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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 Reahty?”‘ii“,;;"

1 13 Local Companies = JJ_HM
(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...
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— C%R—bythﬁ Numbers——

B Full-Time Staff: ~20 B Funding Model
B Technical Staff: 13 Q University/State: $1.3M
Q Associate Director Q Personnel: $1.2M

Q Computational Scientist (3) O Operating: $0.1M
O System Administration (5) A User’s Contributions: $0.4M

Q Storage Area Network Admin Q Annual Expend: ~$2.4M
0 Database Administrator d UB ROI: $7M — $300M

Q Scientific Visualization 0 WNY ROI: $500M

O Multimedia

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

B Research Staff: 5 FTE
B Students: ~12

CCR
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Dell Linux Cluster (10TF peak) B SGI Altix3700 (0.4TF peak)

0 1600 Xeon EM64T Processors (3.2 GHz) U 64 Processors (1.3GHz ITF2)
0 2 TB RAM; 65 TB Disk Q 256 GB RAM
O Myrinet / Forcel0O 0 2.5 TB Disk
0 30 TB EMC SAN B Apex Bioinformatics System

B Dell Linux Cluster (2.9TF peak) 3 Sun V880 (3), Sun 6800
0 600 P4 Processors (2.4 GHz) O Sun 280R (2)
0 600 GB RAM; 40 TB Disk Q Intel Pllls
O Myrinet O Sun 3960: 7 TB Disk Storage

B Dell Linux Cluster (6 TF peak)
[ 4036 Processors (P11 1.2 GHz) B HP/Compaq SAN
0 2TB RAM; 160TB Disk; 16 TB SAN Q 75 TB Disk; 190 TB Tape

B IBM BladeCenter Cluster (3TF peak) O 64 Alpha Processors (400 MHz)
0 532 P4 Processors (2.8 GHz) 0 32 GB RAM; 400 GB Disk
O 5TB SAN
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B Fakespace ImmersaDesk R2
(O Portable 3D Device
0 Onyx2: 6 R10000 @ 250MHz
0 2 IR2 Pipes
3 64MB texture memory mgrs.
B Tiled-Display Wall
1 20 NEC projectors: 15.7M pixels
O Screen is 11°x7’
d Dell PCs with Myrinet2000

B SGI Reality Center 3300W
1 Dual Barco’s on 8’x4’ screen
1 Onyx300: 10 R14000 @ 500MHz
0 2 IR4 Pipes; 1 GB texture mem per |

B Access Grid Nodes (2)

1 Group-to-Group Communication
1 Commodity components ——Muses
CCR
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CCRResearch-& Projects-

Archaeology B Videos: MTV

Bioinformatics/Protein Folding | ™ Urban Simulation and Viz

Computational Chemistry ¢ M) StreetScenes -

C tational Fluid Dvna ’EI 1-90 Toll Barrier
Ompu_a_ Y@ ¥ ” QO Medical Campus

Data Mining/Database ¥ 0 Peace Bridge

Earthquake Engineering B Accident Reconstr

Environ Modeling & Simulation B Scientific Viz

Grid Computing 3 Dental
Molecular Structure Determin 3 Surgery

s8¢ nj

0 MRI/CT Scan
PIYSICS @ Confocal Microscop
O Crystallization Well
O Collaboratories
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StreetScenes: Real-Time

3D Traffic Simulation

BAccurate local landmarks: Bridges, Street Signs, Business, Homes

BCan be viewed from driver’s perspective

BReal-Time Navigation |

m\\Vorks with
BmCorsim
mSynchro -

BGenerate AVI & MO

B Multiple Simultaneous
BT raffic Loads
ESimulation
m\arying POV

CCR
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E Song: I’'m OK (I Promise)
MT 1d:-Chemical-Romance
FlBC Digital & CCR - Gaming Environment: Death Jr.

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

B Ability to include all hydrogeologic ¢ & &

._-*": Tl'lLII‘IdEI'BEy' NE!alIm 1ln ]
features as independent ob jECtSEEZi:Df,;h T

S o = -
I.,Skﬂ supar{ﬂ'f YT Ty "u".'{.

