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Abstract 
 

Most companies nowadays using data mining techniques and algorithms for the 

decision-making process and to make profitable adjustments in operation and 

production. 

This helpful to identifying possibilities of a customer buying products after buying a 

particular product, identifying a group of customers who’s in the difficulty in the 

activation process/ identifying customers who are going to drop from the company/ 

how it effects for the company, identifying connection between customer purchasing 

methods, find the group of customers to promote particular product/s and forecasting 

the product sales process (required quantity of each product for special annual events 

like exhibitions).  

Understanding of consumers helps companies to sell more. Customers are a valuable 

source of information, collection of data that organizations identify different customers 

and observe how they behave. The more knowledge about consumers and their different 

needs, it is easier to identify market opportunities to sell and invent new products and 

target consumers with appropriate offers. Use of company past data, production and 

operations can predict using data mining techniques and algorithms. 
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Introduction 
 

1.1 Background and Motivation 

 

The Savi Publications (Pvt) Ltd is a leading e-publisher in Sri Lanka. The company 

develop, publish and market interactive e-learning software for the national curriculum 

in Sri Lanka. Products can be purchase as CD/DVD, USB pen drive or downloadable 

e-product. The content which available are grade 1 to 5 all subjects, grade 6 to 11 all 

compulsory subjects plus some optional subjects, for A/L students some subjects and 

some general knowledge products. When the government is updating the school 

syllabus then the company also modifying the subject contents accordingly. These 

products are only work in windows operating system.  

They have several ways of publishing products. CD/ DVD version, Internet download 

version and Pen drive version. For CD/ DVD version and Internet download version, 

the products are activated via SMS. In Pen drive version product are activated in a 

different way. 

In the Sri Lankan market, most of the products are selling in CD/ DVD version and 

Internet download version because the product prices are in reasonable rage. But the 

Pen drive version, buying a special range of customer because the price is high. 

Therefore, the demand is low.  

Both CD/ DVD and Internet download version can be installed to two users (two 

computers) and can use as a lifetime product. The purpose of giving two users is if a 

customer installs a particular product to one computer then by any chance that computer 

is broken down then customers can get another chance to activate the same product to 

a different computer. 

In modern Sri Lanka, most of the Students and parents are tend to learn with the use of 

technological way, but they are having a lack of knowledge in the technology field. 

Therefore, the company face various difficulties when selling products. This issue can 

be minimized by improving market demand and customer satisfaction. By analyzing 

past recodes the company can predict future trends. This can be utilized to the 

enhancement of the company sales and market demand while reducing the costs. 
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1.2 Problem Statement  

 

There are several limitations in existing researches. There is no proper data mining 

prediction for the company in these areas. 

• Difficulty in possibilities of a customer buying related other products after 

buying a particular product. 

• Difficulty in identifying repeat buyers and drop customers. 

• Difficulty in identifying connection between customer purchasing methods. 

• Difficulty in finding a group of customers to promote product/s. 

• Difficulty in forecasting product sales process. 

To get decision support it needs a broad range of past data. By observing existing data, 

need to come up with a better solution. 

1.3 Aim and Objectives 

 

1.3.1 Aim 

 

Provide a decision support that can be helpful for the decision-making process and 

identify future trends in the market and to make profitable adjustments in operation and 

production. 

 

1.3.2 Objectives 

 

Understanding of consumers helps companies to sell more. Customers are a valuable 

source of information, collection of data that organizations identify different customers 

and observe how they behave. The more knowledge about consumers and their different 

needs, it is easier to identify market opportunities to sell and invent new products and 

target consumers with appropriate offers. 

 

• Possibilities of a customer buying related other products after buying a 

particular product. 

• Identifying customers who are going to continuing purchasing or drop from the 

company and how it effects for the company. 

• Identifying connection between customer purchasing methods. 

• Find a group of customers to promote a particular product/s. 

• Identifying product sales forecasting process (required quantity of each product 

for special annual events like exhibitions). 
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1.4 Scope of Research 

 

This is helpful for the decision-making process and identify future trends in the market. 

