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L Pan American Exposition (1901)
QPres. McKinley Shot

B Architecture
U Frederick Law Olmsted
d Frank Lloyd erght

MM Four straight Super Bowl appearances
@ Culinary Delights
S8 O (Buffalo) Wings: Anchor Bar, 1964
7 0 Beef on Weck
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iCenter for Computational Research

& 1998-2005 Overview

B High-End Computing, Storage, Networking, and Visualization

1 ~140 Research Groups in 37 Depts
QPhysical Sciences
QLife Sciences
QEngineering _
QScientific Visualization, Medical Imaging, Virtual Reality"-‘ﬁf%‘%ﬁzﬁ'

13 Local Companies

1 10 Local Institutions

B External Funding: $300M+
B Total Leveraged WNY: $500M+
B 1100+ Publications

B EOT, Economic Development, Software, Media, =
Algorithms, Consulting, Training, CPU Cycles... :

CCR
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B Current Technical Staff: 20—»13

O Seven (7) Contracted & Univ Tech Staff
cut by Provost

Associate Director
Computational Scientist (3)
Database Administrator
Scientific Visualization
System Administration (5)
Storage Area Network Admin
Multimedia

B Support Staff: 3FTE
O Financial/Contracts (2)
O Receptionist

B Research Staff: 5 FTE

coo0o0o0opo

, CCR by the Numbers (2005)

B Initial 7-Year Funding Model

0 SUNY-Buffalo Contribution: $1.3M
Q Personnel: $1.2M
Q Operating: $0.1M

O User’s Contributions: $0.4M
O Annual Expend: ~$2.4M

O Opportunistic Funding Model
Q Equipment, Maintenance, Licenses

d ROI: $7M — $300M @ SUNY-B

B New Administration’s Model

O Moved into Bioinformatics
0 Move 30 mins from Main Campus

[ 50% Additional Reduction in Personnel
& Operating in Addition to Current Cuts

O Maintain Opportunistic Funding

O Provost Rationale
Q Wil Increase Users Contributions
Q “Provides Stability”

-[é University at Buffalo The State University of New York  Center for Computational Research
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B Dell Linux Cluster (10TF peak) B SGI Altix3700 (0.4TF peak)
0 1600 Xeon EM64T Processors (3.2 GHz) 1 64 Processors (1.3GHz ITF2)

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

O Myrinet / ForcelO 0 2.5 TB Disk

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

U 600 P4 Processors (2.4 GHz) O Sun 280R (2)

U 600 GB RAM; 40 TB Disk; Myrinet O Intel PllIs
B Dell Linux Cluster (6 TF peak) [ Sun 3960: 7 TB Disk Storage

O 4036 Processors (P11 1.2 GHz)
d 2TB RAM; 160TB Disk; 16TB SAN W HP/Compaq SAN
B [IBM BladeCenter Cluster (3TF peak) Q 75 TB Disk; 190 TB Tape
O 532 P4 Processors (2.8 GHz) O 64 Alpha Processors (400 MHz)
d 5TB SAN O 32 GB RAM; 400 GB Disk

CCR

-[é University at Buffalo The State University of New York  Center for Computational Research



B Fakespace ImmersaDesk R2
O Portable 3D Device
O Onyx2: 6 R10000 @ 250MHz
4 2 IR2 Pipes; 3 64MB texture memory mgrs
B Tiled-Display Wall
L 20 NEC projectors: 15.7M pixels
O Screenis 11’x7’
4 Dell PCs with Myrinet2000
B Access Grid Nodes (2)
O Group-to-Group Communication
d Commodity components
B SGI Reality Center 3300W
L Dual Barco’s on 8’x4’ screen
O Onyx300: 10 R14000 @ 500MHz
O 2 IR4 Pipes; 1 GB texture mem per pipejg

T —aUocs

CCR
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B Archaeology B Videos: MTV
B Bioinformatics/Protein Folding | ® Urban Simulation and Viz
B Computational Chemistry ¢ -l StreetScenes
EC : | Eluid Dvnei 3 1-90 Toll Barrier
Ompu’Fa’Flona ulid Lyry ,'_,..'D Medical Campus
B Data Mining/Database 0 Peace Bridge
B Earthquake Engineering B Accident Reconstriist
B Environ Modeling & Simulation B Scientific Viz
B Grid Computing d Dental
B Molecular Structure Determin - Surgery
TR d MRI/CT Scan
ysIcs B 0 Confocal Microscop
,’E ‘l A Crystallization Well p—
d Collatories )
CCR
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Real-Time Visualization



| StreetScenes: Real-Time
3 3D Traffic Simulation

BAccurate local landmarks: Bridges, Street Signs, Business, Homes
BCan be viewed from driver’s perspective
BReal-Time Navigation |
m\\orks with

BCorsim

BSynchro -'
BGenerate AVI & MO
EmMultiple Simultaneous

BT raffic Loads

ESimulation

mVarying POV
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Animation & Simulation

Rendered Scenes



t\?/llllamsvnle Toll Barrier Improvement

¥_ Project

Williamsville Toll Barrier Improvement Project (Night)

Eastbound Toll Barmer Wiestbound Toll Bamer

Initial Photo Match incorporating real and computer-generated

CCR
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. Peace Bridge Visualization:
b Animation & Simulation

BProposed Options
Relocate US plaza

NN

i L SO TTES B T — =
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% Song: I'm OK (I Promise)
S MTV Band:-Chemical Romance
QF'BC Digital & CCR - Gaming Environment: Death Jr.
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Scientific Visualization



B Collaboration with
Buffalo Neuroimaging
Analysis Center
(BNAC)

