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Abstract- in indexing multiple  unstructured documents for the purpose of searching a particular keyword or  sentence  (i.e.  
Text searching in multiple documents such as internet search engine)  , a computer's memory and processor  are demanded. 
These resources are limited in most machines and must be used optimally and efficiently. This paper will optimize  the 
memory usage by  evaluating  the proper choice of data structure to be used in the  vector-space model(vsm)  and will review 
the  required stages involved  in generating an index, for weighting the index terms, and for representing documents.  It will 
also look at the parsing of the document collection through the generation of index terms, to generation of document 
representations. 
 
Index Terms- document searching, data structure, index, data dictionary, linked list, binary search tree, vector-space model. 
 
I. INTRODUCTION 
 
Information retrieval (IR) is used to describe the 
process of finding a keyword in a document or 
multiple documents [6][7]. Search engine provides 
the searching capability and access to document 
content by using mechanisms that go beyond 
document titles, author names, or other high level 
metadata. Information retrieval is different from a 
traditional relational database search that it has to do 
with unstructured documents [11][12]. Unstructured 
documents are documents which lack the kind of 
well-defined structure provided by attribute. Whereas 
relational database search involves searching for the 
presence or absence of objects that have specified 
values in well-defined fields. Unstructured documents 
like text files and web pages can only be searched by 
examining all the tokens making up the 
document[15].Typically information retrieval will 
index all the document wording(s) on which the 
search  would be performed. At search time, when the 
user provides a search criterion or query(i.e., a set of 
terms used to describe the search), the IR system 
should generate a set of documents that meet the 
search criterion[16].  There are many different ways 
to index a document. One of which is using the 
boolean vector[6] whose size is the same as the 
number documents in the collection. A zero term in 
the vector signifies absence of the term in the 
corresponding document and a one term, the presence 
of the term in the document. There are drawback(s) to 
this schema as followed[7]: 
1. Level of relevance is difficult to be obtained 
because Boolean retrieval principally requires 
determination of the presence or absence of terms in 
documents, with no regards to important statistics like 
the frequencies of occurrence of terms within 
documents or across documents, or the number of 
documents that contain the various query terms [15].  
2. Users are required to conduct the search query by 
using the keywords AND, OR, or NOT. Non-

technical individual(s) will not be able to construct 
such a query[11].  
3. Users are required to use a certain query format, 
which is not convenient and is not user-friendly [11].  
4. Boolean queries which use the “AND” operator 
tend to produce very high precision. It unfortunately 
produces very low results as “AND” operator will 
only return results if all conditions are true. On the 
other hand, Boolean queries using the “OR” operator 
produce very high results. However it lacks precision 
as “OR” operator will return results if one of the 
conditions is true. Queries that result in some middle 
ground with respect to the documents retrieved would 
be useful[6][7]. 
With these drawback(s), there is also an extended and 
enhanced Boolean Vector.  The goal of the extended 
Boolean model is to get rid of the drawbacks of the 
Boolean model that has been used in information  
retrieval  [6]. The Boolean model does not consider 
term weights in queries as indicated above. The  
concept  of the extended  Boolean model is to use the 
concept of  partial matching and term weights as used 
in the vector space model. It combines the 
characteristics of the vector space model with the 
properties of Boolean algebra and ranks the similarity 
between queries and documents [7]. As such, a 
document may have some relevance if it matches 
some of the queried terms. 
With the increasing number of documents on the 
internet, Boolean retrieval  or even extended  Boolean 
retrieval  has been largely replaced by other retrieval 
techniques that overcome several of these 
shortcomings[7]. One of which is Vector-space 
model (VSM).  Vector-space model (VSM)  is much 
more widely used for information retrieval (IR) than 
Boolean  retrieval [16]. In the VSM, each document 
is represented as N-dimensional vector of the N terms 
that constitute the index. Each term in a document 
gives a weight which is computed from the statistics 
of the frequency of occurrence of the terms within the 
document and across the document collection. The 
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similarity between two documents is determined by 
any one of several similarity measures. Information 
retrieval using the VSM involves comparing the 
query vector with each of the documents in the 
collection and presenting to the user the documents 
with highest similarity measures.The vector space 
model consists of three  steps [16]. The first stage 
involves document indexing. Because of difficulties 
involved in working in a high-dimensional space , 
dimensionality of the document representation is 
reduced by  firstly  passing the terms  of the 
document collection as parameters of a stop-list 
algorithm to remove the less descriptive terms. 
Secondly, the stemming algorithms  to ensure that 
several words with the same stem are treated as the 
same term [16].  The second stage will assign the 
proper weighting to the index terms to enhance 
retrieval of relevant documents when a query is 
issued. Assignment of term weights assumes that the 
importance of a term within a document is 
proportional to the frequency of its occurrence within 
the document (TF) and inversely proportional to its 
document frequency (DF), i.e., the number of 
documents that contain the term, hence the name 
“term frequency x inverse document frequency” 
(TfxDF) used to describe VSM [16]. In order to avoid 
giving preference to longer documents in which terms 
are likely going to appear more frequently, document 
lengths are normalized in the model. It is common in 
IR to represent IDF with log(N/DF), where N is the 
number of terms in the collection, and used here to 
scale the IDF score[16]. The last stage involves 
determining the similarity between document and 
query vectors. There are several measures for 
document-document similarity, including cosine  
similarity (the most commonly used), Pearson 
correlation index, Jaccard coefficients, and Dice 
coefficients. The cosine similarity between two 
different vectors d1 and d2 is given by the product of 
vectors divided by the multiplication of its absolute  
values [11][12].  The effect of the denominator is to 
length-normalize the two document vectors so that 
long documents do not disfavor shorter, but equally 
relevant documents. The Jaccard index is a numerical 
method used for comparing the similarity  of sample 
sets. The Jaccard coefficient measures similarity 
between finite sample sets. It  is defined as the size of 
the intersection divided by the size of the union of the 
sample sets as defined per equation 1 below: 
 

