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Abstract 

Today web is dynamic in nature. Web contains enormous amount of multimedia data. Retrieving 

accurate information from diverse resource is a difficult task. Existing information retrieval 

system contains indexing mechanism to speed up the retrieval process. The meaningful 

information retrieval is done by the concept of semantics.  In addition to semantic information 

retrieval, to facilitate fast and meaningful retrieval ELSRI (Enhanced Latent Semantic Re-

Indexing algorithm) is proposed in this paper. Enhanced Latent Semantic Re-Indexing 

mechanism is derived from existing Latent semantic indexing algorithm. In ELSRI algorithm to 

hold up-to-date search index of the dynamic web, the concept of re-indexing is introduced. The 

changed and new documents can be indexed without re-crawling using re-indexing process. This 

paper aimed to reduce the semantic gap between indexing and retrieval. Similarity calculation 

between document indexing and semantic retrieval is demonstrated in this paper.   

Keywords: LSA, Semantic Indexing, Re-Indexing, Semantic Search, ELSRI. 

1. Introduction 

Internet is developing rapidly and textual information is growing day to day in the web. So there 

is a need for organizing and retrieving information from the large scale of data. Fast and efficient 

retrieval of information from large scale corpus is the most challenging factor.  

 

 
Figure 1: Web Search Architecture 
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Indexing is a process that gathers, extract, and stores data to facilitate fast and 

efficient information retrieval [1].The indexing techniques supports search engines to improve 

the retrieval efficiency performance and correctness. Generally web search is an essential big 

data problem. Web search problem consist of three Step process. They are 

1. Crawling 

2. Indexing 

3. Ranking (Query and Retrieval) 

In the first step, web crawlers traverse the web to extract in links and out links (hyperlinks). Web 

contains huge repository of interlinked multi-media resources in a form of web pages. Web 

crawler used to extract the in links and out links of a web page. Extracted links are stored in a 

URL repository. Different types of Web search algorithms are used by crawler to locate, retrieve 

and extract the stored URLs from the repository. In the second step, Indexer provides index data 

design factor and structures to retrieve and map appropriate result for the corresponding queries. 

Thereby indexer enhances the speed and performance of the retrieval.  In third step, search 

engine performs ranking process. User query is processed in query evaluation engine and the 

relevant information is retrieved and ordered by a search engine based on the ranking algorithm.  

The process of displaying retrieved web (results) pages in the order of relevancy is known as 

Ranking. The aim of this work is to measure the impact of semantic indexing in a semantic 

information retrieval. This paper comprises the concept of semantic re-indexing with traditional 

LSA algorithm. The proposed work presents the improved version of LSA algorithm with 

semantic re-indexing technique which supports ontology driven approach. This experiment 

compares the performance of classical LSA and proposed ELSRI algorithm using same set of 

queries for result rankings. 

 

2. Related Works 

Latent Semantic Indexing (LSI) proposed by Deerwester in  1990 is an efficient information 

retrieval algorithm[5]. LSI model introduces an interesting conceptualization of the  information 

retrieval problem based on the theory of Singular  Value Decomposition. The main idea is to 

map each document and query vector into a low dimensional space which is associated with 

concepts[22]. The aim of LSA algorithm is to search and retrieve relevant information for user 

query using indexing. Roslan Sadjirin and Nurrazah Abd  Rahman have analyzed and observed 

through evaluation of Malay document retrieval, LSI performed 40% better compared to exact 

term-matching technique[23]. Latent Semantic Analysis (LSA) works based on semantic 

similarity of terms using statistical computations. By implementing the LSA algorithm, 

performance and efficiency of information retrieval is increased. LSA avoids the problems of 

synonymy, in which different words can be used to describe the same semantic concept .There 

are three main steps in Latent Semantic Analysis [24]. These steps are as follows: 

1. Input Matrix Creation. 

2. Singular Value Decomposition. 

3. Sentence Selection. 
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In Vector Space Model, the vector of the document is represented as “bag of words” in which 

each word corresponds to one independent dimension. Usually, the elements of the vectors are 

the weights of the importance of the words in the document. The weight can be represented using 

a binary value to indicate the presence or absence of the word. Other representations can be 

employed such as n-gram, keywords, or longer sentences, Zrigui et al. (2012). It is clear that 

VSM representation has huge feature vectors that should be carefully considered to avoid 

hardware limitation, software capabilities, and computational time complexity [12]. In this work, 

we used Classic Latent Semantic indexing method and Enhanced Latent Semantic Re-Indexing 

methods that were developed to improve the accuracy and effectiveness of IR techniques. LSI 

focuses on semantic meaning of words across a series of usage contexts, as opposed to using 

simple string-matching operations, Kantardzic (2011)[13]. LSI has been utilized for many 

natural language processing applications such as search engines, Carpineto et al. (2009), and 

other domains such as digital image processing, Andrews and Patterson (1976). The goal of 

using LSI and SVD decomposition technique is to find the relationships between the terms and 

documents [14]. From the study of related works, existing LSA algorithm has some limitations 

related to accuracy and performance of retrieval. The proposed work will address the efficiency 

and accuracy problem by the Enhanced Version of LSA Re-Indexing technique.  

