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WNY-Bitomedical Advances

PSA Test (screen for Prostate Cancer) M Direct Methods Structure

Avonex: Interferon Treatment for Determination
Multiple Sclerosis U Listedon“Top Ten
Artificial Blood Algorithms of the 20t

Nicor ette Gum Century”

Fetal Viability Test - Vancomycin

|mplantable Pacemaker J Sra;]macm::n A
i i i iy%. -1 B High Throughput IS
Edible Vaccinefor HepatitisC [ i+ =
Timed-Re InsuliipTher " Crystallization Method: Patented
apy B NIH National Genomics Center:

Anti-Arrythmia Therapy Northeast Consortium

O Tarantulavenom B Howard Hughes Medical
|nstitute: Center for Genomics &
Proteomics
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Bioinformatics in Buffalo

A $290M Initiative

UB Center for Advanced Bioengineering & Biomedical
Technologies
ity St B

d $IM/yr NYS
1 Med Tech for Product Dev & Commer. 11 Y—: .Z, " (sity at
- 'miversit

B Center Disease Modeling & Therapy Discovery
d UB, HWI, RPCI, Kaleida e
0 $15.3M NYS
1 Softwar e, device development, and drug therapies

B Buffalo Center of Excellencein Bioinfor matics
Q uB, HWI, RPCI
0 $61M NYS .» .L
0 $10M Federal Gover nment 1 _' J
[ $151 Corporate Funding

B UB Faculty Funding: $64M

!
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ead Partners SUNY -Buffalo,
Hauptman-Woodward M edica

Resear ch Ingtitute, RoswghirPark
Cancer Inst ute

B CorporatePartners.Amersham Pharmacia, AT& T, Beckman Coulter,
BioPharma Ireland, Bristol Myers Squibb, Confederation of Indian
Industries, Dell, General Electric, Human Genome Sciences, HP, Immco,
| nfor M ax, I nvitrogen, Pfizer Pharmaceutical, Q-Chem, Sloan Foundation,
SGI, Stryker, Sun, 3M, Veridian, Wyeth L ederle, Zeptometrix
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Expertimental Facthties-|-

B Molecular Targeting Laboratory
1 Screen 30-50K compounds every 3 months
 Apply compound to cell (different genestreated w fluor markers)
L Rapidly identify effect on specific gene expression pathways
B Gene Expression Laboratory
U High-throughput microarray and gene chip
[ Discover new genes, their functions, and pathways

B Proteomicsand Molecular KineticsLab
d Identify molecular targets found in Gene Expression Lab

B Disease Modeling L aboratory
In vivo testing (flies, mice, baboons,...)
1 Genetargeting and genetic mapping facilities

CCR
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Experimental Facthties-H

B Bioengineering Support Laboratory
(1 Capabilitiesin photonics and nano-tech research
L E.g., handheld devicesto test for diseases

Protein Scale-Up and Purification

High-Throughput Robotic Combinatorial Chemistry/
Parallel Synthetic Chemistry Capabilities
 Drugs created robotically; Tested for interaction with target protein
1 Rapid identification of alarge number of potential drugs
B Public Health and Molecular Pathology

dTissuerepositories, disease gene maps,; medical infor matics
B High-Throughput Search Process for Structural Biology

O Tests 1536 “chemical cocktails’ to deter mine effective parameters
for crystallization

CCR
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» UBCOEB-2002-03-Snapshot

B Personnel ”
O Hired Jeff Skolnick as Director (7/02) '*'%?’ e
QBrought 13 additional staff to Buffalo % - g

O Hired Norma Nowak as co-Director (4/03)

EQUENCE TD

QAuthorized to hire 10 additional research
1 Additional members TBD

B External Funding ($0)
U Applications submitted

& e
QAuthorized to hire 10 additional research‘@ﬁ.@upgt >

THICOWPS

FROTEIN-FROTEIN

DCCEING
OF LIGARDS

B Deliverables
0 Six (6) scientific papers
B Resources
0 Building Jrucre S

U 6TF® 10TF Compute Cluster

CCR

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



1 110 Research Groupsin 27 Depts
25 Companies and I nstitutions

B Sample Areas
O Urban Visualization and Simulation
O Computational Chemistry
O Ground Water Modeling
1 Geophysical Mass Flows
O Networked Multimedia
1 Medical Imaging

B Training
O Workshops, Cour ses
(1 Degree Programs

CCR
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~ CCR 1999-2003 Snapshot

