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ABSTRACT 

With an increasing importance of big data analytics in every domain of today’s digital age 

from algorithmic trading and product recommendations to politics, there is a tremendous 

amount of research work going on in the field of big data pre-processing, which is taking us 

rapidly toward the advent of big data platforms and tools. Big data is defined as high volume, 

velocity and variety of data that require a new high-performance processing.  Addressing big 

data is a challenging and time-demanding task that requires a large computational 

infrastructure to ensure successful data pre-processing and analysis. Data can be called the 

new oil and like oil, it needs to go through the refinement process before getting the actual 

value. With the usage of big data analytics, the organisations can get much useful information 

from interconnected, varied and complex datasets. This helps in forming valuable insights 

related to the state of the business and customer behaviour.  

With the emerging technologies and all associated devices, it is predicted that large amounts 

of data will be created in the next few years – in fact, as much as 90% of current data were 

created in the last couple of years. In an era of complexity of the growing data, volume and 

the advent of big data, data pre-processing solutions have a key role to play to reduce high-

dimensionality in machine learning problems. Because the volume, velocity, variety and 

complexity of datasets is continuously increasing, machine learning techniques have become 

indispensable in order to extract useful information from large amounts of otherwise 

meaningless data.  Several studies have addressed the need to investigate underlying causes 

of poor classification in machine learning in big dataset, but few studies have focussed on the 

problems faced by the data scientists in the form of negative factors as noise, missing values, 

inconsistent & superfluous data, huge sizes in examples and features to learn and extract 

knowledge. Dimensionality is another major issue pertaining to big datasets, since it has a 
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large numbers of attributes and there is a dire requirement to reduce the data 

dimensionality for the learning purpose. In order to eliminate noisy, redundant or irrelevant 

attributes that could contribute to the deterioration of classification performance, ‘big data 

pre-processing solutions’ can be used.  On the other side, the traditional methods have 

limitations when it comes to deal with the high dimensional big dataset, which has millions 

of instances and in successful extraction of the result within a fixed time.  

The primary objective of the study was to identify and develop the best frameworks or set of 

tools to pre-process and reduce the size of the input data from telecom and manufacturing 

specific case studies. The study has identified the variables using fuzzy AHP that are affecting 

the subscriber’s preferences in telecom sector for improving the operational efficiency and 

the variables that are accelerating the digital manufacturing for improving the 

manufacturing & operational efficiency. The research has developed and compared the four 

different big data pre-processing solutions for manufacturing & telecom datasets on four 

different fuzzy benchmark predictive models. The proposed frameworks have improved the 

run time, accuracy, reduced the misclassification rate, enhanced the model interpretability, 

improved the classifier performance and economized the storage problems by reducing the 

number of training data samples on both telecom & manufacturing datasets.  

As evident from the existing literature review, the problem addressed in this study has not 

been discussed adequately either in the academic literature or in the practicing world. The 

study aimed to focusing the importance of pre-processing in the era of big data, where 

storage and processing of large data is as simple as processing the small structured data. In 

this research, two industry verticals viz. telecom (service sector) and manufacturing sector 

have been examined, both the sectors are using big data; industry-specific challenges exist in 

these industries and how big data enables to solve these challenges have been examined. 
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This research tried to capture the essence of big data in telecom and manufacturing sectors. 

The research has focussed on the questions “How much can companies in the 

telecommunications & manufacturing industry benefit from big data?”, “What is the 

relationship between big data pre-processing and machine learning to improve the 

classification performance in terms of scalability, efficiency and accuracy of high dimensional 

datasets?”, “What are the potential big data use cases in telecom and manufacturing industry 

and which of the available machine learning algorithms support best the functionality and 

usability in telecom & manufacturing industry data pre-processing tasks (including small 

and big data pre-processing)?” and “How can an organization implement the big data 

analytics to get more value out of the available data to optimize the business intelligence 

processes”. These are the critical questions and every company is exploring the means to 

increase the revenue and profits. Why to pre-process the data if other big data tools like 

Hadoop etc. support handling the large datasets effectively? If required, what kind of pre-

processing are being discussed in the study? How different it is from the pre-processing that 

is being followed in a regular KDD process? What kind of tools work well in such a scenario 

and how it is done effectively on such a huge volume of data? These are some of the 

questions that the study has attempted to answer.  