This helpful to identifying possibilities of a customer buying products after buying a 

particular product, identifying a group of customers who’s in the difficulty in the 

activation process/ identifying customers who are going to drop from the company/ 

how it effects for the company, Social media marketing impact of selling products, find 

the group of customers to promote particular product/s and forecasting the product sales 

process (required quantity of each product for special annual events like exhibitions). 

Use of company past data, production and operations can predict using data mining 

techniques. 

 

1.5 Propose solution 

 

• Area 1: Association Rule Mining is used as data mining technique. Apriori is 

used as data mining algorithm and identified set of rules to make decisions. 

• Area 2: Classification is used as data mining technique. Trees J48 and 

Trees.RandomForest are used as data mining algorithms to make better 

decisions. 

• Area 3: Association Rule Mining is used as data mining technique. Apriori is 

used as data mining algorithm and identified set of rules to make decisions. 

• Area 4: Clustering is used as data mining technique. Simple EM (Expectation 

Maximization) class is used as data mining algorithm and identified better 

clusters to promote products. 

• Area 5: Time series forecasting is used as data mining technique. Linear 

Regression and Multilayer Perceptron are used as data mining algorithm to 

forecast future products quantities. 
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1.6 Structure of the theses 

 

The content of the overall thesis is structured as follows.  

The First Chapter includes an introduction of project with the background and 

motivation, problem statement, aim and objectives, scope of research, propose solution 

and structure of the theses. The second chapter critically reviews the observation of 

objectives. The Third Chapter is for environment setup with observation on machine 

learning tools and packages. The Forth Chapter presents the research methodology on 

main phases with business understanding, data understanding, data preparation, 

modeling and evaluate algorithms in main 5 areas. Finally, Fifth Chapter concludes the 

solution with a note of further work. 
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Literature Review 
 

2.1 Introduction 

 

This chapter includes all the observation for objectives such as Possibilities of a 

customer buying related other products after buying a particular product. Identifying 

customers who are going to continuing purchasing or drop from the company and how 

it effects for the company. Identifying connection between customer purchasing 

methods. Find a group of customers to promote a particular product/s. Identifying 

product sales forecasting process (required quantity of each product for special annual 

events like exhibitions). 

 

2.2 The observation of objectives 

 

• Possibilities of a customer buying other products after buying a particular 

product and Identifying a group of customers who’s in the difficulty in the 

activation process/ identifying customers who are going to drop from the 

company/ how it effects for the organization. 

 

Consideration for customer behavior is an essential success of corporate organizations. 

Customers personal features like interests and opinions, Costumers perceptions and 

attitudes of reaction and Social and legal factors are behind consumer behavior. It is 

important to study in how individual customer or group of customers selects, buys, uses 

and provides ideas for products or services. Understanding on buying pattern of a 

consumer is Personalized marketing. By analyzing behavior of individual customer, it 

is easy to predict future trends. 

Identification of problems, search for information, evaluation of alternatives, decision 

taking to purchase and tend for after purchase are five phases of consumer's purchase 

decision process [1]. 
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The work of organizations does not stop when the customer buys a product or service. 

Companies must be alert on consumer behavior or attitudes towards products or 

services. After buying and using the product, the customer will be satisfied or 

dissatisfied with the product and service. The satisfied customers are keeping the same 

product and more often to buy the same product or service again and again. Then those 

customers are become loyal and valuable customers to that companies. Keep satisfied 

consumer are greatest. These values and environment are benefit for all customers and 

organizations. Overall objective of the business of making a profit will be achieved in 

the company perspective [1]. 

 

It is important to identify the customers who are most likely to return for repeat 

purchases. The transaction history at the shopping cart level is generally used to predict 

the repeat purchase behavior of customers. With aggregated information and temporary 

information, various aspects of customer behavior can be recorded. Most of the existing 

models use only aggregate-level functions or independent window-based functions 

regardless of the order of transactions. [2]. 

 

• Identifying customers who are going to continuing purchasing or drop from the 

company and how it effects for the company.  

 

The aim is to identify the popularity of continuing purchasing or drop from the company 

and explore its potential impact on marketing practices. Consumer behavior is all about 

observing consumers and the progressions of selection, consume and dispose of 

products. More than that it includes the emotional, mental and behavioral responses of 

consumers [3]. Below are the features that impact for the behavior of customers: 

1. Identify customer personal features, such as interests and opinions.  

2. Costumers’ perceptions and attitudes of reaction to a marketing and to 

environment.   

