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Abstract — A detective distributes information on a current case 
to his law enforcement peers.  He quickly receives a computer 
generated response with leads identified within hundreds of 
thousands of previously distributed free text documents from 
thousands of other detectives. The challenges lie in the nature of 
free text – unstructured formats, confusing word usage, cut-and-
paste additions, abbreviations, inserted html/xml tags, 
multimedia content, and domain-specific terminology.   This 
research proposes a new data structure, the semantic information 
structure, which encapsulates the extracted content information 
on classes of information such as people, vehicles, events, 
organizations, objects, and locations as well as the contextual 
information about the connections and measures to enable 
prioritization of files containing related pieces of content.  The 
structure is organized to be a result of automated natural 
language processing methods that extract entities, expanded 
entity phrases and their links which are driven by ontologies, 
DLSafe rules, abductive hypotheses and semantic composition.  
Importance and significance measures aid in prioritization. 

Keywords – semantic information structure; semantic content; 
semantic context; law enforcement, free text, ontology, abductive 
reasoning; expanded entity phrase, related information of interes,. 

I. INTRODUCTION  
This paper proposes a powerful new data structure, the 
semantic information structure, to capture semantic content and 
related semantic context created from extracted entities, 
expanded entity phrases, ontological rules, abductive 
hypotheses, and extracted syntactic links [1], [2], and [3].   This 
research is part of a three-year research project lead by  the  
University of  Texas  at  Dallas.  The  research  arose in  
response  to  a  need to  identify  information  of  interest  in  an 
email sent by a law enforcement detective followed by a search 
of a massive number of historical law enforcement emails to 
find information that could help the detective resolve the case, 
as described in [1].   Key word searches and ontology- 
enhanced searches were shown to be helpful but highly 
inadequate.  The semantic information structure is a key 
component of the overall project in that it builds on the 
expanded entity phrases described in [3] and extended by an 
ontology in [1].  Reference [1] introduced, but did not fully 
define semantic content items and semantic context items 
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defined in this paper.  It also includes measures of importance 
and significance to support prioritization of results.  Reference 
[4] introduced three concepts:  (1) syntactic context as a group 
of linguistic text; (2) semantic context as a physical entity or 
situation; and (3) pragmatic related context as links to a reason 
or purpose for distinguishing a section of text.  The semantic 
content defined in the next section is closely aligned with the 
semantic context definition in [4] and the semantic context is 
defined in this paper as a linkage of entities based on the 
ontological relationships.  This semantic context definition 
appears to provide a more global structure than the definition 
in [4]. 

II. SEMANTIC CONTENT   
A semantic content item is defined in [3] as the union of an 

entity phrase and associated attributes.   

The attributes can be thought of as refining the semantic 
content.  Semantic content can be explicitly stated or inferred.  
For example, an inferred attribute can result if the model of a 
vehicle is mentioned but not the make.  A database of makes 
and models of vehicles is maintained for this purpose. 

This research adds a quantitative measure to the semantic 
content to capture the importance of each attribute.  
Importance is specific to the domain and is an important 
component of the semantic information structure.  The 
importance factor is used to facilitate quantitative comparison 
and prioritization between semantic information structures [5].   

It was recognized that some attributes were far more 
important than others.  For example, discovering that a person 
had brown eyes is not very valuable information because 
brown is the dominant eye color in humans.  Finding that the 
person had a tattoo on her left arm would be a more important 
extracted attribute because of the uniqueness of the attribute.   

The information for a given attribute is weighted by its 
importance to the domain expert.  The importance can be 
determined in two ways: (1) by using the inverse of the number 
of potential values as a factor and (2) by domain expert 
specification.   The inverse of the number of potential values 
approach was used for this research but experienced law 
enforcement officers validated the approach by reviewing 
representative prioritizations.   
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TABLE I.  IMPORTANCE VALUES FOR EXAMPLE ATTRIBUTE

Vehicle 
Attribute 

Type # Potential Values 
 (In

Make 68 
Model 48 
Color 50 
LicensePlateNumber 1 
License Plate State 50 

For example, if a semantic content is 
ontology-defined Vehicle class,  the ext
categories are Make, Model, Color and Licen
Importance values can be assigned to attri
with a motorized vehicle as shown in the Tabl

III. SEMANTIC CONTEX
The semantic context item serves two purp

• adding contextual information to
information structure and greatly
identification of related information o
text, and 

• prioritizing results. 
 

A. Definition of Semantic Context 

Reference [6] proposed a functional
semantic context item as a function of task, on
This definition assumes a task is driving the c
be the case in a task-driven user interface e
somewhat similar situation to that in [6] has
however.  The most valuable semantic cont
centered on an event or crime such as the bur
vehicle event where a person and a location c
with the crime.  Non-event focused context c
as well.  An example would be a person ab
wearing a grey hoodie associated with a whit
number of crime scenes.  In this case, there i
an association.     

