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n Most of the data today is unstructured 

n books, newspaper articles, journal publications, reports, images, and 
audio and video streams. 

n How to deal with the huge amount of unstructured data as if 
it was organized in a database with a known schema. 

n how to locate, organize, access and analyze unstructured data. 

MIAS Mission: 
n develop the theories, algorithms, and tools for analysts to 

n access a variety of data formats and models 
n integrate them with existing resources 
n transform raw data into useful and understandable information. 

MIAS Mission
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Task Perspective 

n In the next decade, intelligence analysts will need to 
n monitor a huge number of interesting events and entities 
n formulate and evaluate hypotheses with respect to them. 

n Analysts must interact, at the appropriate level of semantic 
abstraction, with a system that can 
n synthesize, summarize and interpret vast amounts of multimodal 

information, 
n integrate observed data with domain models and background 

information in multiple formats, 

n propose hypotheses, and help verify them.
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Scenario 

n Consider an intelligence analyst researching a problem 

n Iranian nuclear program – generate a list of Iranian nuclear scientists, 
affiliations, specialties, biographies, photos, and notable recent activities. 

n Medical treatment – what is known about it; who are the experts; what 
do users say about it; what side effects have been reported 

n Current technologies have solved the problem of collecting and 
storing huge amounts of information; it would be reasonable 
to assume that the information she is after does exist; 

n However, multiple barriers exist on the way to a successful 
completion of the analysis, each posing a significant research 
challenge.
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Multimodal Information Access & Synthesis 
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Semantic Categories 

n Information Access and Extraction requires the identification of semantic 
categories in text. 

n There is a need to identify that this phrase represent a name of an 
organization, a name of a person, a name of a disease, a medicine, etc. 
n A narrow version of the problem is called: named entity recognition (NER) 

Federal health officials are 
recommending aggressive use of a 
newly approved drug that protects 
people infected with the AIDS virus 
against a form of pneumonia that is 
the No.1 killer of AIDS victims. 

(AP8906160048, TIPSTER VOL. 1) 

Relevant documents may mention 
specific types of treatments for AIDS 

Query: Aids Treatment 
Hemophiliacs lack a protein, called 
factor VIII, that is essential for 
making blood clots. As a result, they 
frequently suffer internal bleeding and 
must receive infusions of clotting 
protein derived from human blood. 
During the early 1980s, these 
treatments were often tainted with the 
AIDS virus. 

(AP8901180146, TIPSTER Vol. 1) 

Many irrelevant documents mention 
AIDS and treatments for other diseases
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Adaptation of Named Entity Recognition 

n Entities are inherently ambiguous (e.g. JFK can be both location and a 
person depending on the context) 
n Can appear in various forms ; Can be nested. 
n Using lists is not sufficient 
n New entities are always being introduced 

n A  lot of Machine Learning work – 
significant over fitting 

n Key difficulties – Adaptation to: 
n new domains/corpora 
n slightly new definition of an entity 
n new languages 
n New  types of entities  . 

n How to reduce the 
requirements on the 
resources needed to produce 
a semantic categorization  for 
a new domain/new 
language/new type of entities
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NER Tools 

Work in progress: 
§  Unsupervised discovery of entities in other languages 
§  Quick adaptation to new entity types and new domains. 

Screen shot from a CCG demo 
http://L2R.cs.uiuc.edu/~cogcomp

http://l2r.cs.uiuc.edu/~cogcomp
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Extracting Relations 

n Information Access and Extraction requires the identification of relations 
between concepts in text. 

n There is a need to identify concepts 
(e.g., entities) and relations that hold 
between them in a given sentence. 
n Closed set of relations: 

n[A causes B] 
n[A works for B] 
n[A prevents B] 
n[A lives in B] 

n Open ended set of relations 
n Every predicate can be a relation 

n Relations expressed within a single 
sentence or paragraph 

n Relations uncovered by processing large 
quantities of text (over time)
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Extracting Relations via Semantic Analysis 

n This level of analysis, however, 
cannot abstract over the inherent 
variability in expressing the relations. . 
n Kill and Explode can be expressed in 
many different ways. 

Screen shot from a CCG demo 
http://L2R.cs.uiuc.edu/~cogcomp 

n Semantic parsing reveals  several 
relations in the sentence along with 
their arguments.

http://l2r.cs.uiuc.edu/~cogcomp
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n Given: 
Q: Who acquired Overture? 

n Determine: 
A: Eyeing the huge market potential, currently 

led by Google, Yahoo took over search company 
Overture Services Inc last year. 

Eyeing the huge market 
potential, currently led by 
Google, Yahoo took over 
search company 
Overture Services Inc. last year 

Yahoo acquired Overture 

Entails 
Subsumed by 

⊆ 
Overture is a search company 
Google is a search  company 

………. 
Google owns Overture 

Relations Extraction via Textual Entailment
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Why is it difficult? 

Meaning 

Language 
Ambiguity 

Variability
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Document 1: The Justice Department has officially ended its inquiry into the assassinations 
of John F. Kennedy and Martin Luther King Jr., finding ``no persuasive evidence'' to 
support conspiracy theories, according to department documents. The House Assassinations 
Committee concluded in 1978 thatKennedy was ``probably'' assassinated as the result of a 
conspiracy involving a second gunman, a finding that broke from theWarren Commission 
's belief that Lee Harvey Oswald acted alone in Dallas on Nov. 22, 1963. 

