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ABSTRACT 

Most search engines retrieve documents strictly based on keywords because of which other 
content that is similar in idea is not easily accessible. Therefore, query expansion becomes imperative, 
for which ontology is a critical foundation. There are two purposes of this research. The first is to 
design a novel Keyword to Formal Concept Query Expansion (K2FCQE) algorithm to automatically 
construct the relationship between ontology and vocabulary concepts and then to proceed to query 
mode verification. The second is to develop a prototype of a Military News Retrieval System based on 
the K2FCQE method (K2FCQE-MNRS). The results of this research verify that K2FCQE is more 
efficient than other query expansions methods and that the K2FCQE-MNRS is helpful for users to 
search military related news. 
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I. INTRODUCTION 

The primary purpose of information 
retrieval is to enable searches to meet the user’s 
knowledge needs. However, the rapid 
development of information technologies and 
the Internet has resulted in the accumulation of 
extensive amounts of documents and 
information resources that make information 
search and retrieval very difficult. In this era of 
knowledge economy, people are changing their 
needs from a “demand for information” to a 
“thirst for knowledge.” Simple information 
retrieval mechanisms are thus becoming 
increasingly inadequate to meet the needs of 
most users. 

Today, most search engines have limited 
capacity for information retrieval because they 
are restricted to key words and cannot obtain 
other content related to the query terms. The 
main purpose of query expansion is to 
effectively improve information retrieval and 
provide more effective and relevant results [1] 
by obtaining concepts and terms related to the 
original query through various technologies and 
methods.  

The costs of constructing information 
retrieval systems for specific areas of 
information can be reduced by text mining, 
conceptual graph extraction, ontology, and other 
techniques [2]. Therefore, how these 
technologies can be used for constructing and 
expanding the domain knowledge is an 
important developmental direction in of the 
context of current knowledge management tools. 
Here, ontology is an important foundation that 
can support the expansion of the semantic 
search. Although ontology is a hierarchical 
structure used to describe a field of knowledge 
[3] and has been deployed in information 
retrieval [4], information classification, image 
retrieval, cross-language retrieval [5], library 
science, and medicine, it remains new to military 
usage. 

This research aims to formalize concept 
analysis based on the aggregation of military 
terms and military reports to automate the design 
process of constructing a military ontology. We 
reveal a hybrid method called Keyword to 
Formal Concept Query Expansion (K2FCQE) 
[6] and compare its performance with other 

query expansion methods. We then use the 
Military News Agency (MINA, 
http://mna.gpwb.gov.tw/) website as an 
experimental object to develop prototypes of 
K2FCQE-based Military News Retrieval System 
(K2FCQE-MNRS), which can help users expand 
their query terms. 

II. QUERY EXPANSION 

According to the research of Spink et al. [7], 
when searching for information on the web, 32.5 
percent of users revise their original inquiry and 
29.3 percent add more than one keyword to re-
search. As one single word or phrase can cover 
thousands of keywords, using one keyword may 
not be enough to convey the concept the user 
intends to search. Query expansion, originally 
proposed by Rocchio [8], is based on the 
concept of finding synonyms or semantic-related 
terms for the search word and adding them to the 
original query to expand the search query [9]. It 
can effectively improve the recall of information 
retrieval system [10]. There are different 
methods of query expansion that can be 
categorized into manual, interactive, automatic, 
and hybrid modes [9, 11]; in terms of an 
expanded source, it can be divided into global 
expansion and local expansion [12]; in terms of 
knowledge models, thesauri and ontologies are 
both frequently used [13]. 

2.1 Ontology-Based Query Expansion: 
Formal Concept Analysis Method 

2.1.1 Formal concept analysis 

Formal Concept Analysis (FCA) is a data 
analysis theory that can construct conceptual 
structures from existing datasets [14]. It was first 
proposed by Wille [15] and is now being widely 
applied in various fields, including medicine, 
psychology, sociology, and information science 
[16, 17]. According to the definition from 
Ganter and Wille [18], the mathematical basis of 
FCA is the Lattice Theory. It indicates that a 
formal context C is composed of G, M, and I, 
where G is the collection of Objects, M 
represents the attributes, and I is the binary 
relations of G and M. The formula is shown as 
“ ” where I G x M, meaning that 
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object g and attribute m have the characteristics 
of (g, m)  I. 

Although both FCA and domain ontologies 
aim at modeling concepts [16], FCA provides a 
rigorous framework for defining and structuring 
concepts and is critical for developing domain 
ontologies [19]. 

2.1.2 Ontology-based query expansion 

In the field of knowledge management, 
ontology is not only a method to describe the 
presentation of domain knowledge but also a 
mediator to present knowledge on a computer. 
The definition of ontology is thus as Gruber [20] 
formulated: an explicit specification of a 
conceptualization. Van Heijst et al. [21] thought 
of ontology as the presentation of the relations 
between relevant concepts using concrete 
knowledge orders that are subject to specific 
fields and tasks. Corcho et al. [22] suggested 
that the substance of ontology includes 
simplified modes (such as conceptual 
hierarchical relationships) and overall modes 
(such as details and restrictions of knowledge). 
Further, Noy and McGuinness [23] considered 
ontology as a definite description of common 
concepts in a specific field, including the 
features, attributes, and limitations of the 
concept, to form a shared domain knowledge 
base. Therefore, the purpose of ontology is to 
use systematic methods and procedures to define 
concept elements, including genre, attributes, 
and relations, and then transform the tacit 
concept into explicit structures that can be 
presented in common vocabulary so that users 
with or without the related background can 
access and share the domain knowledge. 

Some scholars also support the query 
expansion method with an ontology perspective. 
Voorhees [24] integrated ontology and query 
expansion techniques to propose the ontology-
based query expansion research; Bhogal et al. 
[25] compiled ontology-based query expansion 
research and classified it into common ontology 
and special area ontology based on the 
applications. For constructing ontology 
automatically, Boonchom and Soonthrnphisaj 
[26] proposed an algorithm, the Automatic Thai 
Legal Ontology Building (ATOB), to generate 
and expand ontology using Thai legal 
terminology. Conesa et al. [5] proposed a 

method to improve traditional web search that 
involves dividing the search term, integrating the 
ontological advantages of ResearchCyc and 
WordNet to analyze the semantic concept of the 
search term, and then adding the integrated 
result to the original query to expand the search. 
Yokoyama [27] analyzed the query terms and 
then combined them with Japanese WordNet to 
obtain the synonym and hyponym for query 
expansion. Thus, all research to date indicates 
that ontology-based query expansion can extract 
new terms from the knowledge represented in 
the classes, properties, and relationships of an 
ontology [13] and can effectively improve 
retrieval performance. 