£
\,

——= L8 A/Canada border Milwaifee - I1goFllll ‘Sa rnia s < A=

O Object-oriented programming otestows
O Intelligent user interface @ ahaimdicmey
O GIS facilitates large-scale regional applicatio

L 1
oledo @ Cleveland/Akron
~r

Battle Craak/

South Bend/  Elkhary

computing in past year on CCR’s commodity
clusters
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B Current work is based on Analytic,~" sl —
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Modeling of Volcanic
Flows, Mud flows
(flash flooding), and
Avalanches

B Integrate information
from several sources

O Simulation results
O Remote sensing
1 GIS data

B Develop realistic 3D
models of mass flows

B Present information at
appropriate level

HEWwpHPMOQ®

H H

<

Colima
H/L. = 0.05

-

Scientists A

Hazard
Managers

Public / \

~

High End Simulation
and Visualization

Y

Remote Real time
visualization server

Y

Web éervers

Yy ¥ N

Web based

visualization
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B Ability of proteins to perform
biological function is
attributed to their 3-D
structure.

B Protein folding problem refers
to the challenge of predicting
3-D structure from amino-acid
sequence.

B Solving the protein folding
problem will impact drug
design.

CCR
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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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Reciprocal or

“Phase” Space Real Space
B BXperiment yields reflections . .
and associated intensities. I :“L,
B Underlying atomic coe .
arrangement is related to the . o .
reflections by a 3-D Fourier  ®°®*°ge * ** EpT2
transform. T OO —
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.
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Overview-of Direct-Methods

B Probability theory gives information about certain
linear combinations of phases.
d 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

I 1
-200 -100 0 100 200

D=0t O + 0k

—Cochran Distribution———

*N=non-H atoms in unit cell

*Each triplet of phases or

structure invariant, @, has
an associated parameter

Apk=2|EHEKE kl/NY2
A Is large if

*[Enl, [Ex], [Eyxl are
large

N Is small

oIf Ak is large, @ = 0

-[é University at Buffalo The State University of New York
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Tangent FFT
Formula —

Trial )

Phase Density
Phases Refinement Modification
(Peak Picking)

Solutions

Reciprocal Space Real Space

CCR
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Shake-and-Bake Method.:

Dual-Space Refinement

Trial
Structures Shake-and-Bake
Structure
Factors Tangent FFT
Formula —
J Trial "
. Phase Density -
Phases Refinement Modification
(Peak Picking)
Parameter FFT (LDE) :
Shift —Cr——————— Solutions
Reciprocal Space Real Space

“Shake” “Bake”

-[é University at Buffalo The State University of New York  Center for Computational Research
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“A Direct Methods Flowehart

Start Normalize
data

Generate
invariants

Generate <

Shake-and-Bake

W

Automated
stop




Reflections Triplets
K

Rank h k | |[E| Rank H -H-K
1 0 3 4 465 1 1 4 45

2 0 7 30 3.67 2.1 3 165

3 5 1 1 367 3 3 5 17

4 8 8 5 326 4 1 3 289

5 6 0 1 3.15 f'j _1 2_8 4_0
10n=840 7 O 3 1,.33 100n=84(; 1.9 2&59 7;34

3 841 2 4 30 1.33 3 8401 142 179 283

n = 84 unique atoms

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

A
3.90
3.52

3.37
3.16

3.09
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n=10atoms
(30 coordinates)

O, Og
by b1
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_Usetul Relationships for

Multiple Trial Phasinc

Tangent
Formula

Parameter Shift
Optimization

_Zl EKE—H—K |Sin(¢}< +¢—H—K)
tan ¢, = =

Zl EcE 4« |COS(¢K +¢—H—K)

(COSCDHK . Il(VVHK)]

R(¢) =

Lo (Wi )

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

1
W
W
H,K
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——Sorted Trials

Refl R R Peak
Trial Cycle Phased RBmin cryst. CC Ratio Ratio

37 56 836 0.349 0.27 0.45 0.05 1. _ =
S1  S6 836 0.350 0.26 0.43 0.03 1.1 Solutions _
82 56 836 0.350 0.26 0.44 0.03 1.1 ;
30  S6 336 0.351 0.26 0.45 0.03 1.0 7l
S6 S6 836 0.351 0.27 0.48 0.03 1.1 p =

-— _______:___--_-__:--_:_‘._____,w

93 56 836 0.506 0.36 0.36 0.08 1.0
S MDEENBRULN I Nonsolutons
63 56 836 0,523 0.3 0.39 0.21 2.5
16 56 836 0.525 0.3%3 0.43 0.21 2.7 v
M| r
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—Ph8755:-SnB-Histogram—

Histogram of Rmin Values
0 0 0 0 0 ] 2 5 8 10 18 17 10 4

Buckets:

15

Trials Read

ima

Eest Trial:
3
Best Job:

PK_ano/manual_0

R-true:

0,097

R—random:

