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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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Chapter 1

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.

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

buying a particular product.

e Difficulty in identifying repeat buyers and drop customers.

e Difficulty in identifying connection between customer purchasing methods.

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

e 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.

e Possibilities of a customer buying related other products after buying a
particular product.

e ldentifying 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.

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

e ldentifying product sales forecasting process (required quantity of each product

for special annual events like exhibitions).



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

e 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.

e Area 2: Classification is used as data mining technique. Trees J48 and
Trees.RandomForest are used as data mining algorithms to make better
decisions.

e 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.

e 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.

e 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.



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.



Chapter 2

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

events like exhibitions).

2.2 The observation of objectives

e 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].



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].

e |dentifying 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. ldentify 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.



e 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. ldentify corporate individual customers by age and gender.
2. ldentify 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].

e 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].

Most profitable and least profitable customers can identify.

Can improve customer service.

Focus on the customers who are most possible to buy a product or service.
Select markets that are profitable for the company.

Identify new products and services.

Offer new products and services to loyal customers.

Create competition in the market.

Use company resources cleverly.

© 0o N o gk~ wbhPE

Improve products and services to encounter customer needs.

[y
o

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

profit in the company.



e ldentifying 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.



Chapter 3

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 | 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.

e Available GNU General Public License.

e Can run on any modern computing platform and its implemented in the Java
programming language.

e Provides graphical user interfaces.

e 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.



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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Chapter 4

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.
ee—
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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.

12
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(@] @ Delete 20170004115151LUPL 0202190420YLI  MCNT38040BA00SO 1 1 1:51:51 20170904114740WIDM
0 & Delete 20170904115215PCSF  20170903140146HFEH  MCNT23040BA00SO 1 1 14:28:58  20170904114740WIDM
0 i Delete 20170004122335DUNK  20170801194953QRNU  MCNT38040BA00SO 1 1 2017-08-04 20170004114740WIDM
0 {§) Delete 20170004122346RLFR  20170801184053QRNU.  MCN725040BA00SO 1 1 2017-08-04 20170904114740WIDM

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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451 Areal

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

below.

14



Oreferences
static void CustomerBuying Association()

g
%

string connectionstring = “datasource=localhost;port=3386;username=root;password=";
MySqlConnection conn = new MySqlConnecticn(connectionstring);

conn.Open();

StreamiWriter File = new StreamWriter(“Association.arff");

string productListQuery = "select p_id, p_pid from msc_project.product;™;

MySqlCommand cmd = new MySqlCommand(productListQuery, conn);
MySqlDataReader rdr = cmd.ExecuteReader();

List<string> productlist = new List<string>();

File.WriteLine("@relation savi™);
File.WriteLine("@attribute 'customerContact®’ string"”);

string grade = "G11";

string[] compulsoryArr = {"G1@11SLITV1ID1", "G1@11SLITV1D2", "G1@11SLITVID3" };
List<string> compulsorylist = new List<string>(compulsoryArr);

List<string> selectedProductSQLList = new List<string>();

while (rdr.Read())

string prod = rdr["p_pid"].ToString();

string gradeNextChar = prod.Substring((grade.Length), 1);

|| int.TryParse(gradeNextChar, out _))
&& !compulsorylist.Contains(prod))

S e sa et s s e e Sm e S e s S e Sm e S s e s e Sm e S s e s e e o

if ((!prod.StartsWith(grade)

Figure 3: Area 1-Program code part 1

if ((!prod.StartsWith(grade)

: || int.TryParse(gradeNextChar, out _))
H && !compulsorylist.Contains(prod))

¢

: centinue;

¥

selectedProductSQLList.Add(prod);

string mainProd = prod.Substring(@, prod.Length - 1);
if (!productlist.Contains(mainProd))

: productList.Add(mainProd);

= o e i

rdr.Close();

for (int i = @; i < productlList.Count; i++)

{
H File.WriteLine("@attribute " + '™ + productList[i] + """ + " { t}");
¥
MriteLine(™");
File.Writeline("@data");
string activatedCustomers = "SELECT DISTINCT(mobile_number.m_number), mobile_number.m_id " +

"FROM msc_project.activated INNER JOIN msc_project.mobile_number ON activated.a_contact=mobile_number.m_id " +
"INNER JOIN msc_project.item ON activated.a_iid = item.i_id " +
"INNER JOIN msc_project.stock ON item.i_sid = stock.s_id " +
“"INNER JOIN msc_project.product ON stock.s_pid = product.p_id " +

"WHERE product.p_pid IN ('" + string.Join("','", selectedProductSQLList) + "');";

cmd = new MySqlCommand(activatedCustomers, conn);
rdr = cmd.ExecuteReader();

List<(string, string)> mobilelList = new List<(string, string)>();
while (rdr.Read())

: mobilelist.Add((rdr["m_number"].ToString(), rdr["m_id"].ToString()));

Figure 4: Area 1-Program code part 2
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!
}

rdr.Close();

mobileList.Add((rdr["m_number”].ToString(), rdr["m_id"].ToString()));

int count = 1;
foreach (var mobileNum in mobilelList)

string customerActivtProds = "select product.p_pid " +
"from msc_project.activated INNER JOIN msc_project.item ON activated.a_iid = item.i_id " +
"INNER JOIN msc_project.stock ON item.i_sid = stock.s_id " +
"INNER JOIN msc_project.product ON stock.s_pid = product.p_id ™ +
"where activated.a_contact="" + mobileNum.Item2 + "'" +
"and product.p_pid IN ('"+ string.Join("','", selectedProductSQLList) +"');";

cmd
rdr

new MySqlCommand(customerActivtProds, conn);
cmd. ExecuteReader();

List<string> customerActProds = new List<string>();
while (rdr.Read())

{

: string actProd = rdr["p_pid"].ToString();

) string mainActProd = actProd.Substring(@, actProd.Length - 1);
E customerActProds.Add(mainActProd);

rdr.Close();

int activatedPrdCount =
string custProductStr 5
for (int i = @; i < productList.Count; i++)

string bought = "2";
if (customerActProds.Contains(productlist[i]))

E bought = "t";

H activatedPrdCount++;
}

c

ustProductStr += "," + bought;

]

'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'

if(activatedPrdCount <= @)

Figure 5: Area 1-Program code part 3

if(activatedPrdCount <= 0)

{

: continue;

}

Console.WriteLine("Customer :

"

+ count);

File.Write(mobileNum.Iteml);
File.Write(custProductStr + Environment.NewLine);

if (count == 5000)

: break;

}

count++;

L P e

File.Close();

Console.WriteLine(” End Y3
Console.ReadKey();

atch (Exception ex)

Console.WriteLine(ex.Message);

T
B R o B e

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

@attribute
@attribute
@attribute
@attribute
@attribute
@attribute
@attribute

@relation savi

'customerContact'
'G1lO11SLITV1D' {
'G1l1BUDV1D' { t}
'G11GEOV1D' t}
'G1l1HISV1D' t}
'G1l1ICTV1D' t}
'G1IMATTIV1D' {

{
{
{

string
t}

t}

'G1l1MATT2V1D'
'G1lIMATT3V1D!'
'G1l1S5CIT1V1D!
'G1l1SCIT2V1D!'
'G1l1SCIT3V1D!
'G1l1SINV1D!'

t}
t}
t}
t}
t}

@attribute {
@attribute {
@attribute {
@attribute {
@attribute {
@attribute | -

@data
+94703259%00,¢t,
+94717921390, ¢,
+94718646877,¢t,
+94771388605, ¢,
+94715337201, ¢,
+9471185838¢6, ¢,
+94723717568
+94”1930°059 t ?,
+94718338987, ¢, t,
+94763659583,¢, ?,
+94786339912, ¢, t,
+94718610492,¢,t, 7
+94777073435, t, t,
+94702259302, ¢,
+94773180664, t,
+94718238148,t
+94783647364,¢t, ¢,
+94756556399,¢t,¢,
+94753772533,¢,¢,

-
-
-
-
-
-~
-

-~
-~
-
-~
-
-~
-

~
-~
-~
~
-~
-~
-~

~
-~
-~
~
-~
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-~
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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].

[ Preprocess T Classify T Cluster TAssociateT Select attributes T Visualize T Forecast ]

Associator

Choose ”Apriori -N10-T0-C065-D0.05-U1.0-M0.1-5-1.0-c-1

Start Stop

Result list (right-click for option...
3

21:09:44 - Apriori

21:10:16 - FilteredAssociator

Status

Associator output
-

=== Run information ===

Scheme: weka.associations.Apriori -N 10 -T 0 -C 0.65 -D 0.05 -U 1.0 -M 0.1 -S -1.0 -c -1
Relation: savi-weka.filters.unsupervised.attribute.Remove-Rl
Instances: 740
Attributes: 12

G1011SLITV1D

G11BUDV1D

G11GEOV1D

G11HISVID

G11ICTV1D

GLIMATT1V1D

GLIMATT2V1D

G1IMATT3V1D

G11SCIT1V1D

G11SCIT2V1D

G11SCIT3V1D

G1l1SINV1D
=== Associator model (full training set) ===

Apriori

Minimum support: 0.15 (111 instances)
Minimum metric <confidence>: 0.65
Number of cycles performed: 17

Generated sets of large itemsets:
KIS

- ¥

0K

Figure 8: Apriori output part 1
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f Preprocess T Classify T Cluster I ‘Associate I Select attributes T Visualize T Forecast ]

Associator
p

[ Choose 'Aplim‘i -N10-T0-C065-D0.05-U1.0-M0.1-5-1.0-c-1

21:10:16 - FilteredAssociator

Start Stop
Result list (right-click for option...
- "

Associator output
P

Apriori

Generated sets of

Best rules found:

1. Gl1SCIT1V1D=t
2. Gl1SCIT3V1D=t
3. GLIMATT3VID=t
4. G11SCIT2V1D=t
5. Gl1SCIT1ViD=t
€
7
8
9

Minimum support: 0.15 (111 instances)
Minimum metric <confidence>: 0.65
Number of cycles performed: 17

large itemsets:

Size of set of large itemsets L(l): 10

Size of set of large itemsets L(2): 4

Size of set of large itemsets L(3): 1

GLl1SCIT3V1D=t 195 ==>
287 ==> G11SCIT2V1D=t
150 ==> GLIMATT2V1D=t
GLl1SCIT3V1D=t 217 ==>

G11SCIT2V1D=t 150
217 <conf: (0.76)>
111 <conf:({0.74)>
G11SCIT1V1D=t 150

<conf: (0.77)> lift

1ift: (1.73) lev: (0.
lift:(3.32) lev: (0.
<conf: (0.69)> lift:

:(1.76) lev:(0.09)
12) [91] conv: (2.
1)
(1.57) lev:(0.07)

[77] conv:(2.91)

[€4] conv:(2.39)
28)

[54] conv:(1.79)

G11SCIT2V1D=t 217 ==> GL1SCIT3V1D=t 150 <conf:(0.6€9)> 1lift:(1.78) lev:(0.09) [&5] conv:(1.95)
. G11SCIT3V1D=t 287 ==> Gl1SCIT1V1D=t 195 <conf: (0.68)> lift:(1.54) lev:(0.09) [68] conv:(l.73)
. G11MATT2V1D=t 165 ==> GLIMATT3V1D=t 111 <conf: (0.67)> lift:(3.32) lev:(0.1) [77] conv:(2.39)
. G11SCIT2VlD=t 323 ==> Gl1SCIT1V1D=t 217 <conf: (0.67)> 1ift:(1.53) lev:(0.1) [74] conv:(1.69)
. Gl1SCIT2V1D=t 323 ==> GlISCIT3VID=t 217  <conf:(0.67)> lift:(1.73) lev:(0.12) [91] conv:(1.85)
10. Gl1SCIT1V1D=t 326 ==> G11SCIT2V1D=t 217 <conf: (0.67)> lift:(1.53) lev:(0.1) [74] conv:(l.€7)
¥
<\ o
L
Status e
f -
oK Log x0
| 2

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.