2.1.3 FCA-based query expansion method 

Information retrieval services often use 
ontology to support the measurement of similar 
concepts, and several scholars are currently 
using FCA to propose a new similarity 
measurement model [16, 28-31]. Formica [16], 
for example, applied FCA and a conceptual grid 
to improve the current analysis of ontology 
while assessing and evaluating the similarity of 
concepts. On the other hand, Weng et al. [30] 
proposed using FCA-based query expansion 
method to first construct the conceptual 
hierarchy of ontologies and then use the binary 
relation matrix formed by news and vocabulary 
to express the independent, interrelated, and 
inheritance relationships that form the 
conceptual diagram of ontology. 

When the concepts of FCA are extensive, it 
takes longer to calculate concept similarity. 
Alqadah and Bhatnagar [28] proposed a 
weighted FCA-based similarity measurement to 
better calculate the similarity of concepts 
through objects and attributes. Given that A1 
and A2 represent the object elements along the 
object collection while B1 and B2 represent the 
attribute elements of attribute collection, every 
concept is composed of objects and attributes 
(e.g., C1 = {A1, B1}; C2 = {A2, B2}). The 
concept-based similarity measurement is as 
follows: 

 
),()1(),(*),(S 212121 BBSwAASwCC ���  (1) 

 
where  and S is any metric 

similarity measures (e.g., Jaccard index). 
 

3

   107.11  
JOURNAL OF C.C.I.T., VOL.47, NO.2, NOV, 2018 

 
 

 K2FCQE: A Hybrid Query Expansion for News Retrieval 
Liang-Chu Chen*, Wen-Tsan Chao, and Chieh-Pin Lin 

Department of Information Management, National Management College, National Defense University 

ABSTRACT 

Most search engines retrieve documents strictly based on keywords because of which other 
content that is similar in idea is not easily accessible. Therefore, query expansion becomes imperative, 
for which ontology is a critical foundation. There are two purposes of this research. The first is to 
design a novel Keyword to Formal Concept Query Expansion (K2FCQE) algorithm to automatically 
construct the relationship between ontology and vocabulary concepts and then to proceed to query 
mode verification. The second is to develop a prototype of a Military News Retrieval System based on 
the K2FCQE method (K2FCQE-MNRS). The results of this research verify that K2FCQE is more 
efficient than other query expansions methods and that the K2FCQE-MNRS is helpful for users to 
search military related news. 

Keywords: ontology, formal concept analysis, query expansion, K2FCQE 
 

K2FCQE  

*

 

( ) -
(K2FCQE)

( ) K2FCQE K2FCQE
 

K2FCQE 
 
 
 
 
 
 

106.10.18; 107.5.4;*  
Manuscript received October 18, 2017; revised May 4, 2018;* Corresponding author



Liang-Chu Chen et al. 
K2FCQE: A Hybrid Query Expansion for News Retrieval 

However, the shortcoming of the FCA-
based similarity measurement is that when the 
user keys in a query word that does not exist in 
the ontology, the concept will not match any file, 
and thus there can be no recommendation 
through query expansion. 

2.2 Keyword-Based Query Expansion: 
Keyword to Concept Method 

When the hierarchy of ontology concepts is 
used to search and recommend files, the search 
term and its relationship to ontology concepts 
must be known. Tian et al. [32] presented a 
query expansion model with global expansion 
features called K2CM (Keyword to Concept 
Method). K2CM is composed of two parts: the 
first is the query word, file, and relationship 
between the concepts, and the second part is the 
local co-occurrence degree of the query word 
and concept based on an effective context. 

The first part of K2CM consists of 
calculating the relationship between the query 
word and concept word by analyzing the 
attributes of the query word, file, and concept. 
For example, the file and concept can form a 
binary relation matrix through the relevant 
technology, and the user’s query word may exist 
in numerous files where each file belongs to one 
or more concepts, thus describing a subordinate 
relation between the file and concept. 
Meanwhile, there is a subordinate relation 
between the query word and concept through the 
file. In this way, the correlative degree of the 
query word to a concept can be determined by 
calculating all the corresponding concepts of the 
files found from the query word. The latter part 
of K2CM refers to the research of Lu and Bai 
[33] who treated all the files as a large text file 
and took the effective context for the range of 
common word assessment; that is, they treated 
the query word as the core, searched all the files 
for the query word, and captured and calculated 
the co-occurrence word from the left eight words 
to the right nine words of the query word. 

As these two parts are important factors 
that affect the correlation, the interaction can 
more effectively illustrate the correlation degree 
of the query word and concept. Therefore, the 
K2CM calculates the conceptual similarity by 
multiplying the two factors to present the 
correlation between the query word and concept. 

The advantage of K2CM is that if the query 
word does not exist in the ontology, the concept 
word expansion can still be conducted. 

III. RESEARCH DESIGN 

3.1 Research Framework 

The research framework of this study can 
be divided into four development stages, namely 
data acquisition & preprocessing, ontology 
building, query expansion & evaluation, and 
system presentation. At the data acquisition & 
preprocessing stage, all military phrases and 
words from the National Military Dictionary and 
articles of the Cutting-edge Military Database 
were collected and transferred into a database 
for further evaluation. The ontology building 
stage adopted the FCA method and process to 
automatically build up the ontology structure in 
the military field by integrating and correlating 
the National Military Dictionary with the 
Cutting-edge Military Database. In the query 
expansion & evaluation stage, the K2FCQE is 
proposed and cross-analyzed with two other 
existing methods: the FCA-based query 
expansion and K2CM query expansion. In the 
first to third stages, we focused on the design 
and assessment of the query expansion 
algorithm. In the fourth stage, we developed a 
prototype of the Military News Retrieval System 
to recommend the derivative query concept to 
users, which will be revealed in the next section. 

