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Research-Activities——

B Theory/Algorithms

d Fundamental Problems, Data M ovement, Computational
Geometry, Image Analysis

O Mesh, Pyramid, Hyper cube, PRAM, Reconfigurable
Mesh, CGM

B Experimentation
4 Distributed- and Shared-Memory M achines

d Computational Geometry, NP-Hard Approximation
Algorithms, Image Analysis

B Applications

[ Molecular Structure Deter mination
B Systems

4 Grid Computing

“Sclenceisa

Team Sport”
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Cademia iIn-the-21st-Century

Embrace digital data-driven society

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

M anagement/Or ganization of data

Distribution of data

Analysis of data

Visualization of data

D000 D0

CCR
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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

CCR
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Dell 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

Real-time Simulations and
Urban Visualization

Ground Water Modeling
Computational Fluid Dynamics

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

Computational Chemistry
Bioinfor matics

CCR
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— R—

IMolecular Structure Determination

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

B VVancomycin

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

O Structural Biology
O Systems Biology

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

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

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

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




Overview of Direct Methods

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

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

B A multipletrial approach isused during the
optimization process.

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

CCR
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Normalized Structure-Factor

I\/Iagnltudes 1=

E, =|E,, |exp(if ,,)

-1
IF, | klexp[- Biso(sinq>2/|2> | P Jrens
IEH |: - 1/2 = ,1/2
(IFy ) % 6
éHa R
j=1 ﬂ

» dE|nconstant for concentric resolution shells.
 JE|nconstant regardless of reflection class (e, correction factor).
* Therenormalization condition, dEFiF1 is always imposed

CCR
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—Cochran Distribution

0.754

T T
=200 -100 0 100 200

Fok=tpt Te +1 4k

*N=non-H atomsin unit cdll

sEach triplet of phasesor

structureinvariant, F ., has
an associated parameter

Ank=2|E{ECE 1« IINY?2
Ay islargeif

*[Enl Bk [E.hk|arelarge

*N is small

If Ay islarge F ,«» O

Iﬁ Univerdity at Buffalo The Sate University of New York

CCR
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Oﬂveﬂ%iﬂﬁal Direct Methods

Tangent

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

CCR
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Shake and-Bake Method.:

S ———— S ——

Dual-Space Refinement

Trial

S

fructures Shake-and-Bake

Structure

Factors Tangent

_ Formula—>
l Trial _ o)
> Phase Density - _
Phases Refinement Modification
(Peak Picking)
Par ameter FFT? (LDE) _
Shift C—— Solutions

Reciprocal Space Real Space

“Shake’ “Bake”

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

Generate
invariants

Generate
trial

Shake-and-Bake

Automated
stop



Generate-Triplet-invartants——

Reflections Triplets
Rank h k | |E]| Rank H K -H-K A
1 0 3 4 465 1 1 4 4 390
2 0 7 30 367 2 1 3 165 352
3 5 1 1 3.67 3 3 O 17 337
4 8 8 5 326 4 1 3 289 316
5 6 0 1 315 5 1 28 40 3.09
10n=840 7 O 3 1.33 100n=840 19 259 734 O0.71

3 841 2 4 30 133 3 8401 142 179 283 0.71
n = 84 unique atoms

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




Getting-Started:- Random-Atoms

Random Number
Generator

n =10 atoms S
(30 coordinates)

=

ol

—n =—h —h —h
w

—h —h —h —h
N

(@))

/7 "8

f9f10

CCR
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Useful Relationships for

Multiple Trial Phasinc

B é. |EKE-H-K |Sin(f|< +f'H-K)

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

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

H,K

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

CCR
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CCR
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Default SnB Parameters

(given n atoms)

