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ABSTRACT

One kind of  information retrieval system is a digital library. Keyword searches are often problematic for the current informa-
tion retrieval technologies. To address this, we put forth a model that makes use of  a metadata case base and a concept-based 
approach (ontology). The user’s query is used to discover domain ideas, which are then expanded upon in this model. By 
suggesting a conceptual question expansion for intelligent concept-based retrieval, the technology hopes to help make search 
results from digital libraries more relevant. The idea of  ontology, with its wealth of  semantics and common concepts, has to 
be imported. By shifting the focus from keyword matching to semantics matching, domain specific ontology may help enhance 
information retrieval from a strictly keyword-based approach to one that is more grounded on lay knowledge or concepts. Two 
methods exist for retrieving metadata: one uses domain ontology for query expansion techniques, while the other introduces a 
case-based similarity measure using the Case Based Reasoning (CBR) method. In comparison to other methods, including the 
conventional technique and query expansion utilizing general purpose ontology, the results demonstrate significant gains.

Keywords
Digital library; Domain ontology; Information access; Intelligent information retrieval; Query expansion.

INTRODUCTION 

A digital library (DL) is one that stores its contents digitally, 
rather than in print, microform, or any other physical me-

dium, and makes those collections available to computers [1]. It 
is possible to save the digital information locally or to view it re-
motely via computer networks. Many online libraries have devel-
oped out of  more conventional library models with an emphasis 
on expanding access to their collection of  books and other schol-
arly materials. Digital information processing, distribution, storage, 
search, and analysis are now all part of  digital library research and 
development, and many firms now maintain their own digital li-
braries. There are no time limits or location restrictions with dig-
ital libraries, unlike traditional ones. So, it’s safe to say that digital 
libraries are necessities for modern knowledge workers. Innovative 
computer science solutions have always found digital libraries to 
be an attractive playground. They thereby rose to the status of  a 
leading field of  study.        

The effective retrieval of  information from digital libraries is the 
major topic of  this study. We use domain ontology, a regulated vo-
cabulary, to extend the input query string. These days, users have 
challenges while trying to manage and share the massive amounts 

of  information stored in DLs. This paper lays forth a technique and 
technical foundation for semantic retrieval-based document recom-
mendation systems. It is common practice to get data by comparing 
query phrases with terms found in documents. Searches based on 
keywords are used in the conventional approach. Only documents 
that contain the keywords entered by the user will be returned. 
Despite this, many publications provide the necessary semantic in-
formation even when these keywords are absent. Building a search 
mechanism is the biggest obstacle to effective and user-friendly re-
trieval. This system combines concept-based query expansion with 
classic statistical information retrieval techniques, which have shown 
to be very effective in the area of  information retrieval (IR), to as-
sist end users in effectively retrieving documents that are relevant to 
their information requirements. The process of  an intelligent retriev-
al system based on ontology is highlighted in order to ensure the de-
livery of  minimum irrelevant information (high accuracy) while also 
ensuring that significant information is not forgotten (high recall). 
In order to assist users in defining their information requirements 
and developing semantic representations of  documents, a growing 
number of  information retrieval systems use ontologies. Integrating 
these semantic techniques with standard search technologies is a par-
ticular problem in this context. 
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A collection of  ideas and the connections between them that provide 
a high-level overview of  a topic of  potential applications is called an 
ontology. Finding suitable ideas that characterize and identify docu-
ments and language used in user requests is the main difficulty with 
translating words to meaning. Since its inception in the late 90s, one 
of  the reasons for the Semantic Web’s existence has been the use of  
ontology to circumvent the shortcomings of  keyword-based search. 
Although some progress has been made in this area in recent years, 
the majority of  these efforts either rely on boolean retrieval models 
or only partially leverage the expressive power of  ontology-based 
knowledge representations. Consequently, they do not have the 
proper ranking model to handle massive amounts of  data. 
Here is how the remainder of  this paper is structured. Section 2 
provides an overview of  the AI-powered database search engine. In 
Section 3, the ontology model is described. Structure of  the case as 
outlined in Section 4. Section 5 elaborates on the part dealing with 
semantic analysis. Section 6 delves into the implementation and dis-
cusses the early test findings. Lastly, section 7 concludes this study.
 
