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ABSTRACT
Nowadays, a lot of information is available for someone who wants to find
documents on Google or in a system or in a digital library. Information retrieval is
important as a way that can solve problem by giving the information that seems to be
related to documents. Retrieving information is difficult and time consuming for
searching a variety and large number of documents on the digital library.

The

proposed system is intended to implement an effective searching system that intends
to implement effective search system for digital library. BM25 and Pivoted
Normalization are the best retrieval models for information retrieval system. The
CombSUM is combining these two methods to get more relevant documents and to
give better output results. The proposed system can help the user to get all relevant
documents (conference papers) according to the given query. When a user enters the
query, the most relevant documents are ranked by using BM25, Pivoted
Normalization Method and CombSUM.
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CHAPTER 1
INTRODUCTION

Information retrieval (IR) is a procedure of retrieving information or
documents that comprises of information which is relevant to the given query from
data collections. IR procedure starts when users come into a query into the system.
Information retrieval is usually associated through document retrieval. It can search
from large amount of data and return the relevant information to user. Information
retrieval system retrieves the relevant information with the help of the retrieval
models.
IR method computes a total number of score way that fit each document in the
database equal the query, and rank the documents giving to this value. In query
processing, user enters a query and system finds the relevant document, rank the
documents and displays to user. The top level documents are matched to the query. IR
is important to the success of digital library. BM25 is suitable for short document with
depend term frequency. Pivoted Normalization is suitable for long document with the
independent term frequency. CombSUM is suitable for short document and long
document. An efficient ranking IR system for digital library will be developed by
applying BM25, Pivoted Normalization Method and CombSUM.
In this system, documents are retrieved by using BM25, Pivoted
Normalization and CombSUM ranking methods. The retrieval system is based on
BM25, Pivoted Normalization and CombSUM methods that provide user to represent
the most relevant information to the users. It is hard for user to search the most related
and necessary. In our proposed system, user can browse by title, author, category,
year or abstract. By using this proposed system, the user can get more accurate
information in searching documents.

1.1 Motivation
Nowadays, search engines are the widely used people for searching and
retrieving the information. Information retrieval systems are called search engines.
Now, information retrieval systems are an essential tool for finding the information.
1

The purpose of the system is help user that is giving more relevant document to the
input query. This system is applying digital library for searching information.

1.2 Related Work
In information retrieval system, despite the widespread used of BM25, there
have been studies examine its effectiveness on a document description over single and
multiple field combination. This system determines the effectiveness of BM25 on
various document fields. This system find that BM25 model relevance on popularity
fields such as anchor text and query click information no better than a linear function
of the field attributes. This system also finds query click information to the single
most important field for retrieval.

1.3 Objectives of the Thesis
The main objectives of the thesis are as follow:
•

To know how to retrieve information using the three retrieval models.

•

To understand the concept of BM25, Pivoted normalization method and
CombSUM.

•

To help users to easily find out the existing documents.

•

To provide an efficient information retrieval system for the digital library.

•

To get more relevant results by combining of BM25 and Pivoted
normalization method.

1.4 Overview of the System
The proposed system is intended to search by using BM25, Pivoted
Normalization and CombSUM methods. When user types input, three steps are made.
There are tokenization, stopwords removal and stemming. And then ,system do
calculation documents

score

by using BM25, Pivoted

Normalization

and

CombSUM. the proposed system displays the retrieve information with similar to the
input. BM25 is used for short documents and Pivoted Normalization is used for long
documents. CombSUM is used for all documents. Therefore, the proposed system
gives better output result.

2

1.5 Organization of the Thesis
This thesis is organized in five chapters.
Chapter 1 highlights the introduction, objectives of the thesis, overview of the
system and organization of the thesis.
Chapter 2 describes the background theory of the proposed system.
Chapter 3 describes the information retrieval techniques of the proposed
system.
Chapter 4 provides the implementation of the proposed system.
Chapter 5 describes the conclusion, advantages, limitation and further
extension of the system.
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CHAPTER 2
BACKGROUND THEORY

Information Retrieval (IR) is a sub-field area of data mining. In this chapter,
the concepts of data mining techniques and information retrieval system are presented
as background theory of our proposed system. Moreover, the processes of IR such as
preprocessing and indexing are also described.

2.1 Data Mining
In recent years, information technology has interested data mining that is in
line for to the wide obtainability of large totals of data and the imminent require for
rotating such data into beneficial information and knowledge. In the application areas,
for instance, production control, business management, marketplace analysis,
engineering design and science exploration used the gain of information and
knowledge. Data mining can be observed as an after-effect of the normal development
of information technology. It means to extract or “mining” knowledge from great
amount of data. Another appropriate name for data mining is “knowledge mining”.
It is also the procedure of find out patterns in large datasets involving ways at
the connection of machine learning, statistics and database system. It is the ability to
retrieve information from one or more resources in order to combine it, cluster it,
visualize it and discover patterns in the data. It involves analyzing data from more
than one perspectives and finding useful information out of it. Data mining involves
effective data collection and ware housing as well as computer processing. Its tasks
are prediction, classification, times-series, analysis, association, clustering and
summarization etc. [1].
Sub-areas of data mining are neural networks, statisticsmachine learning,
database technology, pattern recognition, artificial intelligence, knowledge-based
systems, data visualization, knowledge acquisition, information retrieval, and high
performance computing.