1.121

10.33() 0,352 0.374 0.336 0418 0440 0462 0484 0507 0523 053351 0573 0.535 0.617 0.633 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

Conventional Direct Methods Vancomycin

0 100 1,000 10,000 100,000
Number of Atoms In Structure

CCR
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Shake-and-Bake Applications:

IStructure Size and Data Resolution

Bl Basic Data

(Full Structure)

d~750 unique non-H atoms (equal)

J~2000 suc
a1.1-1.2A ¢

n atoms including 8 Fe’s
ata (equal atom)

Q1.3-1.4A ¢

ata (unequal atoms, sometimes)

B SAS or SIR Difference Data (substructures)
160 Se (567 kDa / ASU)

Q3-4A data

A5A truncated data have also worked

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

United tl‘
States ObSEWX{

PROTEIN DATA BANEK
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\»Computational - T

rECRAER E P 2 e

Imaging Instruments Large-Scale Databases

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

B No Central Control: No Trust

CCR
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WAdvanced Computational Data Center

(Grid-Available Data Repositories)

182 GB Storage

300 Dual Processor
2.4 GHz Intel Xeon
RedHat Linux 7.3

38.7 TB Scratch Space

e
@ @@ @

Joplin: Compute Cluster

Nash: Compute Cluster

75 Dual Processor
GHz Pentium Il

RedHat Linux 7.3

1.8 TB Scratch Space

70 GB Storage

9 Dual Processor
1 GHz Pentium Il

100 GB Storage

RedHat Linux 7.3
315 GB Scratch S

Mama: Compute Cluster

pace

4 Processor Dell 6650

56 GB Storage

— —

1.6 GHz Intel Xeon

Young: Compute Cluster
[ <

16 Dual Sun Blades E
47 Sun Ultra5
Solaris 8

770 GB Scratch Space

RedHat Linux 9.0 7
66 GB Scratch Space

ACDC: Grid Portal

gy
100 GB Storage

Crosby: Com

gy
136 GB Storage

SGlI Origin 3800
64 - 400 MHz IP35

— T
e

CSE Multi-Store

— 4078~
—
S

Storage Area Network
75TB

Network Attached
Storage
1.27TB

360 GB Scratch S

pute Cluster

pace

‘ IRIX 6.5.14m

Foaerty: CDﬂd[;]r Flock Master

1 Dual Pmcessdr
250 MHz IP30
IRIX 6.5

CCR

T1 Connection

19 IRIX, RedHat, &
WINNT Processors

Computer Science & Engineering
23 Single Processor Sun Ultra5s

School of Deftal Medicine
9 Single Processor:Dell P4 Desktops

Hauptma

13 Various SGI IRIX Processors

n-Woodward |nstitute

Note: Network connections are 100 Mbps unless otherwise noted.
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WNY/NYS Grid Initiative
TeraGrid
Grid3+ Collaboration
IVDGL Member
0 Only External Member
Open Science Grid Member
O Organizational Committee
O Blueprint Committee
O Security Working Group
U Data Working Group
d GRASE VO

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

. Cvyber-Infrastructure

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

B Lightweight Grid Monitor (Dashboard)

B Predictive Scheduler

[ 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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; CCR Grid Computing Services: Data Management - Microsoft Internet Explorer

File Edit Wiew Favorites

Tools  Help

C ("B

| -

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

CRITT DD T AT
4 3 £ |
s . y X

Center for Computational Research 7"~ *

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 / Dutreach

Staff Only
CCR HOME

EU

niversity at Buffalo The State University of New York

High Performance Grid Computing

vIElerDUP 'I GRouplmiller 'I UserListI rappleye 'I

‘3 rappleye

B3 KeyMaster

E"a Marpheus

B9 Tank

'1:| Agent

#{3 Rabbit
Eﬁ Tank

SE] Marpheus
“[@ I oracle.m
®{3 Neno

B Meo

H{ cypher

B{1 Meo

H{1 Morpheus

H{1 oracle

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

Center for Computational Research

M Upload
M Download
MEdit

M Search

CCR




B Build profiles based on statistical analysis of logs
of past jobs
dPer User/Group
dPer Resource
B Use these profiles to predict runtimes of new jobs

B Make use of these predictions to determine

(JResources to be utilized
Availability of Backfill

CCR
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SQL
Database

A A

T~

\

A 4

e

7

Maintain
Profiles and
Predict

* running time

e backfill on
resources

* orid load
and utilization
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&

Dell 2650 backup front-er}d- nEna

1 node Dell 2650 NFS server (342 GB)