The research framework is shown in Fig. 1, 
whose steps are discussed from the perspective 
of performing empirical tasks. 

3.2 Research Processes 

3.2.1 Data acquisition & preprocessing 

There are two sources of data collection for 
this research: the National Military Dictionary 
that is edited for various units of military 
professionals, with military terminology edited 
serving as the foundation of ontology building, 
and the database of news articles from the 
Defense Technology Monthly (DTM) magazine, 
a professional magazine in the military field that 
has a website dedicated to important military 
history that can be combined with military 
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terminology to build a military knowledge 
database. 

� Military terminology 

Military terminology is a specialized set 
vocabulary that expresses military concepts 
encompassing the entire range of military 
thinking and philosophy. An investigation into 
the National Military Dictionary issued by the 
Ministry of National Defense found that the 
military terminology can be divided into 10 
chapters—including national defense; war and 
strategy; political battle; personnel and military 
service; information; battles; training; rear 
service; communication, electronic warfare and 
electronic resources; and R&D on defense 
technology and weapons—with a total of 6,229 
military terms. This research aims to develop a 
program to automatically retrieve military 
terminology and transfer it to the system to 
establish a military ontology. 

� Military reports 

Military reports are professional military 
documents that provide important sources for 
users to understand the developments in the 
military field. DTM 
(http://www.dtmonline.com), founded in 
January of 1984, is a well-respected professional 
military journal that reports on the weaponry of 
all countries, the latest technological 
developments of national defense, and domestic 
and international military news. It collects all the 

important military news and establishes a 
website for users to search for full-text articles. 
The journal database contains 24 military 
categories, including military equipment, the 
People’s Liberation Army, aerospace science, 
ships, vehicles, artillery, and missiles. A total of 
5,048 military news articles from 1990 to 2013 
were collected to build up the ontology for the 
research. 

3.2.2 Ontology building 

In this study, the correlation between the 
attribute concept and object concept was 
established by an FCA process, and a prototype 
of military ontology was further built. The 
procedures and calculations were as follows: 

(1) First, define the relationship between the 
attributes (military terminology) and 
objects (military report). 

(2) Form a binary relation matrix of file and 
word and cross-examine it with the 
terminology and report one by one through 
an automatic program; if a file contains the 
target word, it is marked as “X,” and then it 
will form a binary matrix with file and 
word. The military report and collection are 
defined as G for object, and military 
terminology as M for attributes, from which 
the context C can be induced, and the 
correlation between file and word is I; the 
formula is C = (G, M, I). 

Fig. 1. Research framework 
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(3) Define A as part of G, while B as part of M; 
therefore, A G; B M. All the 
conditions that meet A = B’ and B = A’ are 
concept C, presented as C(A,B). A’ 
represents all the common words of A 
while B’ represents all the common files of 
B. In other words, among the binary matrix 
of file and word, the most common word in 
the largest file is a concept, and all the 
concepts in the standard context will be 
discovered through the prescribed formula. 

(4) Calculate the hierarchy between concepts: 
D is defined as the file collection in the 
study and T as the word collection, such 
that if the relation of (D1,…,Dm) 
(D1,…,Dm,…,Dn) exists in concept 
{D1,D2,…,Dm,…,Dn,Ti} and concept 
{D1,D2,…,Dm,Tj}, then the word collection 
Ti is the father of Tj; however, if the word 
collection Tj in all file collections is not 
fully covered by Ti, there is an interlaced 
relation between Tj and Ti; when word 
collection Tj in all file collections Ti is 
irrelevant, then Tj and Ti are independent. 
Repeat the above rule until all the relations 
between concepts are determined. 

(5) Use the FCA Concept Explorer to transfer 
the context of the military files and 
terminology into the grid interface. 

(6) Establish the hierarchy and interrelations 
between concepts so that the concept grid 
can be produced to represent military 
knowledge; the father node and child node 
in the grid concept can be reserved in the 
military ontology for further query 
expansion. 

The chapter of the National Defense 
Technology and Weapon can serve as an 
example. There are 597 technical military terms 
that are treated as attributes, and 5,342 military 
news reports are represented as objects. All the 
technical terms are cross-analyzed one-by-one 
with the news articles; if a news article contains 
the query word, it will be marked as “X,” and 
then a binary matrix will be formed between the 
file and word, which is the formal context of 
military file and military terminology. 

3.2.3 Query expansion module: keyword to 
formal concept query expansion 

Here, we introduce the modified query 
expansion method, K2FCQE that integrates the 
ontology and word concept to recommend query 
expansion. 

Suppose D is the set of documents with 
dj(j=1…, m); C is the set of concepts with 
ci(i=1…, n); Q is the set of query terms with 
qk(k=1…, k); and ECi is regarded as expansion 
concepts with the set of recommendation terms 
{c1, c2, ….,ci}. The mechanism and process are 
defined as follows: 

(1) Empty all the query expansion words meant 
to be recommended to the user. EC is 
defined as a set of expansion concepts. 

 

(2) Calculate the query word  and each 
concept  in the conception collection C of 
the ontology. 
 

(2.1) Calculate the attaching weight  of 
, which is the association degree 

between  and . 
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with ;  is number of documents labeled by 
concept ;  is number of documents 
including the term  and simultaneously 
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term frequency. 
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where  is a set of documents labeled by 
concept  ; dj is an instance in concept ; 

 is the frequency of  appearing 
in document  ;  is the document length 
of . 

(2.2) Calculate the  of , which is the 
co-occurrence value of  and  within 
an effective word context. 
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I. INTRODUCTION 

The primary purpose of information 
retrieval is to enable searches to meet the user’s 
knowledge needs. However, the rapid 
development of information technologies and 
the Internet has resulted in the accumulation of 
extensive amounts of documents and 
information resources that make information 
search and retrieval very difficult. In this era of 
knowledge economy, people are changing their 
needs from a “demand for information” to a 
“thirst for knowledge.” Simple information 
retrieval mechanisms are thus becoming 
increasingly inadequate to meet the needs of 
most users. 

Today, most search engines have limited 
capacity for information retrieval because they 
are restricted to key words and cannot obtain 
other content related to the query terms. The 
main purpose of query expansion is to 
effectively improve information retrieval and 
provide more effective and relevant results [1] 
by obtaining concepts and terms related to the 
original query through various technologies and 
methods.  

