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Academia in the 21st Century

n Embrace digital data-driven society
n Empower students to compete in knowledge-based economy
n Support research, scholarship, education, and outreach 
n Support HPC infrastructure, research, and applications 
n Deliver high-end cyberinfrastructure to enable efficient
q Collection of data 
q Management/Organization of data
q Distribution of data
q Analysis of data
q Visualization of data
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Center for Computational Research
1998-2005 Snapshot

n High-End Computing, Storage, Networking, and Visualization
q ~140 Research Groups in 37 Depts

mPhysical Sciences
mLife Sciences
mEngineering
mScientific Visualization, Medical Imaging, Virtual Reality

q 13 Local Companies 
q 10 Local Institutions

n External Funding: $300M+
n Total Leveraged WNY: $500M+
n Deliverables
q 1100+ Publications
q Software, Media, Algorithms, Consulting,                        

Training, CPU Cycles… 
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CCR-Supported Research at UB
n Physical Sciences

q Autschbach (Chem), Coppens (Chem), Errington (CBE), Furlani (CCR), Han (Physics), Jones 
(CCR), King (Chem), Kinney (Physics), Kofke (CBE), Lund (CBE), Markelz (Physics), 
Ruckenstein (CBE), Sen (Physics), Swihart (CBE), Szyperski (Chem)

n Life Sciences
q Almon (Biology), Andreadis (Chem Eng), Beal (CSE), DeTitta (Structural Biology), Halfon 

(Biochemistry), Gaile (Biostatistics), Hu (CCR), Hauptman (Structural Biology), Koffas 
(Chem Eng), Miller (CSE), Murphy (Medicine), Nowak (RPCI), Sullivan (Ophthalmology), 
Szyperski (Chem), Trevisan (Public Health), Weeks (Structural Biology), Willsky 
(Biochemistry), Zhang (CSE), Zhou (Physiology and Biophysics)

n Engineering
q Atkinson (CSEE), Aref (CSEE), Bisantz (IE), Becker (Geology), Bucher (CCR), Bursik 

(Geology), Cartwright (EE), Dargush (CSEE), DesJardin (MAE), Flewelling (Geography), 
Green (CCR), Jankovic (CSEE), Jayaraman (CSE), Jones (CCR), Llinas (IE), Madnia (MAE), 
Nagi (IE), Patra (MAE), Pitman (Math), Qiao (CSE), Rabideau (CSEE), Reinhorn (CSEE), 
Sheridan (Geology), Singh (MAE), Upadhyaya (CSE), Zubrow (Anthro pology)

n Scientific Visualization, Medical Imaging, Virtual Reality
q Ansty (Media), Baker (Nuclear Med), Evans (Oral Bio), Geffan (Oral Bio), Hoffmann 

(Nuclear Med), Innus (CCR), Jones (CCR), Kesavadas (MAE), Lockwood (Neurology, Nuclear 
Med), Miletich (Nuclear Med), Pape (Media), Paley (Classics), Yao (Nuclear Med)
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n SGI Altix3700 (0.4TF)
q 64 Processors (1.3GHz ITF2)
q 256 GB RAM
q 2.5 TB Disk

n Apex Bioinformatics System
q Sun V880 (3), Sun 6800
q Sun 280R (2)
q Intel PIIIs
q Sun 3960: 7 TB Disk Storage

n HP/Compaq SAN
q 75 TB Disk; 190 TB Tape
q 64 Alpha Processors (400 MHz) 
q 32 GB RAM; 400 GB Disk