¥

ACDC-Grid Dynamic

IResource Allocation at SC03

%é%%%

4 node Dell 2650 PVFS server (1096 GE|$)

Joplin Configuration
Diagram
Dell 6650 4-way . 40 CPUS
(AcDO) % dedicated at

night

Delleég?[;t-way B Additional
e | 400 CPUs

allocated
N T =, during day

B No human

..... GigE and Myrinet connection

---- GigE connection Inte rventlon

i 73 GB hard drive

-[é University at Buffalo The State University of New York  Center for Computational Research CCR
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Open Science Grid a National Comman Grid Enfrastriscture - Mierosalt Inbemet.
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i
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A0

Applications

mrued
GRID3 Running Jobs

BIEY,
o

ACDC GRID DASHBOARD

Operations
GRIDG Number Free CPLUS

Gatekeaper

» Jub Hivtary =
Datailad Job 0D — a

2 - = "
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Grid FTR

BMI6I 0 1023172716B T2 T

» Arne st Stats GRID3 Load Avoragres GRID3 Grid Health GRS Woan Grld Bandwidth[MERTINS |
» Cantact Uy
#F Only 40 High
o 2
L Gueuesd Jobs i
C o Running Jobs 1 20 % Free CPUs |
o = . o !
1 Wiude 5 hirtes 15 Mirwtes 15 bin B Min 1 Doy
GRIDI Humber of Users Gatekoeper Load ; Bandwidin Utilization 'GRID3 Daily Resource Load [GH]
B
40
20 Gatekeeper Users Grid FTP Transieis
Tofed Users  Mocellsers  Win Users LT
GRIDE Number of Processes | Cansani B GRIDZ Number of Translers
A I Retne Forked Job Production
B0
Available Disk Baich Job Production |
2000, 1000+
Disk Consumption Rale | |
|
Total Processes Was Processes Min Processes | Do M dresoerce) Avg (rescarce)
Policy Disk Usage Storage Elements
e GRIDS Available Disk [GB] | || GRID3 Disk Consumpdion _GRIDS Total Disk Space [GB]
e e B0 [EE =000 7
00 (AR -l ISf‘Ol'll
w0 a1 100004
000 0054 m-!
| |
0 0l - -
App3 Data Ty A Dafa g, Ao Dot Tng
¥
e CPUS GRID3 Available Resource Disk [GB] | GRID Pridiche
400 4000 40
20 200
wrical Usage
o o R e
20 200+
= 4010




