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Abstract—Information retrieval system is a system that is used 

to obtain the information based on user’s requirement. In this 

study, Latent Semantic Indexing (LSI) method is implemented in 

the system to search and to collect documents based on overall 

meaning of documents instead of individual’s word. Typical of 

documents that needs to be retrieved in the system are text 

document in *doc, *.docx, or *.pdf formatted. In the text 

preprocessing phase, Nazief and Adriani Algorithm is used to 

eliminate the affix (prefix, suffix, etc.) of a word and then match 

them in database root word. To evaluate the quality of 

information retrieval performance, time response, values of 

recall and precision are measured. Implementation of 

multithreading from ‘read document’ to stemming process is 

required in order to improve time responses. The result shows by 

using multithreading, the greater number of term in document 

collection gives the more efficient in required time response. In 

term of the required time response, the document collection in 

docx format is the fastest, followed by doc and pdf format. For 80 

documents and beyond, the system produces an error 

“OutOfMemoryError” at the matrix decomposition process. This 

means that the greater number of document in the collection, the 

greater memory is needed to execute retrieval process. 

 
Index Terms—effectiveness, LSI, precision, recall, multithread. 

 

I. INTRODUCTION 

ypically, information is retrieved by literally matching 

terms in documents with those of a query. However, 

lexical matching methods can be inaccurate when they are 

used to match a user's query. Since there are usually many 

ways to express a given concept (synonymy), the literal terms 

in a user's query may not match those of a relevant document. 

In addition, most words have multiple meanings (polysemy), 

so terms in a user's query will literally match terms in 

irrelevant documents. A better approach would allow users to 

retrieve information on the basis of a conceptual topic or 

meaning of a document. LSI method tries to overcome the 

problem of lexical matching [1].  

Since information becomes more huge and complex every 
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day, it is impossible to collect and search information from 

documents manually. We need to build a system to help user 

in finding information, the system is called Information 

Retrieval System. An ideal Information Retrieval (IR) system 

is a system which can  

1) Find relevant information  

2) Only find relevant information and can’t find 

irrelevant information.  

 

Problem formulation arises such as: How can the 

Information Retrieval system read document files which have 

format doc, docx, and pdf. How can Information Retrieval 

System obtain relevant documents using the LSI method. How 

can Information Retrieval System, using LSI method, order 

the retrieved documents which have most relevant meaning 

with the query given by user. The objective of the research is 

to analyze and to implement LSI method in Information 

Retrieval System and to evaluate the quality of retrieval 

performance by measuring precision, recall and  time value 

response.  

 

II. THEORY 

Information Retrieval system is used to retrieve back 

automatically information from information collection that 

most relevant to user’s requirement [2], [3], [4], [5], [6]. 

According to Goeker and Davies, IR systems or information 

retrieval systems is part of computer science of information 

retrieval of documents based on content and context in 

documents themselves [1], [7], [8]. According to Gerald 

Kowalski, information retrieval system is a system that is 

capable to storage, retrieve, and maintain the information. The 

information in this context can consist of text (including 

numerical data and date), images, audio, video, and other 

multimedia objects [9].  

According to Manning, the definition IR is how to find a 

document from unstructured documents that provide the 

information needed from a very large collection of documents 

stored in a computer [3]. The most common implementation 

of IR system is search engine applied in the internet. Users can 

find web pages based on requirements through search engine. 

Another example of IR system is library information systems.  

 

Implementation of LSI Method on Information 

Retrieval for Text Document in Bahasa 

Indonesia 

Jasman Pardede and Mira Musrini Barmawi  
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Fig. 1.  Schema of IR system 

 

IR systems have several parts that build the overall system 

as described in Fig.1.  These parts can be described as follow:  

a. Text operation. This operation includes word 

selection in query and document, and transformation 

those word into term index.  

b. Query Formulation. We give weights in term index 

resulted from query.  

c. Indexing.  The database index from document 

collections is built,  

Ranking, in this process, is  the searching of documents that 

relevant with query is executed, and those documents are 

sorted based on degree of conformity of the document to the 

query. 

 

III. METHODOLOGY 

A. LSI Method 

LSI method is a method that is implemented in IR System in 

order to search and to find information based on the overall 

meaning of a document not only the meaning of the individual 

words. In LSI method, document collection is built in form of 

vector space by using Singular Value Decompositions (SVD) 

technique, a technique from Linear Algebra [1].   
In general, the process flow in LSI method can be described 

as follows (as shown Fig. 2):   

a) Text operation in query and document collection 

includes: The process of reading the text (*. Doc, *. 

Docx, *.pdf), tokenization, filtration, stemming and 

parse the query and the document collection.  

b) Documents Matrix is created based on the result of 

text operation in document collections. The row 

indicates words and the column indicates documents. 