4

2.2 Information Retrieval
The word information retrieval (IR) means that it can be very wide[9]. IR is
the procedure of discovering the information from an unstructured data that satisﬁes
the information essential from within great collections which are generally kept on
computers. It is used near be an action that only little persons involved in: location
paralegals, librarians, and similar professional searchers. Nowadays, many people
involve the information retrieval day-to- day because people are using the search
engine to surf the information or to search their email. It is very dominant to access
information, to overtake the searching of traditional database style.
It can also be used in other kinds of information and data problems beyond
that described overhead. The unstructured data states that data is not pure,
semantically obvious, and simple for a computer arrangement. It is not similar to the
arranged data, the recognized sample of which is a relational database, of the sort
companies generally employ to keep manufactured goods lists and personnel records.
In actuality, almost no data are actually unstructured. This is deﬁnitely right of all text
data if users count the latent semantic structure of human languages. But even
accommodating that the aimed notion of structure is overt structure, most text has
structure, such as headings and paragraphs and footnotes, which is usually signified in
documents by obvious markup (such as the coding original web pages). The IR has
been used to make easy semi-structured investigate such as discovering a document
where the title comprises Java and the body comprises threading. The ﬁeld of
information retrieval can also protect supporting users in ﬁltering or browsing
document collections or further processing a set of retrieved documents. The task of
clustering is to group the documents based on their contents from a given set of
documents. It is like to ordering files on a bookshelf identical their areas. In a set of
areas, standup material requires, or another types (such as, for different age groups
,appropriately of texts), classiﬁcation is the duty of determining which class (es), if
every, a little of a regular of documents fits to. It is often advanced by ﬁrst physically
classifying some documents and then wanting to be able to organize fresh documents
routinely. IR methods can also be differentiating by the scale at which they activate,
and it is beneficial to different three prominent scales.

5

In web search, this method is arranged for examining over billions of
documents kept on millions of computers [10]. Distinctive issues are needed to gather
documents for indexing, being able to construct systems that work efﬁciently at this
huge scale, and hold particular aspects of the web, such as the exploitation of
hypertext and not being tricked by site workers manipulating page content in an try to
boost their search engine rankings, given the commercial essence of the web. Personal
information retrieval is a example of further intensive. Few years later, information
retrieval and consumer operating systems are combined. Email programs regularly
provides text classiﬁcation and search: they at least provide a spam (junk mail) ﬁlter,
and commonly also offer either automatic means for classifying mail or manual so
that it can be located straight into actual files.
Distinctive issues now consist of controlling the broad series of document
forms on a typical PC (personal computer), creating the hunt method maintenance
free and handling, disk space usage and sufﬁciently light weight in terms of startup
that it can track on once engine without maddening its owner. Among the space of
enterprise, l domain-speciﬁc search, and institutional, it can provide accumulations,
example, a corporation’s internal documents, research articles, or a database of
patents on biochemistry. In this event, the documents will logically be picked away on
integrated ﬁle systems and one or a trickle of devoted machines will deliver find
overhead the collection. This analysis comprises methods of value above this whole
spectrum, but coverage of specific scattered search and aspects of parallel in webscale search systems is moderately light owing to the relatively small printed literature
on the details of such methods. However, external of a handful of web search
companies, a software developer is most likely to enterprise scenarios and encounter
the personal search.

2.2.1 History of Information Retrieval
Information retrieval (IR) is the art of presentation, storage, organization of
and access to information item. The objective of an IR system is to support users to
discover relevant information from an ordered collection of documents. The
information retrieval’s long history does not emerge with the internet. A web search
engine has developed pervasive and web search has developed joined into mobile
6

operating system and fabric of desktop. Before search engines use, IR systems existed
originate in commercial and intelligence application as extended past as the 1960. The
earliest computer based finding systems were made in the late 1940s. As computer
technologies are growing, the speed and storage abilities of retrieval systems are also
growing with increase in processor. As with the development of IR system, manual
library created methods of acquiring, indexing and searching information are also
developed to increase automated techniques.
An information retrieval (IR) method traces information that is related to a
user input words[10]. An IR method usually quests in the collections of semistructured data or unstructured such web pages, documents, images and video, etc. In
the early years of information retrieval system, it was normal for the retrieval on
formation to be managed by information professional. Traditional information
retrieval system deals with the text documents.

2.2.2 Information Retrieval Process
Information retrieval procedure begins while a user comes in a input word to
the system. Information retrieval exists the task, given a document, and a user input
word, of finding a relevance documents. To find information, information retrieval
(IR) assists users that match their information needs. Software program may be
defined information retrieval. IR deals with the organization, retrieval, storage and
calculation of information from document repositories particularly textual
information. The system supports users in discovering the information they require
but it does not obviously arrive the results of the questions. It notifies the existence
and position of documents that might involve of the required information. Relevant
documents are the documents that satisfy user’s requirement. Only relevant
documents will be retrieved by a perfect IR system.
Information Retrieval is the movement of receiving information from large
collections of Information sources in response to a need. The process of IR starts
when a user keys into the system through some graphical interface delivered. Figure
2.1 shows a general architecture of an IR system. The user’s information require to
send a query (user query) to the retrieval system through the query operation module,
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The retrieve module uses the document index to retrieve those documents that
comprise some query terms (such documents are likely to be relevant to the query.
And then, they calculate relevant scores for documents and order the retrieve
documents according to the scores. The ranked documents are shown to the user. The
document collection is also called the text database, which is indexed by the indexer
for efficient retrieval [2].

