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Abstract: Big data has attracted a lot of attention in many domain sectors. The volume of data-
generating today in every domain in form of digital is enormous and same time acquiring such 
information for various analyses and decisions is growing in every field. So, it is significant to 
integrate the related information based on their similarity. But the existing integration techniques are 
usually having processing and time complexity and even having constraints in interconnecting 
multiple data sources. Many of these sources of information come from a variety of sources. Due to 
the complex distribution of many different data sources, it is difficult to determine the relationship 
between the data, and it is difficult to study the same data structures for integration to effectively 
access or retrieve data to meet the needs of different data analysis. In this paper, proposed an 
integration of big data with computation of attribute conditional dependency (ACD) and similarity 
index (SI) methods termed as ACD-SI. The ACD-SI mechanism allows using of an improved 
Bayesian mechanism to analyze the distribution of attributes in a document in the form of 
dependence on possible attributes. It also uses attribute conversion and selection mechanisms for 
mapping and grouping data for integration and uses methods such as LSA (latent semantic analysis) 
to analyze the content of data attributes to extract relevant and accurate data. It performs a series of 
experiments to measure the overall purity and normalization of the data integrity, using a large 
dataset of bibliographic data from various publications. The obtained purity and NMI ratio confined 
the clustered data relevancy and the measure of precision, recall, and accurate rate justified the 
improvement of the proposal is compared to the existing approaches. 
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1. Introduction 

Data from different domains are collected and integrated at an alarming rate across various data 
storage available at diverse distributed networks. This enormous growth of information and massive 
data repository requires innovative methodologies and intelligent tools to comprehend the 
relationships among each document’s property to extract useful information. Due to today’s 
unstructured distribution, developing efficient data aggregation and indexing of relevant information 
is one of the biggest challenges in the field of information science. Several methodologies are based 
on predictive networks for document clustering [1], semantic short text analysis [2] and clustering 
new products through collaborative decision-making [3,4]. Transforming data into knowledgeable 
information from various structured and unstructured information is a major challenge in the 
information age. However, most modern business systems often contain a huge number of data 
records with multiple groups of properties for daily operations performance analysis. However, in 
business and real-time data analytics, information is still disseminated to multiple sources, which is 
extremely expensive and makes it more difficult to integrate these sources of multiple data because 
of the time constraints [68]. The subsequent challenge with a large amount of data is to identify 
structured data objects for quick and accurate access to queries. 

The study of data integration provides accurate and computationally efficient data extraction 
methods to classify data. Depending on the amount, volume, and complexity of data attribute 
classification and indexing, a big database should be developed to provide a list of tags or names for 
quick and accurate access to consolidated and structured data. In [5,9,10], several other methods have 
been proposed to facilitate integration through efficient clustering. The difficulty in grouping these 
multi-level objects is indicated by the probability distribution that occurs under different conditions.  

The major challenges today data integration systems are facing are due to the unstructured form 
of data and variety of data sources. The diverse forms of data sources are being present at the schema 
level and these data sources represent to describe the same domain, it is also available at the entity 
level where the diverse sources can symbolize the identical physical entity in diverse manners. Let’s 
consider a collection of bibliographic data published as an article characterizes with a variety of 
information, but is substantively associated with topic categories. In the past, several techniques are 
proposed for analyzing the heterogeneous form of data for integration employing schema mapping [15], 
document associations with entity references, and entity corresponding, however, integrating 
multiple source data objects with unstructured data objects can still be challenging majorly due to the 
there is information description [16] and diversity of properties [17]. To enhance the search 
operations over vast and complex datasets like big data indexing techniques are being utilized in the 
scalable distributed storage [18,19]. Manually retrieving these records is impractical and incompetent, 
so to achieve better and accurate results indexing mechanism more effective for various querying 
operations [20]. Therefore, effective indexing mechanisms are needed to efficiently retrieve the 
related information from big data, but the variety of data properties presents create difficulties in 
accurately indexing data objects. 

In recent works [12,21] various authors’ utilized un-supervised methods for extensive text 
processing and attribute discovery. Generally, terminology in text documents is expressed in form of 
words or phrases which need a lot of memory to store. To select the unidentified attribute it has to 
depend on certain conditions over a primary space of terminology in terms of subset selection criteria. 
The unsupervised methods have described preserving the functions of information integration and 
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similarity to gain better performance [14,2225]. In order to convey similarity in the primary data 
finest approach is to select the conventional spatial structure of space. In such a case, if the 
information is identified close to the base information node point, then the point of information 
closer to the selection is identified concerning their closeness of the properties.  

The legitimacy of an efficient, integrated method for on-the-fly processing of big data queries 
motivates us to propose new approaches for improving big data retrieval. The primary goal of the 
integration of data from real-time information obtained from multiple fields is to create precious and 
significant data. Existing data integration technologies use an “extract, transform and load (ETL)” 
procedure to process large amounts of data. As information sources from many heterogeneous data 
sources evolve into different qualities of big data, integration with existing data integration 
technologies presents some challenges. Studies on attribute extraction [14] and selection [11,26] 
have proposed effective means of integrating un-supervised data into meaningful groups and 
supporting semantic index-based approaches [27]. 