Par ameter Full Structures Substructures

Phases 10n 30n
Triplet Invariants 100n 300n

Cycles

n<100 n/2 2N

n>100 n 2N

Peaks

n<100 n n

n>100 0.8n 0.8n

Iﬁ Univerdity at Buffalo The Sate University of New York

CCR

Center for Computational Research



Sorted-Trials

Refl R R Peak

Trial Cycle Phased Bmin Cryst. CC Ratio Ratio
37 6 936 0.2349 0.27 0.45 0.05 1.2 _ =il
51 56 836 0.350 0.26 0.43 0.03 1.1 Solutions |
a2 6 936 0.350 0.26 0.44 0.02 1.1 -
20 56 936 0.351 0.26 0.45 0.03 1.0 7%
56 56 936 0.351 0.27 0.48 0.03 1.1 2 ||
93 56 836 0.506 0.36 0.36 0.08 1.0- :
a1 56 836 0.515 0.38 0.37 0.18 2.3 .
§9 56 936 0.522 0.37 0.39 0.21 2. Nonsolutions
63 56 836 0.523 0.37 0.39 0.21 2.5 =
16 6 836 0.525 0.39 0.43 0.21 2.7 -
d | i 4

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

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



Minimal Function-Traces——

PE_ano {3) ' — PK_ano (81

0.800 0.720
\ Solution \\ Nonsolution

““W\\

P
IIIL\ P i 0.510 W \ /\/\

SnE Cycle 56 1 SnE Cycle 56

0.330

CCR

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



Phasing-and -Structure-Size

Se-Met with Shake-and-Bake

......?

Se-Met

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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. The Buffalo ‘'n Pittsburgh

Interface
S. Potter
J. Rappl
JavaGUI | & ,\j‘ﬁﬂgegj
L. Pasupulati

DREAR NANTMRF | | PHASES components

RBlessing  C.Weeks  G.D.Smith W. Furey
R. Miller
H. Xu
Normalization  Substructure Substructure Substructure refinement, protein
solution comparison phasing, solvent flattening,

preparation for map viewing

CCR
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—BnP Overview

Task Manual Mode Auto Mode
(Workflow)

Substructure FOM Histogram FOM Deviation
Deter mination and Trace from Mean
Site Validation Trial Comparison Occupancy

Refinement
Enantiomor ph Map Inspection S (protein)/
Deter mination S (solvent)
Substructure
Refinement = SAME >
(Optional)
Solvent Flattening < SA‘\/I E >

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



‘SeMet Test Data:

PDB No. 0. Time (min) PDB Time (min)
Code | Sites Trlals Apple Power Code | Sites Trlals Apple Power
Mac G5 Mac G5

1QC2 4 6 <1 1CLI 28 43 1
1BX4 7 17 <1 1A7A | 30 195 9
1CBO 38 119 <1 1L8A | 40 111 2
1T5H | 10 6 <1 1E3M | 45 28 2
1GSO | 13 111 <1 1HI8 | 50 28 2
2JXH | 14 106 <1 1GKP | %4 5/8 102
2TPS | 15 107 <1* 1DQ8 | 60 119 7
1DBT | 19 61 <1 1E2Y | 60 19 <1
1JEN | 22 6 <1 1IM32 | 66 111 )
1JC4 | 24 6 <1 1EQ2 | 70 38 1

*_Solution not recognized automatically
Iﬁ Univerdity at Buffalo The Sate University of New York  Center for Computational Research
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Manual Site Validation:

————

Trlal Com 2 arlson

Compare Trials: Fri Jun 13 11:54:36 EDT 2003

Structure ID: 1)C4

Maximum distance for matching peaks: 1.0

SnB Trial | 3 | 81 82 | 97
Number of Matches | 2 [ 26 _; 26
Mean distance | 0.69 0.21 | 0.17
Peak | Select? | Peak  Distance Peak | Distance Peak | Distance
Il ] bz Ll | Henze | [
18 Vi | | 17| 0.18 16 0.24 )~
20 Vi | | | 11 0.12 17| 0.12
515 . . . =] x| BT T
22 |[vi | e 071 20 0.14 21 0.06
23V ' | | 23| 0.38 20 0.23|7
24 [v] ' | : 25| 0.62 24 061 ,
5510 . . | . | %
26 [ ]
2700
28 |[] -
Save | Close
Iﬁ Univerdity at Buffalo The Sate University of New York  Center for Computational Research CCR



. Automated Site Validation:
2. Occupancy Refinement

File: PK_ano/auto_0.SnB_peaks File: PK_ano/auto_0.SnE_pdb
Peak | Select? ~ Height | Site | Select? | Occupancy
T -~ L= lﬂ Wy
O F — -
o [E el it 20 iz 0.82
21 V] 9.97 |
22 |V 9.79 = | 043
23 | 9'42 2 v i
24 E 85 23 @ 0.55
A 24 |y 045
25 V] 7.85 |
| 25 [ 0.01
26 |V 6.84 |
27 | 5.73 26 |0 il
2 ' 7 7 0 006 |
28 v S.66 2 : . — 7
— - - Z 28 |3 0.06 %
Save | Close File Saved. Save Close File Saved.

