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Cademia iIn-the-21st-Century

Embrace digital data-driven society

Empower studentsto compete in knowledge-based economy
Support research, scholar ship, education, and outreach
Support HPC infrastructure, research, and applications
Deliver high-end cyberinfrastructure to enable efficient
Collection of data

M anagement/Or ganization of data

Distribution of data

Analysis of data

Visualization of data
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CCR
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B High-End Computing, Storage, Networking, and Visualization
O ~140 Research Groupsin 37 Depts
QPhysical Sciences
QLife Sciences
QEngineering
Q Scientific Visualization, Medical Imaging, Virtual Reality‘iﬂ‘gn; — 5_;_&
0 13 Local Companies
0 10 L ocal I nstitutions

B External Funding: $300M +
B Total Leveraged WNY : $500M +

B Ddliverables
J 1100+ Publications

O Software, Media, Algorithms, Consulting,
Training, CPU Cycles... e
CCR
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CCR-SUﬁpOFted Research-at-UB

B Physical Sciences

O 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), Szyper ski (Chem)

B LifeSciences

O 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),
Szyper ski (Chem), Trevisan (Public Health), Weeks (Structural Biology), Willsky
(Biochemistry), Zhang (CSE), Zhou (Physiology and Biophysics)

B Engineering
O Atkinson (CSEE), Aref (CSEE), Bisantz (IE), Becker (Geology), Bucher (CCR), Bursik
(Geology), Cartwright (EE), Dargush (CSEE), DesJardin (MAE), Flewelling (Geogr aphy),
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 (Anthropology)

B Scientific Visualization, Medical Imaging, Virtual Reality

O Ansty (Media), Baker (Nuclear Med), Evans (Oral Bio), Geffan (Oral Bio), Hoffmann
(Nuclear Med), Innus (CCR), Jones (CCR), Kesavadas (M AE), L ockwood (Neurology, Nuclear
Med), Miletich (Nuclear M ed), Pape (M edia), Paley (Classics), Yao (Nuclear M ed)
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Dell Linux Cluster (10TF) B SGI Altix3700 (0.4TF)
0 1600 Xeon EM 64T Processors(3.2GHz) U 64 Processors (1.3GHz ITF2)

0 2TB RAM; 65 TB Disk d 256 GB RAM

O Myrinet / ForcelO 0 25TB Disk

0 30 TB EMC SAN B Apex Bioinformatics System
B Ddl Linux Cluster (2.9TF) O Sun V880 (3), Sun 6800

L 600 P4 Processors (2.4 GHZz) 0 Sun 280R (2)

0 600 GB RAM; 40 TB Disk; Myrinet d Intel Plils
B Ddl Linux Cluster (6TF) 3 Sun 3960: 7 TB Disk Storage

O 4036 Processors (Pl 1.2 GHz)
0 2TB RAM; 160TB Disk; 16TB SAN B HP/Compaqg SAN

B |IBM BladeCenter Cluster (3TF) 0 75 TB Disk; 190 TB Tape
0 532 P4 Processors (2.8 GHz) 0 64 Alpha Processors (400 MHZ2)
O 5TB SAN 0 32 GB RAM; 400 GB Disk

B SGI Inte Linux Cluster (0.1TF)
O 150 Pl Processors (1 GHZz)
O Myrinet
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Computational Projects—-

B Archaeology

B Bioinformatics

B Computational Chemistry

B Computational Fluid Dynamics

B Data Mining

B Database

B Earthquake Engineering

B Environmental Modeling & Simulation
B Grid Computing

B Physics

CCR
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B Fakespace | mmersaDesk R2
O Portable 3D Device
d Onyx2: 6 R10000 @ 250M Hz | A
0 2 IR2 Pipes; 3 64MB texture memory mgr SEet i e
B Tiled-Display Wall o\ |
0 20 NEC projectors: 15.7M pixels
O Screenis1l” 7
U Dell PCswith Myrinet2000
B Access Grid Nodes (2)
O Group-to-Group Communication
0 Commodity components
B SGI Reality Center 3300W
O Dual Barco'son 8~ 4 screen
0 Onyx300: 10 R14000 @ 500M Hz
U 21R4 Pipes, 1 GB texture mem per pipe

TFYarn

CCR
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Visualization-Projects—

B Traffic Simulation B Scientific Viz
U Developed StreetScenes U Dental
1 Meadowlands U Surgery
O NYSTA 0 MRI/CT Scan
0 DOTs O Confocal Microscopy
B Urban Design A Crystallization Wélls
0 1-90 Toll Barrier L Collaboratories
A Medical Campus B MTV Monthly Show
O Peace Bridge B Accident Reconstruction
J Meadowlands B Spin-off Companies
B Media/Art
B CAVE
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CER-by the Numbers——

