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ABSTRACT

In recent years, the telecom market has been very competitive. The cost of
retaining existing telecom customers is lower than attracting new customers. It is

necessary for a telecom company to understand customer churn through customer



relationship management. Therefore, CRM analyzers are required to predict which
customers will churn. In this Project, a customer churn prediction model has been
proposed that uses Decision Tree data science algorithm to identify the churn
customers and provides the factors behind the churning of customers in the telecom
sector. By knowing the significant churn factors from customers data, CRM can
improve productivity, recommend relevant promotions to the group of likely churn
customers based on similar behavior patterns, and excessively improve marketing

campaigns of the company.
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CHAPTER 1
INTRODUCTION

In the present world, a huge volume of data is being generated by telecom
companies at an exceedingly fast rate. There is a range of telecom service providers
competing in the market to increase their client share. Customers have multiple
options in the form of better and less expensive services. The ultimate goal of
telecom companies is to maximize their profit and stay alive in a competitive market

place.

Owing to fierce competition among telecom companies, customer churn is
inevitable. Customer churn is the act of a customer ending a subscription to a service
provider and choosing the services of another company. Companies must reduce
customer churn because it weakens the company. A survey showed that the annual
churn rate in the telecom industry ranges from 20% to 40%, and the cost of retaining

existing customers is 5-10 times lower than the cost of obtaining new customers.

The cost of predicting churn customers is 16 times lower than that for
obtaining new customers. Decreasing the churn rate by 5% increases the profit from
25% to 85%. This shows that customer-churn prediction is important for the telecom
sector. Telecom companies consider customer relationship management (CRM) an
Important factor in retaining existing customers and preventing customer churn. To
retain existing customers, CRM analyzers must predict which customers will churn

and analyze the reasons for customer churn.



The goal of this project, is to provide solutions to customer churn using data
science algorithm. For prediction, Decision Tree algorithms is used to predict the
customer churn using factors, such as voice_mail_plan, number_vmail _messages,
total day minutes,total _day calls, total day charge, total eve minutes,
total eve calls, total eve charge, total night minutes, total night calls,
total _night_charge, total _intl_minutes, total intl_calls,total _intl _charge,
number_customer_service_calls etc. Once the at-risk customers are identified, the
company must perform marketing campaigns for churn customers to maximize the

churn-customer retention.

CHAPTER 2
SYSTEM ANALYSIS

2.1 EXISTING SYSTEM

Existing concept deals with Qualitative observations and simple statistical
analysis. The qualitative observations deals with the data that can be observed
through human senses. They do not involve measurements or number. The simple
statistical analysis includes mean, standard deviation, median, finding the size of
data, variance etc., the results produced by these techniques are not precise. Using
some programming languages and data mining tools, telecom customer churn

dataset is classified. There is an increase in need to manage and understand data.

2.2 PROPOSED SYSTEM

10



Churn prediction is vital in the telecom sector as telecom operators have to
retain their valuable customers. Telecom customer churn dataset is collected and
analyzed to predict the customer churn. For prediction Data Science techniques of
Decision Tree algorithm have been applied. Data Science is an interdisciplinary field
that incorporates computer science, mathematics, statistics and domain knowledge.
Decision Tree Algorithm is applied to the churn data, efficient prediction accuracy

is achieved by delivering the result of churn and non-churn classification

CHAPTER 3
SYSTEM SPECIFICATION

3.1 HARDWARE SPECIFICATION

Processor ; Processor Intel CORE i3 and above
Internet Connection ; Existing telephone lines, Data card, Fiber net
RAM ; 4 GB

3.2 SOFTWARE SPECIFICATION

Operating System : Windows, Mac, Linux
Language : R Programming — R-4.1.1
GUI ; RStudio
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R is a Programming language and environment for Data Manipulation,
statistical computing and graphics. Developed at Bell Laboratories by John
Chambers and colleagues. Similar to the S language and available across all
platforms -Linux, Mac, Windows. It provides variety of Graphical and Statistical

techniques — Regression, Clustering, Classification, Association Rule Mining etc.

R is available as Free Software under the terms of the Free Software
Foundation’s GNU General Public License in source code form. It compiles and
runs on a wide variety of UNIX platforms and similar systems (including FreeBSD
and Linux), Windows and Mac OS. The source code for the R software environment
Is written primarily in C, FORTRAN, and R.