1 Developers of Avonex,
drug of choice for
treatment of MS

B MS Project examines
patients and compares
scans to healthy
volunteers

SIiceGroup| hIP Group|

FTuggleMaSq [ Only hask | [lsoVisible | Reset Camera [ Show Axes [ ol Visible |
ER J | =
eeeeeeeeeeeee
[115 | i [ Active | [1oo Il
Yioow L Dpacity
|4aa | _i [
eeeee
R te |
M4 l 15 bl» Clear hask [ Erase hask ki
aaaaaaaaa [ Use Mask
q{ I 0 Ll Copy to All Slices | Clear hask Collection |
Current Mask
Inwert hMask ml l
CopytoWeskefoer | et (e |
[ Active m

Gt
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k Multiple-Selerosis-Projeet

}

B Compare caudate nuclel
between MS patients and
healthy controls

B Looking for size as well
as structure changes
dLocalized deformities
L Spacing between halves

B Able to see correlation
between disease
progression and physical
structure changes

CCR
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B Collaboration with
Children’s Hospital

 Leading miniature
access surgery center

B Application reads data
output from a CT Scan

B Visualize multiple surfaces
and volumes

B Export images, movies or
CAD representation of
model

SliceGroup | MIP Group

[ lsovisble |  ResetCamera | T show Axes I Vol Visible |
[l 1 = i
|||||||||||||
B ] [Actve | [ise] [
‘Winiclosw:
[ ]
eeeee
[ bl | N | | [ e
LR | 15 (31 Clear hask [ Erase hask R !EIwEEIEIY tS rf
BBBBBBBBB I' Use hask
] I 0 L' Copy to All Slicesl Clear Mask Collection | Jﬂa
Current hMask Liatl] | Activ
Crop Maodel
[ Active | | i [ Invert
H Low # High
Copy to Mask#l har I Apply to all r_ACtiﬁI LT | ] ml
5 ¥ Low
[ Active “5 | 1 7 Invert
Z Low
Quit File Options | Iso Options| ol Options‘ Advanced| Capture‘
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Science & Engineering



IRecent Biomedical Advances

N Buffalo, NY

PSA Test (screen for Prostate Cancer) B Direct Methods Structure
Avonex: Interferon Treatment for Determination

Multiple Sclerosis  Listed on “Top Ten
Avrtificial Blood Algorithms of the 20t

Nicorette Gum Century”
Fetal Viability Test d Vancomycin & Gramacidin A

Edible Vaccine for Hepatitis C High Throughput

Timed-Release Insulin Therapy Crystallization Method
Anti-Arrythmia Therapy NIH National Genomics Center:

Northeast Consortium
1 Tarantula venom

HHMI: Center for Genomics &
Proteomics

NYSCOEBLS: $360M with
RPCI & HWI

CCR
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B Regional-scale modeling of groundwater
flow and contaminant transport (G reat
Lakes Region)

*
bt 1! ,_“A. - .
’ i

B Ability to include all hydrogeologic

CANADA ==~ Jhunder Bay I\fﬂi rathon ".r"l-"-;

features as independent obj Jects;-gw,i; A g S—

gV

ke Superig, ST T
La - Sen
B Current work is based on Analytic-"~’ sl —
i. D““-“h Marquette \ saultSte. Marle T Y
Element Method N et I
bl Ammm by ey £ Fis l'_‘
. - e SO ParrvSﬁuna" mmim ey ®
. Key fe atu res . f‘: ,\eﬁ ®retoskey L“akﬂ i T emcl’(;ngstkon:(fj :-‘
- -0 (Sl ol Huron Owen Sound - l
I B ) ® . Wiy o s
O High precision { @ Bl | e Laung;::m; "R
) EXPLANATION ’ 8 B Hamitt ® -
dH Igh Iy paral lel [ Great Lakes Drainage Basin *, __r~. E Bay & l"rSSBQ naw 1 a:_ml c: y uftalo, _, %Vrﬂc“*
——- USAfCanadeborder  roflenn D) Revtisnd b Bsamia A N
1 Object-oriented programming ciesoms ot
Ground-water withdrawal indsor, Erie (@="¢ Niagara
e , Falls
D I ntel I |gent user |nte rface @ rate, in millions of gallons per day L H
¢ oledo @Cmeland-'ﬁ.kmn
-t 0 80 100MIES

O GIS facilitates large-scale regional applications® AL @Wﬂ*‘“‘;‘, o

South Bend Elkhary —— Battle Creek/

B Utilized 10,661 CPU days (32 CPU yearsyefs s comn oo St map EniiontCands
computing in past year on CCR’s commodity
clusters

CCR
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Modeling of VVolcanic
Flows, Mud flows
(flash flooding), and

Avalanches

B Integrate information
from several sources

 Simulation results
1 Remote sensing

d GIS data > /\
B Develop realistic3D 7
models of mass flows 2
B Present information at &
appropriate level :
1/

Scientists

Hazard
Managers

Colima

H/L = O.
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Public /

A\

-

High End Simulation
and Visualization

Remote Real time
visualization server

!

Web Servers

Y ¥ N

Web based
visualization
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Shake-and-Bake

Molecular Structure Determination
from X-Ray Crystallographic Data




atoms In a crystal.

B Procedure:
1. Isolate a single crystal.
2.

Source of X-rays

3. Determine molecular structure that agrees
with diffration data.

CCR
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i X-Ray Data & Corresponding
‘ Molecular Structure

Reciprocal or

“Phase” Space Real Space
B BXperiment yields reflections . .
and associated intensities. . E ) EENL,
B Underlying atomic coe
arrangement is related to the . o .
reflections by a 3-D Fourier  **®*ge * *°*  FEFT2
transform. ‘E 554.—
B Phase angles are lost In e
experiment.
B Phase Problem: Determine the X-Ray Data Molecular
set of phases corresponding to Structure

the reflections.

-[é University at Buffalo The State University of New York  Center for Computational Research
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% Overview of Direct Methods

B Probability theory gives information about certain
linear combinations of phases.
4 In particular, the triples ¢+ ¢+ ¢_,.,=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 multiple trial approach is used during the
optimization process.