B Technical Staff: 13 B |nitial 7-Year Funding M odel
0 Associate Director 0 SUNY -Buffalo Contribution: $1.3M

0 Computational Scientist (3) QPersonnel: $1.2M

- QOperating: $0.1M
4 Database Administrator 0 User’s Contributions: $0.4M

d ScientificVis_,uz.;ﬂizati.on Q Annual Expend: ~$2.4M
J System Administration (5) Q Opportunistic Funding M odel
U Storage Area Network Admin QEquipment, Maintenance, Licenses
O Multimedia U ROI: $/M ® $300M @ SUNY-B

B Support Staff: 3FTE B Current (New) Funding M odel
0 Receptionist O Increase Users Contributions

O Maintain Opportunistic Funding
U Moveinto Bioinformatics
O Provides* Stability”

Iﬁ Univerdity at Buffalo The Sate University of New York  Center for Computational Research
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CCR-Research-& Projects

Real-time Simulations and
Urban Visualization

Ground Water Modeling
Computational Fluid Dynamics

Molecular Structure Determination - Agmdeqt_RegonstrucUon
Protein Foldi B Risk Mitigation (GIS)
ro@nFoiding B Medical Visualization
Digital Signal Processing B High School Workshops
Grid Computing B Virtual Reality ‘

Computational Chemistry
Bioinfor matics

CCR
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B Proposed Options
A Relocate US plaza
d Bqu a3 Iane companion

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
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Real-time Stmulation

Y TN

B Key Receptor Sites
B Multiple Viewpoints
B Fully Interactive

B Aerial Photograph
tﬁ Univerdity at Buffalo The Sate University of New York  Center for Computational Research
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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)
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P o StreetScenes®
3D Traffic Simulation

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

3D modé of proposed
soccer stadium in
Rochester

Used StreetScenes® to
Import output filefrom

Synchro traffic
simulation

=
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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
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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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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
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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 |
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CCR
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M odeling of Volcanic
Flows, Mud flows
(flash flooding), and
Avalanches

B |ntegrateinformation
from several sources

J Simulation results
1 Remote sensing
J GlSdata

B Develop realistic 3D
models of mass flows

A Scientists

Hazard
Managers

Colima
H/1L. = 0.05

"'i-'::_ iy

HE®WWEROQ®

B Present information at

appropriate level V Bublic /

A\

High End Simulation
and Visualization

Y

Remote Real time
visualization server

H H

Y

Web éervers

Yy ¥ N

Web based
visualization

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

B UB Software Development in Quantum Chemistry

U Q-Chem —development of parallel algorithmsand combined
QM/MM methodsfor large molecular systems

O ADF —development of algorithmsto caquIate magnetlc and optical
propertl% Of mOI &L”% G : NEW PLAN INVIGORATES COMPANY

B Used to determine CHEMICAL

O Molecular Structure & Engineering News
U Electronic Spectra
U Chemical Reactivity

B Applications
O Pharmaceutical Drug Design
d Industrial Catalysis -
L Materials Science Computational
J Nanotechnol ogy Scénes nengmﬁtﬁg
O Solution Phase Chemistry
U Chemical Kinetics

CCR
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Buffalo,
New York

e Queen City: 2" Largest City in NYS
NMaterfront City: on North Coast of U.S.
C,lty of Lights

& F &

Ly

D First city in U.S. to have electric street lights &%
O Pan American Exposition (1901): Pres. McKin§

B Architecture

..".__Itf‘.'-rﬂ-
-J

O Frederick Law Olmsted
4 Frank Lloyd Wright

CCR
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IRecent Biomedical Advances

PSA Test (screen for Prostate Cancer) Direct Methods Structure

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

Nicorette Gum Century”
Fetal Viability Test Vancomycin

Edible Vaccine for HepatitisC Gramacidin A

: : g High Throughput Ikl
T -Release Insulin Th -

Im.ed . . nSiin Therapy Sy Crystallization Method: Patented
Anti-Arrythmia T herapy

a7 | NIH National Genomics Center:
arantula venom Northeast Consortium

Howard Hughes M edical
|nstitute: Center for Genomics &
Proteomics

§ o L
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Bioinformatics in Buffalo

A $360M Initiative

B New York State: $121M R
B Federal Appropriations: $13M - ?’
W Corporate: $146 \