3. Social and legal factors like influence people, level of education, social 

networks, income and government rules and regulations. 

In business’s world most valuable assets is organizational loyal customers. They have 

the better environment values and its can helpful for creating brand promotions. 
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• Identifying connection between customer purchasing methods. 

Understanding customers helps companies to sell more. As a short-term strategy sales 

promotion and special marketing offer that generates more profit [4]. With the correct 

information, can create a valuable outline of company related customers. There are 

different attributes are there, those are mention below: 

1. Identify corporate individual customers by age and gender. 

2. Identify customers interests and opinion about the organization products and 

services. 

3. Identify customers buying behavior like what products are buying, places of 

buying products, when they buying products and how they pay for them [5]. 

There is a method to analyze Multiple Regression analysis with the use of SPSS 

application is a way of identifying connection between customer purchasing methods 

[6]. 

 

• Find a group of customers to promote a particular product/s. 

 

Profiling corporate customers and group them into different segments to address 

separately to get maximum advantage. Companies can offer different promotions and 

strategies by observing customers really wants. When grouping customers to different 

market sections and then can attract clients into the company. Segmenting customers 

into different groups according to their needs and there are some advantages [7].  

1. Most profitable and least profitable customers can identify. 

2. Can improve customer service. 

3. Focus on the customers who are most possible to buy a product or service. 

4. Select markets that are profitable for the company. 

5. Identify new products and services. 

6. Offer new products and services to loyal customers. 

7. Create competition in the market. 

8. Use company resources cleverly. 

9. Improve products and services to encounter customer needs. 

10. Keeping costs low and reasonable prices for products and services to increase 

profit in the company. 



8 
 

• Identifying the sales forecasting process (required quantity of each product for 

special annual events like exhibitions). 

 

Many studies indicate that past data influence product sales. To changes in historical 

demand, use regressions and some statistical [8]. To improve prediction accuracy, many 

researchers have improved the Bass model with providing explicit guidance in to the 

algorithms. There are some researchers are expanded the Bass and Norton models to 

grow market price and adding market factors to predict the use of wrapping technology. 

These models only can use to forecast product sales with historical sales and valuation 

data. [9].  

2.3 Summary 

 

As reported in the relevant literature, finding possibilities of a customer buying other 

products after buying a particular product and Identifying a group of customers who’s 

in the difficulty in the activation process/ identifying customers who are going to drop 

from the company/ how it effects for the organization use existing models like 

aggregate-level functions or independent window-based functions regardless of the 

order of transactions methods. Customer personal interests and opinions with 

perceptions and attitudes of reaction and social and legal factors are there to identifying 

customers who are going to continuing purchasing or drop from the company and how 

it effects for the company. 

For the area of identifying connection between customer purchasing methods use 

multiple Regression analysis with the use of SPSS application. identify most profitable 

and least profitable customers, improve customer service, identify new products and 

services, offer new products and services to loyal customers and there are so many 

advantages for find a group of customers to promote a particular product/s. For the area 

of identifying the sales forecasting process use Bass and Norton models to grow market 

price and adding market factors to predict the use of wrapping technology. 
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Environment Setup 
 

3.1 Introduction 

 

In the previous chapters we discussed about different findings related areas and defined 

the research problem. This chapter explains how to use appropriate tools and machine 

learning tools for data preprocessing and implementing relevant model for prediction. 

 

3.2 Machine Learning Tools 

 

There are lots of machine learning tools such as Weka, RapidMinar etc., available to 

work with data. For this research I used Weka machine learning tool for predictions. 

Weka tool has visualization and collection of tools for predictive modeling and data 

analysis. This software has its own functions that are suitable for my research. 

 

• Available GNU General Public License. 

• Can run on any modern computing platform and its implemented in the Java 

programming language. 

• Provides graphical user interfaces. 

• Can perform modeling techniques and data preprocessing. 

 

For data preprocessing, weka tool is provide several standards. Then can use different 

data mining techniques like clustering, classification, regression, etc. In data point it 

has fixed number of attributes and there are different techniques are based on the 

different assumptions [10]. 