This paper aims to propose an efficient integration method called ACD-SI based on the 
calculation of attribute conditional dependency (ACD) and similarity index (SI) by utilizing data 
attributes. This proposal will implement an attribute conversion and attributes choosing a method to 
select the most preferred attribute to perform an efficient integration through multiple attribute value 
(MAV) analysis of the data. The main contributes the proposal is to do the following achieve 
enhancement in integration:  

1) It mainly implements the existing k-means algorithm to build the most relevant cluster data 
according to the MAV mean similarity ratio, and the results further use the ACD method to generate 
the most influential properties to be considered for better integration. 

2) It modified the Bayesian mechanism to calculate probabilistic similarities between properties 
by understanding the conditional dependencies between these properties. 

3) It will improve on-the-fly accurate clustering of un-supervised data by providing sparsity in 
attribute selection and reducing irrelevant attributes in MA data. 

4) Later, it implements an attribute-based latent-semantic analysis (LSA) technique to have 
appropriate data indexing on the aggregated data. Here, it learns data semantic associations with 
classified data and identifies identified patterns of data attributes as key sets of mapping data attributes, 
and indicates with similarity indexes to facilitate refinement and accurate searches on big data. 

The bibliographic data dataset of research papers collects big data from multiple publication 
sources and proposes several operations for consolidation [28,29] and indexing [30] to simplify data 
access. Due to the heterogeneous information in the articles, it seems extremely hard to explore these 
associated documents of articles because of the improper indexing and integration. In this regard, 
integration is presuming one of the most important tasks in the field of digital libraries' bibliographic 
data [31]. In literature, the method of integration is suggested based on attribute patterns and the 
indexing utilizing LSA by various researchers and scientists as a solution to identify the latest 
research trends through efficient literature search and articles-associated mining. 

Further sections of the paper are presented in 5 sections. The Section 2 of the paper presents the 
past associated works in relevance and the importance of attribute selection. The Section 3 presents 
the proposed working principal and modules, and Section 4 presents the evaluation study of the 
proposed work. In the final Section 5, the conclusion of the paper is discussed.  
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2. Related works 

Data mining based on relevant text format structures seems to be an effective way to determine 
document compliance, i.e., whether it is relevant or not applicable to the field of data acquisition. 
Modern technology [32,33] is based on a long-term mechanism, in which training packages are 
provided to identify relevant features, but there is a limitation of a low level of support. The field of 
information quality relies on the data integrity and supervision of uncertain information. So, to 
improve information quality integration is the primary function in the distributed data across various 
sources. Traditional data collection systems are a combination of limited resources with time-
consuming and often have complex design and execution steps. 

As discussed in [15], data aggregation systems need to deal with the degree of uncertainty in 
semantic mapping between the data source and the schema that mediates the indexing of keywords 
for effective data search efficiency. This means discovering maps in terms of the meaning of the 
attributes denoting the attributes of schema elements, but it has many challenges in understanding 
dependable attributes [34] and it has an association for the exact integration of big data [35]. Over 
the years, cluster analysis has been extensively researched for the effective integration of information 
with a major focus on distance-based mass spectrometry using “k-means”, “k-media” and other 
methods. However, these methods usually work well when the data are small, but they are often 
costly or even impossible when dealing with uncertain MAV data [36]. Therefore, it is difficult to 
find a collection of data documents with the meaning of many properties in an uncertain space. 
Especially since this data can be very irregular and distorted. 

In particular, k-means algorithms [19,37] are frequently used to identify objects based on their 
simple equal similarity and classification distance, and objects are associated with a “mean” rather 
than a group cluster. A group of domains whose clusters are assigned to a collection of similar or 
close properties, such as data points that identify the individual properties. Additionally, the k-means 
algorithm allows large databases to be consolidated into multiple databases using statistical and 
categorical values. It is important to note that a cluster can have more than one mode in a k-medium 
cluster, but the algorithm is highly dependent on the choice of cluster procedure mode. 

The various mutable values or properties that illustrate information frequently grow in 
numerous fields due to the variety of data arrangements such as text objects, photographs, medical, 
and other mining information [38]. The distribution of information grows by creating multiple values 
of various properties monitored in various fields. The majority of these attribute values may be 
exclusive and may define a few relationships but some may be unnecessary and noisy, which greatly 
affects the choice [39]. This feature is considered as an upper-order quality of conventional learning 
forms, which is accompanied by deficiencies due to over-equipment, lower effectiveness, and low 
achievement. Consequently, it is also difficult to find a way to achieve the accuracy and confidence 
in the desired outcome to decrease pointless and recurring overly related features that need to be 
identified from different collections of attribute. 

Integration is a powerful and computationally accurate method in information mining through 
data classification. It has to deal with huge information sets concerning the complexity, dimensions 
and volume of the information attributes [40]. To support efficient and accurate integration various 
methods have been proposed for multiple domains [15] and uncertain data [34]. The grouping of 
mutable data objects according to the probability of their similarity distribution was presented in [23]. 
It shows how difficult it is to combine difficult uncertain data objects according to probability 
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distributions occurring in various circumstances. The distribution-based attribute relationship 
problem can be efficiently overcome with attribute selection [21,41], and attribute extraction 
methods [14,26]. This reduces the attribute dimension in group lookup and selection of meaningful 
attribute sets. 