B Foundation: $15M
B Grants & Contracts. $64M

B |ead Institutions
Q SUNY -Buffalo

1 Roswdll-Park Cancer Institute

O Hauptman-Woodward M edical
Resear ch I nstitute

SEQUEHCE TO
STRUCTURE glkr #

FR!.‘.I'I'EH‘-r FROTEIN
INTERACTICHS ¢
DCCRING

OF LIGAHDE

scTVE sITE
m DESCRIPFTCRS
-:l - %
lf

STRUCTURE
TO FUNCTION

CCR
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)

Western New York :
Health Information Project

Goals:

Build a secure community-
wide healthcar e database

Develop an electronic patient
medical record that “follows
the patient”

Provide care providerswith
real-time patient infor mation
wherever they are

Provide atool to aid agencies
In community safety,
eFldemloIogy I esour ce

location, and bioterrorism
response

|mprovethe overall quality of
healthcare whilereducing
costs

Selected Participants:

SUNY -Buffalo (CCR, School
of Informatics, School of

M edicine, Health Science
Library)

Buffalo Academy of Medicine
Erie County DoH

New York State DoH

WNY HealtheNet

| nvolvement from Kaleida
Health, ECMC, Catholic
Health System, Independent
Health, HealthNow, and
UniveraHealthcare

Iﬁ Univerdity at Buffalo The Sate University of New York  Center for Computational Research CCR
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IMolecular Structure Determination

| via Shake-and-Bake
B SnB Software by UB/HWI

B VVancomycin

O “Top Algorithmsof the O “Antibiotic of Last Resort”
Century” B Current Efforts
B Worldwide Utilization Q Grid
W Critical Step Q Collaboratory
U Rational Drug Design U Intelligent Learning

O Structural Biology
O Systems Biology

1. Isolate asinglecrystal 2. Perform the X-Ray diffraction experiment 3. Determine the crystal structure

CCR
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i X-Ray Data & Corresponding
h I\/Iolecular Structure

B BxDeriment yieldsreflections . .
and associated intensities. = ;;#L_>
B Underlying atomic cos
arrangement isrelated to the a2
reflectionsby a 3-D Fourier e " % FFT:
transform. ‘e T/
B Phaseanglesarelost in ° °
experiment.
B Phase Problem: Determinethe X-Ray Data Molecular
set of phases corresponding to Structure

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




Overview of Direct Methods

B Probability theory givesinformation about certain
linear combinations of phases.
dInparticular, thetriplesf ,+f (+f _, =0 with high
probability.
B Probabilistic estimates are expressed in terms of
normalized structure factor magnitudes (|E|).

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

B A multipletrial approach isused during the
optimization process.

B A suitablefigure-of-merit isused to determinethe
trialsthat represent solutions.

CCR
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Useful Relationships for

Multiple Trial Phasinc

B é. |EKE-H-K |Sin(f|< +f'H-K)

Tangent taan — oK
rormula a |EcE .« [cos(f +T )

K
1 & LWL ) O
Parameter Shift _ o 1 WV ) ¥
Optimization R(f)_éW a.WHKg:OSF HK ~ | (VV )+
HK H,K o\YHk/ @

H,K

where| E,, |1 | F, |normalized in resolution shells
Invariants : F ,, =f , +f +f_, »0
Weights: W, = A, =2NY?|E,EE_ ,, . |

CCR
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Oﬂveﬂ%iﬂﬁal Direct Methods

Tangent

Formula—>
Trial _ "
_— Phase Density - _
Phases Refinement Modification
(Peak Picking)
Solutions
Reciprocal Space Real Space

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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Normalize
data

Generate
invariants

Generate
trial

Shake-and-Bake

Automated
stop



EStructure Size and Data Resolution

B Basic Data (Full Structure)
1~750 unique non-H atoms (equal)
1~2000 such atomsincluding 8 Fe's
01.1-1.2A data (equal atom)
1.3-1.4A data (unequal atoms, sometimes)

B SASor SIR Difference Data (substructur es)
0160 Se (567 kDa / ASU)

d3-4A data
A5A truncated data have also worked

CCR

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



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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—\Vancomycin

B |nterfereswith formation of bacterial walls
B | ast line of defense against deadly

U streptococcal and staphylococcal bacteria strains
B VVancomycin resistance exists (Michigan)
B Can’'t just synthesize variantsand test
B Need structure-based approach to predict