The matrix element indicates the word frequencies. 

For example, matrix element in first row and second 

column indicates frequency of first word (T1)   in 

second document.   

 

Text Operations

Document Collection

Matrix Term 

Document 

Creation

Matrix SVD 

Decomposition 

Query

Text Operations

Query Vector 

Creation

Query Vector 

Mapping

List Term Weight 

Document

List Term Weight 

Query

Collection 

Index

Ranking

1.  Document 1

2. Document 2

.

.

.

N. Document n

 

Fig. 2. The process flow in LSI method 

 

c) SVD decompositions is processed as follows 

i. The documents matrix, called Amxn, is 

decomposed into production of three matrices 

by using Singular Value Decompositions. So A 

can be rewritten as:  

A = U S V
T
    . . . . . . . . . . . . . . . . . . . . . .. (1) 

ii. For further explanation, we assume that: u1, u2,. . 

.,un as column vector of matric U, σ1, σ2, σ3, …, 

σn as element of diagonal of matric S, v1, v2, …, 

vn as column vector of matric V.  Thus,  

              A   =    U   S   V
T
  

𝐴 = [𝑢1 𝑢2 …𝑢𝑛 ] [

𝜎1 0 0
0 𝜎2 0
0 ⋮ ⋱
0 0 𝜎𝑛

]

[
 
 
 
 
𝑣1

𝑇

𝑣2
𝑇

𝑣3
𝑇

⋮
𝑣𝑛

𝑇]
 
 
 
 

 . . .  (2) 

 

iii. Rank of A is k. The diagonal element of S that is 

σ1, σ2, σ3, …, σn. k is the amount of singular 

value  of matrix S.  

iv. From these k of singular value of A, we 

determine the biggest singular value, so  σ1 > σ2 

> σ3 > …. > σn  > 0, where r < k.   

v. New matric A can be rewritten as follows:  

 

A = Ur Sr 𝑽𝒓
𝑻 . .. . . . . . . . . . . . . . . . . . . . .(3) 

 

with        Ur = [𝑢1 𝑢2 …… ……𝑢𝑛 ] 
         

                        Sr =[

𝜎1 0 0
0 𝜎2 0
0 ⋮ ⋱
0 0 𝜎𝑛

]      and  Vr = 

[
 
 
 
 
𝑣1

𝑇

𝑣2
𝑇

𝑣3
𝑇

⋮
𝑣𝑛

𝑇]
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d) Query Vector Creation  

The column matrix, q, is obtained from text 

operation. The Query vector can be represented as 

follows:  

𝒒 =  

𝑇1

𝑇2

⋮
𝑇𝑛

  [

𝑞1

𝑞2

⋮
𝑞𝑛

]  . . . . . .. . . . . . . . . . . . . . . . . .(4) 

 

With qj, j = 1,2,3,…, n  is frequency of Tj  in 

query.  

 

e) Query vector mapping  

Based on value r from c (iv), vector query q is 

mapped into vector space with r dimension as 

follows:   

A = 𝑞𝑇 𝑈𝑟  𝑆𝑟
−1 . . . . . . . . . . . . . . . . . . . . . (5) 

 

f) Ranking. The rank of documents depends on value of 

angle between query vector and document vector.  

The smaller angle between them, the more relevant 

document with query.  

Document vector is represented by:  

 

𝑉𝑟 = [

𝐷1

𝐷2

⋮
𝐷𝑛

]  , 𝐷𝑗 = [

𝑑𝑗1

⋮
𝑑𝑗𝑟

] 

 

 

where, Dj = document vector of j
th 

document.  

Assuming that query vector can be represented as:  

 

Q = [

𝑞1

𝑞2

⋮
𝑞𝑟

] 

 

g) Cosine similarities  between document vector and 

query vector is calculated as follows:  

𝑠𝑖𝑚𝑖𝑙𝑎𝑟𝑖𝑡𝑦 (𝑄, 𝐷𝑗) = cos(𝑄, 𝐷𝑗) 

= 
𝑄∙𝐷𝑗

|𝑄||𝐷𝑗|
= 

1

|𝑄||𝐷𝑗|
 ∑ 𝑞𝑗 ∗ 𝑑𝑗𝑖

𝑟
𝑖=1   . . . . . . . . . . . . . . .(6) 

 

h) Final result     

The cosine similarities value between Q and Dj is 

obtained and sorted in descending order. The largest 

cosine similarity value indicates the most relevant 

document with query.  

 

B. Nazief and Adriani Algorithm  

Nazief and Adriani algorithm is a stemming algorithm for 

Indonesian text [10]. The algorithm was described first time 

on   unpublished technical report in University of Indonesia. 

