The Center for Computational Resear ch

Russ Miller

UB Distinguished Professor, Computer Science & Engineering
Senior Research Scientist, Hauptman-Woodward M edical I nst

University at Buffalo
The Sate University of New York




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 aPC 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 solvethe most challenging
problems

“Seymour Cray isthe Thomas Edison of the supercomputing industry” Seymour Cray
-Larry L. Smarr 1925-1996
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-Beowulf Clusters

B |ndustry Standard Hardwar e and Software ThomaS%:t'gg]
1 PC-Based Components (Intel or AMD) ] 8L
d Ethernet or Myrinet
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 - LINUX Cluster .
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—Fastest Computers——

Y ear Mach Procs | GFlops
1976 Cray 1 1 0.1
1982 Cray 4 0.9
X-MP

1986 Cray 2 4 2

1989 Cray 8 2.7
Y-MP

1989 TMC 8192 28
CM-2

1992 TMC 1024 131
CM-5

A 1-year calcin 1980 = 5.4 sec today
A 1990 HPC = a laptop today

Y ear M ach Procs | GFlops

1993 Cray 1024 152
T3D

1994 Fujitsu 140 236
VPP

1996 Hitachi 2048 368
SR2

1997 Intel 9152 1830
ASCI-R

1999 Gl 6144 3072
ASCI-BM

2000 IBM 8192 12,288
ASCI-W

2002 NEC 5120 | 40,960
E.S.
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Earth Simulator

m 40T Flops Peak
B Homogeneous, i
Centralized.

|

| Cartrisge Tepe Library Syatsm

R _Eurn'lng of
fossil fuel,
Deforestation

o

hnic activity Air pollution
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1999-2003 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 $111M External Funding
O%$13.5M aslead
Q$97.5M in support

0 $41.8M Vendor Donations
B Ddliverables
1 350+ Publications

4 Software, Media, Algorithms, Consulting,
Training, CPU Cycles...

‘Center for Computational Research
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-Major-€CCR-Resources———

B Del Linux Cluster: #22® #25® #33® SGI Origin3800
0 600 P4 Processors (2.4 GHz) g g;' grgzﬁrsiggoel\é I_||32')Sk
0 600 GB RAM; 40 TB Disk; Myrin ' !

) | |BM RS/6000 SP
m Dell Linux Cluster: #187® #368® Off ' 70 pr oo s

1 4036 Processors (Pl 1.2 GH2z) 0 26 GB RAM: 640 GB Disk
4 2TB RAM; 160TB Disk; 16TB SNm sun Microsystems Cluster

4 Restricted Use (Skolnick) - Q 48 Sun Ultra 5s (333MH2)
- : : ) | O 16 Dual Sunblades (750MH?z)
0 30 GB RAM, Myrinet

SGI Intel Linux Cluster
O 150 PIIT Processors (1 G
d 75 GB RAM, 25 TB Di
Apex Bioinformatics System
O Sun V880 (3), 6800, 280R (2), PllIs
0 Sun 3960: 7 TB Disk Storage
HP/Compaq SAN (4Q03)
O 75 TB Disk; 200 TB Tape

CCR
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Advanced CCR Data Center (ACDC)

Computational 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.
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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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X-Ray-CrystaHography——

atomsin acrystal.

B Procedure

1. |solateasinglecrystal.
2. Perform the X-Ray diffraction experiment.

P ,,:,,,

P .,fz--._'j- b
SWM%

3. Determine molecular structurethat agrees
with diffration data.

CCR
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Shake and-Bake Method:

S ———— S ——

Dual-Space Refinement

Trial

Structures Shake-and-Bake DeTitta, Hauptman
“Top Algorithms of the 20t" Century” - ’
Miller, Weeks
Structure
Factors Tangent
Formula—>
l Trial _ )
> Phase Density : _
Phases Refinement Modification
(Peak Picking)
Parameter FFT (LDE) :
Shiff —— Solutions

Reciprocal Space Real Space

“ Shake” “Bake"

CCR
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Phasing-and -Structure-Size

Se-Met with Shake-and-Bake

......?