Major Compute/Storage Resources 

n Dell Linux Cluster (10TF)
q 1600 Xeon EM64T  Processors (3.2 GHz)
q 2 TB RAM; 65 TB Disk
q Myrinet / Force10
q 30 TB EMC SAN

n Dell Linux Cluster (2.9TF)
q 600 P4 Processors  (2.4 GHz)
q 600 GB RAM; 40 TB Disk; Myrinet

n Dell Linux Cluster (6TF)
q 4036 Processors (PIII 1.2 GHz)
q 2TB RAM; 160TB Disk; 16TB SAN

n IBM BladeCenter Cluster (3TF)
q 532 P4 Processors (2.8 GHz)
q 5TB SAN

n SGI Intel Linux Cluster (0.1TF)
q 150 PIII Processors (1 GHz)
q Myrinet
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Computational Projects
n Archaeology
n Bioinformatics
n Computational Chemistry
n Computational Fluid Dynamics
n Data Mining
n Database
n Earthquake Engineering
n Environmental Modeling & Simulation
n Grid Computing
n Physics
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CCR Visualization Resources
n Fakespace ImmersaDesk R2

q Portable 3D Device
q Onyx2: 6 R10000 @ 250MHz 
q 2 IR2 Pipes; 3 64MB texture memory mgrs.

n Tiled-Display Wall
q 20 NEC projectors: 15.7M pixels
q Screen is 11’×7’
q Dell PCs with Myrinet2000

n Access Grid Nodes (2)
q Group-to-Group Communication
q Commodity components

n SGI Reality Center 3300W
q Dual Barco’s on 8’×4’ screen
q Onyx300: 10 R14000 @ 500MHz
q 2 IR4 Pipes; 1 GB texture mem per pipe
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Visualization Projects
n Traffic Simulation
q Developed StreetScenes
qMeadowlands
q NYSTA
q DOTs

n Urban Design
q I-90 Toll Barrier
qMedical Campus
q Peace Bridge
qMeadowlands

n Media/Art
n CAVE

n Scientific Viz
q Dental
q Surgery
qMRI/CT Scan
q Confocal Microscopy
q Crystallization Wells
q Collaboratories

n MTV Monthly Show
n Accident Reconstruction
n Spin-off Companies
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CCR by the Numbers
n Technical Staff: 13
q Associate Director
q Computational Scientist (3)
q Database Administrator
q Scientific Visualization 
q System Administration (5)
q Storage Area Network Admin
qMultimedia

n Support Staff: 3 FTE
q Financial/Contracts (2)
q Receptionist

n Research Staff: 5 FTE

n Initial 7-Year Funding Model
q SUNY-Buffalo Contribution: $1.3M

mPersonnel: $1.2M
mOperating: $0.1M

q User’s Contributions: $0.4M
q Annual Expend: ~$2.4M
qOpportunistic Funding Model

mEquipment, Maintenance, Licenses
q ROI: $7M → $300M @ SUNY-B

n Current (New) Funding Model
q Personnel + Operating: $677K (2007)
q Increase Users Contributions
qMaintain Opportunistic Funding
qMove into Bioinformatics
q Provides “Stability”



University at Buffalo The State University of  New York CCRCenter for Computational Research

CCR Research & Projects
n Ground Water Modeling
n Computational Fluid Dynamics
n Molecular Structure Determination
n Protein Folding
n Digital Signal Processing
n Grid Computing
n Computational Chemistry
n Bioinformatics

n Real-time Simulations and 
Urban Visualization

n Accident Reconstruction
n Risk Mitigation (GIS)
n Medical Visualization
n High School Workshops
n Virtual Reality
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Peace Bridge Visualization
n International Crossing
n The Problem
q75 year old bridge
q3 lanes – poor capacity
qExisting US plaza: small 

and poor design

nProposed Options
q Relocate US plaza
q Build a 3-lane companion      
span, rehab existing bridge
q Build a six lane signature span
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Public Forum
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Williamsville Toll Barrier Improvement 
Project

Initial Photo Match incorporating real and computer-generated 
components
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Real-time Simulation

n Key Receptor Sites
n Multiple Viewpoints
n Fully Interactive
n Aerial Photography
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Accident Reconstruction
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The Accident
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Accident Animation 
(Driver’s View)
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StreetScenesStreetScenes®®