 

3.2.1 Packages and Tools 

 

There are several packages that have been used throughout this research in order to deal 

with prediction and machine learning tasks. Data set is extracting from the XAMPP and 

data preprocessing is done from the visual studio. Furthermore, for the prediction used 

WEKA machine learning tool. 
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3.3 Summary 

 

This section represents the technologies and tools used. There are many other 

Technologies that can be used for do the same. In next chapter, it describes the research 

methodology of the research. 
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Research Methodology 
 

4.1 Introduction 

 

Third chapter described about the techniques that used in this study. This chapter 

present the approach that applied with problem of 5 main area. Here it presents the 

approach by highlighting the business understanding, data understanding, data 

preparation, modeling and evaluation. 

 

4.2 Main Phases 

 

This methodology involves six phases, those are shown in Figure 1. First need to 

understand the business environment, then data understanding. In order to develop 

models, need to preparing data accordingly. Then after can evaluate the algorithm by 

performance wise and accuracy wise and etc. 

 

Figure 1: Main Phases 
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In this study, possible test areas are dependent on available data and detailed business 

objectives are identified after the data study. As a result, the phases must be carried out 

in parallel with understanding and preparing data values. 

 

4.3 Business understanding 

 

On the perspective of business environment focus is to understand research objectives 

and requirements to translate that in to valuable plan to achieve the research objectives. 

Literature reviews knowledge relevant work was identified form the research gap and 

potential difficulties. The research focused on data and assigned appropriate mining 

algorithms to each target. 

4.4 Data understanding 

 

Relevant data are collected from the company database and then needs to understand, 

test and verify. To play with the data, quality of data need to understanding clearly. To 

obtain information about the data need to detect subsets of data interest. A total of 

33676 data was there in the database. There are set of different tables are there. In the 

database activated table is shown in Figure 2. 
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Figure 2: Database Activated Table 

 

In preprocessing phase some data problem can be identified. Mainly data need to 

prepare for compatible to import to WEKA application. 

 

4.5 Data Preparation, Modeling and Evaluate Algorithms 

 

Preparation of data includes all the activities necessary to create the dataset for purpose 

of modeling. There are different manners to perform different tasks in multiple times. 

New problems and challenges are tended to reveal from the different data sets. When 

data is provided and it is very important to select correct data mining techniques and 

algorithms to expected to produce the best results.  

 

Need to display the dependencies between different subsets of attributes. Some 

variables are used for analysis and modeling process. To identify appropriate attributes 

can use to predict and get target results. 
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4.5.1 Area 1 

 

In order to identify the possibilities of a customer buying related other products after 

buying a particular product, first need to prepare the dataset. According to the company 

environment it has grade 1 to grade 13 school syllabuses. So here if a customer is buying 

a single product from the particular grade then there is a possibility if buying another 

product in the same grade, in order to identifying the buying behavior, it is more suitable 

to predict in grade wise. 

In order to import the data set into the WEKA application dataset need to prepare. For 

that I have wrote a separate program to create the arff file. Activated table is used in 

order to predict the possibility of area 1. To identify the unique customers database, it 

has customers telephone numbers. To identify the unique product, it has product serial 

numbers. To prepare the arff file there is a format to provide.  

Here I selected association rule mining for prediction. Analyze data pattern from the 

database can identify different machine learning techniques. If-then patterns can create 

and can search from association rules and it has support and confidence levels to 

identify important relationships [11].  

Grade wise need to prepare the arff file to predict. Since this is a repeating, I automate 

the process by writing the C# program in visual studio.  The program code is shown 

below. 
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Figure 3: Area 1-Program code part 1 

 

 

Figure 4: Area 1-Program code part 2 
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Figure 5: Area 1-Program code part 3 

 

 

Figure 6: Area 1-Program code part 4 
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The format is in association rule mining is as follows, 

 

Figure 7: Area 1 arff data file 

 

Then after that need to import the arff file into WEKA application. As the preprocessing 

task remove the attribute” customerContact” column.  

Aproiri algorithm is selected to predict in confidence 0.65 minMetric level. Following 

association rules are got as the output. 

The Apriori algorithm uses as a property of large set of items of any subset of a large 

set. The elements of an element set are also assumed to be kept in lexicographical order. 
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Consideration of previously run large item sets are significantly reduce the large item 

sets in the candidates [12]. 