2.	 REVIEW OF THE INTELLIGENT INFORMATION 
RETRIEVAL SYSTEM

In order to address the issue of  low-quality retrieval in digital librar-
ies, we provided the benefits and related uses of  ontology in the 
semantic retrieval domains of  digital libraries. The proposal of  a 
conceptual framework for semantic retrieval also helps to enhance 
the relevance of  results obtained from digital libraries. If  we want-
ed to fix the problem of  conventional retrieval technology’s lack of  
semantic connection, we could use semantic retrieval technology. It 
would greatly increase retrieval quality. This paper lays forth a strat-
egy and technical framework for semantic retrieval and case-based 
metadata that may provide a list of  relevant publications to the user. 
Users may input questions in natural language and have them pro-
cessed. The query’s conceptual representation is compared to a da-
tabase of  representations in order to get the one that is most similar. 
The user may start the search by entering a pertinent text, a query in 
a natural language, or a Boolean expression. Once a relevant docu-
ment is located, the user is able to peruse similar papers. 

In [2], the process of  retrieving geographical information using an 
ontology of  places was detailed, which might lead to the develop-
ment of  semantic distance metrics for use in GIR. Topological rela-
tions and sparse coordinate data characterizing the geographical im-
prints of  places were among the quantitative and qualitative spatial 
data that made up the suggested ontology. Geographical categories 
were used to classify places, while conceptual hierarchies were used 
to classify examples of  non-geographical phenomena. A hybrid spa-
tial distance measure is formed by combining a hierarchical distance 
measure with the standard geometric distance between two points. 

To make the searches more relevant to the user’s tastes and the doc-
umentation collection’s features, the method [3] suggested a query 
enrichment strategy that made use of  contextually enhanced on-
tologies. To adapt these ideas to the particular document collection 
and language in use, the plan is to link each ontology concept (both 
classes and instances) to a feature vector (ƒv). When building the 

feature vectors, we considered the ontology’s structure. Afterwards, 
the search engine’s output was post-processed using the ontology 
and the feature vectors that went along with it. 

According to the findings published in [4], the retrieval of  content 
deemed geographically relevant to users’ queries was aided by ontol-
ogies created in the EU Semantic Web project SPIRIT. The methods 
for query expansion discussed in this article used a geographical on-
tology in addition to a domain ontology. In [5], the state-of-the-art 
research was reviewed using a concept network as the foundational 
knowledge to induce an extension of  the query using the concepts 
inferred from the initial query words. In this setup, the idea network’s 
quality dictated how well this conceptual query extension worked. 
Concepts were inferred and further query phrases were chosen by 
matching them to those in the concept network. 

Despite the fact that the majority of  concept-based IR systems re-
lied on WordNet as a controlled vocabulary to enlarge queries [4, 5], 
and 6, our suggested method in this article integrated the strengths 
of  both the concept-based and statistical methods grounded on IR 
techniques. When expanding queries, domain-specific ontology is 
used as a regulated vocabulary. By the same token, the underlying 
premise is that when a person writes a search query, they are also 
articulating an issue that needs fixing. As a problem description, a 
request for information retrieval is processed by the case based rea-
soning component. A solid group of  links to pertinent material in 
relation to the search query—a search result—would be an excellent 
option in this situation. The creation of  a case base to describe doc-
ument information (metadata) is necessary for this paradigm. The 
system may demonstrate how this method allows for several advan-
tages in intelligent query processing and expansion. Figure 1 depicts 
the system architecture. 