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



SeMet Test Data:

~Site Validation

~]
T

60+

® /# False Sites

40

30+

204

104

® # Correct Sites

e §————a —p
0 10 20 30 40 50 60 70

Number of Sites

CCR
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'_ YEGRE Enantiomorph Determination:
Map Inspection

Original Hand Alternate Hand

e S L
. can ‘-1I?} y ‘,&:}:
=5 . o ¥t

e

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






EStructure Size and Data Resolution

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

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

d3-4A data
A5A truncated data have also worked

CCR
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GLOBAL

DISCOM

g e SinRG

United rtual :
Sta]tes observg{ APGrid

PROTEIN DATA BANK

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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Factors-Enabling-the-Grid

B [nternet isInfrastructure
1 ncreased networ k bandwidth and advanced services
B Advancesin Storage Capacity
dTerabyte costs less than $5,000
B |nternet-Aware | nstruments
B |ncreased Availability of Compute Resour ces
dClusters, supercomputers, storage, visualization devices
B Advancesin Application Concepts
L Computational science: ssmulation and modeling
dCollaborative environments® large and varied teams
B Grids Today
dMoving towards production; Focuson middleware

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



NSFExtenstble TeraGrid-Factlity

Caltech: Data collection analysis LEGEND ANL: Visualization
Clust ¢ Visualization
0atrincs [0 . : o & o 1.25 TF 1A-64
torage erver are emory *
IA32 Datawulf — 96 Viz nodes
80 TB Storage - Disk Storage @ Backplane Router 20 TB Storage

Extensible Backplane Network
LA Chicago
40 Gb/s Hub

30 Gb/s 30 Gb/s

30 Gbh/s

Figure courtesy of 30 Gb'/s

Rob Pennington, NCSA

4 TF IA-64 10 TF IA-64 6 TF EV68
DB2, Oracle Servers 28 large memory nodes 71 TB Storage
500 TB Disk Storage . 230 TB Disk Storage 0.3 TF EV7 shared-memory
6 PB Tape Sto and data mining 150 TB Storage Server
1.1 TF Powe - - ﬁ . '

SDSC.: Data Intensive NCSA: Compute Intensive PSC: Compute Intensive

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



Computational Grids &

Electric Power Grids

B Smilarities/Goals of CG and EPG
dUbiquitous

dConsumer iscomfortable with lack of knowledge of
details

B Differences Between CG and EPG
AW ider spectrum of performance & services

JAccess governed by more complicated issues
QSecurity
QPerformance
QSocio-palitical factors

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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ACDC-Grid

Collaborations

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

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




_Grid3 Snapshot of Sites.—

whkiadison
» UButfalo-CCR
FNAL_CMS ue-criad = BU_ATLAS_Tier2
b ILL_ATLAS _Tier2 ; EN\L_ATLAS
Yanderhilt HU_huatlas

» UTA-DPCC

& Rice-Grid3 ™~
UFlorida-Grid3
4 UFlorida-PG

B

South Korea

UBuffalo-CCR Virtual Organization
Grid Resources for Advanced Science and En

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



—PData Grid

B Motivation:

 Largedata collections are emer ging as impor tant

community resour ces.

 Data Grids complement Computational Grids.

B Definition: A data grid isa network of distributed
storage resources, including archival systems,

caches, and databases,

which arelinked logically to

create a sense of global persistence.

B Goal: Design and imp

management of data d

ement transparent
Istributed across

heter ogeneous r esour ces.

