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Abstract. Web Based Information Retrieval (WBIR) is becoming an integral 
part of the daily activities of computer users. In the present computing world, 
people are highly accustomed to the use of web for acquiring any kind of in-
formation.  However, retrieval of useful documents with high degree of relev-
ance is an important problem.  There is a need of an intelligent interface for 
WBIR to alleviate efforts of information seekers.  In this paper, an intelligent 
interface for web based information retrieval with document understanding is 
proposed. The aim of intelligent interface for WBIR is to control the underlying 
information retrieval system, by directly interacting with the user, and allowing 
him to retrieve relevant information without the help of human intermediary. 
The interface helps users to formulate query by using Natural Language 
Processing (NLP) techniques. Also, it is capable of retrieving documents with 
respect to order of relevance.  

Keywords: Web Based Information Retrieval, Document understanding,  
Natural Language Processing, Intelligent Interface. 

1 Introduction 

Search on the web is a daily activity for many people across the world. Search and 
communication are most popular uses of the computers. The field of computer science 
is most involved with research and development in information retrieval. The process 
of searching specific information among a large number of information items is 
known as Information Retrieval (IR).According to Salton, “Information retrieval is a 
field concerned with the structure, analysis, organization, storage, searching, and  
retrieval of information.”  

The Internet and the Web offer new opportunities and challenges to information re-
trieval researchers. With the information explosion and never ending increase of web 
pages as well as digital data, it is very hard to retrieve useful and reliable information 
from the Web. Materials from millions of web pages from organizations, institutions 
and personnel have been made public electronically accessible to millions of interested 
users. The Web uses an addressing system called Uniform Resource Locators  
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(URLs) to represent links to documents on web servers. These URLs provide location 
information. Like titles of books in traditional libraries, no one can remember all URLs 
on the Web. Web search engines allow us to locate the internet resources through thou-
sands of Web pages. It is almost impossible to get the right information as there is too 
much irrelevant and out dated information. Information retrieval systems provide use-
ful information in libraries to researchers.  

The Web can be viewed as a virtual library. Information retrieval is an important 
and major component of the Internet. The World Wide Web plays an important role in 
knowledge discovery. General search engines such as, Google, AltaVista, Excite are 
considered as the powerful search engines so far. Most of the current search engines 
are based on words, not the concepts. When searching for certain information or 
knowledge with a search engine, one can only use a few key words to narrow down 
the search. The result of the search is tens or may be hundreds of relevant and irrele-
vant links to various Web pages.  

In spite of the voluminous studies in the field of intelligent retrieval systems, effec-
tive retrieving of information has been remained an important unsolved problem. 
Implementations of different conceptual knowledge in the information retrieval 
process such as ontology have been considered as a solution to enhance the quality of 
results. Furthermore, the conceptual formalism supported by typical ontology may not 
be sufficient to represent uncertainty information due to the lack of clear-cut bounda-
ries between concepts of the domains [1]. 

In the case of database management systems, standard ‘syntactic’ solutions based 
on structured nature of the data is used for retrieving required data from the database. 
Whereas, for web information retrieval that approach is not suitable as it deals with 
unstructured nature of data, hence a new approach at ‘semantic’ level is needed. 
Moreover, often the user has to face some problems, for instance to express a need 
regarding an unknown field. For overcoming these difficulties, the user of an IR sys-
tem is usually supported by an human expert, an Intermediary, that acts as an inter-
face between the user and the IR system [2]. 

This solution is effective, but the growing diffusion of databases creates a new sce-
nario: the human intermediary is not always available and the user has to interact 
directly with the system. Of course, the system has to be modified and an artificial 
intermediary between the IR system and the user is needed, and this brings into the 
scenario the discipline of Human Computer Interaction (HCI). Moreover, for design-
ing and implementing such artificial intermediary, artificial intelligence techniques 
seem to be promising as the problems at hand are ill defined. The obtained system is 
named Intelligent Interface (IIs) to an IR system or II for IR [2]. 