The research developed the four-big data driven frameworks for solving the data imbalance, 

feature selection, instance selection and space transformation big data pre-processing 

challenges effectively and efficiently after removing the noisy and boundary instances from 

training dataset.  

So, the proposed frameworks in the research enhance the performance of support vector 

machine (SVM), artificial neural network (ANN) and induction algorithms by adding fuzzy 

membership and using advanced imbalanced, space transformation, instance selection & 
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feature selection solving methods to predict the performance decay on telecom and 

manufacturing datasets in big data environment. The experimental results were validated 

using different big datasets and the experiments show that the methods used in the 

proposed frameworks outperforms in optimality, efficiency and other statistical metrics. 

The study facilitates the implementation of fuzzy machine learning algorithms to analyse the 

big data sets with the help of proposed data pre-processing solution. It also provides a 

comprehensive review of state-of-the-art fuzzy machine-learning literatures, including 

theoretical, empirical and experimental studies pertaining to the various needs and 

recommendations. Big data pre-processing is an inevitable solution for achieving better 

performance from machine learning techniques on large datasets. However, research 

societies emphasizes on advanced machine learning algorithm development and 

performance optimization. The crucial step of data pre-processing seems to be regarded by 

the same significance. This has been the motivation to conduct an extensive study in this 

area.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



    

                औ                               आ                   ह           

                           ह        ,                                                  

च   ह  ह ,    ह                            औ             आ                       ,     

औ                                                 ह ,       आ      ह    ह       -

                                          च          औ                       ह        

                          च      आ      ह    ह                    -       औ  

                                           औ           ह  ह          ह ,        

                 ह                                     च  ह                        

            ,                 ,       औ                                         

        ह    ह                औ    ह    ह                                          

     ह   

                     औ                            ,  ह                   ह          

                                               -        ,                         आ         

      90%                    आ     ,      औ      आ         आ                       , 

                           आ                           -                     

 ह             ह   च                    ,    ,         औ                         ह  ह , 

                                       ह                                      

                   ह                 ह                                                  

                 ह               च         आ                      ह ,           

                                                             ,             ,       

औ                                                ह ,     औ                      

   ह     औ                     आ     आ                ह                            

ह ,                         ह  औ                            आ               

आ      ह      ,                                             ,                       

                         ह , '           -               '                       ह        

   ,                       आ                                         ह ,             

   ह   ह  औ                                             



                                               च                           हच   

     औ              औ                           आ               औ            

                                        च                                 हच   

   ह        च                              च            ह                            ह  

ह  औ     च              औ     च                                                     ह  ह   

            च             च           ह                         औ       च              

    च      -                                       औ            ह             च     

       ,                     ,                         ,                  

     ,                                  औ       च   औ                            

                                                            

                  ह                 ह ,                                     ह     

                              चच    ह         ह                       आ                

    -           ह                    ह ,  ह                      औ             

               च                           ह            ,                          च   

(        ) औ                     च       ह ,                                 ह  ह ;           

       -      च               ह  औ     च                                               च    

   ह                  च   औ                        आ                                   

                             ह  "                 च   औ                               

                   ह ?", "          ,                                                  

                     औ                  च          ह ? औ     आ                

      ? ","      च   औ                                                      ह    ह  औ  

                                          औ                                 

(       ह  औ                      )? "औ "                                             

        ह                                                                       

            "      ह           ह  औ  ह             औ                                

    ह  ह                                           ह          आ   Hadoop             

                     -             ?     आ    ह ,                         -       

चच          ह  ह ?  ह                          ह    ह                                   

    ह  ह ?      ह                   ह    औ                          ह  औ   ह       

                                           ह ?               ह                            

          ह   



                        औ             ह        ह                        ,        च  , 

   ह   च   औ                            -       च                         औ  

            ह              च            च        च                 

     ,                    च                                        (      ), 

                    (     ) औ                              ह  औ              , 

              ,    ह   च   औ         च                                                

ह                            च   औ                                                    

                                          औ                च    ह               च     

                             ,      औ                          ह              ह   

                                                                                 

                                                       ह    ह       आ        

औ                               ,    ह     औ                   ह ,    -  -

                 -        ह                                ह              -

                                                 ह                                    

       ह   ह      ,                                            औ                

           ह               -           ह      च           ह               ह             

                       ह        ह  ह   

 



vii 

 