 

3. Enhanced Latent Semantic Re-Indexing Algorithm:  

Latent Semantic analysis (LSA) is a vector space statistical model of word usage that permits 

comparisons of semantic similarity between pieces of textual information. This paper proposed 

the enhanced version of LSA and explained the concept of re-indexing technique. Enhanced 

Latent Semantic Re-Indexing algorithm holds, up-to-date search index of the dynamic web. To 

manage the newly added and deleted documents to the web document corpus the concept of re-

indexing is introduced. The changed and new documents can be indexed without re-crawling 

using re-indexing process. The process of re-indexing enhances the performance of retrieval. Re-

indexing is not a frequent task. Re-indexing will work in the circumstances when a user is 

creating, adding, editing and deleting documents in corpus. When the indexes are changing, the 

server will begin the process of re-indexing for all the affected content. In most cases, this will 

include all documents in a database, but the server does try to re-index only the fragments that 

contain content that would be populated in the added/removed index. Re-indexing consumes 

additional disk space during the process itself. In particular, at any point in the re-indexing 

process, the server can have up to three instances of a single fragment [14]: 

 the original document (original indexes) 

 updated document (new indexes) 

 merged document (only if the stand where this document resides is currently being 

merged) 
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Enhanced Latent Semantic Re-indexing Technique works by the semantic search 

methodology. Web contains huge collections of diverse documents. Corpus is a container that 

stores the web document collections. When a user gives a query in API (Application Program 

Interface), system will process the query and documents are extracted from the corpus according 

to the query input.  Before web mining is done, it is more important to retrieve the useful pages 

from the web and this is done by the crawler. So a crawler should be intelligent enough to fetch 

important pages from the sea of web sites. Extracted documents are preprocessed and collected 

by the indexer. The indexer parses the preprocessed documents and store the document terms 

with indices. An index contains the address of document location. Here, semantic indexer 

perform meaningful mapping of document terms with the query input. Indices are stored in 

ELSRI repository. Semantic re-indexer used to index the updated document in the corpus. File 

monitoring system is used for this purpose. It is an all time running program in the server as 

background process. File monitoring system will be active and monitor the file directory for the 

updating documents. If a document is newly added/ deleted from the file system, the message 

will be conveyed to the re-indexer immediately. Then the updated document will be indexed and 

inserted to the ELSRI repository. Re-indexing concept eliminates the re-crawling method. Re-

Crawling method needs more time than re-indexing. Thus re-indexing technique enhances the 

performance in retrieval. System will perform similarity calculation between query input and 

indexed documents. Finally ranking mechanism will be implemented. Most relevant document is 

retrieved as result for the end user.  

ELSRI Algorithm is used to perform LSI on the test document collection. Step by step process 

ELSRI is given below. 

Step1. Extract document from corpus and perform conversion of documents into terms. 

Represent terms as vector matrix i.e Document Matrix (A).  

Step 2. Construct Document vector matrix(A) based on the frequency of term occurrences.  

Step 3. Document Matrix contains large scale based on the document terms. Rows represent the 

document terms and columns represent sentences.  

Step 4. Perform Singular Value Decomposition (SVD) on the term document matrix (A). This 

will result in three matrices commonly called U, S and V.  

Step 5. Set all singular values to 0 except the k highest singular values.  

Step 6. Recombine the terms U, eigenvector of matrix S and document (V
T
), to form original 

matrix USV
T
 = A.  

Step 7.  Perform Re-index of the original matrix for newly added and deleted documents 

Step 8. Break this reduced rank term-document matrix back into column vectors. Associate these 

with their respective documents [7] 
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The work process of ELSRI is explained in the below Figure2. 

 

 

Mathematical Expression: Mathematical expression of the ELSRI algorithm is given below. 

 
D = {s1 , s2 , s3 , s4,............sn} 

Where - s is Sentences. 

- D is Document. 

If (W>T) 

Where - W is Weight. 

- T is Threshold. 