The user

Document
Collection

Query
operation

Indexer

Document
index

Retrieval
System

Figure 2.1 A General Information Retrieval System Architecture

2.2.3 Operations of Information Retrieval (IR)
The Information Retrieval (IR) operations are as follows:
The system browses the document collection and brings documents.
The system constructs an index of the documents called Indexing.
Users pay the query.
The system retrieves documents that are relevant to the query from the index
and displays that to the user known as Ranking.
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2.3 Preprocessing Techniques
Preprocessing is the first step and plays an important role in classification
techniques and applications [10]. It is also critical in defining the value of the
classification stage. The task is to choose the important words that carry the meaning
and reject the words that do not contribute to distinguishing among the documents.
The following steps are done in preprocessing:
•

Tokenization

•

Stopwords removal

•

Stemming

2.3.1 Tokenization
The process of breaking a stream of text into words, phrases, symbols called
tokenization or other meaningful elements called tokens. Individual word is formed
from the clean lyrics. Tokenizing splits the words from the training and testing lyrics.
Tokenizing is done by the help of String Tokenizer.
Set one character arrangement and a described document unit, tokenization is
the task of cutting it up into pieces, called tokens, maybe at the equal time throwing
away sure characters, such as punctuation. A sample of tokenization:
Query: “Information Retrieval System By using BM25 and Pivoted
Normalization”
Output:
“Information,Retrieval,System,by,using,BM25,and,Pivoted,Normalization”
These terms or words are often loosely referred to as tokens, but it is
occasionally significant to kind a type or token distinction[10]. In some particular
documents, an instance of a sequence of characters is a token that are gathered
together as a helpful semantic unit for processing. A type is the class of all tokens
containing the same character sequence. A (perhaps normalized) type is a term that it
is included in the IR method’s glossary. The set of index terms could be fully different
from the tokens, for example, they could be semantic identiﬁers in classification, but
in practice, in modern IR systems they are strongly related to the tokens in the
9

document. Though, they are usually derived from them by various normalization
processes, rather than being exactly the tokens that appear in the document.

2.3.2 Stopwords Removal
Frequently occurring and significant words in languages are stopwords that to
build sentence but not represent any content of the document. Words that carry no
particular meaning such as “a”,“and”,“the”, some other common word should be
eliminated. List of stopwords are maintained in the system database. The system
removes the stopwords after tokenizing.
Sometimes, some extremely common words which would appear to be of little
value in helping select documents matching a user need are excluded from the
vocabulary entirely. These words are called stopwords [9]. For determining a stop list,
the general strategy is to sort the terms by collection frequency (the total number of
times each term appears in the document collection), and then to take the most
frequent terms, often hand-ﬁltered for their semantic content relative to the domain of
the documents being indexed, as a stopwords list, the members of which are then
rejected during indexing process. A system has to store ,using a stopwords list
signiﬁcantly decreases the number of postings that. Stopwords don’t need indexing
process because they are little harm and they don’t appear very valuable. However,
phrase searches are not right. The input phrase or words “Chairman of the lady
beauty”, which comprises two stopwords, are more precise than Chairman, “lady
beauty”. Every document contains stop words that like “a” ,”the” , “of” , “to” and so
on. In document indexing, a stopwords list contains the list of words are neglected.
In IR systems take standard use of stopwords lists (200 to 300 terms) and very
small stopwords lists (terms 7 to 12). Generally, stop lists is not used in web search
engine. In what way we can exploit the statistics of language focused some of IR
systems, in better ways, thus as to be capable to handle with mutual words. On
document arrangings , standard term weighting heads to very common words having
small effect.In the end, displays in what way an IR method with impactsorted keys
could stop skimming a postings list firstly when weights get small, and hence,
common words do not occur a large additional processing cost for the average query,
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even though postings lists for stopwords are very broad. So for most modern IR
systems, the additional cost of including stopwords is not that big, neither in terms of
index scope nor in terms of query processing time.

2.3.3 Stemming
Porter stemmer is used this system. The process for removing the commoner
morphology is porter stemmer and the inflexional endings from words in English. The
part of a term normalization process is used it that is usually done when setting up
Information Retrieval systems.
For grammatical details, document is working to use unlike techniques of a
word, for example, compute, computer, and computing [9]. Moreover, there are
similarities of derivationally correlated words with same values, for example, operate,
operates, operation. In various conditions, it looks as if it would be useful for a find
for single of these words to return documents that comprise another word in the set.
Stemming and lemmatization is to decrease inﬂectional words and at times
derivationally linked arrangements of a word to a common base form.
In example : am , are , is ⇒ be
pencils, pencil’s, pencils’ ⇒ pencil
The answer of this representing of text will be approximately similar:
The girl’s colour pencils are same colours ⇒ the girl colour pencil be same
colour
However, the two words differ in their ﬂavor. Typically, Stemming states to a
simple experiential process that chops off the ends of words in the confidence of
obtaining this goal correctly most of the time, and often includes the removal of
derivational afﬁxes. Lemmatization usually refers to doing things properly with the
use of a vocabulary and morphological analysis of words, typically pointing to
eliminate inﬂectional finishing only and to arrive the base or dictionary form of a
word, which is called the lemma. If confronted with the token saw, stemming might
return just ‘ s’, where lemmatization would try to return either see or saw depending
on whether the use of the token was as a verb or a noun. The two stemming may also
11

differ in that stemming most commonly collapses derivationally related words while
lemmatization commonly only collapses the different inﬂectional forms of a
lemma.For stemming or lemmatization ,linguistic processing is often done by an
additional plug-in component to the indexing process, and a number of such
components exist, both commercial and open-source.

2.4 Indexing
In Information Retrieval System, important process is indexing. It reduces the
documents to the informative terms contained in them. To facilitate fast and accurate
information retrieval, it collects, parses, and stores data. The process of storing the
term and term list is saved in the computer for effective retrieval [2]. In document
organization or indexing process, the documents are preprocessed and stored in
database suitable for the efficient query processing by using a data structure such as
inverted index. In a document collection, an index is used to quickly find terms. As a
digital library grows, an efficient method is required to do a full-text search. An
inverted index is usually to achieve this objective.

2.4.1 Inverted Index
Documents are usually stored as lists of words, But inverted index inverts this
by storing for each word the list of documents that the word appears in, and hence, the
name ” inverted index”[3]. An Inverted Index is a structure. It is used by search
engines and database to make find to files or document to the index for searching the
index later on. There are several variation on inverted index. Inverted indexes are a
convenient method of making human life so much advanced. In anytime, We can
store large amount of data in such a small time as retrieve in such a small time.
In addition the speed advantages of indexing at retrieval period, we have to
construct the index in progress[3]. The main steps are :
1.