R is an integrated suite of software facilities for data manipulation, calculation

and graphical display. It includes

« An effective data handling and storage facility,

« A suite of operators for calculations on arrays, in particular matrices,

o A large, coherent, integrated collection of intermediate tools for data
analysis,

« graphical facilities for data analysis and display either on-screen or on
hardcopy and

o awell-developed, simple and effective programming language which
includes conditionals, loops, user-defined recursive functions and input and

output facilities.

12



RStudio is an Integrated Development Environment (IDE) for R. RStudio
makes R easier to use. It includes a code editor, compiler or interpreter, debugger
and visualization tools as well as tools for plotting, history, syntax-highlighting
editor that supports direct code execution and workspace management. RStudio was

founded by JJ Allaire, creator of the programming language ColdFusion.

RStudio is available in open source and commercial editions available in two
editions: RStudio Desktop, where the program is run locally as a regular desktop
application (Windows, macOS, and Linux) and RStudio Server, which allows
accessing RStudio using a web browser while it is running on a remote Linux server.
RStudio is written in the C++ programming language. RStudio helps to keep R more

organized and it adds more functionality to it.

CHAPTER 4
SYSTEM IMPLEMENTATION

4.1 SYSTEM ARCHITECTURE

13




Fig.4.1 Architecture Diagram

The fig 4.1 shows the architectural diagram of this project defines the flow of
data for predicting the customer churn.  The first step is data importing, Data have
to be loaded in to the R environment for analysis. The second step is, preprocessing
the collected raw data into understandable format. Standardization and
Normalization is the technique which is used to transform the various format of data
into the common format and min-max technique is used for normalization of data
values.

It is not necessary to hold all the attributes for doing the analysis, we can hold
only the attributes which is affecting the analysis. The missing values problem have
to be solved by simple statistical techniques. Decision Tree algorithm is applied on
the preprocessed data to create a predictive Decision Tree model. The algorithm is
tested with some predictor variables, the Decision Tree Model will generate the

output of whether to the customer will churn or not.

14



4.2 MODULES
There are four Modules
e Importing Telecom Churn Dataset
e Data Preprocessing
e Model Generation Using Decision Tree Algorithm

e Prediction using Decision Tree Model

4.2.1 IMPORTING TELECOM CHURN DATASET

Data is available in any file format like .txt, .csv, .xlsx, .spss etc. Data have to
be loaded in to R environment for analysis. Once data have been extracted from the
file it should be stored in a data frame. Packages necessary for classification
algorithm — Decision Tree have to be installed into the R environment. For Decision

Tree, party package have to be installed and loaded in to R environment.

4.2.2 DATA PREPROCESSING
Data preprocessing is the data mining technique that involves transforming
raw data into understandable format. The raw data is highly susceptible to noise,

missing values, and inconsistency.

Real world data is often incomplete, inconsistent, and is likely to contain
errors. The missing Values problem have to be solved by simple statistical techniques.
Data preprocessing is the proven method for resolving such issues. In order to
improve the quality of the data consequently, the mining results of raw data is

preprocessed so the efficiency process improved. It is not necessary to hold all the

15



attributes for doing the analysis, we can hold only the attributes which is affecting

the analysis.

Data standardization is the process by which similar data is collected in
various formats is transformed to a common format that enhances the comparison
process, allows for collaborative research and large scale analytics. Normalization
Is a scaling technique in which values are shifted and rescaled so that they end up

ranging between 0 and 1. It is also known as Min-Max scaling.
Formula used for Normalization:

X-Xmin/Xmax-Xmin

4.2.3 MODEL GENERATION USING DECISION TREE ALGORITHM

Classification is a technique where we categorize data into a given number of
classes. Classification is to determine the extent to which a thing will or will not be
a part of a category or type. Classification can be performed on structured or
unstructured data. The main goal of a classification problem is to identify the

category/class to which a new data will fall under.

Decision trees are powerful and popular tools for classification and prediction.
J. Ross Quinlan originally developed ID3 at the University of Sydney. ID3 uses

Entropy and Information Gain to construct a decision tree. Decision tree is a

16



classifier in the form of a tree structure. Root node represents entire population or

sample and this further gets divided into two or more homogeneous sets.