Sum (old) = {s1 , s2}; 

Sum (new) = {s1 , s3 , s4}; 

Sum (Final) ={ Sum(old) ^ Sum(new)} U { WP [Sum(old) U Sum(new)]}; 

Where ................... (W>T) 

Sum (Final) = {s1} U {s4} ; 

Sum (Final) = {s1, s4}; 

Figure 2: Architecture of ELSRI 
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4. ELSRI Implementation and Results 

ELSRI is derived from latent semantic analysis. ELSRI works based on the semantic re-indexing 

 

Figure 3: Design View of ELSRI 

technique. It is implemented in C# window application using .NET Integrated Development 

Environment. This API provides user friendly and simplified calculation. ELSRI design view is 

given in Figure3. ELSRI API has the functionality of SVD (Singular Value Decomposition) 

calculation, Matrix Multiplication, Matrix Inverse, and Transpose Operations. User can calculate 

and compare the Matrix, Sentence to sentence similarity, Coherence, and Standard deviation of 

the sentences. 

Demonstration: Enhanced Latent Semantic Re-Indexing 

Three sentences are taken from test document collection to perform latent semantic indexing. 

The document corpus contains set of d documents and s1,s2..sn sentences. 

Corpus =>Document (d)= {s1,s2…sn} 

S1: Semantic web is an extension of Syntactic Web. 

S2: Semantic information Retrieval. 

S3: Semantic Web retrieves meaningful information. 

Query (q): Semantic Web 

 

Step 1: Conversion of documents into terms as Document Matrix (A) based on the occurrences. 
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Terms ={an, extension, information,is,meaningful,of,retrieval,retrieves,semantic,syntactic,web } 

                           S1  S2  S3 

An                              1  0  0  0  

Extension     1  0  0  0 

Information    0  1  1  0 

Is     1  0  0  0 

Meaningful  A=     0  0  1               Q =  0 

Of     1  0  0  0 

Retrieval     0  1  0  0 

Retrieves     0  0  1  0 

Semantic      1  1  1  1 

Syntactic     1  0  0  0 

Web     2  0  1            1 

In step 1, Document Matrix (A) is generated. Document matrix is an input matrix, populated 

based on the occurrences of the terms.  

Step 2 : Calculate SVD (Singular Value Decomposition) .Decompose the Document matrix (A) 

In general, Salton and Buckley (1988) can model text classification features using Vector Space 

Model that was proposed. In the VSM, the vector of the document is represented as “bag of 

words” in which each word corresponds to one independent dimension. Usually, the elements of 

the vectors are the weights of the importance of the words in the document. The weight can be 

represented using a binary value to indicate the presence or absence of the word [12]. The Latent 

Semantic Indexing information retrieval model builds upon the prior research in information 

retrieval and, using the singular value decomposition (SVD) to reduce the dimensions of the 

term-document space, attempts to solve the synonymy and polysemy problems that plague 

automatic information retrieval systems [15].   Singular value decomposition takes a rectangular 

matrix of gene expression data (defined as A, where A is an n x p matrix) in which the n rows 

represents the genes, and the p columns represents the experimental conditions. The SVD 

theorem states as below in Eq(1): 

Anxp= Unxn Snxp V
T

pxp ------------------- Eq(1) 

Where the columns of U are the left singular vectors (gene coefficient vectors); S (the same 

dimensions as A) has singular values and is diagonal (mode amplitudes); and VT has rows that 

are the right singular vectors (expression level vectors). The SVD represents an expansion of the 

original data in a coordinate system where the covariance matrix is diagonal [17]. 
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Figure 4: SVD Calculation 

The calculation of SVD for the given document matrix (A) is calculated as shown in figure 4. 

The result of the SVD is given below.  

 

Step 3: The calculation of transpose matrix is done in step3.  
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Step 4: Find the new document vector coordinates in this reduced 2-dimensional space. Rows of 

V hold eigenvector values. These are the coordinates of individual document vectors, hence 

S1 (-0.872,  0.476) , S2 (-0.201, -0.563), S3 (-0.446, -0.676) 

Step 5: To find the new query vector coordinates in the reduced 2-dimensional space 

 

 

q = [-0.316 -0.107] 
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Step 6:  Calculation of Cosine Similarity 

Cosine similarity metric finds the normalized dot product of the two attributes. By determining 

the cosine similarity, we would effectively try to find the cosine of the angle between the two 

objects. The cosine of 0° is 1, and it is less than 1 for any other angle. It is thus a judgment of 

orientation and not magnitude: two vectors with the same orientation have a cosine similarity of 

1, two vectors at 90° have a similarity of 0, and two vectors diametrically opposed have a 

similarity of -1, independent of their magnitude [17]. 

 

Figure 5: Cosine Similarity 

Cosine similarity is particularly used in positive space, where the outcome is neatly bounded in 

[0,1] shown in figure 5. One of the reasons for the popularity of cosine similarity is that it is very 

efficient to evaluate, especially for sparse vectors. 