icrosoft Internet Explorer

Fle  Edt View Favortes Tools Help

I‘é University at Buffalo T

GRID PC

rosoft Internet Explorer

File Edt Wiew Favorites Tools  Help

High Performance Grid Computing

‘é University at Buffale T
" ATAL LOGOUT Generate Globus grid-mapfile
- — —~ Tool:
. (_ 2T T_ T_j ' | |, _’ T n:;:sn((nunt Specifying an optional include file will cause the contents of this file to be included at the top of the generated
G 1) _/ ) | General Info grid-mapfile. If a grid-mapfile path is specified a copy of the generated file will be saved into this location. The
r Or 0 I ]p llt atlol]_a eS earc lacts generated file will be staged to the grid nodes unless the box is checked.
urces
High Performance Grid Computing |.s..|,....;§a....u'id Optional include file: [thameariddewpmmiaric-maptileinc
b/Queue Status Optional grid-mapfile path: [
ta Grid
ta E:d Statistics I Do not stage the file to the grid nodes
PORTAL LOGOUT Grid Site Administration :",msi:':dhh - | gt |
enerate R
User Tools
* Manage Account Users Edit ¥ Favarit Tools  Hel
Grid General Info Groups Edt View Favorites Taols Help
T Portal Event Log té
Resources Database Job List —— versity at Buffalo
# Computational Grid . . ‘ ‘ o — .
» Job Submission Organizations (add, edit, delete) a (RT1 ); P( )
- b/Quese status | Resources (view, refresh, ping, delete, create host certificate) Center for Computational Research 7~ * -
# Data Grid
» Data Grid Statistics Globus Administration L High Performance Grid Computing
» Network Status Reports {machine usage, user-access to machines, etc.)
# Running,/Queued Jobs MDS R
esource Update Status
# PBS Job History /) CCR Grid Computing Services: Database Job Admin - Microsoft Internet Explorer PORTAL LOGOUT P
» Grid Portal Statistics l:’:::q‘:"nmm
# Condor Flock Statistics Grid Ganaral Info Current Time: 16-September-2003 10:58:12
# User Information Ié University at Butfala | (NS
Education /Outreach { (| - ~D M| Resources | Resource | Last Updated |Next Update |Status
staff Only 'Gel]f r f01’ Conlplltatiollal Resear h ¥ »l:n:puta““""';"d |cmshy.:cr‘buffaln‘edu |16—59ptember—2DDB 09: 15:3EI| 2 minutes | OK
# Jol i
CCR HOME » Job/Queue Status |fogerty‘ccr.buffa\o.edu ]16—59ptember—2tlt|3 10:45:3D| 2 minutes | 0K
High Performan -
- » Data Grid hoplln‘ccr.buffa\o.edu |16759ptember72003 10:45:15| 2 minutes | 0K
# Data Gnd Statistics [mama.cer.buffalo.edu  [L6-Septéfber-2003 10:45:15| 2 minutes | OK
PORTALLOGOUT Creatg New Database Job oo et [nash.ccr.buffalo.ed [16-September-2003 10:45: 15 2 minutes | OK
Do » Running,/Queued Jobs nash.ccr.buffalo. edu eptember- 145 minutes
#Manage Account Create a new database job that can be run by the portal, Job scripts must reside » PBS Job History |nexus.hwnbuffalu‘edu |16*Eeptember*2003 10: 45: 20' 2 minutes | oK.
. in “home/griddev/wwe/jobscripts prior to creating the database job entry. o (EE el SR
Croprs i |yardb|rd5.ccr.huffalu.edu |16—Eeptember—2DD3 10: :13| 2 minutes | OK
':Ez:::::hmlmd Job Name: | » User Information [young cer.buffalo.edu [16-September-2003 10:45:27 2 minutes | OK
# Job Submission Full Path Ta Script: | Education /Outreach
# Job/Queue Status Staff Only
i:::i::mﬁsﬁ“ accepts arguments:|iio ] p (EG3 RT3 Return to the Grid Resource Admin menu.
 Netwrork Status Run Script: Mo | Return to the Grid Admin menu.
» Running/Queued Jobs Run As User: admin (Admin, Admin) B

» PBS Job History

» Grid Portal Statistics

» Condor Flock Statistics Create Job Reset
» User Information

Education/Outreach

staff Only

CCR HOME .
Return to the Database Job admin menu.
Return to the Grid Admin menu
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Grid-Enabling Application

Templates (GATSs

B Structural Biology

L SnB and BnP for Molecular Structure Determination/Phasing
B Groundwater Modeling

U Ostrich: Optimization and Parameter Estimation Tool

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

O 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
0 Q-Chem: Quantum Chemistry Package
B Geographic Information Systems & BioHazards

4 Titan: Computational Modeling of Hazardous Geophysical Mass
Flows

CCR
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pGrid Services and Applications
K for Shake-and-Bake

Adapted from lan Foster and Carl Kesselman

CCR
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Expand All Collapse Al 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, grid job definition review and grid job

Grid General Info subrission,

Projects

ST ] Grid Job Status: This section contains grid user based specific grid job completion status, grid job

% Job Submission

# Job/Queue Status

* MDS Information

#» Network Status

#» Running/Queued Jobs
* PBS Job History

2 NYS5 Grid

# Condor Flock Statistics

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

Data Grd
Education / Dutreach

Staff Only
CCR HOME

Printer Friendhy

F - .
e 1 1Y 131
1O (._jr 71 ML

Startup Screen for ATDC*Grid Job Submission

[
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Exzpand All Collapse All
PORTAL LOGOUT

User Tools

# Manage Account

Grid General Info
Projects
Computational Grid

* Job Submission

% Job/Queue Status

#» MDS Information

» Metwork Status

# Running,/Queued Johs
# PBS Job History

» NYS Grid

» Condor Flock Statistics

Data Grid

Education / Outreach

Staff Only
CCR HOME

Prirter Friendly

Fs

Job . Review Execution
Definition Scenario

Detailed
Information

General

Software -+ Template + Information

Advanced Computational Data Center Grid Job Submission Instructions

The grid-enabling application templates used on the ACDC-Grid are created from the application developers grid user profiles that contain
the users standard infarmation uid, name, organization, address, etc., and more specific information such as group id and access level
information for each of'grd-enabled appleiations. This infarmation 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 requirerments, 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 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 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
requirements 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 iterm 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 ar
application parameters and execute a series of new grid jobs,

| nstructiensangd:Description:for:RuUNning a Job on ACDC-Grid

2;'] Done
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Expand All Collapse All Software - Template _}I Eener;a_l . I‘Z:)etallrl:!j R 5 1::_Iu:l_I:_ -+ Review - Esxecutlgn
PORTAL LOGOUT nformation Information efinition cenario
User Tools