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

CCR
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0.754

-200 -100 0 100 200

D=0+ Ok + Ok

eN=non-H atoms in unit cell

*Each triplet of phases or

structure invariant, @, ., has
an associated parameter

Ank=2|EHEKE 1INV
‘A Is large if

*[Enl, [Ek], [Ek] are
large

N Is small

If Ak is large, @ = 0

-[é University at Buffalo The State University of New York
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Trial P

. Phase Density
Phases Refinement Modification
(Peak Picking)

Solutions

Reciprocal Space Real Space

CCR
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i" " Shake-and-Bake Method:

Dual-Space Refinement

Trial
Strugtures Shake-and-Bake
Structure
Factors Tangent FFT
Formula ——
l Trial ~
> Phase Density -
Phases Refinement Modification
(Peak Picking)
Parameter FFT? (LDE) _
Shift —C—— Solutions
Reciprocal Space Real Space

“Shake” “Bake”

-[é University at Buffalo The State University of New York  Center for Computational Research

CCR



A Direct-Methods-Flowechart

Normalize
data

Generate
invariants

Generate ‘

Shake-and-Bake

Compute FOMs



. Useful Relationships for

3 Multiple Trial Phasinc

_Z| EcE |Sin(¢K +¢—H—K)
Zl E(E i« |COS(¢K +¢_H—K)

Tangent  tan —
Formula ¢H

2
P ter Shift 1 I(\N )
e L )

where| E,, |oc| F, | normalized in resolution shells
Invariants: ® . =g, +¢. +¢_, =0
Weights: W, = A, =2N"*|E E E_, |

CCR
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Histogram of Rmin Values
0 1] 1] 0 1] 1] 2 g 8 10

18

17

10

IG.‘BSG 0,352 0.374 0.396 0418 0440 0462 0484 0507 0.523 0.531 0,573 0535 0.617 0.638 0662

Buckets:

12

Trials Read

:‘l 00

.Eest Trial:

3

.Eest Job:
éPK_anoImanual_G
.R—true:

0,097

R-random:

(1.121
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‘ Phasing-and -Structure-Stze

}

Se-Met with Shake-and-Bake

......?

Se-Met \

567 kDa (160 Se)
Multiple Isomorphous Replacement

oooooo?

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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Grid Computing



~— OC3 (155 Mbps)
— OC12 (822 Mbps)
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e

Q.rhputatiohal

Resources -

Lar ale Databases
B Coordinate Computing Resources, People, Instruments in Dynamic
Geographically-Distributed Multi-Institutional Environment
B Treat Computing Resources like Commodities
O Compute cycles, data storage, instruments
U Human communication environments

B No Central Control; No Trust

Imaging Instruments

CCR
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-[é University at Buffalo The State University of New York

ngh -Performance Networking Infrastructure
WNY/NYS Grid Initiative |
Grid3+ Collaboration
IVDGL Member
O Only External Member
Open Science Grid Member
O Organizational Committee
O Blueprint Committee
O Security Working Group
O Data Working Group
d GRASE VO
Grid-Lite: Campus Grid
O HP Labs Collaboration
Innovative Laboratory Protg
O Dell Collaboration

o | A

CCR

Center for Computational Research



ACDC-Grid

- Cvyber-Infrastructure

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

B Lightweight Grid Monitor (Dashboard)

B Predictive Scheduler

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

B Dynamic Resource Allocation

 Develop automated procedures for dynamic computational
resource allocation.

B High-Performance Grid-Enabled Data Repositories

 Develop automated procedures for dynamic data
repository creation and deletion.

CCR
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B Motivation:

 Large data collections are emerging as important
community resources.

d Data Grids complement Computational Grids.

B Definition: A data grid Is a network of distributed
storage resources, including archival systems,
caches, and databases, which are linked logically to
create a sense of global persistence.

B Goal: Design and implement transparent
management of data distributed across
heterogeneous resources.

-[é University at Buffalo The State University of New York  Center for Computational Research CCR



~ACDC-Grid Data Grid

Functionalit

B Basic file management functions are accessible via a
platform-independent web interface.

B User-friendly menus/interface.

B File Upload/Download to/from the Data Grid Portal.
B Simple Web-based file editor.

B Efficient search utility.

B Logical display of files (user/ group/ public).

B Ability to logically display files based on metadata
(file name, size, modification date, etc.)

-[é University at Buffalo The State University of New York  Center for Computational Research CCR



3 CCR Grid Computing Services: Data Management - Microsoft Internet Explorer

Eile  Edit

(
Cent

Wiew

PORTAL LOGOUT
User Tools

* Manage Account

Grid General Info
Projects

Resources

#» Computational Grid

# Job Submission

% Job/Queue Status

#» Data Grid

#» Metwork Status

* Running/Queued Jobs
#» PBS Job History

#» Grid Portal Statistics
*» Condor Flock Statistics

# User Information

Education /Outreach

Staff Only
CCR HOME

Fawvorites

—
e’r for Computational Research

Tools  Help

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

GRID PORTAL
High Performance Grid Computing

vIElerDUp 'I GROUPIW'Ii”EF *I UserListI rappleye "I

3 rappleye

=5 keyMaster

CHE3 Marpheus

=9 Tank

'{:I Agent

M1 Rabbit
E‘E Tank

=9 Marpheus
@ [T Oracle.m
{1 MNeo

FE{1 MNeo

H{3 cCypher

H{1 Meno

H{1 Morpheus

H{1 Oracle

Browser view of “miller”
group files published by
user “rappleye”

-[é University at Buffalo The State University of New York  Center for Computational Research
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Predictive Scheduler—

B Build profiles based on statistical analysis of logs

of
o
u

past jobs
Per User/Group

Per Resource

B Use these profiles to predict runtimes of new jobs
B Make use of these predictions to determine