B Personnel
118 State-Supported Staff
2 Grant-Supported Staff

B External Funding

QO%$13.5M aslead
Q$97.5M in support

1$41.8M Vendor Donations
B Ddiverables

1350+ Publications

L Software, Media, Algorithms,
Consulting, Training, CPU
Cycles, €tc. e TN

CCR
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Computational Resources——

B Ddl Linux Cluster - #22 on top500
0 600 P4 Processors (2.4 GH2z)
1 600 GB RAM; 40 TB Disk
B Ddl Linux Cluster - #187 on top500
O 4036 Processors (Pl 1.2 GHZz)

UBCOEB Sysiél

F

B |IBM RS6000 SP

d 2TB RAM; 160TB Disk; 16TB SN m

B SGI Origin3800

64 Processors (400 MHZz)
O 32 GB RAM; 400 GB Disk

O 78 Processors

0 26 GB RAM; 640 GB Disk
Sun Microsystems Cluster

O 48 Sun Ultra 5s (333M H2)

0 16 Dual Sunblades (750MHz)

O 30 GB RAM, Myrinet
SGI Intel Linux Cluster

0 150 Pl Processors (1 G

Q 75GB RAM, 25 TB Di
Apex Bioinformatics System

O Sun V880 (3), 6800, 280R (2), PlllIs

0 Sun 3960: 7 TB Disk Storage
HP/Compaq SAN

0 25 TB Disk; 250 TB Tape

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

CCR



Computational Chemistry (King, Kofke, Coppens, Furlani, Tilson, Lund,
Swihart, Ruckenstein, Garvey)

O Algorithm development & simulations
Groundwater Flow M odeling (Rabideau, Jankovic, Becker, Flewelling)

O Predict contaminant flow in groundwater & possible migration into streams and lakes
Geophysical M ass Flows (Patra, Sheridan, Pitman, Bursik, Jones, Winer)

O Study of geophysical mass flows for risk assessment of lava flows and mudslides

Bioinfor matics (Zhou, Miller, Hu, Szyperski — NIH Consortium, HWI)

O Protein Folding: computer ssmulationsto understand the 3D structure of proteins
O Structural Biology; Phar macology

Computational Fluid Dynamics (Madnia, DesJardin, Lordi, Taulbee)

0 Modeling turbulent flows and combustion to improve design of chemical reactors,
turbine engines, and air planes

Physics (Jones, Sen)
0 Many-body phenomena in condensed matter physics
Chemical Reactions (Mountziaris)

Molecular Simulation (Errington)
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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

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



" Sample-Visualization-Areas

B Computational Science (Patra, Sheridan, Becker, Flewelling,
Baker, Miller, Pitman)
1 Simulation and modeling
B Urban Visualization and Simulation (CCR)
 Public projectsinvolving urban planning

B Medical Imaging (Hoffmann, Bakshi, Glick, Miletich, Baker)
1 Toolsfor pre-operative planning; predictive disease analysis

B Geographic Information Systems (CCR, Bisantz, Llinas,
Kesavadas, Green)
1 Parallel data sourcing software

B Historical Reenactments (Paley, Kesavadas More)
Q Faithful representations of previoudy existing scenarios

B Multimedia Presentations (Anstey, Pape)
O Networked, interactive, 3D activities

CCR
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ShoaErous | MIP Group

Ful Screen

Collaboration with
Children’s Hospital

U Leading miniature
access surgery center

B Application reads data
output from a CT Scan

. VISlJallze mUItIpIeSLIrfaceS I Topgletdask T cinky blask | [lsoWible |  PesstComers| [ Showdoes |  [alWebe |
and volumes e e J
. . [ ] i
B Export images, movies or e o 2ot Hiﬁ S
CAD representation of 0 M comssin|  co | o
fommdesin Crop Mode
model = \_wnl S B
Sopytoiaskafue ot [R50 I | e [
(25 | e e [0
it Fir Cptiors | 1o Grtiona| Yol Option=| Advanced | Caphure |
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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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Multiple-Sclerosts Project

K

B Compare caudate nuclel
petween M S patientsand
nealthy controls

B | ooking for sizeaswdll
as structure changes
L ocalized defor mities
L Spacing between halves
B Ableto seecorrelation
between disease
progression and physical
structur e changes