 

Figure 8: Apriori output part 1 
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Figure 9: Apriori output part 2 
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The FilteredAssociator algorithm is also selected to predict with minimum confidence 

= 0.6. Following association rules are got as the output.  

 

Figure 10: FilteredAssociator output part 1 
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Figure 11: FilteredAssociator output part 2 
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Figure 12: FilteredAssociator output part 3 

 

Mentioned process has applied for each grade (1-13). Different rules are getting in each 

grade.  

 

Evaluate Algorithms 

According to above two algorithms should evaluate the algorithm by analyzing the 

confidence level. In Apriori algorithm got 0.65 confidence level and FilteredAssociator 

algorithm got 0.6 confidence level to generate the rules. Confidence level is near to 1.0 

is better.  
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Best rules found: 

 

Figure 13: Selected Best Rules from Apriori algorithm 

 

So, the Apriori algorithm is selected for perdition. So that this is easy to make decisions 

for managers to identifying the market trends.  

 

 

4.5.2 Area 2 

 

Identifying customers who are going to continuing purchasing or drop from the 

company and how it effects for the company. 

When identifying customers who are going to continuing purchasing or drop from the 

company and how it effects for the company, first need to prepare the dataset. 

According to the company environment it has grade 1 to grade 13 school syllabuses. If 

a customer is purchased a product or more than one product there is a possibility of 

purchasing new product from next year or it can be a not purchasing product from next 

year. As an example, Possibility of grade 10 customer is going to continuing or 

discontinuing purchase from grade 11. 

For this prediction I selected classification data mining technique. This technique is 

used to obtain important and relevant information about data and metadata [13]. In 
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order to import the data set into the WEKA application dataset need to prepare. For that 

I have wrote a separate program to create the arff file. The program is shown below. 

 

Figure 14: Area 2-Program code part 1 
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Figure 15: Area 2-Program code part 2 
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Figure 16: Area 2-Program code part 3 
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Figure 17: Area 2-Program code part 4 

 

 

Figure 18: Area 2-Program code part 5 
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Activated table is used in order to predict the possibility of area 2. To identify the unique 

customers database, it has customers telephone numbers. To identify the unique 

product, it has product serial numbers. In order to prepare the arff file there is a format 

to provide. The format is in classification is as follows, 

 

Figure 19: Area 2 arff data file 

 

Grade wise need to prepare the arff file to predict. Since this is a repeating, I automate 

the process by writing the C# program in visual studio.   

Then after that need to import the arff file into WEKA application and done the 

preprocessing. As the preprocessing task remove the attribute” customerContact” 

column.  

Bayes.NaiveBayes algorithm is selected to predict. Following classification results are 

got as the output. 
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Figure 20: Bayes.NaiveBayes output  
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Trees J48 algorithm is selected to predict. Following classification results are got as the 

output. 

 

Figure 21: Trees J48 output 
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Tree visualizer is as follows. 

 

Figure 22: Trees J48 Visualizer output 
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Trees.RandomForest algorithm is selected to predict. Following classification results 

are got as the output. 

 

Figure 23: Trees.RandomForest output 

Mentioned process has applied for each grade. Different results are getting in 

prediction.  

 

Evaluate Algorithms 

Among above algorithms need to select the best algorithm. By referring to the Multiple 

ROC (receiver operating characteristic) Curve performance wise can evaluate. All 

classification thresholds are shown in performance of a classification model in the 

graph of ROC curves. The curve plots two parameters, those are “True Positive Rate 

(TPR)” and “False Positive Rate (FPR)” [14].  

TPR = TP / (TP+ FN) 

FPR = FP / (FP + TN) 



33 
 

The knowledge flow is as follows, 

 

Figure 24: knowledge flow 
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Multiple ROC Curves with model performance chart is as follows, 

 

Figure 25: Multiple ROC Curves 

 

There is another method to evaluate the above 3 algorithms. By referring to the F-

Measure values provided by each algorithm. 

Precision and recall measurements are offed from F-measure and its gives same weight. 

[15]. 