This algorithm uses several morphological rules to eliminate 

affix (prefix, suffix, etc.) of a word and then matches them in 

database root (root word). This algorithm is used in text 

processing (Fig. 2), before the document matrix and the query 

vector are created.   

 

C. Multithreading For Text Operation 

The process can be divided into a number of separate units 

called as thread. Multithreading is the ability of a program or 

operating system to execute and to handle user requests more 

than one user without duplication or copying program that 

runs on a computer at the same time [11]. In other words, 

multithreading is the ability to process multiple threads from 

the many processes where each thread runs separately at the 

same time.  

Fig. 2 shows that the process of text operation which 

consists of tokenizing, stop word, filtration, and stemming, is a 

process that is done repeatedly on each document that exists in 

the document collection and as user input query. Differences 

occur only on reading the user input query and process any 

documents readings from document collection. Therefore, in 

this study, the same process is repeated at the input query and 

the document will be carried out by a stand-alone process 

through the implementation of the thread. Based on the 

process flow in Fig. 2, this research implements a search 

process that uses the scheme of multithread in the LSI method 

as in Fig. 3. 

 

Fig. 3. The process flow in multithread for text operation on LSI method 

 

IV. THE INFORMATION RETRIEVAL SYSTEM DEVELOPMENT 

The Information Retrieval system is built by using java 

programming language. This system is called IRLSI 
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(Information Retrieval Latent Semantic Indexing)  system.  

The development process is conducted on the basis of   

Watterfall software development methodology.  Waterfall has  

4 phases, that need to be followed, those are analysis, design, 

implementation and testing phase.     

In analysis and design phases, object oriented design 

approach is used. Use case diagram of IRLSI system is 

defined  to represent the features of IR system as represented 

on Fig. 4.   

IRLSI

Display

Document

Read

Document

Tokenizing

Filtration

Stemming

Update 

Dictionary

Update Stop 

Word List

Search

Document LSI

 
Fig. 4. Use case of IRLSI system 

 

Tools and java class library used to develop the IR system are 

as follows:  

a) JDK1.6.7 Java Programming language or higher version, 

NETBeans IDE 7.3.  

b) Apache Poin function  to read document in microsoft word 

format. 

c) XML Beans to read word document file that have 

extension *.docx.  

d) DOM4J function to read document file that have extension 

*.doc.  

e) PDFBox function to read document file that have 

extension *.pdf. 

Efficient Java Matrix Library (EJML) API function to 

create document matrix and SVD matrix. 

 

V. EVALUATION OF INFORMATION RETRIEVAL SYSTEM 

PERFORMANCE 

 

There are three parameters that used to evaluate the quality   

of information retrieval system performance, i.e: time 

response, recall and presicion.  RECALL is the ratio of the 

number of relevant records retrieved to the total number of 

relevant records in the database. It is usually expressed as a 

percentage. PRECISION is the ratio of the number of relevant 

records retrieved to the total number of irrelevant and relevant 

records retrieved [12], [13], [14]. It is usually expressed as a 

percentage. 

A testing was conducted to gain the time response, values of 

recall and precision. First, we prepare 10 folders filled with 

number of document collections. Those folders contain  of 10, 

20, 25, 30, 40, 50, 60, 70, 75 and 80 file documents in *.doc, 

*docx, *.pdf format.  The testing result for docx format shows 

time response by using either multithreading or non 

multithreading. In both conditions show precision and recall 

for the documents are the same. The results are shown in 

Table I. Time response of doc and pdf format that uses 

multithreading is shown by Table II. 

 
TABLE I 

THE RESULT OF IRLSI SYSTEM TESTING DOCX FORMAT 

 

No 
Number of 

Documents 

Time 

without 
Thread (s) 

Time 
With 

Thread 

(s) 

Precision 

(%) 

Recall 

( % ) 

1 10 4.289 3.120 100 66.7 

2 20 6.055 4.275 100 87.5 

3 25 7.219 4.920 100 100 

4 30 8.551 5.600 84.2 100 

5 40 15.598 11.717 100 87 

6 50 19.630 15.49 100 81.5 

7 60 26.494 20.265 100 100 

8 70 31.405 22.995 100 100 

9 75 35.099 26.083 100 100 

10 80 ~ ~ ~ ~ 

 