 
Equation 1: Jaccard Index Equation where A, B are finite sets. 

 
The MinHash min-wise independent permutations 
locality sensitive hashing scheme may be used to 
efficiently compute an accurate estimate of the 
Jaccard similarity coefficient of the sets where each 
set is represented by a constant-sized signature 
derived from the minimum values of a hash 

function[16]. The Jaccard distance, which measures 
dissimilarity between sample sets, is complementary 
to the Jaccard coefficient and is obtained by 
subtracting the Jaccard coefficient from 1, or, 
equivalently, by dividing the difference of the sizes of 
the union and the intersection of two sets by the size 
of the union per equation 2 below: 
 

 
Equation 2: Jaccard Distance Equation where J(A,B)=Jaccard 

Distance and A,B are two finite sets. 
 

Looking at a different technique for evaluating the 
document similarities, the Dice similarity  can be 
used to measure the spatial overlapping used widely 
for comparing segmentation results. The Dice 
Similarity, which can have a value ranging from zero 
to one, is defined as two times the volume of the 
intersection between two segmentations divided  by 
the sum of the volumes of the two segmentations.  
The stages involved in constructing places significant 
demands on computing resources. Satisfying these 
demands require use of data structure and algorithms 
that efficiently handle the large amounts of data 
involved. This paper will look into the optimized data 
structure to handle stages. 
 
II. CHALLENGES 
 
In this paper, Vector-space model(VSM) will be 
considered with the emphasis on:  
2.1 Optimized data structure which will ease the 

workload of CPU and RAM.  
2.2 The algorithm to assign the frequency weighting 

to the individual terms of the document. 
 
III. METHODOLOGY 
 
3.1 To fully evaluate the proposed data structure, the 

data test collection will use OHSUMED dataset 
[16]. This dataset contains features extracted 
from query-document pairs in the OHSUMED 
collection [16].  

3.2 Algorithm(s) to be used in vector space model 
(VSM). Figure 1 shows a vector space model. 

 
Figure 1: VECTOR SPACE MODEL 

 
Before discussing the algorithms, the paper will look 
at the operation of VSM. The VSM operation is to 
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firstly create an inverted file which comprises two 
key components. They are a dictionary of index terms 
and document vectors for each document in the 
model. The inverted file also has the following term 
and document statistics that are needed for the 
computation of term weights within documents:  
 For each term, statistics on term frequency across 

the collection (TF), list of documents containing 
the term, and for each such document, the term 
frequency (DTF).  

 Document statistics: For each document 
containing a given term, statistics on the number 
of terms in the document, the list of terms that 
constitute the document, and for each such term, 
the frequency of the term in the document.  

Additionally, for each document vector, statistics 
need to be kept on the following:  
 The number of terms in the document  
 For each term in the document, the frequency of 

occurrence of that term in the document.  
The main difficulty in working with the inverted file 
is its size. While the terms which constitute the 
dictionary would normally not overwhelm the RAM 
of most computers, the postings list is typically too 
large to fit in RAM [16]. Hence, a balance must  be 
arranged  between fast main memory processing  and 
the much slower secondary memory processing.  
 
Main memory processing handles the activities 
below: 

 
The process begins by parsing the text of the 
collection to extract words which separated by white 
space characters or any character in the following set: 
{0..9 $ * + - _ . : ” , () [ ] = ?  & # ! < > }. Each word  
found in such a list [16]  is considered a high 
frequency word  and eliminated. The retained words 
are then stemmed using a modified version of the 
original Porter Stemming  algorithm [16]  to further 
reduce document dimensionality. The list of stemmed 
words constitutes the index or dictionary. For each 
such word, statistics are collected on term frequency 

(number of terms in the collection) and document 
frequency (number of documents containing the 
term). 
The postings list is a listing, together with relevant 
term statistics, of all documents that contain each 
item, and as indicated above, is too big to fit into 
main memory. Yet, it would be prohibitively slow to 
process the postings on a term-by-term basis, or even 
on a document-by-document basis. The same 
argument holds for the generation of document 
vectors in the VSM. In this paper, the approach is 
working with batches of up to 15,000 documents at a 
time, generate the postings list and document vectors 
on-line, and then transfer each batch into secondary 
storage, before starting a new batch.  
 
