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Co-Founder of Intd

would double every 12/18 months

Disk storage doubling every 12 mos.

B Aggregate bandwidth doubling every 9 mo

Predicted (1965/75) that transistor density

Processing speed doubling every 18 mos.
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Gordon E. Moore

B A computation that took 1
year torun on aPC in 1985
would only take5 minsto
run on a PC today!

B A computation that runsin
2 hourson a PC today
would have taken 24 years
torun on a PC in 1985!
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—Supercomputers———

B Fastest computersat any point in time
B Used to solve large and complex problems
B Machines 1000 times faster than a PC

B M achines 10 times slower than what
you need to solve the most challenging
problems

“Seymour Cray isthe Thomas
Edison of the super computing
industry”

-Larry L. Smarr

Seymour Cray
1925-1996
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-Beowulf Clusters

B |ndustry Standard Hardwar e and Software Thomas%jt'gﬂ
0 PC-Based Components (Intel or AMD) ] L
U Ethernet, Myrinet, I nfiniBand
dLinux, PBS, MPI
d*“ Commodity Off-The-Shelf” (COTYS)

B Operatesasa Single System o | AR
B Rivals Performance of Traditional Supercomputer
at a Fraction of the Price

o ‘ff" LINUX Cluster. -
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A0TF
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SUPERCOMPUTER SITES
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TOPS500 List for June 2004

Rmax and Rpeak values are in GFlops. For more details about other fields, please click on the button "Explanation of the

Dawning

Fields"
EXPLAMNATION OF THE FIELDS
1 |Earth Simulator Center |Earth-Simulator / 5120 |NEC Vector Research 1.0752e+06
Japan/ 2002 'NEC |SX6 (40960 266240
2 Lawrence Livermore | Thunder NOW - Intel Research 19940 975000
National Laboratory Intel Itanium2 Tigerd Itanium 122938 110000
United States/ 2004 1.4GHz - Quadrics / Itanium2 Tigerd
4096 Cluster - Quadrics
| California Digital
[Corporation
3 |Los Alamos National IASCI Q - AlphaServer |HP AlphaServer |Research /13880 |B&33000
|Laboratory |SC45, 1.25 GHz / 8192 |Alpha-Server-Cluster 120480 225000
IUI'Iited States,/ 2002 'HP |
I IBM - Thomas Watson ‘BlueGene/L DD1 IBM BlueGene /L Research 11680 331775
Research Center Prototype (0.5GHz BlueGene/L 16384
United States/2004 ‘PowerPC 440
w/Custom) / 8192
| _ [IBM/ LLNL _ | | |
5 INCSA | Twngsten Dell Cluster Academic Q819 630000
United States/2003 'PowerEdge 1750, P4 |PowerEdge 1750, 115300
| Xeon 3.06 GHz, Myrinet Myrinet
S 2500
|Dell | |
=] "ECMWF eServer pSeries 690 IBM SP Research 55955 350000
United Kingdom,/ 2004 (1.9 GHz Powerd+) / SP Powerd+, Weather and 116051
12112 Federation Climate Research
[ IBM
7 Institute of Physical and /RIKEN Super Combined Fujitsu Cluster |Research 8728 474200
Chemical Res. (RIKEN) | Cluster / 2048 Fujitsu Cluster 112534 120000
Japan/ 2004 |Fujitsu
8 'IBM - Thomas Watson 'BlueGene/L DD2 IBM BlueGene /L Research 18655 294911
‘Resesarch Center Prototype (0.7 GHz BlueGene/L 11469
United States,/2004 ‘PowerPC 440) / 4096
IEMS LLML
2 | Pacific Northwest National |[Mpp2 |HP Cluster |Research le&33 835000
Laboratory Integrity rx2600 Integrity rx2600 11616 140000
United States/ 2003 |Itanium2 1.5 GHz, Itanium2 Cluster
Quadrics / 1936
10 |Shanghai Supercomputer Dawning 4000A, 'NOW - AMD 'Research ‘BOG1 728400
Center ' Opteron 2.2 GHz, NOW Cluster - AMD - 11264 180000
Chinay 2004 ‘Myrinet / 2560 Myrinet