2.1. Significance of attributes and values in integration 

The process of attribute selection generally utilizes the method of supervised if learn data 
available else implements the unsupervised methods. The supervised methods [41] identify the 
association between the attributes through learning the relevant class information from a collection of 
attributes. Hence, the majority of research attempts to mine appropriate values for investigation. But 
the distribution of various data models and grouping of these interrelated data makes it difficult to 
choose precise attributes [42]. 

The method of identifying suitable and affluent output attributes is an important value and it is a 
widely employed method in diverse sources of data analysis and extraction [43,44]. The various 
applications for learning for selecting attributes consider the techniques of machine learning. Mostly 
the algorithms can be classified into “supervised algorithms” [45], “semi-supervised algorithms” [46] 
and “un-supervised algorithms” [15,41] according to the use of information labelling methods [44]. 
Several past techniques based on sparsity [22] are used to understand relationships between 
properties. However, the data found can be staggering or very complex for humans to perform. It can 
be effortlessly classified the various datasets which might have less number of tagged or without tag 
data. A proposed small-label sample problem [47] illustrates the problem for the supervised algorithms.  

This is usually because they do not include sufficient information about records class and 
simple supervision methods that unintentionally remove specified attributes or fail with improperly 
selected attributes. Therefore, “semi-supervised property selection” was developed concurrently to 
utilize unnamed and labelled data. If an appropriate label is not available, it can discover the attribute 
through selecting the un-supervised element. It is further added complex to evaluate an explicit 
problem. This attribute evaluates the property of interest in the ability of an element to hold certain 
properties. High-dimensional markers for identification face labelling costs and, consequently, 
require competent development and highly autonomous techniques to select un-supervised traits 
[4850]. In many real-world applications, the unavailability of classified data and the fast growth of 
advanced resources make attribute recognition difficult. The concluding result is a capable and 
automated classification requirement for the selection of un-supervised attributes to address 
integration issues. 

2.2. Data integration using un-supervised attributes 

Integration using un-supervised properties, which is difficult to define due to the lack of 
class/label information defining some of the specific cluster properties according to the criteria 
specified in the most complex clustering criteria [51,52]. The clustered attribute identification 
technique uses a functional concept to create a virtual tag and select attributes and create pseudo tags 
for duplicate data. Most of the difficulties in selecting attributes that are not supervised are solved by 
using probabilistic model methods. By categorizing these methods into a group of labels using 
“Grouping by attribute selection” based on passive attribute variables. Visual attributes and user 
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class attributes separately for the origin model for grouping high-dimensional related data are 
proposed [24]. In the probabilistic model for global integration function and un-supervised attribute 
selection discussed by the authors [26]. In [14] the authors proposed a transformational inference 
framework for an “un-supervised non-Gaussian” method for attribute selection. 

The studying and selecting MAV solves the problems identified by the description of the 
attribute vector. Here, each instance of a property is associated with a set of category labels. Current 
methods [47,49] learn from MAV data by compiling a set of symmetric attributes (e.g., the 
representation used to identify each RC label). However, each tag has its characteristics, so this 
general strategy may not be the best option for your solution. 

Z. Zhao et al [44] suggested an approach that uses naming attributes to acquire the benefit of 
segregation in various category class labels called “LIFT” to study MAV data. Initially, it identifies 
the labels states as positive or negatives for analyzes and then implements the process of learning and 
testing of the grouped outcomes to builds each label’s specific attributes. A detailed study of 17 
datasets proved the benefits of the proposed LIFT and the effectiveness of nominal attributes in 
comparison to many well-known learning algorithms. 

E. Brodley et al. [46] used the mechanism for spectral collection and pseudo-label data to 
identify attributes for evaluation performance simultaneously. Y. Yang et al. [12] presented the label 
predicted that a discriminate analysis to form a general structure could be predicted by a “linear 
classifier decision” to take an example of information input that combines the “l2.l-norm 
minimization” integrated framework for selecting an independent attribute. There is also an 
assumption based on attributes to enhance the cluster quality, and Y. Tao et al. [53], also perform 
pseudo-label creation, which involves a different analysis to select unobserved attributes. 

M. L. Zhang et al. [43] propose new forces for fuzzy clustering of large and multidimensional 
data that are convenient for document classification. The main idea of taking into account large and 
large dimensions when solving problems is to combine confusing collections specially designed for 
documents to combine effective schemas to solve big problems. Three representative schemes have 
been identified in a complex group to manage large-scale data such as single-pass, divide-ensemble 
and sampling-extension. A variety of studies have been conducted in large databases in real-time 
using these methods, and the results show that these methods are consistently better in document 
categorization approaches. 