B REmE = S Select a GAT: |EnP Auto Run 'l

Grd General Info EnP Auto Run

Projects EADR
C;;:::::z:;::nc"d ] gg‘&m J Reset Current Stage | Cancel |
# Job/Queue Status C-Chem

* MDS Information E y ’
* Network Status Return to the {SpE DREAR  [eal
#» Running/Queued Jobs Split

* PBS Job History snb-dev

2 NYS5 Grid

# Condor Flock Statistics

Data Grd

Education / Dutreach

Staff Only

CCR HOME

Printer Friendhy

F - .
e 1 1Y 131
1O (._jr 71 ML

| @ ‘Links B

Fs

[

Software’Packate Selection
& ] Done
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Detailed
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General
Information

Expand All Collapse All
PORTAL LOGOUT

User Tools

Software -+ Template

* Manage Account

i i Enter structure definition manually
Grid General Info

Projects i gelect structure fromData Grid:

| @ ‘Links B

Fs

% University at Buffale The State University of New York

. GRTID PORTAT
-Center for Computational Research - 1D PORTA

High Performance Grid Computing

—

Job Execution
Definition

-+ Review - .
Scenario

Select Config File |

Computational GHd
% Job Submission
# Job/Queue Status

* MDS Information Continue

Feset Sequence Reset Current Stage

| Cancel |

#» Network Status .
#» Running/Queued Jobs
* PBS Job History

2 NYS5 Grid

# Condor Flock Statistics

Return to the Grid Job Menu

Data Grd
Education / Dutreach

Staff Only
CCR HOME

Printer Friendhy

F - .
e 1 1Y 131
1O (._jr 71 ML

Full Structure / SUBSEFUELUYE Template Selection

:Eil Done
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# Manage Account

Grid General Info
Projects
Computational GHd

# Job Submission

# Job/Queue Status

#» MDS Information

# Network Status

* Running, Queuad Jobs
# PBS Job History

» NY5 Grid

# Condor Flock Statistics

Data Grid
Education /Dutreach

Staff Only
CCR HOME

PBrinter Friefndhy

General Information

' 4
Structure Information

Title: flled

filed
|19 Select |

Cell Constants and Cell Errors {Cell Errors optional)

Structure ID :

Space Group :

A [11.518 +/- |
B: |[15.708 +/- |
c: 39.310 +/- |0.004
Alpha: |20.0 +/- |
Beta: IBEI.EI +/- I
Gamma: IBEI.EI +/- I

MNative Asymmetric Unit Contents

Mo Residues (Optional): I

|cE0H102MED18

ASU Contents : {examples: C6H1206 OR C6 H12 O6)

Initial Data Sets

Add Dataset | Delete Dataset

|Se|ect dataset to delete | T
| Datasets | Dataset 1

neme o ] JRFALHT Parameters Based on Template

@ Done
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Initial Data Sets

Add Dataset | Delete Dataset

|Se|ec:t dataset to delete| O
| Datasets | Dataset 1

|Name {8 chars max):

||i|edhk|

|Dataset Type:

|| Mative j

|Fi|e Name (*.hkl) :

|| Browse |

|Fi|e Type: ||F SigiF) =l
|Waue|ength: --||1.5418

|Max. Resolution:

! ||n_9:1

|Anuma|uus Dispersion:

||N|:|t Measured j

|Heavv Element Type:

|

|Nat. Element Replaced:

r

|ND. Expected Sites:

r

|F Prime (f'}):

|

|F Double Prime {f'"):

|

Continue |

Reset Seguence |

Reset Current Stage

| Cancel |

Return to the Grid Job MenDefau It Para’mete rS (Cont’ d)
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L CE T Reflections and Invariants

Grd General Info

Projects

Computational GHd Drear Table

# Job Submission o i

# Job/Queue Status -

» MDS Information Data Set Job Type Native Data Derivative Data Norm Method Select
>

iﬂﬁf:.‘.’.':,fi'il';"; b | ilednki | BAsic | iledhkl | NULL [wilson (Anisatropic) »]| @

# PBS Job History .

# WYS5 Grd 1

# Condor Floch Statistics MNormalization Data

Data Grid

Education /Dutreach

Staff Only
CCR HOME

PBrinter Friefndhy

Fs

-l =

Data resolution cutoffs {in Angstroms)? Low: |999.E| High: 0.54
Use Bayesian estimates for weak reflections? I Mo 'I
Min |F| / sig{|F|} for local scaling: I3.D Run Maormalization