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



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-Grid

Data Grid File Migration

B Migration Algorithm dependent on
JUser accesstime
Networ k capacity at time of migration
dUser profile
dUser disk quotas on various resour ces

CCR
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Data Grid Resource Info

Both platforms have
reduced bandwidth
available for additional
transfers

CCR
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Intttal-ACDC-Campus-Grid

e 0E— .
Computer Lab - Sun ﬂ.[‘lﬁ]
Singis Processor Computer Lab - Sun
E.[il-_ x| Single Processor
i 1. | B -
Computer Lab - Sun | gy U.[‘[ﬁl
Single PESSO' & Computer Lab - Sun
U.[‘ i] | Single Processor

Computer Lab - Sun U.[i [El

Single Processor

o

Svengali hwi - IRIX
Single Processor

Lab-5.sdm - WINNT
Single Processor

Engin

Computer Lab - Sun i ' 16 50m. Nexus hwi - IRIX
U.[I [: T:; Single Processor Lasﬁlglzdgl o Laging]:’dg:mﬂﬂ.r Dual Processor
G -

]

=
Computer Lab - Sun
U.ﬁ = | Single Pracessor

‘ =

Computer Lab - Sun

. Haoamer biwd - IRIX
Single Processor

Lab-7 sdm - WINNT Single Processor

Single Processor

[ ]

Computer Lab - Sun

Single Processor | & Lab-8.sdm - WINNT Plexus. hwi - IRIX

& | Computer Lab - Sun Single Processar G Processor
U.ﬁ - 8| Single Processor
o | IR
Computer Lab - Su = OIT Passpor Swich
Single Processor =]
- Gomputer Lab - Sun 100 Mbit Connection
U.ri I: Single Frocessor T1Co i
[ S nnection
- o
Computer Lab - Sun u.[| =] i
Single Processor
— & | Computer Lab - Sun 000 Mbit C ===
U.[i [_ E;. Single Processor L bit Connection
Computer Lab - Sun| £ [i [ -
Single Processor O 1000 Mbit Connaction
|__ . — Comgputer Lab - Sun
i Single Pr
U.*- — e Trosssser 100 Mbit Connection
Computer Lab - Sun ==
Single Processor |4 U." -l
:.fi| = Computer Lab - Sun
: = Single Processor 1
a i h 5 = Sam.co|- RedHat DUl Prpcessor pe o eoker
ampuiter Lab - Sun
Sinzlle Processor u."il=]
— Computer Lab - Sun Metwork Attached Storage
:.[I_l-_ A Single Pracessor Rald Drives Storage Tower
C ter Lab - 5 [
glmr;:‘eePrrmesso?n {5 ﬂ.[I =]
- B | Computer Lab - Sun
U.[‘ = ;? Single Processor
Computer Lab - Surl Iﬂ:@i
Single Processor
Snowdon.cse - Sun
' Single Frocessor Zeppelin.cor - IRIX amashronm ot WINNT

C - IRIX
10 Processor r:a;'ﬂﬂ?e;mr Single Processor



Network Connections

ComP AT GNAL
CC I[Iil.,suw.u-m 1000 Mbps .Cse@b[w

www.ccr.buffalo.edu
100 Mbps
—1 54 Mbps (T1) - RPCI 100 Mbps
MedlcaI/Dental

44 7 Mbps (T3) - BCOEB 155 Mbps (OC-3) I2

1.54 Mbps (T1) - HWI

I— NYSERNet
BCOEB % 350 Main St

0C-3-11

@ Abile =22 Mbps (OC-12) Commercial

Iﬁ Univerdity at Buffalo The Sate University of New York  Center for Computational Research
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" ACDC Data Grid Overview

(Grid-Avallable Data Repositories)

182 GB Storage

Joplin: Compute Cluster

300 Dual Processor
2.4 GHz Intel Xeon
RedHat Linux 7.3
38.7 TB Scratch Space

Nash: Compute Cluster

75 Dual Processor
GHz Pentium Il
RedHat Linux 7.3

1.8 TB Scratch Space

I 100 GB Storage

ACDC: Grid Portal
4 Processor Dell 6650

56 GB Storage

. ——t

Young: Compute Cluster

16 Dual Sun Blades
47 Sun Ultrab
Solaris 8

770 GB Scratch Space

—

CSE Multi-Store

— 4078~
—
3

Storage Area Network
75TB

Note: Network connections are 100 Mbps unless otherwise noted.