Splitting is a process of dividing a node into two or more sub-nodes. When a
sub-node splits into further sub-nodes, then it is called decision node. Nodes do not
splitis called Leaf or Terminal node. When we remove sub-nodes of a decision node,
this process is called pruning. It is the opposite process of splitting. A sub section
of entire tree is called branch or sub-tree. A node, which is divided into sub-nodes is
called parent node of sub-nodes whereas sub-nodes are the child of parent node. The
entropy is a measure of the uncertainty or impurity associated with a random

variable. Values range from 0 — 1 to represent the entropy of information

¢

Entropy(S) = Z— plog. n

i=1

Information gain is a measure of the effectiveness of an attribute in classifying
the training data. Information gain is used as an attribute selection measure. Pick

the attribute that has the highest Information Gain

S,
CGain(S, A)y= Entropy(5) — Z |5, |Enrmpy(8v}

vEFalued A) | Sl

Algorithmic steps of Decision Tree algorithm
Step 1: Calculate entropy of the target.
Step 2: The dataset is then split on the different attributes. The entropy for each

branch is calculated. Then it is added proportionally, to get total entropy for the split.

17



The resulting entropy is subtracted from the entropy before the split. The result is
the Information Gain

Step 3: Choose attribute with the largest information gain as the decision node,
divide the dataset by its branches and repeat the same process on every branch.
Outlook is having max gain, so tree have to start with outlook.

Step4a: A branch with entropy of 0 is a leaf node.

Step4b: A branch with entropy more than 0 needs splitting

The Previous steps have to be repeated till all the data has been classified.

Decision tree algorithm is faster than other traditional statistical techniques. It
is very flexible, easy to implement and debug. It handles both continuous and
discrete data. It is used for both binary and multiclass classification. Once the
preprocessed data is applied to the Decision tree algorithm, Decision tree Model
have been created, which is used to classify the customers for churn. Decision tree

model output can be visualized by classification rules and binary classification tree.

4.2.4 PREDICTION USING DECISION TREE MODEL

By using test data, model can be evaluated. The algorithm is used for
prediction by passing predictors variable, the Decision Tree Model will perform the

churn or non-churn classification.

CHAPTER 5
SYSTEM DESIGN

5.1 DATA FLOW DIAGRAM

18



Data flow diagram (DFD) is a graphical representation of the "flow" of data
through an information system, modeling its process aspects. It differs from the
flowchart as it shows the data flow instead of the control flow of the program. A data
flow diagram can also be used for the visualization of data processing. The DFD is
designed to show how a system is divided into smaller portions and to highlight the

flow of data between those parts.

5.1.1LEVELO

Churn Dataset — Attributes - voice_mail_plan
number_vmail_messages total_day_minutes
total_day_calls total_day_charge total_eve_minutes

total_eve_calls total_intl_minutes

total_intl_calls total_intl_charge
number_customer_service_calls etc

R Environment

Install Packages
DT — party

Fig5.1.1 LEVELO

In the fig 5.1.1, Data is imported in to R environment for analysis. The input
dataset is Churn dataset, is in csv format have to be loaded into the program to start
the analysis. Package necessary for Decision Tree algorithm have to be installed and

loaded in to the program. Decision Tree - party.
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5.1.2 LEVEL 1

Fig5.1.2 LEVEL 1

The fig 5.1.2 shows the data preprocessing, which includes attribute selection,
standardization and normalization functions. In standardization, raw data is
transformed into common, understandable format. In attribute selection, hold only
the attributes which is affecting the analysis and it is not necessary to hold all the
attributes for doing the analysis. In Normalization, mean of the attribute will be 0

and standard deviation will be 1.



5.1.3 LEVEL 2
Infig 5.1.3, preprocessed data is given as an input to Decision Tree algorithm
and Decision Tree model has been created, which is used for classification and

prediction.

Fig 5.1.3 LEVEL 2

5.1.4 LEVEL 3

In fig 5.1.4, Predictors variables is given as an input and the Decision Tree
Model will generate the output of whether to the customer will churn or not. Thus,
prediction process is implemented successfully. Using this, model classification is
also achieved by passing more number of customer churn datasets, it will classify

the customer as two groups. One group is the set of customers who will not churn

and the other group is the set of customers who will churn.