[PreprocessTCIassifyTCluster IA iat ISeIect ttributs T isuali TForecast]

E

[
[ Choose ];Fil(erednssociator -F "wekafilters MultiFilter -F "weka filters.unsupervised.attribute ReplaceMissingValues " -¢ -1 -W weka.associations. Apriori-- -N10-T0-C 0.6 -D 0.05 ‘

—_— Associator output
Start Stop i

| 21:09:44 - Apriori | || | schere:
21:10:16 - FilteredAssociator Relation:
Instances:

Attributes:

@attribute
@attribute
@attribute
@attribute
@attribute
@attribute
@attribute

| @attribute
«

Result list (right-click for option... === Run information === K
N

=== Associator model (full training set) ===
FilteredAssociator using weka.associations.Apriori -N 10 -T 0 -C 0.6 -D 0.05 -U 1.0 -M 0.1 -5 -1.0 -c -1 on data £

Filtered Header
@relation savi-weka.filters.unsupervised.attribute.Remove-Rl-weka.filters.unsupervised.attribute.ReplaceMissingVal

GLOLLSLITVID {t}
GL1BUDVID {t}
GLIGEOVID {t}
GLLHISVID {t}
GLLICTVID {t}
GLIMATTIVID {t}
GLIMATT2VID {t} L
GLIMATT3VID {t} v

weka.associations.FilteredAssociator -F "weka.filters.MultiFilter -F \"weka.filters.unsupervised.att:
savi-weka.filters.unsupervised.attribute.Remove-R1

740

12

G1011SLITV1D

G11BUDV1D

G11GEOV1D

G11HISV1D

G11ICTV1D

GL1MATT1VID J
G1IMATT2V1D
G11MATT3V1D
G11SCIT1V1D
G11SCIT2V1D
G11SCIT3V1D
G11SINV1D

Status
-

OK

Figure 10: FilteredAssociator output part 1
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[ Preprocess T Classify T Cluster TAssaqale T Select attributes T Visualize T Forecast ]

|Choose IFiIteredAssociator-F"weka.ﬂIters.MuItiFiIter-F\"weka.ﬂlters.unsu.. ised.attribute ReplaceMi

1
ingvalues " -c -1 -Wweka.associations. Apriori---N10-T0-C 0.6 -D 0.05 i‘

Start Stop

Result list (right-click for option...
=

Associator output

@attribute Gl1SCIT1VID {t}
@attribute Gl1SCIT2V1D {t}
@attribute G11SCIT3VID {t}
@attribute GLLSINVID {t}

Gdata

Associator Model

Apriori

Minimum support: 0.95 (703 instances)
Minimum metric <confidence>: 0.6
Number of cycles performed: 1
Generated sets of large itemsets:

Size of set of large itemsets L{l): 12
Size of set of large itemsets L(2): €6
Size of set of large itemsets L(3): 220
Size of set of large itemsets L(4): 495
Size of set of large itemsets L({5): 792

Size of set of large itemsets L(6): 924

Size of set of large itemsets L(7): 792

[ 7

Status

Figure 11: FilteredAssociator output part 2
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Preprocess | Classify | Cluster [ Associate | Select atributes | Visualize | Forecast |

Associator

Choose iFiNeredAssociator -F "weka filters.MultiFilter -F V"weka filters.unsupervised.attribute ReplaceMissingValues " -¢ -1 - weka.associations. Apriori-- -N 10-T0-C 0.6 -D 0.05 -1

Associator output
Start r
S 3 g A
Result list (right-click for option... |
1 (rig 2 \ Size of set of large itemsets L(4): 495 a
21:09:44 - Apriori \
] . = Size of set of large itemsets L(5): 792
21:10:16 - FilteredAssociator
Size of set of large itemsets L(6): 924
Size of set of large itemsets L(7): 792
Size of set of large itemsets L(8): 495
Size of set of large itemsets L(9): 220
Size of set of large itemsets L(10): 66
Size of set of large itemsets L(ll): 12
Size of set of large itemsets L{12): 1
Best rules found:
1. G11BUDV1D=t 740 ==> GLO11SLITV1D=t 740 <conf:(l)> lift:(l) lev:(0) [0] conv:(0) N
2. GLO11SLITV1D=t 740 ==> Gl1BUDV1D=t 740 <conf:(l)> lift:(1l) lev:(0) [0] conv:(0)
3. GL1GEOV1D=t 740 ==> Gl01l1lSLITV1D=t 740 <conf:(l)> lift:(l) lev:(0) [0] conv:(0)
4. Gl011SLITV1D=t 740 ==> Gl1GEOV1D=t 740 <conf:(1l)> lift:(l) lev:(0) [0] conv:(0)
5. GL1HISV1D=t 740 ==> Gl0llSLITV1D=t 740 <conf:(1l)> lift:(1l) lev:(0) [0] conv:(0)
€. Gl011SLITV1D=t 740 ==> GLl1HISV1D=t 740 <conf: (l)> lift: (1) lev:(0) [0] conv:(0)
7. GLl1ICTV1D=t 740 ==> Gl011SLITV1D=t 740 <conf:(l)> lift: (1) lev:(0) [0] conv:(0)
8. GlO1l1SLITV1D=t 740 ==> Gl1lICTV1D=t 740 <conf: (l)> lift: (1) lev:(0) [0] conv:(0)
9. G1IMATT1V1D=t 740 > G1011SLITV1D=t 740 <conf: (1l)> lift:(l) lev:(0) [0] conv:(0)
10. GLOL1SLITV1D=t 740 ==> GLIMATT1VID=t 740 <conf:(l)> lift:(l) lev:(0) [0] conv:(0)
vl
[¥|
| < = | |
Status -
oK [ Log ] 4& x0

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:

Best rules found:

. GLISCIT3VID=t 287 ==> GL1SCIT2VlD=t 217  <conf:(0.76)> lift:(1.73) lev:(0.12) [91] conv: (2.28)
. GLIMATT3VID=t 180 ==> GLIMATT2VID=t 111  <conf:(0.74)> lift:(3.32) lev:(0.1) [77] conv:(2.91)

WY = D DD

. GLISCIT3VID=t 287 ==> GLISCITIVID=t 195  <conf:(0.68)> lift:(1.54) lev:(0.09) [&8] conv:(1.73)
. GLIMATT2VID=t 165 ==> GLIMATT3VID=t 111  <conf:(0.67)> lift:(3.32) lev:(0.1) [77] conv:(2.39)
. GL1SCIT2V1D=t 323 ==> GLISCITIVID=t 217  <conf:(0.67)> lift:(1.53) lev:(0.1) [74] conv:(l.€9)
. GL1SCIT2V1D=t 323 ==> GLISCIT3VlD=t 217  <conf:(0.67)> lift:(1.73) lev:(0.12) [91] conv: (L.85)
10, GIISCITIVID=t 326 ==> GL1SCIT2VID=t 217  <conf:(0.67)> lift:(1.83) lev:(0.1) [74] conv:(1.67)

W o -3 o

. GL1SCITIVID=t GL1SCIT3ViD=t 195 ==> GLISCIT2ViD=t 150  <conf:(0.77)> lift:(1.76) lev:(0.09) [64] conv:(2.39)

. GLISCIT2VID=t GLISCIT3ViD=t 217 ==> GLISCITIVID=t 150  <conf:(0.69)> lift:(1.57) lev:(0.07) [54] conv:(1.79)
. GLISCITIVID=t GL1SCIT2ViD=t 217 ==> GLISCIT3V1D=t 150  <conf:(0.69)> lift:(1.78) lev:(0.09) [6S] conv:(1.95)

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.

452 Area?

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 | 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.

{

t
{

ry

Oreferences
static void ContinuingPurchasing_Classification()

string connectionstring = “"datasource=localhost;port=3386;username=root;password=";
MySqlConnection conn = new MySqlConnection(connectionstring);

conn.Open();

StreamWriter File = new StreamWriter(“”Classification.arff");

string productListQuery = “select p_id, p_pid from msc_project.product;";

MySqlCommand cmd = new MySqlCommand(productListQuery, conn);
MySqlDataReader rdr = cmd.ExecuteReader();

List<string> productlist = new List<string>();

File.Writeline("@relation savi”);
File.WriteLine("@attribute 'customerContact’' string”);

string grade = "Gl@";
string targetGrade = "G11";

string[] compArr = { "" };

List<string> compulsorylist = new List<string>(compArr);
List<string> selectedProductSQLList = new List<string>();
List<string> targetProductSQLList = new List<string>();
while (rdr.Read())

bool isSelectedProd = true;
bool isTargetProd = true;

Figure 14: Area 2-Program code part 1
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while (rdr.Read())

if (isTargetProd)

: targetProductSQLList.Add(prod);

P

: : bool isSelectedProd = true;

: H bool isTargetProd = true;

: : string prod = rdr["p_pid"].ToString();

: : string gradeNextChar = prod.Substring((grade.Length), 1);
: : if (!prod.StartsWith(grade)

: . ' || int.TryParse(gradeNextChar, out _))
.

