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Research Questions

• How can we discover themes and topics in the 
discussion forum and sort the importance of the 
themes? 

• How can we discover  social and semantic networks 
of organizations that were involved, compare the 
two networks to obtain new insights?
– What were the organizations involved in the important

themes in the Haiti operation?

– How do semantic networks offer more potential 
collaboration when compared to social networks?
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HAITI Project

• Data Sources
– ~2600 open source web pages 

• Used High Performance Computer (HPC) nodes. 

• News feed from 1/13 – 2/23/2010

• Twitter as a starting point 
– SOUTHCOM, USAID and others used Twitter to handle the situations

– US SOUTHERN COMMAND also engaged the HAITI HA/DR Community of Interest 
(COI) on the All Partners Access Network (APAN) during the Haiti crisis. The APAN data 
was captured from a MSSQL database.  The sources were:

• Official documents and briefings in PDF: ~167 PDF file attachments related to HAITI HA/DR from 
1/13/2010 to 5/26/2010

• SITREP: ~150 Situation Report documents 

• Forum: ~1173 posts from 1/13/2010 to 6/3/2010

• Blogs: ~3900 blog messages
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Lexical Link Analysis

• Text analysis method
• Bi-gram co-occurrence 
• Text-as-networks 
(semantic networks)

• Automatically discovers word pairs and 
groups using social network community 
finding algorithm Newman community 
finding algorithm – words as in a 
community  (Girvan & Newman, 2002)
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Compare Approaches

• Linguistics based 
– Part-of-speeches (e.g. nouns, verbs): SAP Business Objects/InXight

NEE
– Linguistics rules

• Statistical Co-occurrence 
– Tf*idf (http://en.wikipedia.org/wiki/Tf*idf)
– Bi-gram, N-gram

• Representation
– Bag-of-words (BOW), Latent Semantic Analysis (LSA), Latent 

Dirichlet Allocation (LDA), Support Vector Machines (SVM, accurate on 
text categorization, cloud/large-scale implementation example like 
yottamine)

– Text-as-networks (TAN): Centering Resonance Analysis (CRA), Stanford 
Lexical Parser (syntactic dependence), AutoMap ,Google PageRank
(DAN, Document-as-Networks), 

http://en.wikipedia.org/wiki/Tf*idf�
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LLA
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Why LLA?

• Critical needs
• Links among 
documents/categories of 
information do not usually exist
• Variety of network centrality 
measures can be used for term 
evaluations

• LLA automatically discovers relations among 
categories of text information to facilitate 
search, prioritization, prediction and expertise 
location

– Generate hyperlinks for intranet documents

• LLA can also focus on innovations and 
uniqueness of the analyzed documents  

– Other ranking techniques which typically sort documents 
based on the popularity or authority, are not based on 
semantics

• E.g. PageRank by Google
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Discovered Themes
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A collections of word pairs for the theme associated with keywords “WTER, AIR, FOOD”

A “Theme” Defined 
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Distributions of LLA Counts per Week
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Themes sorted for the first week  (1/13/2010 to 1/19/201) and the 
second week (1/20/2010 to 1/26/2010)

• Important issues were heavily discussed and collaborated in the time of 
frame of two weeks. 

- The theme “HIGH, RATES” was related to the fact that the US 
government provided the analysis and information about high fatalities, 
high risks and high disease rates that might be expected after the event.
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Lexical links for the theme associated with keywords “AIRCRAFT, 
GROUND, ASSIST, ORDERED, USNS_COMFORT”

• Measuring like-mindedness. Like-minded 
organizations do use many of the same 
terminologies in their communications. like-
mindedness is closer in meaning to like-
wordedness

• LLA often places the different 
terminologies such as  “CVN” and “Carl_ 
Vinson”  in different components of word 
hubs but grouped together
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The overlapping of top ten themes sorted by the LLA 
counts overall (ALL) and the first and second weeks

The LLA counts are measures to sort out the main and important topics and 
themes 

• 6 out of 10 top themes (60%) in the top themes overall are also in the top 
themes of the first two weeks. 

• 7 of 10 top themes in the first two weeks are also in the top overall themes
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Extracting Social Networks

Threads

Organizations

List of threads of 
discussions
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Social Networks Associated with the Theme 
“WATER, AIR, DATA”

Blue: Social Networks

Light Blue: Overlapped

• Light blue links are social network links that also 
overlap in the semantic networks - indications of 
synergy
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Extract Semantic Networks

• Use shared word hubs
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Semantic Networks (Green) Overlaid with the  Social 
Networks for Theme “WATER, AIR, FOOD”

Blue: Social Networks

Green: Semantic Networks

Light Blue: Overlapped

• Red circles show 
organizations who have 
semantic links but no 
current social 
connections => 
indicates potential 
collaborations
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A holistic view of social network with semantic 
networks for the organizations associated with the theme 

“WATER, AIR, FOOD”

Blue: Social Networks
Green: Semantic Networks
Light Blue: Overlapped
Red: Connections to Theme Keywords
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Measure Synergy Using Overlapping 
Connections in the Social networks and 

Semantic networks

Sorted according to the Synergy 
Ratio=Overlapped (Light Blue)/Social (Blue and Light Blue)

• There are fewer organizations involved in the two weeks than in the overall forum 
• “Synergies” seem to go above the average (>80%) for some specific and time-critical themes, for example, 
“HIGH,RATES”, “PEOPLE,CHILDREN,POST”,  “APAN,CONTACT,USER”, 
“AIRCRAFT,GROUND,ASSIST,ORDERED,USNS_COMFORT”,” SUPPORT,PERSONNEL,CLIENT,UNIT”, and 
“EARTHQUAKE,LEFT,MASSIVE,QUAKE”
• There are some themes with relatively low synergies overall and on the two weeks, for example, “WATER, AIR, 
FOOD”, “PATIENTS, LONG, CARE”,”HAITI, OFFICER, PRESIDENT”. This may indicate lack of knowledge or expertise 
in these areas in general.
• Comparing the two weeks and the average, the synergies among organizations seem correlated with the number of 
organizations involved in the collaborations: the themes with fewer organizations involved have higher synergies. 
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Conclusions

• Explored a real-life data set, i.e.  APAN forum data in the Haiti interagency 
operation via Lexical Link Analysis  

– Discovered the themes and sorted them according to the importance and time

– Extracted social and semantic networks of participating organizations

• Showed the LLA method to examine historic data and improve future operations
– Identify partners for collaboration or areas of overlap

– Examined the aspects of the situational awareness of an interagency operation

– Monitored and visualized organizational behavior

– Automation allows performing this task easier and more frequent – and in near real-time
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Lexical Link Analysis (LLA) 
Summary 

• Lexical Analysis (LA wiki, 2009) is a form of text mining
– Learns
– Dynamically updates word and context associations with added data

• Link analysis
– Like network analysis, explores and illustrates associations between objects

• Lexical Link Analysis (LLA) 
– Combines data mining with network analysis
– Can dynamically identify, assess, and predict trends, patterns and features

• Data mining tools 
– Analyzes structured and unstructured data 
– Confirms previously known patterns, or discovers new patterns 
– Implements innovative visualization and navigation techniques

• Facilitates concept discovery, automated classification, and categorization of 
unstructured documents
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Agent Learning
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