The costs of constructing information 
retrieval systems for specific areas of 
information can be reduced by text mining, 
conceptual graph extraction, ontology, and other 
techniques [2]. Therefore, how these 
technologies can be used for constructing and 
expanding the domain knowledge is an 
important developmental direction in of the 
context of current knowledge management tools. 
Here, ontology is an important foundation that 
can support the expansion of the semantic 
search. Although ontology is a hierarchical 
structure used to describe a field of knowledge 
[3] and has been deployed in information 
retrieval [4], information classification, image 
retrieval, cross-language retrieval [5], library 
science, and medicine, it remains new to military 
usage. 

This research aims to formalize concept 
analysis based on the aggregation of military 
terms and military reports to automate the design 
process of constructing a military ontology. We 
reveal a hybrid method called Keyword to 
Formal Concept Query Expansion (K2FCQE) 
[6] and compare its performance with other 

query expansion methods. We then use the 
Military News Agency (MINA, 
http://mna.gpwb.gov.tw/) website as an 
experimental object to develop prototypes of 
K2FCQE-based Military News Retrieval System 
(K2FCQE-MNRS), which can help users expand 
their query terms. 

II. QUERY EXPANSION 

According to the research of Spink et al. [7], 
when searching for information on the web, 32.5 
percent of users revise their original inquiry and 
29.3 percent add more than one keyword to re-
search. As one single word or phrase can cover 
thousands of keywords, using one keyword may 
not be enough to convey the concept the user 
intends to search. Query expansion, originally 
proposed by Rocchio [8], is based on the 
concept of finding synonyms or semantic-related 
terms for the search word and adding them to the 
original query to expand the search query [9]. It 
can effectively improve the recall of information 
retrieval system [10]. There are different 
methods of query expansion that can be 
categorized into manual, interactive, automatic, 
and hybrid modes [9, 11]; in terms of an 
expanded source, it can be divided into global 
expansion and local expansion [12]; in terms of 
knowledge models, thesauri and ontologies are 
both frequently used [13]. 

2.1 Ontology-Based Query Expansion: 
Formal Concept Analysis Method 

2.1.1 Formal concept analysis 

Formal Concept Analysis (FCA) is a data 
analysis theory that can construct conceptual 
structures from existing datasets [14]. It was first 
proposed by Wille [15] and is now being widely 
applied in various fields, including medicine, 
psychology, sociology, and information science 
[16, 17]. According to the definition from 
Ganter and Wille [18], the mathematical basis of 
FCA is the Lattice Theory. It indicates that a 
formal context C is composed of G, M, and I, 
where G is the collection of Objects, M 
represents the attributes, and I is the binary 
relations of G and M. The formula is shown as 
“ ” where I G x M, meaning that 
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where  is number of term-concept pair 

( ; avgdistk,i is the average distance 
between window size W and term-concept pair 
( ; tpfk,i is regarded as term-concept pair 
frequency. 

where ),;(qcount k Wci  is the number of 
term-concept pair (  scanning with window 
size (W) in the document set D. 

(2.3) Multiply  and  to get 
keyword-concept association  and 
save the result in collection . 
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where  

(3) Normalize the  of  by min-max 
normalization so that the correlation value 
is between 0 and 1. 

 (7)
 

(4) Select the most highly related concept c’ 
(i.e., ) as the initial concept. 

(5) Further calculate after removing the non- c’ 
concept ( ) from the collection. 

(6) Calculate the similarity value  of 
and non- concept with Jaccard index, 

and save the result in collection . 
Moreover, as w = 0.5, objects (A) and 
attributes (B) are equally important in our 
experiments.  
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where   

(7) Multiply  and  and save the result in 
collection . Rank the similarity of  
from high to low. 

jji sakQE �� (9)
 

(8) Capture the concept , which has higher 
similarity than the average threshold (α), 
and save it in the collection , and then 
recommend the result to the user. The 
computation of average threshold is shown 
in the section 4.1.2. 

IV. RESEARCH FINDINGS 

Based on the previous section, we construct 
a K2FCQE-MNRS and analyze our research 
findings. 

4.1 Result Evaluation and Analysis 

4.1.1 Module evaluation 

To measure the effectiveness of K2FCQE, 
Boonchom and Soonthrnphisaj [26] and 
Bobadilla et al. [33] suggested three indicators 
(precision, recall, F-measure) that emphasize the 
quality of the set of recommended results [34]. 
In this study, we considered these indicators as 
evaluation measures of the query expansion 
performance. Precision indicates how many of 
the returned military reports are correct and 
helps the user filter irrelevant results. The recall 
value specifies how many of the military reports 
should have been found, and it helps the user 
discover all the relevant results. The F-measure 
is a summarized metric that combines precision 
and recall into a single value. The average 
performance is better when the F-measures are 
greater. 

The evaluation metrics depend on the 
correct or relevant reports or documents that 
answer the expanded query words. Based on the 
preceding definitions and discussion, the 
formulae are stated below. 
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The evaluation of retrieval performance is 
processed as follows: 

Step 1: Retrieve the pre-categorized military 
reports from the Cutting-edge Military Database, 
including missiles, warships, and aerospace as 
the evaluation baseline. 

Step 2: Use the terminology in the chapter of the 
National D efense Technology and Weapon as 
the query word. 

Step 3: Conduct query expansion using a 
different model after keying in the query word 
and add all the recommended concepts one by 
one into the original query, and then calculate 
the recall, precision, and F-measure of the result. 
In the study, it is assumed that the F-measure 
will increase continuously; if it decreases, it 
means the retrieval performance degrades and 
the query expansion ceases; thus, the recall, 
precision, F-measure, and the numbers of 
expanded words as well as the similarity value 
of the last concept expansion word will be 
recorded. 

Step 4 Add all the recall, precision, and F-
measures of the query when the expansion 
ceases, and divide the sum by the total query 
words to get the average retrieval performance. 
The pros and cons of different query expansion 
models can then be analyzed. 