The field of IIs for IR is thus the intersection of three fields IR, human computer 
interaction and artificial intelligence [2].  
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2 Related work 

Many researchers have been given contribution towards the efficient and effective 
information retrieval on web. We have discussed some of the techniques used for 
information retrieval as below: 

Intelligent information retrieval approach based on two degrees of uncertainty 
fuzzy ontology was proposed to enhance the performance of retrieval system [1]. By 
implementing linguistic variables, uncertainty level in domain’s concept has been 
modeled, and ontology relations have been modeled by fuzzy theory consequently. 
Then, the combined these uncertain models and proposed a new ontology with two 
degrees of uncertainty both in concept expression and relation expression. The gener-
ated fuzzy ontology was implemented for expansion of initial user’s queries in Soft-
ware Maintenance Engineering (SME) domain [1]. 

Searching for relevant information on the world-wide web is often a difficult and 
frustrating task. The information one is looking for, is hidden among thousands of 
documents returned by a search engine. One way of making search for relevant in-
formation easier, is to create better interfaces to the search engines; interfaces that 
facilitate quick and efficient browsing through the multitude of returned documents. 
A new multimodal interface was presented. It was situated in an Intelligent Environ-
ment, for retrieving information from the web. The work brings together progress 
made in three research areas: multi-modal interfaces, interfaces for information re-
trieval, and intelligent environments [3]. The name of this interface is FIRE (Friendly 
Information Retrieval Engine). The FIRE, a multimodal interface for information 
retrieval deployed in the Intelligent Room at the MIT AI Lab. FIRE differs from most 
of other interfaces for information retrieval in that it combines a couple of interaction 
modalities to improve the search process[3]. 

A web search engine searches for information in WWW. A vertical Search pro-
vides the user with results for queries on that domain. Meta Search Engines send the 
user’s search queries to various search engines and combine the search results. The 
authors introduce intelligent user interfaces for selecting domain, category and search 
engines for the proposed Multi-Domain Meta Search Engine. An intelligent User 
Interface is also designed to get the user query and to send it to appropriate search 
engines. Few algorithms are designed to combine results from various search engines 
and also to display the results [4]. 

Decision-making theories aiming at solving decision problems that involve mul-
tiple criteria have often been incorporated in knowledge-based systems for the im-
provement of these system’s reasoning process. However, multi criteria analysis has 
not been used adequately in intelligent user interfaces, even though user-computer 
interaction is, by nature, multi criteria-based. The actual process of incorporating 
multi criteria analysis into an intelligent user interface is neither clearly defined nor 
adequately described in the literature. It involves many experimental studies through-
out the software life-cycle. Moreover, each multi criteria decision-making theory 
requires different kinds of experiments for the criteria to be determined and then for 
the proper respective weight of each criterion to be specified. In this research, the 
authors address the complex issue of developing intelligent user interfaces that are 
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based on multi criteria decision-making theories. In particular, they present and dis-
cuss a software life-cycle framework that is appropriate for the development of such 
user interfaces. The life-cycle framework is called Multi-criteria based Intelligent 
User Interface (MBIUI). Given the fact, that very little has been reported in the litera-
ture about the required experimental studies, their participants and the appropriate 
life-cycle phase during which the experimental studies should take place; MBIUI 
provides useful insight for future developments of intelligent user interfaces that  
incorporate multi criteria theories. 

One significant advantage of MBIUI is that it provides a unifying life-cycle 
framework that may be used for the application of many different multi criteria deci-
sion-making theories. In this paper, the authors discuss the incorporation features of 
four distinct multi criteria theories namely: TOPSIS, SAW, MAUT, and DEA. Fur-
thermore, they give detailed specifications of the experiments that should take place 
and reveal their similarities and differences with respect to the theories [5]. 

3 Proposed Work 

Intelligent interface can adapt to the needs of different users, it can learn new con-
cepts and techniques, it can anticipate the needs of the users, it can take initiative and 
make suggestions to the users, and it can provide explanation of its actions. Typically, 
an intelligent interface should employ some kind of intelligent technique. The follow-
ing list is a fairly complete list of the kinds of techniques that today are being em-
ployed in intelligent interfaces: 

• User Adaptivity: Techniques that allow user-system interactions to be adapted to 
different users and different usage situations. 

• User Modeling: Techniques that allow a system to maintain knowledge about a 
user. 

• Natural Language Technology: Techniques that allow a system to interpret or gen-
erate natural language utterances, in text or in speech. 

