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ABSTRACT 

Data mining is a process to discover knowledge through analysis of a large volume of data using 

statistical models, mathematical algorithms and machine learning techniques. In fact, data mining is a set 

of practical problems defined in scope of knowledge extraction from available data. There are some 

methods proposed to achieve this goal. There are different methods used in data mining process. In this 

paper, we have concentrated on four techniques including feature selection, clustering, association rule 

mining, and classification that are the most important and applied techniques in data mining used in 

various field so that many multi-objective algorithms are used to implement the mentioned techniques. In 

fact, there was a comparison between these methods in terms of conduction method. Since data selection 

and data mining methods are important processes in data extraction, therefore, this study would help to 

recognize and concentrate on key methods for further studies in this field.    
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INTRODUCTION 

Today, technology has created possibility for organizations to storage and collect data in large numbers 

with low cost. The overall goal of data mining is a process of extracting useful knowledge and 

information from large numbers of data and operation of them. In fact, data mining is a process to explore 

and analyze large numbers of data with automatic and non-automatic tools in order to discover significant 

patterns and rules (Xingquan and Ian, 2007). There are two categories of functions involved in data 

mining including predictive or supervised and descriptive or unsupervised. Predictive techniques would 

learn from existed data to predict behavior of new data group. On the other hand, descriptive technique 

would prepare a summarized data (Joseph, 2001). The nature of data mining is related to extract 

knowledge from data through almost automated process. This expression includes these questions; what 

kind of knowledge should be discovered and haw this discovery is realized. In data mining, we tend to 

discover knowledge with predictable ability. In fact, human is about to discover knowledge with high 

accuracy. In addition, the discovered knowledge should be perceptible for so that it can support the user 

for decisions. In most cases, if the discovered knowledge is just like black boxes that predict anything 

without explanation then the user do not trust on its accuracy (Michie et al., 1994). If data mining is 

defined as a process to discover and relevant data analysis to the large collections using significant and 

automated tool (Seifert, 2004), it would be appeared that data mining is related to use of data analysis tool 

to discover unknowns, authentic patterns and relationship between large collections (Patrick, 1998). The 

main purpose of this advanced analysis is to extract data from a data collection in order to transform it to 

an understandable structure and to discover hidden relationships between data for more beneficial 

decisions. This tool includes statistical models, mathematical algorithms and machine learning methods 

such as neural networks and decision trees (Liao et al., 2012). Therefore, data mining is beyond data 

collection and data management so that it includes data analysis and data prediction (Pieter and Dolf, 

1996). Most of the organizations either private or public has been interested in data mining methods using 

technologies and advanced business processes. Accordingly, there are some changes in mentioned 

organizations including development of computer networks, connection to databases, increasing 

technologies such as neural networks and advanced algorithms, enhancement of customer-employee 

models, increased users’ access to central source of data, increase in ability to combine data from 
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different sources and transform it to a unit researchable source (Jain and Srivastava, 2012, 2013). In 

addition, organizations apply data mining as a tool within customer studies, frugality and medical studies. 

Data Mining 
Data mining would apply a discovering method to simultaneous test the relationship between data to 

assess the unity and repetitive grade of data. Data mining methods do not impose any structure or 

assumption on data and allow data to determine the next steps. However, data mining methods are not 

substitute for traditional statistical methods but complete them; hence, it can be stated that data mining is 

a process related to exploration and continuous patterns, statistical and unconventional models 

(Purusothaman and Krishnakumari, 2015). In general, data mining and knowledge discovery in database 

(KDD) are related to each other and are used as synonyms but these two concepts are assumed different in 

many of studies in which, data mining is considered as an important step in process of KDD. The process 

of knowledge discovery includes organized steps indicated in figure 1 (Fayyad et al., 1996; Han and 

Kamber, 2006). 

 Selection of data that are collected from different resources 

 Pre-processing of selected data 

 Transformation of data to appropriate format in order to future processes  

 Data mining that is related to implementation of appropriate technique to extract valuable 

information and evaluate these results. 

