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Bio-surveillance from Big Data: Big Challenges 

Deliver the capability to 
mine, search and analyze this 
data in near real time 

Information Technology 

We generate 2 quintillion bytes (2 x 1018) of data every day.(IBM) 

Data Ą Discovery Ą Insights 

Resiliency Analysis and 
Coordination System 

VERDE 
(Visualizing the electric grid) 

CMS Analytics 
(Decision from Big Data) 

Zero Day Attack Detection 

Ågenome scale 

experiments 

Åproteomics 

Åstructural biology, 

Åclinical studies 

Ådisease spread 

models 

Åmolecular 

dynamics 

Åsocial networks 

Åhistory of 

communicable 

diseases 

Åarchives of health 

records 

Åtwitter,  

Åfacebook 

Åenvironmental 

monitors,  

Åweather/climate 

monitors 

Åhospital sensors, 

Åother sources 
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Analyzing Big Data from Bio-ǎǳǊǾŜƛƭƭŀƴŎŜΧ 

ÅEvent Detection: time-points where 

ǘƘŜǊŜ ƛǎ ŘŜǾƛŀǘƛƻƴ ŦǊƻƳ άƴƻǊƳŀƭέ 

behavior 

 

ÅMulti -scale Feature Extraction: 

intrinsic structure of data 

 

ÅCluster & Visualize: simplifying the 

interpretation for meaningful 

insights 

Wish you 
had done it 
in 6.5 s? 

Data Ą Insights Ą Discovery 

ÅSuite of statistical and machine learning tools for: 

ïdiscovering inherent statistical structure of domain 
specific big data 

ïǇǊƻǾƛŘƛƴƎ ǘŜǎǘŀōƭŜ ƘȅǇƻǘƘŜǎŜǎ όάŀŎǘƛƻƴŀōƭŜ ƛƴǎƛƎƘǘǎέύ 

 

ÅChallenges faced in developing a computational 
infrastructure: 

ïVolume/Velocity 

ïScaling algorithms 

²Ƙŀǘ ƛǎ ǘƘƛǎ ǘŀƭƪ ŀōƻǳǘ Χ 
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Part 1: Online Event Detection 

ÅSpatio-temporal correlations 

ÅDynamical clustering 

Anomaly 
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Motivation: Detecting spatio-temporally correlated 
patterns in real-time data streams (Twitter) 

ÅOutbreak: 

ï Flu, dengue, west Nile virus, etc 

ÅGPS Location: 

ïMulti-scale: local to regional to national 
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Visualizing terms associated with west nile virus 
as a stacked graph, indicating distinct time-
varying patterns in disease association. 

Neoformix: Visualizing Twitter data 

ÅWhich geographic regions exhibit correlated patterns in 
twitter patterns? 

- Indicative of emergent patterns in spread of disease/ outbreak 
- Can be across diseases or regions or along time 

 

ÅAt what time-points do these patterns change? 
- Anomalies indicative of sudden surges in infections 
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Tensor representation for text data streams 

N 

N 

T 

Collect data 

from social 

networks 

3D tensor of outbreak terms + 

locations evolving over time 

ÅConceptually the data is 
a collection of matrices 

 

ÅConveniently 
represented as a tensor 

Tensors are N-dimensional matrices, that are 
useful to capture multi-way dependencies 