Se_Met 190kDa

Multiple Isomorphous Replacement

Shake-and-Bake

N

Conventional Direct Methods Vancomycin

0 100 1,000 10,000 100,000
Number of Atoms in Structure

CCR
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Objectives

B |nstall Grid-Enabled Version of SnB
B Job Submission and Monitoring over Internet
B SnB Output Stored in Database

B SnB Output Mined through Internet-Based
Integrated Querying Tool

B Serveas Templatefor Chem-Grid & Bio-Grid
B Experience with Globusand Related Tools

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

CCR

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



omputing Services: - Microsoft Internet Explorer

File Edit Wiew Favorites Tools  Help

.[é University at Buffalo ]
DTN
T i ]

Lenter for Computational Research -

High Performance Grid Computing

PORTAL LOGIN Welcome to Grid Computing Services
Grid General Info
* About ACDC Grid Univarsity at Buffalo Center for Computational Research is currently

* Computational Grid forming the first Western New Yaork computational grid, The

» Data Grid computational grid consist of many supercomputers located at the

# Publications Center and several other networked supercomputers throughout the

» Technical Papers Western Mew Yark region, These resources will be shared by many

# Presentations researchars from several departments warking on a diverse suite of
» Contact Us problems including Bioinfarmatics, Computational Chemistry, and
» Grid Account Requast Medical Imaging to name a few. .
# Grid Account Support + {
» Events we also provide grid'computing sUppert for the University's Center
» News for Computational Research learning & teaching and research
Projects activities plus the infrastructure for both high performance
Becoiis e computing and grid enabled software,
Education/Outreach Got your "Grid Computing Guide"?
Staff Only
CEERIME Do you want to learn about 'Grid Computing'?

CCR

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



2} CCR Grid Computing Services: Data Management - Microsoft Internet Explorer

File  Edit Miew Fawvorites Tools  Help

— -[é University at Buffalo The State University of New York
[ [ ' e T
’ DT D J T A T

-Center for Computational Research 7~

High Performance Grid Computing

PORTAL LOGOUT VIEW | Group 'I GROUPI miller 'I UserListI rappleye 'I
u Tool
::l:n:g.::ccount a I'ElpplEYE
Grid General Info Ea KeyMaster
Projacts B2 Morpheus
Re £
» ::n:l::ute:ﬁonal Grid = a TokE
# Job Submission D Agent
# Job/Queune Status D Rabbit .
Poaacad BE8 Tank Browser view of
# Running/Queued Jobs E‘a Morpheug [ 1 n 1
e s Y miller” group files
# Grid Portal Statistics .
* Condor Flock Statistics B MNeo publlshed by user
# User Information E]'D Meo
Education/Outreach [].D Cy’pher “rappleye”
Staff Only []‘D
CCR HOME Heo

H-{] Morpheus

H{1] oracle
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-Grid-Portal-dJob-Status——

U8 D Cannaiatiime Servecsss 54 Acfiriin - Micepsalt belipmet Englostt
Bl B e Fyeobes ook Helo

B Grid-enabled jobs can be o e ek o

. . . " Bhd P B
monitor ed us ng the Gr I d Porta Center for Computational Research G

web inter face dynamically. oo 1 o
 Chartsarebased on: e

W Fansgm Accawmt

Ototal CPU hours, or s ot o P ST P

 Lompubativnd Gl ; R
o re Compnrarioa] Grid Rumaing User fobe

Ototal jobs, or e

= Ot il ol SRt

& Marbwendn St Tae

Ototal runtime. e

= PG ek Hiiteiy
# el Prorkal 4 tuka e

1 Usage data for: e
Qrunning jobs, or e
Qqueued jobs.

 Individual or all resour ces. o wm

Chart Flald : migreesn

Tl CPU Howrs

. §8EREEEERE

ikringh  migresn 12 g urd FiEhoi corgEdT kB

Gleoet Yolies | L6S3T .50 =
. mumibhar of Jobs @ 2 (Total @ 53 Parcentags @ 7.55%)
D G r Ou pw by . dyrer o Mumber of Nodes/ Frocs ; 23,75 27.00 {Total ; 486/ 797 Percontoage ; 19.55%)
Avnesgfps Funtane [ 16663 Hours (User Total | 75« 50 Percentage © 16,95 )