 

 
Figure 1: Required Steps in Process of Knowledge Discovery 

 

The purpose of any type of data mining is to create an efficient prediction or descriptive model based on 

the large numbers of information that not only explains the information but also is able to generalize them 

to new data. Optimization of parameters of model is considerably important for successful application of 

data mining events because most of these problems are not solvable with standard mathematical 

techniques due to their complicated nature. Therefore, design of definite and efficient algorithms is not 

possible in accordance with large numbers of input data (Jain and Srivastava, 2012; Sajana et al., 2016). 

Generally, there are three main steps in data mining including data preparation, data reduction and finally 

valuable information discovery using a specific method. However, definition of the mentioned steps in 

conducted studies is different in each company and from the perspective of each researcher. For instance, 

IBM Company has defined four main steps for data mining (Lee and Siau, 2001) as follows:  

1. Predictive modeling: creates predictive models using deductive reasoning techniques such as 

neural networks and inductive reasoning algorithms. 

2. Database classification: classifies data to cluster using statistical clustering techniques. 

3. Links analysis: identifies dependencies and correlations between data 

4. Deviation detection: detects and explain why some records cannot be used for some sectors. 
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There is a data mining formed from five main steps that are indicated in figure 2 (Bilawal and Sarvpreet, 

2015). These steps are as follows: 

1. Extracting, transformation and loading data on the system of data repository 

2. Saving and management of data in a multi-dimensional system 

3. Providing access to data for business analysts 

4. Data analysis using software 

5. Data preparation in an usable format 

 
Figure 2: Process of Data Mining 

 

Types of Data Mining Systems 
Data mining systems have been classified based on the various criteria (Dunham and Sridhar, 2005). 

These classifications are as follows: 

 Classification of data mining systems based on the type of data source: according to the large 

numbers of data available in an organization include different types of audio, video, text format etc. 

therefore, data classification based on the type and nature of them is required.  

 Classification of data mining systems based on the data model: there are many data mining 

models available including relational model, object model, object-oriented model, etc. and different data 

is used for each model. Data mining system would classify data in different models based on the types of 

models.  

 Classification of data mining systems based on the type of knowledge discovery: this 

classification is done based on the type of knowledge discovery or used data mining techniques such as 

clustering, classification etc. and some systems tend to combine several techniques or use a 

comprehensive system. 

 Classification of data mining systems based on the used extracting method: this classification is 

done in accordance with approach of data analysis including machine learning, neural networks, genetic 

algorithms, statistics, etc. 

Data Mining Tasks 
Data mining tasks include different types that are classified based on the use of data mining results 

(Langley, 1994). These classifications are as follows: 

 Analysis of discovery data: there are large numbers of data available in data repository and 

analysis of discovery data is used when the information searched by customers is not available.  

 Descriptive modeling: includes description of data, a model for total distribution of data 

probability, partitioning p-dimensional space to groups and descriptive models of relationships between 

variables. 

 Predictive modeling: in this method, the value of a variable is predicted based on the recognized 

values of other variables. 

 Discovery of rules and patterns: this step is firstly used to find hidden patterns in order to 

discover existed pattern in cluster. There are different patterns in a cluster and the moat appropriate 

pattern should be determined using the results of rules and techniques of data mining such as clustering 

algorithm.  
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Data Mining Techniques  

Three methods of Feature selection, Classification and Clustering that are the most important methods 

applied in data mining are reviewed and recently multi-objective algorithms are used to implement these 

methods. In this part of study, the existed applied methods are mentioned to implement these methods.  

Feature Selection 
Methods of feature selection prepare lower time of calculation, improved predictive performance and 

better perception of data in machine learning or applied sub-programs for determining pattern 

(Chandrashekar and Sahin, 2013). Concentration on Feature selection to select a sub-set of input would 

describe input data through an effective way and a good prediction is still possible despite the existence of 

noise or irrelevant variables (Guyon and Elisseeff, 2003). Since the extracting of irrelevant features from 

data is possible and many of algorithms might not be able properly perform in spite of the existence of 

large numbers of features, but feature selection techniques are required before any use of algorithms. 

Selection of optimal feature would add an additional layer of complication in modeling instead of finding 

optimal parameters for a complete set of features (Daelemans et al., 2003). 

Methods of Feature selection include filter, wrapper and embedded that are described in this part.  