Traditional DL’s keyword-based retrieval strategy is too focused 
on mathematical research, ignoring the implications of  semantics 
and mining the semantics of  the keywords themselves. The bag-of-
words paradigm states that relevant documents will not be retrieved 
unless they include all of  the keywords in the query. In computer sci-
ence, expanding a user’s query with more keywords to better results 
is called query expansion. 
 
3.	 ONTOLOGY MODULE

The main problem with traditional IR systems is that they typically 
retrieve information without an explicitly defined domain of  interest 
to thie user. Consequently, the system presents a lot of  information 
that is of  no relevance to the user. The research presented in this 
paper examines how ontologies can be efficiently utilized for tradi-
tional vector-space IR systems. The ontologies are adapted to the 
document space within multi-disciplinary domains where different 
terminology is used. The objective is to enhance the user-experi-
ence by improvement of  search result quality for large-scale search 
systems.

A fresh and encouraging strategy for the retrieval and searching pro-
cess is concept-based search [7], [8], [9]. An ontology-based meth-
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od for IR is introduced. With this method, the user doesn’t have to 
worry about understanding the papers’ structure; instead, they can 
concentrate on searching conceptually. Finding excellent ideas is a 
challenge with this strategy. By multiplying the input words with the 
applicable domain ideas, domain ontology is helpful for query ex-
pansion. Specifically, the system relies on a schema for representing 
domain notions via theory of  things. Ontology is a tool for building 
domain-specific concepts and relations that reflect ideas about a cer-
tain text. 

Extending geographical terms using WordNet synonyms and mero-
nyms was the basis of  a query expansion strategy disclosed in [10]. 
Using the popular Lucene search engine for indexing and retrieval, 
this strategy was used for the participation in the GeoCLEF 2005 
English monolingual challenge. Evidence from the GeoCLEF track 
indicates that the suggested approach did not work, but that Word-
Net may be more useful when indexing phrases by include holonyms 
and synonyms. 

Extracting semantic ideas from keywords and document indexing 
are two major challenges when using an ontology-based method-
ology. In order to solve the first challenge, we need to understand 
both the language used in user queries and the right ideas to describe 
and identify documents. It is critical to avoid associating and match-
ing unnecessary ideas and to avoid discarding relevant ones in this 
process. 
Regarding the building of  the ontology model, the presentation is 
made of  the development of  the ontology of  the categories of  the 
computer science domain [11]. There are twenty-two subcategories 
within this domain. The field ontology is built using the profession-
al field’s (Computer Science) definitions of  concepts and property 
relationships in mind. This building model makes use of  the Sev-
en-Steps Method, which was created by the American Physic Insti-
tute at Stanford University. 

Step1: Confirm the professional field and category of  ontology; 
Step2: Seeing about possibility of  reusing existing ontology; Step3: 
List important terms in ontology;
Step4: Define classes and grading system of  classes; Step5: Define 
property of  classes;
Step6: Define aspects of  property; Step7: Create instances.
For ontology building, protégé of  Standford University is used. It 
has a graphical user interface. In protégé, the process of  construct-
ing ontology includes building file, class, class hierarchy, and produc-
ing attribute, the effective value of  attribute, and adding examples.

4.	 CASE-BASE MODULE

A concept-based search approach based on Case-based reasoning 
and specific domain ontology is presented. A case is defined by a set 
of  metadata associated with the relevant document. A case base is 
created to represent the document information within digital library. 
It is used to retrieve the information of  relevant documents and 
for contextualizing the search process. This work aims at improving 
ontology-based information retrieval by the integration of  the tra-
ditional information retrieval process, the use of  domain ontology 

and the CBR process. In fact, the proposed approach uses the ontol-
ogy for concept-based query expansion and a combine approach of  
case-based similarity and textual similarity is used to retrieve meta-
data information of  the related documents and to provide end users 
with alternative documents recommendations.