Linpack
36TF

20TF

14TF
12TF

10TF

OTF
OTF

9TF
OTF

8TF



Capacity vs Capablllty

B Capacity Computing B Capability Computing

L Commodity Processors 1 Special Purpose Processors
0 Commodity Networks 1 Custom Networks
U Leverage Millions of U Designed for Science
Pr ocessor s Designed for Q Few M achines Sold
HomeUse QHigh Price
4 Attractive Price Point
Commodity (Clusters, NOWSs) Mixed Custom
Commodity Processors Commodity Processors Custom Processors
Commodity I nter connects Custom Interconnects Custom Interconnects

|A32, |1A64, AMD, Alpha, Power PC
GigE, IB, Myrinet, Quadrics

Clusters, HP Alpha, NEC TX7 SGI Altix, Cray Red Storm,  Cray X1, NEC SX-7,
< Blue Gene/L |IBM Regatta >
L oosely Coupled Tightly Coupled

CCR
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Earth Simulator

m 40 TFlops Peak
B Homogeneous, i
Centralized.

|

| Cartrisge Tepe Library Syatsm

R _Eurn'lng of
fossil fuel,
Deforestation

o

hnic activity Air pollution
CCR
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tASCI Purple and Blue Gene/L

System

B ASCI| Pur p| e (2004) (64 cabinets, 64x32x32)
g :_BL|\|;| IIDO o5 (32 Node%%gpde;, 8x8x16)
W
d 12K Processors Node Board
4 100 TF|OpS (32 chips, 4x4x2)
o Blue Gene/L (2005) 16 Compute Cards
O LLNL Compute Card
0 Power PC (2 chips, 2x1x1)
O 128K Processors
3 Linux
O 360 Tflops

1111111,‘
)
e

180/360 TF/s
16 TB DDR

Blue Gene/L

2.9/5.7 TF/s

256 GB DDR
90/180 GF/s

8 GB DDR

5.6/11.2 GF/s
2.8/5.6 GF/s 0.5 GB DDR

LLNL Thunder (2004) 23TF; 1K 41T2, Quadrics

Sandia/PSC Cray Red Storm (2004) 40 TF, Opteron, Hypertransport
LANL Lightning (2004) 11 TF; Linux Networx; 2816 Opteron; Myrinet
ORNL Cray X1 (2005) 50 TF; Vector PEs; 2006: 100 TF

Dawning (China, 2004) 11 TF; 2560 Operon; Myrinet
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1999-2004 Snapshot

B High-Performance Computing and High-End Visualization
1 110 Research Groupsin 27 Depts
13 Local Companies
1 10 L ocal Institutions

B External Funding

d $116M External Funding
O%$16M aslead
Q$100M in support

1 $43M Vendor Donations
d Total Leveraged: $0.5B

B Deliverables
4 400+ Publications
O Software, Media, Algorithms, Consulting, =
Training, CPU Cycles... S
% Univerdity at Buffalo The Sate University of New York  Center for Computational Research CCR
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Major CCR Resources

(12TF & 290TB)

Dell Linux Cluster: #22® #25® #38® #95M Apex Bioinformatics System

1 600 P4 Processors (2.4 GHZz) 0 Sun V880 (3), Sun 6800
1 600 GB RAM; 40 TB Disk; Myrinet 1 Sun 280R (2)
B Ddl Linux Cluster: #187® #368® off QdIntel Pllls
1 4036 Processors (Pl 1.2 GH2z) L Sun 3960: 7 TB Disk Storage
4 2TB RAM; 160TB Disk; 16TB SAN B HP/Compag SAN
B |BM BladeCenter Cluster: #106 L 75TB Disk
1 532 P4 Processors (2.8 GHz) 190 TB Tape
4 5TB SAN 1 64 Alpha Processor s (400 MH2z)
B SGI Origin3700 (Altix) 1 32 GB RAM; 400 GB Disk
L 64 Processors (1.3GHz ITF2)
4 256 GB RAM B |BM RS6000 SP: 78 Processors
0 2.5TB Disk B Sun Cluster: 80 Processors
B SGI Origin3800 B SGI Inte Linux Cluster
1 64 Processors (400 MH2z) L 150 P11 Processors (1 GHz)
1 32 GB RAM; 400 GB Disk O Myrinet
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B Fakespace ImmersaDesk R2
1 Portable 3D Device