J

Resources to be utilized

JAvailability of Backfill

-[é University at Buffalo The State University of New York  Center for Computational Research
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SQL

Database
A A A
T~
T Maintain
> Profiles and
Predict

/ / * running time

e backfill on
resources

* orid load

and utilization
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; ACDC-Grid Dynamic Resource

h.Allocation at SCO3 with Grid3

B Small number (40) of CPUs were dedicated
at night

B An additional 400 CPUs were dynamically
allocated during the day

B No human intervention was required

B Grid applications were able to utilize the
resources and surpassed the Grid3 goals

CCR
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ACDC-Grid Dynamic

Resource Allocation

Joplin Configuration
Diagram

Dell 6650 4-way
(ACDC)
Dell 6650 4-way
(GRID) %

Dell 6650 4-way
(EAGLES) %

1 node Dell 2650 NFS server (342 GB[) ..... GigE and Myrinet connection
----- GigE connection
T 73 GB hard drive

CCR
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A Open Science Grid a National Commen Grid Infrastriscture - Microsalt Inbernet Exploner
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osoft Internet Explorer

View Favortes Tools

té University at Buffalo The S

Microsoft Internet Explorer 10l x| (q { J - .
bslp -Center for Computational Researc

-[é University at Buffale The

T
GRID

File Edit “iew Favorites Tools

High Performance Grid Computing

'] RTAL LOGOUT Generate Globus grid-mapfile
- — - q Tools
. (_ 27 I ] T_J ' | D, _' T nage Account Specifying an optional include file will cause the contents of this file to be included at the top of the generated
J )y 1) _.) M LB s General Info grid-mapfile. If a grid-mapfile path is specified a copy of the generated file will be saved inta this location. The
r Or Onlp llt atl Ol.la eS earc lects generated file will be staged to the grid nodes unless the hox is checked,
urces
ngl'l Performance Grid Ccrnpuﬂng ;“:::::::.E"d Optional include file;: |/‘home/grlddew\wmfgnd-mapﬂle inc
b/ Queus Status Optional grid-mapfile path: |
ta Grid
ta Grid Statistics " Do not stage the file to the grid nodes
PORTAL LOGOUT Grid Site Administration bk statue

g d Job:
o u“.e“e o Genarata | Raset |

Uzer Tools 3 CCR Grid Computing Services: Grid Admin - Resources - Microsoft Internet Explorer

# Manage Account Users y N N .

IO Groups Fil= Edit Wiew Favorites Tools  Help

Projects Portal Event Log té

N Database Job List University at Buffalo The State Universil

# Computational Grid ‘ l - —_ .

+ Job Submission Organizations (add, edit, delete) R T T_) TP( ) R '_'_’ T_‘_

. (&
# Job/Queue Status Resources {wiew, refresh, ping, delete, create host certificate) Cel‘l‘f T for COH]pl_]tathI]al ReS earCh -

# Data Grid

» Data Crid Statistics Globus Administration i High Performance Grid Computing
» Network Status Reports (machine usage, user access to machines, etc.)
* Runnil d Job:
LI M5 PORTAL LOGOUT MDS Resource Update Status
# PBS Job History atabase Job Admil licrosoft Internet Explorer
#» Grid Portal Statistics s Tooks Hep L:’::':’;';munt
# Condor Flock Statistics Y P Current Time: 16-September-2003 10:58:12
# User Information — té miversity at Buftalo | ISP
Education,/Outreach [ [ e AT Resources | Resource | Last Updated |Next Update |Status
Staff Only Cerrf T for COInputatiOI'lal ReS earCh J D) @i [crosby.cor.buffslo.edu’ |16-September-2003 09:15:30 2 minutes | OK
= Job i
3 * Job/Queue Status |f0gerty‘ccr‘buffalu.edu |16—September—2tlt|3 1D:45:3E|| 2 minutes | 0K
High Performan " "
- # Data Grid hopl\n.:cr.buffalo‘edu |16*September72003 10:45: 15| 2 minutes | 0K
# Data Grid Statistics [mama.cor.buffalo.edu [16-Septémber-2003 10:45: 15[ 2 minutes | OK
PORTAL LOGOUT Create New Database Job » Network Status = -
eer Tosls » Running/Queued Johs |nash.c:r.buffa|0.edu |16—September—2003 10:45: 15| 2 minutes | 0K
»Manage Account Create a new database job that can be run by the partal. Job scripts must reside 3 PBS Job History |nexus‘hW|.buffalo‘edu |16*September72003 10:45:20 | 2 minutes | 0K
Grid General Info in “home-griddev/www/jobscripts prior to creating the database job entry. » Grid Portal Statistics - -
Projects I e g—— |\,rardb|rds.:cr.huffalo‘edu |16—Septemher—2003 10:45:13 | 2 minutes | 0K
Ts::;:ﬁmmﬁd Job Name: | # User Information [young.cer.buffalo.edu [16-September-2003 10:45:27 [ 2 minutes | OK
» Jab Submission Full Path To Script: | Education /Outreach
» Job/Queue Status Staff Only
ata Gri A ts A ts:|MNo » . .
o 2“: ctatitics ceepts Arguments Lo & (R (AL Return to the Grid Resource Admin menu,
» Network Status Run Seript: No [Figg Return to the Grid Admin menu,
# Running/Queued Jobs Run As User: admin (Admin, Adrmin) -

> PBS Job History
» Grid Portal Statistics
= Condor Flock Statistics Create Job Feset

» User Information

Education/Outreach

Staff Only

CCR HOME .
Return to the Database Job Admin menu.
Return to the Grid Admin menu.

