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A Continuum from Human to Statistical Indexing

- Manual

- Term selection from content

- Controlled vocabularies

- Mixed Initiative
- Machine-aided / Human-assisted

- Machine Learning

- Automatic

- Statistical indexing

- Natural Language Processing indexing
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Central Problem of IR

• How to represent documents for retrieval    

(Blair, 1990)

• The quality of the representation of documents 

determines:

– the ‘richness’ of the indexing

– the ‘quality’ of access to relevant    

information

– the ‘value-add’ analytics the system can 

accomplish for users
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NLP-based Indexing

• the computational process of identifying, 
selecting, and extracting useful information 
from massive volumes of textual data:

- for potential review by indexers
- OR -

- automatic production of a searchable  
representation of content

- using Natural Language Processing
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Natural Language Processing

• a range of computational techniques

• for analyzing and representing naturally 
occurring texts

• at one or more levels of linguistic analysis

• for the purpose of achieving human-like 
language processing

• for a range of tasks or applications
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Levels of Language Understanding

Pragmatic

Discourse

Semantic

Syntactic

Lexical

Morphological
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NLP for Indexing

“extractions”

Semantic

Representation

‘Index’

Text
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Westco Bancorp has been merged into MAF Bancorp, and 
First Federal Savings and Loan Association of Westchester, a 
wholly-owned subsidiary of Westco Bancorp …..

Tagging & Extraction Process (cont’d)



Center for NLP

Westco Bancorp has been merged into MAF Bancorp, and 
First Federal Savings and Loan Association of Westchester, a 
wholly-owned subsidiary of Westco Bancorp …..

Westco|NP Bancorp|NP has|VBZ been|VBN merged|VBN 
into|IN MAF|NP Bancorp|NP ,|, and|CC First|NP Federal|NP 
Savings|NP and|CC Loan|NP Association|NP of|IN 
Westchester|NP ,|, a|DT wholly-owned|VBN subsidiary|NN 
of|IN Westco|NP Bancorp|NP….

Tagging & Extraction Process (cont’d)
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Westco Bancorp has been merged into MAF Bancorp, and 
First Federal Savings and Loan Association of Westchester, a 
wholly-owned subsidiary of Westco Bancorp …..

Westco|NP Bancorp|NP has|VBZ been|VBN merged|VBN 
into|IN MAF|NP Bancorp|NP ,|, and|CC First|NP Federal|NP 
Savings|NP and|CC Loan|NP Association|NP of|IN 
Westchester|NP ,|, a|DT wholly-owned|VBN subsidiary|NN 
of|IN Westco|NP Bancorp|NP

<NP> Westco_Bancorp </NP> has|VBZ been|VBN 
merged|VBN into|IN <NP> MAF_Bancorp </NP> ,|, and|CC 
<NP>  First_Federal_Savings_and_Loan_ Association_
of_Westchester </NP> ,|, a|DT <NP> wholly-owned_ 
subsidiary </NP> of|IN <NP> Westco_Bancorp </NP>

Tagging & Extraction Process (cont’d)
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Westco_Bancorp <type=company > has|VBZ been|VBN 
merged|VBN into|IN MAF_Bancorp <type=company> ,|, 
and|CC First_Federal_Savings_and_  Loan_Association_ 
of_Westchester  <type=company> ,|, a|DT <NP> wholly-
owned_subsidiary </NP> of|IN Westco_Bancorp 
<type=company>

Tagging & Extraction Process (cont’d)
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Westco_Bancorp <type=company > has|VBZ been|VBN 
merged|VBN into|IN MAF_Bancorp <type=company> ,|, 
and|CC First_Federal_Savings_and_  Loan_Association_ 
of_Westchester  <type=company> ,|, a|DT <NP> wholly-
owned_subsidiary </NP> of|IN Westco_Bancorp 
<type=company>

generic relation: isa
entity1: First Federal Savings & Loan Assoc. of 

Westchester (company)
entity2: subsidiary

generic relation: characteristic
entity1: subsidiary
entity2: wholly-owned

generic relation: possess
entity1: Westco Bancorp Inc (company)
entity2: subsidiary

Tagging & Extraction Process (cont’d)
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<Westco Bancorp <type=company> <EV;type=combine; id=1-1-1> has|VBZ 
been|VBN merged|VBN into|IN </EV> <MAF Bancorp Inc <type=company> 

$1<KOS=’groups’> $2<VB=COMBINE>  $3<KOS=’groups’>
����

event: merge
entity1: $1
entity2: ?
target: $3
point-in-time: ?