B Tiled-Display Wall
0 20 NEC projectors. 15.7M pixels
O Screenisl1ll” 7
4 Dell PCswith Myrinet2000

B Access Grid Node

0 Group-to-Group Communication
0 Commodity components

B SG| Reality Center 3300W
1 Dual Barco'son 8~ 4’ screen
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B Proposed Options
——— A Relocate US plaza

, Pty 1 Build a 3-lane companion
] e i ~ =| Span, rehab existing bridge

= 7- 1 Build a six lane signatur e span

PHUT‘:I HN[." STGR'T Ef F‘RE_TE[ jHﬂ:Hbﬂr'l e S

CCR
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Collaboration with
Children’s Hospital

U Leading miniature
access surgery center

B Application reads data
output from a CT Scan

B Visualize multiple surfaces

model

ShcaGroig | MIP Groig

T Togglehiazk [ by bdask | [lsotisble | PesstCamera| [ Showdees | [ Vol Wisbe |
nd lum N i ~ [ T
a Volumes = 1 [ éete | [T 5|
. . [ ] E S
B EXxport iImages, moviesor —
. MHQJ Dlesr Wisk I Eraza Wik ein] "Srl’u.ne
CAD representation of bl comosrsies|  Cowtiesco| ailﬁ” —
| Crop Medel
Inuert hdask ml‘ A Lo l xrﬂ!l_ 4
Copgiomaskef i et o D |
ErglfE e Sl ]
Gk m{ I=a ﬂp'fnn:l ol D|:Iinn:| Aduanced | Cophre |
% Univerdity at Buffalo The Sate University of New York  Center for Computational Research CCR




B StreetScenes® isa
Virtual Reality (VR)
softwar e solution for 3D
visualization of surface
traffic

B 3D modéel of proposed
soccer stadium In
Rochester

B Used StreetScenes® to
Import output filefrom

Synchro traffic
simulation

=

% Univerdity at Buffalo The Sate University of New York  Center for Computational Research CCR



Grid-Computing-Overview-

Thanksto
Mark Ellisman

Data JAcquisition Advanced | Visualization

Analysis

Computational -
Resour ces S

L ar ge-Scale Databases
B Coordinate Computing Resour ces, People, I nstrumentsin Dynamic
Geographically-Distributed Multi-1nstitutional Environment
B Treat Computing Resourceslike Commodities
0 Compute cycles, data storage, instruments
0 Human communication environments

B No Central Control: No Trust

I maging I nstruments

CCR
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Factors-Enabling-the-Grid

Internet isInfrastructure
U Increased networ k bandwidth and advanced services
B Advancesin Storage Capacity
A Terabyte costs less than $5,000
B |nternet-Aware Instruments
B Increased Availability of Compute Resources
4 Clusters, supercomputers, storage, visualization devices
B Advancesin Application Concepts
L Computational science: smulation and modeling
U Collaborative environments® large and varied teams
B Grids Today
L Moving towar ds production; Focus on middleware

CCR
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NSFExtenstble TeraGrid-Factlity

Caltech: Data collection analysis LEGEND ANL: Visualization
Clust ¢ Visualization
0atrincs [0 . : o & o 1.25 TF 1A-64
torage erver are emory *
IA32 Datawulf — 96 Viz nodes
80 TB Storage - Disk Storage @ Backplane Router 20 TB Storage