Ll

CCR
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Grid-Enabling Application
Templates (GATSs

Structural Biology

1 SnB and BnP for Molecular Structure Determination/Phasing
B Groundwater Modeling
O Ostrich: Optimization and Parameter Estimation Tool

O POMGL.: Princeton Ocean Model Great Lakes for Hydrodynamic
Circulation

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

O EADR: Evolutionary Aseismic Design and Retrofit; Passive Energy
Dissipation System for Designing Earthquake Resilient Structures

B Computational Chemistry
d Q-Chem: Quantum Chemistry Package
B Geographic Information Systems & BioHazards

4 Titan: Computational Modeling of Hazardous Geophysical Mass
Flows

}

CCR

-[é University at Buffalo The State University of New York  Center for Computational Research
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té University at Buffalo The State University of New York

CCR : GRID PORTAIJ
-Center for Computational Research 7+~ = 7+

High Performance Grid Computing

—d'

Expand All Collapse All Advanced Computational Data Center Grid Jobs

PORETAL 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, grid job definition review and grid job

Grid General Info submission.

Projects

c““"l':"t:ﬁ‘_’“j“' Grid Grid Job Status: This section gontains grid user based specific grid job completion status, grid job
» Job Submission current state {(COMPLETE, RUNNING, QUEUED, BLOCKED, FAILED, ETC.), detailed

# Job/Queue Status

# MDS Information

#» Metwork Status

#» Running,/Queued Jobs
» PBS Job History

# NYE Grid

#» Condor Flock Statistics

information.an all running or queued grid jobs and grid-enabled application
specific imtermediate and post processing grid job graphics, plots and tables.

Data Grid
Education / Outreach

Staff Only
CCR HOME

Prirter Friendly

Startup Screen for ATDC*Grid Job Submission

|:Ej Crone
iiﬂartl“ :_jj & t‘;] CP} |J @Gmail-lnhux 13 - Micras. .. | @Center for Cumputatinnal...“@[[l{ Grid Computing 5... 35nB | @Screenshuts-lﬁrid job sub. .. |

[~

I_ I_ E |4 Internet
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Links **

Expand All Collapse All
PORTAL LOGOUT

User Tools

* Manage Account

Grid General Info
Projects
Computational Grd

# Job Submission

# Job/Queue Status

» MDS Information

» Metwork Status

# Running,/Queued Job=
# PBS Job History

» NYS Grid

# Condor Flock Statistics
Data Grid

Education /Outreach

Staff Only
CCR HOME

Prirter Friendly

Job - Review - Execution
Definition Scenario

Detailed
Information

General

Software - Template —+ Information

Advanced Computational Data Center Grid Job Submission Instiructions

The grid-enabling applicatian 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 more specific information such as group id and access level
information for each of grid-enabled appleiations. 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 scientific application profile contains information about specific execution parameters, required data files,
optional data files, computational requirements, etc. and statistics on application histarical ACDC-Grid jobs for predictive runtime
estimates. MySOL pravides the speed and reliability required for this task and it is currently being used as the ACDC-Grid \Web 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 guides them through the application workflow,

Software Application: Grid user chooses a grid-enabled software application.

Template: Grid user selects the required and/or optional data files from the ACDC Data Grid. User defined computational

requirements are input ar 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 carrects any part of job definition.

Job Definition:
Review:

Execution Scenario: The grid user has the ability to input an execution scenario or select a ACDC-Grid determined template

defined execution scenario.

Grid Job Status: The grid user can view specific grid job completion status, grid job current state (COMPLETE, RUMNMIMNG,
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 workflow data files or
application parameters and execute a series of new grid jobs,

| nstructiansang:-Desceiption:for:Running a Job on ACDC-Grid

|:Ej Done

iiﬂartl“ :_jj & t‘;] CP} |J @Gmail-lnhux 13 - Micras. .. | @Center for Cumputatinnal...“@[[l{ Grid Computing 5... snB

=

I_ I_ E |4 Internet
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té University at Buffalo The State University of New York

CCR : GRID PORTAIJ
-Center for Computational Research 7+~ = 7+

High Performance Grid Computing

—d'

Expand All Collapse All Software - Template _}I fenerf_l _}I ?Etaili!:l . 5 f:llu_I:. - Review = Esxecuti!:m
PORTAL LOGOUT nformation Information efinition cenario
User Tools

# Manage Account Select a GAT: |BnP Auto Run x|

Grd General Info EnP Auto Run

Projects EADR

Computational Grd - ;

» Job Submission ] Sém':h J Reset Current Stage | Cancel |

# Job/Queue Status O-Cherm

# MDS Information

® Metwork Status Return to the (S4B DREAR F
#» Running,/Queued Jobs Spm

% PBS Job History snb-dey

# NYE Grid

#» Condor Flock Statistics

Data Grid
Education / Outreach

Staff Only
CCR HOME

Prirter Friendly

Software’PacKate Selection

|:Ej Done

[~

I_ I_ E |4 Internet
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P,

té University at Buffalo The State University of New York

-Center for Computational Research - ID PORTA

High Performance Grid Computing

—d'

Expand All Collapse All Software - Template _}I fenerf_l _}I ?Etalli!ﬂ . 5 f:llu_I:. - Review = Esxecutlfzm
PORTAL LOGOUT nformation nformation efinition cenario

User Tools

* Manage Account

. " Enter structure definition manually
Grid General Info

Projects @ gelect structure from Data Grid: Select Config File |
Computational Grd

# Job Submission

# Job/Queue Status .
» MDS InFormation Continue Feset Sequence Feset Current Stage | Cancel |

» Network Status A7
#» Running,/Queued Jobs

* PBS Job History Return to the Grid Job Menu
* NYS Grid

#» Condor Flock Statistics

Data Grid
Education / Outreach

Staff Only
CCR HOME

Prirter Friendly

= .