: : : if(!compulsorylList.Contains(prod))

: : : : isSelectedProd = false;

vod 3 i

v X

: : if (!prod.StartsWith(targetGrade)

: ] : || int.TryParse(gradeNextChar, out _))
oo

: : : isTargetProd = false;

E g )

i1 if (isSelectedProd)

: : : selectedProductSQLList.Add(prod);

: : : string mainProd = prod.Substring(@, prod.Length - 1);
. : : if (!productiList.Contains(mainProd))

E o4 8

: ] : ' productList.Add(mainProd);

G

: i b

: 3

Figure 15: Area 2-Program code part 2
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rdr.Close();

for (int i = @; i < productList.Count; i++)
: File.WriteLine("@attribute " + "'" + productList[i] + "'" + " {y,n}");

}
File.WriteLine("@attribute purchaseNextYear {y,n}");

File.WriteLine("");
File.WriteLine("@data");

string activatedCustomers = "SELECT DISTINCT(mobile_number.m_number), mobile_number.m_id " +
"FROM msc_project.activated INNER JOIN msc_project.mobile_number ON activated.a_contact=mobile_number.m_id " +
"INNER JOIN msc_project.item ON activated.a_iid = item.i_id " +
"INNER JOIN msc_project.stock ON item.i_sid = stock.s_id " +
"INNER JOIN msc_project.product ON stock.s_pid = product.p_id " +
"WHERE product.p_pid IN ('" + string.Join("','", selectedProductSQLList) + "');";

cmd = new MySqlCommand(activatedCustomers, conn);
rdr = cmd.ExecuteReader();

List<(string, string)> mobilelList = new List<(string, string)>();
while (rdr.Read())
{

+ mobileList.Add((rdr["m_number"].ToString(), rdr["m_id"].ToString()));
rdr.Close();

int count = 1;
foreach (var mobileNum in mobilelist)

string customerActivtProds = “"select product.p_pid " +
"from msc_project.activated INNER JOIN msc_project.item ON activated.a_iid = item.i_id " +
"INNER JOIN msc_project.stock ON item.i_sid = stock.s_id " +
"INNER JOIN msc_project.product ON stock.s_pid = product.p_id " +
"where activated.a_contact="" + mobileNum.Item2 + +
"and product.p_pid IN ('" + string.Join("','", selectedProductSQLList) + "');";

Figure 16: Area 2-Program code part 3
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cmd = new MySqlCommand(customerActivtProds, conn);
rdr = cmd.ExecuteReader();

List<string> customerActProds = new List<string>();
while (rdr.Read())

{

: string actProd = rdr["p_pid"].ToString();

: string mainActProd = actProd.Substring(@, actProd.Length - 1);
f customerActProds.Add(mainActProd);

rdr.Close();

int activatedPrdCount =
string custProductStr = >
for (int i = @; i < productList.Count; i++)

i string bought = "n";

: if (customerActProds.Contains(productList[i]))
= 4

: : bought = "y";

E : activatedPrdCount++;

i zustProductStr += "," + bought;
¥

if (activatedPrdCount <= 1)

{

: continue;

¥

Console.WriteLine("Customer + count);
string customerActivtTargetProds = "select product.p_pid " +
"from msc_project.activated INNER JOIN msc_project.item ON activated.a_iid =
"INNER JOIN msc_project.stock ON item.i_sid = stock.s_id " +
"INNER JOIN msc_project.product ON stock.s_pid = product.p_id " +
"where activated.a_contact="" + mobileNum.Item2 + "'" +
“"and product.p_pid IN ('" + string.Jdoin("','", targetProductSQLList) + "');";

cmd = new MySqlCommand(customerActivtTargetProds, conn);
rdr = cmd.ExecuteReader();

item.i_id

+

Figure 17: Area 2-Program code part 4

cmd = new MySqlCommand(customerActivtTargetProds, conn);
rdr = cmd.ExecuteReader();

String purchasedTarget = "n";

if (rdr.HasRows)

{

: purchasedTarget = "y";

rdr.Close();
custProductStr +=

>

+ purchasedTarget;

File.Write(mobileNum.Iteml);
File.Write(custProductStr + Environment.NewlLine);

if (count == 5000)

: break;

}

count++;

}

File.Close();

Console.WriteLine(” End ");
Console.ReadKey();

atch (Exception ex)

Console.WritelLine(ex.Message);

el = m m e e e e e e
D B T

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,

@relation savi
@attribute 'customerContact' string

@attribute 'Gl10BUDV1D®' {v,n}
@attribute 'GlOGEOV1D' {v,n}
@attribute 'GlO0HISV1D® {v,n}
@attribute 'Gl10ICTV1D®' {v,n}
@attribute '"G1OMATT1V1D®' {yv,n}
@attribute 'G1OMATTZ2V1D' {v,n}
@attribute 'G1OMATT3V1D' {v,n}
@attribute 'Gl10SCIT1V1D®' {v,n}
@attribute 'Gl0O0SCIT2V1D' {v,n}
@attribute 'Gl0SCIT3V1D®' {yv,n}
@attribute 'GlO0SINV1D' {v,n}

@attribute purchaseNextYear {vy,n}

@data

+94703259900,V¥,¥V,¥, V¥V, ¥V, ¥, ¥V, ¥V, ¥V, V¥V, ¥V, V¥
+94716874245,V,V,¥,n, ¥, ¥, ¥V, ¥, ¥, ¥, 1, ¥
+94718666790,Vv,V,¥,V¥,n,¥,¥,Nn,¥,Nn, V¥V, V¥
+94719356151,Vv,¥V,¥,¥,¥,¥,n, ¥V, ¥, V¥V, ¥V, V¥
+94779334004,Vv,¥,¥,¥,n,¥,¥,n,¥,Nn,V,V¥
+94776323826,V,V,¥,V,¥V,¥,D, ¥V, ¥V, V,V, V¥
+94715799280,V¥,¥,¥,¥V,¥,¥,¥,¥,n,Nn,¥,n
+94771388605,v,V,¥,n,¥V,¥,n, ¥V, ¥, V, ¥V, V¥
+94773444611,VY,¥V,¥,¥,¥,n,¥,Nn,¥,Nn, VY,V
+94773981378,V,¥V,¥,V,¥,¥,¥,n,¥,V,Nn, V¥
+94719308059,y,n,¥,n,¥,¥,¥,¥,n,V,V, V¥
+94778982 617! Y, YI nl YI nl YI nl YI :Y'I nl YI n
+94714933792,¥,¥V,¥,¥,¥,n,V,¥,¥,n,¥,n
+94714710096,vy,n,¥,Nn,¥,¥,¥,¥,Nn, V¥V, ¥V, V¥
+94771510600,¥,¥,¥,¥,n,¥,Nn,¥,¥,n, ¥V, V¥
+94772786274f V¥V, ¥V, n,¥V,n,V,V,V, ¥V, ¥V, 2
+947l78972751 YV, ¥V, D, vV, n, vV, ¥V, 2,¥V, 0, ¥V, V¥V
+94766404365,V,V,¥,V, ¥V, ¥, V¥V, ¥, ¥, ¥V,Nn, ¥
+94719883360,V,V,¥,V,¥V,¥,¥,n,¥V,V,¥V,Dn

Figure 19: Area 2 arff data file

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

28



[Preprocess I Classfy/] Cluster TAssodate TSeIed attributes T Visua|izeT Forecast]

Classifier

[ Choose ]|NaiveBayes

Test opti

Classifier output
N

(U Use training set
() Supplied test set Set..

® Cross-validation Folds 10
() Percentage split % B

[ More options...

{ {Nom) purchaseNextYear

Start Stop

Result list (right-click for options)

- bayes.NaiveBayes
16:52:22 - trees.J48
16:52:44 - trees.RandomForest

Weighted Avg.

a b «-
37 269 |
47 517 |

a
b

TP Rate FP Rate Precision Recall
0.121 0.083 0.440 0.121
0.917 0.879 0.653 0.917
0.637 0.589 0.581 0.637

Time taken to build model: 0 seconds

=== Stratified cross-validation ===
=== Summary ===

Correctly Classified Instances
Incorrectly Classified Instances
Kappa statistic
Mean absolute error

"J Root mean squared error
Relative absolute error
Root relative squared error
Total Number of Instances

=== Detailed Accuracy By Class ===

=== Confusion Matrix ===

classified as

b |
n

554
316
0.0451
0.4407
0.4752
96.6065 %
99.5224 %
870

€3.6782 %
36.3218 %

F-Measure MCC

0.190
0.766
0.5€3

0.061
0.061
0.061

ROC Area PRC Area Clal

0.539
0.589
0.589

0.424 ¥
0.696 n
0.600

Status

[

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

output.

[ Preprocess I Classify I Cluster TAssociate TSeIeci attributes T Visualize T Forecast ]

Classifier
|

| choose J[.us-o 0.25-M2

Test opti

Classifier output

(U Use training set A
) ; g F 3 a
() Supplied test set Set. Time taken to build model: 0 seconds
@ Cross-validation Folds 10 === Stratified cross-validation ===
- === Summary ===
() Percentage split % 66
M i Correctly Classified Instances 584 ©67.1264 %
L DIDRIONS J Incorrectly Classified Instances 286 32.8736 %
Kappa statistic 0.2184
| Mean absolute error 0.4256
(Nom) purchaseNextYear \' Root mean squared error 0.478
Relative absolute error 93.2954 %
Start Stop Root relative squared error 100.111 %
. < : Total Number of Instances 870
Result list (right-click for options)
| ™
16:51:55 - bayes.NaiveBayes Frestalled AccuraCy” Byl agu se
< p - 2
16:52:22- trees J48 TP Rate FP Rate Precision Recall F-Measure MCC ROC Area PRC Area C(la
16:52:44 - trees.RandomForest 0.363 0.1l  0.550 0.363  0.437 0.228  0.565 0.445 y
0.839 0.637 0.708 0.839 0.768 0.228 0.565 0.657 n
Weighted Avg. 0.671 0.470 0.652 0.671 0.651 0.228 0.585 0.583
™
=== Confusion Matrix ===
a b <-- classified as
111 195 | a=y
91 473 | b=n
v
<\ T
Status —_—
E
o [[=] wp

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

o Weka Classifier Tree Visualizer: 16:52:22 - trees.J48 (savi-weka filters.unsupervised.attribute.Remove-R1) = O X
Tree View

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.