Take Table 1 for example; when the user 
keys in “anti-submarine aircraft,” the F-measure 
is 0.1308; after adding the first concept in word 
“submarine” to the query, the F-measure 
increases to 0.2588; at this time, the query 
expansion continues as the value increases. Until 
adding the fourth concept word, which is 
“frigate,” the F-measure decreases to 0.2730, 

lowering the third concept word “torpedo” 
valued at 0.2776; at this time, the query 
expansion stops and the F-measure of the third 
query expanded concept will be recorded. 

Table 1. Retrieval result of the query word 
 “anti-submarine aircraft” 

Query Word - Expanded 
Concept Word 

Recall Precision F-measure 

Antisubmarine Aircraft 0.1434 0.1203 0.1308 
Anti-submarine Aircraft 
- Submarine 

0.5902 0.1657 0.2588 

Anti-submarine Aircraft 
- Submarine, Destroyer 

0.7951 0.1664 0.2752 

Anti-submarine Aircraft 
- Submarine, Destroyer, 
Torpedo 

0.8443 0.1661 0.2776 

Anti-submarine Aircraft 
- Submarine, Destroyer, 
Torpedo, Frigate 

0.8934 0.1611 0.2730 

4.1.2 Results analysis and discussion 

The baseline was established before the 
evaluation. Therefore, the military news report 
on missiles, warships, and military aerospace 
from the DTM website were adopted as the 
performance evaluation baseline. There were 
537 military aerospace reports, 244 warship 
reports, and 112 missile reports. 

The military terminology in the chapter of 
National Defense Technology and Weapons was 
used to simulate the user’s query words (Table 
2), among which 26 aviation and space related 
words corresponded to the military aerospace 
category of DTM, 108 rockets and missile-
related words corresponded to the missile 
category, and 55 sea-weapon-related words 
corresponded to the warship category; the total 
number of experimental query words were 189. 

The research analyzed the 189 military 
technical words to determine the retrieval 
performance of the four query expansion 
computing models discussed in the previous 
sections: No query expansion (keyword-based, 
without query expansion), FCA-based [28], 
K2CM [32], and K2FCQE (this study). Because 
of the limited length of the report, the results are 
only partially listed in Table 3. 
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Table 2. Simulated query word (partial) 

Chapter Classification Terms 
No. 

Terminology (examples) 

Aviation 
& Space 

Aerospace 26 Warning aircraft, 
electronic warfare aircraft, 
communications relay 
aircraft, air refueling, 
trainer, etc. 

Rocket 
& 
Missile 

Missile 108 Rockets, single rockets, 
multi-stage rockets, 
missiles, strategic 
missiles, tactical missiles, 
cruise missiles, etc. 

Sea 
Weapon 

Warship 55 Aircraft carriers, cruisers, 
battleships, frigates, 
destroyers, submarines, 
etc. 

 
Fig. 2 presents the average comparison of 

the four models by precision, recall, and F-
measure. The data show the following: 

� K2FCQE was not only evaluated with three 
important indicators but also computed the 
similarity between the query word and 
recommended terms. This study adopts the 
average similarity as the threshold to 
determine the expanding query words. 
Through our experiments, we established 
that the threshold is equal to 0.065855. 
Based on this threshold, we further 
constructed a comprehensive module and a 
prototype system to retrieve military news. 

� In general, the query expansion aims to 
increase the retrieval results of files for the 
FCA-based, K2CM, or K2FCQE model; it 
also effectively increased the recall rate of 
files, and although the precision was 
relatively low, the average retrieval 
performance was still more than twice that of 
the No query expansion model, judging from 
the F-measure scores. 

� The average number of query expanded 
words processed by the K2FCQE was the 
highest among the three query expansion 
models, and the average F-measure and 
recall was the highest, which demonstrates 
that the K2FCQE model proposed in this 
study is superior to the other three models. 

Compared to other related research on 
retrieval performance, the evaluation figure was 
relatively low in our study. There are three 

possible reasons for this phenomenon: (1) the 
terminologies of the National Military 
Dictionary were reviewed and revised by experts 
after discussion; on the contrary, the military 
report from the Cutting-edge Military Database 
were diversified and rapidly changing. As a 
result, some military terms may become obsolete 
or have no corresponding concepts in military 
reports; (2) the DTM database is classified in an 
artificial manner, which could lead to 
classification deviations; (3) there is no 
academically certified standard for evaluating 
the retrieval performance in the domain of 
defense and military knowledge.  

However, the retrieval evaluation can still 
be applied as a reference to analyze the 
advantages and disadvantages of different 
retrieval models. 

4.2 System Presentation 

4.2.1 Military news articles 

The MNA is affiliated with the Department 
of Defense and is responsible for military news 
interviews and reports. All the military news 
within this site are experimental sources of this 
study. The main task of the MNA is to provide 
military-related news, pictures, and videos to 
domestic and international media. The MNA 
provides not only a variety of military news but 
also uses many channels (e.g., Internet, satellite 
communications) to swiftly and rapidly publish 
military news. This study designed a web 
crawler module to extract 44,176 military news 
items between 2000 and 2011 from the MNA 
website. The format transfer module could 
remove HTML tags of military news pages and 
import the news content into the database. 

4.2.2 K2FCQE-based military news 
retrieval system 

For enabling users to acquire more query-
related military news, this study intends to 
construct a K2FCQE-MNRS using ASP.NET 
and C#. This system can recommend more 
derivative concepts to the user by employing the 
similarity between the query term and ontology 
relationships, which in turn can help users to 
strengthen their comprehension of knowledge 
from the military domain. 
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I. INTRODUCTION 

The primary purpose of information 
retrieval is to enable searches to meet the user’s 
knowledge needs. However, the rapid 
development of information technologies and 
the Internet has resulted in the accumulation of 
extensive amounts of documents and 
information resources that make information 
search and retrieval very difficult. In this era of 
knowledge economy, people are changing their 
needs from a “demand for information” to a 
“thirst for knowledge.” Simple information 
retrieval mechanisms are thus becoming 
increasingly inadequate to meet the needs of 
most users. 

Today, most search engines have limited 
capacity for information retrieval because they 
are restricted to key words and cannot obtain 
other content related to the query terms. The 
main purpose of query expansion is to 
effectively improve information retrieval and 
provide more effective and relevant results [1] 
by obtaining concepts and terms related to the 
original query through various technologies and 
methods.  