Construct the documents to be indexed:
Classmates, Greeks, Country-men. This is country ……
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2.

Tokenize the text, turning each document into a list of tokens:
Classmates, Greeks, Countrymen, This….

3.

Do linguistic preprocessing, producing a list of normalized tokens, which
are the indexing terms: classmate greek countryman this ...

4.

Inverted index include posting and dictionary related to each term in
index documents.

Keeping the total frequency for each word can be beneficial in optimizing
input words execute. It is a structure used by search engines and databases to make
search terms to files or documents. In information retrieval, an inverted index is an
index data structure storing a mapping from document. Inverted index may comprise
additional information like how many periods the term appears in the document, ID.
Inverted index table, document divided three types of fields, title, category and
abstract. There are five fundamental components of an inverted index. Each term is
mapped to a list of id, field, term, docid and frequency. Inverted index stores title,
category and abstract of document The aim of an inverted index is to allow fast full
text.
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Table1 Example of Inverted Index
id
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

field
title
title
title
title
title
title
title
category
category
abstract
abstract
abstract
abstract
abstract
abstract
abstract
abstract
abstract
abstract
abstract
abstract
abstract
abstract
abstract
abstract
abstract
abstract
abstract
abstract
abstract
abstract
abstract
abstract

term
sec
cloud
comput
study
stor
dat
issu
cloud
comput
access
correct
paradigm
challeng
own
bring
techn
requir
mech
cloud
sec
comput
sur
prim
dat
mak
host
id
provid
us
pap
independ
serv
diff

document
Doc -001
Doc -001
Doc -001
Doc -001
Doc -001
Doc -001
Doc -001
Doc -001
Doc -001
Doc -001
Doc -001
Doc -001
Doc -001
Doc -001
Doc -001
Doc -001
Doc -001
Doc -001
Doc -001
Doc -001
Doc -001
Doc-001
Doc-001
Doc -001
Doc -001
Doc-001
Doc -001
Doc -001
Doc -001
Doc -001
Doc-001
Doc -001
Doc -001
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frequency
1
1
1
1
1
1
1
1
1
1
1
1
1
2
1
1
1
1
5
2
2
1
1
8
1
2
1
3
2
1
1
7
2

CHAPTER 3
INFORMATION RETRIEVAL MODELS

The heart of the information retrieval (IR) is the retrieval models. Most people
use internet to get information in it raw from such as data. Each information retrieval
system is made up of two component : the indexing system and ranking system. The
indexing is built an inverted index of terms from the collection of document. When a
query is entered, the inverted index will be used to get set of documents which match
the information need best. In order to do this, an ranking function is applied and also
to sort the score of the results of the document. The purpose of the ranking algorithm
is to retrieve from the most relevant ones in response to a query.
IR system accepts a input word from the user and gives the match documents.
Then, the documents are arranged descending according to the computed score, and is
returned as a result. Ranking of query results is one of the fundamental problems in
information retrieval. A ranking process can then be calculated by sorting documents
by according descending score value. Calculation of ranking functions can be
simplified by taking benefit of the observation that only the relative order of scores
matters, not their absolute value.
The main part of information retrieval is ranking [10]. Given a query,
documents have to be ranked according to their weight to the query. When the user
gives a query, the index is consulted to get the documents which are most relevant to
the query. The relevant documents are then ranked according to their scores of
documents. The document ranking process is to achieve the highest retrieve
effectiveness in order to maintain the highest user satisfaction. Therefore a ranking
function is to produce an optical ranking.
The first ranking method is Okapi (BM25) and the second ranking method is
Pivoted Normalization ranking in which Okapi (BM25) and Pivoted Normalization
uses term frequency, inverse document frequency, and field length-normalization of
each query term. CombSUM which is a simple method for combining the documents
ranking from different IR system, is better than any individual system.
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3.1 The Fundamental Retrieval Models
Information Retrieval (IR) model is used select and rank the relevant
documents with respect to a user’s query. There are three fundamental Information
Retrieval models : Boolean model, Vector Space model and Probabilistic model [10].

3.1.1 The Boolean Model
The classical and first model of information retrieval(IR) is Boolean model.
The model is simple, discrete and dynamic model. They do not consider the effects at
the intermediate levels. It is used many IR systems at present. It is based Boolean
logic and classical set-theoretic models. In set-theoretic models, it is represent
documents as a set of words and phrases. In set-theoretic operations on those sets,
similarity is obtained.
In this model, terms in a query are joined by the user, with conjunctive (AND)
and disjunctive (OR) or negation (NOT) operator. The adjective “Boolean” refers to
the use of Boolean algebra, whereby words are logically combined with the Boolean
operators AND, OR and NOT. For example of Boolean AND, two logical statements
x and y mean that both x and y satisfied. For example of Boolean OR, two logical
statements x and y means that at least one of these statements must be satisfied. Using
the three Boolean operators, any number of logical statements can be combined. A
document is considered relevant and retrieve by the Information Retrieval System if it
satisfies the logical formula representing the query.

3.1.2 Vector Space Model
Vector Space Model(VSM) is an algebraic model. It is the best known and
widely used IR model. In information filtering, information retrieval, indexing and
relevancy ranking have been used VSM. In the SMART information retrieval, Its first
use. Algebraic models represent documents and queries usually as vectors, matrices,
or tuples. The VSM is called a set of documents represent as a vector.
In information retrieval, it represents weight vector in documents and query.
Each weight is a measure of the importance of an index in a document or a query. It
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is able to rank documents in returned list by the similarity between the query and each
document.
The vector space model has three phrases
(1) the document indexing phrase, where content bearing terms are extracted from the
document text.
(2) the weighting of indexing terms to enhance retrieval of document to the user.
(3) ranking the document with respect to the query based on similarity measure. The
key idea Vector Space Model is representation of everything (documents, field, terms
or queries) as a vector in a multi-dimensional space. The representation of a query and
two documents according to their term weight in a vector space are shown in Figure
3.1.