[ Preprocess T Classify I Cluster I Associate T Select attributes T Visualize I Forecast ]
Classifier
Choose iRandumFurest -P100-1100-num-slots 1 -K 0-M 1.0 0.001-51
Test opti Classifier output
() Use training set - [a]
e 2 ; 3 - -
() Supplied test set Time taken to build model: 0.1l seconds |
® Cross-validation Folds |10 | === stratified cross-validation ===
: === Summary ===
() Percentage split
M i Correctly Classified Instances 568 65.2874 %
l QREApNONSES J Incorrectly Classified Instances 302 34.712¢ %
Kappa statistic 0.198
- 1 || |Mean absolute error 0.4192
(Nom) purchaseNextYear j | Root mean squared error 0.4891
| Relative absolute error 91.9058 %
Start Stop | Root relative squared error 102.4188 %
- s - X Total Number of Instances 870
Result list (right-click for options) = N
[ % === Detailed A By Cl ===
16:51:55 - bayes.NaiveBayes AL CCRAcEUIAcY. (DYRLa3d
] 16:52:22 - frees 148 TP Rate FP Rate Precision Recall F-Measure MCC ROC Area PRC Area C(Cla
| 16:52:44 - trees.RandomForest ‘ 0.395 0.207 0.508 0.395 0.445 0.201 0.601 0.449 ¥
[
0.793 0.605 0.707 0.793 0.747 0.201 0.601 0.728 n
Weighted Avg. 0.653 0.465 0.637 0.653 0.641 0.201 0.601 0.630
=== Confusion Matrix ===
a b <-- classified as
121 185 | a=y
117 447 | b=n
W/
v
[« % |
Status
oK Log w x0

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)
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The knowledge flow is as follows,

Program File Edit Insert View

E;‘ (©) Data mining processes| ik Attribute summary [ Scatter plot matrix

SQL Viewer &) Simple CLI :+* Time series forecasting

bW E RUAsNOBIWH LHBLE Be
Jeain Untited1
4
N A
> ﬁ DataSources
» (& DataSinks
» (& DataGenerators
» (& Filters tests Classifier
-4 ﬁ Classifiers o Performance Evaluator
> ﬁ Clusterers v
> (& Associations ’ . :
» (i AttSelection K } | k =
> (& Evaluation S S =
> ﬁ Misc < ; )
Peffloader ClassAssigner Class\alue Cross testsat
¥ (& Visualization A Foldvake ‘;m““s“ 8
Ci; TextViewer
& ImageViewer
% AttributeSummarizer I
{5 StripChart
£ ModelPerformanceChart G
% DataVisualizer RandomiForest Performance Evaluatord
ﬁ‘- BoundaryPlotter
G} ScatterPlotMatrix L
{8 GraphvViewer A\
« O
ﬁ( CostBenefitAnalysis — J —
> ﬁ Flow
» (& Tools
> ﬁ TimeSeries Component Parameters Time Status
[KnowledgeFlow] - OK. A
ArfilLoader = Finished.
ClassAssigner - Finished.
ClassValuePicker = Finished.
CrossValidationFol... - Finished.
NaiveBayes - Finished.
RandomForest -P 100 -1 100 -num-slots 1K ... | - Finished. X

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

€2 Model Performance Chart -

|X:False Positive Rate (Num) v | Y: True Positive Rate (Num)
| Colour: Threshold (Num) TJ Seleetina e
| cear || open || sae | Jitter ©

Plotsavi

X NaiveBayes (class: y)
+ J48 (class: y)

¢ RandomForest (class: y)

Class colour

[«
L

T T
0.17 0.49

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.

453 Area3

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

below.
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1reference
static void PurchaseMethodRelationship_Association()

ry
string connectionstring = "datasource=localhost;port=3386;username=root;password=";
MySqlConnection conn = new MySqlConnection(connectionstring);
conn.Open();
Streamiriter File = new Streamiriter("PurchMethAssociation.arff");

string customerListQuery = "SELECT DISTINCT(mobile_number.m_number), mobile_number.m_id " +
"FROM msc_project.activated INNER JOIN msc_project.mobile_number ON activated.a_contact=mobile_number.m_id;";

t
{
: MySqlCommand cmd = new MySqlCommand(customerListQuery, conn);
i MySqlDataReader rdr = cmd.ExecuteReader();

File.WriteLine("@relation savi");
File.WriteLine("@attribute 'customerContact' string");
File.WriteLine("@attribute 'Exhibition' { t}");
File.WriteLine("@attribute 'BookShop' { t}");
File.WriteLine("@attribute 'Online' { t}");
File.WriteLine("@attribute ‘Other' { t}");

File.WriteLine("");
File.WriteLine("@data");

string category Exhibition = "stock.s_description LIKE '¥%Book Fair¥' OR stock.s_description LIKE '¥Exhibition¥' " +
"OR stock.s_description LIKE '¥CIBFX'";
string category Bookshop = "stock.s_description LIKE '¥Bookshop®' OR stock.s_description LIKE '%Book Shop%'";
string category Online = "stock.s_description LIKE '®#Metropolitan¥' OR stock.s_description LIKE '%+94%'" +
"OR stock.s_description LIKE '¥0ffice®' OR stock.s_description LIKE 'RV 1¥'" +
"OR stock.s_description LIKE "%V 2%' OR stock.s_description LIKE '%v 3%'" +
"OR stock.s_description LIKE '%v4%' OR stock.s_description LIKE '¥computer¥'" +
"OR stock.s_description LIKE '%Abans®' OR stock.s_description LIKE '%Download®'" +
"OR stock.s_description LIKE '%Daraz®%' OR stock.s_description LIKE '%John Kells¥'" +
"OR stock.s_description LIKE '%School%'";

B

Figure 26: Area 3-Program code part 1
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List<string> allCategories = new List<string>();
allCategories.Add(category Exhibition);
allCategories.Add(category_Bookshop);
allCategories.Add(category_Online);

List<(string, string)> mobileList = new List<(string, string)>();
while (rdr.Read())

1
i mobilelist.Add((rdr["m_number"].ToString(), rdr["m_id"].ToString()));

rdr.Close();

int count = 1;
foreach (var mobileNum in mobilelist)

List<string> customerPurchItems = new List<string>();
string customerCategories = "";
foreach (string category in allCategories)

string customerInPurchCategory = "SELECT activated.a_contact, item.i_id " +
"FROM msc_project.activated INNER JOIN msc_project.item ON activated.a_iid = item.i_id
"INNER JOIN msc_project.stock ON item.i_sid = stock.s_id " +
"WHERE activated.a_contact = '" + mobileNum.Item2 + "' " +
"AND (" + category + ");";

cmd = new MySqlCommand(customerInPurchCategory, conn);
rdr = cmd.ExecuteReader();

customerCategories += ",t";

while (rdr.Read())
{

i customerPurchItems.Add(rdr["i_id"].ToString());

}

Bt e

i if (rdr.HasRows)

}
e

lse

Figure 27: Area 3-Program code part 2
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else

{

: customerCategories += ",2";

i rdr.Close();
¥

// Customer other categories
string customerInOtherCategory = "SELECT activated.a_contact ™ +
"FROM msc_project.activated INNER JOIN msc_project.item ON activated.a_iid = item.i_id
"INNER JOIN msc_project.stock ON item.i_sid = stock.s_id " +
"WHERE activated.a_contact = '" + mobileNum.Item2 + "' ™ +
"AND item.i_id NOT IN ('" + string.Join("','", customerPurchItems) + "');";

"

+

cmd = new MySqlCommand(customerInOtherCategory, conn);
rdr = cmd.ExecuteReader();

if (rdr.HasRows)

{

: customerCategories += ",t";
}

else

{

: customerCategories += ",2";
rdr.Close();

customerPurchItems.Clear();
// End Customer other categories

File.Write(mobileNum.Iteml);
File.Write(customerCategories + Environment.NewlLine);

if (count == 30@)

: break;

}

Conscle.Writeline("Customer :
count++;

+ count);

B T

Figure 28: Area 3-Program code part 3

if (count == 80@)

: break;

}

Console.WriteLine("Customer :
count++;

+ count);

Ay mmmmmmmeemeeeee e

File.Close();

Console.WritelLine("============== End &
Console.ReadKey();

atch (Exception ex)

Console.WritelLine(ex.Message);

D R B e e P TP E T

L e T TR

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,

@relation savi

@attribute 'customerContact' stxring
@attribute '"Exhikition' { t}
@attribute 'BookShop' { t}
@attribute '"Online' { t}

@attribute '"Othexr' { t}

@data

+94703259%00,¢t, ¢t
+94714482611,c, C
+94771696038, ¢, C
+94714001416,tc,C
+9471136393%9,t,tC
+94714392898,t,t
+94710807256,Cc,C
+94718361380,t,t
+94715474802,¢t,t
+94718482158,t,t
+94718135257,¢t,?
+9477171699%,¢c,C
+9477038542%9,¢c, ?
+94714124532,t,C
+94777224090,t,C
+94714247881,¢t, ?
+94766056774,¢c, ?
+94715736140,t, t
+9477297422%9,t, ?
+947144040¢66,¢c, C
+94714302959,t,?
+94718082593,¢t,?
+9471074%9442,t,t,
+9471520364%9,tc, ¢,
+94716918591,2,¢c,
+9470272%9222,t,t,?
+94774674951, 2, t,

r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r

wetww o wwwdwwtww ottt ottt
wowtwwww ot wtwwtwwt et ot oot ot oot oot

N NN NNONR N NN N SN SN NN NG N N T N NN

ot

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].

[ Preprocess | Classity | Cluster | Associate | Selectattrioutes | Visualize | Forecast |

Associator
-

‘ Choose !Aprioti -N10-T0-C066-D0.05-U1.0-M01-S-1.0-c-1

Associator output
p

Start Stop

Result list (right-click for option... === Run information ===
iy

|
22:45:46 - Apriori Scheme: weka.associations.Apriori -N 10 -T 0 -C 0.66 -D 0.05 -U 1.0 -M 0.1 -5 -1.0 -c -1

292:46:36 - FilteredAssociator Relation: savi-weka.filters.unsupervised.attribute.Remove-Rl
Instances: 461
Attributes: 4
Exhibition
BookShop
Online
Other
=== Associator model (full training set) ===

Apriori

Minimum support: 0.15 (€9 instances)
Minimum metric <confidence>: 0.66
Nurber of cycles performed: 17

Generated sets of large itemsets:

Size of set of large itemsets L{l): 4

o

Size of set of large itemsets L(2):
Size of set of large itemsets L(3): 4

Size of set of large itemsets L(4): 1

ELS

J»

0K

Status S
-

Figure 31: Apriori output part 1
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[ Preprocess TCIassify T Cluster IAsquaﬁg I Select attributes T VlsualizeT Forecast ]
rAssociator

| choose |apriori-N 10-T0-C 0.66-D 0.05-U1.0-M0.1-8-1.0-c-1

(e Associator ou
Start Stop r i

Result list (right.click for option... = | 2
\
Minimum support: 0.15 (69 instances)
) - Minimum metric <confidence>: 0.66
22:46:36 - FilteredAssociator Number: of ‘cycles;performeds 17
Generated sets of large itemsets:
Size of set of large itemsets L(1l): 4
Size of set of large itemsets L(2): € \
Size of set of large itemsets L(3): 4
Size of set of large itemsets L(4): 1
Best rules found:
1. BookShop=t 215 ==> Online=t 182 <conf: (0.85)> 1ift:(0.98) lev:(-0.01) [-4] conv:(0.85)
2. Exhibition=t 274 ==> Online=t 230 <conf: (0.84)> 1lift:(0.97) lev:(-0.02) [-7] conv:(0.82)
3. Exhibition=t BookShop=t 144 ==> Online=t 119 <conf: (0.83)> 1ift:(0.95) lev:(-0.01) [-5] conv:(0.74)
4. Other=t 264 ==> Online=t 216 <conf: (0.82)> 1lift:(0.95) lev:(-0.03) [-12] conv:(0.72)
5. BookShop=t Other=t 128 ==> Online=t 104 <conf: (0.81)> 1lift:(0.94) lev:(-0.01) [-&] conv:(0.69)
6. Exhibition=t BookShop=t Other=t 85 ==> Online=t &9 <conf: (0.81)> 1lift:(0.94) lev:(-0.01) [-4] conv:(0.67)
7. Exhibition=t Other=t 159 ==> Online=t 129 <conf:(0.81)> 1lift:(0.94) lev:(-0.02) [-8] conv:(0.69)
8. BookShop=t 215 ==> Exhibition=t 144 <conf:(0.67)> lift:(1.13) lev:(0.04) [l&] conv:(l.21)
9. BookShop=t Other=t 128 ==> Exhibition=t 85 <conf:(0.66)> 1lift:(1.12) lev:(0.02) [8] conv:(l.18)
10. BookShop=t Online=t Other=t 104 ==> Exhibition=t €9 <conf: (0.66)> lift:(1.12) lev:(0.02) [7] conv:(l.17)
v

Status

oK W vLog ‘xo

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.