The costs of constructing information 
retrieval systems for specific areas of 
information can be reduced by text mining, 
conceptual graph extraction, ontology, and other 
techniques [2]. Therefore, how these 
technologies can be used for constructing and 
expanding the domain knowledge is an 
important developmental direction in of the 
context of current knowledge management tools. 
Here, ontology is an important foundation that 
can support the expansion of the semantic 
search. Although ontology is a hierarchical 
structure used to describe a field of knowledge 
[3] and has been deployed in information 
retrieval [4], information classification, image 
retrieval, cross-language retrieval [5], library 
science, and medicine, it remains new to military 
usage. 

This research aims to formalize concept 
analysis based on the aggregation of military 
terms and military reports to automate the design 
process of constructing a military ontology. We 
reveal a hybrid method called Keyword to 
Formal Concept Query Expansion (K2FCQE) 
[6] and compare its performance with other 

query expansion methods. We then use the 
Military News Agency (MINA, 
http://mna.gpwb.gov.tw/) website as an 
experimental object to develop prototypes of 
K2FCQE-based Military News Retrieval System 
(K2FCQE-MNRS), which can help users expand 
their query terms. 

II. QUERY EXPANSION 

According to the research of Spink et al. [7], 
when searching for information on the web, 32.5 
percent of users revise their original inquiry and 
29.3 percent add more than one keyword to re-
search. As one single word or phrase can cover 
thousands of keywords, using one keyword may 
not be enough to convey the concept the user 
intends to search. Query expansion, originally 
proposed by Rocchio [8], is based on the 
concept of finding synonyms or semantic-related 
terms for the search word and adding them to the 
original query to expand the search query [9]. It 
can effectively improve the recall of information 
retrieval system [10]. There are different 
methods of query expansion that can be 
categorized into manual, interactive, automatic, 
and hybrid modes [9, 11]; in terms of an 
expanded source, it can be divided into global 
expansion and local expansion [12]; in terms of 
knowledge models, thesauri and ontologies are 
both frequently used [13]. 

2.1 Ontology-Based Query Expansion: 
Formal Concept Analysis Method 

2.1.1 Formal concept analysis 

Formal Concept Analysis (FCA) is a data 
analysis theory that can construct conceptual 
structures from existing datasets [14]. It was first 
proposed by Wille [15] and is now being widely 
applied in various fields, including medicine, 
psychology, sociology, and information science 
[16, 17]. According to the definition from 
Ganter and Wille [18], the mathematical basis of 
FCA is the Lattice Theory. It indicates that a 
formal context C is composed of G, M, and I, 
where G is the collection of Objects, M 
represents the attributes, and I is the binary 
relations of G and M. The formula is shown as 
“ ” where I G x M, meaning that 
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measure. The data show the following: 

� K2FCQE was not only evaluated with three 
important indicators but also computed the 
similarity between the query word and 
recommended terms. This study adopts the 
average similarity as the threshold to 
determine the expanding query words. 
Through our experiments, we established 
that the threshold is equal to 0.065855. 
Based on this threshold, we further 
constructed a comprehensive module and a 
prototype system to retrieve military news. 

� In general, the query expansion aims to 
increase the retrieval results of files for the 
FCA-based, K2CM, or K2FCQE model; it 
also effectively increased the recall rate of 
files, and although the precision was 
relatively low, the average retrieval 
performance was still more than twice that of 
the No query expansion model, judging from 
the F-measure scores. 

� The average number of query expanded 
words processed by the K2FCQE was the 
highest among the three query expansion 
models, and the average F-measure and 
recall was the highest, which demonstrates 
that the K2FCQE model proposed in this 
study is superior to the other three models. 

Compared to other related research on 
retrieval performance, the evaluation figure was 
relatively low in our study. There are three 

possible reasons for this phenomenon: (1) the 
terminologies of the National Military 
Dictionary were reviewed and revised by experts 
after discussion; on the contrary, the military 
report from the Cutting-edge Military Database 
were diversified and rapidly changing. As a 
result, some military terms may become obsolete 
or have no corresponding concepts in military 
reports; (2) the DTM database is classified in an 
artificial manner, which could lead to 
classification deviations; (3) there is no 
academically certified standard for evaluating 
the retrieval performance in the domain of 
defense and military knowledge.  

However, the retrieval evaluation can still 
be applied as a reference to analyze the 
advantages and disadvantages of different 
retrieval models. 

4.2 System Presentation 

4.2.1 Military news articles 

The MNA is affiliated with the Department 
of Defense and is responsible for military news 
interviews and reports. All the military news 
within this site are experimental sources of this 
study. The main task of the MNA is to provide 
military-related news, pictures, and videos to 
domestic and international media. The MNA 
provides not only a variety of military news but 
also uses many channels (e.g., Internet, satellite 
communications) to swiftly and rapidly publish 
military news. This study designed a web 
crawler module to extract 44,176 military news 
items between 2000 and 2011 from the MNA 
website. The format transfer module could 
remove HTML tags of military news pages and 
import the news content into the database. 

4.2.2 K2FCQE-based military news 
retrieval system 

For enabling users to acquire more query-
related military news, this study intends to 
construct a K2FCQE-MNRS using ASP.NET 
and C#. This system can recommend more 
derivative concepts to the user by employing the 
similarity between the query term and ontology 
relationships, which in turn can help users to 
strengthen their comprehension of knowledge 
from the military domain. 
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I. INTRODUCTION 

The primary purpose of information 
retrieval is to enable searches to meet the user’s 
knowledge needs. However, the rapid 
development of information technologies and 
the Internet has resulted in the accumulation of 
extensive amounts of documents and 
information resources that make information 
search and retrieval very difficult. In this era of 
knowledge economy, people are changing their 
needs from a “demand for information” to a 
“thirst for knowledge.” Simple information 
retrieval mechanisms are thus becoming 
increasingly inadequate to meet the needs of 
most users. 

Today, most search engines have limited 
capacity for information retrieval because they 
are restricted to key words and cannot obtain 
other content related to the query terms. The 
main purpose of query expansion is to 
effectively improve information retrieval and 
provide more effective and relevant results [1] 
by obtaining concepts and terms related to the 
original query through various technologies and 
methods.  