Fig5.1.4 LEVEL 3
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CHAPTER 6

CONCLUSION

In the present competitive market of telecom domain, churn prediction is a
significant issue of the CRM to retain valuable customers by identifying a similar
group of customers and providing competitive offers/services to the respective
groups. Decision Tree algorithm is used to build the predictive model which helps
to retain customers and solve the problems of CRM and decision maker of a
company. This project provides the guidelines on customer retention for decision-
makers of the telecom companies. The performance of this algorithm is much better
when compared to other statistical techniques. This project can be further extended
to explore the changing behavior patterns of churn customers by applying Deep

Learning techniques for predictions and trend analysis.
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APPENDIX A
SNAP SHOTS

SAMPLE DATASETS

area_code internatior voice_mai number_vitotal_day_total_day_total_day_total_eve_total_eve_ total_eve_

area_code no yes 26 161.6 123 27.47 195.5 103 16.62
area_code no no 0 243.4 114 41.38 121.2 110 10.3
area_code yes no 0 2994 71 50.9 61.9 88 5.26
area_code yes no 0 166.7 113 28.34 148.3 122 12,61
area_code no yes 24 218.2 83 37.09 348.5 108 29.62
area_code yes no 0 157 79 26.69 103.1 94 8.76
area_code no no 0 184.5 97 31.37 351.6 30 29.89
area_code yes yes 37 258.6 84 43.96 222 111 18.87
area_code no no 0 129.1 137 21.95 228.5 83 19.42
area_code no no 0 187.7 127 31.91 163.4 148 13.89
area_code no no 0 128.8 96 21.9 104.9 71 8.92
area_code no no 0 156.6 a3 26.62 247.6 75 21.05
area_code no no 0 332.9 67 56.59 317.8 87 27.01
area_code no yes 27 196.4 135 33.39 280.9 S0 23.88
area_code no yes 33 189.7 66 32.25 212.8 65 18.09
area_code no no 0 224.4 90 338.15 158.5 38 13.56
area_code no no 0 155.1 117 26.37 23597 93 20.37
area_code no no 0 62.4 8% 10.61 165.9 121 14.44
area_code no no 0 183 112 31.11 72.9 89 6.2
area_code no no 0 110.4 103 18.77 137.3 102 11.67
area_code no no 0 81.1 86 13.79 2452 72 20.84
area_code no yes 39 213 115 36.21 191.1 112 16.24
area_code no no 0 134.3 73 22.83 155.5 100 13.22
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DATA IMPORTING

© Rstudio
File Fdit Code View Plots Session Buld Debug Profile Tools Help

- =]

x

Qo -0yl (= A Go to file/function = Addins ~ K project: (None) ~
O | RajoTChurn.R © | untitled1* chumn ~ (") Environment History Connections Tut — ™
SourceonSave = O S *Run = "% ¥ Source * = | | P Import Dataset ~ | & = List * =
]2' library(party) = ™ Global Environment ~
3 y(party Data
4 churn_data<- read.csv("C:\\Program Files\\R\\R-3,3,2\\datasets\\churn.csv", header = TRUE) O churn_d.. 2000 obs. of 18 var.
5 print(churn_data) values
6 head(churn_data) . GCtortu. FALSE
7 i ’
617 (Top Level) 2 R Script 2
Console  Terminal = Jobs =0

C./Program Files/R/R-4.0.3/VA/my documents/JAN 2021/Project/Sathaybama/
PR e M Al AN R PRt