Figure 3.1 Vector Space Model

3.1.3 The Probabilistic Model
The probabilistic model is the newest type and rarely used in information
retrieval services. It is based on the calculation the probability of relevance for
retrieved documents. Probability model helps a principle foundation for such
reasoning under unsure. Using a probabilistic model, their estimated probability
relevance with respect to the information needis to rank documents by the clear order
in which offering documents to the user [5].The probabilistic model is based on the
probabilistic ranking principle, which describes that an information retrieval system is
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supposed to rank the documents based on their probability of relevance to the query,
given all the evidence available [9].
Probability Ranking Principle (PRP) is defined as following :
“If a reference retrieval system’s reply to each request is a ranking of the
documents in the gathering in order of falling possibility of relevance to the user who
acquiesced the request, where the probabilities are predicted as accurate as probable
on the basis of whatsoever data have been made obtainable to the system for this
purpose, the general effectiveness of the system to its user will be the best that is
available on the basis of those data.”

3.1.3.1 Okapi (BM 25)
In information retrieval, Okapi BM25 (BM is a long form of best matching) is
a ranking theory. Given search query, BM25 is used by search engines to calculate the
relevance of documents. It is based on the probabilistic retrieval framework. BM25 is
a bag-of-words retrieval function that ranks a set of documents based on the query
terms appearing in each document, regardless of their proximity within the
documents.
BM25 is one of the widely used information retrieval functions because of its
consistency high retrieval accuracy. For a single field, it is a function of term
frequencies, document frequencies and the field length. It is a word ranking algorithm
which behaves in a very similar way to TFIDF since it discriminates terms by their
numeric score of relevance [7].
BM25 is a ranking function. To rank matching documents according to their
relevance to a given find query, it is used by search engines. It is one of the bestknown term weighting and document ranking functions. It is a probabilistic model of
information retrieval. The widely used BM25 ranking formula we use today is
structured by combining the BM11 and BM15 ranking formula [8]. For the
computation of

Okapi(BM25), we use TF(term frequency) and IDF(inverse

document frequency). The BM25 has been one of the most efficient and widely used
information retrieval weighting models in the past three decades. BM25 is used in
this system to find relevant documents to the user query.
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This ranking function is actually named as BM25 ,but it is known as Okapi
(BM25) because the Okapi information retrieval system was the first implement this
ranking function . Okapi (BM25) will rank a set of documents depending upon the
appearance of the query terms in each document. For the calculation of Okapi (BM25)
use TF(Term Frequency) and IDF (Inverse Document Frequency) functions.
The Okapi (BM25) scoring function is defined as
,

=∑

∈'

∗
∗

#$

!"

,
%

IDF (Inverse Document Frequency)= log avdl =
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(3.1)

,

(

= frequency of term t appearing in document doc

D=number of documents in database
Dt=number of documents including term
Dl=total length of documents
Len(doc)=length of document
avdl=average length of documents
k1,b=constant
k1=1.2,b=0.75
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Pseudo-code for Okapi (BM25)
Require: query Q and Document Collection
BEGIN
1. score[N]=0.0,k1=1.2,b=0.75
2. for all term t in query q do
3.
4.

for all document d i in collection do
avdl=total length of documents/number
of documents in document collection
IDF=log(number of documents in document collection/number of
documents with term)
Score(i)+=(IDF*(k1+1)*tf(t,doc))/(k1(1- b+b*len/avdl)+ tf(t,doc))

5.

End for

6. End for
7. Sort(Score[ ])
8. Return(Score[ ])
END

Pseudo code for Okapi(BM25) involving the words tf (t, doc) is frequency of
term t appearing in document “doc”, Score (i) is score of document i, avdl is average
length of documents, k1, b is constant and IDF is inverse document frequency. K1
controls term frequency documents. Constant k1 defines 0 and 3.The default is 1.2.
Constant b controls document length influence on the scoring. Constant b defines 0
and 1. The default is 0.75.
In the pivoted normalization algorithm, there are several steps to perform
consecutively. The score of n, the constant b and K1set zero, 1.2 and 0.75
respectively. The average length of documents, Inverse Document Frequency(IDF)
and score value are calculated according to the number of document. Finally, the
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algorithm arranges the scores according to the ascending order and returned the
values.

3.1.3.2 Normalization
Documents are divided (and also query) into tokens. In easy case, if tokens in
the token list of the match token in the query. However, there are many conditions
when two character sequences are different but user would like a same to occur. For
example, if user find for USA, user might confidence to also same documents
covering U.S.A. Tokened normalization is the process of canonicalizing tokens,
therefore differences in the character sequences of the tokens occur match [12]. The
most standard technique to normalize is to indirectly make similar classes, which are
usually named after once participant of the sets. For example, if the antidiscriminatory and tokens anti-discriminatory are both matched onto the antidiscriminatory and term, in both the document text and queries, then searching one
input word will retrieve documents that comprise either. The benefit of just
consuming representing procedures that eliminate characters like lines is that the
equivalence classing to be done is implicit, rather than being completely computed in
advance: the terms that happen to same as the result of these rules are the equivalence
classes. It is only rules of this sort easy to write that delete characters. Since the
equivalence classes are implicit, it is not obvious when user might want to insert
characters.
For example, it would be different to recognize to fit anti discriminatory into
anti-discriminatory. An alternative to establishing equivalence classes is to maintain
relations between un-normalized tokens. This way can be extended to handconstructed lists of synonyms, for example automobile and car. Two ways of term
relationships can be obtained . The usual way is to index un-normalized tokens and to
keep a query expansion list of multiple vocabulary entries to consider for a certain
query term. A query term is then effectively a disjunction of several postings lists.
The alternative is to perform the expansion during index construction. When the
document contains automobile, user index it under car as well (and, usually, also viceversa). Use of either of these ways is considerably less efﬁcient than same classing as
there are more postings to store and merge. The ﬁrst way adds a query expansion
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dictionary and needs more processing at query time while the second way needs more
space for storing postings. Conventionally, expanding the space needed for the
postings lists was seen as more dis-advantageous, but with modern storage costs, the
increased ﬂexibility that comes from distinct postings lists is appealing. These
approaches are more ﬂexible than same classes because the expansion lists can
overlap while they are different. In expansion, this means there can be an asymmetry.