Document 2: In 1953, Massachusetts Sen. John F. Kennedy married Jacqueline Lee 
Bouvier in Newport, R.I. In 1960, Democratic presidential candidate John F. Kennedy 
confronted the issue of his Roman Catholic faith by telling a Protestant group in Houston, 
``I do not speak for my church on public matters, and the church does not speak for me.'‘ 

Document 3: David Kennedy was born in Leicester, England in 1959.  …Kennedy co 
edited The New Poetry (Bloodaxe Books 1993), and is the author of New Relations: The 
Refashioning Of British Poetry 19801994 (Seren 1996). 

Kennedy 

The Reference Problem 
The same problem exists with 

other types of entities

http://images.google.com/imgres?imgurl=www.uawlocal571.org/images/jfk.gif&imgrefurl=http://www.uawlocal571.org/jfk.htm&h=246&w=205&sz=47&tbnid=udvk7UtQ4f8J:&tbnh=104&tbnw=87&start=6&prev=/images%3Fq%3DJohn%2BF.%2BKennedy%26hl%3Dzh-CN%26lr%3D%26ie%3DUTF-8%26oe%3DUTF-8
http://images.google.com/imgres?imgurl=www.cnn.com/US/9801/01/kennedy.obit.update/link.david.kennedy.jpg&imgrefurl=http://www.cnn.com/US/9801/01/kennedy.obit.update/&h=164&w=187&sz=9&tbnid=tFkxd4dOLfUJ:&tbnh=85&tbnw=96&start=1&prev=/images%3Fq%3DDavid%2BKennedy%26hl%3Dzh-CN%26lr%3D%26ie%3DUTF-8%26oe%3DUTF-8
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n Goal: Given names in text 
documents and their semantic 
types, identify real-world entities 
they represent. 
n A similarity measure between 

names [entity type dependent] 
n A way to group different looking 

strings into one group 
n A context sensitive way to 

distinguish between 
identical/similar strings that 
represent different entities 

n A generative Model 
[Li, Morie, Roth, NAACL’04] 

n A discriminative approach 
[Li, Morie, Roth, AAAI’04] 

n Summary: AI Magazine Special Issue 
on Semantic Integration’05 
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Entity/Concept Identification in Text 

n Goal: Semantic Integration: Text, 
Databases and Institutional Recourses 
n Map concepts identified in text to 

entries in databases. 
n Construct/augment databases from 

textual information. 
n Aid discovery in text using existing 

knowledge bases.
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Demo 

Screen shot from a CCG demo 
http://L2R.cs.uiuc.edu/~cogcomp 

More work on this problem: 
Scaling up 
Integration with DBs 
Temporal Integration/Inference 

…… 

Related Entities – 
Context

http://l2r.cs.uiuc.edu/~cogcomp
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n Develop diverse human resources to enhance the scientific 
research, educational, and governmental workforce in MIAS 

n Educational and Outreach Initiatives: 
n Encourage computer science students in universities with small research 

programs, particularly minority-serving, to pursue graduate studies 
n Expose them to the national labs 
n Open opportunities for bigger impact 

n A comprehensive education program designed to increase 
participation in the study and practice of MIAS topics: 
n Provide substantive training for a new generation of experts in the field, 
n Serve as a tool for recruiting an experienced group of undergraduates 

into graduate study in one of the broad fields of information science 
n Be an intellectual community center, where participants at all levels of 

expertise come together in an enriched environment of collaboration. 

Integrated Mission: Research & Education
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Students 
(Grad, Ugrad) 

Educational Initiatives 
Diverse populations → Enriched collaborations 

Research 
Universities 

Teaching Colleges 
(MSI, EPSCoR) 

National 
Laboratories 

Practitioners 

Research 
experts
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Mathematical Foundations 
of Information Science 

Tutorial 
2 

Researc h 

Researc h 

4 weeks  4 weeks 

Tutorial 
3 

Tutorial 
1 

Tutorial 
4 

Tutorial 
5 

Intensive Course 
in 

The Math of Data 
Sciences 

• Probability and 
Statistics 
• Linear Algebra 
• Data  Structures and 
Algorithms 
• Optimization 
• Learning & Clustering 

Data Science Summer Institute at UIUC 

Research 
Projects 

(Problems, possibly, 
from industry/national 
labs) 
• Research institution 
resources 

• Engages undergrads, 
grads, small colleges 
faculty, & national 
experts 

Advanced MIAS Related Tutorials 

Starting May 2007 

Let us know if you want to send 

Students 
Research projects ideas 

Funding
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Retrieval & 
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Access 
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Information Access & Synthesis Processes 

n Focused data retrieval and integration, 
n Identify and collect relevant data from multiple sources 

n Semantic data enrichment, 
n Infer semantics from unstructured data and images; 
n Allow navigation and search across disparate data modalities; augment KBs 

n Entity identification and relations discovery, 
n Identify real-world entities and relations among them 
n Relate them to existing institutional resources for information integration 

n Knowledge discovery and hypotheses generation and verification, 
n Construct the rich semantic structure and hidden networks of entity linkages 

n Foundations 
n Machine learning, database and data mining, natural language processing, 

inference and optimization and computer vision techniques 
n Called for and driven by the aforementioned problems. 

Tools 

Text 
Processing& 
Analysis 

Semantic 
Analysis & 
Information 
Extraction 

Information 
Integration 

Machine 
Learning & 
Data Mining 

Integrating 
Text & 
Images