TABLE OF CONTENTS 
 

CERTIFICATE I 

ACKNOWLEDGEMENTS II 

ABSTRACT III 

TABLE OF CONTENTS                                                                                                                                           VII 

LIST OF FIGURES XI 

LIST OF TABLES XIII 

LIST OF ABBREVIATIONS XIV 

 

CHAPTER 1.   INTRODUCTION 

1.1   BACKGROUND                                                                                                                                                   1 

1.2   IMPORTANCE OF BIG DATA PRE-PROCESSING                                                                                      3 

1.3   HADOOP ARCHITECTURE, ATTRIBUTES AND COMPONENTS                                                          7 

1.4   MOTIVATION OF THE RESEARCH                                                                                                            13 

1.5   RESEARCH QUESTIONS AND OBJECTIVES                                                                                             14 

1.6   RESEARCH METHODOLOGY                                                                                                                       16 

1.7   ORGANIZATION OF THESIS                                                                                                                        20 

1.8   CHAPTER SUMMARY                                                                                                                                    21 

 

CHAPTER 2.   LITERATURE REVIEW 

2.1   INTRODUCTION                                                                                                                                              22 

2.2   DATA QUALITY: WHY PRE-PROCESS THE BIG DATA                                                                         22 

2.3   MAJOR TASKS IN BIG DATA PRE-PROCESSING                                                                                    24 

2.4   OVERVIEW OF THE BIG DATA REDUCTION STRATEGIES                                                                31 

2.5   GAPS IN LITERATURE                                                                                                                                   33 

2.6   CHAPTER SUMMARY                                                                                                                                     46 



viii 

 

CHAPTER 3.   BACKGROUND STUDY OF BIG DATA PRE-PROCESSING: METHODS, 

CHALLENGES AND USE CASES IN TELECOM & MANUFACTURING SECTORS  

3.1   INTRODUCTION                                                                                                                                      47 

3.2    BIG DATA PRE-PROCESSING CHALLENGES                                                                                  47 

3.3   BIG DATA PRE-PROCESSING SOLUTIONS FOR MACHINE LEARNING                                   49 

3.4   BIG DATA ANALYTICS USE CASES IN TELECOM SECTOR                                                          51 

3.5   BIG DATA ANALYTICS USE CASES IN MANUFACTURING SECTOR                                         55                                                                                         

3.6   CHAPTER SUMMARY                                                                                                                             58 

 

CHAPTER 4.   IDENTIFICATION OF AFFECTING VARIABLES USING FUZZY AHP IN TELECOM 

& MANUFACTURING SECTORS  

4.1   INTRODUCTION                                                                                                                                      59 

4.2   PROBLEM STATEMENT AND BACKGROUND                                                                                60 

4.3   FUZZY ANALYTICAL MODEL DEVELOPMENT ON TELECOM NETWORK DATA                61  

4.4   FUZZY ANALYTICAL MODEL DEVELOPMENT ON MANUFACTURING DATA                      70 

4.5   CHAPTER SUMMARY                                                                                                                             76 

 

CHAPTER 5.   MapReduce FRAMEWORK FOR EFFECTIVE HANDLING OF DATA IMBALANCE 

SITUATION IN PRE-PROCESSING STAGE 

5.1   INTRODUCTION                                                                                                                                      78 

5.2   PROBLEM STATEMENT AND BACKGROUND                                                                                78 

5.3   MODEL DEVELOPMENT USING SVM ON MANUFACTURING DATASET                                84 

5.4   MODEL DEVELOPMENT USING SVM ON TELECOM DATASET                                                91 

5.5   MapReduce FRAMEWORK DEVELOPMENT                                                                                   93 

5.6   EXPERIMENTAL DESIGN AND ANALYSIS                                                                                       96               



ix 

 

5.7   DISCUSSION ON SVM-BASED PREDICTIVE MODEL                                                                       105                                                                       

5.8   CHAPTER SUMMARY                                                                                                                               105 

 

CHAPTER 6.  FEATURE SELECTION PRE-PROCESSING CHALLENGE: DEVELOPMENT OF 

FURIA FRAMEWORK 

6.1   INTRODUCTION                                                                                                                                        107 

6.2   PROBLEM STATEMENT AND BACKGROUND                                                                                  108 