3D Traffic Simulation
nn StreetScenesStreetScenes®® is a 

Virtual Reality (VR) 
software solution for 3D 
visualization of surface 
traffic 

n 3D model of proposed 
soccer stadium in 
Rochester

n Used StreetScenesStreetScenes®® to 
import output file from 
Synchro traffic 
simulation
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Multiple Sclerosis Project

n Collaboration with 
Buffalo Neuroimaging 
Analysis Center 
(BNAC)
qDevelopers of Avonex, 

drug of choice for 
treatment of MS

nMS Project examines 
patients and compares 
scans to healthy 
volunteers
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Multiple Sclerosis Project

n Compare caudate nuclei 
between MS patients and 
healthy controls

n Looking for size as well 
as structure changes
qLocalized deformities
qSpacing between halves

n Able to see correlation 
between disease 
progression and physical 
structure changes
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3D Medical Visualization App

n Collaboration with 
Children’s Hospital
qLeading miniature 

access surgery center
n Application reads data 

output from a CT Scan
n Visualize multiple surfaces 

and volumes
n Export images, movies or 

CAD representation of 
model
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Groundwater Flow Modeling
n Regional-scale modeling of groundwater 

flow and contaminant transport (Great 
Lakes Region)

n Ability to include all hydrogeologic
features as independent objects

n Current work is based on Analytic 
Element Method

n Key features:
q High precision
q Highly parallel
q Object-oriented programming
q Intelligent user interface
q GIS facilitates large-scale regional applications

n Utilized 10,661 CPU days (32 CPU years) of 
computing in past year on CCR’s commodity 
clusters
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Geophysical Mass Flow Modeling

n Modeling of Volcanic 
Flows, Mud flows 
(flash flooding), and 
Avalanches

n Integrate information 
from several sources
q Simulation results
qRemote sensing
qGIS data

n Develop realistic 3D 
models of mass flows 

n Present information at 
appropriate level



University at Buffalo The State University of  New York CCRCenter for Computational Research

Computational Chemistry
n UB Software Development in Quantum Chemistry
qQ-Chem – development of parallel algorithms and combined 

QM/MM methods for large molecular systems
q ADF – development of algorithms to calculate magnetic and optical 

properties of molecules
n Used to determine
qMolecular Structure
q Electronic Spectra
q Chemical Reactivity

n Applications
q Pharmaceutical Drug Design
q Industrial Catalysis
qMaterials Science
q Nanotechnology
q Solution Phase Chemistry
q Chemical Kinetics
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Buffalo,
New York

n The Queen City: 2nd Largest City in NYS
n Waterfront City: on North Coast of U.S.
n City of Lights
q First city in U.S. to have electric street lights
q Pan American Exposition (1901): Pres. McKinley Shot

n Architecture
q Frederick Law Olmsted 
q Frank Lloyd Wright 

n Underground Railroad: slaves escaped to freedom in Canada
n Four straight Super Bowl appearances
n Culinary Delights
q Pizzanwings 

mWings invented at Anchor Bar, 1964
q Beef on Weck

n Two Seasons in Buffalo: Winter and July 4
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Recent Biomedical Advances
(Buffalo, NY)

n PSA Test (screen for Prostate Cancer)
n Avonex: Interferon Treatment for 

Multiple Sclerosis
n Artificial Blood
n Nicorette Gum
n Fetal Viability Test
n Edible Vaccine for Hepatitis C
n Timed-Release Insulin Therapy
n Anti-Arrythmia Therapy 
q Tarantula venom

n Direct Methods Structure 
Determination 
q Listed on “Top Ten 

Algorithms of the 20th

Century”
n Vancomycin
n Gramacidin A
n High Throughput  

Crystallization Method: Patented
n NIH National Genomics Center: 

Northeast Consortium
n Howard Hughes Medical 

Institute: Center for Genomics & 
Proteomics
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n New York State: $121M
n Federal Appropriations: $13M
n Corporate: $146
n Foundation: $15M
n Grants & Contracts: $64M
n Lead Institutions
q SUNY-Buffalo
q Roswell-Park Cancer Institute
qHauptman-Woodward Medical 

Research Institute

Bioinformatics in Buffalo
A $360M Initiative
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Western New York
Health Information Project