An analysis conducted by L. Chen et al. [52] showed that this difficulty reduced the eminence 
of the aggregate outcomes and suggested a novel correlation technique that encourages standard 
matrices by recognizing unusual items through cross-group assessment in the dataset. In particular, it 
is recommended that it accomplish a method based on correlations be utilized to verify essential 
similarity. They are working to improve the collection of confidential information among different 
clusters, but as a result, they are competing with existing technologies. Unfortunately, these 
technologies continue to generate payloads based on incomplete data. Unlikely, these mechanisms 
create a lot of overheads due to the inconsistency of data information. 

The primary matrix information category will give as anonymous relationships despite several 
dataset records are anonymous. Apply the split chart technique to a weighted double-sided chart 
consisting of iterative matrices to get the final aggregated result. The core matrix data cluster 
presents unidentified information sharing, leaving multiple pieces of pieces of evidence in an 
anonymous database. It uses a two-dimensional weight diagram containing the matrices iterative to 
obtain a concise result of the split graph method. 
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Xiang et al. [56] propose a fast unsupervised heterogeneous data learning algorithm in the big 
data analytics scenarios, namely a two-stage unsupervised multiple kernels extreme learning machine 
known as TUMK-ELM. It receives information from several sources and learns to display identical 
information with closed-loop solutions.  

It indicates that it is suitable for uncontrolled learning from multiple sources and that other 
uncontrolled big data that allows for better performance can be adopted in analytics scenarios. It also 
shows that it improves learning speed by achieving better or more consistent clustering accuracy 
compared to current clustering methods. 

Even though several inconsistencies and separations were acknowledged in the examination of 
the information group based on the purpose and nature of the data. But there are fewer proposals for 
analyzing uncertain MAV data [54]. It is due to the unconditional growth of data in multidimensional 
in terms of its attributes increases the complexity in the prediction of the relation among them and 
raises a concern to the effective integration among them. This document is intended to provide 
solutions to improve the integration of data on MAV data for use in retrieving various data for big 
data use. This paper intends to provide a solution to advance the integration of data about MAV data 
for use in various data outlets for large data applications. Therefore, the existing method of 
integration will limit the demand for relevant information, as well as increase the processing 
advantage and take more time. Thus, determining the appropriate integration model for uncontrolled 
documents that distribute MAV data is an open issue in big data analysis software. 

3. Proposed big data integration methods 

This section describes the proposed methods for combining big data based on the calculation of 
the attribute conditional dependence (ACD) and similarity index (SI) called ACD-SI. It analyzes 
MAV data to calculate conditional dependencies to predict attribute relationships. The integration 
process should create a matrix data analysis based on data attribute relationships and introduce new 
criteria for attribute selection to understand object-based data similarity analysis and data 
characteristics. Figure 1 shows how to combine data from different sources using the required 
attributes generated using the ACD and SI methods. 

 

Figure 1. System architecture. 
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The method of the proposed mechanism functions in two parts. In the first part, it implements k-
mean and ACD methods to generate the preferred attributes for each class. In the second part, the 
process of obtaining data from various sources is used and data retrieval and cleaning are initially 
and later using the SI method to perform data integration utilizing the bibliographic data set. Data 
sources are collected from distributed sources and are cleaned for the purpose of being stored in large, 
scalable, and capable storage. The transformation data is performed by using an attribute 
construction method. It supports the construction of attributes of data transformation to help the 
mining process by adding new and relevant attributes sets. 

3.1. Preferred attributes construction using ACD method 

To create the required attributes for bundling it has compiled a relevant dataset for each class 
based on two or more similar MAV objects. The default grouped data object is used to generate G-
number clusters based on the defined set of classes as specified in Table 1. 

Table 1. Article class table. 

G. Id. Article Class 

G1 Applied Numerical Mathematics

G2 CAD 

G3 Computer Architecture 

G4 Computer Graphics 

G5 Cryptography and Security

G6 Genetic Algorithms 

Initial k-cluster results are first constructed for the group of articles given in Table 1 using a 
traditional k-means algorithm in terms of data relationship properties, and the results obtained are 
utilized to compute the conditional dependency-based matrix to generate the most it's possible with 
desirable properties for integration. 

The definition of a correlation matrix with the integration method [55] explains the association 
among individual properties where every property establishes a mutually valuable result. It is 
generally a connection between a structure formed by a set of graph nodes and a couple of vertices 
illustrating as edges of groups. It must be kept in mind that graphs with edges require comparative 
thought among edges and graphs which will collect many clusters within each group to define the 
vertex as a group category. 

 

Figure 2. Clustering of related articles. 
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To create, a group of clusters from the MAV datasets employs the conventional k-mean 
algorithm. It takes a collection of data records as input and as per their attribute values and performs 
an iteration of comparison till it falls into any of the cluster categories. The k value of the method is 
predefined as per the count of grouped categories as G. The process of creation is shown in Figure 2. 

