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Abstract 

Data mining, known as knowledge discovery is a computer-assisted, analytical process 

of digging through and analyzing large amount of data and extracting knowledge from 

the data. Data mining technologies has made many industries like marketing, sales, 

healthcare organization, financial institutions etc. quite successful. It has a lot of benefits 

in various fields. It helps in the quick analysis of data and has improved the quality of 

decision making process and is used to turn information into actionable knowledge. In 

this paper, data mining process and knowledge discovery process is discussed. Three well 

known data mining classifier algorithms namely ID3, J48 and Naive Bayes are discussed 

and their performance has been evaluated using different parameters to find the best 

algorithm. Further, Naive Bayes classifier algorithm is used for classification of 

workloads based on different Quality of Service (QoS) parameters. 
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1. Introduction 

Extraction of trends and patterns from data manually has occurred for centuries. Bayes 

Theorem and regression analysis were used earlier for carrying out manual extraction. 

The increase in power of computer technology has brought a momentum in data 

collection, storage and ability of manipulating the data [1]. With the growth in size of 

datasets and its complexity, the manual processing of data has been augmented with 

automated data processing using neural networks, decision trees, cluster analyses and 

support vector machines. Thus data mining can be defined as process of applying these 

techniques to discover hidden trends and patterns in the data [2].  Data mining is 

comparatively a unique process. As in standard operations on database, the results 

provided to the user are something that the user already knew to be existed. But data 

mining on the other hand extracts and provides information that the user did not know like 

the relationship between customer behavior and the variables that are non-intuitive. And 

as the information is not known beforehand it is a bigger leap to take out the result of the 

system and use it as a solution to some business problem [3]. Data mining tools help in 

predicting future trends and behaviors and allow business to make knowledge-driven and 

proactive decisions. Business questions that were earlier time consuming to resolve can be 

answered efficiently and in much less time using data mining tools. These tools analyze 

datasets to find hidden patterns and predictive information that can be missed by experts 

as it lies beyond their expectations.  
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Knowledge discovery is a process that extracts implicit, potentially useful or 

previously unknown information from the data [4]. The knowledge discovery process is 

described in Figure 1. 

 

Figure 1. Knowledge Discovery Process 

Through computerization, data mining process provides way to make better use of 

data. Data mining software use modeling techniques using mathematical relations 

based on data where answer is known and then the same model  is applied to other 

data where answer is not known or hidden [5]. Phases in process of data mining are 

shown in Figure 2. Data comes from variety of sources is integrated into a single 

data store called target data. Data then is pre-processed and transformed into 

standard format. The data mining algorithms process the data to the output in form 

of patterns or rules. Then those patterns and rules are interpreted to new or useful 

knowledge or information. 

Figure 2. Knowledge Discovery Process 

Data mining techniques are being used for making decisions based on some 

specified rules. The three well known data mining classifier algorithms namely ID3, 

J48 and Naive Bayes are used for data mining [6] [7]. Among them Naive Bayes is 

one of the most effective inductive learning algorithms used to make decisions 

based on predefined rules in decision trees is concerned. 

 

1.1. Our Contributions 

We have presented data mining process and knowledge discovery process in this 

research paper. This research work is an extension of our previous research work [9] [10]. 

Three well known data mining classifier algorithms namely ID3, J48 and Naive Bayes is 

discussed and their performance has been evaluated using different parameters to find the 

best algorithm. Further, Naive Bayes classifier algorithm is used for classification of 

workloads based on different Quality of Service (QoS) parameters.  

http://www.zentut.com/wp-content/uploads/2012/10/kdprocess.png
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The motivation of this research work is to evaluate the performance of different data 

mining algorithms to identify the best algorithm for clustering and further that algorithm 

is used for clustering of workloads based on different QoS parameters. The organization 

of rest of this paper is as follows: Sec. 2 presents state of the art of machine learning 

algorithms. Sec. 3 describes the Naive Bayes classifier algorithm based workloads 

clustering. Sec. 4 presents the conclusion and future scope of this research work. 