3.1.3.3 Pivoted Normalization Method
For many years, the term frequency normalization has been one of the main
issues in information retrieval. Robertson and Walker iterated the effect of document
length in
“Some documents simply cover more material than other (scope) ,.., a long
document covers a similar scope to a short document, but simply use more words
(verbosity)”
The term frequency is dependent on the document length. The term frequency
normalization is a technique that assists to smooth the document length effect. In
general, parametric are approaches for term frequency normalization. They define a
fixed form of density function with parameters. A crucial issue is defined the
estimation of these parameters, which also tackles the collection of dependency
problem. For tuning the term frequency normalization parameters, a classical method
is pivoted normalization [5].
Document length normalization is used to help correctly retrieve documents of
various lengths. Pivoted Normalization Method is a normalization technique. In
information retrieval (IR), term frequency is a fundamental and important component
of a ranking model. It is one best formula of vector space retrievals. A technique that
can be consumed to modify any normalization function thereby dropping the gap
between the relevance and the retrieval probabilities is called pivoted normalization. It
uses the number of unmatch terms in a document as the normalization task. It is
applied to eliminate the benefit in which the long documents have in retrieval over
the short documents. The same term usually use repeatedly long documents. As a
effect, the term factors for long documents may be large. As one of the most well
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established IR systems, the pivoted normalization is similar to Okapi’s normalization
method [4].
The use of normalization in term weights is two main reasons.
1. Higher term frequencies: The same term usually use repeatedly

long

documents. As a effect, the term frequency factors for long documents may be
large, increasing the average contribution of its terms towards the querydocument similarity.
2. More terms: long documents also have numerous different terms. This rises the
number of matches between a long document and a input query, increasing the
query to document similarity, and the probabilities of retrieval of long document
superior over shorter documents.

The pivoted normalization scoring function is defined as
,
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=frequency of term t appearing in document doc

D=number of documents in database
Dt=number of documents including term
Dl=total length of documents
len(doc)=length of document
avdl=average length of documents
s=constant
s=0.02
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Pseudo-code for Pivoted Normalization

Require: query Q and Document Collection
BEGIN
1. Score[N]=0.0,s=0.02
2. for all term t in query q do
3.

for all document d i in collection do

4.

avdl=total length of documents/number of documents in document
collection
IDF=log(number of documents in document collection+1/number of
documents with term)
Score(i)+=(IDF*1+log(1+log(tf(t,doc)))/(1- s+s*len/avdl))

5.

End for

6. End for
7. Sort(Score[ ])
8. Return(Score[ ])
END

Pseudo code for Pivoted Normalization involving the words tf (t, doc) is
frequency of term t appearing in document “doc”, Score (i) is score of document i,
avdl is average length of documents, s is constant and IDF is inverse document
frequency.
In the pivoted normalization algorithm, there are several steps to perform
consecutively. The score of n and the constant s set zero. Calculate the average length
of documents, Inverse Document Frequency(IDF) and score according to the number
of document. Finally, the algorithm arranged the scores according to the ascending
order and returned the values.
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3.2 CombSUM Method
Data fusion method receives two or more ranked lists and combines these lists
into a single ranked list with the aim of providing better effectiveness than all systems
used for data fusion [6]. Many researches have investigated data fusion technique that
has used in implementing several information retrieval system. Data fusion is the term
applied to methods that combines final rank results from a number of search engines
in order to progress retrieval. In information retrieval system, data fusion methods can
be divided into two categories. There are score-based method and rank based method.
Two different types of methods use to different situation. If some or all component
systems only provide a ranked list of documents as the result of a query, then rank
based methods can be used. If every component system provides scores for all
retrieved documents, then score based methods can be used.
Reciprocal Rank, Borda-fuse and Condorcet-fuse are based on document rank.
CombMNZ, CombANZ and CombSUM are based on document relevance score.
CombSUM is the popular document relevance score combination methods that use
search engine [11]. CombSUM set the score of each document in the combination to
the sum of the scores obtained by the component results. It is obtained better results in
Information Retrieval (IR) by taking advantage from the combination of existing
methods. The CombSUM method is calculated as the following :
For document (i),
CombSUM(i)=∑

4 5
6

3

(3.3)

3 =the score of the i document on the result list(ranking)k
N(i)=the number of times a document appears on rankings.
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CHAPTER 4
INFORMATION RETRIEVAL SYSTEM

This chapter presents the implementation of information retrieval system using
BM 25, Pivoted Normalization and ConbSUM for digital library.
There are two main concepts in the proposed work: Document Scoring and
Ranking. This system is retrieve relevant documents using BM25, Pivoted
normalization method and CombSUM. When a user keys a query, the three steps are
performed. Three steps contain tokenization, stop-word elimination and stemming. To
rank matching documents according to their relevance to a given search query, it is
necessary to assign a numerical score to each document based on ranking function,
which incorporates features of the documents, the query and a document collection.