     -------------- Eq (2) 

Substituting the values of the given query and sentences s1,s2,s3 respectively in Eq(2)., cosine 

similarity is calculated and shown below. 

 

  

= 0.271660 
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 =0.384121 

 

= 0.328920 

Ranking cosine similarity of sentences in descending order 

 S2> S3> S1 

Hence sentence S1 scored higher similarity than S3 and S2 for the given query. ELSRI performs 

matrix cosine similarity comparison operation on the sentences as shown in figure 6. The 

Compared results are shown in figure7 as term matrix formation.  

 

Figure 6: Matrix Comparison 

 

Figure 7: Result of Matrix Comparison 

ELSRI system performs cosine similarity between the three sentences. From the cosine similarity 

value, Coherence mean value of the Sentence to Sentence and the Standard deviation of the 

Sentence to Sentence are calculated. Results are shown in the figure8 and figure9. Standard 

deviation defines a quantity expressing by how much the members of a group differ from the 

mean value for the group.  
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Figure 8: Sentence Comparison 

 

Figure 9: Coherence and Standard deviation Result 

Coherence uses a filter mechanism to query cache data. Filters are similar to query statements in 

that a collection of operations, like, equals, greater, less and others, are combined with a set of 

logical operations to return a specific set of data in a cache[18].  
5. LSA Indexing Vs ELSRI Re-Indexing 

 The basic standpoint of LSA is to map the document expressed by high-dimensional vector 

space model (VSM) onto low-dimensional latent semantic space. It processes word-document 

matrix A in document set, keeps the largest k singular values and gets the optimized approximate 

matrix A, of matrix A by using Singular Value Decomposition (SVD) dimension reducing 

method. This method reduces the scope of the problem, achieves the low dimensional expression 

of the words and documents and further uncovers the latent semantic relationship between words 

[19]. Actively used databases need frequent updating to keep the index and dictionary entries 

current. Latent semantic indexing techquie need more time to handle newly updated documents 

in file directory.  In LSA index is created for the whole documents in corpus and stored in LSA 

index repository.  If the corpus is updated with new documents, then it needs to start the indexing 

process from the first. In Concordance, we refer to creating the database index as a full index, 

and refer to an index update as a re-index, which simply updates the database dictionary and its 

Studia Rosenthaliana (Journal for the Study of Research)

Volume XII, Issue III, March-2020

ISSN NO: 1781-7838

Page No:71



13 
 

corresponding index. A database needs re-indexing whenever the database dictionary is not 

current with the additions or changes that have been made to the database since the database was 

last indexed or re-indexed [20]. LSA indexing and ELSRI Re-indexing are compared using the 

performance factor of cosine similarity for the same sentences as in Table1.  

 

Table 1: LSA Vs ELSRI Performance Measure 

The performance of a system is measured by its retrieval efficiency.  

Table 2 Comparison of LDA, LSA and ELSRI Algorithm 

Algorithms Precision (%) Recall (%) F-Score (%) 

LDA 68 85 75.5 

LSA with Synonym 86.36 95 90.47 

LSA without Synonym 75 90 81.18 

ELSRI 97 92 94.5 

 

 

Fig 10. Comparison of LDA, LSA and ELSRI Algorithm 

Precision represents the proportion of retrieved documents that are relevant. Precision is 1.00 

when every relevant document returned in the ranked list is relevant to the query. Average 

Document 

D= {s1,s2,s3} 

Query 

Input 

Average Precision 

LSA ELSRI 

S1: Semantic web is an extension of 

Syntactic Web. 

 

Semantic 

Web 

 

0.86 

 

0.97 

S2: Semantic information Retrieval. 

S3: Semantic Web retrieves meaningful 

information. 
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Precision (AP) is the average of the precisions of the relevant documents in the retrieved list 

[21].By comparing the performance measure of LSA and ELSRI, LSA re-indexing technique 

works better. LSA re-indexing technique eliminates the limitations of time and performance 

delay. Hence the Enhanced latent semantic re-indexing technique increases the retrieval 

performance and efficiency. 

6. CONCLUSION 

Enhanced Latent Semantic Re-indexing algorithm is proposed using classic Latent semantic 

analysis technique for semantic web search. Re-indexing concept is introduced in LSA for 

handling the up-to-date data in the document corpus. The proposed ELSRI algorithm aims to 

attain the semantic similarity between retrieval and indexing. ELSRI algorithm is implemented 

on test collection and demonstrated with Singular value decomposition and Cosine Similarity 

calculation. Further coherence and standard deviation values are calculated for test collection. 

Furthermore, classic LSA and ELSRI algorithms are compared using performance measures. 

Based on the performance results, it is proved that ELSRI re-indexing algorithm works better 

than classic indexing technique. 
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