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enter for Computational Research

1998-2005 Overview

~® High-End Computing, Storage, Networking, and Visualization

1 ~140 Research Groupsin 37 Depts
QPhysical Sciences
QOLife Sciences
QEngineering e
QO Scientific Visualization, Medical I maging, Virtual Reallty ) :"." =k ﬁ'—'

1 13 Local Companies - *—IE mr
1 10 Local Institutions

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

B EOT, Economic Development, Software, M edia,
Algorithms, Consulting, Training, CPU Cycles...
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Dell Linux Cluster (10TF peak) B SGI Altix3700 (0.4TF peak)
0 1600 Xeon EM 64T Processors(3.2GHz) 1 64 Processors (1.3GHz ITF2)

0 2TB RAM; 65 TB Disk O 256 GB RAM
O Myrinet / ForcelO 0 25TB Disk
0 30TB EMC SAN
B Ddl Linux Cluster (2.9TF peak) B CCR Bioinformatics System
0 600 P4 Processors (2.4 GHZz) 0 Sun V880 (3), Sun 6800
0 600 GB RAM; 40 TB Disk; Myrinet Q0 Sun 280R (2)
B Ddl Linux Cluster (6TF peak) Q Intel Pllls
O 4036 Processors (Pl 1.2 GHz) 0 Sun 3960: 7 TB Disk Storage

0 2TB RAM; 160TB Disk; 16TB SAN
B |BM BladeCenter Cluster (3TF peak) m HP/Compag SAN

0 532 P4 Processors (2.8 GHZz) O 75TB Disk; 190 TB Tape
O 5TB SAN O 64 Alpha Processors (400 MHz)

O 32 GB RAM; 400 GB Disk
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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
0 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



i StreetScenes: Real-Time
K 3D Traffic Simulation

BAccuratelocal landmarks: Bridges, Street Signs, Business, Homes
BCan beviewed from driver’s perspective
BReal-Time Navigation |
W\ orkswith
BCorsim
BSynchro -
BGenerate AVI & MOV

EMultiple Simultaneous
BTraffic Loads
ESimulation
mVarying POV

CCR
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Animation & Simulation

Rendered Scenes



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
components
CCR
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. Peace Bridge Visualization:

Animation & Simulation

B Proposed Options
Relocate US plaza
EIBqu a3 lane companion span

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



E Song: I'm OK (I Promise)
= M-IV | Band: Chemical Romance
;_FlBC Digital & CCR  Gaming Environment: Death Jr.

CCR
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Scientific Visualization



B Collaboration with
Buffalo Neuroimaging
Analysis Center
(BNAC)

1 Developers of Avonex,
drug of choicefor
treatment of MS

B M S Project examines
patients and compares

scansto healthy
volunteers

Sieeirous | MIF Groug |
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Copyin AllSiees|  Saar Mask Cofaction |
Copydn siiced foo

rrvert bieck.
Copyy 1o btk [ e

“Fils Cptinna | Isn Crtion |v|apm|nmm|capmr=|
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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 ]
Gk m{ I=a ﬂp'fnn:l ol D|:Iinn:| Aduanced | Cophre |
% Univerdity at Buffalo The Sate University of New York  Center for Computational Research CCR




Science & Engineering



, Groundwater FHow-Modehng

B Regional-scale modeling of groundwater
flow and contaminant transport (Great
L akes Region)

B Ability toinclude all hydrogeologic |

ey

‘lﬁ
CANADA ec73  JhunderBay Marathon ' Lo,
L

features as independent objects; G S . T s

Lak® Supa.r,:,,r TRy ST

B Current work isbased on Analyti c;-.v o s o
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0 Object-oriented programming s M.waél
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5= Y -‘
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B Utilized 10,661 CPU days (32 CPU year gyt e comn e Sacs mapEnnmond Cnas
computing in past year on CCR’scommodity
clusters
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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
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Shake-and-Bake

Molecular Structure Determination
from X-Ray Crystallographic Data



X-Ray-CrystaHography——

atomsin acrystal.

B Procedure

1. |solateasinglecrystal.
2. Perform the X-Ray diffraction experiment.