The above construction of clusters creates a set of data with their relevant attributes concerning 
the means of similarity among the attribute values. The computation of nearest means similarity 
among the attributes measures the ratio of attributes similarity between every data record. Let’s 
consider X and Y are two data records having few sets of unique values then the mean ratio of 
frequency is given by Eq (1). 

| |
min_freq( , )

| | . | |
MAV MAV

MAV MAV

X Y X Y
X Y




                                               (1) 

The outcome of these clustering might have many outliers’ records as the mean frequency 
among these data records might have a low frequency and high differences in comparison to other 
attribute values. In such cases, it is important to further learn the cluster data to facilitate accurate 
data in the right cluster it employs the ACD method to extract the most preferable attributes to 
classify the data objects. 

The method ACD constructs an attribute matrix (AM) for each clustered data created using the 
k-mean method. It builds up a set as DATT  of the most frequent and distinct attributes from the cluster 
having minimum frequency support of more than 1. Now each article attribute of a cluster performs a 
relation analysis with DATT as shown in Figure 3. 

 

Figure 3. Article with attributes relation matrix. 

Here it considered two data records supposed to be adjoining if the defined threshold value of 
probability similarity is met. So, the clustering quality relies on sensitivity to the threshold changes to 
support the selected correlation approximation. It is specifically is to find a collection of extended 
and overlapping better-quality attributes that are optimal for the scope of specified test situations, it 
might be necessary to implement an especially minimum support threshold at the time of the 
attributes generating period. 

Let’s considered that each Cartesian product between an and attm is given by a value M(1, 1) to 
M(n, m) using the Eq (2). The product of “data row × data col” will be (0, 1) in the matrix. 
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So, on computing each ACD value using Eq (3) it recognized the most preferable attributes 
needed for clustering for different MAV data records. The attribute which is having the highest ACD 
is being considered to have the most preferable attribute as ACD_Att for the integrating and can act 
as a centre point in a relation graph with other attributes. According to Figure 4, the highest 
preference attribute is att4 and others are dependent attributes which inclusion in order will improve 
the purity and NMI of the clustering data.  

 

Figure 4. Attributes preference order using CD value. 

Based on knowledge of the attribute probability relation it will assess the efficiency of 
clustering for the different number of feature selection in MAV datasets.  

Most of the associated methods in the literature proposed associated the documents based on the 
frequency of attributes but they didn’t evaluate the dependency of attributes on each other. So, the 
method of ACD using Eqs (2) and (3) construct the required ACD_Att set to perform the SI method. 
It solves the problem of clustering of articles having heterogeneous information, which seems to be 
complex in the association of the attributes. In the subsequent part, based on an order of ACD_Att set 
it will determine the MAV datasets clustering and utilized to perform classification using SI method 
to facilitate the integration process as discussed next section. 

3.2. Data integration using SI method 

To integrate the data records It extracts the attributes to carry out the attribute conversion and 
selection. The preferred attributes generated using the selected ACD_Att are related to classifying. 
The data record of the article comprises metadata and other details such as title, author and keywords. 



8671 

Mathematical Biosciences and Engineering  Volume 18, Issue 6, 8661-8682. 
 

To successfully integrate a data record it extracts words from keywords and in an invisible field to 
form a set of words that will be used to perform SI to classify the article category for merging. The 
similarity mechanism based on the concept [29] is derived for the data records associations. The 
conception of such expressions and the metadata of the article are looking to determine its relevance, 
and it attempts to relate to other elements of the article class. 

Let’s assume an article class presents a collection of words as, R = {w1, w2,...., wn } for a data 
record R. To initially finding the relation association among these article words and the article class 
generated ACD_Att through a TF (term frequency) computation as, tf(w) among the words to another 
word utilizing the Eq (4). ( ) = , ∈ ACD_Att	                                                         (4) 

where, S represents article class Ak  associated words, and Z represents the summation of words 
extracted from the record. Later, it calculates the probability of SI for each data record by evaluating 
the words associated with the class of articles using Eq (5). ( : _ ) = 	 ( ∩ _ )| _ |                                               (5) 

The mechanism of the Naive Bayes (NB) classifier illustrates the dependency of the attribute. It 
suggests the Condition-Independence of class attributes is completely independent of the variations 
of the values. 

The probability of association among the words t of an article is derived as, pr(t(1→n) ∩ G(1→k)), 
where the G is a set of article classes. The maximum probable association of each G is given by pr(G) 
from the obtained pr(G1-k) to categorize the record of articles. It utilizes a modified NB to compute 
the probability of SI in association with terms of G for classifying the datasets. Algorithm-1 presents 
the method of SI function below. 

Algorithm-1: Similarity Index Method 
 

Input: 
Data Record → R; 
Group of article class → G [ ]; 
W [ ] = extractTerm (R) ; 
G_Size = sizeOf ( G [ ]); 
SI = 0; 
for (I = 0;  i < G_Size; i ++) 
{ 

G_CName = G [ i ] ; 
ACD_Att [ ]  = getCTerms (G_CName ); 
//-- Compute the SI value using Bayes probability 
v= prob(ACD_Att [ ] ∩ W [ ]  ) ; 
if   ( v >  SI  ) 
{ 

 G = G_CName; 
 SI = v; 
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} 
} 
R classified as, G.  