CCR
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GLOBAL

DISCOM

g e SinRG

United rtual :
Sta]tes observg{ APGrid

PROTEIN DATA BANK

CCR
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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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Computational Grids &

Electric Power Grids

B SimilaritiesdGoals of CG and EPG
JUbiquitous

JConsumer iscomfortablewith lack of
knowledge of details

M Differences Between CG and EPG
JdWider spectrum of performance & services

JAccess governed by more complicated issues
QSecurity
QPerformance
QSocio-palitical factors

CCR
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-Enabhlng-the-Grid

B [nternet isInfrastructure
1 ncreased networ k bandwidth and advanced services
B Advancesin Storage Capacity
dTerabyte costs less than $5,000
B |nternet-Aware | nstruments
B |ncreased Availability of Compute Resour ces
dClusters, supercomputers, storage, visualization devices
B Advancesin Application Concepts
L Computational science: ssmulation and modeling
dCollaborative environments® large and varied teams
B Grids Today
dMoving towards production; Focuson middleware
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¢ Growth of Data and Load
s

Courtesy of

VS. Moore’'s Law  caxsees

Metabolic Pathways
Pharmacogenomics

Human Genome

Combinatorial
= Chemistry

L ESTs l

!
| . Moores La
1990 2000 2010
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BIOmedlcaI Data: __ Courtesy of

— Rick Stevens

High Complexity and Large Scale

Protein-Protein l
? o Interactions
@ metabolism
pathways N
millions receptor-ligand

Physiology
Cdllular bioldgy
Biochemistry
Neurobiology
Endocrinoloay

4° structure : .

Protens genesic variants\\ et milliong Semgse

Hundred sequence individual patient bas v h"‘i% TN

; : e T e Rl R

thousands| 2°structure epidemiology ESTs vy :

3° structure Genetics and Maps attorns | 3

MPM LGYWDI RGLAHAI RLLLEYTDSSYEEKKYT. . Linkage Lar ge- scal e 2
billions| DNA sequences & . Cytogenetic
alignments Clone-based

..atcgaattccaggcgt cacattctcaattcc

m|II|ons\ E EE gE EE EE E
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computational-Motivation:

urtesy of

Rick Stevens
Ecological Processes
and Populations (] [ o O /
Tissue and Organismal ¥
Physiology /
Cellular & Developmental Morphogenesis and Development
Processes / / J
Simulation of Metabolic and
Signal Transduction Pathways
Biochemical Pathways Predicting
& Catalysis, Molecular
Processes Y . Z / V4 V4
Dyna v [~ 4 y49%4 v
Structures of Multi- "
molecular Predlcie(ggalifoficts of
complexes
Genes, Proteins, L . .
RNAs, and other Predicting Three-_DlmenS|onaI Predicting Functions
Biomolecules Structures of Proteins and RNAs
Predicting Protein Simulating and Understanding Gene
Sequence Expression Networks
Reconstructing Phylogeny,
Genes and Gene Structures Homology, and Comparitive
Genome Large-scale Approaches
Sequences Genome
Sequencing Assembled Genomes Sequence Vr_:matlon of
v Populations

CCR
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A-Short-History-of the-Grid

B Grand Challenge Problems (1980s)
ANSF and DOE initiatives
“ Scienceisateam sport”

I nitiate multi-resour ce proj ects involving computation,
Instruments, visualization, data

B Evolution of Related Communities L

JPL | JPL wWoodbury
Oak

Grove: \ PASADENA
K Caltech

dParallel computation
QAddressresourcelimitations

L Networking
QGigabit testbed program CASA G('f’gzbc;;; estbed

M Investigate potential testbed network ar chitectures
B EXxplore usefulnessfor end-users

CCR
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( The Globus Project

(lan Foster and Carl Kesselman)
B Globus modd focuses TheGrid asalLayered Set of Services

Grid services
J Resource access and
management

Q Grid FTP = | ovusin

 Information Service
O Security services
O Authentication
QAuthorization
QPolicy
QDelegation

O Network reservation,
monitoring, control
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Extensible-TeraGrid-Facthty-(ETF)

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
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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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i X-Ray Data & Corresponding
-

Molecular Structure

Underlying atomic arrangement isrelated to thereflectionsby a 3-D
Fourier transform.

Ll e !
eee0e o QW_'-’
Reciprocal or *** ‘& Real Space
“Phase” Space . 5
oo FFT-1
‘e &/
X-Ray Data Molecular Structure

*Phaseslost during the crystallographic experiment.
*Phase Problem: Deter mine phases of thereflections.