[ Preprocess T Classify T Cluster I Associate T Select attributes TVisuaIize T Forecast ]

Associator
P

|

1 |
[ Choose ]]Fiﬂerednssociator-F "weka filters MultiFilter -F "weka filters.unsupervised.attribute. ReplaceMissingValues " -¢ -1 - weka.associations. Aprioti---N 10-T0-C 0.63-D DADﬂ}

Start Stop

Result list (right-click for option...
[~ ™

22:45:46 - Apriori

22:46:36 - FilteredAssociator

Associator output
(4

=== Run information ===

Instances: 461

Attributes: 4
Exhibition
BookShop
Online
Other

Filtered Header

@attribute Exhibition {t}
@attribute BookShop (t}
@attribute Online [t}
@attribute Other {t}

@data

Associator Model

Apriori

=== Associator model (full training set) ===

Scheme: weka.associations.FilteredAssociator -F "weka.filters.MultiFilter -F \"weka.filters.unsupervised.att
Relation: savi-weka.filters.unsupervised.attribute.Remove-R1

FilteredAssociator using weka.associations.Apriori -N 10 -T 0 -C 0.62 -D 0.05 -U 1.0 -M 0.1 -5 -1.0 -c -1 on data

@relation savi-weka.filters.unsupervised.attribute.Remove-Rl-weka.filters.unsupervised.attribute.ReplaceMissingVall

A

r\

- ¥

Status
B

0K

Log

o

Figure 33: FilteredAssociator output part 1
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[ Preprocess I Classify I Cluster IAsso,ciate T Select attributes T Visualize I Forecast ]

Associator

QFineredAssnciator -F "weka filters MultiFilter -F Vweka filters.unsupervised.attribute.ReplaceMissingValues \" -¢ -1 -W weka.associations Aprioti-- -N 10-T 0-C 0.63-D 0.08

——— Associator output
Start $ L

Result list (right-click for option...
M

Minimum support: 0.95 (438 instances)
‘ 20:45:46 - Apriofi ‘ Minimum metric <confidence>: 0.62

Number of 1 £ d: 1
22:46:36 - FilteredAssociator g Gt

Generated sets of large itemsets:

Size of set of large itemsets L(l): 4

o

Size of set of large itemsets L(2):

Size of set of large itemsets L(3): 4

Size of set of large itemsets L(4): 1

Best rules found:

1. BookShop=t 461 ==> Exhibition=t 461 <conf:(1l)> lift: (1) lev:(0) [0] conwv:(0)
2. Exhibition=t 461 ==> BookShop=t 46l <conf: (1)> lift:(l) lev:(0) [0] conv:(0)
3. Online=t 461 ==> Exhibition=t 461 <conf: (1)> lift: (1) lev:{0) [0] conv:(0)
4. Exhibition=t 461 ==> Online=t 46l <conf:(1l)> lift:(l) lev:(0) [0] conv:(0)
5. Other=t 461 ==> Exhibition=t 461 <conf:(l)> lift: (1) lev:(0) [0] conv:(0)

6. Exhibition=t 461 ==> Other=t 4s&l <conf: (1)> lift: (1) lev:(0) [0] conv:(0)

7. Online=t 461 ==> BookShop=t 46l <conf: (1l)> lift:(l) lewv:(0) [0] conv:(0)

8. BookShop=t 461 ==> Online=t 46l <conf:(1)> lift: (1) lev:(0) [0] conv:({0)

9. Other=t 461 ==> BookShop=t 46l <conf: (1l)> lift:(l) lev:(0)
10. BookShop=t 461 ==> Other=t 46l <conf: (1)> lift: (1) lev:(0)

T

Tr

Status

0K

o e

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:

Best rules found:

. BookShop=t 215 ==> Online=t 182  <conf:(0.85)> lift:(0.98) lev:(-0.01) [-4] conv:(0.85)

. Exhibition=t 274 ==> Online=t 230  <conf:(0.84)> lift:(0.97) lev:(-0.02) [-7] conv:(0.82)

. Exhibition=t BookShop=t 144 ==> Online=t 119  <conf:(0.83)> lift:(0.95) lev:(-0.01) [-5] conv:(0.74)

. Other=t 264 ==> Online=t 216  <conf:(0.82)> lift:(0.95) lev:(-0.03) [-12] conv:(0.72)

. BookShop=t Other=t 12 ==> Online=t 104  <conf:(0.81)> lift:(0.94) lev:(-0.01) [-€] conv:(0.69

. Exhibition=t BookShop=t Other=t 85 ==> Online=t 69  <conf:(0.81)> lift:(0.94) lev:(-0.01) [-4] conv:(0.€7)
. Exhibition=t Other=t 159 ==> Online=t 129  <conf:(0.81)> lift:(0.94) lev:(-0.02) [-8] conv:(0.¢9)

. BookShop=t 215 ==> Exhibition=t 144  <conf:(0.67)> lift:(1.13) lev:(0.04) [16] conv:(l.2])

. BookShop=t Other=t 128 ==> Exhibition=t 85  <conf:(0.66)> lift:(1.12) lev:(0.02) [8] conv:(l.18)

10, BookShop=t Online=t Other=t 104 ==> Exhibition=t ¢9  <conf:(0.66)> lift:(1.12) lev:(0.02) [7] conv:(l.17)

LY e G DD

Yy Co 3 on

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.

454 Area4d

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 | have wrote a separate program to create the arff file. The program

code is shown below.

static void FindGroupOfCutcomers_Clustering()

string grade = "G";

List<string> selectedProductSQLList = new List<string>();
while (rdr.Read())
string pred = rdr["p_pid"].ToString();

string gradeNextChar = prod.Substring((grade.Length), 1)

if ((!prod.Startswith(grade)

: || int.TryParse(gradeNextChar, out _))
H && !compulsorylist.Contains(prod))

{

: continue;

¥

t
: File.WriteLine("@attribute 'customerContact’ string");

string[] compulsoryArr = { "Primary level"”, "Secondary level™, "O / L",

List<string> compulsorylist = new List<string>(compulsoryArr);

El

A
string connectionstring = "datasource=localhost;port=3386;username=root;password=";
MySqlConnecticn conn = new MySqlConnecticn(connectionstring);
conn.Open();
StreamiWriter File = new StreamWriter(“"Clustring.arff");
string productListQuery = “select p_id, p_pid from msc_project.product;”;
MySqlCommand cmd = new MySqlCommand(productListQuery, conn);
MySqlDataReader rdr = cmd.ExecuteReader();
List<string> productlList = new List<string>();
File.WriteLine("@relation savi™);

"A / L", "Other™ };

Figure 36: Area 4-Program code part 1
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selectedProductSQLList.Add(prod);

string mainProd = prod.Substring(@, prod.Length - 1);
if (!productList.Contains(mainProd))

{
i productList.Add(mainProd);
}

dr.Close();

for (int 1 = @; i < productList.Count; i++)
i File.writeLine("@attribute " + "'" + productList[i] + """ + " { t}");

}

File.WriteLine("");
File.WriteLine("@data");

string activatedCustomers = "SELECT DISTINCT(mobile_number.m_number), mobile_number.m_id ™ +
"FROM msc_project.activated INNER JOIN msc_project.mobile_number ON activated.a_contact=mobile_number.m_id " +
"INNER JOIN msc_project.item ON activated.a_iid = item.i_id " +
"INNER JOIN msc_project.stock ON item.i_sid = stock.s_id " +
"INNER JOIN msc_project.product ON stock.s_pid = product.p_id " +
"WHERE product.p_pid IN ('" + string.Join("','", selectedProductSQLList) + "');";

cmd = new MySqlCommand(activatedCustomers, conn);
rdr = cmd.ExecuteReader();

List<(string, string)> mobilelist = new List<(string, string)>();
while (rdr.Read())

1
i mobileList.Add((rdr["m_number”].ToString(), rdr["m_id"].ToString()));

rdr.Close();
int count = 1;

foreach (var mobileNum in mobilelList)

{

Figure 37: Area 4-Program code part 2
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string customerActivtProds =

"where activated.a_contact=""
"and product.p_pid IN ('"

cmd = new MySqlCommand(customerActivtProds, conn);
rdr = cmd.ExecuteReader();
List<string> customerActProds =
while (rdr.Read())

new List<string>();

Conscle.WriteLine("Customer : " + count);

File.Write(mobileNum.Iteml);
File.Write(custProductStr + Environment.NewLine);

if (count == 2000)

"select product.p_pid "
"from msc_project.activated INNER JOIN msc_project.item ON activated.a_iid = item.i_id "
"INNER JOIN msc_project.stock ON item.i_sid = stock.s_id " +
"INNER JOIN msc_project.product ON stock.s_pid =
+ mobileNum.Item2 + "'" +

+ string.Join("',"'", selectedProductSQLList) + "'

{
i break;
¥
count++;
}
Console.WriteLine("==============End==================="
; Console.ReadKey();
catch (Exception ex)
{
i Console.WritelLine(ex.Message);
¥

+

product.p_id " +

)"

? string actProd = rdr["p_pid"].ToString();
; string mainActProd = actProd.Substring(@, actProd.Length - 1);
' customerActProds.Add(mainActProd);

¥

rdr.Close();

int activatedPrdCount = @;

string custProductStr = "";

if (activatedPrdCount <= @)

. .