Filter Method: Techniques of variable ranking as main criteria are used in this method in order to select 

variables. Ranking methods are used because of their simplicity and there are reported successful 

practical applications of these methods. An appropriate criterion of ranking is defined in this method to 

score variables also a defined threshold to omit variables that are less than this amount. Ranking methods 

are included in filter methods because they are applied to filter variables before classification (Saeys et 

al., 2007). In filter method, selection of features is separated from the used data-mining algorithm. 

Advantages of use of this method are as follows: 

 Scalability for collection of data is done with fast and simple calculations in high dimensions.  

 This method is independent from data mining algorithm; therefore, feature selection is done 

once and then different classifications of this method are evaluated. 

A disadvantage of filter methods is that interaction is ignored through classification and most of the 

suggested techniques are one-variable means that each feature is separately considered; therefore, 

correlation between variables are ignored so that the performance of classification might be worse than 

other techniques of feature selection (Raymer et al., 2000). 

Wrapper Methods: Wrapper methods would wrap the search for the hypothesis of model in search for 

subset of features. In this method of feature selection, the results of data mining algorithm are used to 

determine the goodness of subset of data features. In fact, a search process of subset of possible features is 

defined and different subset of features is produced and evaluated. The main feature of wrapper approach 

is that the quality of subset of features is measured directly by performance of data mining algorithm. 

Since data mining algorithm for each considered subset of features is used for search in wrapper method, 

this method has lower speed compared to filter method. In addition, the wrapper approach will contain 

expensive calculations if several data mining algorithms are used for data (Saeys et al., 2007). The 

advantage of use of this method is related to interaction between search of subset of features, model 

selection and ability to consider correlation between features (Blum and Langley, 1997). 

Embedded Methods: These methods are used to decrease calculation time for re-classification of different 

subsets of wrapper method and the main approach of this method is combination of feature selection as a 

part of training process (Pieter and Dolf, 1996; Patrick, 1998; Romero and Sopena, 2008). In fact, search 

is done for an optimal subset of features for classification that can be considered as a search in an 

embedded space including subset of features and hypotheses. The advantage of this method is the 

interaction with classification with less compressed calculation time compared to wrapper method (Saeys 

et al., 2007). 

Classification 
Data mining algorithms can follow three approaches of supervised, unsupervised and semi-supervised. In 

a supervised learning, algorithm is identified with a set of samples that are labeled. Labels can be nominal 

values in classification or numerical values in regression. In unsupervised learning, the labels of samples 
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of data set are not identified and algorithm usually determines clustering in samples of target grouping in 

accordance with similarity of features’ values. In semi-supervised learning, a small subset of available 

labeled samples is used along with a large numbers of unlabeled samples. Classification is considered as a 

supervised technique in which, each sample is belonged to a class. This method classifies data to target 

classes and predicts target classes for each data point (Saeys et al., 2007). Binary and Multilevel are two 

methods of data classification. In binary classification, two classes might exist such as high or low while 

there are more than two targets such as high, low and average in multilevel approach. Data set are 

classified to training and test classes and accuracy of classification is tested by data set of test (Romero 

and Sopena, 2008). There are some methods used for classification including Bayesian Network, Decision 

Tree, Nearest Neighbor, Artificial Neural Network, Support Vector Machines, Fuzzy Logic, and Genetic 

Algorithm. These methods are described in this part of study.   

Bayesian Networks: A classification based on the Bayesian Networks is based on a Bayesian Network 

that indicates a common probability distribution in accordance with a set of definite features constituted 

from two parts including an acyclic G graph formed from nodes, edges, and conditional probability tables. 

Nodes represent features, whereas edges attribute direct dependence. Density of arcs in Bayesian Network 

indicates level of complication. A scattered BN indicates a simple model while a compressed BN 

indicates a complicated model. Therefore, Bayesian Network prepares a flexible model for possible 

modeling.  

Decision Tree: Classification based on Decision Tree includes a decision tree including two groups of a) 

root node and internal node b) leaf node Root and internal nodes are related to features and leaf nodes are 

related to classes. Each non-leaf node has an output branch for each possible amount of relevant features 

to a node. To determine a class for a new sample with the help of decision tree, it is started from root and 

internal nodes until the leaf node is met. A test is conducted in each root node and internal node that 

determines the result of test of next node in order to review (Garofalakis et al., 2003). 