• Dialogue Modeling: Techniques that allows a system to maintain a natural lan-
guage dialogue with the user, possible in combination with other interactions mean 
(multimodal dialogue). 

• Explanation Generation: Technique that allow a system to explain its results to a 
user. 

In this paper, an intelligent interface for web based information retrieval with docu-
ment understanding [7][8] is proposed. The aim of intelligent interface for WBIR is of 
controlling an underlying information retrieval system, directly interacting with the 
user, and allowing him to retrieve relevant information without the help of human 
intermediary. The interface helps users to formulate query by using Natural Language 
Processing (NLP) techniques[11]. It retrieves documents with respect to order of re-
levance. The architecture of our proposed system is depicted in Figure 1. The terms 
which are used in this paper are defined as follows. 
 



 Intelligent Interface for Web Information Retrieval with Document Understanding 25 

Definition 1 (Intelligent Interface): It is software which interacts with user and web 
information retrieval system. It consists of knowledge base (K) and inference engine 
(E). It is denoted as I = (K,E). 

 
Definition 2 (Web Information Retrieval System): It is a system which takes user 
query as an input and retrieves web pages or Uniform Resource Locators (URLs) 
relevant to the user query. Let Q be the set of user queries, i.e. Q = {Q1, Q2, …..,Qm} 
and D be the set of documents to be retrieved i.e. D = {D1, D2,…..,Dn}. The web in-
formation retrieval system can be viewed as a transformation function f which maps 
Q to D. i.e.  f: Q  D. 

Definition 3 (Document Understanding): It is defined as a process of summariza-
tion of document or extracting the main content of the document. The document can 
be a web page, email, book, news stories, word file, PDF file etc.  

Definition 4 (Precision & Recall): The efficiency of search facility is measured using 
two metrics Precision and Recall. Let D1 be the number of documents retrieved and 
D2 be the number of relevant documents.  

                              (1) 

                           (2) 

3.1 Architecture of Intelligent Interface 

The Intelligent Interface consists of Graphical User Interface (GUI), User Modeling, 
Knowledge Base (KB) and Inference Engine (IE).  The Architecture of proposed 
intelligent interface is depicted in Figure 1. 
  

 

Fig. 1. Architecture of Intelligent Interface 

Using the GUI, user can formulate his or her query that is then presented to the  
Inference Engine. Information about the user is acquired through GUI which is  
required for user modelling and also for knowledge representation for knowledge base 
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(KB). User modelling means representing the necessary information about the user, 
which plays an important role in web information retrieval process. The Knowledge 
base (KB) is the repository of facts and rules represented using predicate logic. Infer-
ence Engine applies inference rules to generate appropriate requirement of the user. 
For user modelling, the system maintains information about various attributes of user 
such as name, gender and age and also the attributes of the information which he/she 
is seeking for. This process is shown in Figure 2. 

The important part of the knowledge base is knowledge representation[12]. We 
have represented the entities ‘user’ and ‘information’ by using predicate logic. The 
structure of predicate logic is defined as: 

          User(name, age, sex)      
          Information(document, type, content) 

e.g. “John is a 40 years old man seeking information for algorithms of data mining in 
the form of PDF file”. 
 

This fact can be represented as: 

 user( “john”, 40, “male”) 
 information(“document”, “PDF”, “data mining algorithms”) 
 

 

Fig. 2. User Modeling 

Intelligent interface[9] helps user to formulate his query. The original query can be 
written in natural language form[10]; the system interacts with inference engine 
through knowledge base and tries to produce an optimal query which will ensure that 
the results of retrieval process may be more relevant. The Inference engine is based 
on inference rules and ability to infer the facts. 
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Consider following user query,  
 

“I want to know how many tigers are living in the Kanha National Park”. 
 

Our intelligent interface will process this query after applying appropriate natural 
language processing and artificial intelligence algorithms and will produce the opti-
mum query as: 

 

        “Number of tigers in Kanha National Park wiki” 
 

Document understanding[7][8] plays an important role in web information  
retrieval. In this paper, we have tried to use document understanding as a tool to  
decide the document relevance. It is shown in Figure 3. 