B Solution with SnB (Shake-and-Bake)
 Pat Loll
1 George Sheldrick

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



Ph8755:-SnB-Histogram—

Histogram of Rmin Values
25 0 0 0 ] 0 ] 2 5 8 10 18 359 10 4

Buckets:

15

Trials Read

100

Best Trial:
i3
Eest Job:

PE_anofmanual_0

R-true:

0,097

R—random:

121

IG.BSG 0,352 0.374 0.336 0418 0440 0462 0484 0507 0523 0.551 0573 0535 0617 0.6339 0.662
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Solution

1 —_
Atoms: 74 Space Group: P1
0.8 +
SnB Cycles: 40

0.6 -
0.4 +
0.2 + B

0 I I I

0 20 40 60

CCR
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ACDC-Grid

Cvber-Infrastructure

B |ntegrated Data Grid
U Automated Data File Migration based on profiling users.

B High-Performance Grid-Enabled Data Repositories

1 Develop automated procedures for dynamic data
repository creation and deletion.

B Predictive Scheduler

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

B Dynamic Resour ce Allocation

1 Develop automated proceduresfor dynamic computational
resour ce allocation.

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

— 4078~
—
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

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



ACDC-Grid

Collaborations

High-Perfor mance Networking Infrastructure
WNY Grid Initiative P
Grid3+ Collaboration = s
IVDGL Member
U Only External Member
Open Science Grid Member
0 Organizational Committee
O Blueprint Committee
0 Security Working Group
U Data Working Group
B Grid-Based Visualization
0 SGI Collaboration
B Grid-Lite CampusGrid
O HP Labs Collaboration =
B |nnovative Laboratory Prototype
0 Dell Collaboration

té Univerdity at Buffalo The Sate University of New York  Center for Computational Research CCR
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Grid-Enabling Application

Templates (GATs

Structural Biology

O SnB and BnP for Molecular Structure Deter mination/Phasing
B Groundwater Modeling
O Ostrich: Optimization and Parameter Estimation T ool

0 POMGL: Princeton Ocean Moddl Great Lakesfor Hydrodynamic
Circulation

0 Split: Modeling Groundwater Flow with Analytic Element Method
B Earthquake Engineering

U EADR: Evolutionary Aseismic Design and Retrofit; Passive Ener gy
Dissipation System for Designing Earthquake Resilient Structures

B Computational Chemistry
U Q-Chem: Quantum Chemistry Package

B Geographic Information Systems & BioHazards

4 Titan: Computational M odeling of Hazar dous Geophysical M ass
Flows
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dvanced Computational enter Grid Jobs - Microsoft Internet Explorer

File Edit ‘iew Favoribes Tools  Help

sABack -+ = - @ @ ot | @Search (G Favorites E‘@Media -@ | Eév = =] E‘] 2

Address Iﬂj https: figriddesy. cor. buffalo.edufjobs!

( ('R

.[é University at Buffalo The

GRID PORTAL

-Center for Computational Research

High Performance Grid Computing
Expand All Collapse All Advanced Computational Data Center Grid Jobs
PORTAL LOGOUT
User Tools Grid Job Submission: This section contains forms for the selection of a grid-enabled application,
# Manage Account modification of a application template, gnd job definition review and grid job
Grid General Info submission.
Projects
Larpul b s Gid Grid Job Status: ‘This section contains grid user based specific grid job completion status, grid job

% Job Submission

# Job/Queue Status

* MDS Information

» Metwork Status

#» Running/Queued Jobs
% PBS Job History

# NYS Grid

# Condor Flock Statistics

current state {(COMPLETE, RUNNING, QUEUED, BLOCKED, FAILED, ETC.), detailed
infarmation_gn all running or queued grid jobs and grid-enabled application
specific interrmediate and post processing grid job graphics, plots and tables,

Data Grid
Education / Dutreach

Staff Only
CCR HOME

Priftéer Friendhy

Startup Screen for ACTDC*Grid Job Submission

|ﬂi| Done [ [ & [ mternet
iﬂStart”J m = L‘j;l @ |J @Gmail - Inbox (13 - Micros.., | @Center for Computatiu:unal..."@EER Grid Computing 5... ‘—35nB I @Screenshnts-t&rid job sub... | I@ 10:04 AM

-]




a CCR Grid Computing Services: Portal Job Submission - Microsoft Internet Explorer