Event Extraction Process
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General Model

Result

Impetus for

Change

Problem

Definition

Strategy

PlanningResource

Gathering

Deployment

Execution

of Plan

Measuring

Effect
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Banking Application of the Model

Impetus

Problem

Strategy

Planning

Resource

Deploy

Execute

Result

Measure

Market conditions

Capital infusion

Capital

Approvals

Shareholders Vote

Board vote

Government approval

Conversion

Sale of stock

Stockholders meeting

New organization

Poor performance

Knowledge

New management

Human resources

Interviews

Hire 

New management

Regulators 

Performance

Industry norms

Stockholder activism

Need for growth

Merger

Capital / market share

Stockholders vote

Government approval

Merger

Stockholders

Performance

Competition

Growth

Acquisition

Market share

Acquisition

Management

Performance

Restructure
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Instantiation of Banking Model

Impetus

Problem

Strategy

Planning

Resource

Deploy

Execute

Result

Measure

A Hinsdale Financial Corp. shareholder who 

recently settled a lawsuit with the company says 

the Illinois thrift hasn’t done enough to enhance 

shareholder value. (1/19/96)

The pressure is on to boost performance 

at Hinsdale Financial Corp., and top 

executives of the thrift company admit it.

(4/1/96)

Bristol expects the bank to have a 

greater emphasis on higher-yielding 

products, including home equity loans, 

fee income from mortgages and 

investment services.

In a last-ditch effort to secure approval of 

the proposal, a special shareholders 

meeting Tuesday was adjourned until 

Dec. 11 to allow Hinsdale’s management 

more time to convince shareholders the 

merger is a good deal for them financially.

(11/27/96)

Hinsdale Financial Corp. 

(NASDAQ:HNFC) adjourned 

their special meeting of 

shareholders after failing to 

receive the required majority of 

outstanding shares necessary 

to support its proposed merger 

with Liberty Bancorp (11/27/96)

Hinsdale Financial Corp. and 

Liberty Bancorp Merger 

Completed; Alliance Bancorp to 

Begin Trading Tomorrow

(2/10/97)
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<Westco Bancorp <type=company> <EV;type=combine; id=1-1-1> has|VBZ 
been|VBN merged|VBN into|IN </EV> <MAF Bancorp Inc <type=company> 

$1<KOS=’groups’> $2<VB=COMBINE>  $3<KOS=’groups’>
����

event: merge
entity1: $1
entity2: ?
target: $3
point-in-time: ?

$1: ’Westco Bancorp Inc.’
category=’company’ -> ‘groups’

$3: ‘MAF Bancorp Inc’
category=’company’ -> ‘groups’

event: merge=1-1-1
entity1: Westco Bancorp Inc (company)
entity2: ?
target: MAF Bancorp Inc (company)
point-in-time: ?

Event Extraction Process
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Knowledge Organization Structure (KOS)

0. Life & Living Things (other than human)
1. People

1.1 Titles / Positions [Director]
1.1.1 Honorifics [Mr.]  
1.1.2 Roles [Dutch Auction Agent]
1.1.3 Military Ranks [Lt.Col.]

1.2 Groups 
1.2.1 Organizations [Save the Children]

1.2.1.1 Government Orgs [DARPA]
1.2.1.1 Courts [Bankruptcy Court]
1.2.1.2 Lawmaking groups [Parliament]
1.2.1.3 Military divisions [Boys from Syracuse]

1.2.1.2 Terrorist Groups [Jihad]
………
1.2.1.20 Organizational subdivisions [Director's Comm.]

1.2.2.Companies [ABC Bancorp]
1.2.2.20 Company subdivisions [Public Relations Dept.]