 
2. Machine Learning Algorithms: State-of-the-Art 

Systems that create classifiers are one of the frequently used tools in data mining. Such 

systems take a group of different cases as input; every one belongs to a small amount of 

classes defined by a stable set of attributes and output a classifier that can truthfully 

forecast the class to which a new case belongs. Datasets can have nominal, numeric or 

mixed attributes and classes. Not all classification algorithms perform well for different 

kinds of attributes, classes and for datasets of different dimensions. In order to design a 

standard classification tool, one should consider the behavior of various existing 

classification algorithms on different datasets. The choice of a classification algorithm 

depends on the desires and the nature of classification required. Literature reported [1-10] 

[22-26] the following machine learning algorithms: 

 

2.1. Decision Trees 

Decision tree has been considered in details in both areas of pattern recognition and 

machine learning. This creates the experience expanded by individuals working in the 

region of machine learning and describes a computer program called ID3, which has 

evolved to a new system, named C4.5 (an enhanced version of C4.5 is J48).  

 

2.2. ID3 Algorithm 

ID3 is one of the well-known Inductive Logic Programming procedures. It is basically 

an attribute based machine-learning algorithm that builds a decision tree based on a 

training set of data and an entropy measure to build the leaves of the tree. The informal 

formulation of ID3 is as follows: 

 Define the element that has the highest statistics gain on the training set. 

 Use this element as the root of the tree; generate a branch for each of the values 

that the attribute can take. 

 For every branch, repeat this process with the subset of the training set that is 

categorized by this branch. 

 

2.3. J48 Algorithm 

J48 (enhanced version of C4.5) is developed based on the ID3 algorithm, with 

additional features to address problems that ID3 was unable to deal. In exercise, C4.5 uses 

one successful process for finding high correctness guesses, based on snipping the 

instructions dispensed from the tree constructed during the learning phase. Conversely, 

the principal disadvantage of C4.5 rule sets is the amount of CPU time and memory they 

need. Given a set S of cases, J48 first grows an initial tree using the divide-and-conquer 

algorithm as follows: 

 If all the different cases in C belong to the similar class or C is small, the tree is leaf 

labelled with the most frequent class in C. 
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 Otherwise, select a test based on a single attribute with two or more results. Create 

this test as the root of the tree with one branch for every result of the test, partition 

C into corresponding subclasses C1, C2… according to the result for every different 

case, and apply the same technique recursively to every subclass. 

 

There are usually many tests that could be chosen in this last step. J48 uses two 

heuristic criteria to rank possible tests: statistics gain, which reduces the total entropy of 

the subclasses {Ci} and the default gain ratio that distributes statistics gain by the 

information provided by the test outcomes. After the building process, each attribute test 

along the path from the root to the leaf becomes a rule antecedent (precondition) and the 

classification at the leaf node becomes the rule consequence (post condition). To illustrate 

the post pruning of the rules, let us consider the following rule generated from the tree: 

 

IF Condition THEN Conclusion 

 

This rule is pruned by removing any antecedent whose removal does not worsen its 

estimated accuracy.   

 

2.4. Naive Bayes Algorithm 

Naive Bayes is an extension of Bayes theorem in that it assumes independence of 

attributes. This supposition is not stringently accurate when considering grouping based 

on text extraction from a document as there are relationships between the words that 

collect into concepts. Problems of this kind, called problems of supervised classification, 

are ubiquitous. It is simple to construct without any requirement for complex iterative 

parameter approximation patterns. This means it may be enthusiastically applied to huge 

data sets. It is robust, easy to interpret, and often does surprisingly well though it may not 

be the best classifier in any particular application. 

 

2.4.1. Experiment Results: The implementation of proposed algorithm has been done 

through the MATLAB [27]. The Figure 3 shows the experimental results using decision 

trees with the ID3 and J48 (extension of C4.5) algorithms, along with the results obtained 

from Naive Bayes algorithm. 

 

 

Figure 3. Precision-Recall Characteristics  
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Precision Rate - It is the fraction of retrieved Information that is relevant to the search. 