File Edit ‘iew Favoribes Tools  Help

sABack -+ = - @ @ ot | @Search (G Favorites @Media @ | %v = =] E‘] 2

Address Iﬂj https: figriddey. cor. buffalo. edufjobs/submit findex. php

Expand All Collapse All
PORTAL LOGOUT

User Tools

* Manage Account

Grid General Info
Projects
Computational GHd

# Job Submission

% Job/Queus Status

# MDS Information

#» Metwork Status

* Running/ Queuad Jobs
2 PB5 Job History

* NYS Grid

* Condor Flock Statistics

Data Grid

Education / Dutreach

Staff Only
CCR HOME

Printer Friendly

; Execution
-+ Review =

General Detailed . Job
Scenario

SoftwaresxTamplate::, Information  Information ~ Definition

Advanced Computational Data Center Grid Job Submission Instructions

The grid-enabling applicatign templates used on the ACDC-Grid are created from the application developers grid user profiles that contain
the users standard information uid, name, organization, address, etc., and mare specific information such as group id and access level
information for each of'grd-enabled applziations. This information is stored in a database for each of the grid-enabled applications and
can be accessed through selected queries throughout the ACDC-Grid Web Portal.

Additionally, each grid-enabled sgientific application profile contains information about specific execution parameters, required data files,
optional data files, computational requirements, etc. and statistics on application historical ACDC-Grid jobs for predictive runtime
estimates, MySQL provides the speed and reliability required for this task and it is currently being used as the ACDC-Grid Weh Portal
database provider,

The grid-enabled versions of many well-defined scientific and engineering applications have very similar general requirements and core
functionality that are require for execution in the ACDC-Grid environment. We have identified that sequentially defining milestones for the
grid user to complete intuitively quides them through the application workflow.

Software Application:
Template:

Grid user chooses a grid-enabled software application.

Grid user selects the required and/or optional data files from the ACDC Data Grid. User defined computational
requirerments are input or a template defined computational requirement runtime estimate is selected.

Grid user defines application specific runtime parameters or accepts default template parameter definitions,
Grid user accepts the template complete job definition workflow or corrects any part of job definition,

The grid user has the ability to input an execution scenario or select a ACDC-Grid determined template
defined execution scenario.

Job Definition:
Review:
Execution Scenario:

Grid Job Status: The grid user can view specific grid job completion status, grid job current state (COMPLETE, RUNNING,
QUEUED, BLOCKED, FAILED, ETC.), detailed information on all running or queued grid jobs and grid-enabled

application specific intermediate and post processing grid job graphics, plots and tables.

Each item of the job definition workflow is then stored in the ACDC-Grid Web Portal database so the grid user may use/modify any
previously created workflow in creating new job definitions, The job definitions can also be accessed via batch script files for executing
hundreds of similar workflows in an automated fashion. For example, a grid user would first define/save a relatively generic job workflow
template for the grid-enabled application and then use the batch script capabilities to change the job definition woarkflow data files or
application parameters and execute a series of new grid jobs,

| nstr uetiensand:Pescripiion:-for:Running a Job on ACDC-Grid

|ﬂi| Done

iﬂStart”J m = L‘j;l @ |J @Gmail-Inhox(l}l-Micros... | @Center for Computatiu:unal..."@IIR Grid Computing 5... ‘—35nB

=l

[ [ & [ mternet
I @Screenshnts-t&rid job sub.., |

BT 10:04 A



File Edit  View

Fawvorikes

Tools

Help

on - Microsoft Internet Explorer

sABack -+ = - @ @ ot | @Search (G Favorites E‘@Media -@ | Eév = =] E‘] 2

Address Iﬂj https: figriddey. cor. buffalo. edufjobs/submit findex. php

( ('R

-Center for Computational Research

High Performance Grid Computing

Ezpand All Collapse All
PORTAL LOGOUT

User Tools

# Manage Account
Grid General Info
Projects
Computational GHd
% Job Submission

# Job/Queue Status
* MDS Information

» Metwork Status

#» Running/Queued Jobs
% PBS Job History

# NYS Grid

# Condor Flock Statistics

Data Grid
Education / Dutreach

Staff Only
CCR HOME

Priftéer Friendhy

Software - Template +

Select a GAT:

] e |

Return to the

-’
L]

—.—Th

General
Information

BrP Auto Run 'l

BrP Auto Run
EADR

Q—Chem
[SnE DREAR
Split
shb-dev

Softwar éPdeRage Selection

.[é University at Buffalo The

Detailed Job s PG
Information Definition
Reset Current Stage | Cancel |

Execution
Scenario

GRID PORTAL

|ﬂi| Done

iﬂStart”J m = L‘j;l @ |J @Gmail-Inhox(l}l-Micros... | @Center for Computatiu:unal..."@EER Grid Computing 5... ‘—35nB

