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ABSTRACT 

  A Keyword describes the important information or a part of information a user wants 

to know about. A keyword search will find the important terms in the document, for which 

there is no prerequisite that a specialised technical language. The objective of the keyword 

based search is that it provides search capability without the necessity of the users to know 

about the internal database schema. The works that exist in this area are based on either 

Steiner tree based or candidate network. The phenomenon that they follow is that, they will 

form the relations for combination of records, also called as tuples, with “at a time online 

relationship”, which has been proved complex and time consuming, as they have to process 

every time the keyword query has been issued by the user. So in order to increase the search 

speed, the relationships are calculated and are stored offline. And in order to increase the 

relevancy of the search, a proposal called Structural Based Scoring algorithm is made, which 

has improved the structural search drastically. A new indexing algorithm is proposed to 

reduce the complexity of the existing indexing strategy. 

Keywords: Coll-Tuples, Materialization, Straight Scoring, Structure Based Scoring,  

dijkstra‟s matrix, Inter-Tuple, IDS Index. 

 

INTRODUCTION  

As it is clearly known that data prevails in different forms like blob, clob, text, image, 

video frames. Our area of concern is the text data. All the data will be stored in databases, 

especially, in the relational databases. As the days go on the amount of text type data present 

inside the relations of relational databases is increasing rapidly. And sometimes it will be 

difficult to search a particular text-based (keyword) in the relational databases. There are 

some major database service providers like MYSQL, ORACLE that give a provision for us to 

use the full text based search capability. But there is a problem with them. That is the user of 

such database should be aware of or at least have a minimum knowledge of internal schema 

of underlying databases as well as the language needed to search the information called the 

Structured Query Language. 

The basic motivation behind the keyword search in the databases is the Web Search 

Engine. For this, consider an example of Google search engine. For a web application like 
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that, the relational database usage is not feasible. Since, it is not feasible to have a traditional 

setup for large Tera-byte information flow for every minute. So, they have gone for 

distributed storage system for structured data called Big Table. Many projects like Google 

Earth, Google Maps, etc. use this for data storage. It is important to know that it is not 

Relational Database. The search engine is a keyword based project. It does not support tables, 

joins, nor does it support rich SQL queries. Here we don‟t need to know about the underlying 

database schema. 

The input is provision of keywords and it will give the ranked results. This particular 

process has made the researchers in the database community to go for the keyword based 

search in the relational databases too [1], [2]. Because, it is not possible that everyone can 

know about the schema structure every time for all the databases. Also, learning schema for a 

new database is a cost related issue. So, they went for imbibing the concept of keyword 

search in the relational databases.  

PREREQUISITE CONDITION 

The work takes a pre-requisite condition that all the relations in the database should 

be connected with the help of primary key and foreign key relationship [1]. Technically, all 

the tables must be joined with the above said condition. If any table is not connected, then it 

is connected with another table with the help of decomposition principle, which is similar to 

normalization. 

APPROACH 

In this section, the basic entity of our approach is described. Here, the basic entity is 

Collection of Tuples, which can be called as Coll-Tuples or simply CTs. Coll-Tuples can be 

defined as collection or combination of as many tuples as needed to perform the desired 

query processing, which satisfy the following condition: 

Consider database A containing „b‟ number of tables called T1, T2, T3…Tb. Now for 

each record say ri, in table Ti if a join is performed with all other tables, and in the obtained 

result if any of the joined formation is present in any other formation, then it is not a Coll-

Tuple. Otherwise, it is a Coll-Tuple.   

Understanding Coll-Tuples: 

For the sake of easy understanding, consider the 3 tables namely, books, students, and 

books_students as a simplest example as shown: 

Table1. Books 

     Bid                                            Book Name 

      b1 “Database Management Systems 3rd Ed - Ramakrishnan & Co” 

      b2 “J2EE Unleashed” 
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Table2. Students 

Sid SName 

s1 Ravi 

s2 Chris 

 

Table3. Books_Students 

Bid Sid 

b1 s1 

b1 s2 

b2 s2 

 

For each and every row in a table, we get the Coll-Tuples as follows: 

Table4. Coll-Tuples (with respect to relation „Books‟) 

Bid Sid Book Name SName 

b1 

b1 

s1 

s2 

“Database Management Systems 3rd Ed - Ramakrishnan & Co” 

“Database Management Systems 3rd Ed - Ramakrishnan & Co” 

Ravi 

Chris 

b2 s2 “J2EE Unleashed” Chris 

  

The above three rows in the Table4 are called Coll-Tuples with respect to Books. This 

is how the Coll-Tuples are generated. Technically, these Coll-Tuples are from database point 

of view. They can be generated with the help of good join queries. It is important to note that 

when the database schema changes, then the query structure has to be changed. Now, all the 

basics have been defined. This is required to define the architecture of the work. 