2. Thought, Communication and Communication Channels
2.1 E-mail [liddy@syr.edu]
………..

3. Buildings & Structures
4. Substances, Materials, Objects, and Equipment

………….
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What NLP can extract & index:

1.  Domain-independent Entities

– Person, Country, Organization, Company
2.  Domain-independent Relations 

– Agent, object, location, point-in-time
3.  Domain-dependent Entities

– Merger, subsidiary, perpetrator
4.  Domain-dependent Relations

– Takeover, complain
5.  Model-specific Events

– Acquisitions & Mergers

– Terrorism, Smuggling

– Public Health Interventions
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Knowledge Organization Structures

• Key to knowledge-rich organizational tasks:

– Information retrieval

– Question Answering

– Visualization

– Automatic thesaurus construction

• Information retrieval

– Knowledge Base construction

• Internal documents

• Web Sites

– I
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Methodology

• Run NLP modules on free text

• Extract entities and ISA relations

• Based on training examples, system 
learns structure of knowledge in this 
domain

• Populate KOS using learned rules

• Domain-independent extraction can be 
specialized for domain of interest  
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eQuery

Knowledge

Base

Documents Query

NLP NLP
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eQuery Representation

What Iranian backed terrorist groups exist in the 
Middle East region?

What|WP Iranian|JJ backed|VBD terrorist|NN
groups|NNS exist|VBP in|IN the|DT Middle|NP
East|NP region|NN ?|?
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eQuery Representation

What Iranian backed terrorist groups exist in the 
Middle East region?

What|WP Iranian|JJ backed|VBD terrorist|NN 
groups|NNS exist|VBP in|IN the|DT Middle|NP 
East|NP region|NN ?|?

What|WP <NP> Iranian </NP> backed|VBD 
terrorist|NN groups|NNS exist|VBP in|IN the|DT 
<NP> Middle_East </NP> region ?|?
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eQuery Representation

What|WP <NP cat=nationality id=1> Iranian </NP>
backed|VBD <CN> terrorist|NN groups|NNS 
</CN> exist|VBP in|IN the|DT <CN><NP cat = geo 
region id=0> Middle_East </NP> region|NN 
</CN>?|?
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eQuery Representation

What|WP <NP cat=nationality id=1> Iranian </NP> 
backed|VBD <CN> terrorist|NN groups|NNS 
</CN> exist|VBP in|IN the|DT <CN><NP cat = geo 
region id=0> Middle_East </NP> region|NN 
</CN>?|?
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eQuery Representation

What|WP <NP cat=nationality id=1> Iranian </NP> 
backed|VBD <CN> terrorist|NN groups|NNS 
</CN> exist|VBP in|IN the|DT <CN><NP cat = geo 
region id=0> Middle_East </NP> region|NN 
</CN>?|?
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eQuery Representation

What|WP <NP cat=nationality id=1> Iranian </NP> 
backed|VBD <CN> terrorist|NN groups|NNS 
</CN> exist|VBP in|IN the|DT <CN><NP cat = geo 
region id=0> Middle_East </NP> region|NN 
</CN>?|?

What|WP <NP cat=nationality id=1> Iranian </NP>
<EV cat=SUPPORT id=0> backed|VBD </EV>
<CN> terrorist|NN groups|NNS </CN> exist|VBP 
in|IN the|DT <CN><NP cat = geo region id=0> 
Middle_East </NP> region|NN </CN>?|?
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eQuery Representation

(

SUPPORTER  (support*, Iran)

AND

SUPPORTED (support*, ?x)

AND

ISA (?x, terrorist_group#)

AND

LOCATION (?x, Middle_East#)

)
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eQuery identifies:

– appropriate stemming of terms

–useful multi-word concepts

– expansion of terms with synonymous 

words/phrases

– required concept

– implicit logical requirements

– relations amongst concepts



Center for NLP

In Summary:

• There exist a range of approaches for 
representing documents and queries

–NLP provides meaningful representation

• Each needs to be evaluated in terms of 
their ability to accomplish the goals of 
your application

• The Web has opened a whole new world 
of possible technologies which require 
traditional indexing skills