I @Screenshnts-t&rid job sub.., |

-]
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CCR Grid Computing Services: Portal Job Submission - Microsoft Internet Explorer

File Edit ‘iew Favoribes Tools  Help

sABack -+ = - @ @ ot | @Search (G Favorites E‘@Media -@ | Eév = =] E‘] 2

Address Iﬂj https: figriddey. cor. buffalo. edufjobs/submit findex. php

( ('R

-Center for Computational Research

.[é University at Buffale The State University of New York

GRID PORTAL

High Performance Grid Computing
Eyprand Sl alapee A Software -~ Template - I fener:{l o ?Eta"?j H f:_lu_ht_ -+ Review — ESKECUUP“
PORTAL LOGOUT nformation Information  Definition cenario

User Tools
# Manage Account
Grid General Info

Projects & select structure fromData Grid: select Config File |
Computational GHd g

" Enter structure definition manually

% Job Submission

# Job/Queue Status :
» MDOS Information Continue Reset Sequence Reset Current Stage | Cancel |

» Metwork Status

#» Running/Queued Jobs

* BBS Job History Return to the Grid Job Menu
# NYS Grid

# Condor Flock Statistics

Data Grid

Education / Dutreach

Staff Only
CCR HOME

Priftéer Friendhy

Full Structure/ Subdstfatttire Template Selection

|ﬂi| Done [ [ & [ mternet
iﬂStart”J m = L‘j;l @ |J @Gmail - Inbox (13 - Micros.., | @Center for Computatiu:unal..."@EER Grid Computing 5... ‘—35nB I @Screenshnts-t&rid job sub... | I@ 10:05 AM
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a CCR Grid Computing Services: Portal Job Submission - Microsoft Internet Explorer

File Edit ‘iew Favoribes Tools  Help
s Back = = - @ ot | @Search (G Favorites @Media @ | %v = =] 2
Address I@ https: figriddey. cor. buffalo. edufjobs/submit findex. php
[OTET 001 - .
7 Panadd e General Information
Grid General Info
Projects e _{?*
Computational Grid . 1
Lo Structure Information »
* Job/Queue Status T . i—,- E'."
#* MDS Information Title: IHEd —
»Ne"‘"""‘f““"d : Structure ID : jiled Py
# Running,/ Queued Jobs = 7 e
+ PBS Job History Space Group : |19 Select |
* NYS Grid b
» Condor Flock Statistics ! : z
Doty e Cell Constants and Cell Errors (Cell Errors optional)
Education / Dutreach
Staff Onl ;
st ank A [11516 +- |
Arinter Friendly B: |'|5.?'|:|5 +/- I
C: 39.310 +/- |0.004
alpha: 0.0 e |
Beta: IBEI.EI +/- I
Gamma: IBEI.EI +4- I
MNative Asymmetric Unit Contents o
Mo Residues {(Optional}: I
ASU Contents : [CEOH102MEO18 {examples: C6H1206 OR C6 H12 06)
Initial Data Sets
Add Dataset | Delete Dataset
|Se|ec:t dataset to delete| [
| Datasets | Dataset 1
name s crer )@ QEFT Par ameter s Based on Template -
| i e 1 =
|@ Done I_l_ré_|ﬂ Inkermet

| @Screenshnts-t&rid | clearwater.ccr.bu...l

msrart”J ol & G O H &Gmail - Inbox - Mi... | &]center for Comp... [[&7CCR Grid Comp... (5B

BT 10:6 aM



/] CCR Grid Computing Services: Portal Job Submission - Microsoft Internet Explorer 7] x|

File Edit ‘iew Favoribes Tools  Help ‘i

s Back -+ = - @ @ ot | @Search (G Favorites @Media @ | %v = =] @ 2

Address |&] https: {{ariddev.ccr.buffalo. edufiobs/submitfindex. php | @ao | Lirks **
=l
Initial Data Sets
Add Datazet | Delete Dataset
|Se|ec:t dataset to delete | @
| Datasets | Dataset 1
|Name (8 chars max): |IW
|Dataset Type: ||Native j
|Fi|e Name (*.hkl) : i| Browse |
File Type: [F. sy =]

|Waue|ength: *“1.5418 >
|Max. Resolution: ||EI.9!1 H

|Anuma|nus Dispersion: ||Nut Measured j

|Heau-,» Element Type: ||— ' “
|Nat. Element Replaced: ||— )
|Nu. Expected Sites: ||—