 

Precision Rate =  
                                             

                      
 

 

Recall Rate - Recall in information retrieval is the fraction of the Information that are 

relevant to the query that are successfully retrieved. 

 

Recall Rate =  
                                             

                    
 

 

Error rate - The degree of errors encountered during extract information from a data set 

and transforms it into an understandable structure. 

 

In Table 1, comparison is done with respect to time taken to build the model, 

along with the error rate for all the three data mining algorithms.  

 

Table 1. Comparison of Data Mining Algorithms  

Experiments Overall Error Rate Time taken to build the Model in Seconds 

Naive Bayes 3.46% 0.11 

J48 3.47% 0.88 

ID3 3.47% 1.8 

 

Comparison of data mining algorithms, as shown in Figure 4 suggest that the 

ability of the various classification methods examined could be considered as good, 

i.e. the classifier stability is very strong. Root mean square error in the same way 

suggests that the error rate is very small, which can be considered as a measure of 

effectiveness of the model. It can be observed from the Figure 4, that the accuracy 

of overall classification for Naive Bayes for all classes is better than the overall 

accuracy obtained in the case of J48 and ID3 algorithms. It is observed from the 

results obtained by experimentation that the Naive Bayes model is quite appealing 

because of its simplicity, elegance, robustness and effectiveness. 

 
 

 

 

 

 

 

 

 

Figure 4. Comparison of Data Mining Algorithms  
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In our earlier work [9] [10] [13] [15] [17], we have identified various research 

issues related to QoS and SLA for cloud resource scheduling and have developed a 

QoS based resource provisioning technique (Q-aware) to map the resources to the 

workloads based on used requirements described in the form of SLA. Further, 

resource scheduling framework (QRSF) has been proposed, in which provisioned 

resources have been scheduled by using different resource scheduling policies (cost, 

time, cost-time and bargaining based). The concept of QRSF has been further 

extended by proposing energy-aware autonomic resource scheduling technique 

(EARTH), in which IBM’s autonomic computing concept has been used to schedule 

the resources automatically by optimizing energy consumption and resource 

utilization where user can easily interact with the system using available user 

interface. In this work, performance of different data mining algorithms is evaluated 

to identify the best algorithm for clustering and further that algorithm is used for 

clustering of workloads based on different QoS parameters. 

 

3. Naive Bayes Classifier Algorithm based Workloads Clustering 

Workload clustering is done based on Naive Bayes classifier algorithm. Table 2 shows 

the different type of workloads and their QoS requirements considered in this research 

work [11-21]. 

 

Table 2. Different type of workloads and their QoS requirements [9] [10] 

Id Workload QoS Requirements 

 

W1 

 

Web sites 

 Reliable storage 

 High network bandwidth 

 High availability 

W2 Technological Computing  Computing capacity 

 

W3 

 

Endeavour Software 

 Security 

 High availability 

 Customer confidence Level 

 Correctness 

W4 Performance Testing  Computing capacity 

 

W5 

Online Transaction Processing  Security  

 High availability,  

 Internet accessibility 

 Usability 

W6 E-Com  Variable computing load 

 Customizability 

 

W7 

 

Central Financial Services 

 Security  

 High availability  

 Changeability 

 Integrity 

W8 Storage and Backup Services  Reliability 

 Persistence 

 

W9 

 

Productivity Applications 

 Network bandwidth  

 Latency  

 Data backup  

 Security 

 

 

W10 

 

Software/Project Development and 

Testing 

 User self-service rate 

 Flexibility 

 Creative group of infrastructure services  
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 Testing time 

 

W11 

 

Graphics Oriented 

 Network bandwidth  

 Latency 

 Data backup 

 Visibility 

 

W12 

Critical Internet Applications  High availability 

 Serviceability 

 Usability 

 

W13 

 

Mobile Computing Services 

 

 High availability 

 Reliability 

 Portability 

 

The relation between quality attributes and cloud workloads has been identified using 

Naive Bayes classifier algorithm and described in the form of Matrix as shown in Table 3. 