1532095 2

Full Structure / SUBStFUCLUYE Template Selection

|:Ej Done I_ I_ Elﬂ Internet
iiﬂartl“ :_jj & t‘;] CP} |J @Gmail-lnhux 13 - Micras. .. | @Center for Cumputatiunal...ll@ttk Grid Computing 5... 35nB | @Screenshuts-lﬁrid job sub. .. | @ 10:05 &M
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A
»Manage Account General Information
Grid General Info
Projects o i
Computational Grd g I f - d
# Job Submission tructure In ormagﬂn .
# Joh/Queue Status . . -4 o
#» MDS Information Title: IHEd -
»N“t""“"‘f“"“sd ) Structure ID : |i|ed
* Running,/ Queued Jobs = - |
# PBS Job History Space Group : |19 Select |
# NT5 Grid ¥
# Condor Flock 5tatistics I .
e ] Cell Constants and Cell Errors (Cell Errors optional)
Education /Outreach
Staff Onl .
Staff Only A: [11.516 +/- |
Pririter Friendly B: |15_.'-"I:I5 +/- I
C: [39.310 +/- [0.004
Alpha: |9EI.EI +/- I
Beta: |9EI.D +/- I
Gamma: |9EI.EI +/- |
Native Asymmetric Unit Contents -
Mo Residues {Optional}): I
ASU Contents : |CEOH102NEO18 (examples: C6H1206 OR C6 H12 06)
Initial Data Sets
Add Dataset | Delete Datazet
‘Select dataset to delete| O
\ Datasets | Dataset 1
it Param Based on Templ
name s char{ )@F QT Parameters Based on Te P ate -
. L [ v 1 i
|@ Done I_l_Elﬂ Internet

| @SEreenshuts-Grid | clearwater.ccr.bu...l

iiStart”J :ﬂ E= @ (G |J @Gmail-lnhux-rﬂi...l @Center For Carnp... ”@EER Grid Comp... ‘5nB
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-
Initial Data Sets
Add Dataset | Delete Dataset
‘Select dataset to dElEtE| .
\ Datasets | Dataset 1
Mame (8 chars max): Iiledhkl
‘Dataset Type: ||Native j
File Name {*.hkl} : | Browse
File Type: [F.siaF) =
Wavelength: IW
Max. Resolution: |IW
‘Anumaluus Dispersion: ||N|:|t Measured j

"
[
-l

Heavy Element Type:

Mat. Element Replaced:

Mo. Expected Sites:

I—
I—

F Prime (f'): I—
I—

F Double Prime (f''):

Caontinue | Reset Sequence | Reset Current Stage | Cancel |

Return to the Grid Job Menpefau It Paramete rS (Cont’ d)

=

|:é:| Done I_ I_ El‘ Internet
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—OTErTOOTE
»Manage Account Reflections and Invariants
Grid General Info

Projects

Computational Grd Drear -I-‘.-_:]I:'Ie
# Job Submission 4 4
# Job/Queue Status ;
* MDS Information Data Set|Job Type Native Data Derivative Data Norm Method Select
::::‘*n:‘fq“:‘ed b, | ilednkl | Basic | iqu_‘_ﬁi:l’f | NULL [Wilson (Anisotropicy =] | @
# PBS Job History .

# NYS Grid 1

# Condor Flock Statistics MNormalization Data

Data Grid

Education /Outreach

Staff Only
CCR HOME

Prirter Friendly

N -

Data resolution cutoffs (in Angstroms)? Low: |999.EI High: |0.54

Use Bayesian estimates for weak reflections? I Mo vI

Min |F| / sig{|F|) for local scaling: |3.EI Run Mormalization
TMax :IE-EI ZMax ;I3.D

SIR and SAS cutoffs:
KMIMN :|3.El YMIN :|1 o

Generate Invariants

Data resolution cutoffs 7 Lowe: |999.EI High: |D.9f1
rMinimum allowed |E| / sig{|E|): 3.0 Maximum |E| ;IE.EI
rinimum allowed invariants / reflection ratio: |5.0

Initial values for adjustable parameters Generate Invariants

Minimum |E| f sig{|E|)} = ZMin: 3.0

Number of reflections to use:

Mumber of invariants to save:

i

Continue Reset Seguence | Reset Current Stage | Cancel |
~ Generating Reflections (Drear) -

|:é:| Done I_ I_ El‘ Internet
iiStart”J :ﬂ E= l_;"";] @ |J @Gmail-lnhux-rﬂi...l @Center fFar Comp... ”@EER Grid Comp... ‘3SnE | @SEreenshnts-Grid | clearwater.ccr.bu...l @ 10:17 AM
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User Tools

* Manage Account

Grid General Info
Projects
Computational Grd

# Job Submission

% Job/Queue Status

#» MDS Information

# Network Status

# Running,/Queued Jobs
#» PBS Job History

# NYS Grd

# Condor Flock Statistics
Data Grid

Education /Outreach

Staff Only
CCR HOME

Prirter Friendly

-

Drear Table

Reflections and Invariants

.

Data Set[Job Type [Native Data Derivative Data Norm Method

Select

s r . . .
| iledhkl | BASIC | iIQQ‘h‘I:l K/ | MULL ||W|I5|3n (Anisotropic) j | o
Mormalization Data
Data resolution cutoffs {in Angstroms)? Low: |999.EI High: |0.54

Use Bayesian estimates for weak reflections?

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

SIR and SAS cutoffs:

Generate Invariants

Data resolution cutoffs ?