Goals:
n Build a secure community-

wide healthcare database
n Develop an electronic patient 

medical record that “follows 
the patient”

n Provide care providers with 
real-time patient information 
wherever they are

n Provide a tool to aid agencies 
in community safety, 
epidemiology, resource 
allocation, and bioterrorism
response

n Improve the overall quality of 
healthcare while reducing 
costs

Selected Participants:
n SUNY-Buffalo (CCR, School 

of Informatics, School of 
Medicine, Health Science 
Library)

n Buffalo Academy of Medicine
n Erie County DoH
n New York State DoH
n WNY HealtheNet
n Involvement from Kaleida 

Health, ECMC, Catholic 
Health System, Independent 
Health, HealthNow, and 
Univera Healthcare 



University at Buffalo The State University of  New York CCRCenter for Computational Research

Molecular Structure Determination
via Shake-and-Bake

n SnB Software by UB/HWI
q “Top Algorithms of the 

Century”

n Worldwide Utilization
n Critical Step
q Rational Drug Design
q Structural Biology
q Systems Biology

n Vancomycin
q “Antibiotic of Last Resort”

n Current Efforts
qGrid
q Collaboratory
q Intelligent Learning

1. Isolate a single crystal     2. Perform the X-Ray diffraction experiment     3. Determine the crystal structure 
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n Experiment yields reflections 
and associated intensities.

n Underlying atomic 
arrangement is related to the 
reflections by a 3-D Fourier 
transform.

n Phase angles are lost in 
experiment.

n Phase Problem: Determine the 
set of phases corresponding to 
the reflections.

X-Ray Data Molecular 
Structure

FFT

FFT-1

X-Ray Data & Corresponding 
Molecular Structure

Reciprocal or 
“Phase” Space Real Space
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n Probability theory gives information about certain 
linear combinations of phases.  
q In particular, the triples φH+ φK+ φ-H-K=0 with high 

probability.

n Probabilistic estimates are expressed in terms of 
normalized structure factor magnitudes (|E|).

n Optimization methods are used to extract the 
values of individual phases.

n A multiple trial approach is used during the 
optimization process.

n A suitable figure-of-merit is used to determine the 
trials that represent solutions.

Overview of Direct Methods
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Useful Relationships for 
Multiple Trial Phasing
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FFT

Trial

Phases

Solutions

?Phase
Refinement

Density
Modification

(Peak Picking)

Tangent
Formula

Reciprocal Space Real Space

Conventional Direct Methods
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Shake-and-Bake Method:
Dual-Space Refinement

FFT

Trial

Phases

Solutions

?Phase
Refinement

Tangent
Formula

Reciprocal Space Real Space
“Shake” “Bake”

Phase
Refinement

FFT-1Parameter
Shift

Density
Modification

(Peak Picking)
(LDE)

Trial 
Structures Shake-and-Bake
Structure
Factors
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Shake-and-Bake

A Direct Methods Flowchart
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nBasic Data (Full Structure)
q~750 unique non-H atoms (equal)
q~2000 such atoms including 8 Fe’s
q1.1-1.2Å data (equal atom)
q1.3-1.4Å data (unequal atoms, sometimes)

nSAS or SIR Difference Data (substructures)
q160 Se (567 kDa / ASU)
q3-4Å data
q5Å truncated data have also worked

Shake-and-Bake Applications: 
Structure Size and Data Resolution
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Number of Atoms in Structure
0      100    1,000 10,000 100,000

Conventional Direct Methods

Shake-and-Bake

Multiple Isomorphous Replacement

Se-Met

Se-Met with Shake-and-Bake

Vancomycin

190kDa

?

?