CCR
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Shake and-Bake Method:

S ———— S ——

Dual-Space Refinement

Trial

S

fructures Shake-and-Bake

Structure

Factors Tangent

_ Formula—>
l Trial _ o)
> Phase Density - _
Phases Refinement Modification
(Peak Picking)
Par ameter FFT? (LDE) _
Shift C—— Solutions

Reciprocal Space Real Space

“Shake’ “Bake”

té Univerdity at Buffalo The Sate University of New York  Center for Computational Research
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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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Ph8755:-SnB Histogram—

Atoms: 74 Phases: 740
Space Group: P1 Triples: 7,400
60
Trials: 100
50
Cycles: 40
40
30
Rmin range: 0.243 - 0.429
20

10 I

0.252 0.272 0.292 0.312 0.332 0.352 0.372 0.392 0.412 0.432
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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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—Proof-of Coneept

B Combine CCR’s Heter ogeneous Compute

Platformsinto a Grid

4 Client/Server Configurations
1 Rapid Prototype 4Q02 (not Globus)

B Develop a user interface to monitor system
4 Dynamic HTML Grid Interface

B Key Featuresfor Proof of Concept

J
J
J

|_oad Balancing
—ault Tolerance

Result and Grid Statistics

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

CCR



Client/Server Configuration

Typel

Type 2

@&

B g Server
O Relay Server

. Platform Server
<> Node Server Type 1

‘ Node Server Type 2
O ssH Tunne

<>
<>
<>

4_

.,

T

T
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Internet Grid-Console—

B Dynamic HTML Grid Status

U Grid Server Information
Q Date/Completion Time
Q Parallel Run Time/Serial Run Time/Speedup
Q Trial Result Rate (Trial/Minute)

U Shows Configured Platform Information Dynamically
Q Platform — Type/Name/Picture
Q Status— Idle/lWorking/Offline

Q Resources— Nodes/Total Process/Available ProcessRunning
Process

O Shows Job Status Dynamically
Q Trails—Total Number/Amount Processed
Q Platform Server State— Block Queue/Float/Race
Q Result Figure of Merit Histogram
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Grid Server Console

'[]BC ENTER FOR COMPUTATIONAL RESEARCH
uni'll‘El‘Sifj' at Buffalo The State University of New York

COMEOLE GEID SEF."FEE PLATFGRM SERYER STATUS

iRl ST aw | us .
T i RN, s [ A | S A
B EE

= — i’ - | 2
SC1INTEL/ALPHA | SCIINTELALPHA | DRA RNa fom it e IEM44F | SCI OCTANE | SGIONYX2

| DELL BIAI!EI‘ULTB‘.A. | PWENFWR3
— — — — — — = — e et — ———— — — - —
HMOONGLOWSE NASHMOONGLOWS | DNA RNA | YOUMNG | STILLS | COASTERS | THEDOORS | CREAM

DaE AN DA RAIT MY RAE O4HE BT OB DR BAZL D2 RAIE DG M 0T REDE D A0 DN O Dl G0 AT QD BAE O Bl DD B DR S DR a0 00 DUl FANE D RN DA AT G R0 D] BT RN LY S T s

CCR
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—Status-Report

m Grid Portal
L Access control lists, security groups
d User attributes, history, proxies
1 Managed through MySQL database

B Globus
dVers2.2.4installed and in production
d Metacomputing Directory Services (MDS) stored in MySQL
QEliminates need for LDAP

B Condor and Condor-G
1 Used for resour ce management and grid job submissions

CCR
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Ié University at Buffale The State University of New York

CCR

Center for Computational Research

High Performance Grid Computing
Home Index Logout Learning & Teaching J Research support J Infrastructure J

Buffalo Grid Computing = . .
: ‘3 CCR Computational Grid

=43 CCR-Buffalo-Dev
1 young, cor buffalo.edy
1 vardbirds. cor. buffalo. edu
13 fogerty.car buffalo. edu
11 mama.ccr. buffalo. edu
=43 joplin. cor.buffalo.edu
Other Services » {:l memory e

Contact Information » EH:I filesystems %
B networks
=453 jobrmanagers

-3 jobmanager-fork

=43 jobmanager-pbs

®@ debug

= grid
= medium
{3 vshort
H{3 short
e
E
£

Grid User Suppart w
Grid Enabled Software » ¥
Hardware Resources » E
Software Resources » E
Seminars & Education » E

Zkills Development »

Red gueue color indicates
that there are currently
running or queued jobs.