: continue;

¥

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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@RELATION dataClustring

@ATTRIBUTE 'customerContact' String
@ATTRIBUTE G1l-5 REAL

@ATTRIBUTE G6-9 REAL

@ATTRIBUTE G10-11 REAL

@ATTRIBUTE A/L REAL

@ATTRIBUTE other REAL

@ATTRIBUTE class {Primary level, Secondary level, 0/L, A/L, Other}
@DATR
+94703259716,5.1,3.3,1.3,0.2,0.1,Primary level
+94716874245,6.1,2.3,1.3,0.2,0.1,Primary level
+94718666790,7.1,1.3,1.3,0.2,0.1,Primary level
+94714124532,5.1,2.3,2.3,0.2,0.1,Primary level
+94719356151,5.1,2.3,2.3,0.2,0.1,Primary level
+94779334004,6.1,1.3,2.3,0.2,0.1,Primary level
+94711800304,5.1,2.3,1.3,1.2,0.1,Primary level
+94776323826,7.4,1.2,1.2,0.1,0.1,Primary level
+94715799280,6.1,1.3,2.3,0.2,0.1,Primary level
+94771388605,4.1,2.3,1.3,1.2,1.1,Primary level
+94773444611,5.3,2.2,2.2,0.2,0.1,Primary level
+94718200086,6.1,1.3,2.3,0.2,0.1,Primary level
+94773981378,4.1,2.3,1.3,1.2,1.1,Primary level
+94777802453,7.2,1.2,1.3,0.2,0.1,Primary level
+94719308059,6.1,2.3,1.3,0.2,0.1,Primary level
+94778982617,4.4,2.2,1.3,1.1,1.1,Primary level
+94763846264,5.1,2.3,2.3,0.2,0.1,Primary level
+94714933792,5.1,2.3,1.3,1.2,0.1,Primary level
+94714710096,6.1,2.3,1.3,0.2,0.1,Primary level
+94777414566,4.5,2.1,1.1,1.1,1.2,Primary level
+94771510600,6.1,2.3,1.3,0.2,0.1,Primary level
+94702674169,7.1,1.3,1.3,0.2,0.1,Primary level
+94769888600,5.1,2.3,1.3,1.2,0.1,Primary level
+947676€00145,7.1,1.3,1.3,0.2,0.1,Primary level
+94718019268,7.2,1.2,1.2,0.2,0.2,Primary level
+9476661538¢,4.5,2.1,1.1,1.1,1.2,Primary level
+94714149204,5.3,2.2,1.2,1.1,0.2,Primary level
+94772786274,7.2,1.2,1.2,0.2,0.2,Primary level

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,

[ Preprocess | Classify [ Cluster | Associate | Selectatributes | Visualize | Forecast |

Clusterer
|~

l Choose J[EM-HDU-N 5-X10-max-1 -ll-cv 1.0E-6 -Il-iter 1.0E-6 -M 1.0E-6 -K 10 -num-slots 1 -5 100

Cluster mode

Clusterer output
Y

(®) Use training set e N
() Supplied test set Set
- Scheme: weka.clusterers.EM -I 100 -N 5 -X 10 -max -1 -1l-cv 1.0E-6 -ll-iter 1.0E-6
(U Percentage split % |66 Relation: dataClustring-weka.filters.unsupervised.attribute.Remove-R1l
() Classes to clusters evaluation Instances: 584
(Nom) class Attributes: €
Gl1-5
(V] Store clusters for visualization ‘ G6-9
G10-11
7 A/L
[ Ignore attributes J Sitiss
class =
Start Stop Test mode: evaluate on training data
Result list (right-click for options)
w === Clustering model (full training set) ===
09:49:48 - EM
09:50:07 - SimpleKMeans EM
09:50:12 - SimpleKMeans —
Number of clusters: 5
Number of iterations performed: 2
Cluster
Attribute 0 1 2 3 4
(0.21) (0.24) (0.23) (0.15) (0.17) -
v
« - T
Status ) p—
Log } ’ x0
o 12

Figure 40: EM with training set cluster output part 1
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[ Preprocess | Classity | Cluster | Associate | Select atributes | Visualize | Forecast |
Clusterer
€
| choose j|EM-|1uu-N5-x1n-max-1 ll-¢v 1.0E-6 -Il-iter 1.0E-6 -M 1.0E-6 -K 10 -num-slots 1 -G 100
Cluster mode Clusterer output
( -~
(®) Use training set N
- -
(U Supplied test set Set... Cluster
S Attribute 0 1 2 3 4
() Percentage split % 66 (0.21) (0.24) (0.23) (0.15) (0.17)
(U Classes to clusters evaluation
61-5
Norm) das m
o) ciass rean 0.7058 5.9604 0.4075 0.9578 1.563
(V] store clusters for visualization std. dev. 0.4216 0.9856 0.3812 0.6052 0.9606
, 66-9 S
[ lonore:atfitwites J rean 0.9521 1.9496 0.8963 1.0311 6.785
N — std. dev. 0.5981 0.4946 0.427 0.3476 1.0139
Start Stop
Result list (right.click for options) .
B ~ rean 0.895 1.2691 0.4269 7.0622 0.384
R std. dev. 0.7837 0.245¢ 0.379 1.4173 0.413
09:49:48 - E.M Wt
09:50:07 - SimpleKMeans rean 6.5769 0.4935 1.8172 0.8256 0.613
09:50:12 - SimpleKMeans std. dev. 1.2317 0.4452 0.5449 0.7189  0.487 v,
other
rean 0.9678 0.3281 6.9157 0.4444  0.645
std. dev. 0.4164 0.3805 1.0659 0.4731 0.7062
class
Primary level 33 140 13 ¥ 1
Secondary_level 1 1 1 1 101 -
o/L 1 1 1 91 1 v
< sy T
Status —
k
- | [10] g

Figure 41: EM with training set cluster output part 2
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[ Preprocess T Classify Tcmster T Associate T Select attributes T Visualize T Forecast ]

Clusterer

l Choose J|EM -1100-N 5-X10-max-1 -ll-cv 1.0E-6 -Il-iter 1.0E-6 -M 1.0E-6 -K 10 -num-slots 1 -5 100

09:50:07 - SimpleKMeans
09:50:12 - SimpleKMeans

0 121 ( 21%)
1 139 ( 24%)
2 134 ( 23%)
3 90 ( 15%)
4 100 ( 17%)

Log likelihood: -5.8754¢

Cluster mode Clusterer output
re -
(®) Use training set other A
O Supplied test set Set mean 0.9678 0.3281 €.9157 0.4444 0.645 ™
std. dev. 0.4164 0.3805 1.0659 0.4731 0.7062
() Percentage split % 66
() Classes to clusters evaluation cies
Primary_level 1 140 1 1 1
(Nom) class Y Secondary level 1 1 1 1 101
[¥] store clusters for visualization 0/L 1 1 1 9l 1
A/L 121 1 1 1
Other 2 1 135 1 1
| Ignore attributes [total] 126 144 139 95 105
Start Stop
Time taken to build model (full training data) : 0.02 seconds
Result list (right-click for options)
o
=== Model and evaluation on training set ===
09:49:42 - EM
09:49:48 -EM Clustered Instances N

Status

oK

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,

[ Preprocess T Classify TCl_u_st_er T Associate T Select attributes T Visualize T Forecast ]

Clusterer

l Choose ”EM -1100-N §-X10-max-1 -ll-cv 1.0E-6 -Il-iter 1.0E-6 -M 1.0E-6 -K 10 -num-slots 1 -5 100

Cluster mode Clusterer output
| ™
() Use training set === Run information === [ﬂ
() Supplied test set Set
= . Scheme: weka.clusterers.EM -I 100 -N § -X 10 -max -1 -1l-cv 1.0E-& -ll-iter 1.0E-&
() Percentage split % 66 Relation: dataClustring-weka.filters.unsupervised.attribute.Remove-R1
(® Classes to clusters evaluation Instances: 584
Attributes: 3
v
[ (Nom) class d Ril, |
() store clusters for visualization G6-9
Gl0-11
. A/L J
( Ignore attributes s
- _______ Ignored:
Start Stop class
Result list (right.click for options) Test mode: Classes to clusters evaluation on training data
[09:49:42-EM ‘ === Clustering model (full training set) ===
09:49:48 - EM
09:50:07 - SimpleKMeans EM
09:50:12 - SimpleKMeans =
Number of clusters: S5
Number of iterations performed: 1
Cluster
Attribute 0 1 2 3 4
(0.17) (0.21) (0.24) (0.15) (0.23) -
v
<\ = T
Status =
oK Log w. x 0|

Figure 43: EM with class attribute cluster output part 1
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[ Preprocess | Classify | Cluster | Associate | Selectattibutes | visualize | Forecast |
Clusterer
&
[ Choose j!EM-I 100-N5-X10-max-1 -ll-cv 1.0E-6 -Il-iter 1.0E-6 -M 1.0E-6 -K 10 -num-slots 1 -5 100
Cluster mode Clusterer output
r W 4
(U Use training set Cluster :
(U Supplied test set Set.. Attribute 0 1 2 3 4
) (0.17) (0.21) (0.24) (0.15) (0.23)
() Percentage split % 66
(® Classes to clusters evaluation 61-5
> rean 1.563 0.7058 5.9604 0.9578 0.407S
l (Nom) class ﬂ std. dev. 0.9606 0.4216 0.9856 0.6052 0.3812
(V] Store clusters for visualization
G6-9
- . mean 6.785 0.9521 1.9496 1.0311 0.8963 A
| Ignore attributes J std. dev. 1.0139 0.5981 0.4946 0.3476 0.427
Start Stop Glo-11
A T mean 0.384  0.895 1.2691 7.0622 0.4269
sl asi(g RioEas) . std. dev.  0.413 0.7837 0.2458 1.4173 0.379
09:49:42-EM AL
00:43:48 - EM rean 0.613 6.5769 0.4935 0.8256 1.8172 Y,
09:50:07 - SimpleKMeans std. dev.  0.487 1.2317 0.4452 0.7189 0.5449
09:50:12 - SimpleKMeans
other
rean 0.645 0.9678 0.3281 0.4444 6.9157
std. dev. 0.7062 0.4164 0.3805 0.4731 1.0659
Time taken to build model (full training data) : 0.03 seconds
-
=== Model and evaluation on training set === v
« J |
Status —
oK 1 ) - XDI

Figure 44: EM with class attribute cluster output part 2
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[ Preprocess | Classify | Cluster | Associate | Select attibutes | Visualize | Forecast |

Clusterer

|
l Choose jiEM 1100 -N5-X10-max-1-ll-cv 1.0E-6 -Il-iter 1.0E-6 -M 1.0E-6 -K 10 -num-slots 1 -5 100

Cluster mode

Clusterer output
N

Clustered Instances

() Use training set A
= r
(U Supplied test set Set 0 100 ( 17%)
~ s = 1 121 ( 21%)
rcen it % 66
() Percentage spl % 66 & 139 { 248)
@ Classes to clusters evaluation 3 90 ( 15%)
| (Nom)class ] 4 134 (23)
[¥] store clusters for visualization
Log likelihood: -5.83336
| Ignore attributes
Class attribute: class
S
i Siop Classes to Clusters:
Result list (right-click for options)
0 1 2 3 4 <-- assigned to cluster
09:49:42-EM 0 0139 0 0 | Primary level
09:49:48 - EM 100 0 0 0 0| Secondary level
09:50:07 - SimpleKHeans b . 020 B LOL A
09:50:12 - SimpleKM 0120 0 0 0| AL
e IR RMEdI 0 1 0 0134 | Other
Cluster 0 <-- Secondary level
Cluster 1 <-- A/L
Cluster 2 <-- Primary level
Cluster 3 <-- O/L
Cluster 4 <-- Other
Incorrectly clustered instances : 1.0 0.1712 % E
« -7 ¥
Status P
-
oK W Log ‘. x0)