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

Minimum allowed invariants / reflection ratio:

Initial values for adjustable parameters
Minimum |E| £ sig{|E|} = ZMin:
Mumber of reflections to use:

Mumber of invariants to save:

Cnntinuel Reset Seguence |

Feset Current Stage

nvarian

1

Mo =

|l

3.0 Fumn Mormalization

TMax :IE-EI ZMax ;I3.D
XMIN :|3 0 YMIN :|1 0
Low: |999-|:| High: ||:|-94

3.0 Maximum |E]| :|5-|:I

5.0

Generate lnvariants

3.0
540
G400

T

Cancel

eneration

|§| Done

iiStart”J :ﬂ E= @ (G |J @Gmail-lnhux-rﬂi...l @Center For Carnp... ”@EER Grid Comp... ‘5nB
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User Tools ;I

* Manage Account S n B Setu p

Grid General Info
Projects

Computational Grid d w

Grid Parameters

# Job Submission 4 ./
# Job/Queue Status Preferred resource name: IGrid Scheduler |
# MD5 Information -
¥ Network Status Mumber of processors: ."{“}; |5|
# Running/Queued Jobs - -y
# PB5 Job History Wallclock time requested: {mins) 720
® NYS Grid . b -
o Condor Flock statistice  JOb Prefix for results: ob0
Data Grd Queue: grid
Education /Outreach
staff Only SnB Run Parameters
CCR HOME
Printer Friendly - Invar’ants
Mumber of triplet invariants to use: IEilEIEI
e Trials To Process

Starting phases from: |R'andum Atomns j o

Random seed (prime): |119I]9 'l
Number of Trials: |1EIEIEI
Starting Trial: |1

Input Phase File: Innne
Input Atom File: |n|:|ne
Keep complete {every trial} peak file? : I‘fes vI

s Cycles Information
Mumber of Shake-and-Bake cycles: IEEI
Keep complete {every cycle) trace file? : Mo =

Terminate trials failing the R-Ratio test? : Mo -

R-Ratio cutoff: IEI.EEI
s Phase Refinement Method S n B Setu p

|§| Done I_ I_ El‘ Internet
iiStart”J :ﬂ E= @ @ |J @Gmail-lnhux-rﬂi...l @Center fFar Comp... ”@EER Grid Comp... ‘3SnE | @SEreenshnts-Grid | clearwater.ccr.bu...l @ 10:17 AM
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s Phase Refinement Method
Phase Refinement Method : |F'arameter Shift (Fast) j

|

Number of passes through phase set:

[iw]
-
]

Phase shift:

Number of shifts:

Ll il

» Real-Space Constraints

[}

Mumber of peaks to select:

Y
-

Minimum distance between symmetry-related peaks:

Minimum interpeak distance:

Mumber of special position peaks to keep:

Fourier grid size:

=

11T TRA T

Perform extra cycles with more peaks? :

Mumber of extra cycles :

=

Number of peaks :

s Twice Baking

Trials for E-Fourier filtering {fourier refinement)? : Mone

Mumber of cycles :

[}

Number of peaks :

Minimum |E]| : 0.75

o Automatic solution identification criteria
Emin Improvement {%o}: 45.0

Rocryst Imporvement {%): 25.0

Cnntinuel Reset Seguence | Reset Current Stage Cancel y
bn‘B‘YtJe up (cont’d)

|:é:| Done I_ I_ El‘ Internet
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Links **

User Tools
* Manage Account

Grid General Info

SnB Job Review

Projects
Computatonal Grd Grid Job ID: 447
# Job Submission
# Job/Queue Status Selected resource: clearwater.cocr.buffalo.edu
» MDS Information Mumber of processors: 5
* Network Status wallclock time requested: & 720
:::';";::1_3::::’ Jobs Number of triplet invariant to use: 5400
» NY5 Grid Start Phases From: Random Atoms
= Condor Flock Statistics  Random seed (prime): 11909
Data Grid Mumber of trials: 1000
Education /Outreach Starting Trial: 1
Staff Only .
CCR HOME Input Phase File: Unused
Frinter Friendly Input Atom File: Unused
Keep complete {every trial} peak file? : Yes
Mumber of Shake-and-bake cycles: 20
Keep complete {every cycle) trace file? : Mo
Terminate trials failing the R-Ratio test? : Mo
R-Ratio cutoff: Unused
Phase Refinement Method: Parameter Shift{Fast)
Mumber of passes through phase set: 3
Phase shift: 90.0
Number of shifts: 2
Mumber of peaks to select: B84
Minimum interpeak distance: £ (I
Minimum distance between symmetry-related peaks: 3.0
Mumber of special position peaks to keep: 0
Fourier grid size: 0.31
Perform extra cycles with more peaks? : Mo
Mumber of extra cycles: Unused
Mumber of peaks: Unused
Trials for E-Fourier filtering {fourier refinement)? : Mone
Mumber of cycles: Unused

wmeertpesks: SNB Review (Grid job 1D: 447)

Minimum |E|:

=

|:E:| Done

I_ I_ E |4 Internet
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té University at Buffalo The State University of New York

GRID PORTAI

—d'

Expand All Collapse all Details fﬂl‘ Gl'id Jﬂb 447 - iIEdth
PORTAL LOGOUT Job Detail Information
User Tools Status: RUNNING Total Trials: 1000 Best Trial Number: 34

* Manage Account

Rmin Min: 0.244 Rmin Max: 0.56 Complete Trials: 285 Best Trial Rmin: 0.344
p
Grd General Info
i Last Updated: 15-Mar-2005 10:22:00 Resource: clearwater.ccr.buffalo.edu Processors: &
Projects p
Computational Grd
& il Sl ik Trial Summary walltime Summary Grid Job Trial Histogram
# Job/Queue Status Grid Job 347 Hislogram - 285 Trials Complsts - Status RUNNING
# MDS Information Grid Job 347 Triel Summary Crid Job 347 Walltime Summaeny =
# Mebwork Status Mumbet o1 THlals Complats: 285 (28.5 ™) walltime Conaumed: 2 10.3%) g
#» Running,/Queued Jobs ok L e ;
# PB5 Job History ! -