Nearest Neighbor: It is assumed in method of Nearest Neighbor that all relevant samples to points are in 

n-dimensional space (Mitchell, 1997). Discovery of an unknown data point is done using recognized 

points [nearest neighbors] and classification of data points is compatible with voting system
31

. In fact, a 

data point is classified based on the votes of its neighbors. It means that the data point is allocated to a 

class that is more common among k numbers of nearest neighbors (Witten et al., 2011).  

Artificial Neural Network: Artificial Neural Network is an algorithm to classify data using gradient 

descent method. This algorithm is based on the biological nervous system that includes several relevant 

processing factors to each other as nerve cells that jointly perform to solve a specific problem (Silver et 

al., 2001). Neural Networks are used to classify and determine the pattern (Dunham, 2003). A NN is a 

self-adaptive system that changes its structure based on the internal and external information flowing 

through network during learning period
34

. Figure 3 indicates a scheme of a Neural Network. 

   

 
Figure 3: Scheme of Neural Networks 
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Support Vector Machines: Svm is a classification method included in Kernel methods branch of machine 

learning and its fame is because of its success in determining the hand-written words. This method is 

similar to carefully adjusted Neural Networks. Svm can be used in every problem in which, linear and 

non-linear separation is applied to classification. In this method, two plates are placed on the border of 

two classes to find maximum border between these two plates and finally between two sets of data. The 

main idea of this method is to obtain super-plates that are able to separate classes based on the assumption 

of linear separation of classes. If data are not linearly separable, then non-linear cores are used to map 

data to spaces with higher dimensions in order to separate them in a new space through a linear method 

(Purusothaman and Krishnakumari, 2015). Classification based on the Support vector machines is 

indicated in figure 4.  

 

 
Figure 4: Classification Based on Support Vector Machine 

 

Fuzzy Logic: The concept of Fuzzy logic is multi-valued and allows defining values between 0 and 1, 

high and low as well as some concepts such as relatively and approximately that are bases of common 

reasoning and thoughts of human. In this way the mentioned concept can be transformed to mathematical 

values in order to be understood by computer and to create computer program that are close to logic and 

thought of human. Generally, Fuzzy logic has two types. In type 1 of fuzzy set, the function value of 

membership is the exact and explicit value while Fuzzy type 2 is generalized form of type 1 so that this 

type covers more uncertainty. The difference between these two types is that membership function of 

Fuzzy type 2 is a fuzzy system in the interval between 0 and 1 while membership function in Fuzzy type 1 

is a numerical value between 0 and 1. Fuzzy type 2 is useful if it is not possible to determine membership 

function of a fuzzy system in a simple way; for this reason, another fuzzy is used to cover uncertainty of 

membership function (Vedanayaki, 2014). 

Genetic Algorithm: Genetic Algorithm is a search algorithm based on the natural algorithm providing 

powerful search ability within complicated spaces. This algorithm is a valid approach to solve those 

problems required an effective and efficient search (Holland, 1975). In this method, it is possible to reach 

from an initial population of chromosomes that are initial responses to the problem to a new population or 

a new generation of chromosomes that are secondary responses to the assumed problem. The mentioned 

action is done to optimize the objective function of problem within each step. Therefore, the population 

will grow towards an optimal response through repetition of these operations and generating new 

population from previous population within each step and achieve successful generation (Han and 

Kamber, 2006). 

Clustering 
Clustering is an unsupervised learning method that is different with classification techniques because 

there is not any pre-defined class in clustering. In clustering, large database are divided into different 

small sub-groups named cluster. In Partition clustering, data points are based on the similarities between 
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data that means data inside of a cluster are more similar to each other than data inside of other clusters 

(Silver et al., 2001). In clustering with similarities discovery, it is tried to identify behaviors and prepare 

better conditions for decision-making. There are some methods used to clustering including Partition 

Clustering, Hierarchical Clustering and Density Based Clustering. These methods are described in this 

part of study.  