> head(churn_data)
area_code international_plan voice_mail_plan number_vmail_messages total_day_minutes total_day_calls
1 area_code_415 no yes 26 161.6 123
2 area_code_415 no no 0 243.4 114
3 area_code_408 yes no 0 299.4 71
4 area_code_415 yes ne 0 166.7 113
5 area_code_510 no yes 24 218.2 88
6 area_code_415 yes no 0 157.0 79
total_day_charge total_eve_minutes total_eve_calls total_eve_charge total_night_minutes total_night_calls
1 27.47 195.5 103 16.62 254.4 103
2 41.38 121.2 110 10.30 162.6 104
3 50.90 61.9 88 5.26 196.9 89
4 28.34 148.3 122 12.61 186.9 121
5 37.09 348.5 108 29.62 212.6 118
6 26.69 103.1 94 8.76 211.8 96
total_night_charge total_intl_minutes total_intl_calls total_intl_charge number_customer_service_calls churn
1 11.45 13.7 3 3.70 1 no
2 7.32 2.2 5 3.29 0 no
3 8.86 6.6 7 1.78 2 no
4 8.41 10.1 3 2.73 3 no
H 9.57 7.5 7 2.03 3 no
6 9.53 7.1 6 1.92 0 no
>
@ Rswdio
File Edit Code View Plots Session Build Debug Profile Tools Help
o - R - [= A Go to file/function ~ Addins =
@ | RajDTChum.R © | untitled1* churn |
SourceonSave | O /7 - @Run | o% | $Source -
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8
9 length(churn_data)
10 churn_data[3,]
11 churn_data[11:20,]
12
13 churn_data[l,3]
14 print(churn_datafarea_code)
15 str(churn_data) -
16 ! L
81  (Top Level) 3 R Script 3
Console  Terminal Jobs. —
Cy/Program Files/R/R-4.0.3/VA/my documents/JAN 2021/Project/Sathaybama/
> str{churn_data) o
"data.frame’: 2000 obs. of 18 variables:
§ area_code : Factor w/ 3 levels "area_code_408",..: 2212321222
§ international_plan : Factor w/ 2 levels "no","yes 21211
$ voice_mail_plan : Factor w/ 2 levels "no","yes": 11211
$ number_vmail_messages ;int 26 00024003700 ...
$ total_day_minutes :onum 162 243 299 167 218 ...
§ total_day_calls :int 123 114 71 113 88 79 97 84 137 127 ...
§ total_day_charge num 27.5 41.4 50.9 28.3 37.1 ...
§ total_eve_minutes :onum 195.5 121.2 61.9 148.3 348.5 ...
§ total_eve_calls ¢ int 103 110 88 122 108 94 80 111 83 148 ...
§ total_eve_charge : num 16.62 10.3 5.26 12.61 29.62 ..
$ total_night_minutes ionum 254 163 197 187 213 ...
$ total_night_calls : int 103 104 89 121 118 96 90 97 111 94 ...
§ total_night_charge :onum 11.45 7.32 8.86 8.41 9.57 ...
§ total_intl_minutes num 13.7 12.2 6.6 10.1 7.5 7.1 8.7 11.2 12.7 9.1 ...
§ total_intl_calls int 3573764565 ..
§ total_intl_charge D num 3.7 3.29 1.78 2.73 2.0
§ number_customer_service_calls: int 1023301040
$ churn : Factor w/ 2 Tlevels "no"

Files Plots Packages Help
- Blinstal | @ update
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History ~ C Tutorial
= | |~ import Dataset - r'a List =+
T Global Environment =

result Factor w/ 2 levels "no
testPred Factor w/ 2 levels "no",
x1 NULL (empty)
x10 num [1:2000] 13.7 12.
x11 int [1:2000] 3 57 3
x12 int [1:2000] 10 2 3
¥? NULL CamnTuY
Files Plots Packages Help Viewer
O install | @ Update
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DATA PREPROCESSING
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i (x7) s
:2 hisT(x?) A zoom | -Hepot - | O | F G-
45 x8<-churn_datastotal_day_calls
46 hist(x8) . o
47  x9<-churn_datastotal_day_charge Voice Mail Messages
48 x10<-churn_datastotal_intl_minutes o
a1 P Lev ' R Script & 3
Console  Terminal Jobs = @
Cy/Program Files/R/R-4 ymy documents/JAN 2021/Project/Sathaybama/ E 3
=LLiolatl bl - - L =}
$ total_eve_calls int 103 110 88 122 108 94 80 111 83 148 ... % -
§ total_eve_charge num 16.62 10.3 5.26 12.61 29.62 ... 3
§ total_night_minutes num 254 163 197 187 213 ... 8 o
§ total_night_calls int 103 104 89 121 118 96 90 97 111 94 ... < %
§ total_night_charge num 11.45 7.32 8.86 8.41 9.57 ... ‘z:
§ total_inti_minutes num 13.7 12.2 6.6 10.1 7.5 7.1 8.7 11.2 12.7 9.1 ...
$ total_intl_calls int 3573764565 ... -
$ total_intl_charge num 3.7 3.29 1,78 2.73 2,03 1,92 2.35 3.02 3.43 2.46 ... T T T T T 1
$ number_customer_service_calls: int 1023301040 ...
s churn : Factor w/ 2 levels "no","yes": 1111111121 ... 0 10 20 30 40 50
> x6<- churn_data$number_vmail_messages
> hist(x6, main = "voice Mail Messages",xlab="No. of VM MSG", ylab="No.of Customers",cel = "yellow") No. of VM MSG