6.3   BIG DATA PREPROCESSING MODEL DEVELOPMENT FOR FEATURE SELECTION             111 

6.4   PREDICTIVE MODEL DEVELOPMENT USING FURIA ON MANUFACTURING DATA           114                                  

6.5   PREDICTIVE MODEL DEVELOPMENT USING FURIA ON TELECOM DATA                            125 

6.6   EXPERIMENTAL DESIGN AND ANALYSIS                                                                                         127 

6.7   DISCUSSION ON FURIA-BASED PREDICTIVE MODELS                                                                134 

6.8   CHAPTER SUMMARY                                                                                                                               136 

 

CHAPTER 7.   INSTANCE SELECTION PRE-PROCESSING CHALLENGE: DEVELOPMENT OF 

FUZZY SVM FRAMEWORK 

7.1   INTRODUCTION                                                                                                                                          137 

7.2   PROBLEM STATEMENT AND BACKGROUND                                                                                    137 

7.3   BIG DATA PREPROCESSING MODEL DEVELOPMENT FOR INSTANCE SELECTION             143 

7.4   PREDICTIVE MODEL DEVELOPMENT USING FUZZY SVM ON MANUFACTURING DATA   146 

7.5   PREDICTIVE MODEL DEVELOPMENT USING FUZZY SVM ON TELECOM DATA                   159 

7.6   EXPERIMENTAL DESIGN AND ANALYSIS                                                                                          162 

7.7   DISCUSSION ON FUZZY SVM-BASED PREDICTIVE MODEL                                                          173 

7.8   CHAPTER SUMMARY                                                                                                                                174 



x 

 

CHAPTER 8.   SPACE TRANSFORMATION PRE-PROCESSING CHALLENGE: DEVELOPMENT OF 

FUZZY ANN FRAMEWORK 

8.1   INTRODUCTION                                                                                                                                           175 

8.2   PROBLEM STATEMENT AND BACKGROUND                                                                                     175 

8.3   PREDICTIVE MODEL DEVELOPMENT USING FUZZY ANN ON MANUFACTURING DATA     183 

8.4   PREDICTIVE MODEL DEVELOPMENT USING FUZZY ANN ON TELECOM DATA                     197 

8.5   EXPERIMENTAL DESIGN AND ANALYSIS                                                                                            199 

8.6   DISCUSSION ON FUZZY ANN-BASED PREDICTIVE MODEL                                                           205 

8.7   CHAPTER SUMMARY                                                                                                                                  206 

 

CHAPTER 9.   SUMMARY OF RESEARCH FINDINGS AND CONCLUSION 

9.1   INTRODUCTION                                                                                                                                           207 

9.2   SUMMARY OF RESEARCH FINDINGS                                                                                                    207 

9.3   SIGNIFICANT CONTRIBUTIONS OF THIS RESEARCH                                                                      209 

9.4   LIMITATIONS OF THIS STUDY                                                                                                                210 

9.5   SCOPE FOR FUTURE WORK                                                                                                                     211 

9.6   CHAPTER SUMMARY                                                                                                                                 212 

 
 
REFERENCES                                                                                                                                                        214 

LIST OF PAPERS EMANATING FROM THIS RESEARCH                                                                      238 

ABOUT THE AUTHOR                                                                                                                                      239



xi 

  

LIST OF FIGURES 

 

Figure 1.1    HDFS architecture                                                                                                                8 

Figure 1.2    Hadoop versions and components                                                                                10 

Figure 1.3    Big data pre-processing challenges                                                                               18 

Figure 1.4    Framework of the research                                                                                             19 

Figure 3.1    Big data analytics benefits on telecom value chain                                                  55 

Figure 4.1    Framework for applying fuzzy AHP in telecom sector                                            62 

Figure 4.2    Triangular fuzzy number                                                                                                  63 

Figure 4.3    Framework for applying fuzzy AHP in manufacturing sector                               72 

Figure 5.1    Proposed MapReduce framework for fault detection                                              90 

Figure 5.2    Proposed MapReduce framework for churn prediction                                          92 

Figure 5.3    MapReduce architecture with word count example                                                 95                                                                                                             

Figure 5.4    Lift chart for logistic regression on manufacturing training data                        101 

Figure 5.5    ROC curve for logistic regression on manufacturing training data                     102 

Figure 5.6    Lift chart for logistic regression on manufacturing validation data                    102 

Figure 5.7    ROC curve for logistic regression on manufacturing training data                      103 

Figure 6.1    Proposed big data driven framework for CBM prediction                                      119 