Phasing and Structure Size
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n Interferes with formation of bacterial walls
n Last line of defense against deadly
q streptococcal and staphylococcal bacteria strains

n Vancomycin resistance exists (Michigan)
n Can’t just synthesize variants and test
n Need structure-based approach to predict
n Solution with SnB (Shake-and-Bake)
qPat Loll 
qGeorge Sheldrick

Vancomycin
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Ph8755: SnB Histogram
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Ph8755: Trace of SnB 
Solution

0

0.2

0.4
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0 20 40 60

Atoms: 74 Space Group: P1

SnB Cycles: 40
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ACDC-Grid 
Cyber-Infrastructure

n Integrated Data Grid
qAutomated Data File Migration based on profiling users.

n High-Performance Grid-Enabled Data Repositories
qDevelop automated procedures for dynamic data 

repository creation and deletion.

n Predictive Scheduler
qDefine quality of service estimates of job completion, by 

better estimating job runtimes by profiling users.

n Dynamic Resource Allocation
qDevelop automated procedures for dynamic computational 

resource allocation.
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ACDC Data Grid Overview
(Grid-Available Data Repositories)

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

Joplin: Compute Cluster 75 Dual Processor
1 GHz Pentium III
RedHat Linux 7.3
1.8 TB Scratch Space

Nash: Compute Cluster

Crosby: Compute Cluster

SGI Origin 3800
64 - 400 MHz IP35
IRIX 6.5.14m
360 GB Scratch Space

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

Mama: Compute Cluster

16 Dual Sun Blades
47 Sun Ultra5
Solaris 8
770 GB Scratch Space

Young: Compute Cluster

Note: Network connections are 100 Mbps unless otherwise noted.

182 GB Storage

100 GB Storage56 GB Storage

100 GB Storage

70 GB Storage

Network Attached
Storage
1.2 TB

Storage Area Network
75 TB

136 GB Storage

CSE Multi-Store
40 TB

4 Processor Dell 6650
1.6 GHz Intel Xeon
RedHat Linux 9.0
66 GB Scratch Space

ACDC: Grid Portal
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ACDC-Grid 
Collaborations

n High-Performance Networking Infrastructure
n WNY Grid Initiative
n Grid3+ Collaboration
n iVDGL Member

q Only External Member
n Open Science Grid Member

q Organizational Committee
q Blueprint Committee
q Security Working Group
q Data Working Group

n Grid-Based Visualization
q SGI Collaboration

n Grid-Lite: Campus Grid
q HP Labs Collaboration

n Innovative Laboratory Prototype
q Dell Collaboration
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ACDC-Grid

Browser view of 
“miller” group files 
published by user 

“rappleye”
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ACDC-Grid Administration



ACDC GRID DASHBOARD
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n Structural Biology
q SnB and BnP for Molecular Structure Determination/Phasing

n Groundwater Modeling
q Ostrich: Optimization and Parameter Estimation Tool
q POMGL: Princeton Ocean Model Great Lakes for Hydrodynamic 

Circulation
q Split: Modeling Groundwater Flow with Analytic Element Method

n Earthquake Engineering
q EADR: Evolutionary Aseismic Design and Retrofit; Passive Energy 

Dissipation System for Designing Earthquake Resilient Structures
n Computational Chemistry
q Q-Chem: Quantum Chemistry Package

n Geographic Information Systems & BioHazards
q Titan: Computational Modeling of Hazardous Geophysical Mass 

Flows

Grid-Enabling Application 
Templates (GATs)



Startup Screen for ACDC-Grid Job Submission



Instructions and Description for Running a Job on ACDC-Grid



Software Package Selection



Full Structure / Substructure Template Selection



Default Parameters Based on Template



Default Parameters (cont’d)



Generating Reflections (Drear)



Invariant Generation



SnB Setup



SnB Setup (cont’d)



SnB Review (Grid job ID: 447)



Graphical Representation of Intermediate Job Status



Histogram of Completed Trial Structures



Status of Jobs



User starts up – default image of structure.



Molecule scaled, rotated, and labeled.



Remove Carbon Atoms (and Links)



User Adds Bond Between Atoms
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Outreach

nHS Summer Workshops in Computational Science
qChemistry, Visualization, Bioinformatics 
q10-14 HS Students Participate Each Summer for 2 weeks
qProject-Based Program 
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Outreach
nPilot HS Program in Computational Science
qYear long extracurricular activity at Mount St. Mary’s, 

City Honors, and Orchard Park HS
qProduce next generation scientists and engineers
qStudents learn Perl, SQL, Bioinformatics
q$50,000 startup funding from Verizon, PC’s from HP
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Media Coverage
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