The costs of constructing information 
retrieval systems for specific areas of 
information can be reduced by text mining, 
conceptual graph extraction, ontology, and other 
techniques [2]. Therefore, how these 
technologies can be used for constructing and 
expanding the domain knowledge is an 
important developmental direction in of the 
context of current knowledge management tools. 
Here, ontology is an important foundation that 
can support the expansion of the semantic 
search. Although ontology is a hierarchical 
structure used to describe a field of knowledge 
[3] and has been deployed in information 
retrieval [4], information classification, image 
retrieval, cross-language retrieval [5], library 
science, and medicine, it remains new to military 
usage. 

This research aims to formalize concept 
analysis based on the aggregation of military 
terms and military reports to automate the design 
process of constructing a military ontology. We 
reveal a hybrid method called Keyword to 
Formal Concept Query Expansion (K2FCQE) 
[6] and compare its performance with other 

query expansion methods. We then use the 
Military News Agency (MINA, 
http://mna.gpwb.gov.tw/) website as an 
experimental object to develop prototypes of 
K2FCQE-based Military News Retrieval System 
(K2FCQE-MNRS), which can help users expand 
their query terms. 

II. QUERY EXPANSION 

According to the research of Spink et al. [7], 
when searching for information on the web, 32.5 
percent of users revise their original inquiry and 
29.3 percent add more than one keyword to re-
search. As one single word or phrase can cover 
thousands of keywords, using one keyword may 
not be enough to convey the concept the user 
intends to search. Query expansion, originally 
proposed by Rocchio [8], is based on the 
concept of finding synonyms or semantic-related 
terms for the search word and adding them to the 
original query to expand the search query [9]. It 
can effectively improve the recall of information 
retrieval system [10]. There are different 
methods of query expansion that can be 
categorized into manual, interactive, automatic, 
and hybrid modes [9, 11]; in terms of an 
expanded source, it can be divided into global 
expansion and local expansion [12]; in terms of 
knowledge models, thesauri and ontologies are 
both frequently used [13]. 

2.1 Ontology-Based Query Expansion: 
Formal Concept Analysis Method 

2.1.1 Formal concept analysis 

Formal Concept Analysis (FCA) is a data 
analysis theory that can construct conceptual 
structures from existing datasets [14]. It was first 
proposed by Wille [15] and is now being widely 
applied in various fields, including medicine, 
psychology, sociology, and information science 
[16, 17]. According to the definition from 
Ganter and Wille [18], the mathematical basis of 
FCA is the Lattice Theory. It indicates that a 
formal context C is composed of G, M, and I, 
where G is the collection of Objects, M 
represents the attributes, and I is the binary 
relations of G and M. The formula is shown as 
“ ” where I G x M, meaning that 
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This study adopted the MNA website as the 
data source and K2FCQE as the query expansion 
approach to develop a prototype for a Military 
News Retrieval System. Taking the query term 
“Ballistic Missiles” as an example, K2FCQE-
MNRS used similarity ranking to recommend 
four expanding terms to users: International 
Ballistic Missiles, Cruise Missile, Nuclear 
Weapon, and Medium-range Ballistic Missiles. 
Users can select expanded terms recommended 
by K2FCQE-MNRS to retrieve the relevant 
military news content (see Fig. 3). 

This system can recommend more related 
concepts to users that can help them to search 
for derivative military news more effectively. 

V. CONCLUSION

In this study, the military vocabulary from 
the National Military Dictionary and military 
reports from the Cutting-edge Military Database 
were used as data sources to build a military 
ontology through methods of formal conceptual 
analysis. Moreover, a hybrid query expansion, 
K2FCQE, was introduced as an integration of 
the FCA-based retrieval with the K2CM. The 
experimental results indicate that the 
performance of K2FCQE was superior to the 
other query expansion methods.  

Furthermore, this study developed a 
retrieval system of military news that provides 

more query-related terms to users. There are two 
main contributions of this research. First, the 
automatic building of a military ontology using 
the FCA method to improve the efficiency of the 
traditional ontology was built in a manual or 
semi-automatic way. Second, the proposal of a 
hybrid concept, K2FCQE, and its tested 
effectiveness in a comparison analysis with 
other methods. Besides, a Military News 
Retrieval System based on K2FCQE method, 
K2FCQE-MNRS, was constructed to expand 
users’ query terms in a military-related domain. 

The remainder of this section will present 
recommendations for future research. First, the 
vocabulary or dictionary used in this study was 
limited by the scope of the study as there are 
inherent restrictions in terms of time and space 
with a dictionary considering that the ontology 
will remain unchanged and there may be a loss 
of information if new vocabulary is added. This 
may give rise to the need of directing new 
vocabulary items back into the ontology to 
sustain itself to stay updated in the field. Next, 
this study was based on expert analysis for 
processing professional vocabulary, but common 
users may not be as aware of the concepts as 
military experts and scholars are in this field. 
More user-friendly information can be provided 
if individual concepts or a collaborative 
recommendation module is added to the 
proposed model to perform the analysis of query 

Fig. 3. The user interface and query results of K2FCQE-MNRS  
(example for “Ballistic Missiles”) 
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Most search engines retrieve documents strictly based on keywords because of which other 
content that is similar in idea is not easily accessible. Therefore, query expansion becomes imperative, 
for which ontology is a critical foundation. There are two purposes of this research. The first is to 
design a novel Keyword to Formal Concept Query Expansion (K2FCQE) algorithm to automatically 
construct the relationship between ontology and vocabulary concepts and then to proceed to query 
mode verification. The second is to develop a prototype of a Military News Retrieval System based on 
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I. INTRODUCTION 

The primary purpose of information 
retrieval is to enable searches to meet the user’s 
knowledge needs. However, the rapid 
development of information technologies and 
the Internet has resulted in the accumulation of 
extensive amounts of documents and 
information resources that make information 
search and retrieval very difficult. In this era of 
knowledge economy, people are changing their 
needs from a “demand for information” to a 
“thirst for knowledge.” Simple information 
retrieval mechanisms are thus becoming 
increasingly inadequate to meet the needs of 
most users. 

Today, most search engines have limited 
capacity for information retrieval because they 
are restricted to key words and cannot obtain 
other content related to the query terms. The 
main purpose of query expansion is to 
effectively improve information retrieval and 
provide more effective and relevant results [1] 
by obtaining concepts and terms related to the 
original query through various technologies and 
methods.  

