Globus Metacomputing Toolkit)

Foos

Resource Management GRAM

Communication Nexus Unicast/Multicast
Information MDS

Security GSlI Authentication
Health and status HBM

Remote data access GASS

Executable management GEM
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Duroc e Duroc
GRAM | GRAM GRAM GRAM Gram
PBSPro | Fork() LSF Fork()

|

87

® IRIX  Globus

m |[RIX Globus

Origin2000, Origin3000, Origin300, Octane...
LSF, PBS-Pro, OpenPBS...

IRIX message passing toolkit, MPICH-G2
OpenLDAP, Netscape server, Oracle...

http://www.sgi.com/newsroom/3rd_party/1112
01 globus.html
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m Globus

World-Wide

DHCP WWW)

W Layer 3

89

20




m SGI ‘Layer 3’

Performance Co-Pilot
= Globus

IRIX
CXFS -
DMF - HSM

VizServer —

91

SGI

o UID

o PCP(Clusterviz) SGIConsole(Hoover)

o CXFS -
o AFS -
. RAID

¢ IRIX uiD

o VizServer Viz




SGI

Global Grid Forum

NASA AMES MLP)
Global Grid Forum

Infiniband

PBS, LSF, NQE
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m HPC)

m HPC
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Design

Imagine l

:Data,
1 %% Post-

Decide Process
Visualize

Compute

IRIX®

Linux®
Solaris™
Windows NT®

CXFS

TP9400

DMF &
data mgm’t

/

\

="

LInuX

Solaris | | N1
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32-bit Linux

TP9400
[ [
[
u m SGI XFSTM
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Storage




n SAN

=
E/i —

User Access
User Network

HIPPI HIPPI
2x Gl 2x Gh

Partition 1 Partition 2
Front-End  Front-End
32 CPUs 32 CPUs

Total 512 CPUs

Online
Storage
(CXFS)

scsl ==
9840 |—

SAN:

5 16-port
Fibre
Channel
Switches

STK 9310
6 9840
Drives

i
I GSN

' (2003)  HIPPI
|

10TB User

| _———| Data (RAID)
Fibre

Channel =

B High-
tions Performance
Computing
Network

102

1024 CPU/1 TFLOPS/10TB




MDO

103

API
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Engineering Remote Locations

Suppliers

Customers

" Ford SGiIi
n NVH

Ford 390K body-in-prime
NVH MSC.Nastran RADIOSS
NVH

Response surface  Kriging

Ford 6 4

Origin3800/256
TS
i ii Roof sh

NVH
Ford Motor m \Frontal Safety Off-set \
Scientific Research Labs ﬁ ﬂ
—

SGI sgi
Industry HPC Development
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m SGI™ Server Systems:
http://www.sgi.co.jp/servers/

m OpenGL VizServer:
http://www.sqgi.com/software/vizserver/index.html

m CXFS:
http://www.sqi.co.jp/products/storage/software.html

m SGI™ Advanced Cluster Environment
http://www.sqgi.com/software/ace/irix.html

m SGI™ Onyx Systems:
http://www.sqi.co.jp/onyx3000/

m Visualization Systems
http://lwww.sgi.com/visualization/
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