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enter for Computational Research

1998-2005 Snapshot

O ~140 Research Groupsin 37 Depts
QPhysical Sciences
QOLife Sciences
QEngineering
Q Scientific Visualization, Medical Imaging, Virtual Reality'#:;?g‘. -
Q 13 L ocal Companies ' |
0 10 Local Institutions
B External Funding: $300M +

B Total Leveraged WNY : $500M +
B Deliverables -

J 1100+ Publications

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

-

P
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F(22 IF Peak Compute & 130 TB of User Storage)

B Ddl Linux Cluster (10TF peak) B SGI Altix3700 (0.4TF peak)
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 peak) O Sun V880 (3), Sun 6800

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

O 600 GB RAM; 40 TB Disk; Myrinet d Intel Pllls
B Dell Linux Cluster (6TF peak) 1 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 |BM BladeCenter Cluster (3TF peak) 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 Intel Linux Cluster (0.1TF peak)
O 150 PIIT Processors (1 GHZz)
O Myrinet

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



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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CCR-Research-& Projects

Archaeo|ogy B Videos MTV
Bioinformatics/Protein Folding B Urban Simulation and Viz
Computational Chemistry * -l StreetScenes
: : O 1-90 Toll Barrier
Computational Fluid Dy 'O Medical Campus
Data Mining/Database 0 Peace Bridge
Earthquake Engineering B Accident Reconstr il
Environ Modeling & Simulation W Scientific Viz
Grid Computing J Dental
Molecular Structure Deter mi J Surgery
0 MRI/CT Scan
PRysics O Confocal Microscop
ﬂ& ;l Q Crystallization Well

1 Collaboratories

L _|.-I * 3 §
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Real-Time Visualization



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

ShcaGroig | MIP Groig

T Togglehiazk [ by bdask | [lsotisble | PesstCamera| [ Showdees | [ Vol Wisbe |
nd lum N i ~ [ T
a Volumes = 1 [ éete | [T 5|
. . [ ] E S
B EXxport iImages, moviesor —
. MHQJ Dlesr Wisk I Eraza Wik ein] "Srl’u.ne
CAD representation of bl comosrsies|  Cowtiesco| ailﬁ” —
| Crop Medel
Inuert hdask ml‘ A Lo l xrﬂ!l_ 4
Copgiomaskef i et o D |
ErglfE e Sl ]
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i StreetScenes: Real-Time
K 3D Traffic Simulation

BAccuratelocal landmarks: Bridges, Street Signs, Business, Homes
BCan beviewed from driver’ sperspective
BReal-Time Navigatiof
m\Vorkswith
BCorsm
B Synchro
BGenerate AVI & MG
B Simultaneously mult
BTraffic Loads
BSimulation
mVarying POV

[ 4
Ii|.
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Animation & Simulation

Rendered Scenes



Thruway HOT Lanes
\ Animation

T"W

CCR
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. Peace Bridge Visualization:

Animation & Simulation

B Proposed Options
Relocate US plaza
EIBqu a3 lane companion span
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GLOBAL

DISCOM

g e SinRG

United rtual :
Sta]tes observg{ APGrid

PROTEIN DATA BANK
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e W ‘B \-~Computational

Imaging | nstruments - = Resourges:

.

L arge-Scale Databases
B Coordinate Computing Resour ces, People, I nstrumentsin Dynamic
Geographically-Distributed Multi-1nstitutional Environment
B Treat Computing Resources like Commodities
0 Compute cycles, data storage, instruments
0 Human communication environments
B No Central Control; No Trust

CCR
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ACDC-Grid

Cvber-Infrastructure

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

B | ightweight Grid Monitor (Dashboard)
B Predictive Scheduler

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

B Dynamic Resour ce Allocation

U Develop automated procedures for dynamic computational
resour ce allocation.

B High-Performance Grid-Enabled Data Repositories

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

CCR
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High-Performance Networking I nfrastructure
WNY Grid Initiative S P———
Grid3+ Collaboration B =
IVDGL Member
U Only External Member
B Open Science Grid Member
0 Organizational Committee
O Blueprint Committee
0 Security Working Group
U Data Working Group
0 GRASE VO
B Grid-Lite CampusGrid
O HP Labs Collaboration
B |nnovative Laboratory Protd
U Dell Collaboration

i
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2} Open Seience Grid a Mational Common Grid
Fle £t ew Favobes  Took  Help
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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

CCR
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Grid-Services-and-Applications

-and-Bake ache ysaL racte
: |l. nd-Bake a i! SQL /

i

D ||

dor fat Linux | WINNT
e [ we | ik | solaris
Adapted from lan Foster and Carl Kesselman
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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.., |

-]

[ [ & [ mternet

B3 10:05 am



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

File Edit Yiew Favorites

Tools  Help

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

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

User Tools

* Manage Account

Grid General Info
Projects
Computational GHd

# Job Submission

* Job/Queue Status

# MDS Information

#» Metwork Status

* Running,/ Queuad Jobs
# PBS5 Job History

* NYS Grid

» Condor Flock Statistics

Data Grid

Education / Dutreach

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? :
Number of Shake-and-bake cycles:

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:

NMumber of peaks to select:

Minimum interpeak distance:

SnB Job Review

447
clearwater.ccr.buffalo.edu
L5

T20

2400

Fandom Atoms

11909

1000

1

Unused

Unused

Wes

20

Mo

Mo

Unused

Parameter Shift{Fast}
3

a0.0

2

84

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}? :

Mumber of cycles:
Mumber of peaks:
Minimum |E]|:

u]

0.31
Mo
Unused
Unused
Mone
Unused

SnB Review (@rid job | D: 447)

|>E:| Done

msrart”J ] & 5 H @Gmail-lnhox-w...l & |Center For Comp, ., ||@|:|:R Grid Comp... | ‘ZySnE