 
The method LSA is most frequently being in many indexing applications, so the proposed 

method of SI inherits the mechanism of LSA and derives the Eqs (4) and (5) to identify the highest 
similarity of a document is relevant to a class. It will enhance the accuracy of the integration of 
articles concerning their mapping class using this SI method. The obtained G as the output of the 
algorithm is being utilized to accurately classify data record R, which will, in turn, enhance the 
process of integration.  

As per the above discussions, ACD-SI is sensitive to two parameters as the frequency of 
attributes and SI. The frequency of value states the scope of an article in a cluster whereas SI states 
the closeness of an article to a particular class. So, the preciseness of an article classification can be 
controlled by defining each class attributes accurately, because SI computation is dependent on class 
attribute similarity. In algorithm-1 it computes the SI value using Bayes probability as “v= prob 
(ACD_Att [ ] ∩ W [ ])” where v is the probable parameter of SI based on which article class is 
decided. So, the value of v can be tuned to have a variation in classification purity in ACD-SI. 

Table 3. Collection of articles. 

DId Class Article Title 

c1 CA A review of dynamic memory with enhanced data access

c2 CA Implementation of dynamic aspects of the processor symbol hardware compiler 

c3 CA A fault-tolerant multiprocessor architecture for real-time control applications 

c4 
CA Functional memory techniques applied to the microprogrammed control of a dynamic 

associative processor 

c5 CA A machine-oriented memory and processor management architecture 

s1 CS Concerning Certain Linear Transformation Apparatus of Cryptography and Security 

s2 CS Advanced Cryptography Techniques for Computers for Data Encryption 

s3 CS 
Cryptography Key Management Scheme for Implementing the Data Encryption Standard for 

Computers Security 

s4 CS Cryptography Architecture for Information Security

s5 CS A Method for Obtaining Digital Signatures and Public Key Cryptography 

Let’s consider a dataset having 10 articles. The article has more than one attribute of frequency 
are categorized to form a cluster. It considers the two-class group as “computer architecture (CA)” 
and “cryptography and security (CS)” and utilizing the k-mean algorithm it initially creates a cluster 
of the article as given in Table 2. The next section presents the experimental evaluation of the 
proposed integration mechanism. 

From these articles, attributes are extracted and an attributes relation matrix is formed to build 
the frequency of occurrence of each article using Eq (2) and probability of ACD concerning each 
attribute a Bayesian probability ratio is calculated using Eq (3) as given below in Table 4. The ACD 
ratio values obtained for each article attribute are utilized for constructing the preference order of 
attributes. So, to perform the accurate integration of articles it later computes the probability of SI in 
comparison to classes as given in Table 5. 
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Table 4. Articles with attributes relation matrix. 

AId Attributes c1 c2 c3 c4 c5 s1 s2 s3 s4 s5 ∑ ACD Ratio

a1 Dynamic 1 1 0 1 1 0 0 0 0 0 4 0.8

a2 Memory 1 0 0 1 1 0 0 0 0 0 3 0.6

a3 Architecture 0 0 1 0 1 0 0 0 0 0 2 0.4

a4 Processor 0 1 0 1 1 0 0 0 0 0 3 0.6

a5 Control 0 0 1 1 0 0 0 0 0 0 2 0.4

a6 Cryptography 0 0 0 0 0 1 1 1 1 1 5 1

a7 Computer 0 0 0 0 0 0 1 1 0 0 2 0.4

a8 Key 0 0 0 0 0 0 0 1 0 1 2 0.4

a9 Encryption 0 0 0 0 0 0 1 1 0 0 2 0.4

a10 Security 0 0 0 0 0 1 0 1 1 0 3 0.6

Table 5. Article probability of SI in comparison to classes. 

 SI value using Bayes probability (v) 

DId G1 G2 G3 G4 G5 G6 

d1 0.214 0.458 0.981 0.124 0.124 0.199 

d2 0.127 0.471 0.347 0.199 0.997 0.263 

d3 0.487 0.547 0.598 0.547 0.471 0.145 

d4 0.347 0.225 0.287 0.158 0.912 0.142 

d5 0.588 0.263 0.440 0.192 0.814 0.287 

4. Experiment evaluation 

4.1. Datasets  

It collects the required Bibliography dataset from information extraction and synthesis 
laboratory. The dataset consists of BibText files approximately 3500 in the count, and a total of 5 
million technical article documents published by the different publishers. Processing and analysis 
are easy when the data is limited, but processing and analysis become very complex when it is 
large, dissimilar and unstructured. Therefore, the received data file is converted to the particular 
class format for preprocessing and implies a cleanup method to remove the scrambled data and fill 
in the missing data. 

The acquired data were pre-processed and loaded to the hadoop framework data cluster to 
perform the experimental analysis. The pre-processing data are stored in the Hadoop cluster and 
the mechanism of ACD-SI is implemented using Java in Eclipse IDE environment to read and 
compute the evaluation measures. It initially implements the ACD method to generate the required 
preferred attributes and later runs the integration method utilizing the SI method. To evaluate the 
enhancement it measures the following measures in comparison to the existing methods given 
below.  
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4.2. Evaluation measures 

In the past various works have utilized the purity and NMI measures to evaluate the 
qualification of the integrated clustering proposals. To measure the transparency and independence 
of information in the integrated data cluster it also employs the purity and NMI measure [5,54]. 
These measuring procedures are utilized to evaluate integration precision based on how the cluster 
objects are related to their essential information of the actual class. 