70 GB Storage

Mama: Compute Cluster

9 Dual Processor
1 GHz Pentium Il
RedHat Linux 7.3
315 GB Scratch Space

1.6 GHz Intel Xeon
RedHat Linux 9.0 E
66 GB Scratch Space

100 GB Storage

e —
136 GB Storage

Crosby: Compute Cluster

SGI Origin 3800
64 - 400 MHz IP35
IRIX 6.5.14m

360 GB Scratch Space

Network Attached :
1 Dual Processor

Storage 250 MHz IP30 |
1.2TB IRIX 6.5 :

Fogerty: 'L'nn-:ic;r Flock Master

CCH

19 IRIX, RedHat &
WINNT Processors

T1 Conmectian

Computer Science & Engineering
25 Single Processor Sun Ultrabs

School of Dertal Medicine
9 Single Processor:Dell P4 Desktops

Hauptman-Woodward Institute
13 Various SGI IRIX Processors
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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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—System Diagram

SQL
Database
A A A
\
T Maintain
Profiles and
Predict

e

. / * running time
) « backfill on
resources
e grid load
b and utilization
® & -

CCR
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Preltminary-GA-results—

Mean NumClose Values for migreen on joplin

B mean B std dev +/~ std clewv

Percent of estimates
within 5% of actual values

NumClose Values

D ||| T T T T T T T T T T L T T L T T T T T T T T T T T T
9D e 2 RR PR PP PR LD R D PRSP PP PG G

Generations/Members

Mean NumClosed4 Values for nmshah on joplin

W rean W stdd dey +/- stil cley

Percent of estimates within 3]
20% of actual values

HumClosed Values

A SRR CEEEKEE EE Y FFEFEF PEE EFEEEFEER.

Generations/Members

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



| 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
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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 Enabled SNnB

B Problem Statement
U Use all available resourcesfor determining a single structure

B Grid Enabling Criteria
U Run on heter ogeneous set of resour ces
U Storeresultsin SnB database

U Mine database (and automagically deploy new jobs) to improve
parameter settings

B Runtime Parameters Transparent to User
U Assembling Necessary Files
L Number of Processors
U Trialsper Processor
U Appropriate Queue and Running Times

CCR

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



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

CCR

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



—Nhddleware

B Grid (Computational and Data)
U Globus Toolkit 2.2.4® direct upgrade WSRF
1 Condor 6.6.0
U Network Weather Service 2.6
U Apache2 HTTP Server
QPHP 4.3.0
O MySQL 3.23
d phpMyAdmin 2.5.1
B Collaboratory
Q OpenGL (LibDMS, DeviL, GLUT)

O Windows, IRIX, Mac OS X, Linux
U CAVE, Desktop

CCR

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



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 7] x|

File Edit ‘iew Favoribes Tools  Help ‘i

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

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

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

|Anuma|nus Dispersion: ||Nut Measured j

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

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

Continue | Reset Seqguence | Reset Current Stage | Cancel |

Default Parameters (cont’d)

Return to the Grid Job Men

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




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

File Edit ‘iew Favoribes Tools  Help

=18/ x|
| =

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

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

x| e ks >

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

Data Grid

Education / Dutreach

Staff Only
CCR HOME

Printér Friendly

Reflections and Invariants

Drear Table

-

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

Select
||Wi|sc|n (Anisotropic) j| ®

b

Mormalization Data

Low: I999-D High: IIZI.EM

Use Bayesian estimates for weak reflections? I Mi 'I

—

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

Data resolution cutoffs {in Angstroms)?

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

SIR and SAS cutoffs:

Generate Invariants

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

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

Data resolution cutoffs ?

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

Initial values for adjustable parameters

fo
o

—

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

Caontinue Reset Seguence | Reset Current Stage

Generating Reflections (Drear)

Mok o Flin Swlicd T bl Ao

Run Maormalization

Generate Invariants

|@ Done

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

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

=

=l

I_ l_ ré_ |4 Internet

BT 10:17 am



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

File Edit ‘iew Favoribes Tools  Help

=18/ x|
| =

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

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

| e ks >

User Tools

# Manage Account

Grid General Info
Projects
Computational GAad

# Job Submission

# Job/Queue Status

» MOS Information

# Metwork Status

*» Running/ Queued Jobs
* PBS Job History

2 MYS Grid

# Condor Flock Statistics

Reflections and Invariants
Drear Table V

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

MNormalization Data

Data Grid

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

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

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

Printer Friendly

SIR and SAS cutoffs:

Generate Invariants

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

Minimum allowed invariants / reflection ratio: |5.IZI

Data resolution cutoffs ?