>
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DECISION TREE ALGORITHM

Decision Tree Classification Model

RStudio - X

File Edit Code View Plots Session Build Debug Profile Tools Help

O -lplar- to f t = Addins * &) project: (None) ~
Q| RajoTChum.R @) untitled1* churn ~ "]  Environment History Connections Tutorial =
SourceonSave = & - SRun 0% Source - g # |mport Dataset = | & List = -
UY LEsLlbALa ST LUl H_udLal Hiu==g, .
65 b Global Environment ~
66 print(trainbata) X3 Factor w/ 3 levels “area_cod.
67 print(testdata) X4 Factor w/ 2 levels "neo","yes..
68 x5 Factor w/ 2 levels "no","yes..
69 Dtree_model <- ctree(churn -., data=trainpata) x6 int [1:2000] 26 0 0 0 24 0 O.
70 . X7 num [1:2000] 162 243 299 167..
71 Dr‘"t(DtrEE—mﬂd:U X8 int [1:2000] 123 114 71 113 ..
72 plot(Dtree_model) x9 num [1:2000] 27.5 41.4 50.9 ..
73
_7'-; # Testing Classification Model Files Plots Packages Help Viewer =
76 restPrad < nredicrintres madel. newdata = rtesrnartal - install | @ Update
e T Name Description Vers.
User Library
Console  Terminal Jobs =0
abind Combine Multidimensional 14-5
Cy/Program Files/R/R-4.0.3/VA/my documents/JAN 2021/Project/Sathaybama/ Arrays
Number of observations: 1592 . ape Analyses of Phylogenetics and ~ 5.4-1
Evolution
1) 1'nternat1:ona'l_;?'lan == {yes}; cr_"iter"'ion =1, sta;i 51_:'ic = 148.402 arules Mining Association Rules and ~ 1.6-6
2) total_intl_minutes <= 13; criterion = 1, statistic = 18.416 Frequent Itemsets

3) total_intl_calls <= 2; criterion = 1, statistic = 20.346
4)* weights = 31
3) total_intl_calls > 2

arulesViz Visualizing Association Rules 1.3-3
and Frequent Itemsets

5) number_customer_service_calls <= 3; criterion = 0.98, statistic = 10.514 assertthat  Fasy Pre and Post Assertions  0.21
6) total_day_minutes <= 251.5; criterion = 0.985, statistic = 11.063 backports  Reimplementations of 120
7)* weights = 78 Functions Introduced Since R-
6) total_day_minutes > 251.5 300
8)* weights = 21 base6denc  Tools for base64 encoding 0.1-3
5) number_customer_service_calls > 3 B Boost C+ Heder Files 1720
9)* weights = 7 ,
2) total_inti_minutes > 13 .
= i bit A Class for Vectors of 1-Bit 11-
100*  weights = 29 Booleans 152
1) international_plan == {no} —— - .
11) number_customer_service_calls <= 3: criterion = 1. statistic = 86.23 . bit64 A 53 Class for Vectors of 64bit  0.9-7
B | Plot Zoom — O >

international_plan
p < 0.001

number_customer_service_calls
p=0.001

total_intl_minutes
p =0.001

total_day_charge
p < 0.001
44 18 44
number_customer_sernvics total_day_minute voice_mail_plan
p=0.02 p=0.001 p =0.001
_ <9 h n

total_eve_charge

total_day_charge
p =0.001

total_day_minutes

p=0015 p <0001 <2 >26.83
<14 4 59]
total_night_minutes
=2 >2515 <2 2423 p=0012 .
/ \ / \ <1 >1532
/N
yde 4 (nNdife 7 (niode 8 (n Hade 9 (Nede 10Mnde214 (nNotie 16 (Nede 17 (Ned2 19 (Ned2 21 (Node 23 Hode 24 (Nodk 26 (Ned 27 (n= 70!
2Fos2Fos2Fos2Fos2Fos2Fos2Fos2fFos2fFos2fFos2Fos2Fos28fFos82fFos
Or-048 F 048 F 048 F 048 048 C 048 048 F 048 F 048 F 048 048 F 048 048 04
=Lto L0 >0 L0 L0 0 %0 =0 Lo Lo =L =L =L =L
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DT model Testing Using Test Data

-

@ Rstudio
File Fdit Code View Plots Session Buld Debug Profile Tools Help
Q -0y - (=1 A Go to file/function = Addins ~
O | RajoTChurn.R © | untitled1* chum
SourceonSave | G -
71 print(Dtree_model)
72 plot(Dtree_model)
73
74 # Testing Classification Model
75
76 testPred <- predict(Dtree_model, newdata = testData)
77 print(testpred)|
78
79 churn_pred<- read.csv("cC:\\Program Files\\R\\R-3.3.2\\datasets\\churnpred.csv", header
80 print(churn_pred)
81 str(churn_pred)
82 churn_predsarea_code=as.factor (churn_prediarea_code)
R
7716 | (Top Level) 3