FEATURES 

 Coll-Tupes is the best way to provide answers for the keyword based queries of the 

database users, since, they capture both textual and structural compactness of data. 

 The primary key and foreign key relationship have the possibility of being indexed. 
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 Coll-Tuples are nothing but the view if we see the concept from the database point of 

view. So, they can be created by issuing a query basically a database query just for the 

purpose of creation. 

ARCHITECTURE 

 

                               Input  

 

 

 

 

                  

 

 

  

 

 

                            Output 

 

 

                           

                   On-Process Side                                                   Off-Process Side 

Fig 1:  Architectural Approach of the whole process 

KEYWORD QUERYING 

In this step, the keyword is issued by the user on the provided user interface. It is 

important to note that keyword can be either single or multiple. As most of the search types 

contain multiple keywords. For example, consider the set of keywords {K1=Management, 

K2=Unleashed, K3=Chris}. Now for the given set of keywords we should find the first n 

answers, where n is the user‟s choice from the formed Coll-Tuples. The GUI is mainly 

developed for the database users who are meant for writing SQL queries. As it has already 

been said and shown in the Fig.1 that when the keyword are given, the internal process called 
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Off-Process is triggered that takes help of already existing Coll-Tuples that were formed as a 

part of Materialization. The concept of materialization has been explained in the coming 

sections. Keyword Querying is a visual step in the whole process; whereas other steps except 

giving results back to user are offline, which are invisible to the user. 

MATERIALIZATION 

The process of generating and summarising the Coll-Tuples off process is called 

Materialization. Here all the tables in the database are first checked whether the pre requisite 

condition is satisfied or not. If not, the tables are broken up in to several small tables and are 

decomposed to form meaningful connected tables each having a primary key foreign key 

relationship. This is an off process step in the algorithm. Contents of Table 1, 2, and 3 show 

that all the three tables are connected with the primary key foreign key relationship. 

MODELING 

In this section, the concept of Coll-Tuples is modelled for the sake of easy 

understanding. From the definition of Coll-Tuples, it is clear that a Coll-Tuple can be a single 

row from a single table or can be a collection of different rows from more than one table.  

First we generate the Coll-Tuples with respect to Students and Book_Students just like it has 

been done  

Table5. Coll-Tuples (with respect to relation „Students‟) 

Bid Sid Book Name SName 

b1 s1 “Database Management Systems 3rd Ed - Ramakrishnan & Co” Ravi 

b1 

b2 

s2 

s2 

“Database Management Systems 3rd Ed - Ramakrishnan & Co” 

“J2EE Unleashed” 

Chris 

Chris 

 

Table6. Coll-Tuples (with respect to relation „Books_Students) 

 

The conjoined rows (denoted by        ), containing collection of tuples, shown in the 

Tables 4, 5 are the Coll-Tuples. For the sake of understanding those two rows are considered 

as CT1 and CT2.  We now model these Coll-Tuples 1 and 2 as Graph having CT1 and CT2 as 

Bid Sid Book Name SName 

b1 s1 “Database Management Systems 3rd Ed - Ramakrishnan & Co” Ravi 

b1 s2 “Database Management Systems 3rd Ed - Ramakrishnan & Co” Chris 

b2 s2 “J2EE Unleashed” Chris 
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nodes and the relationship between these as the edges. The Table6 does not contain any Coll-

Tuples according to the pre-requisite property mentioned previously. The model is shown 

below: 

 

 

                                    K1, K3    K1, K2, K3 

Fig 2: The Model Generated for the CTs and their relationship between them 

From fig2 it is clear that CT1 contains K1, K3 and CT2 contains K1, K2 and K3.  

SCORING FUNCTIONS 

In this section, two ranking structures are defined for the purpose of handling the top 

prioritised Coll-Tuples that will be identified by the scoring functions. This area is related to 

the field of Information Retrieval from the Database. So, as far as information retrieval is 

concerned, the first and the foremost option to consider for the purpose of ranking is the 

parametric formulae called the Product of Term Frequency and Inverse Document Frequency. 