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

Initial values for adjustable parameters

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

Cnntinuel Feset Seqguence | Reset Current Stage Cancel .
Invartant eration

Bun Marmalization

Generate Invariants

=l

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

I_ l_ ré_ |4 Internet

| @Screenshnts-t&rid | clearwater.ccr.bu...l @ 10:17 AM




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

File Edit ‘iew Favoribes Tools  Help

=18/ x|
| =

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

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

| e ks >

User Tools

# Manage Account
Grid General Info
Projects

Computational Grid . -
SR Grid Parameters of

* Job/Quese St‘_ﬂm Preferred resource name:

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

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

Education / Dutreach

Staff Only 5nB Run Parameters

CCR HOME

Printer Friendly - Invariants

Mumber of triplet invariants to use:

s Trials To Process

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

Input Phase File:
Input Atom File:

Keep complete {every trial} peak file? :

s Cycles Information

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

R-Ratio cutoff:

e Phase Refinement Method

SnB Setup

| Grid Scheduler =l

[
720

job0
grid

IB4EIEI

IRandum Afoms j

|11909 'I
I'lEIEIEI

|@ Daone
msrart”J ol & G O H &Gmail - Inbox - Mi... | &]center for Comp... |[&1CCR Grid Comp...

{35nB | @Screenshnts-t&rid | clearwater.ccr.bu...l

2l

A

=l

I_ l_ ré_ |4 Internet

BT 10:17 am



/] CCR Grid Computing Services: Portal Job Submission - Microsoft Internet Explorer =151 =]

File Edit ‘iew Favoribes Tools  Help i

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

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

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

Number of passes through phase set:

[{u]

N

[ }

Phase shift:

Number of shifts:

..'V
« Reai-Space Constraints

[x3]
=

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

-
i .

%

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

Minimum interpeak distance:

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

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

NMumber of peaks :

s Twice Baking

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

Number of cycles :

[23]
=

1] TRATTR A

Number of peaks :

Minimum |E]| : 0.75

s ALttomatic solution identification criteria
Rmin Improvement {%o}: 45.0

Rcryst Imporvement {%o): 25.0

Caontinue I Feset Seguence | Reset Current Stage Cancel ,
_ﬁB‘SéH up (Cont’d)

|@ Done I_l_ré_|ﬂ Inkermet
iaStart”J m = lﬂl @ “ @Gmail-lnhox-Mi...I @Center For Comp... "@EER Grid Comp... ‘I5rB | @Screenshnts-t&rid | clearwater.ccr.bu...l @ 10:18 &M

=l




; 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

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



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




b Status Detail osoft Internet Explorer

File Edit ‘iew Favoribes Tools  Help

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

Address I@j https: /fgriddew.cor . buffalo. edufjobs/submitfsnb/display_chart. phptid=447&gat=snbfwchart=rmin_histogram

.(é University at Buffalo The

('— DTT
Cen‘l‘.er for Computational Research '

High Performance Grid Computing

Esipand All Collapse All Grid Job 447 Histogram - 285 Trials Complete - Status RUNNING
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

Trials

Data Grid
Education / Dutreach

1]
Staff Only '??'g) 'gj "353 A‘bl"blb ap ﬂ)qp @P 'h\\'h\‘b {E;

ol i LR R s
CCR HOME

Priftéer Friendhy

9\:‘@"’3&’ '"’i\ A :ﬁoﬁ?a 5, ﬁ"‘g?‘?":"}'@ﬁ’ﬁ"?@

Rmin Value

um o ipfiEtOGEam of Completed Trial Structures

Return to the Grid Job

ﬂStart” hﬂ ﬁ “ @Gmail-lnhox-Mi...I @Center For Comp... "@EER Grid Comp... ‘I5rB | @Screenshnts-t&rid | clearwater.ccr.bu...l

& |4 Internet
BT 1mzz am




; 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
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Cenfer for Computat ional Research

C ACDC-Grid
Data Grid

bk nky

ACDC-Grid Computational
Resources

"”‘o rkflow Jokb

i
A

CCR
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domain_snb.evo_results running on Grid Portal - phpMyAdmin 2.5.1 - Microsoft Internet Explorer