F Prime (F): (I
FDouble Prime (f*): [

Continue | Reset Seqguence | Reset Current Stage | Cancel |

Default Parameters (cont’d)

Return to the Grid Job Men

L { { o ! « i) ph L esSeaArch LI
|£:| Done |_|_|T2|_|D Inkernet
iaStartl J :ﬂ = L“El (B “ @Gmail-lnhox-Mi...I @Center For Comp... "@EER Grid Comp... ‘I5rB | @Screenshnts-t&rid | clearwater.ccr.bu...l @ 10:16 &M




; CCR Grid Computing Services: Portal Job Submission - Microsoft Internet Explorer

File Edit ‘iew Favoribes Tools  Help

=18/ x|
| =

s Back -+ = - @ ot | @Search (G Favorites @Media @ | %v = =] 2

Address I@ https: figriddey. cor. buffalo. edufjobs/submit findex. php

x| e ks >

[OTET 001
* Manage Account
Grid General Info
Projects
Computational GHd
# Job Submission
* Job/Queue Status
#» MOS Information
#» Metwork Status
* Running/ Queuad Jobs
% PBS Job History
* NYS Grid
* Condor Flock Statistics

Data Grid

Education / Dutreach

Staff Only
CCR HOME

Printér Friendly

Reflections and Invariants

Drear Table

-

\Data Set|Job Type Native Data |Derivative Data [Norm Method
| iledhkl ‘ BASIC ‘ ilg&ﬁ?{ﬂ_' | NULL

Select
||Wi|sc|n (Anisotropic) j| ®

b

Mormalization Data

Low: I999-D High: IIZI.EM

Use Bayesian estimates for weak reflections? I Mi 'I

—

TMax :IB-U ZMax :I3.D
¥MIN :|3.D YMIN :|1.D

Data resolution cutoffs {in Angstroms)?

Min |F| / sig{|F|) for local scaling:

SIR and SAS cutoffs:

Generate Invariants

Low: I999-D High: IIZI.EM
|3-D— Maximum |E| |5D—

Minimum allowed invariants / reflection ratio: |5.E|

Data resolution cutoffs ?

Minimum allowed |E| / sig(|E]}:

Initial values for adjustable parameters

fo
o

—

Minimum |E| / sig{|E|} = ZMin:
Number of reflections to use:
Number of invariants to save:
| Cancel |

Caontinue Reset Seguence | Reset Current Stage

Generating Reflections (Drear)

Mok o Flin Swlicd T bl Ao

Run Maormalization

Generate Invariants

|@ Done

msrart”J ol & G O H &Gmail - Inbox - Mi... | &]center for Comp... [[&7CCR Grid Comp... (5B

| @Screenshnts-t&rid | clearwater.ccr.bu...l

=

=l

I_ l_ ré_ |4 Internet
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File Edit ‘iew Favoribes Tools  Help

=18/ x|
| =

s Back -+ = - @ ot | @Search (G Favorites @Media @ | %v = =] 2

Address I@ https: figriddey. cor. buffalo. edufjobs/submit findex. php

| e ks >

User Tools

# Manage Account

Grid General Info
Projects
Computational GAad

# Job Submission

# Job/Queue Status

» MOS Information

# Metwork Status

*» Running/ Queued Jobs
* PBS Job History

2 MYS Grid

# Condor Flock Statistics

Reflections and Invariants
Drear Table V

\Data Set|Job Type Native Data Derivative Data [Norm Method Select
| iledhki | BASIC | iledAkl | NULL [wilson (Anisatropic) ]| @

MNormalization Data

Data Grid

Education /Dubreach E E o . . B
T Data resolution cutoffs {in Angstroms)? Low: |999.EI High: IEI.EM
CCR HOME

Use Bayesian estimates for weak reflections? I Mo "I
Min |F| / sig{|F|) for local scaling: I3.D

TMax :IB-D ZMax ;I3.D
XMIN :|3.D YIMIN ;|1.IZI

Printer Friendly

SIR and SAS cutoffs:

Generate Invariants

Low: |999|:| High: IDQ-“-
I3-':I Maximum |E| :|5-U

Minimum allowed invariants / reflection ratio: |5.IZI

Data resolution cutoffs ?