1 feed

1 long_d

13 long_n

B sp-1

#1 benchmark

B default

H{3 crosby.cor.buffalo.eduy
H {1 nash.ccr.buffalo. edu

=@ HWI




ECCE Grid at CCR

B Computational Chemistry B | mport Scientific Information
d Relativistic effects’/Heavy Q Application independent input
elements

U ECCE automatically formats for

< Algorithm development tar get application (Gaussian98,
O Theoretical physical chemistry NWChem)
B Structural/Systems Biology m Computing at CCR

4 Protein structure
L Enzyme catalysis
B Chemical Engineering

[ 881 available CPUs (>2.5T Flops)
l (Xeon, P3, Power3, R12K)

O Uniform accessto all platforms

- Condensed phases/Mixed phase viaECCE “job launcher”
predictions m Chemical Analvs
Q Catalysis emical Analysis
B Geology, Pharmacology, Medical = F“” c%mpsltemgnt of visual tools
School or under standing

data/publication quality graphics
CCR
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(= | a o = lE = —
4 ECCE Perindic Table |[=][ai[] 14 ECCE - v3.0 B
File View Help =, “ help 7
: ; feadback
] w] [ e o7 (b4 )= S ——
LIE Blclul ol Flue | Ex!it {:alc:ulatnr:rn e calculation |machine periodic wiru:lml-'s_ mr
Ma|Mg allsil el s ar| b <3» [=][a][x] .
K | cal sc| 1] v | or|mn| Fe| co| ni] cu| zn| GalGe| As| se| Br| Kr | A
Rb] Sr| ¥ | Zr | Hb| Mo] Tc| | ® 44 ECCE Calculation Viewer
Cs|Ba| La| Hf|Ta| W |Re|{ Calculation Display WView Options Surface Run Mgmt
Fr | Ra] Ac| Rf| Dh| 5g| Bh h_.g Chemical SYStEITI __{ 0.051
ce| Pr|malPmli | |  Basis set alg—cc—pyDZ S0
Np »| Launch Info joplin—short *
»|  Setup Parameters @f\.
Run Statisti
'h. un stics Wl
x . »-| Energies —76. 0418435622
4 ECCE Machine Browser : gff‘ml
= > gGeumetryTrax:e =
Machine -
- [ gMuments
Configured Machines W el gNurmal Modes E
S »-| 0l Mulliken Charges
drifters E- ECCE Calculation Manager
joplin-production T i 5
Calculation Edit Options Run Mgmt Tools Help
nash
stills I ﬁi|%|<€|&|®|
= . : . S
& Ecid Dot Samrlocalkoet [ Mame | Reviewed | Creation Date | Modified Date | Application | Formula
! EI St Froject d11:2a
77 system HF-dimer-CCSD_1_ 7 05/30/03 14:35
& [y users HF-dimerCCS0_ 05/30/03
[ s G34-test
B (] ecceadm . N
. 5 £ ishulgin Calculation_9_1
. El jhednasz -t Calculation_3 053/071/03 10:44 05/03/03 09:00 MWWChem Hz o
EH E;.- jtilson | =y Calculation_i 0501403 10:43 05/03/03 08:39 MNWChem HZ O
Queue: | feed - By G34-test 2y  Calculation_7 05/01/03 10:32 05/01/03 10:34 NWChem  CF4
+ 1 Project e S .
= | v i ] 9 Mk ~|EcC Fiiecce |=Ecc | D | H 5
L | ;\_‘% s :'.. @ f# i - 1_ = 'r
2 e z e “A Ecce B Ecce | ) jtisone |E]| HE T




?-"‘Genomlcsm powering the new biology, but Computingisin thedriver’sseat.”

—B1oGrids —

BioGrids provide scalable computing so that biologists can focus on biology.

m EUROGRID BioGRID EUREEGRID

B Asia Pacific BioGRID k/aj

. . AP aMET i
[] NC BlOG”d North Carolina “
BioGrid

B Bioinformatics Resear ch Networ k

oy

B Osaka University Biogrid Broorid 3
INAATVORHES

B |ndiana University BioArchive BioGrid il @ie-Aschive
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Contact Information.-..

miller @buffalo.edu
www.ccr .buffalo.edu

CCR
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