Selection of the central entity around wh
context is focused is determined by identifyin
the largest number of outgoing links to other e

Borrowing some terms from graph theory
links outgoing from an entity, i, can be calle
Rout(i).  Likewise the total number of incomin
entity is called its in-degree, Rin(i).   Defi
degree, r(i) as 

  r(i) = Rout(i) – Rin(i).  

If the residual-degrees of entities are sorted fr
minimum, then the entity with the maximum
is selected as the initial focus entity.   

A semantic context item is defined by the f

 A semantic context item is the set of all links
links from an entity with the maximum residu
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An example graph of the sem
document is shown in Fig. 1.  The E
the initial focus entity to its large re

IV. SEMANTIC INFORMATION STR

Previous research has been publ
of semantic information.  Example
Reference [7] establishes a semant
using a template knowledge base
understand the sentences that match
semantic representation model, so t
include a description of knowled
graphs have been developed in [8] a
for mapping natural language que
relational database.  They are a vi
extracted from its predicate calculu
[9] extends conceptual graphs to sem
nodes, links and direction of links 
represented by a rectangle, links ar
The nodes can be labeled with one 
and a link is labeled with a sem
graphs support representation of w
texts.    The current research exte
include (1) ontologies incorporatin
processes, (2) inferred relationship
context, and (3) measures of sem
relatedness assessments. 

The definition of a semantic info

A semantic information structu
consisting of semantic content 
importance measures, and sema
 associated significan
  

Figure 1.  Semantic context links co
person, another person, a location, a crime,

semantic context item centered arou

antic context items from a 
Event node was selected as 
sidual degree of 5.   
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lished on the representation 
es include [7], [8], and [9].  
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The data structure of the semantic information structure is 
shown in Table II.  In the implementation, the location of the 
extracted data is preserved so as to allow semantic tagging for 
search as described in [10], [11], and [12].  Note that this 
approach is more powerful than key word tagging because it 
contains contextual relationships and inferred information to 
both expand the context and broaden the search space. 

V. EVALUATING THE EXTRACTION OF SEMANTIC 
INFORMATION STRUCTURES  

Over 1000 links, 600 semantic content items and 300 
semantic context items were evaluated against ground truth.  
The entities and links were extracted from sanitized emails 
from a large law enforcement confidential LISTSERV network 
connecting nearly 1000 local, state, and federal law 
enforcement agencies over 4 years.  Each data file contained 
the email “To”, “From”, “Subject”, “Date” and the “Body”.  In 
addition, many emails have attachments which are integrated 
into the text body message. 

This dataset was purposefully selected because of the 
extreme messiness of the data which lead to a thorough test of 
the algorithms.  The results were captured in a spreadsheet for 
subsequent analysis of the statistics for recall and precision.     
The ground truth evaluation objectives were to quantify the 
recall and precision of the semantic information structures.  

The results in Table III show good performance for 
semantic content items upon which much of the relatedness  
between documents will be based.  While the performance is 
poorer for semantic context items, there is a basis for aiding in 
prioritization of results.   Room for improvement was observed  

TABLE II.  DATA STRUCTURE FOR THE SEMANTIC INFORMATION 
STRUCTURE 

Content Description 

Semantic Content 
Item 
 
(may be several in 
a document) 

[0]: Entity phrase tied to an ontology class 
[1]: Anchor terms 
[2]:Attribute type and value 
… 
[n]: Attribute type and value 

Semantic Content 
Importance 
 
(one per attribute)  

x1d|x2d| …|xnd  a vector representation of the 
semantic content measures for each 
attribute of each semantic content item 

Semantic Context 
Item  
 
(may be several in 
a document) 

[0]:  From entity 
[1]:  Link function 
[2]:  Linked entity 
[3]:  Sentence containing from entity 
[4]   Position in sentence 
[5]:  From entity type 
[6]:  Linked entity type 

Semantic Context 
Significance 
 
(one per semantic 
context item) 

[0]: Importance associated with from entity 
[1]: Importance associated with linked entity 
[2]: Importance associated with link function 
[3]: Link function type 

TABLE III:  GROUND TRUTH ASSESSMENT RESULTS  

 Recall Precision 

Semantic Content 94% 71% 

Semantic Content Importance Measure 100% 68% 

Semantic Context  50% 46% 

Semantic Context Significance Measure 100% 40% 

during the collection of performance measures, especially in 
extracting certain entities and links from syntactical patterns, 
and these will be implemented during the next phase.  
Refinements are also planned for the extraction techniques.  
Examples include improving inaccuracies due to mixing 
between neighboring semantic content and addressing the 
failure to extract attribute links that cross prepositional 
boundaries and lists using compositionality techniues such as 
described in [13] and [14]. 
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