P ,,:,,,

P .,fz--._'j- b
SWM%

3. Determine molecular structurethat agrees
with diffration data.

CCR
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i X-Ray Data & Corresponding
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




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



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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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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Phasing-and -Structure-Size

Se-Met with Shake-and-Bake

......?

Se-Met

567 kDa (160 Se)
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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Grid Computing



United icific Advanced Network

States obsew}ﬁ

B

PROTEIN D-'LT‘; BANK G]"{]-D :}

o

CCR
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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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B High-Performance Networking Infrastructure

——
P e

B Grid3+ Collaboration o, J—
B iVDGL Member a W S -
O Only External Member |
B Open Science Grid
U Organizational Committ
O Blueprint Committee
O Security Working Group
O Data Working Group
d GRASE VO
B Grid-Lite CampusGrids ,
Q0 HP Labs Collaboration R
B |nnovative Laboratory Prototype
1 Dell Collaboration

té Univerdity at Buffalo The Sate University of New York  Center for Computational Research
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ACDC-Grid Collaborations H

B Grass RootsNYS Grid B GRASE VO: Grid

0 SUNY-Albany Resour ces for Advanced
Q SUNY-Binghamton Science and Engineering
Q SUNY-Buffalo Virtual Organization

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

1 Canisius College  Structural Biology

1 Columbia 0 Groundwater Modeling
d Hauptman-Woodward Inst.  Earthquake Engineering
 Niagara University O Computational Chemistry

U GlS/BioHazards

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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CR Grid Computing Services: Data Management - Microsoft Internet Explorer

File  Edit View Faworites Tools Help

— i % University at Buffalo The State University of New York
‘ ‘ , — T DOYDRDTA T
1 | f 4

-Center for Computational Research 7~ * -

High Performance Grid Computing

PORTAL LOGOUT

User Tools

VIEWIGFDUP 'I GRouplmiller 'I UserLiStI rappleye 'I

‘3 rappleye
=& KeyMaster

* Manage Account

Grid General Info

» Netwrork Status
» Running/Queued Jobs
# PBS Job History
» Grid Portal Statistics

s

#» Condor Flock Statistics D Meo
% User Information EJ'D Meo
Education /Outreach []-1:' C\,fpher
Staff Only
CCR HOME E{J Meo
H{] Marpheus
H-{Z3] oracle

Univerdity at Buffalo The Sate University of New York

Projects E-E3 Morpheus

Resources B

# Computational Grid a Tank

# Job Submission [:l agent

. e EFY R =biEit Browser view of “miller”
# Data Grid Ela -

group files published by

. B2 Morpheus @ "
user ‘rappleye

@ [T Oracle.m

Center for Computational Research

CCR



ACDC- Grld Data Grid

B Basic file management functions are accessiblevia a

platfor m-independent web interface.
B User-friendly menus/interface.
B File Upload/Download to/from the Data Grid Portal.
B Simple Web-based file editor.
W Efficient search utility.

B | ogical display of fi
B Ability tologically o

(file name, size, mod

es (user/ group/ public).
Isplay files based on metadata
Ification date, etc.)

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



Predictive-Seheduler—

M Build profiles based on statistical analysis of logs
of past jobs

dPer User/Group
dPer Resource

B Use these profilesto predict runtimes of new jobs

B Make use of these predictionsto determine

(JResour cesto be utilized
dAuvailability of Backfill

CCR
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| ACDC-Grid Dynamic Resource

BAllocation at SC0O3 with Grid3

B Small number (40) of CPUs wer e dedicated
at night

B An additional 400 CPUs were dynamically
allocated during the day

B No human intervention was required

B Grid applicationswere ableto utilizethe
resour ces and surpassed the Grid3 goals

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



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) eeeee GIgE and Myrinet connection

e=ee= GigE connection
& 73GB hard drive
tﬁ University at Buffalo The Sate Uni ty of New York Center for Computational Research CCR



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

() Bech - x| 2] 7y Search

i, ._f,:% >

g.cor baffalo.edu

aqtress [ ] b
Google - |

Bobbded ]

| Eoseachwer - F

[ options

—

Applications

GRID3 Running Jobs

BIEY,
co

ACDC GRID DASHBDARD

GRID3 Gueuved Jolbs

GRIDG Number Free CPLUS
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o | 1
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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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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,
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