Data Analysis and High-Performance
Computing

Presented by

Justin M. Beaver
Yu (Cathy) Jiao

Applied Software Engineering
Research Group
Computational Sciences and
Engineering Division

Managed by UT-Battelle
for the Department of Energy



Streaming data analysis challenges

High-volume data streams are constantly
generated

Traditional data-encoding scheme is

inefficient
Sensors

Need a new solution to handle
Incremental clustering

.

One small
11010010 step for man
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The approach

e Piranha utilizes distributed and parallel data clustering
to process data streams

e Piranha applies a novel data-encoding scheme,
Term Frequency-Inverse Corpus Frequency (TF-ICF)

e Piranha handles incremental clustering using a
threshold-based solution

e Ability to search AND analyze
— Organize documents based on content
— Identify similar and dissimilar documents
— Identify duplicate and near-duplicate data

e 2007 R&D 100 Award winner

— Awards are based on each achievement's technical

significance, uniqueness, and usefulness compared I
to competing projects and technologies
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Clustering
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Clustering
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Piranha cluster analysis

Piranha Client : 2008 Presidential
Help

alalal
File View Tools Settings

72 b
&[>
%
Z | a) oot
é Level: 4 b ¢ k ~
28 leaves - mecain®nccains Mecain Satement strang i favera
obama huckabee
obaa
huckab
0.23 . 023, o 23 e
john Mccain 023 mriccain@nccaifiFcain teme@f’rong”fa\arors 2
obama Hijc%(abee huckabees, huckabee
john Mccain 0. . Rickabes T T
Jjo in Hi.lzc'?(abees, e giuliani® giuliani
0.2 .
obamafébamas meeain h&ﬁﬁﬁﬂfa\mrs 0.2 i giuliani -
O.E 7 H.2 giiidnEaglant arkansas
0b23 o Jjohn mcc nmeccain uckabees, huckabee
obama,‘obamas 0.23.
huckabee R e ar%gnsas
ﬂi.lzc%(abee giuliani# giuliani huckabees, huckabee
H = gb%gm$mas gi%éﬁsas Hi.lzc‘?(abees, huckabee
clintor calls 0,23 lickabee o -2 :
Orfitan calls e Riftkabees, huckabee B2, g . bill clintonbill clintor
clintof calls E ill"clinton, bill clintons
5 Blﬁ clinton, bill clintons
= 5 0,2
john edwards joﬁn edwards obama Eipaigalk j
g_g john edwards
: John edwards 0_%3 B
John edwards
0.09
i t talk 8 - .
straigh ;0 009 Rlﬁawkﬂhlllar\r john edwards
giuﬁani,gitﬁiﬁa_awnr#h% o BR3- @
0.2 ifMarys, hillary
straidht talk hillary8P hillary
0, .
0.23 glhnl 0z 0.2 s 8i.|2|ld_menurow
stralﬁt talk gitliani&¥ Q'UI'E‘"Biﬁ)Iic a&&muw;-ﬂmton city
trai talk
straigt ta 0 . -
gi.'“' 55 = gmladmenumw
gil_'ani gluﬁanl”glullam giﬁ;lic ElddreSst:lln%om:lt‘.«r,{Ilnton city
gil’ani buildmenurow
giuliani® giuliani blicdd clintoncity) ¢linton city
public address
clinton edwards giuliani huckabee mccain obama
Ready HS‘{S”S ..‘ i
A




Piranha single-term word analysis
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Piranha multi-term phrase analysis
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Fast, distributed image and text
analysis on heterogeneous platforms

e Problem

— Medical image and text information are
buried in enormous, dynamically
evolving databases

— Clustering-based approaches for
searching these large data sets are
typically too slow

e Technical Approach

— Developed fast data clustering and
analysis algorithms

— Well-suited for inexpensive, next-
generation computing platforms such as
Graphics Processing Units (GPUs) and
Playstation 3 (PS3)

e Benefit

— Dramatic improvement in speed of
clustering and analysis of dynamic data

— Order of magnitude (10X) performance
Improvement using a single PS3 versus
a high-end desktop machine
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Breakthrough—bioinspired
distributed solution

Ant colony optimization

Alignment Separation Cohesion
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Multiple species flocking (MSF)
document clustering
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The document collection data set
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The clustering results of K-means,
ant clustering, and MSF clustering
algorithm on synthetic and document
data sets after 300 iterations

Average Average
cluster F-measure
number value

Synthetic
dataset

Real
document
collection

OAK
£RIDGE

National Laboratory




Summary

e Current technology
emerging national challenges

o Intelligent software agents are a
technology

e Results indicate to help
solve these national challenges

e We have a progression of very
successfully deployed agent systems and
research to our credit
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