[l [ ré_ |4 Internet
BT 108 aM
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CCR Grid Computing Services: Grid Job Status Detail - Microsoft Internet Explorer

File Edit ‘iew Favoribes Tools  Help

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

Address Iﬂj https:/fgriddew.cor . buffalo. edufjobs/job_detail phprid=447&gat=snb

(CR
-Center for Computational Research

High Performance Grid Computing

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

GRID PORTAL

Ezpand All Collapse All Details fOI' Gl'id JOb 447 - iIEdth

PORTAL LOGOUT Job Detail Information
User Tools Status: RUNNING Total Trials: 1000 Best Trial Number: 34

# Manage Account

Rmin Min: 0.344 Rmin Max: 0.56 Complete Trials: 285 Best Trial Rmin: 0.344
Grid General Info
i Last Updated: 15-Mar-2005 10:22:00 Resource: clearwater.ccr.buffalo.edu Processors: &
Computational GHd
- el i Trial Summary walltime Summary Grid Job Trial Histogram
Sololy i st @ricl Job 47 Hislagram - 285 Triale Complata - Status RUNNING
* MDS Information Grid Job 447 Trial Summary Grid Job 447 Walltirne Summany
5 MNetwork Status Humbar e THals Completa: 285 (28.5 ™) walltma Cansumed: 2 10.57) w
#» Running/Queued Jobs fRrEc e :_
% PBS Job History | i)
 NYS Grid CutEliiE ' i,
# Condor Flock Statistics 15
Data Grid

L.,.._. (g I_.I I

Education / Dutreach

Staff Only g e
CCR HOME

Priftéer Friendhy

S gl by ,M»p T T TR e e

RRCSEY B

i;
R

Al Ly
o i vml:

Click on image for enlarged view.

Graphieal Repr esentation of I ntermediate Job Status

=l

|ﬂ:| htkps:figriddesy. cor, buffalo, edufjobs/submit/snbidisplay_chart, phpFid=4472gat=snbachart=rmin_histogram |_ |_ ré_ !Q Inkernet

iﬂStart”J m = L‘j;l @ |J @Gmail-lnhox-Mi...I @Center For Comp... "@EER Grid Comp... ‘I5rB | @Screenshnts-t&rid | clearwater.ccr.bu...l I@ 10:21 &M




; CCR Grid Computing Services: Grid Job Status - Microsoft Internet Explorer

18] x|
File Edit ‘iew Favoribes Tools  Help i
s Back -+ = - @ ot | @Search (G Favorites @Media @ | %v = =] 2
Address I@ https:}igriddev.ccr.buffala.edufiobs/job_status_list.php j a0 |Links 2
III.HII TSI RS UUII.IPUIIIIH ;I
Expand All Collapse All Gl'id JOb Status
User Tools
# Manage Account Job Filter Criteria
Grid General Info
Projects ) et
P — ¢ Show GATS BnP Auto Run «| Job State [DEFIMTION <] Sort By 4
# lob Submission o STAGING Job Mame o
» Job/Queue Status 4 QUEUED Resource
+ MDS Information RUMMING Murm Procs
N borarll SEatiE A UPLOADING Status el
* Running/Queued Jobs = COMPLETE Fercent Complete -
» PES Job History : SnB DREAR | INCOMPLETE x| Last Update
® NYS Grid .
# Condor Flock Statistics o Degcending
Data Grid  pscending
Education / Dutreach
Staff Only
A Filter Joh List
PBrinter Friendly
sSnB
a0b Job Name Resource Bl Status rercent Last Update Ganel Drilldown
Id Procs Complete Job
447 iledhkl clearwater.ccr.buffalo.edu & RUMMNING 28.5 15-Mar-2005 10:22:00 [ A
446 trilys  clearwater.cor.buffalo.edu 10 RUNMNING 1 15-Mar-2005 10:22:00 [ -
444 A4chkl nash.ccr. buffalo,edu ] COMPLETE 100 14-Mar-2005 22:00:01 A
443 trilys clearwater.cor. buffalo.edu 10 COMPLETE 100 10-Mar-2005 22:48:00 A
442  pra435hkl nash.cer buffalo. edu 3 COMPLETE 100 10-Mar-2005 17:26:01 -
441 wancohkl clearwater.ccr.buffalo.edu 10 COMPLETE 100 10-Mar-2005 18:08:01 A
434 1lechkl clearwater.ccr.buffalo.edu & CI_;)MPLET 100 10-Mar-2005 1<4:42:01 A
433  16chkl clearwater.ccr.iﬁl@t“$ OMJL S 100 10-Mar-2005 14:38:01 A LI

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

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

I_ l_ ré_ |4 Internet
BT 1m:24 M



Heter ogeneous Back-End | nteractive Collabor atory

idmslum‘[! — @8 x

Winzock 2 AP | initialized on

- User darts up — default image of structure.




.
M deskmol2

@8 %

Deskial 2.0

.';'ﬂ. T g “-. ’

Winsagk 2 AP initialized an

Molecule scaled, rotated, and |abeled.



—Current Efforts

B Grass RootsNYS Grid B GRASE VO: Grid

O SUNY -Buffalo Resour cesfor Advanced

Q Niagara University Science and Engineering

Q Canisius College Virtual Organization

O SUNY-Geneseo 1 (Non-Physics Resear ch)

L SUNY -Binghamton  Structural Biology

O Columbia 0 Groundwater Modeling

d Hauptman-Woodward Inst.  Earthquake Engineering
B Expand to Ontario?? d Computational Chemistry
B Harden U GlIS/BioHazards

J Dashboard
 Predictive Scheduler
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