In the subject of Information Retrieval, it is a basic procedure to give the score of a term with 

respect to a document, which usually returns the score of a particular „term‟ for its presence 

in the „document‟. So, here every keyword is treated as the „term‟ and every Coll-Tuples is 

treated as the document [4], [5].There are two types of scoring functions that have been 

followed. The first one is Straight Scoring and the second one is Structure Based Scoring. 

1. Straight Scoring: 

The Straight Scoring is the Term Frequency and Inverse Document Frequency 

product [6]. The definition of Term frequency (TF) of a term with respect to the document 

referred, according to IR, is the number of times the term id repeated in the concerned 

document. It is obtained by counting the repetitions of the term in the document. And Inverse 

Document Frequency (IDF) is the measurement of whether the term is common or rare across 

all the documents. It is obtained by dividing the total number of documents by the number of 

documents that contains the term. 

 

𝐼𝐷𝐹 =
 (Number  of  Distinct  Coll −Tuples ) + 1

 (Number  of  such  tuple  units  that  directly  contain  keyword ) +1
           (a) 

So, the score can be calculated by the product tf.idf as follows: 

 

            
Total number of times a term

 appears in the document
 ∗ 𝑙𝑛  

No .of  Documents

No .of  Documents  that  contain  the  term
             (b) 

CT1 CT2 
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But there are some modifications from mathematical perspective as follows:  

There would be some questions in the reader‟s mind regarding the equations. First of 

all why natural logarithms have been applied in(b) and then why the 1 is added in (a). The 

answers for the questions are, first, basically logarithms are used to reduce the scale of the 

range. For example, if there is a range of scores between 0 to 1024,on application of natural 

log the range will be scaled to 0 to 10. We have to go for this normalization because; more 

the term occurs in the document more the weight of the term. The weight of the term should 

be an overloading factor which will have negative impact from information retrieval point of 

view. In order to reduce the weight, we normalize the term frequency Second, in the equation 

(a), in the denominator, the value could be equal to zero i.e. the number of Coll-Tuples that 

directly contain the keyword can be zero. So, 1 is added to avoid divide by zero mathematical 

absurd. 

The final score of the given keyword(s) in the document will be the resultant of the 

following expression, which is called the Straight Score (SScore). 

 

SScore(CT, Ki) =  
1+ln 1+ln 𝑇𝑒𝐹𝑞 (𝑘𝑖 ,𝐶𝑇)  

 1−𝑠 +𝑠.
𝑑𝑙𝑒𝑛

𝑎𝑣𝑔𝑑𝑜𝑐𝑙

𝑘=1 𝑡𝑜  𝑛 . 𝑢𝑡𝑓. ln(
𝑀+1

𝑛𝑓
)               (c) 

 

          Where, n is the total number of keywords. 

              TeFq is term frequency of the document 

              M is all documents (number of documents) 

              utf is the no of occurrences of the keyword in given query 

              nf is number of Coll-Tuples that contain the keyword 

              dlen is length of the document  

              avgdocl is the average length of the document.  

              s is usually 0.2 empirically proved. 

Basing on the above formula, the straight score of every keyword in document will be 

calculated and stored for usage in the future.  

Disadvantage of Straight Scoring: 

The Straight Scoring will give only score of Coll-Tuples that directly have the 

keyword, but sometimes there is a possibility where the Coll-Tuples can indirectly contain 

the keyword, meaning that they can be related to keywords that are structurally connected to 

the Coll-Tuples though not connected physically, thereby checking the structural relevancy. 
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So, we go for Structural Based Scoring. Here, a new concept called Inter-Tuples is defined 

for spotting out the structural relevancy between the indirectly contained Coll-Tuples. 

Example, “Indexing” is one of the chapters in Database text book is given as a keyword, but 

none  of the  rows contain indexing keyword, then we are missing the structural compactness 

of the data. It means that we are considering only textual relationship but not structural 

relationship. But, in order to retrieve efficient results, we not only need IR but also SR. So we 

go for Structural Based Scoring. 

2. Structural Based Scoring: 

 In this section, a new concept called Inter-Tuple is defined. Before going into this, it 

is mandatory to form a dijkstra‟s matrix that contains minimal distance of all the nodes to 

every other node. Inter-Tuple  can be defined as, if there is a keyword „k‟ and Coll-Tuple CT1 

that don‟t straight-ly contain the k, then the Coll-Tuple CT2 that contains the k and is at a 

minimal distance from, then CT2 is the Inter-Tuple of CT1(denoted by ITCT1). Structural 

Based Score (SBScore) can be calculated by using the Straight Score (SScore). It basically 

uses inverse –square law to generate the SBScore. SBScore can be calculated by the 

following inverse square equation [7]. 