Partition Clustering: In this method, data sets include n data point clustered to k groups that each cluster 

includes at least one data and each data is only belonged to one cluster. In this method of clustering, the 

number of clusters should be determined before partitioning. This method is divided into two classes of 

K-means in which, each cluster is demonstrated with average of objects of that cluster and K-medoids in 

which, each cluster is shown by one of the objects that are placed close to the center (Han and Kamber, 

2006). Clustering method of K-means algorithm is indicated in figure 5.    

 
Figure 5: K-Means Algorithm 

 

Hierarchal Clustering: It is not required in this method to pre-determine the numbers of clusters contrary 

to partition-based clustering. Hierarchal Clustering Algorithm analyses data points hierarchically. Data 

analysis is done using two approaches of bottom to top and top to bottom. This method is conducted 

through two methods of Agglomerative and Divisive in accordance with analysis process. In 

Agglomerative approach, at first each data is considered as a separate node and then it is merged another 

data that is more similar to and this process is repeated until all data are integrated and a class or group is 

formed (Chipman and Tibshirani, 2009). It is assumed in Divisive approach that all data are in a group at 

the beginning point and then they are divided into smaller nodes until each data is just belonged to a 

cluster (Jain and Maheswari, 2012). 

Density Based Clustering: The weakness of Partition and Hierarchal methods is that they are just able to 

analyze globular cluster so that these methods are not appropriate to discover a cluster based on the 

desired shape. Db scan and Optics are two approaches of Density Based Clustering that discover clusters 

in accordance with analysis of density connections. Penclue is another approach of Density Based 

Clustering that is a method of data grouping based on value analysis of the density function distribution 

(Romero and Sopena, 2008). 

Association Rule Mining 

The task of Association Rule Mining within portfolio of market is an activity to discover central 

knowledge. Association Rule Mining is a beneficial mechanism to discover correlations between relevant 

items to customer interactions within a database of portfolio. D is considered as interactions database and 

J = {J1… Jn} is set of items. Interaction of T includes one or more items within J (i.e., T ⊆ J). The rule of 

relationship is like X ⇒ Y in which, X and Y is named non-null set of items (i.e. X ⊆ J, Y ⊆ J) so that X 

∩ Y = Ø in which X is prior. Support of D(x) from an item is an interaction percent of D that occurs in 

that item or set within database. In other words, sprt () support from relational rule of X ⇒ Y is 

interactions’ percent in a database in which, X ∪ Y ⊆ T. Confidence of C for rule of relationship X ⇒ Y 

is ratio and amount of interactions including X ∪ Y to number of interactions that include X. A set of 

items of X ⊆ J is a common set if there is minimum ratio of sprt () of interaction in database that includes 
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X. common sets of items are important because they are constructor blocks to gain special confident and 

supportive rules. Association mining is related to discover a set of rules shared among a high percentage 

of data. Association rule mining tends to create a high numbers of rules. The obtained rules are useful for 

users. There are two methods of evaluation of usefulness including objectivity and subjectivity. Purpose 

measurements include statistical analysis such as support and confidence (Sharma and Tiwari, 2012). 

Support: The role of X ⇒ Y contains S if S% of interactions in D that includes X ∪ Y. those rules 

including S bigger that a support of specific- user have minimum of support (Sharma and Tiwari, 2012). 

Confidence: Rule of X ⇒ Y contains Confidence C if C percentage of interactions in D that contains X 

are included in Y. Those rules with more C than confidence of specific- customer have the minimum 

confidence. Approximately, all association algorithms are objective that benefit from a statistical analysis 

to use a rule. Therefore, total of the applied interactions in analysis should be big enough in order to 

obtain association rules from them (Sharma and Tiwari, 2012). 

Conclusion 
In accordance with the increasing development of technology, information and data within the current 

world, data mining would help to extract beneficial and required knowledge from a large volume of data 

in order to rapidly access to necessary information. This study was conducted to review data mining 

process in order to identify its necessity. The second part of this paper was related to evaluation of data 

mining process and its necessity as well as four important techniques of data mining. Therefore, this study 

would help to recognize and concentrate on key methods for further studies in this field. 
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