Console  Terminal Jobs

Cy/Program Files/R/R-4.0.3/VA/my documents/JAN 2021/Project/Sathaybama/

> testPred <- predict(Dtree_model, newdata

> print(testPred)

[11 no no no yesno no no no
[27]1 no no no no no no no no
[53] nc no no no ne no no no
[79]1 ne no no no no no no no
[105] no no no no no no no no
[131] no no yes no no no no no
[157] no no no yes yes no no no
[183] no no no no no no no Yye
[209] no no no ho no nNo no no
[235] ho no no nae ne no ne no
[261] no no no yes no no no no
[287] no no no no no yes no ye
[313] no yes no no no no no no
[339] no no no no no no no no
[365] no no no yes no no no no
[391] no no no no no no no no

DT model- Generates Target-

5

s

= testData)

no no yesno no no no No yes no no no
no no No no nNo no nNo no No yes no no
no no no no no no no yes no no no yes
YesSno no no no no no no no yes no no
no no nNo noe nNo no No nNo nNo yes no no
no no No no nNo no nNe nNo No no no no
no nNno no nNno N0 NO NO nNO nNO NO nNo Yyes
no yesno no ne no no ne ne no no no
no no no no ne no no yes no no no no
no no no no no yes no no No no no yes
no no ne no no yes no no ne no no no
no no no yes no nNno no nNno no no no no
YeSNo no no no No no no no no no yes
no no no noe nNo no No nNo no yes no no
no yes yes no yes no no no no no no no
no nNno no no nNoO NO nNo nNno no no

#Run

@ Rrstudio
file Edit Code View Plots Session Build Debug Profile Tools Help
o - - [ A Go to file/! on - Addins
@ | RajDTChum.R @) Untitled1* chum
SourceonSave | O -
/8
79 churn_pred<- read.csv("C:\\Program Files\\R\\R-3.3.2\\datasets\\churnpred.csv", header
80 print(churn_pred)
81 str(churn_pred)
82 churn_predsarea_code=as.factor (churn_predfarea_code)
83 churn_predfinternational_plan=as.factor (churn_predsinternational_plan)
84 churn_predivoice_mail_plan=as.factor (churn_predivoice_mail_plan)
85 str(churn_pred)
86
87 result <- predict(Dtree_model,churn_pred)
88 print(result)|
89
90
88:14  (Top Level) =
Console  Terminal Jobs.
C:/Program Files/R/R-4.0.3/VA/my doc 2021/Project;
3 wUtai_uay_cnar ye SN J3.0 SUL T Jded UL E YT e

$ total_eve_minutes L onum
§ total_eve_calls :int
§ total_eve_charge s num
$ total_night_minutes :onum
$ total_night_calls @ int
$ total_night_charge : num
§ total_intl_minutes :onum
$ total_intl_calls :int
$ total_intl_charge : num
$ number_customer_service_calls: int

>

137 204 190 160 134 ...

51 83 74 86 107 56 68 109 96 112 ..
11.7 17.4 16.2 13.6 11.4 ...

248 158 241 223 179 ...

92 101 105 88 74 121 122 B4 122 87 ...
11.17 7.11 10.85 10.02 8.07 ...
7.911.48.308.6911.36.39.29.3 ...
610100257354 ...

2.13 3.08 2.24 0 2.32 2.43 3.05 1.7 2.48 2.51 ...

2141214332...

> result <- predict(Dtree_model,churn_pred)

> print(result)

[1] no no no no yes no yes no
[27]J no no no no no noe no no
Levels: no yes

>

no
no

no yes no
no no no

no
no

no yes no no no
no no no no no

no  yes no
no no no

no
no

Run |
= TRUE)
no no
S no no
no no
yes no
no no
no no
no no
no no
no no
no no
no ye
no ye
no no
no ye
no no

AT

TRUE

no no
no no

2}

=0

T+ Source =

.
R Script 3

=0

no
no
no
no
no
no
no
no
no
no
no
no
no
no
no

s
s

s

For given predictors

=0

+* Source *

v
R Script =

=0

yes no

x

Bl project: (None) ~

History  C Tutorial o
# | | “P*import Dataset = | & List = -
% Global Environment ~