Extensible Backplane Network
LA Chicago
40 Gb/s Hub

30 Gb/s 30 Gb/s

30 Gbh/s

Figure courtesy of 30 Gb'/s

Rob Pennington, NCSA

4 TF IA-64 10 TF IA-64 6 TF EV68
DB2, Oracle Servers 28 large memory nodes 71 TB Storage
500 TB Disk Storage . 230 TB Disk Storage 0.3 TF EV7 shared-memory
6 PB Tape Sto and data mining 150 TB Storage Server
1.1 TF Powe - - ﬁ . '

SDSC.: Data Intensive NCSA: Compute Intensive PSC: Compute Intensive

Ié Univerdity at Buffalo The Sate University of New York  Center for Computational Research CCR



“Advanced Computational Data Center

ACDC: Grid Overview

Joplin: Compute Cluster

300 Dual Processor
2.4 GHz Intel Xeon
RedHat Linux 7.3

38.7 TB Scratch Space

Nash: Compute Cluster

75 Dual Processor
1 GHz Pentium Il
RedHat Linux 7.3

1.8 TB Scratch Space

ACDC: Grid Portal
4 Processor Dell 6650

Young: Compute Cluster

16 Dual Sun Blades
47 Sun Ultrab
Solaris 8

770 GB Scratch Space

Expanding
RedHat, IRIX, Solaris,
WINNT, etc

I

Mama: Compute Cluster

9 Dual Processor
1 GHz Pentium Il
RedHat Linux 7.3
315 GB Scratch Space

1.6 GHz Intel Xeon
RedHat Linux 9.0

66 GB Scratch Spactﬁ

g —

Crosby: Compute Cluster

SGI Origin 3800
64 - 400 MHz IP35
IRIX 6.5.14m

360 GB Scratch Space

CCR

19 IRIX, RedHat, &
WINNT Processors

T1 Connection

Computer Science & Engineering
25 Single Processor Sun Ultra5s

School of Dental Medicine
9 Single Processor Dell P4 Desktops

Hauptman-Woodward Institute
13 Various SGI IRIX Processors

Note: Network connections are 100 Mbps unless otherwise noted.

Ié Univerdity at Buffalo The Sate University of New York  Center for Computational Research CCR




Network Connections

CENTER FOR
CCRigzE - ___ o Mbps .cse@baf;%ff

www.ccr.buffalo.edn
100 Mbps
—1.54 Mbps (T1) - RPCI 100 Mbps 0oC-3-11
MedlcaI/Dental

44 7 Mbps (T3) - BCOEB 155 Mbps (OC-3) I2

1.54 Mbps (T1) - HWI

NYSERNet
BCOEB ? 350 Main St
@ Abile =622 Mbps (OC-12) Commercial

CCR
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" ACDC Data Grid Overview

(Grid-Avallable Data Repositories)

182 GB Storage

Joplin: Compute Cluster

300 Dual Processor
2.4 GHz Intel Xeon
RedHat Linux 7.3
38.7 TB Scratch Space

Nash: Compute Cluster

75 Dual Processor
GHz Pentium Il
RedHat Linux 7.3

1.8 TB Scratch Space

I 100 GB Storage

ACDC: Grid Portal
4 Processor Dell 6650

56 GB Storage

. ——t

Young: Compute Cluster

16 Dual Sun Blades
47 Sun Ultrab
Solaris 8

770 GB Scratch Space

—

CSE Multi-Store

— 2186 ~
—
3

Storage Area Network
75TB

Note: Network connections are 100 Mbps unless otherwise noted.