Secondary memory processing involves the 
following: 

 
 
3.3   Data Structures 
The data structures used to create the inverted file and 
document vectors are illustrated below[15][16]: 
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Dictionary: The dictionary is a binary search Tree 
which is connected through doubly linked list. The 
doubly linked list and singly linked list, singly linked 
list, are explained below. Doubly linked list  is a  
linked data structure that consists of a set of 
sequentially linked  records  called  nodes[1][2]. Each 
node contains two  fields which are  references  to the 
previous and to the next node in the sequence of 
nodes. The beginning and ending nodes'  previous  
and next  links, respectively, point to some kind of 
terminator, typically a sentinel node or nil,  to 
facilitate traversal of the list[17]. If there is only one 
sentinel node, then the list is circularly linked via the 
sentinel node. Figure 2 illustrates the concept of 
doubly linked list: 
 

 
Figure 2: Doubly Linked List Implementation 

 
In Figure 2, each node contains previous, Data, next.   
-“previous” is a pointer referencing the previous 
node. 
-“Objectx” is the node data.  
-“next” is a pointer referencing the next node.  
Whereas the singly linked is has only “next” pointer 
as[3][4] shown in Figure 3: 

 
Figure 3: Singly Linked List 

 
In Figure 3, each node contains previous, Data, next.   
     -“Data” is the node data.  
     -“next” is a pointer referencing the next node. 
Comparing the singly linked list and doubly linked 
list, the difference is the “previous” pointer. The 

“previous” pointer will require additional memory 
allocation but it will allow the node manipulation to 
be done easily[9].  Hence the choice, which this paper 
has made, is the doubly linked list.  In addition, 
comparing to the array data structure, it will be found 
that the linked list performs much better than the 
array structure[10], as detailed in Figure 4: 

 
Figure 4: Run-Time Analysis[8] 

 
Using the data structure of doubly linked list in 
binary search tree as indicated above, it will be make 
the processing and searching very fast and it is able to 
go back and forth easily [13][14] as shown in Figure 
5: 

 
Figure 5: VSM constructed with doubly linked list 
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In-memory postings list is a binary search tree of a 
batch up to 15,000 document terms. This is also made 
to be a doubly linked list to make it go back and forth 
very quickly[13][14]. In addition to the statistics that 
are collected in a dictionary node, each node of this 
tree has a pointer to a linked list of documents that 
contain the term. This linked list tracks the 
documents that contain the term, and for each of these 
documents, the term frequency in the document. The 
documents in the list are by default stored in 
document ID order. Current document BSTs are two 
BSTs which are curDocDictNodeAlpha and 
CurDocDictNodeTID. Both of them with term nodes 
are created for each  parsed document. The only 
difference between these two BSTs is that the former 
BST is ordered by term name and the latter BST is 
ordered by term ID. As each item in the collection is 
parsed, the term frequency on these BSTs and  the 
document list for each term  in the in-memory 
postings list are updated. At the end of each 
document parsing, the following activities happen: 
 curDocDictNodeAlpha is used to update the 

document frequencies of corresponding terms in 
both the dictionary BST and the in-memory 
postings list[16].  

 curDocDictNodeTID is used to maintain the terms 
linked list in the in-memory documents list. The 
advantage of using curDocDictNodeTID over 
curDocDictNodeAlpha is that the terms are 
accessed in term ID order, the same order is desired 
in the document vector[16]. 

 
RESULT AND DISCUSSION  
 
The researchers have conducted the parsing of 
300,000 references in the OHSUMED collection and 
it has revealed that only 177,100 of them contained 
the sampled abstracts The following notation #1 for 
document information shall be used: 

 
Notation 1: Document Notation 

 
The researchers further found that a total of 92,501 
index terms were generated. Each index term was 
stored in secondary memory. The following notation 
#2 shall be used for index term: 
 

 
Notation 2: Index Term Notation 

For posting notation, the following notation shall be 
used: 

 
Notation 3: Posting Notation 

 
In accessing the overall performance, the researchers 
have used and evaluated the keyword searching as 
followed. Using the term “modern” in OHSUMED  
has produced the following output within the 
reasonable timing: 
 

 
 
It  can  be  concluded  that  “modern”  has the term id 
as 11032 and it has been found 13 times throughout 
the document collection and in 8 distinct documents, 
and the rest of the representation shows pairs of 
document IDs and term frequencies for these 8 
distinct documents.  It is important to stress that the 
result has been returned within reasonable timing and 
the computer with the moderate minimum hardware 
requirement can handle such a massive and gigantic 
information retrieval. 
 
CONCLUSION 
 
This paper has demonstrated the use of doubly linked 
list and binary search tree(BST) in order to  optimize  
the document searching time over the reasonably 
large document such as OHSUMED dataset. With so 
much data flowing back and forth on the internet 
today, an effective nd optimized algorithm is required 
in order to process the searching in a timely manner. 
In the future research, it is recommended that the next 
researcher should  try  the other types of  height 
balancing tree such as AVL Tree  to make the 
searching even faster. 
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