4.1 System Overview
The overview of the system is to retrieve the papers which provide the highest
score to the user. When the user enters a query, preprocessing steps are made prior to
the information retrieval process. The processing steps are tokenization, stopwords
removal and stemming. The process of storing the term and term list is saved in the
computer for effective retrieval. In document organization or indexing process, the
documents are preprocessed and stored in database to be suitable for the efficient
query processing by using a data structure such as inverted index. An index is used to
quickly find terms in a document collection.
To rank matching documents according to their relevance scores to a given
search query, it is necessary to assign numerical score to each document based on
Okapi(BM 25), Pivoted Normalization and CombSUM function. Okapi (BM25) and
Pivoted Normalization rank results are combined with CombSUM method which
yields better results than individual. CombSUM is the data fusion method. The final
scores of CombSUM rank results will be displayed to the user.
The proposed system consists of two portions which are user portion and admin
portion.
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4.1.1 System Flow for User
The block diagram of the proposed system is shown in Figure 4.1. User can
submit the query and get back the ranked list of relevant papers.

user

Inserting

preprocessing

DB

Pivoted
Normalization

BM25

Rank result of
Pivoted
Normalization

Rank result of
BM25

CombSUM

Final Rank
Result

End

Figure 4.1 System Flow for user
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4.1.2 System Flow for Admin

Figure 4.2 System Flow for admin
In the admin portion, The admin can modify database as necessary .Admin can
insert new conference paper, delete any paper and also update existing paper.
Whenever admin modify database, the following steps are needed to do. All
documents in database are preprocessed. After the pre-processing, the database
contents, the indexing phase and inverted index phased are consecutively processed as
shown in Figure 4.2.

4.1.3 Database Design
In Database of the proposed system, there are two tables: Document table and
Docinverted index table. Document table stores the doc-id, category, the author, the
title, the year and the abstract of the research papers. Second table is Doc invertedindexes table. It has field, term, doc-id and frequency of the term. The pre-calculated
data are stored in the system database as shown in Figure 4.3.
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Document

Docinverted-index

Doc_ID
Category
Author
Title
Year
Abstract

ID
Field
Term
Doc_ID
Frequency

Figure 4.3 Database Design

4.2 Implementation of the Proposed System
Of the proposed system, the home page of this system is shown in Figure 4.4.
This information retrieval system is divided into two portions: “user portion “ and
“admin portion “. Users can browse by title, year, abstract, author or category.

Figure 4.4 Home Page of Proposed System

If the user chooses “Title” in dropdown list, user should enter query as some
words or full title in text box and click “search” button. Then the system executes by
using three IR methods. The result page is shown in Figure 4.5. Users click BM25
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button, the system shows BM25 ranking results. Users click Pivoted button, the
system shows pivoted normalization ranking results. User clicks CombSUM button,
the system shows CombSUM ranking results.

Figure 4.5 Search by Title

User can search with different criteria such as author, category, year and
abstract. Using this system, user can search the paper titles and abstract using BM25,
Pivoted Normalization and CombSUM method.
When user inputs query in the text box, the system finds query match. If the
system found, the system shows the message that “Search Done” as in Figure 4.6.
And it is not found, the system shows the message that “ No Data Found” as in Figure
4.7. Users view whole paper, the system shows the whole paper as in Figure 4.8 and
Figure 4.9.
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Figure 4.6 Search by Result Found

Figure 4.7 Search by Result not Found
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Figure 4.8 View of Whole Paper

Figure 4.9 View of Whole Paper(by using word file)
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4.2.1 Example of the Data (for Abstract and Title)
Using this system, user can search the paper titles and abstract using BM25,
Pivoted Normalization and CombSUM method. The ranked results are shown most
relevant to the user query.
For title , query is “image processing” and then click “BM25” button. The
system shows relevant results to the user as shown in Figure 4.10.
For title , query is “image processing” and then click “Pivoted Normalization”
button. The system shows relevant results to the user as shown in Figure 4.11.
For title , query is “image processing ” and then click “CombSUM” button.
The system shows relevant results to the user as shown in Figure 4.12.

Figure 4.10 Searching Result by BM25

Figure 4.11 Searching Result by Pivoted Normalization
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Figure 4.12 Searching result by CombSUM

The top 11 number of document of BM25, Pivoted Normalization and
CombSum methods are the same. Document 87, two words match given query but
they are same words. In BM25, this document is situated eleventh. In Pivoted
Normalization, this document is situated twelfth. In CombSUM, this document is
situated eleventh. Actually, this document must have eleventh. In this reason, BM25
and CombSUM methods are best methods for title of documents.
For Abstract, query is “cyber security” and then click “BM25” button. The
system shows relevant results to the user as shown in Figure 4.13.
For abstract, query is “cyber security” and then click “Pivoted Normalization”
button. The system shows relevant results to the user as shown in Figure 4.14.
For abstract, query is “cyber security” and then click “CombSUM” button.
The system shows relevant results to the user as shown in Figure 4.15.
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Fig 4.13 Rank Result of BM25

Fig 4.14 Rank Result of Pivoted Normalization

Fig 4.15 Rank Result of CombSUM
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In BM25, document 150 is more relevant to the query. In Pivoted
normalization, document 161 is more relevant to the query. In CombSUM, document
161 is more relevant to the query. Actually, document 161 should matched to the
query. In this reason, Pivoted Normalization and CombSUM methods are best
methods for abstract of documents.
Details of the reason are described in the followings:
In BM25, the result from Doc-150 got 6.959 score which is the highest score
among the results of others. The similarity of Doc-150 which has 63 words in total, 15
matched words are retrieved by BM25 method with 23% similarity.
In pivoted normalization, the result from Doc-161 got 10.053 score which is
the highest score among the results of others. The similarity of Doc-161 which has 29
words in total, 8 matched words are retrieved by pivoted normalization method with
28% similarity.
In CombSUM, the result from Doc-161 got 16.829 score which is the highest
score among the results of others. The similarity of Doc-161 which has 29 words in
total, 8 matched words are retrieved by CombSUM method with 28% similarity.
This system stores a collection of papers from IEEE. It is called as a document
collection .In this case study, 296 papers are stored.