F-Measure = (2 * Precision * Recall) / (Precision + Recall) 

Three algorithm results are as follows, 

 Bayes.NaiveBayes algorithm = 0.563 

Trees J48 algorithm = 0.651 

Trees.RandomForest algorithm = 0.641 

The perfect F-measure is 1.0 and worst F-measure is 0.0 [15]. So as the conclusion 

Trees J48 algorithm and Trees.RandomForest algorithm values are got closer to 1.0 and 

ROC curve is also closer to 1. So as accuracy wise and performance wise Trees J48 and 
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Trees.RandomForest algorithms are better for decision making process. So that this is 

easy to identify how this effect for the company. 

 

 

4.5.3 Area 3 

 

In order to identify the connection between customer purchasing methods, first need to 

prepare the dataset. According to the company environment it has three main methods 

of releasing products. Those are releasing for Exhibition, Bookshops and Internet 

Download(online) method. Other than to these three main methods other few 

mechanisms are categorized to Other option. 

Here I selected association rule mining for prediction. If-then patterns are created and 

search in association rule mining. Most important relationship criteria are support and 

confidence [16].  

In order to import the data set into the WEKA application dataset need to prepare. For 

that I have wrote a separate program to create the arff file. The program code is shown 

below. 
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Figure 26: Area 3-Program code part 1 
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Figure 27: Area 3-Program code part 2 
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Figure 28: Area 3-Program code part 3 

 

 

Figure 29: Area 3-Program code part 4 

 

Activated and Stock tables are used in order to predict the possibility of area 3. To 

identify the unique customers database, it has customers telephone numbers. To 
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identify the unique product, it has product serial numbers. In order to prepare the arff 

file there is a format to provide. The format is in association rule mining is as follows, 

 

Figure 30: Area 3 arff data file 

 

Then after that need to import the arff file into WEKA application and done the 

preprocessing. As the preprocessing task remove the attribute” customerContact” 

column.  

Aproiri algorithm is selected to predict in confidence 0.66 minMetric level. Following 

association rules are got as the output.  
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Aproiri algorithm can use in large set of items in subset of a large set of items as a 

property [17]. 

 

Figure 31: Apriori output part 1 
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Figure 32: Apriori output part 2 
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The FilteredAssociator algorithm is also selected to predict with minimum confidence 

= 0.63. Following association rules are got as the output. 

 

Figure 33: FilteredAssociator output part 1 
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Figure 34: FilteredAssociator output part 2 

Different rules are getting in each purchasing methods. 

 

Evaluate Algorithms 

According to above two algorithms should evaluate the algorithm by analyzing the 

confidence level. In Apriori algorithm got 0.66 confidence level and FilteredAssociator 

algorithm got 0.63 confidence level to generate the rules. Confidence level is near to 

1.0 is better.  
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Best rules found: 

 

Figure 35: Selected Best Rules from Apriori algorithm 

 

So, the Apriori algorithm is selected for perdition. So that this is easy to make decisions 

for managers to identifying the market trends. So that this is easy to make decisions for 

managers to identifying the market trends. 

 

 

4.5.4 Area 4 

 

In order to find a group of customers to promote a particular product/s, first need to 

prepare the dataset. There are different categories are form to identify group of 

customers. 

Grade One (1) to Five (5) – Primary level 

Grade Six (6) to Nine (9) – Secondary level  

Grade Ten (10) and Eleven (11) – O/L 

Grade Twelve (12) and Thirteen (13) – A/L  

Other than to these four main group other few mechanisms are categorized to Other 

option. In order to import the data set into the WEKA application dataset need to 
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prepare. For that I have wrote a separate program to create the arff file. The program 

code is shown below. 

 

Figure 36: Area 4-Program code part 1 

 



46 
 

 

Figure 37: Area 4-Program code part 2 

 

 



47 
 

 

Figure 38: Area 4-Program code part 3 

 

Activated table are used in order to predict the possibility of area 4. To identify the 

unique customers database, it has customers telephone numbers. To identify the unique 

product, it has product serial numbers. And then parentage value is taken for each 

group. Then indicate the relevant group that’s associate with. In order to prepare the 

arff file there is a format to provide. The format is in association rule mining is as 

follows, 
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Figure 39: Area 4 arff data file 

 

Then after that need to import the arff file into WEKA application and done the 

preprocessing. As the preprocessing task remove the attribute” customerContact” 

column.  