By employing the integration methodology it builds a set of the cluster as |C| having j unit 
clusters and employing a preferred attribute relation it constructs an exclusive attribute partition as |P| 
having i unit portions over an N number of datasets. 

Purity measure: It is a measure to quantify the accuracy of data in clusters to its related class. 
For each cluster its identify the available data points based on the most preferable attributes and 
compute the number of data records that are accurately allotted with the exact match to the class. If 
the outcome of the purity shows high, then the generated clustered is accurate. It is calculated using 
Eq (6) as given below.  

1
( , ) max | |j i

ij

Purity C P C P
N

                                                    (6) 

NMI measure: It is extensively being used to measure the similarity among the clusters. The 
range of values of NMI lies between 0 and 1. The highest value indicates the closer similarity of the 
values and higher reduction of uncertainty, which means 1, is considered as best correlated and 
perfectly integrated, and 0 indicates no mutual relation with the highest independent of attributes. 
The NMI measure between integrated clusters can be calculated using Eq (7). 
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It was seen that various data objects in each group of domain differ from other groups in terms 
of the number of items, attributes, and its values. If the numbers of items and their values in the 
integrated cluster have a closer relation to class then the measures of NMI and purity performance 
shows enhanced and accurate to their class category. 

To facilitate the effectiveness of the proposed integration technique it measures the estimations 
of probabilities of documents relevant concerning PR (precision), RC (Recall) and ACC (Accuracy) 
using the following ratio given below. =	 |∑ 	 	 	||∑ 	 	 ℎ	 	 	 | =	 |∑ 	 	 	||∑ 	 	 ℎ	 	 	 | =	 |∑ 	 	 ℎ	 	 	 	||∑ 	 	 	 	 ℎ	 	 	 	 	 | 
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4.3. Result analysis 

 

Figure 5. Purity analysis of the integration. 

 

Figure 6. NMI analysis of the integration. 
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Figure 7. Precision analysis with different datasets. 

 

Figure 8. Recall analysis with different datasets. 

In this segment, it is discussed that, the evaluation output investigation of the proposed ACD-SI 
with integration comparing with semantically associating approaches based on the state-of-art 
method TF-IDF, k-representatives-Modified [9], SVM (support vector machines) and NB (naive 
bayes) to compute the purity and NMI and later discuss the measure of the estimations of 
probabilities in terms of PR, RC and ACC with the state-of-art method along with LSA and TUMK-
ELM method [56] to show the effectiveness of the proposal. 

Figure 5 shows the comparison analysis measurement of purity and Figure 6 shows the 
comparison analysis measurement of NMI. The proposed ACD-SI demonstrated an average of 10% 
better purity evaluated with existing classifier methods and 5% better than TUMK-ELM based on 
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record association instructions. In the case of increasing evaluation records SVM, TF-IDF and k-
representatives-Modified methods show a consistent decrease in purity, but the NB and TUMK-ELM 
method shows a close value of purity in comparison to ACD-SI as both works on the probability of 
association to predict a class. The enrichment in purity is because of the learning accuracy of 
correlating the most desired attributes between data records and article classes through probabilistic 
and semantic similarity attribute models. 

The NMI measures the common information being associated among the data record with words 
learned from the classes of articles in ACD-SI, and the utilization of semantic association mechanism 
for the process of data integration. The compared method SVM, k-representatives-Modified, and TF-
IDF shows a drop in NMI because of the high variance of independent words with increasing data 
records. In case of TUMK-ELM shows a difference of 5% variance on the NMI with increasing 
records. The TUMK-ELM also generates clusters similar to ACD-SI by the kernel k-means. It allows 
learning a clear cluster boundary for the different classes in the datasets and enhancing clustering 
performance measures. 

The quantify the accuracy of data in clusters initially achieves the most related class due to 
which it shows a better purity and NMI ratio. The utilization is of ACD able to build a cluster based 
on the most preferable attributes and compute the number of data records that are accurately allotted 
with the exact match to the class. The method of ACD measures the similarity among the clusters 
and data records to indicate the closer similarity of the values and higher reduction of uncertainty. 
The probabilities of the proposed ACD-SI regarding the relevance of agreements with article classes 
will increase the amount of data sharing and contributing to achieving better NMIs in comparison. 
Due to the creation of the most required attributes and the most accurate clustering using the SI method, 
the anonymous record association is more precise to achieve. Better purity and NMI in comparison. 

To have research efficiency and ability of the proposed ACD-SI based integration it compares 
the different methods in different kinds of datasets related to bibliography as, BibTex, Cora and 
CiteSeerX, To analyze the efficiency of integration it poses a set of the query to retrieve the data 
records in relevant to the query. The volume of results obtained is being evaluated statistically in a 
confusion matrix to visualize the performance of the methods. It represents the values in TP, TN, FP 
and FN over the top 100 results. So, utilizing these measures it computed the PR, RC and ACC to 
justify the fairness of improvement. 