70 GB Storage

Mama: Compute Cluster

9 Dual Processor
1 GHz Pentium Il
RedHat Linux 7.3
315 GB Scratch Space

1.6 GHz Intel Xeon
RedHat Linux 9.0 E
66 GB Scratch Space

100 GB Storage

e —
136 GB Storage

Crosby: Compute Cluster

SGI Origin 3800
64 - 400 MHz IP35
IRIX 6.5.14m

360 GB Scratch Space

Network Attached :
1 Dual Processor

Storage 250 MHz IP30 |
1.2TB IRIX 6.5 :

Fogerty: 'L'nn-:ic;r Flock Master

CCH

19 IRIX, RedHat &
WINNT Processors

T1 Conmectian

Computer Science & Engineering
25 Single Processor Sun Ultrabs

School of Dertal Medicine
9 Single Processor:Dell P4 Desktops

Hauptman-Woodward Institute
13 Various SGI IRIX Processors
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Grid-Enabling Application

Colima
H/1 LN e

B Structural Biology
B Earthquake Engineering

O PoIIuIan’Abatement
stems & BioHazards

_[€ naptaj.,cnlnformatlon Sym

USA \-"-H'"
r'i kg Sup a”ﬂ'r
~ ~ ey
- i -
r" ¥~ “"-.._‘ gSudbury’y
| .Duluth Marguette Y Sault Ste. Marle ".:
bl ® Saultste. Marie % Mam%ﬁamwall
S ety . N PN
"'} - “"-..,‘ s‘ﬂﬂb" Parry Souna" - ‘j'If \\\
h o ®retoskey [ ke Kingstong 3
¢ Green < Huron ®owensound @ -
i & WeEn wn [
J  Bay o ® raverse City |" o8 I]T'-ﬁ"" ! osweqq s
Y @I = \ Torontog, 18 Rm:hastar
L
EXPLANATION < 4: Bay City g } Hamiltong ('.}S',rracuse
Y
| Greatlakes Drainage Basin |/~ J - m\ esaginaw | ) ongon wﬁ""f"f.-‘;.,‘ -
— == .8A/Canada border M“waué. . Rapaps ( Flint ) Sarnia ot SN
- Lake~"~ a
* g?s":w“s " \JB./kalama '/;f \{' E@ml iifisor Erie ,@E”Q Miagara
r und-water withdrawal L Falls
L@ rate, in millions of gallons per day ol \\.V' \\“-‘\E \‘}-. \._\_,’/_._\' ’
cag &
O —)./— \“ Fort \ @ oledo ali"ﬂe(::Iq:_vm:_‘l.a.nﬂ-';\!.kmn o 5 100 MILES

| - l.-."-‘\_.
™ e -
- f 0 50 I00KLOMETERS

Souree map:. Erwironment Canada

Portagel # South Bend!  Elkhary —— Battle Creek/
Michigan City  Mishawaka Goshen Jackson

té Univerdity at Buffalo The Sate University of New York  Center for Computational Research




ACDC-Grid

Cvber-Infrastructure

B Predictive Scheduler

U Define quality of service estimates of job completion, by
better estimating job runtimes by profiling users.

B Data Grid
O Automated Data File Migration based on profiling users.

B High-performance Grid-enabled Data Repositories

 Develop automated procedures for dynamic data
repository creation and deletion.

B Dynamic Resour ce Allocation

 Develop automated procedures for dynamic
computational resour ce allocation.

CCR
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ACDC-Grid

~_Collaborations

B High-Performance Networklng Infrastructure
B WNY Grid Initiative R R
B Grid3+ Collaboration i l . --

=

m VDGL Member - IR

B Grid-Based Visualization
1 SGI Collaboration

B Grid-Lite
A HP Labs Collaboration

B |nnovative Laboratory Prot
d Dell Collaboration

CCR
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Grid-Services-and-Applications

-and-Bake ache ysaL racte
: |l. nd-Bake a i! SQL /

i

D ||

dor fat Linux | WINNT
e [ we | ik | solaris
Adapted from lan Foster and Carl Kesselman
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—Nhddleware

B Globus Toolkit 2.2.4® direct upgrade WSRF
B Condor 6.6.0

B Network Weather Service 2.6

B Apache2 HTTP Server

mPHP 4.3.0

B MySOL 3.23

B phpMyAdmin 2.5.1
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