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Streaming data analysis challenges

Multimedia

Sensors

• High-volume data streams are constantly 
generated

• Traditional data-encoding scheme is 
inefficient

• Need a new solution to handle 
incremental clustering
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The “Piranha”   approach

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

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

• Piranha handles incremental clustering using a 
threshold-based solution
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• Ability to search AND analyze
– Organize documents based on content

– Identify similar and dissimilar documents

– Identify duplicate and near-duplicate data

• 2007 R&D 100 Award winner
– Awards are based on each achievement's technical 

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

• 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

• Technical Approach
– Developed fast data clustering and GPU
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– 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)

• Benefit
– Dramatic improvement in speed of 

clustering and analysis of dynamic data

– Order of magnitude (10✕) performance 
improvement using a single PS3 versus 
a high-end desktop machine

GPU



Ant colony optimization

Breakthrough—bioinspired
distributed solution 
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Bird flocking model

Alignment Separation Cohesion



Category/topic
Number 

of 
articles

1 Airline safety 10

The clustering results of K-means, 
ant clustering, and MSF clustering 
algorithm on synthetic and document 

Multiple species flocking (MSF) 
document clustering

Alignment Separation          Cohesion
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1 Airline safety 10

2
China and spy 

plane and captives
4

3
Hoof and mouth 

disease
9

4 Amphetamine 10

5 Iran nuclear 16

6
North Korea and 

nuclear capability
5

7 Mortgage rates 8

8
Ocean and 
pollution

10

9
Saddam Hussein 

and WMD
10

10 Storm Irene 22

11 Volcano 8

The document collection data set

algorithm on synthetic and document 
data sets after 300 iterations

Algorithms
Average 
cluster 
number

Average
F-measure 

value

Synthetic 
dataset

MSF 4 0.9997

K-means 4 0.9879

Ant 4 0.9823

Real 
document 
collection

MSF 9.105 0.7913

K-means 11 0.5632

Ant 1 0.1623



Summary

• Current technology cannot solve
emerging national challenges

• Intelligent software agents are a 
significant breakthrough technology

• Results indicate high potential to help 
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Results indicate g p to help 
solve these national challenges

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