Figures 7 and 8 show the precision and recall performance for the ACD-SI with others methods. 
It shows that the proposed ACD-SI shows better precision in comparison. It shows an average of 6% 
improvisation with CiteSeerX, 15% improvisation with BibText, and 14% improvisation with Cora, 
similarly in case of recall also ACD-SI shows the least in comparison to others. An average of 5% 
less with CiteSeerX, 18% less with BibText, and almost 21% less with Cora. This confirms the better 
precision of integration against all the datasets. Even in comparison to TUMK-ELM, it shows better 
as ACD-SI qualifies to understand the relation between attributes more precisely than TUMK-ELM. 
The TUMK-ELM relates the attributes-based probabilities of association which provide a range of 
gaps towards accurate mapping of the class and affect the performance.  

To acquire the outcome of the proposed ACD-SI with other methods has shown in Figure 9. It 
shows that an average of 9% of improvisation with datasets CIterSeerX, 12% with BibText and 26% 
with Cora. The improvisation is accomplished due to the extraction of a greater number of relevant 
results, which introduces the enhancement of the integration and from the relevant results and the 
total number of actual results indicates accuracy. In comparison to TUMK-ELM and LSA, it shows 



8678 

Mathematical Biosciences and Engineering  Volume 18, Issue 6, 8661-8682. 
 

better accuracy. It is because the information extraction to a query needs to identify the k-nearest 
objects in relevance. The relevancy of data highly depends on how closely it is mapped to its class. 
Since the proposed ACD-SI achieves a better purity in the cluster performance, so the accuracy of 
mapped related data is also high. An experimental result against various bibliographic data sets 
demonstrates the enhancement of the proposed ACD-SI. So, the improvisation on the accuracy 
level in comparison to the state-of-art methods with different datasets ensures the fairness of the 
proposed ACD-SI.  

 

Figure 9. Accuracy analysis with different datasets. 

The enhancement of the accuracy in terms of principal component analysis (PCA) is due to the 
effectiveness of the attribute extraction by reducing the least informative attributes dimension. It has 
analyzed the PCA over three datasets of CIterSeerX, BibText and Cora using the ACD method to 
extract the most dependent attributes that are highly correlated to the articles class. It is quite 
predictable from the obtained measures that the extraction of dependable attributes enhances the 
improvisation of the integration of heterogeneous data documents. 

To illustrate the cost-effectiveness of the proposed ACD-SI method it measures the time 
complexity using O(n2) notation. Since the iteration of the execution is depends on the number of 
attributes extracted and the number of the class available. For example, if an array has 1 element then 
it has to go with each one iteration of operation, so for 10 classes having every 10 attributes it has to 
go for 100 iterations for each class. So, with increasing attributes and classes the process complexity 
with an O(n2) times and increases linearly. Even though the proposed ACD-SI shows better accuracy 
results in comparison to others, but with the increasing size of data records, it shows a limitation with 
a drop fall in the purity. This is due to the high variation of data attributes which makes it more 
complex to associate to the accurate class and might affect the integration.  

The development of unstructured and semi-structured data has entered the rapid information age, 
where a vast amount of information is from internet sources. This rich and disparate data needs to be 
properly analyzed and mapped to their related domain to improve the accuracy of data access. 
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Therefore, there is an immediate need for a technology that can process such structured and 
unstructured big data effectively and efficiently for the emerging information in this new era. The 
proposed ACD-SI method which has worked on such structured and unstructured collection datasets 
shows effectiveness in comparison to the compare classification methods and even shows better 
integration accuracy. The enhancement in integration is achieved is due to accurately predicting the 
most preferable attribute and its similarity index. The ACD-SI method of retrieving data in which it 
identifies data records most similar to related groups formed by integration. This enhancement plays 
a major contribution towards accessing accurate data mining for information extraction. 

5. Conclusions 

The two key skills needed to quickly organize and access information in today’s big data 
environment are integration and indexing. This paper proposes a competent integration technique 
based on conditional dependence (ACD) and similarity index (SI) methods. Selecting the most 
desired attributes and precisely linking them to SI support to optimize integrations in big data. It 
generates the optimal attributes for each set of classes using ACD so that the corresponding valid 
attributes are grouped. It utilizes attribute selection and transformation mechanisms to relate and 
group data for integration and analyzing the contextual relationships of data attributes using LSA and 
other methods to provide accurate and appropriate data retrieval. An experimental analysis of the 
proposal compared to various datasets from various publication sources demonstrates improvisation 
and NMI purity in the integration, and also shows improvements in accuracy and retrieval accuracy. 
It shows an average of 10% better purity in compared to state-of-methods and an average precision 
of 6% with CiteSeerX, 15% with BibText and 14% with Cora along with a low average recall of 5% 
with CiteSeerX 18% with BibText, and 21% with Cora. It’s outperform is justify with the result of 
accuracy which shows an improvisation of 9% with datasets CIterSeerX, 12% with BibText and 26% 
with Cora. In the future, the integration testing performance method can be extended unconditionally 
under the un-supervised method selection requirement and data indexing to simplify integration. 
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