4.2.2 Interface Design for Admin
Admin user can insert new documents to the document collection. Admin can
also update or delete the existing documents in the document collection that is stored
in the database. After doing one of insert, update or delete operation, it is needed to
run the init algorithm because of the rebuilt nature of the index table in this system.
Without doing run the init algorithm, index table changes will not be affected in
retrieval process. Notice that init algorithm time is along that all documents are made
to run. Because one document init run time is same all document init run time.
For an admin, the system needs authentication. When an admin wants to
access the system, users can login to system through the login form of the system. A
valid user name and correct password are needed. Figure 4.16 displays the login form
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of admin. View of admin is shown in Figure 4.17 and admin made add and save
documents as in Figure 4.18 and 4.19.

Fig 4.16 Login form of admin

Figure 4.17 Admin view
Admin views all documents in database, admin clicks viewall button as in
Figure 4.20. Admin views detail of one document, admin selects one document and
clicks view button as in Figure 4.22 and 4.23. Admin deletes one document, admin
selects one document and clicks delete button. Admin adds one document, admin
clicks add button. Admin can’t select one document, system alarm selects one
document as in Figure 4.21 Admin updates one document, admin selects one
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document and clicks edit button. Ever admin mades add, update or delete and admin
clicks init button. Admin goes back the home page, admin clicks close button.

Figure 4.18 Admin Add New Document

Figure 4.19 admin save document
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Figure 4.20 Admin View All Documents

Figure 4.21 Alarm Select One Document
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Figure 4.22 View of Document

Figure 4.23 View of Document with Wordfile
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4.3 Performance Evaluation
There are two types of evaluation techniques which are objective and
subjective measures. Subjective measure means that measuring the matched word is
agreed with the visual checking of the user. In the performance evaluation of the
system, subjective measure is used.
The evaluation of the proposed system can be assessed by computing its
efficiency and its effectiveness. So to measure the effectiveness of retrieval method,
we use two standard measures named as recall and precision.
Precision means that the fraction of the result set what is relevant. This
measures how many documents in the result set are relevant to input query.
Precision=

789(9:;< =∩789 ?59:9 =

(4.1)

789 ?59:9 =

Recall means the fraction of relevant documents which appear in the result set.
It is the measure of number of relevant documents returned by search engine from
corpus.
Recall=

789(9:;< =∩789 ?59:9 =

(4.2)

789(9:;< =

As a performance evaluation, based on the similarity percentages and the
visual checking, the result of each schemes is evaluated.

4.3.1 Testing data
Examples of four queries are described in details. In this testing, the 296 data
records are testing. These following tables get by using visual checking of three
models.
For query data,
The table 4.1 shows the ranking results of the three methods. Input query word
is “Image Processing” which is used as testing data based on the top score of each
result.
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Table4.1 Rank results of BM25, Pivoted Normalization Method and CombSUM

In BM25, the result from Doc-206 got 5.088 score which is the highest score
among the results of others. The similarity of Doc-206 which has 77 words in total, 10
matched words are retrieved by BM25 method with 13% similarity.
In pivoted normalization, the result from Doc-219 got 6.045 score which is the
highest score among the results of others. The similarity of Doc-219 which has 45
words in total, 6 matched words are retrieved by pivoted normalization method with
13% similarity.
In CombSUM, the result from Doc-233 got 10.907 score which is the highest
score among the results of others. The similarity of Doc-233 which has 63 words in
total, 10 matched words are retrieved by BM25 method with 14% similarity.
So, using the combSUM on the BM25 and Pivoted Normalization can be
generated more similar and relevant result with respect to the testing data.
Performance evaluation is by using precision and recall.
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Table 4.2 Query result for Image Processing

In BM25, number of retrieved documents are 30 and number of relevant
document are 29. In Pivoted Normalization, number of retrieved documents are 30
and number of relevant document are 29. In CombSUM, number of retrieved
documents are 30 and number of relevant document are 30. . Table 4.2 shows
accurate result for image processing.
Recall value is 1 because three methods are retrieved relevant document.
Moreover, precision and recall calculate on 30 queries. Table 4.3 shows
average values of precision and recall for 30 queries and Figure 4.24 displays graph
for three models.
Table 4.3: Average values of precision and recall for 30 queries

Figure 4.24 Precision and recall graph for three models
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Recall rate is high and it means that the nearly all of the relevant documents
are retrieved by the system. This system accuracy tests 30 queries for 296 datasets.
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CHAPTER 5
CONCLUSION
Information retrieval is the study of helping user to find information that
matches their information needs. In the proposed system, IR is applied for digital
library to provide efficient searching method to users. In this system, user can get the
most relevant results. The system can be practicably useful in the digital library.
BM25 and Pivoted Normalization Method is the best retrieval model for information
retrieval system. But each method has also the drawbacks. So, using the combSUM
method on BM25 and Pivoted Normalization can get the most relevant and optimal
result over BM25 and Pivoted Normalization methods.

5.1 Advantages of the System
The followings are the advantages of using the system
1. This system intends to provide the relevant documents when user enters
the query.
2. The system shows retrieved documents in ascending order with their
values that is similar to the query.
3. In this system, user can easily retrieve research papers.
4. By using this system, user can get more accurate results.
5. User can view three results of the BM25, Pivoted Normalization and
CombSUM and they look any results of three method.

5.2 Limitation of the System
This system can only support for five fields of research papers because it does
not keep the whole paper. The five fields are title, category, author, year and abstract
of the research papers. When new papers are inserted of existing papers updated or
deleted, initiated algorithm has to be run again.
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5.3 Further Extensions
The proposed system mainly emphasized on the statistical information of the
paper. If the paper is saved as only pdf or any other image format, the statistical data
or information of the paper can retrieved using image processing technology such as
image’s information retrieval methods.
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