 

Table 3. Quality Attributes and Cloud Workloads Matrix 

Quality Attributes W1 W

2 

W3 W4 W5 W6 W7 W8 W9 W10 W11 W12 W13 

Reliable Storage √             

Latency         √  √   

Computing 

Capacity 
 √  √          

Data Backup         √  √   

Customer 
Confidence Level 

  √           

User Self-Service 

Rate 
         √    

Correctness   √           

Flexibility          √    

Security   √  √  √  √     

Internet 
Accessibility 

    √         

Creative Group of 

Infrastructure 

Services 

         √    

Usability     √       √  

Variable Computing 
Load 

     √        

Customizability      √        

Testing Time          √    

Changeability       √       

Visibility           √   

Integrity       √       

Reliability        √ √    √ 

Serviceability            √  

Persistence        √ √     

Portability             √ 

Performance    √          

High Network 

Bandwidth 
√         √ √   

High Availability √  √  √  √     √ √ 



International Journal of Cloud-Computing and Super-Computing 

Vol. 3, No. 1 (2016) 

 

 

20                                                                                               Copyright ⓒ 2016 GV School Publication 

      Clustering of different cloud workloads is shown in Table 4. 

 

Table 4. Clustering of different cloud workloads [9] [10] 

Cluster  Cluster Name Workloads 

C1 Compute W2, W4 

C2 Storage W6, W8 

C3 Communication W1, W12, W13 

C4 Administration W3, W5, W7, W9, W10, W11 

 

3.1. Experiment Results 

The results of workloads clustering were taken by a data mining tool i.e. WEKA [7]. 

An ARFF (Attribute-Relation File Format) file is an ASCII text file that describes a list of 

workloads sharing a set of clusters. An Attribute-Relation File Format file (k.means.arff) 

for cloud workloads clusters and their corresponding values are shown in Figure 5.   

ARFF files have two distinct sections. The first section is the cluster information, 

which is followed the workload distance information. The Header of the ARFF file 

contains the name of the relation, a list of the clusters (named Compute, Storage, 

Communication and Administration), and their minimum distance value. These results are 

measured with the help of data mining tool i.e. WEKA Tool [7]. The results are taken 

through the use of WEKA tool. There are four different clusters (C1 = Compute, C2 = 

Storage, C3 = Communication and C4 = Administration) along with nearest cluster. In 

this algorithm, the minimum distance is calculated and put a particular workload into 

suitable cluster.  

 
@relation K.means 

@attribute Compute {6,0,11,3,9,10,7,5} 

@attribute Storage {3,8,0,6,7,4,2} 

@attribute Communication {0.15.9,5.1,5.9,2.9,3.1,4.1,1.1,0.1} 

@attribute Administration {3.7,9.7,1.3,6.7,0.7,0.3,2.7,4.7} 

@attribute NearestCluster {C3,C1,C4,C2} 

 

@data 

6,3,0.1,3.7,C3 

0,3,5.9,9.7,C1 

11,8,5.1,1.3,C4 

0,3,5.9,9.7,C1 

11,8,5.1,1.3,C4 

3,0,2.9,6.7,C2 

9,6,3.1,0.7,C4 

3,0,2.9,6.7,C2 

9,6,3.1,0.7,C4 

9,6,3.1,0.7,C4 

10,7,4.1,0.3,C4 

7,4,1.1,2.7,C3 

5,2,0.1,4.7,C3 

  

Figure 5. Attribute-Relation File Format File 
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4. Conclusions and Future Directions 

In this paper, different data mining techniques have been compared based on different 

criteria and the best data mining technique that has been used to make the decision to 

choose scheduling criteria has been discussed.  Three well known data mining classifier 

algorithms namely ID3, J48 and Naive Bayes has been discussed and performance has 

been evaluated using MATLAB based on different parameters like precision rate, recall 

rate, error rate and time. Performance evaluation is shown that Naive Bayes classifier 

algorithm performs better. Naive Bayes classifier algorithm is used for classification of 

algorithms. WEKA tool is used to further elaborate the clustering of cloud workload 

based on different QoS parameters. Further based on clustering of workloads, resources 

can be scheduled in an effective way in cloud computing. 
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