hvarage CPU Hour Production 1 4154 98 Hours {User Total 1 16557.50)
O r OU Or Total CPU Howr Production ; 3153703 Hours (User Fercentags : 52.48%0)
g p y Thes chert= sre bt on a dyramic basis wmirg PBS quesue inFormabion that 1= updsted syery 156 mirotes, Thers
ara two sakctions availabla for dsplaping the usage data, curently nnring jobs o curantly queded jobs, Sl
charts can ba buit using &l resounces or for any sakctad resowrca. Tha usage data can ba graupad by queua
O u%r Or MAME, USEr NaTE, oF groug nemes, The subssguent skatistics produced and displsyed by howvering ower 5 chart
] fiald are awaraged based an e “group by® salacton,

Description of chart fiskd howar statistics;

Qqueue.

Chart Flald 1 Deports the currant chart field nama depordant an tha *grouped by* salaction {guaue nama,

umEr name; or group namr':.

Chaert Valise @ Faports tha current cham wals -
¥

CCR
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g err veee fornd Ardmn - Micross®t lmleeaet Esplarer
Fyvorkas  Tods  Heln

Yind

Center for Computational Research

* bl Quae: A Rabiis

* Barks Grid

* Wb Grid Bbabisbice

* e Povwi bt

* Mumming, Gaesad Teks
» FiES Jalh i by

» i Parial Hakistins
& Tawdar Pk S8 anmams
» Bumi Babaria e

%Hﬂrﬂt\-ﬂuﬂﬂr.—

-

High Performance Gnd Cal

Chart bazed on: |18l CRU hows =)
usage data for rqunu.nji:t;-ag
fur |A| ) .3 RSO ES
prouped by: [L—:'Eu-_‘ _ﬂﬂ

Conpararomal Grid thened User Jabs

120

e

SHEEEZEEE

Ecduraiion ; Tnssasch
Whaff Dely 4
eT Y
1000
-
migEs RSngh Hwdgn  AidiEl  ceNS3E b pmng flBon
Lheast Flald @ milgiaain
Chart Yalue - T&Z3.17
Pembes of Jobs | 27 (Total : 60 Perceniage @ 45.008:)
Avarnna Mumber of Modes/Drocs @ 106,/ 309 {Tatad : 1641/ 3306 Parcentage = 3.9100)
Suerage Runtimes ; 7192 Hours (User Toted © 194175 Percentaqe - 71,9000}
Avarade CPU Hos Production @ 282 34 Hours (User Total @ 7E23.17)
Toted CPU Hour Production ; L0015, LT Hours {IJHI Parcentege : 24.58% )
Tha charts ars built on & dynamic bams usng PES queus mfommstion that = updsted svery 15 mnok
are two selections avalabla for dsplaying the usage data, corantly running jabs oF cumently quadm
charts can ba built using =l resourcas or far sny selscked resounce, The uzags dats can be groupec
Fiaiia, USar name, of oFou name. The oibsaquant statistics produced and deplayed by havering o
field ar= averaged based an the *group by* selectian.
Descnption of chart fiald hower stahstics:
Chast Flald = Baports the curent chart fiakd name depandant on the "groupsd By® selectian |gques
usEr nEmeE, oF group name ),
Chost Vaolie | Reports tha curment chart wake
il
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:I 12 Grsl Compatisg Service s Grid fddmis - Memsoft Internet Beplorer