 
TABLE II 

THE RESULT OF TIME RESPONSE OF THE IRLSI TESTING IMPLEMENTED 

MULTITHREAD TO DOCX, DOC, AND PDF FORMAT 
 

No 
Number of 

Documents 

Format 

docx doc pdf 

1 10 3.120 3.198 3.573 

2 20 4.275 4.290 4.508 

3 25 4.920 5.135 5.320 

4 30 5.600 5.787 6.130 

5 40 11.717 11.889 12.545 

6 50 15.490 15.943 16.645 

7 60 20.265 20.373 21.59 

8 70 22.995 23.135 23.852 

9 75 26.083 26.411 27.159 

 

 

 
Fig. 5. Graph of time response of the IRLSI system comparing with-and 

without multithreading 
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Fig. 6. Graph of recall vs. precision of the IRLSI system 

 

 
Fig. 7. OutOfMemoryError testing for 80 documents 

 

 

The Fig. 5 indicates that the larger the document 

collections, the required  time response is larger  by the system 

to retrieve documents with using multithread or not.  

In Fig. 6, the values of precision and recall  are  84.2% and 

100%  respectively for test case no. 4 (number of documents is 

30). This result occurred because the LSI method retrieves all 

relevant documents based on the overall meaning of document 

instead of  similarities of individual words.   

In our case, if  the collections of documents reach the 

number of 80 then error message  “out of Memory error” will 

be occurred. This means that the system needs more space 

memory to execute retrieval process of 80 documents. The 

result of IRLSI system testing for 80 documents is represented 

on Fig. 7. 
 

VI. CONCLUSION 

The Latent Semantic Indexing method was successfully 

implemented in IR system that can retrieve document of 

bahasa Indonesia in doc, docx, and pdf format. Speed of time 

response that required by the document collection in docx 

format was the fastest, followed by doc format and pdf format. 

The application of multithread for text operation on LSI 

method can increase time response required to about 28.69 % 

in average. The greater number of document in the collections 

resulted in the more efficient using multithread. The greater 

amount of terms in the document collections leaded to the 

greater response time required for the system to execute 

retrieval process. The document matrix with larger size 

resulted in greater memory requirement to retrieve documents. 

Based on our experiment, the system may produce “Out of 

memory” error. 
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SJR

The SJR is a size-independent prestige indicator that
ranks journals by their 'average prestige per article'. It is

based on the idea that 'all citations are not created
equal'. SJR is a measure of scienti�c in�uence of
journals that accounts for both the number of citations
received by a journal and the importance or prestige of

the journals where such citations come from It
measures the scienti�c in�uence of the average article
in a journal it expresses how central to the global

Total Documents

Evolution of the number of published documents. All
types of documents are considered, including citable

and non citable documents.

Year Documents
2009 14
2010 12
2011 11
2012 5

Citations per document

This indicator counts the number of citations received by
documents from a journal and divides them by the total

number of documents published in that journal. The
chart shows the evolution of the average number of
times documents published in a journal in the past two,
three and four years have been cited in the current year.

The two years line is equivalent to journal impact factor
™ (Thomson Reuters) metric.

Cites per document Year Value
Cites / Doc. (4 years) 2009 0.000
Cites / Doc. (4 years) 2010 0.143
Cites / Doc. (4 years) 2011 0.231
Cites / Doc. (4 years) 2012 0.162
Cites / Doc. (4 years) 2013 0.190
Cites / Doc. (4 years) 2014 0.143
Cites / Doc. (4 years) 2015 0.000
Cites / Doc. (4 years) 2016 0.227
Cites / Doc. (4 years) 2017 0.419
Cites / Doc. (4 years) 2018 0.421

Total Cites Self-Cites

Evolution of the total number of citations and journal's
self-citations received by a journal's published

documents during the three previous years.
Journal Self-citation is de�ned as the number of citation
from a journal citing article to articles published by the
same journal.

Cites Year Value
f

External Cites per Doc Cites per Doc

Evolution of the number of total citation per document
and external citation per document (i.e. journal self-

citations removed) received by a journal's published
documents during the three previous years. External
citations are calculated by subtracting the number of
self-citations from the total number of citations received

by the journal’s documents.

% International Collaboration

International Collaboration accounts for the articles that
have been produced by researchers from several

countries. The chart shows the ratio of a journal's
documents signed by researchers from more than one
country; that is including more than one country address.

Year International Collaboration
2009 21.43
2010 16 67

Citable documents Non-citable documents

Not every article in a journal is considered primary
research and therefore "citable", this chart shows the

ratio of a journal's articles including substantial research
(research articles, conference papers and reviews) in
three year windows vs. those documents other than
research articles, reviews and conference papers.

Documents Year Value

Cited documents Uncited documents

Ratio of a journal's items, grouped in three years
windows, that have been cited at least once vs. those

not cited during the following year.

Documents Year Value
Uncited documents 2009 0
Uncited documents 2010 12
Uncited documents 2011 21
Uncited documents 2012 33
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