 

                                          SBScore(CT, Ki) =   
𝑆𝑆𝑜𝑟𝑒 (ITCT  i,K i)

𝛿(𝐶𝑇,ITCT  i)
                            (d) 

With this score, the justification of the title has been achieved as this will overcome 

the disadvantage of the Straight scoring, hence improving efficiency.  

RANKING 

The process of placing the scored Coll-tuples basing on the scores is called Ranking. 

The ranks are formed based on the results of the score generated by both the scoring 

functions. If the ranking is done based on the SScore, then it is called Straight Score Based 

Ranking. If the raking is done based on the SBScore, then it is called Structure Based 

Ranking. It actually uses the weight factor which is nothing but the score. Weight is 

proportional to the score. Higher the weight, higher is the score.  

INDEXING 

For speedy and efficient retrieval of the Scores, [7] has used a Single Keyword based 

structure aware index which takes the combination of tuple units, score of the tuple unit, and 

the list of intermediate tuple units on the way to the pivotal tuple unit if it does not contain 

the keyword straight-ly for each and every keyword.  
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Complexity of this indexing: 

Suppose that there are „A‟ Coll-Tuples and there are B number keywords, then the maximal 

size of the this index is Big O of product of A and B, since complexity is proportional to size 

of the index, as the size increases , complexity increases. The complexity (Cy) of this is                

                                                          O (A * B)                                                         (e) 

Here, as the number of Coll-Tuples increases, the complexity increases. And in turn if the 

number of rows in the tables increases, then the Coll-Tuples increases. Though this indexing 

scheme does well for Coll-Tuples with less rows, it will hinder the application search speed 

when the contents (row count) in the table increases. So, this is not a speedy approach. In the 

next section, a new indexing scheme is presented [8]. 

IDS INDEXING 

Here a new indexing technique called IDS is proposed to increase the efficiency. 

Algorithm: Generating IDS Index Table 

Input: Given a database „A‟ with „b‟ tables having tables T1, T2, T3…Tb . 

Output: An indexed structure in the form of a table called IDS Index. 

Process: 

Begin 

Step1: Read all the relations after scanning the database. 

Step2: For all the tables, do the following: 

Step3: Capture the schema of the table 

Step4: For Each item in the schema, capture the type of the data. 

Step5: If the type of the data is text, then  

Step6: For every tuple in the table 

Step7: Capture the Attribute of table and store in a structure called „a‟ 

Step8: Place the content of the attribute into in a structure called „d‟ 

Step9: Create an ID called „mId‟ to map the index to data for all tuples 

Step10: Place „d‟ and „mId‟ to form the IDS Index. 

Step11: Place the IDS index into IDS Index Table. 

            End 
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Complexity of IDS Indexing: 

The complexity of this index is discussed in this section. It is clearly known that the number 

of tables is always less than the number of Coll-Tuples. Comparatively reading individual 

table is easier than the reading the Coll-Tuples present inside the table. Capturing the schema 

and attributes are light weight operations as they mere consumes CPU resources. Creating an 

IDS and placing in the Index table is the only basic operation that takes good amount of 

resource. By taking all these into consideration, if we calculate complexity the size of the 

index will be in the O (M) Where M is the total number of rows in all tables. 

EXPERIMENTAL DETAILS 

The experiment has been conducted on the DBLP dataset with the help of MYSQL database. 

The size of the database is about 176 Mb. And the results were captured and show below: 

 

Fig 3: Efficiency of the first 10 answers performed on dblp data 
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Fig 4: Efficiency of the first 50 answers performed on dblp data 

 

RESULTS & DISCUSSION 

It has been clearly shown from the above graphs. The graphs say that the time taken by the 

keyword pair index is more than that of the IDS index. The algorithm is checked for 2, 3, 4 

and 5 sets of keywords with first 10 and 50 answers. Hence the search efficiency of IDS 

Index based scoring is better and also the structural compactness of the data has also been 

checked. Hence, the title for this topic has been justified. 

CONCLUSION 

The system that has been proposed will maintain the Coll-Tuples offline there by reducing 

the online process‟s time significantly. The results above show that IDS performs and stores 

well compared to other indexes. In future, we extend the same concept for xml databases. 
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