O 6

FORTAL LO-EoUT
User Taoks

R Rl
Grid Gamarald Infs
Prajects

Hazoowcne
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High Pa

Chart basad on: total CPU hours

u=age data for: queusd phs
far: &)l remmonc s
groupsad by: user rigresd

1 3364
2 E3I0E
3 g3Ies
4 F3367
5 F3NEa
B F3IE0
T E33aT0
B E33T1
9 EaTe
10 23373
11 z3I7+
12 =337s
13 23376
1d 23377
15 =33I78
16 =3ave
17 Z33ed
18 23381
10 233ED
20 F33IE
21 =3B+
22 F3ek
23 23166
24 T33IET
25 r3iEm
26 FIIES
27 23393

migrasm
migreen
migreen
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migragn
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migreen
migreen
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migreen
migracm
migraen
migreen
migreen
migraen

Caseniption af tabk fialds:

Job_Nuirm & Sequentid counter far o nurber

miler
millar
milar

Fl kI B3 D3 KD R ORI RX PO ORE ORI R N3 RS R R RS ORD e e

BYORI ORI ORI R R

O T T i

RSl
T1. DlESEESEESET
T1.910060a0 00T
Tl olasteananT
71, 016G HE66E56T
71, DlESEESEESET
Tl.RleSaeaneaaT
T1.010a0000 0007
T1 B1EGEEGEEGET
71, B166HE0REGET
T1.DlESEESEESET
T1.910a60G0 BG0T
T1. 018880080007
71, 01E56EE6E567
71. V15566566567
T1.01l566E66E5ET
T1.918a0000 0007
F1 BEGREGAEGET
71, D1EGHEAAEAET
T1.RlE5EEGEESET
T1.OLAGG0G0BGET
T1. 01880000007
71, B1EaREEAEHET
T1.D1ESBESEESET
T1.0lESEEEEESET
T1.910G60a0 00T
Tl olasteananT
71, 916G HE66E5ET

Job_Id = PRS job dantification rumber comesponding to local PRS queue b nombar.
Usarnamse ; FES job owner local ussmame.
GROUpETE 2 PES job ownee e primasy gRoup nams,

]

Tirme] FiF)
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gueLed
oLl
el
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quened
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3 DO, G Comnyputing Services; Grid Sdmin - Micros ot Inbemek Bogplorer

B CondorView Se e e ik b
Integrated into CCR .
ACDC-Grid Portal Center for Computational Research

High Perarmance Grid Campuling

Téwhr:ln at Bufale The

RTT i

T rr= Conder Hachine Statstic s for Henth - Moot Inbermet Explores

Fie Ede Wew  Fawrkes  Took
_ ] Help PORTAL LOGOLIT

i i FRT ([0 P 1
CCR Condor Pool Machine Statistics for Month s et
LA Compral [nfio
_FioenTug Aug 16111596 EOT 3000 1 Won Gap 15 315110 EOT 3002 Peen jects
FREA1 27 Rrsnuwees

= Canivapanta b oo al Gl
= Jady Galirredas o

LER T = Juh Quieaie Status
= Data Cad - -
R Condor Pool Statistics for CCR
12 2116TE * M ghpwadls 5t " :
Bl vy e d b
3 PES Job Mictery Pool Resource (Machine) Pool User (Job) Statistics
BATHA5 = 0l Partal SEatistics S-tal:isl:ics
::Iml ;:ucllmms » For tha past hour
5 .. .“ 0 » For tha past hour * Forthe past day
142783 ;;‘;‘;“";‘““‘“" o et At dy s For the past weeek
Eor th Al » For Ha past month
— & For Mz iant s » For the manth of [1an] [Fab] [Mar] [apr]
3 . ] 1] [Aug] [Eep] [Oct]
oo - » For the manth of [Jan] [Feb] [Mar] [Apr] [May] [Jun] [1u
WeE20 FAzl Sundd T Thesd Galdd Nontl Wed 3 FAS Bun [May] [Jun] [Ful] [Aug] [Sep] [Oct] [Mdow] [Da=e]
] Eoam In Zoam Cut | [riov] [Dec]
gk Hisir: The ‘Picchs & oumber of machime: s Moach & tiss . 'Whan grgh Bnidhus updaiing, jross ' Tiofipes ™ tn vier d8ord. Ankisctes o Sre s
T “ Forsel b CERT AR 6 [t iy (B 0o oF e (it ety Pl S ) &
Jreh Chwmer Aoverage Conder Averags Idle Averags
Tw 2 2 I] |:| ||> 2 Gyt comnment s ene
F12 5% G0 10 AT
0.5 a0 0.5
B AR (512 0 ) @5 )
SUTRDNS 1.2 a0 159
B : (102 ) (B% W)
Spbmit comments beve