J File Edt View Favorites Tools Help

.}4 ) iugiructurel| , ”I-?a"ruwse | , SQL | Seiém | .insert | .Elxpurt | E(lflllperatillms] (-)lpltiuns Emply | . “ﬁrup | -
Home Field Type Attributes Null Default Extra Action
[~ DIE_LOC varchar(2565) Ma Change Drop Primary Index Unigue Fulltext
[T PREFIX_OUT vatchar(258) Mo Change Drop Primary Index Unigue Fulltext
[ ATOMSIZE int{11} Mo 0O Change Drop Primary Index Unigue Fulltext
gﬂggige—:r's‘:'n_pmd [ NUM_REF int(11] No O Change Drap Primary Index Unique Fulltext
G evo_results [~ RESO_MAX float No 0O Change Drop Primary Index Unigue Fulltext
L i [T E_SIG_CuT float Mo O Change Drop Primary Index Unigue Fulltext
[ evo_scores
I evo_stats [ WU NS int{11} Mo 0 Change Drop Primary Index Unigque Fulltext
[T MNUM CYCLE int{11} Mo O Change Drop Primary Index Unigue Fulltext
[T PH_REFINE_METHOD  irt(11) Mo 0O Change Drop Primary Index Unigue Fulltext
[T PS_INIT_SHIFT int{11} Mo 0O Change Drop Primary Index Unigue Fulltext
[T PS_MUM_SHIFT int{11} Mo 0O Change Orop Primary Index Unigue Fulltext
[~ PS_MUM_ITER int(11} Mo 0O Change Drop Primary Index Unigue Fulltext L |
[~ TAN_NUM_ITER int(11) Mo 0O Change Drop Primary Index Unigue Fulltext
[ MIN_MAP RESO float Mo O Change Drop Primary Index Unigue Fulltext
[T MUM_PEAKS TO_OMIT int(11) Mo 0O Change Drop Primary Index Unigque Fulltext
[T INTERPOLATE int{11) Mo 0O Change Drop Primary Index Unigue Fulltext
|| G int{11} Mo 0O Change Drop Primary Index Unigue Fulltext
|| int{11} Mo 0O Change Drop Primary Index Unigue Fulltext
M| int(11) No 0 Change Drop Primary Index Unigue Fulltext
[ iRz int{11} Mo 0O Change Drop Primary Index Ll
[ MUNM_TRIAL int{11} Mo O Change Drop Primary Ind
[T FUNC_WALUE float Mo 0O Change Drop Primar
[ AVG_RMIN float Mo 0O Change Drop Prim|
[T RMIN_CUTOFF float Mo 0O Change Drop Prima
4] || T RUNTIME float No 0O Change Drop Prima
Query window [} RIE bigint(20)  UNSIGHNED Mo auto_increment Change Drop Primary
s i i

CCR

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



SnB Data Mlnlng Results

B Database over 22 atomic-resolution structures
B Thereareb5 different base data sets per structure

B Genetic Algorithm optimization on these 110
datasets

B GA resultsprovide order(s) of magnitude
Improvement in cost-effectiveness

B Current focus on automation of algorithm for
lar ge-scale (inter national) grid deployment

B Decisions continue on which parameterstorefine

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



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.



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




]

Deskial 2.0

Wuck 2 AP initislized DE_
User Adds Bond Between Atoms




—QOutreach

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

CCR

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



—QOutreach

B Pilot HS Program in Computational Science

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

Produce next generation scientists and engineers
dStudentslearn Perl, SQL, Bioinformatics
J1$50.000 startup fundina from Verizon, PC’s from HP

-

CCR

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



Community-Service——

B Managed numerous baseball teams (LGYB, MMYB)

B Coached numerous basketball teams
d House League (AYB)
O PAL
W Local Tournaments

B President of Amherst Youth Basketball (6 yrs.)
1 350 boys/girlsb ~1000 boys/qgirls
dWeb based

B Co-President/Coach WNY Warriors (AAU)
6 Travel Teams
d Numerous DI players

B |nducted into Amherst (NY) Avenue of Athletes

B Board Member of infoTechNiagara,......
Iﬁ Univerdity at Buffalo The Sate University of New York  Center for Computational Research
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