SIR and SAS cutoffs: T I:E oo |13§

KMIMN ¥ MIMN

Generate Invariants

Data resolution cutoffs ? Low: |999.EI High: IIZI.EM
Minimum allowed |E| / sig{|E|): 3.0 Maximum |E| ;|5.D
Minimum allowed invariants / reflection ratio: |5.0

Initial values for adjustable parameters Generate Invariants

Minimum |E| / sig{|E|) = ZMin: 3.0

Number of reflections to use:

1

Number of invariants to save:

Cantinue Reset Sequence | Reset Current Stage | Cancell
~ Generating Reflections (Drear) .

& ] Done |_|_|_é_|ﬂ Inkermet
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User Tools -
e S Reflections and Invariants

Grid General Info

Projects

Computational GHd Drear Table
% Job Submission o "
» Job/Queue Status =
# MDS Information IData Set Job Type Native Data|Derivative Data [Norm Method Select

> Netwrork Status | iledhkl | BASIG | iledhkl | NULL [wilson (Anisotropicy =] | @

o o

* Running/ Queuad Jobs
# PB5 Job History

® NYS Grid "
# Condor Flock Statistics Normalization Data

Data Grid
Education / Dutreach

Staff Only
CCR HOME

Printéer Friendhy

Data resolution cutoffs {in Angstroms)? Low: |E:|99.IZI High: .54
Use Bayesian estimates for weak reflections? I Mo 'I

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

SIR and SAS cutoffs:
XMIN :|3.D YMIN :|1 0

Generate Invariants

Data resolution cutoffs ? Low: |999.E| High: |EI.94

Minimum allowed |E| / sig{|E|}: |3.EI Maximum |E| ;IS.D

Minimum allowed invariants / reflection ratio: IE.EI

Initial values for adjustable parameters Generate Invariants

Minimum |E| / sig{|E|) = ZMin: |3.EI

Number of reflections to use: IEdD .

Number of invariants to save: IEADEI

Cantinue | Reset Seguence | Reset Current Stage Cancel

1

nvariant Generation .

& ] Done |_|_|_é_|ﬂ Inkermet
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User Tools

* Manage Account S n B Setu p

Grid General Info

Projects

> r

C tati | Grid O
ormprmamans’ B Grid Parameters

* Job Submission i B

P LA St‘_ﬂm Preferred resource name: |Grid Scheduler j
* MDS Information i

# Network Status Number of processors: ./'Q‘ ; |5|

# Running /' Queued Jobs - -
» PBS Job History Wallclock time requested: (mins) 720

® NYS Grid . 1 -

» Condor Flock statistics | JOb Prefix for results: obO

Data Grid Queue: grid

Education / Outreach

Staff Only 5nB Run Parameters

CCR HOME

Priter Friend ly - Invan'ants

Mumber of triplet invariants to use: IBAEIEI

s Trials To Process

Starting phases from: |Randum Atams j i

Random seed {prime): |11909 'I

Number of Trials:

|1 aan

Starting Trial: I'l—
Input Phase File: |nc|ne

Input Atom File: |n0ne

Keep complete (every trial) peak file? : m

s Cycles Information
Number of Shake-and-Bake cycles: |2IZI
Keep complete {every cycle) trace file? : Mo =

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

R-Ratio cutoff: ID.ED
s Phase Refinement Method S n B Setu p

|
& ] Done |_|_|_é_|ﬂ Inkermet
iﬂStart”J m & L“'Sl @ |J @Gmail-lnhox-Mi...I @Center for Comp. .. "@EER Grid Comp... | ‘Z35nE | @Screenshnts-t&rid | clearwater.ccr.bu...l @ 10:17 &M
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s Phase Refinement Method
Phase Refinement Method : |F'arameter Shift (Fast) j

Mumber of passes through phase set:

Phase shift:

[Tu]

117 A

N

[

Number of shifts:

s Real-Space Constraints

Mumber of peaks to select:

&

&

o
\.1“

Minimum distance between symmetry-related peaks: [50

Minimum interpeak distance:

Mumber of special position peaks to keep:

[ ]
L
it

Fourier grid size:

=
o
A

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

Number of peaks :

s Twice Baking

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

Number of cycles :

[x3]
=

1117 T

Number of peaks :

Minimum |E]| : 0.75

s Alttomatic solution identification criteria
Rmin Improvement {%o): 45.0

Recryst Imporvement {%o): 250

Cnntinuel Reset Seguence | Reset Current Stage Cancel y
TB‘S_tJn etup (cont’d)