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,

[ Preprocess | Ciassify | Cluster | Associate | Selectatributes | Visualize | Forecast |

Clusterer

Choose }SimpleKMeans -init 0 -max-candidates 100 -periodic-pruning 10000 -min-density 2.0 -t1 -1.25-12-1.0 -N 5 -A"weka.core.EuclideanDistance -R first-last' -] 500 -num

Cluster mode Clusterer output
@ Hse tanlg el === Run information === E
(U Supplied test set Set
. Scheme: weka.clusterers.SimpleKMeans -init 0 -max-candidates 100 -periodic-pruning
(U Percentage split % 66 Relation: dataClustring-weka.filters.unsupervised.attribute.Remove-R1
() Classes to clusters evaluation Instances: 584
e Attributes: &
—— 61-5
(] Store clusters for visualization G6-9
Gl0-11
T 3 2/L
[ Ignore attributes J R
class
Start Stop Test mode: evaluate on training data
Result list (right-click for options) Y,
P
09:49:42 - EM === Clustering model (full training set) ===

09:49:48 -EM

09:50:07 - SimpleKMeans kMeans

09:50:12 - SimpleKMeans ======

Number of iterations: 4
Within cluster sum of squared errors: 479.61452384808393

Initial starting points (random):

Cluster 0: 0.2,1.2,0.1,2.3,7.1,0ther
Cluster 1: 2.2,6.2,0.1,1.2,0.3,5econdary_level

¥

ELS J L

Status
f

oK Log w X0

Figure 46: SimpleKMeans with training set cluster output part 1
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[ Preprocess | Classify | Cluster | Associate | Selectatributes | Visualize | Forecast |

Clusterer
E

l Choose J’SimpleKMeans -init 0 -max-candidates 100 -periodic-pruning 10000 -min-density 2.0 -1 -1.25 42 -1.0 -N 5 -A"weka.core.EuclideanDistance -R first-last' -1 500 -nun{

Cluster mode
E

Clusterer output

(®) Use training set
() Supplied test set Set..
() Percentage split % 66
(L) Classes to clusters evaluation
(Nom) class ¥

[¥/) store clusters for visualization

( Ignore attibutes |

Start Stop

Result list (right-click for options)
E

09:49:42 - EM
09:49:48 - EM

09:50:07 - SimpleKMeans

09:50:12 - SimpleKMeans

Cluster 0: 0.2,1.2,0.1,2.3,7.1,0ther
Cluster 1: 2.2,6.2,0.1,1.2,0.3,5econdary_level

Final cluster centroids:

Missing values globally replaced with mean/mode

Time taken to build model (full training data)
=== Model and evaluation on training set ===

Clustered Instances

Clusters#

Attribute Full Data ] 1

(524.0) (135.0) (449.0)
G1-5 2.0736 0.4119 2.5733
G6-9 2.1877 0.8978 2.5755
G10-11 1.7396 0.4244 2.135
A/L 2.1293 1.2452 2.2147
other 2.0443 6.88 0.5904
class Primary level Other Primary level

: 0 seconds

T

0 135 ( 23%)
1 449 ( 77%) A
P = 2O
Status —
i )
oK \ ] Log } ‘ x0

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,

[ Preprocess | Classity [ Cluster | Associate | Select atiributes | Visualize | Forecast |

Clusterer
E

[ Choose J‘SimpleKMeans -init 0 -max-candidates 100 -periodic-pruning 10000 -min-density 2.0 -1 -1.25-12 -1.0 -N 5 -A"weka.core.EuclideanDistance -R first-last' -1 500 -nun—J

Cluster mode
’

Clusterer output
sl 4

() Use training set

=== Run information === A
(U Supplied test set Set.
s Scheme: weka.clusterers.SimpleKMeans -init 0 -max-candidates 100 -periodic-pruning
(U Percentage split Relation: dataClustring-weka.filters.unsupervised.attribute.Remove-R1l
(® Classes to clusters evaluation Instances: 584
Attributes: 3
| (Nom)dlass v oy
‘ [ZI Store clusters for visualization G6-9
Gl0-11
- A/L
| Ignore attributes ol
Ignored: /
Start Stop class
Result list (right-click for options) Test mode: Classes to clusters evaluation on training data
P optio
09:49:42 - EM === Clustering model (full training set) ===
09:49:48-EM
09:50:07 - SimpleKMeans
09:50:12 - SimpleKMeans
Number of iterations: 4
Within cluster sum of squared errors: 169.3723516313491
Initial starting points (random):
Cluster 0: 0.2,1.2,0.1,2.3,7.1
Cluster 1: 2.2,6.2,0.1,1.2,0.3 .
v
<« - T
Status —
r N
oK l Log j ‘ x0

Figure 48: SimpleKMeans with class attribute cluster output part 1
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[ Preprocess T Classify TCIuste{ T Associate T Select attributes T Visualize T Forecast ]

Clusterer
-

[ Choose ”SimpleKMeans-initU-max—candidates100-periodic-pruning1ElEIlJIJ-min-density2.lJ-t1 -1.25-12-1.0-N 5 -A"weka.core.EuclideanDistance -R first-last' -| 500-nurr4

Cluster mode Clusterer output
r f
o |
() Use training set Cluster 0: 0.2,1.2,0.1,2.3,7.1 A
O Supplied test set Set. Cluster 1: 2.2,6.2,0.1,1.2,0.3 P
O Percentage split % 66 Missing values globally replaced with mean/mode
(® Classes to clusters evaluation . .
Final cluster centroids:
l (Nom) class B Clusters
(V) store clusters for visualization Attribute  Full Data 0 1
(584.0) (134.0) (450.0)
[ Ignore attributes Gl1-5 2.0736 0.4075 2.5698
G6-9 2.1877 0.8963 2.5722 \
Start Stop G10-11 1.7396 0.4269 2.1304
R R A A/L 2.1293 1.8172 2.2222
Result ¥st (right-chck for options) other 2.0443  6€.9157  0.5938
09:49:42 - EM
09:49:48 -EM
09:50:07 - SimpleKMeans
09:50:12 - SimpleKMeans Time taken to build model (full training data) : 0 seconds
=== Model and evaluation on training set ===
Clustered Instances
0 134 ( 23%)
1 450 ( 77%)
X
« - Ty
Status S
'S "
oK [ Log J x0
| a2

Figure 49: SimpleKMeans with class attribute cluster output part 2
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[ Preprocess T Classify I Cluster I Associate T Select attributes T Visualize T Forecast ]

Clusterer

[ Choose J%SimpleKMeans -init 0 -max-candidates 100 -periodic-pruning 10000 -min-density 2.0 -1 -1.25-12-1.0 -N 5 -A"weka.core EuclideanDistance -R first-last' -1 500 -num

Cluster mode

Clusterer output

() Use training set
(U Supplied test set
(U Percentage split

(®) Classes to clusters evaluation

[ (Nom) class

(V] Store clusters for visualization

[ Ignore attributes

Start

Result list (right-click for opti

09:49:42-EM
09:49:48 -EM
09:50:07 - SimpleKMeans

09:50:12 - SimpleKMeans

1S

Time taken to build model (full training data)

=== Model and evaluation on training set ===

Clustered Instances
0 134 ( 23%)

1 450 ( 77%)

Class attribute: class
Classes to Clusters:

0 1 <-- assigned to cluster

0 139 | Primary level

0 100 | Secondary level
0 90 | O/L
0 120 | A/L

134 1 | Other

Cluster 0 <-- Other
Cluster 1 <-- Primary level

Incorrectly clustered instances :

i
"

: 0 seconds
N

53.2534 %
o4
v

Status

0K

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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455 Areab

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,

@relation savi

@attribute year numeric

@attribute Grade_l Buddhism numeric
@attribute Grade_l Mathematics numeric
@attribute Grade_l_Language numeric
@attribute Grade_l Environment numeric
@attribute Grade 2 Buddhism numeric
@attribute Grade_2 Mathematics numeric
@attribute Grade 2 Language numeric
@attribute Grade 2 Environment numeric
@acttribute Grade_3_ Buddhism numeric
@attribute Grade_ 3 Mathematics numeric
@attribute Grade_3_Language numeric
@attribute Grade_3 Environment numeric
@attribute Grade_4_Buddhism numeric
@attribute Grade_4_Mathematics numeric
@attribute Grade_4¢_Language numeric
@attribute Grade_4_Environment numeric
@attribute Grade_ 5 Buddhism numeric
@attribute Grade 5 Mathematics numeric
@attribute Grade_S5_Language numeric
@attribute Grade_ S5 _Environment numeric
@attribute Grade_6_Science numeric
@attribute Grade_6 Mathematics numeric
@attribute Grade_6_History numeric

@data

2014,25,30,30,30,40,40,40,35,45,45,45,40,¢60,60,60,55,80,80,80,75,50,50,50,50,50,50,50,50,55,¢€0,60,60
2015,30,35,35,35,45,45,45,45,55,55,55,35,¢65,¢65,¢65,¢60,85,85,85,70,¢60,60,60,60,60,60,60,60,50,70,70,70
2016,25,32,32,32,43,43,43,30,55,55,55,42,63,63,63,52,83,83,83,72,53,53,53,53,53,53,53,53,52,63,63,63
2017,40,60,60,60,75,75,75,55,75,75,75,¢60,80,80,80,75,100,100,100,95,70,70,70,70,70,70,70,70,75,80,80
2018,25,30,30,30,40,40,40,35,45,45,45,40,¢€0,¢€60,¢€60,55,80,80,80,75,50,50,50,50,50,50,50,50,55,¢€0,60, €0
201%9,60,€5,¢65,€65,75,75,75,75,75,75,75,55,95,95,95,90,105,105,105,80,70,70,70,70,70,70,70,70,50,90,90
2020,25,23,23,23,40,40,40,30,45,45,45,30,63,63,63,52,80,80,80,75,50,50,50,50,50,50,50,50,55,67,67,67

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.