CCR
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, Groundwater FHow-Modehng

B Regional-scale modeling of groundwater
flow and contaminant transport (Great
L akes Region)

B Ability toinclude all hydrogeologic |

ey

‘lﬁ
CANADA ec73  JhunderBay Marathon ' Lo,
L

features as independent objects; G S . T s

Lak® Supa.r,:,,r TRy ST

B Current work isbased on Analyti c;-.v o s o

Duluth A Sault Ste. Marle s

Marguetts y
Element Method ol e
L

,,,,, 2
@,

;"' 4-"1

’
\,l" \-.

f\*“\

f\'

. -I: . i M""-‘ 932{,& Parr-,.fSounEl" Tl ‘-"\jl A
Key features: ; - e o= A
A Green Qh’ ::f;" ¢ oo SR Trentong 4 3
. . . (" Bay @ o : wen Saun a0 ] o 5
J = T C on ""‘Q‘ER
D H | gh pr eclsSion \ = HEin "'l Toroniog Lsknachastar :
EXPLANATION o e X
=

D H Ighly par a”el [__| Great Lakes Dranage Basin 1\' s .
0 Object-oriented programming s M.waél
D I ntel“gent user Interface @ Ground-water withdrawal

rate, in millions of gallons per day i

5= Y -‘
™, in Flim ‘Sﬂlla il \\

BA" e .J Lake ="~ ~J
ol mdsor ErJ'E |@Er|‘? Miagara
J Falls

{:—}D’Edo m Cleveland/Akron

l
. <« -
Bay Ci ity g I Hamllton. - ;® (ms',r Tacuse
. ®Saginaw i eLondon 5, uffalo., .

s Fort
39 @Wﬂvne

South Bend/  Elkhary Lo Battle Creek/

B Utilized 10,661 CPU days (32 CPU year gyt e comn e Sacs mapEnnmond Cnas
computing in past year on CCR’scommodity
clusters

CCR
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Colima
H/1L. = 0.05

e au,‘_‘__

B |ntegrateinformation g&
from several sources

J Smulation results
O Remote sensing
1 GlSdata

B Develop realistic 3D
models of geophysical
mass flows

B Present information

at user appropriate
resolutions

High End Simulation

. ) and Visualization
Scientists *
Remote 'Real time
Hazard - visualization server
Managers *

Web éervers
Public / * \
‘Web based

visualization

HE®HWpEHPOQ®

H%

CCR
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B Ability of proteinsto perform
biological function isattributed to
thair 3-D structure.

B Protein folding problem refersto
the challenge of predicting 3-D
structure from amino-acid
sequence.

B Solving the protein folding
problem will impact drug design.

CCR
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B Fakespace ImmersaDesk R2
O Portable 3D Device

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

B Access Grid Node

4 Group-to-Group Communication
O Commodity components

B SGI Reality Center 3300W
1 Dual Barco'son 8~ 4’ screen

B VREX VR-4200 Stereo Imaging
Proj ector
U Portable projector workswith PC

CCR
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CCR-VisualizationProjects

B Peace Bridge Visualization Project

U CCR, Niagara College of Canada, Bergmann, IBC, eMedia Inc,
Par sons Engineering