Figure 6.2    ROC curve for Random Forest and LogitBosst classifiers                                       131 

Figure 6.3    ROC curve for BayesNet and MLP-ANN classifiers                                                    132 

Figure 6.4    ROC curve for SVM and FURIA classifiers                                                                    132 

Figure 7.1    Proposed big data driven framework for backorders prediction                         152 

Figure 7.2    Proposed big data driven framework for churn prediction                                   161 

Figure 7.3    ROC curve for XGBoost classifier                                                                                    168 

Figure 7.4    ROC curve for Random Forest classifier                                                                       169 

Figure 7.5    ROC curve for Ripper algorithm classifier                                                                   169 

Figure 7.6    ROC curve for SVM classifier                                                                                            169 

Figure 7.7    ROC curve for FURIA classifier                                                                                        170 

Figure 7.8    ROC curve for fuzzy SVM classifier                                                                                170 



xii 

 

Figure 8.1    Demand-driven forecasting                                                                                          180 

Figure 8.2    Proposed big data analytics framework for Demand-driven forecasting      188 

Figure 8.3    Artificial neural network model                                                                                  192 

Figure 8.4    Neural network model output                                                                                     203 

Figure 8.5    Random Forest model output on training dataset                                                 203 

Figure 8.6    Time plot of actual vs. forecast after considering demand shaping effect      203 

 

                                                                   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xiii 

 

LIST OF TABLES 

 

Table 1.1    Methodology mapping to research objectives                                                             18 

Table 4.1    Linguistic variables and fuzzy representation                                                             66 

Table 4.1    Fuzzy comparison matrix of criteria in telecom sector                                             67 

Table 4.3    Degree of possibility                                                                                                             68 

Table 4.4    Fuzzy comparison matrix of criteria in telecom sector                                             75 

Table 5.1    Ratio before and after pre-processing on manufacturing data                               98 

Table 5.2    Result obtained using proposed SVM approach on manufacturing data             98 

Table 5.3    Confusion matrix on training dataset                                                                              99 

Table 5.4    Performance table and error report                                                                                99 

Table 5.5    Ratio before and after pre-processing on telecom CDR data                                  104 

Table 5.6    Result obtained using proposed SVM approach on telecom data                          104 

Table 6.1    FURIA performance matrices result on manufacturing data                                   130 

Table 6.2    Confusion matrix and error report on manufacturing data                                     131 

Table 6.3    Detailed accuracy report on manufacturing data                                                        131 

Table 6.4    Performance matrices result on telecom CDR data                                                    134 

Table 7.1    Fuzzy SVM performance matrices result on manufacturing data                          167 

Table 7.2    Confusion matrix and error report on manufacturing data                                     168 

Table 7.3    Detailed accuracy report on manufacturing data                                                        168                                                                              

Table 7.4    Performance matrices result on telecom data                                                              173 

Table 8.1    Fuzzy ANN performance matrices result on manufacturing data                          201 

Table 8.2    Detailed accuracy report on manufacturing data                                                        202 

Table 8.3    Performance matrices result on telecom data                                                              205 

                                                                           

                                                                             

                                                                              

 

 



xiv 

 

LIST OF ABBREVIATIONS 

 

ACF        Auto Correlation Function 

AHP                    Analytic Hierarchy Process 

ANN                    Artificial Neural Network 

AUC                     Area under Curve 

CCA                     Canonical Correlation Analysis 

CDR                       Call Details Records 

CLV                        Customer lifetime Value 

EOQ                       Economic Order Quantity 

EPQ                        Economic Production Quantity 

FURIA                    Fuzzy Unordered Rule Induction Algorithm 

HDFS                     Hadoop Distributed File Systems 

KDD                       Knowledge Discovery in Databases 

KNN                       K-Nearest Neighbours 

LDA                        Linear Discriminant Analysis 

MAPE                   Mean Absolute Percentage Error  

MMM                    Marketing Mix Modelling 

MSE                       Mean Square Error 

PACF                     Partial Auto Correlation Function 

PCA                        Principal Component Analysis 

RBF                        Radial basis Function 

RNNR                    Reverse Nearest Neighbours Reduction  

ROC                        Receiver Operating Characteristics 

ROI                         Return on Investment 

SMOTE                  Synthetic Minority Over-sampling Technique 

SQL                         Structured Query Language 

SVM                        Support Vector Machine 

 


	Thesis- Ajay Kumar.pdf