In this module, the processes are carried out as follow:

a new case is matched with all the other cases of  the case base;

retrieve the most similar case (or cases) comparing the case to the 
library of  past cases; reuse the retrieved case to try to solve the cur-
rent problem;
revise and adapt the proposed solution if  necessary; retain the final 
solution as part of  a new case.
The suggested method relies on the CBR component alone for the 
first two steps, retrieval and reuse. For case retrieval, the first three 
qualities from table 1 are used as the case description. This might 
be one, two, or all three. The “Author” and “Subject” properties 
undergo case similarity measurement processing. The statistical IR 
techniques that are based on the Apache Lucene search engine are 
used to assess the content of  the “Title” property [12]. To find out 
how relevant a page is to a user’s query, Lucene uses a mix of  the 
Boolean model and the Vector Space Model (VSM) of  IR. The basic 
premise of  the VSM is that a document is more relevant to a query 
if  its frequency of  occurrence is higher than the frequency of  oc-
currence of  the word in the whole collection. Prior to scoring any 
documents, it employed the Boolean model to filter them accord-
ing to the query specifications’ usage of  boolean logic. Although 
Lucene improved and enhanced this model to accommodate fuzzy 
and boolean searches, at its core it is still a VSM based system. The 
Lucene indexing technology is used to index the cases. 

To rephrase, when selecting concepts for documents or user re-
quests, it is critical to guarantee that high recall and accuracy will be 
maintained. An alternate method of  solution description is suggest-
ed. If  your search does not provide the best possible results, you may 
enhance it by running a “improved” query that will help you solve 
your issue more effectively. 

The CBR method uses cases to describe metadata, which is data 
about the content stored in a digital library. Metadata element set 
consisting of  case attributes. You can find explanations of  these 
properties in the table that was retrieved from the Dublin Core 
Metadata Element Set. They are utilized in the case base. 

The main advantages of  this search method are the good results and 
the applicability to non- structured texts. Our approach can over-
come the lack of  knowledge about the semantics of  the texts with 
the use of  domain ontology in conceptual query enrichment. So the 
proposed system combined the strength of  the statistical IR algo-
rithm with the benefits of  ontology model to ensure high precision 
and recall in information retrieval within digital library.

5.	 SEMANTIC ANALYSIS COMPONENT
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The implementation semantics retrieval function relies on reasoning 
based on semantic analysis. Simply said, it’s the process of  examining 
the meaning of  user-submitted search phrases. Improving the user 
interface by extending the word semantic categorization framework 
and obtaining data appropriately. Computer science publications and 
user inquiries include ideas that need to be identified. It is neces-
sary to do conceptual matching between the retrieved ideas. Finding 
precise concept matching is simple at this point; what’s crucial is 
matching the remaining relevant ideas using the knowledge store. 
Concepts and the interactions between them are detailed in the 
knowledge repository. At this point, it is essential to have a database 
of  information that covers all the bases in terms of  ideas and con-
nections relevant to the application domain. 

To begin, the query entered by the user must be tokenized. After-
wards, the domain phrases that are most important are retrieved 
from the tokenized words. Additionally, the ontology-related ideas 
are built upon for the only domain words. Here, a significant innova-
tion is that it eliminates superfluous ideas while letting pertinent ones 
link to documents and take part in query development. Without any 
input from the user, these procedures are executed automatically. By 
using information contained in ontology form, this system is able to 
construct queries that include suitable and pertinent concept words. 
An integral part of  this component is query extension, which in-
volves adding more words or phrases to the initial query in order to 
enhance retrieval performance. The query may be expanded in three 
ways: manually, interactively, or automatically. User participation is 
essential for both manual and interactive query expansion. Intelli-
gent search 