& ] Done |_|_|_é_|ﬂ Inkermet
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User Tools

# Manage Account

Grid General Info
Projects
Computational GHd

# Job Submission

% Job/Queue Status

#» MDS Information

» Metwor: Status

* Running, Queuad Jobs
* PBS Job History

» NY5 Grid

# Condor Flock Statistics

Data Grid
Education / Outreach

Staff Only
CCR HOME

PBrinter Friefndhy

Grid Job ID:

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

~

Random seed {prime):

NMumber 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:

Mumber of shifts:

Number of peaks to select:

Minimum interpeak distance:

Minimum distance between symmetry-related peaks:
Mumber of special position peaks to keep:

Fourier grid size:

Perform extra cycles with more peaks? :

Mumber of extra cycles:
Number of peaks:

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

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

SnB Job Review

447
clearwater.cor.buffalo.edu
)

720

2400

Random Atoms

11909

1000

1

Unused

Unused

Yes

20

Mo

Mo

Unused

Parameter Shift{Fast)
3

Q0.0

2

24

3

3.0

]

0.321

Mo

Unused

Unused

Mone

Unused

SnB Review (@rid job 1D: 447)

:E:l Done

iﬂStart”J & G |J &Gmail - Inbox - Mi... | &1center for Comp... [[&7CcR Grid Comp... ‘5B

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

Fs

[
I_ l_ ré_ |4 Internet
B 1018 am




3 CCR Grid Computing Serv : Grid Job Status Detail - Microsoft Internet Explorer _ 8| x

File Edit ‘iew Favoribes  Tools  Help ‘

sABack + = - @ ) | @Search [Fe] Favorites @Media @ | %- = = L]
Address I:@j https: ffgriddes. cor buff alo, edufjobs/jiob_detail, php?id=44780at=snb j e ‘Links »
% University at Buffale The State University of New York

R : GRID PORTAI
-Center for Computational Research 7+~ 7

High Performance Grid Computing

—

Expand All Collapse All Details for Grid Job 447 - iledhkl

PORTAL LOGOUT Job Detail Information

User Tools Status: RUNNING Total Trials: 1000 Best Trial Number: 34
*f“"’““—'* Account Rmin Min: 0.344 Rmin Max: 0,56 Complete Trials: 285 Best Trial Rmin: 0,344
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Computational GHd

* Job Submission Trial Summary Walltime Summary Grid Job Trial Histogram

k3
Job/Queue Status Grid-Jok H7 Hislogram - 285 Trials Gomplate - Status RUNHING

* MDS Information Grid Job 447 Trial Summary Grid Job 447 Walltirme Surmany
* Metwork Status Numbar of Trials Completa: 285 (28.5 ™) Walltima Canaurmed: 2 (0.3
#» Running/Queued Jobs ST 2 et

* PBS Job History |
# NYS Grid Gl
# Condor Flock Statistics

Triale

Data Grd

Education / Dutreach

Staff Only i

CCR HOME SR OoCe i wai:

Printer Friendhy

Click on image for enlarged view.

Graphiealk Representation of Intermediate Job Status

Return the Grid Job Menu

o
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45

40

354

304

254

204

Trials
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R Rl R: ©
Rmin Value

Return to ] eta
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Return to the Grid Job
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Grid Job Status
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Job Filter Criteria
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Resource
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Percent Cormplete
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Filter Job List

Fs

o

5nB

oy Job Name Resource Aum Status Percent Last Update S Drilldown

Id Procs Complete Job

447  iledhkl clearwater.ccr.buffalo.edu & RUNMNING 28.5 15-Mar-2005 10:22:00 [ -‘*

446 trilys clearwater.cor.buffalo.edu 10 RUMNMNIMNG 1 16-Mar-2005 10:22:00 [ A

444 a4chkl nash.ccr. buffalo.edu 3 COMPLETE 140 14-Mar-2005 22:00:01 ‘*

443 trilys clearwater.cor. buffalo.edu 10 COMPLETE 100 10-Mar-2005 22:48:00 -‘\

442  pra3shkl nash.cor. buffalo.edu g COMPLETE 100 10-Mar-2005 17:26:01 "‘l

441 wvancohkl clearwater.ccr.buffalo.edu 10 COMPLETE 100 10-Mar-2005 18:08:01 -‘*
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Heterogeneous Back-End Interactive Collaboraton
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User starts up — default image of structure.
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Molecule scaled,_rotated, and labeled.




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

CCR

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