B StreetScenes®

4 Virtual Reality (VR) softwar e solution for 3D visualization of
surfacetraffic

B Buffalo Niagara Medical Campus

.1;,
0 CCR, IBC Digital Inc. ‘
O Eumceégency response/ GIS— Earthquake
B Williamsville Toll Barrier *
Q CCR, TVGA
B Accident Reconstruction
Q CCR, TVGA
B Biomedical Imaging
QCCR

CCR
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. Visualization in Planning
} Studies

www.BAVIZ.coOM

Bergmann Associates: Indian Street Bridge'- Florida

CCR
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E\/illiamsville Toll Barrier Improvement
Project

Williamsville Toll Barrier Improvement Project (Night)

Eastbound Toll Barrier Westbound Toll Bamier

Initial Photo Match incorporating real and computer-gener ated

-_ cComponents

% Univerdity at Buffalo The Sate University of New York  Center for Computational Research
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Real-time Stmulation

2 B

Key Receptor Sites
I:I Multiple Viewpoints
O Fully Interactive
0 Aerial Photography

www, B AY | Z.o0om

CCR
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. —Accident Reconstruction

CCR
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- The Accident

2 B

i Outlet Mall
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. Accident Animation
(Driver’s View)

s

AT
‘.I. . -.‘. = :1 ,_
L2 ) {J
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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

=
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B Collaboration with
Children’s Hospital

L eading miniature
access surgery center

B Application reads data ‘\\
output from a CT Scan

B Visualize multiple ] e e el
surfacesand volumes = .. peme [T :
B Export images, movies s _-ﬂul = D aig m':m
or CAD representation | ™ weaf- B L
uuuuuuuuu [ Aty s [ xml_w

Copy o hasked | e I Apply tmal | [ Active M

of mode — e =

[ ‘File Gptinns| =0 Qptians | Vol Optiona| Advanced| Copure |
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B Collaboration with
Buffalo Neuroimaging
Analysis Center
(BNAC)

1 Developers of Avonex,
drug of choicefor
treatment of MS

B M S Project examines
patients and compares

scansto healthy
volunteers

Sieeirous | MIF Groug |

[=]

[ ]

S| [

dd] = ke
Brich Sn

Yo

Uk

Copyin AllSiees|  Saar Mask Cofaction |
Copydn siiced foo

rrvert bieck.
Copyy 1o btk [ e

“Fils Cptinna | Isn Crtion |v|apm|nmm|capmr=|
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Setect-WNY-Synergies—

B |BC Digital B Niagara College
d Gov. Pataki Visit Q Start up
] Peace Bridge (Early & Current)
O Buffalo-Niagara M edical Campus
1 Compute Cyclesfor Animation

B Bergmann Associates

O Peace Bridge (Current)

B Hauptman-Woodward
Medical Research Institute

Q Peace Bridge (Current) J Computing
Q NYS Thruway Toll Plaza J CoIIaPoratory |
B Azar & More B TheChildren’s Hospital of
Q Reenactment of 1901 Pan Am Buffalo
Exhibition 0 Medical Visualization
1 PHSCologram & Courses B Veridian

0 Avid Digital Editing 0 Battlespace M anagement

CCR
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—QOutreach

B HS Summer Workshopsin Computational Science
UChemistry, Bioinformatics, Visualization
d10-14 HS Students Participate Each Summer for 2 weeks
Project-Based Program

CCR
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—QOutreach

B Pilot HS Program in Computational Science

dYear long extracurricular activity at Mount St. Mary'’s,
City Honors, and Orchard Park HS

Produce next generation scientists and engineers
dStudentslearn Perl, SQL, Bioinfor matics
J1$50.000 startup fundina from Verizon, PC’s from HP

-

CCR
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—Medta Coverage

e Bl.lSlnué guS FlI'St | BUFFALO
NEWS

T..:' HMOs t:ut Medillre premiums

i x . ot e

Patio home
development
proposed for

= Tewnoof Aurora | art director
up for award

l.- -\.-.4 Il:l.i Ea
e —— ]

An edrlv lc)ok at hlmnfonndtt&

Oy ESINEA Ik Sl
N Searity s ovos
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