testPred Factor w/ 2 levels "no",..
x1 NULL (empty)
x10 num [1:2000] 13.7 12.2 6.
x11 int [1:2000] 3 5 7 3 7 6.
x12 int [1:2000] 1 0 2 3 3 Q.
x2 NULL Cempty)
¥3 Fartar w/ 3 levale "area ~
Files Plots Packages Help Viewer =0
Ol install @ update
Name Description Ve..
User Library
abind Combine 14-
Multidimensional Arrays 5
ape Analyses of 54-
Phylogenetics and 1
Evolution
arules Mining Assaciation Rules 1.6~
and Frequent Itemsets 3
arulesViz  Visualizing Association 13-
Rules and Frequent 3
ltemsets
assertt..  Easy Pre and Post 021
Assertions
backpo... Reimplementations of 120
Functions Introduced
Since R-3.00
basebd... Tools for base6d 0.1-
encoding 3
BH Boost C++ Header Files 1720
3
- a X
B Project: (None) =
History ~ C Tutorial [
2 I | 77 import Dataset ~ | & List = -

T Global Environment ~
result Factor w/ 2 levels "no",. -
testPred Factor w/ 2 levels "no", .
x1 NULL (empty)
x10 num [1:2000] 13.7 12.2 6..
x11 int [1:2000] 3 57 3 7 6.
x12 int [1:2000] 1 0 2 3 3 0.
¥ N famnTvY -

Files Plots Packages Help Viewer =

B install @ update

Name Description Ve...

User Library

abind Combine 14-
Multidimensional Arrays 5

ape Analyses of 54-
Phylogenetics and 1
Evolution

arules Mining Association Rules  1.6-
and Frequent ltemsets 6

arulesViz  Visualizing Association 13-
Rules and Frequent 3
Itemsets

assertt.. Easy Pre and Post 021
Assertions

backpo... Reimplementations of 120
Functions Introduced
Since R-3.0.0

basebd Tools for base6d 0.1-
encoding 3

BH Boost C++ Header Files 1720
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APPENDIX B
SAMPLE CODING

#Importing Packages
library(party)

#Data Importing

churn_data<- read.csv("C:\\Program Files\\R\\R-3.3.2\\datasets\\churn.csv", header
= TRUE)

print(churn_data)

head(churn_data)

dim(churn_data)

length(churn_data)

churn_data[3,]

churn_data[11:20,]

churn_datal,3]

print(churn_data$area_code)

str(churn_data)
#Data Preprocessing
churn_data$churn=as.factor(churn_data$churn)

churn_data$area_code=as.factor(churn_data$area_code)

churn_data$international_plan=as.factor(churn_data$international _plan)
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churn_data$voice_mail_plan=as.factor(churn_data$voice_mail_plan)

y<-churn_data$churn
print(y)
barplot(table(y),

main="Churn Status", col="black")

x1<- churn_data$state

x2<- churn_data$account_length
x3<- churn_data$area_code
barplot(table(x3))

x4<- churn_data$international_plan

barplot(table(x4))

x5<- churn_data$voice_mail_plan

X6<- churn_data$number_vmail_messages

hist(x6, main = "Voice Mail Messages",xlab="No. of VM MSG", ylab="No.of

Customers”,col = "yellow")

X7<-churn_data$total _day minutes
hist(x7)
x8<-churn_data$total_day_calls
hist(x8)
x9<-churn_data$total_day charge

x10<-churn_data$total _intl_minutes

30



x11<-churn_data$total_intl_calls

x12<-churn_data$number_customer_service_calls

barplot(table(x12))

new_data <- chind(x4,x5,x6,x7,x8,x9,x10,x11,y)
print(churn_data)

print(churn_datal,c(7,8,9)])

churn_data$churn=as.factor(churn_data$churn)

#Data Sampling

set.seed(1)

ind <- sample(2, nrow(churn_data), replace=TRUE, prob=c(0.8, 0.2))
trainData <- churn_data[ind==1,]

testData <- churn_data[ind==2,]

print(trainData)

print(testData)

#Decision Tree Model Generation
Dtree_model <- ctree(churn ~., data=trainData)
print(Dtree_model)

plot(Dtree_model)

# Testing Classification Model
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testPred <- predict(Dtree_model, newdata = testData)
print(testPred)

# Generates Target- For given predictors

churn_pred<- read.csv("C:\\Program Files\\R\\R-3.3.2\\datasets\\churnpred.csv",
header = TRUE)

print(churn_pred)

str(churn_pred)

churn_pred$area_code=as.factor(churn_pred$area_code)
churn_pred$international_plan=as.factor(churn_pred$international _plan)

churn_pred$voice_mail_plan=as.factor(churn_pred$voice_mail_plan)

result <- predict(Dtree_model,churn_pred)

print(result)
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