* WY5S Grid Cerhlis "'t
#» Condor Flock Statistics

Trlala
1

=l

=

Data Grid
Education / Outreach

Staff Only
CCR HOME

Prirter Friendly

- P

*é”-?; f;‘*hﬁ‘a‘ 4“5\*9"?-& e R D b Bl ok
Al Ly,

amta e et
0T Ui sl

Click on image for enlarged view,

Graphieak Representation of Intermediate Job Status

— - —y
I( =1 f Fal B Fat o r AT TR17 i -
A N - J s o W_# ] L A i

=

|:éi| https: /fgriddey.ccr buffalo, edufjobssubmitfsnb/display_chart. phprid=4472gat=snb&chart=rmin_histogram I_ I_ E |ﬂ Internet
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| @0 |Links ?

f " 1T 3 % University at Buffalo The State University of New York
\' GRID PORTA]
Center for Computational Research 7'~

High Performance Grid Computing

Expand All Collapse All Grid Job 447 Histogram - 285 Trials Complete - Status RUNNING
PORTAL LOGOUT e
User Tools 404

* Manage Account

Grid General Info 35

Projects a0 4
Computational Grd

# Job Submission a5

# Job/Queue Status E

# MDS Information = 20

# Metbwrork Status

* Running,/Queued Jobs 154

* PBS Job History 104

# NYE Grid

#» Condor Flock Statistics g

Data Grid 3

Education /Outreach N oGh b o B - . .

L P PIIS IS TIPSR P SIRIS

. . Rmin Value
Prirter Friendly

Return to ] etai
Return to tHIIISI'EONg:

Return to the Grid Job

ram of Completed Trial Structures

=

|:E| Done I_ I_ Elﬂ Internet
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Tools

Edit

File Yiew  Favorites Help

Back ~ = - () ot | ‘Qsearch [E]Favorites fMedia o4 | By 5 = ¥
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Illull (BRI L R R -0 R LWL =R e LV ] UUIIIPUIIIIH d
Expand All Collapse All Grid Job Status
User Tools
* Manage Account Job Filter Criteria
Grid General Info
Projects
T e (B ~ Show GATS |BrP Auto Run «| Job State [DEFIMITION <] Sort By W
 Job Submission E EAD_R STAGING Job Mame _J
+ Job/Queue Status Ostrich QUELED Fesource
% MDS InFormation PO RUNMING Mum Procs
» Netwrork Status A -Chem UPLOADIMG Status -
- - . COMPLETE Percent Camplete "
# R A1 d Job
o PBS sob History o SnB DREAR v| INCOMPLETE =] Last Update 1

* NYS Grid

* Descendin

#» Condor Flock Statistics g

Data Grid " ascending

Education /Outreach

Staff Only

CLR HOME Filter Job List

Prirter Friendly

sSnB

e Job MName Resource Num Status Percent Last Update ST Drilldown
Id Procs Complete Job
447  jledhkl clearwater.ccr.buffalo.edu & RUMMING 28.5 15-Mar-2005 10:22:00 [ A
446 trilys  clearwater.cor.buffalo.edu 10 RUMNING 1 15-Mar-2005 10:22:00 [0 -1
444 g4chkl nash.ccr.buffalo, edu 3 COMPLETE 100 14-Mar-2005 22:00: 01 A
43 trilys clearwater ccr.buffalo,edu 10 COMPLETE 100 10-Mar-2005 22:45:00 A
442 pra35hkl nash.ccr.buffalo.edu 5 COMPLETE 100 10-Mar-2005 17:26:01 -t
441 wancohkl clearwater cor.buffalo.edu 10 COMPLETE 100 10-Mar-2005 12:08:01 A
434  16chkl clearwater.ccr.buffalo.edu 5 ?MPLET 100 10-Mar-2005 14:42:01 A
433 16chkl clearwater.ccr.ﬁxlaetus O DV\\]L S 100 10-Mar-2005 14:35:01 A Ll
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Heterogeneous Back-End Interactive Collaboratory

B okl ? L X X3

‘Winsock 2 AP initialized on

User starts up — default image of structure.




i
B deskmolZ

08 x

Deskiol 2.0
Quit

Bawe Molecule
Zooon Qut
aoom In
£dd Bond
Delete Bond,
Undelete & torn -
Dielete A torm
Atorn Size -
AtomSize +
Center

Reset

Bhuoser Ids

et Log

Help

}vﬂnsc@i 2 AP initialized on

Molecule scaled, rotated, and labeled.




= Current Grid-Efforts——

}

B Grass Roots NYS Grid B GRASE VO: Grid

Q SUNY-Buffalo Resources for Advanced

A SUNY-Binghamton Science and Engineering

d SUNY-Albany Virtual Organization

L SUNY-Geneseo 1 (Non-Physics Research)

d Hauptman-Woodward Inst. 1 Structural Biology

1 Columbia 1 Groundwater Modeling

 Niagara University O Earthquake Engineering

1 Canisius College O Computational Chemistry
B Harden Jd GIS/BioHazards

1 Dashboard

L Predictive Scheduler

CCR
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B HS Summer Workshops in Computational Science
dChemistry, Visualization, Bioinformatics

110-14 HS Students Participate Each Summer for 2 weeks

JProject-Based Program

CCR

-[é University at Buffalo The State University of New York  Center for Computational Research



M Pilot HS Program in Computational Science

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

JProduce next generation scientists and engineers
AStudents learn Perl, SQL, Bioinformatics
1350 000§ttu_p funinq from Verizon, PC’s from HP

-

-[é University at Buffalo The State University of New York  Center for Computational Research CCR



B Mark Green B George DeTitta

B Amin Ghadersohi B Herb Hauptman
B Naimesh Shah B Charles Weeks

B Steve Gallo B Steve Potter

B Jason Rappleye
B Jon Bednasz
B Sam Guercio

B Bruce Holm
B Janet Penksa

B Martins Innus B NSE NIH NYS
B Cynthia Cornelius NIMA, NTA, Oishel,
Wendt, DOE
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