Simple EM (expectation maximization) class is used as data mining algorithm. This is 

an iterative method for estimates of parameters in statistical models to find maximum 

likelihood or maximum a posterior maximum (MAP) estimate. This model is depending 

on disregarded latent variables [18].  Following Clustering results are taken as the 

output. 
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For EM, use training set cluster model with 5 clusters the output shown below, 

 

Figure 40: EM with training set cluster output part 1 
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Figure 41: EM with training set cluster output part 2 
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Figure 42: EM with training set cluster output part 3 
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For EM, use class attribute to cluster evaluation model with 5 clusters the output shown 

below, 

 

Figure 43: EM with class attribute cluster output part 1 
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Figure 44: EM with class attribute cluster output part 2 
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Figure 45: EM with class attribute cluster output part 3 
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As the another data mining algorithm, SimpleKMeans is used. This cluster refers to 

points aggregated together in collection of data [19]. Following Clustering results are 

taken as the output. 

For SimpleKMeans, use training set cluster model with 5 clusters the output shown 

below, 

 

Figure 46: SimpleKMeans with training set cluster output part 1 
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Figure 47: SimpleKMeans with training set cluster output part 2 
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For SimpleKMeans, use class attribute to cluster evaluation cluster model with 5 

clusters the output shown below, 

 

Figure 48: SimpleKMeans with class attribute cluster output part 1 
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Figure 49: SimpleKMeans with class attribute cluster output part 2 
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Figure 50: SimpleKMeans with class attribute cluster output part 3 

 

 

Evaluate Algorithms 

According to above two algorithms should evaluate by analyzing the Incorrectly 

clustered instances. In EM algorithm got 0.1 as percentage of 0.1712 % and 

SimpleKMeans algorithm got 311.0 as percentage of 53.2534 %. By referring to above 

two methods a smaller number of Incorrectly clustered instances are better.  

So, EM algorithm is selected for data mining purposes. Different group of customers 

are getting to promote a particular product/s. So that this is easy to make decisions for 

managers to identifying the market trends. 
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4.5.5 Area 5 

 

In order to identifying product sales forecasting process like required quantity of each 

product for special annual events like exhibitions (here took the Colombo International 

Book Fair), first need to prepare the dataset. In order to import the data set into the 

WEKA application arff dataset file need to prepare.  

Separate data file is used in order to predict the possibility of area 4. Special event held 

year and relevant item quantity taken to prediction. In order to prepare the arff file there 

is a format to provide.  

Forecasting takes models that fit historical data and uses them to predict future 

observations. Extrapolation is making predictions from time series data handling 

classical statistical way [20]. The data file format is in time series forecasting is as 

follows, 

 

Figure 51: Area 5 arff data file 

 

Then after that need to import the arff file into WEKA application and done the 

preprocessing. As the preprocessing task remove the attribute” year” column.  
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One approach is to use Linear Regression data mining algorithm. From investigational 

or observational data can predict the behavior of dynamic systems [21]. Following 

results are taken as the output.  

 

Figure 52: Linear Regression Prediction output 
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When Evaluation on training data there are two different errors, the mean values of 

absolute error and root mean value of root squared error values. The error rates are 

mention below, 

 

Figure 53: Linear Regression Error Rates evaluation 
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Another approach is to use SMOreg data mining algorithm. This implements regression 

in support vector machine. Using various algorithms can learn the parameters [22]. 

Following results are taken as the output. 

 

Figure 54: SMOreg Prediction output 
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When Evaluation on training data there are two different error values, the mean values 

of absolute error and root mean value of root squared error values. The error rates are 

mention below, 

 

Figure 55: SMOreg Error Rates evaluation 
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Another approach is to use Multilayer Perceptron data mining algorithm. This is a 

subset of artificial feedback neural networks (ANN). For MLP training use 

backpropagation mechanism in supervised learning technique. In MLP linear 

perceptron has multiple layers and nonlinear activation separation. This cannot be 

separated linearly in distinguish data [23]. Following results are taken as the output. 