[ Preprocess I Classify T Cluster T Associate T Select attributes T Visualize 1 Forecast ]

J Basic configuration T Advanced configuration ]

Target Selection

Parameters

\

l Al J1

None J \

Invert

Pattern

Number of time units to forecast 1 @

Fem——y3 || ¥

No. | |Name \ j o
Periodicity Yearly R
2 () Grade_1_Buddhism Skip list
3 V) Grade_1_Mathematics ; -
4 [¥) Grade_1_Language Confidence intervals U
5 (V] Grade_1_Environment Y Level (%) 95
Perform evaluation g
av =
Sat | Sp || Hep | OutoutVisuaization
Resuttlist Output | Train future pred.
12:07:44 - LinearRegression [-F -0 * year*lag Grade 7 Buddhism-3 + A
R TP P
12:08:14 - SMOreg [-F Grade_1_f -0 * year‘lag Grade 9 History-l +
12:08:39 - MultilayerPerceptron [ -0 * year*lag_Grade_9 Geography-1 +
| -4121.8
12:11:30 - GaussianProcesses [ AL2L-8213
=== Future predictions from end of training data ===
inst# Grade_l_Buddhism Grade_l Mathematics Grade_l Language Grade_l Environment Grade_2 Buddhism
2014 25 30 30 30 40
2015 30 35 35 35 45
2018 25 32 32 32 43
2017 40 60 €0 60 75
2018 25 30 30 30 40
2019 60 €5 €5 €5 75
2020 25 23 23 23 40
2021% 71.0901 85.6986 85.6986 85.698¢6 100.8565
v
T

Status

OK

] e

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,

[ Preprocess T Classify T Cluster T Associate T Select attributes T Visualize T Forecast,]

Basic configuration | Advanced configuration ]

[ Base IeamerT Lag creation I Periodic attributes T Overlay data I Evaluation T Output ]

Metrics

Test opti

P

No.

| 7i Name

1 @ Mean absolute error (MAE)
2 [_] Mean squared error (MSE)
3 () Root mean squared error (RMSE)

4 [_] Mean absolute percentage error (MAPE)

5 (] Direction accuracy (DAC)
6 L__J Relative absolute error (RAE)
7 [_] Root relative squared error (RRSE)

N f

[V Evaluate on training

[ Evaluate on held outtraining 0 2

av

Result list

Start Stop Hlp | o PULVISH Szl

5 Output
=== Evaluation on training data === A
12:26:37 - SMOreq [-F Grade_1_ Target 1-step-ahead r
12:27:10 - MultilayerPerceptron [+ ;
12:27:23 - GaussianProcesses Gr;de—l-Buddmsm
Mean absolute error
Root mean squared error
Grade_1 Mathematics
N
Mean absolute error
Root mean squared error
Grade_l_Language
N
Mean absolute error
Root mean squared error
Grade_l_Environment l v
PL T [« = L
Status =
r "
oK

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.

(Preprocess TClassify TCIus(er TAssociateT Select attributesT Visualize I Forecast ]
J Basic configuration I Advanced configuration ]
Target Selection Parameters
r N
Number of time units to forecast 1 E
l Al J { None J [ Invert J [ Pattern J o
Time stamp u
No | |Name | SR Tty —
Periodicity Yearly |¥
2 (V) Grade_1_Buddhism Skiplist
3 () Grade_1_Mathematics g =
4 (Y] Grade_1_Language Confidence intervals g
5 (V) Grade_1_Environment v Level (%) 95
Perform evaluation ]
| st | sop || Hep | SuSuiVisuskzion
(Resuulist Qutput | Train future pred.
12:07:44 - LinearRegression [-F | A
1208:14 - SHOreg LF Grade_1_ r
12:08:39 - MultilayerPerceptron [i
| : & ions: 28 (98.8
124130 - GaussianProcesses [ Number of kernel evaluations: 28 (98.831% cached)
=== Future predictions from end of training data ===
inst# Grade_l Buddhism Grade_l Mathematics Grade_l_Language Grade_l Environment Grade_2_Buddhism
2014 25 30 30 30 40
2015 30 35 35 35 45
2016 25 32 32 32 43
2017 40 60 €0 60 7%
2018 25 30 30 30 40
2019 60 €5 €5 65 5
2020 25 23 23 23 40
2021* 70.816 84,5797 84.5797 84.5797 99.4809
v
< J || [« =) S
Status =
L
oK Log w X0

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,

[ Preprocess T Classify T Cluster T Associate T Select attributes T Visualize T Forecast ]

Basic configuration | Advanced configuration ]

[ Base learner T Lag creation T Periodic

attributes T Overlay data T Evaluation1 Output ]

Metrics

P

Test
S

No. | | Name

1 @ Mean absolute error (MAE)

2 [_] Mean squared error (MSE)

3 ) Root mean squared error (RMSE)

4 U Mean absolute percentage error (MAPE)
5 [_] Direction accuracy (DAC)

6 [_] Relative absolute error (RAE)

7 U Root relative squared error (RRSE)

(V] Evaluate on training
[ Evaluate on held outtraining 0 2

av

Start Stop Hlpa| Sptas sRcaton

SEEaR s 5 Output | Train future pred.
12:26:18 - LinearRegression [-F‘ === Evaluation on training data === A
12:26:37 - SMOreg [-F Grade_1_| Target 1-step-ahead 1
12:27:10 - MultilayerPerceptron [ ;
12:27:23 - GaussianProcesses Gr;de—l-BUddmsm F
Mean absolute error 0.6591
Root mean squared error 1.315
Grade_l Mathematics
N 4
Mean absolute error 3.1904
Root mean squared error ©6.3088
Grade_l_Language
N 4
Mean absolute error 3.1904
Root mean squared error 6.3088
Grade_l_Environment \ v
A s I RINE -7 D
Status —
r N
OK

Log ‘. x0

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.

[ Preprocess I Classify T Cluster T Associate T Select attributes I Visualize I Fofecasl]
J Basic configuration T Advanced configuration ]
Target Selecti P
" . W 4 Number of time units to forecast 1 B
[ Al I None | { Invert J | Pattern J
Time stamp | year [¥
No. | | Name | - .
Tl Periodicity Yearly v
2 (Y] Grade_1_Buddhism || skiplist
3 (¥ Grade_1_Mathematics | . =
4 () Grade_1_Language Confidence intervals U
5 (V) Grade_1_Environment |v| Level (o) 95
Perform evaluation g
Start Stop [ Help J rOll!DﬂlNisﬂﬂlilﬂﬁOﬂ
| Resultlist | output | Train future pred.
12:07:44 - LinearRegression [-F | Class 0
-
12:08:14 - SMOreg [-F Grade_1_| Input
12:08:39 - MultlayerPerceptron [ Node 0
12:11:30 - GaussianProcesses [
=== Future predictions from end of training data ===
inst Grade_l_Buddhism Grade_l Mathematics Grade_l_Language Grade_l_Environment Grade_2_Buddhism
2014 25 30 30 30 40
2015 30 35 35 35 45
2016 25 32 32 32 43
2017 40 €0 €0 €0 75
2018 25 30 30 30 40
2019 60 €5 €5 €5 75
2020 25 23 23 23 40
2021* 66.3027 75.7226 75.7226 75.7226 88.0735 )
M
[ || [k =) >
Status =
0K Log w X0

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,

[ Preprocess | Classify | Cluster | Associate | Selectatributes | Visualize | Farecast |

Basic configuration | Advanced configuration ]

[ Base learner I Lag creation I Periodic attributes I Overlay data T Evaluation T Qutput ]

Metrics
-

Test options
N

No. | |Name

1 [_7:] Mean absolute error (MAE)
2 [_] Mean squared error (MSE)

5 (] Direction accuracy (DAC)
6 [_] Relative absolute error (RAE)

3 @ Root mean squared error (RMSE)
4 [_] Mean absolute percentage error (MAPE)

7 [L] Root relative squared error (RRSE)

[/) Evaluate on training
[} Evaluate on held outtraining 0 2
|

Start Stop Help ‘OutputMsualizaﬁon

Resut list Output | Train future pred.
12:26:18 - LinearRegression [-F === Evaluation on training data === N
12:26:37 - SMOreg [-F Grade_1_ Target 1-step-ahead r
.
12:27:23 - GaussianProcesses Gr;de—l—s“ddmsm ;
Mean absolute error 0.0001
Root mean squared error 0.0001
Grade_l Mathematics
N 4
Mean absolute error 0
Root mean squared error 1]
Grade_l_Language
N 4
Mean absolute error 0
Root mean squared error 0 )
Grade_l_Environment l v
R, | | [3% 7 Y
,Status —
oK [ Log J ‘ x0

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.

[ Preprocess I Classify I Cluster I Associate I Select attributes I Visualize T Forecast]
J Basic configuration 1 Advanced configuration ]
Target
Number of time units to forecast 1 B
( Al J 1 None I Invert J1 Pattern J : e
- Time stamp | year |
No. | |Name \ o ——
T Periodicity Yearly |
2 (Y] Grade_1_Buddhism | Skip list
3 (Y] Grade_1_Mathematics | ;
4 ) Grade_1_Language | Confidence intervals U
5 (V] Grade_1_Environment A Level
Perform evaluation O
stat || Sop | Hep | SueutVisuaization
HEsL el Output | Train future pred.
12:07:44 - LinearRegression [ | Lowest Value = -0.1298078783780342 A
12:08:14 - SMOreg [-F Grade_1_| Highest Value = 0.1156264192569968 r
12:08:39 - MultilayerPerceptron [+
12:11:30 - GaussianProcesses ||
=== Future predictions from end of training data ===
inst# Grade_l_Buddhism Grade_l Mathematics Grade_l_Language Grade_l Environment Grade_2 Buddhism
2014 25 30 30 30 40
2015 30 35 35 35 45
2016 25 32 32 32 43
2017 40 60 60 €0 75
2018 25 30 30 30 40
2019 €0 €5 €5 €5 75
2020 25 23 23 23 40
2021* 64,2267 81.5319 81.5319 81.5319 94.6222
v
[ || [ ) Y»>
Status =
oK Log w x0j

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,

[ Preprocess T Classify T Cluster T Associate T Select attributes T Visualize TForecast ]

Basic configuration | Advanced configuration ]

[ Base IeamerT Lag creation T Periodic attributes I QOverlay data T Evaluation T Output ]

Metrics

Test opti
.

No.

| | Name

1 (] Mean absolute error (MAE)

2 [_] Mean squared error (MSE)

3 [ Root mean squared error (RMSE)

4 [_] Mean absolute percentage error (WAPE)
5 (] Direction accuracy (DAC)

6 [_] Relative absolute error (RAE)

7 L] Rootrelative squared error (RRSE)

(V] Evaluate on training
[_] Evaluate on held outtraining 03

Start Stop Felni| S akzation

Resultlist < Output | Train future pred.
12:26:18 - LinearRegression [-F === Evaluation on training data === A
12:26:37 - SMOreg [-F Grade_1_| Target 1-step-ahead r
12:27:10 - MultilayerPerceptron [ :
12:27:23 - GaussianProcesses | Gr;de—l—suddmsm i
Mean absolute error 2.8459
Root mean squared error 3.2041
Grade_l_Mathematics
N 4
Mean absolute error 4.4708
Root mean squared error 6.0671
Grade_l_Language
N 4
Mean absolute error 4.4708
Root mean squared error €.0671
Grade_l_ Environment v
L < ol 7
Status —
oK { Log J w x0

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 SMOreg Multilayer Gaussian
Regression Perceptron Processes
Mean absolute 0 0.6591 0.0001 2.8459
error
Root mean 0 1.315 0.0001 3.2041
squared error

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_lLanguage 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.

46 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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Chapter 5

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, ldentifying 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.

54 Summary

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