Minimum allowed |E| / sig{|E]|}:

Initial values for adjustable parameters

Minimum |E| / sig{|E|} = ZMin: o
Number of reflections to use: IEMD—
Number of invariants to save: W

Cnntinuel Feset Seqguence | Reset Current Stage Cancel .
Invartant eration

Bun Marmalization

Generate Invariants

=l

|@ Daone
msrart”J ol & G O H &Gmail - Inbox - Mi... | &]center for Comp... [[&7CCR Grid Comp... (5B

I_ l_ ré_ |4 Internet
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Address I@ https: figriddey. cor. buffalo. edufjobs/submit findex. php

| e ks >

User Tools

# Manage Account
Grid General Info
Projects

Computational Grid . -
SR Grid Parameters of

* Job/Quese St‘_ﬂm Preferred resource name:

# MDS Information ALY
* Netwaork Status NMumber of processors: _:'{5; ;
#» Running/ Queued Jobs . "
= PBS Job History Wallclock time requested: (mins})
* NYS Grid . b

» Condor Flock statistics | J0b Prefix for results: ¢
Data Grid Queue:

Education / Dutreach

Staff Only 5nB Run Parameters

CCR HOME

Printer Friendly - Invariants

Mumber of triplet invariants to use:

s Trials To Process

Starting phases from:
Random seed {(prime):
Number of Trials:
Starting Trial:

Input Phase File:
Input Atom File:

Keep complete {every trial} peak file? :

s Cycles Information

Number of Shake-and-Bake cycles:
Keep complete (every cycle) trace file? :
Terminate trials failing the R-Ratio test? :

R-Ratio cutoff:

e Phase Refinement Method

SnB Setup

| Grid Scheduler =l

[
720

job0
grid

IB4EIEI

IRandum Afoms j

|11909 'I
I'lEIEIEI

|@ Daone
msrart”J ol & G O H &Gmail - Inbox - Mi... | &]center for Comp... |[&1CCR Grid Comp...
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/] CCR Grid Computing Services: Portal Job Submission - Microsoft Internet Explorer =151 =]

File Edit ‘iew Favoribes Tools  Help i

Back -+ = - (D tat | search [EdFavorites FlfMedia &% | By S =l 2

Address |&] https: {{ariddev.ccr.buffalo. edufiobs/submitfindex. php | @ao |Links »
=

» Phase Refinement Method
Phase Refinement Method : |F'arameter Shift (Fast) j

Number of passes through phase set:

[{u]

N

[ }

Phase shift:

Number of shifts:

..'V
« Reai-Space Constraints

[x3]
=

Mumber of peaks to SE]-l;!Ct:
L

-
i .

%

Minimum distance between svm.lgr;%_etrv—related peaks:

Minimum interpeak distance:

Number of special position peaks Eu keep:
Fourier grid size:

Perform extra cycles with more peaks? :
Number of extra cycles :

NMumber of peaks :
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Trials for E-Fourier filtering {fourier refinement}? : Mane

Number of cycles :
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Number of peaks :

Minimum |E]| : 0.75
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Rmin Improvement {%o}: 45.0
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# Job Submission
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# MDS Information

#» Metwork Status

* Running,/ Queuad Jobs
# PBS5 Job History

* NYS Grid

» Condor Flock Statistics

Data Grid
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Staff Only
CCR HOME

Printer Friendly

Grid Job ID:

Selected resource: .
Mumber of processors:
Wallclock time requested: .
Number of triplet invariant to use:
Start Phases From:

h

Ay

Random seed {(prime}:

Number of trials:

Starting Trial:

Input Phase File:

Input Atom File:

Keep complete (every trial) peak file? :
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Keep complete {every cycle) trace file? :
Terminate trials failing the R-Ratio test? :

R-Ratio cutoff:

Phase Refinement Method:

Number of passes through phase set:
Phase shift:

Number of shifts:
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Unused
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3
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2
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3

Minimum distance between symmetry-related peaks: 3.0

Mumber of special position peaks to keep:

Fourier grid size:

Perform extra cycles with more peaks? :

Mumber of extra cycles:
Mumber of peaks:

Trials for E-Fourier filtering {fourier refinement}? :
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Mumber of peaks:
Minimum |E]|:

u]

0.31
Mo
Unused
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Mone
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Winzock 2 AP | initialized on

User starts up — default image of structure.



.
M deskmol2

@8 %

Deskial 2.0

.';'ﬂ. T g “-. ’

Winsagk 2 AP initialized an

Molecule scaled, rotated, and |abeled.



Wuck 2 AF | initialized DE -
Remove Carbon Atoms (and Links)




]

Deskial 2.0

Wuck 2 AP initislized DE_
User Adds Bond Between Atoms




—QOutreach

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

CCR

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



—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, Bioinformatics
J1$50.000 startup fundina from Verizon, PC’s from HP

-

CCR

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