The costs of constructing information 
retrieval systems for specific areas of 
information can be reduced by text mining, 
conceptual graph extraction, ontology, and other 
techniques [2]. Therefore, how these 
technologies can be used for constructing and 
expanding the domain knowledge is an 
important developmental direction in of the 
context of current knowledge management tools. 
Here, ontology is an important foundation that 
can support the expansion of the semantic 
search. Although ontology is a hierarchical 
structure used to describe a field of knowledge 
[3] and has been deployed in information 
retrieval [4], information classification, image 
retrieval, cross-language retrieval [5], library 
science, and medicine, it remains new to military 
usage. 

This research aims to formalize concept 
analysis based on the aggregation of military 
terms and military reports to automate the design 
process of constructing a military ontology. We 
reveal a hybrid method called Keyword to 
Formal Concept Query Expansion (K2FCQE) 
[6] and compare its performance with other 

query expansion methods. We then use the 
Military News Agency (MINA, 
http://mna.gpwb.gov.tw/) website as an 
experimental object to develop prototypes of 
K2FCQE-based Military News Retrieval System 
(K2FCQE-MNRS), which can help users expand 
their query terms. 

II. QUERY EXPANSION 

According to the research of Spink et al. [7], 
when searching for information on the web, 32.5 
percent of users revise their original inquiry and 
29.3 percent add more than one keyword to re-
search. As one single word or phrase can cover 
thousands of keywords, using one keyword may 
not be enough to convey the concept the user 
intends to search. Query expansion, originally 
proposed by Rocchio [8], is based on the 
concept of finding synonyms or semantic-related 
terms for the search word and adding them to the 
original query to expand the search query [9]. It 
can effectively improve the recall of information 
retrieval system [10]. There are different 
methods of query expansion that can be 
categorized into manual, interactive, automatic, 
and hybrid modes [9, 11]; in terms of an 
expanded source, it can be divided into global 
expansion and local expansion [12]; in terms of 
knowledge models, thesauri and ontologies are 
both frequently used [13]. 

2.1 Ontology-Based Query Expansion: 
Formal Concept Analysis Method 

2.1.1 Formal concept analysis 

Formal Concept Analysis (FCA) is a data 
analysis theory that can construct conceptual 
structures from existing datasets [14]. It was first 
proposed by Wille [15] and is now being widely 
applied in various fields, including medicine, 
psychology, sociology, and information science 
[16, 17]. According to the definition from 
Ganter and Wille [18], the mathematical basis of 
FCA is the Lattice Theory. It indicates that a 
formal context C is composed of G, M, and I, 
where G is the collection of Objects, M 
represents the attributes, and I is the binary 
relations of G and M. The formula is shown as 
“ ” where I G x M, meaning that 
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I. INTRODUCTION 

The primary purpose of information 
retrieval is to enable searches to meet the user’s 
knowledge needs. However, the rapid 
development of information technologies and 
the Internet has resulted in the accumulation of 
extensive amounts of documents and 
information resources that make information 
search and retrieval very difficult. In this era of 
knowledge economy, people are changing their 
needs from a “demand for information” to a 
“thirst for knowledge.” Simple information 
retrieval mechanisms are thus becoming 
increasingly inadequate to meet the needs of 
most users. 

Today, most search engines have limited 
capacity for information retrieval because they 
are restricted to key words and cannot obtain 
other content related to the query terms. The 
main purpose of query expansion is to 
effectively improve information retrieval and 
provide more effective and relevant results [1] 
by obtaining concepts and terms related to the 
original query through various technologies and 
methods.  

The costs of constructing information 
retrieval systems for specific areas of 
information can be reduced by text mining, 
conceptual graph extraction, ontology, and other 
techniques [2]. Therefore, how these 
technologies can be used for constructing and 
expanding the domain knowledge is an 
important developmental direction in of the 
context of current knowledge management tools. 
Here, ontology is an important foundation that 
can support the expansion of the semantic 
search. Although ontology is a hierarchical 
structure used to describe a field of knowledge 
[3] and has been deployed in information 
retrieval [4], information classification, image 
retrieval, cross-language retrieval [5], library 
science, and medicine, it remains new to military 
usage. 

This research aims to formalize concept 
analysis based on the aggregation of military 
terms and military reports to automate the design 
process of constructing a military ontology. We 
reveal a hybrid method called Keyword to 
Formal Concept Query Expansion (K2FCQE) 
[6] and compare its performance with other 

query expansion methods. We then use the 
Military News Agency (MINA, 
http://mna.gpwb.gov.tw/) website as an 
experimental object to develop prototypes of 
K2FCQE-based Military News Retrieval System 
(K2FCQE-MNRS), which can help users expand 
their query terms. 

II. QUERY EXPANSION 

According to the research of Spink et al. [7], 
when searching for information on the web, 32.5 
percent of users revise their original inquiry and 
29.3 percent add more than one keyword to re-
search. As one single word or phrase can cover 
thousands of keywords, using one keyword may 
not be enough to convey the concept the user 
intends to search. Query expansion, originally 
proposed by Rocchio [8], is based on the 
concept of finding synonyms or semantic-related 
terms for the search word and adding them to the 
original query to expand the search query [9]. It 
can effectively improve the recall of information 
retrieval system [10]. There are different 
methods of query expansion that can be 
categorized into manual, interactive, automatic, 
and hybrid modes [9, 11]; in terms of an 
expanded source, it can be divided into global 
expansion and local expansion [12]; in terms of 
knowledge models, thesauri and ontologies are 
both frequently used [13]. 

2.1 Ontology-Based Query Expansion: 
Formal Concept Analysis Method 

2.1.1 Formal concept analysis 

Formal Concept Analysis (FCA) is a data 
analysis theory that can construct conceptual 
structures from existing datasets [14]. It was first 
proposed by Wille [15] and is now being widely 
applied in various fields, including medicine, 
psychology, sociology, and information science 
[16, 17]. According to the definition from 
Ganter and Wille [18], the mathematical basis of 
FCA is the Lattice Theory. It indicates that a 
formal context C is composed of G, M, and I, 
where G is the collection of Objects, M 
represents the attributes, and I is the binary 
relations of G and M. The formula is shown as 
“ ” where I G x M, meaning that 