The method of  expanding a query involves adding more words or 
phrases to enhance retrieval performance automatically, without re-
quiring the user to intervene. There is a need for query expansion 
techniques that do not involve the user since there are instances 
where the user does not offer enough information. 
The goal of  query expansion is to narrow the gap between the query 
and the relevant documents by including terms that are comparable 
in meaning. But there are certain risks that come with expanding 
queries. When expanding a user’s initial inquiry, the most important 
thing to consider is which expansion phrases to utilize. A thesaurus 
is a collection of  words and phrases that have common meaning; it 
is a common component in information retrieval systems. Another 
issue associated with query expansion is query drift, which occurs 
when the query moves in a direction opposite to the user’s purpose. 
When the question is vague, this occurs often. A search for “win-
dows” might refer to either the Windows operating system from Mi-
crosoft or to real windows in homes. The suggested method avoided 
this issue by using domain ontology to glean domain ideas for use as 
a thesaurus rather than as synonymous terms. There is no expansion 
for every tokenized term. As part of  the query expansion procedure, 
any words found in the domain ontology are substituted with their 
corresponding domain concepts stored in the ontology. 

6.	 IMPLEMENTATION AND EVALUATION

Proposed ontology in this paper is pre-tested for query expansion on 

374 test collection. To verify the concept-based intelligent IR tech-
nique, some experiments were carried out. In this section, we will 
demonstrate how concept-based query expansion techniques make 
improved search results to get more relevant information and reduce 
irrelevance. We also report on the experiments which were carried 
out to retrieve most relevant documents. Building complete domain 
ontology and metadata case base for the computer science domain 
in digital library is an enormous undertaking.

Query expansion techniques are implemented using Java embedded 
with SPARQL language for domain terms extraction via Jena On-
tology API. The domain ontology contains the terms that are in 
the categories and subcategories of  computer science. There are 22 
subcategories of  the computer science domain encoded as classes 
such as Algorithms, Artificial_Intelligence, Computational_Science, 
Computer_Architecture, and so on. In this case, these subcatego-
ries consist of  several subcategories included in domain ontology as 
subclasses, for example, “Algorithms” subcategory contains 47 sub-
categories encoded as subclasses in ontology as shown in figure 2.

As demonstrated in table 2, the domain ontology is queried using 
SPARQL to retrieve conceptual terms such as “digital signal pro-
cessing, speech processing, wavelets, FFT algorithms, video process-
ing, image processing, time-frequency analysis, digital signal proces-
sors, voice technology speech recognition, audio editors” that are 
equivalent to the key term “digital signal” in the text “digital signal 
processing” that is input string “a”. The input string is then updat-
ed to include the extracted phrases. Nevertheless, there is a restric-
tion to this scheme that states that underscores, not spaces, must be 
used to separate two or more pair domain words. The correct way 
to search for “concurrency control system” is “concurrency_control 
system,” for example. Data mining, machine learning, AI, data struc-
ture, knowledge engineering, computer vision, computational alge-
bra, computational statistics, cluster analysis, memory management, 
pattern matching, computational physics, computational number, 
and many more pair domain terms are available.
 
Table 3 shows the comparison of  precision and recall of  the sys-
tem retrieval with query expansion and without expansion. In the 
experiment, there are 374 total documents i.e 374 metadata cases. 
And the number of  total relevant documents in this collection is 
236. The original input string is searched against with “Title” field. 
The expanded string is found in “Abstract/Description” field. The 
local similarity values from the respective fields (Title and Abstract) 
are used to calculate the global similarity or average similarity value 
for each case. And finally, the top most similar cases which have the 
largest average similarity values are returned to the user.

7.	 CONCLUSION

We found that domain-specific ontologies that have previously been 
constructed work well for query expansion in our trials. Research on 
ontology-based semantics retrieval technologies has recently been 
trending. It offers optimism for resolving issues with conventional 
retrieval methods’ lack of  semantic correlation. We investigate the 
possibility of  enhancing search results by using ontology princi-
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ples. Here, we utilize the query words to find ontology conceptual 
concepts that match. The ideas from ontology are modified to fit 
the language of  the domain. After putting our query expansion ap-
proach through its paces, we saw a big improvement in recall and a 
little improvement in accuracy. 
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