 

Fig. 3. Document understanding 

Tokenization is a primary step of machine translation. In this phase, the input sen-
tence is decomposed into tokens. These tokens are given to Part-of-Speech Tagger 
(POS Tagger) function to tag the tokens with their respective type. 

 

e.g. Sentence : “India has won the match by six wickets” 
 

   Tokens : “India”  “has”  “won”  “the”  “match”  “by”  “six”  “wickets” 
 

A POS Tagger is a piece of software that reads text in some language and assigns 
parts of speech to each word (and other token), such as noun, verb, adjective, etc., 
although generally computational applications use more fine-grained POS tags like 
'noun-plural'.  

 

Consider the input string: “Boy is very good” 
The output of POS tagger for this sentence will be: 
 

           Boy   noun  
           is     verb 
          very    adjective 
          good  noun 
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Stemmer is very useful to find stem i.e. root word of any word. Consider the input 
string: 

 
“Beautiful ladies are also extremely healthy and egoist” 
 
The stemmer will find stem for each of the words in the given sentence. 

Table 1. Result of stemming 

               ----------------------------------------------- 
                word                    stem 
               ----------------------------------------------- 
               beautiful                beauty 
               ladies                   lady 
               are                      are 
               also                     also 
               extremely               extreme 
               healthy                  health 
               and                     and 
               egoist                   ego 
              ------------------------------------------------ 

3.2 Proposed Intelligent Interface for Web Information Retrieval  

In this paper we have proposed the intelligent interface for web based information 
retrieval [6] with document understanding. The architecture of this entire system is as 
shown in Figure 4. There are eight components of this system: 

• Intelligent Interface 
• Query representation 
• Web documents 
• Document representation 
• Indexing 
• Comparison 
• Retrieved documents 
• Relevance feedback 

Working of Intelligent interface is already discussed above. Its objectives are:  
 

• To produce the most relevant documents as per user interest.  
• To enhance the effectiveness of document search on the internet.  

 

The effectiveness of the search process is highly depending upon the type of query 
submitted to the system. As discussed above, the user may write his or her query in 
natural language form as he or she is more comfortable with. Our system will try to 
help user to formulate the query. The utility like WordNet is used to determine the 
thesaurus and synonyms of the words.  
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In query representation process, the natural language query is processed by infe-
rence engine and it is represented as Boolean query which will be forwarded to search 
engine. Information on the internet is available as documents. These can be web pag-
es, emails, PDF files etc. Web documents are represented as HTML or XML pages. 
The web crawler searches for desired information by crawling through network of 
web servers. The web pages are organized into logical sequence called inverted index. 
The web page which has highest page score or highest page rank will come first and 
so on. Page score for each of the documents will be determined by following page 
rank algorithm: 

1. Initialize the PageScore()=0 
2. Enter the User Query for which documents are to be searched; 
3. Let W= {w1, w2,.................,wN } be the number of words belong to User Query 
4. Web crawler starts with a list of URLs to visit called Seeds and downloads the re-

spective page from the Internet at the given URL. 
5. A Web crawler parses through the downloaded page and retrieves the links to other 

pages. Each link in the page is defined with an HTML anchor tag.  
6.  Each link is added Queue.  
7. Calculate the Page Score as follows:  

        For each wi ϵ W, do 
                            if wi is present in the document;  
                              PageScore()=PageScore() + 1;  
                                           else   
                                    PageScore() is unchanged;  

                           end 

8. return PageScore() 
9. exit  

 

Fig. 4. Web Information retrieval using intelligent interface 
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Table 2. Result without interface 

corpus Average precision Average Recall

Simple queries 0.90 0.42

Compound queries 0.67 0.26

Table 3. Result with interface 

corpus Average precision Average Recall

Simple queries 0.95 0.48

Compound queries 0.82 0.32

  

Fig. 5. Comparison of average precision 

 

Fig. 6. Comparison of average recall 

4 Results and Conclusion 

We have chosen a corpus consisting of one hundred simple keyword queries and one 
hundred compound queries. The performance of our system is evaluated on the basis 
of two metrics: average precision and average recall. Comparison of result of retrieval 
without interface and with interface is presented in Table 3 and 4 and plotted in  
Figure 5 and 6 respectively. 
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