 

Figure 56: Multilayer Perceptron Prediction output 
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When Evaluation on training data there are two different errors, the mean values of 

absolute error and root mean value of root squared error values. The error rates are 

mention below, 

 

Figure 57: Multilayer Perceptron Error Rates evaluation 
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Another approach is to use Gaussian Processes data mining algorithm. The Gaussian 

process is coming under classification algorithm in the area of machine learning. 

Gaussian processes are a simplification of the Gaussian probability distribution process. 

It can use as machine learning sophisticated non-parametric algorithms in regression 

and classification. [24]. Following results are taken as the output. 

 

Figure 58: Gaussian Processes Prediction output 
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When Evaluation on training data there are two different errors are there, the mean 

values of absolute error and root mean value of root squared error values. The error 

rates are mention below, 

 

Figure 59: Gaussian Processes Error Rates evaluation 
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Evaluate Algorithms 

According to above four algorithms should evaluate by analyzing the training data with 

error values. According to of mean values of absolute error and root mean value of root 

squared error values, these are results [Table 1] taken for one particular product 

(Grade_1_Buddhism). 

 Table 1: Error values for four algorithms 

 Linear 

Regression 

SMOreg Multilayer 

Perceptron 

Gaussian 

Processes 

Mean absolute 

error 

0 0.6591 0.0001 2.8459 

Root mean 

squared error 

0 1.315 0.0001 3.2041 

 

By referring to above four methods a smaller number of mean values of absolute error 

and root mean value of root squared error results are better for forecasting. So, Linear 

Regression and Multilayer Perceptron algorithms are selected for forecasting purposes.  

Table 2: Linear Regression and Multilayer Perceptron Prediction values  

inst# Linear Regression 2021* Multilayer Perceptron 

2021* 

Grade_1_Buddhism 71.0901 70.3618 

Grade_1_Mathematics 85.6986 76.5004 

Grade_1_Language 85.6986 76.5004 

Grade_1_Environment 85.6986 76.5004 

Grade_2_Buddhism 100.8565 88.3001 

Grade_2_Mathematics 100.8565 88.3001 

Grade_2_Language 100.8565 88.3001 

Grade_2_Environment 88.0675 84.7539 
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Different item quantities are getting as the results [Table 2]. So that this is easy to make 

decisions for managers to identifying the market trends. 

 

 

4.6 Summary 

 

This chapter identified the possible research process to solve the identified research 

problem. When evaluating each algorithm identified best algorithms for each research 

objective. The following chapter present the conclusion of the research. 
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Conclusion and Future Work 
 

5.1 Introduction 

 

The earlier chapter described about the methodology and result of all 5 areas and this 

chapter will state the achievements of the conclusion and further developments.    

 

5.2 Conclusion 

 

In this research, the problem is to identifying proper data mining prediction for the 

company research areas. Those are difficulty in possibilities of a customer buying 

related other products after buying a particular product, difficulty in identifying repeat 

buyers and drop customers, difficulty in identifying connection between customer 

purchasing methods, difficulty in finding a group of customers to promote product/s. 

and difficulty in forecasting product sales process. 

To achieving research objectives these are the findings for each research area. For area 

1, Possibilities of a customer buying related other products after buying a particular 

product: Association Rule Mining is used as data mining technique. Apriori is used as 

data mining algorithm. For area 2, Identifying customers who are going to continuing 

purchasing or drop from the company and how it effects for the company: Classification 

is used as data mining technique. Trees J48 and Trees.RandomForest are used as data 

mining algorithms. For area 3, Identifying connection between customer purchasing 

methods: Association Rule Mining is used as data mining technique. Apriori is used as 

data mining algorithm. For area 4, Find a group of customers to promote a particular 

product/s: Clustering is used as data mining technique. Simple EM (Expectation 

Maximization) class is used as data mining algorithm. For area 5, Identifying product 

sales forecasting process (required quantity of each product for special annual events 

like exhibitions): Time series forecasting is used as data mining technique. Linear 

Regression and Multilayer Perceptron are used as data mining algorithm. 
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5.3 Future Developments 

 

As a future work, the ability to increase the level of accuracy by increasing the size of 

the database can be tested. And for each research area can apply more accurate and 

efficient algorithms for modeling and evaluation. 

 

5.4 Summary 

 

This final chapter discussed the conclusion and future works of this research. 
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