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Abstract— Data mining is the process of extracting 

knowledge hidden in large volumes of data. Data mining 

tools predict future trends and behavior for knowledge 

driven decisions. This paper deals with predicting Breast 

Cancer using classification algorithms. Breast Cancer has 

been determined to be the second leading cause of death due 

to cancer and the most common serious type of cancer in 

women. The classification algorithms that we have taken for 

our research are J48, Naïve Bayes, LMT, REP Tree, 

Decision Table, K star, Simple logistic, Iterative classifier 

optimizer, IBK and Filtered classifier. Experiments were 

conducted on Wisconsin Breast Cancer datasets using 

machine learning tool WEKA with classification algorithms 

listed above. The metrics for the evaluation of the 

performance of various classification algorithm are accuracy 

and time taken for classification. The observation of the 

results have lead to the conclusion that J48 and Filtered 

classifier are good when it pertains to classification 

accuracy, although Filtered classifier consumes less time in 

comparison to J48. This has in fact opened up a plethora of 

interesting conclusions. 
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I. INTRODUCTION 

The Data mining process helps in finding useful and 

interesting patterns from databases, as most of the data 

available in database consist of hidden and unpredictable 

information. Data mining is the result of many restraints, it 

consists of databases, information recovery, statistics, 

algorithms and machine learning. The key challenge in data 

mining is to choose the best algorithm and its best 

parameters for a given problem which is known as 

Combined Algorithm Selection and Hyper parameter 

Optimization Problem (CASH Problem)[1].Classification, 

Clustering and Association are some of the mining 

techniques which satisfy the objective of prediction and 

description of finding the patterns. Classification also 

referred as supervised learning maps data into predefined 

groups or classes. Clustering is also referred as unsupervised 

learning and in this technique grouping of data based on 

similar trends and patterns. Some of the applications of data 

mining are Healthcare resource management, Robotics 

operations, Education, Finance, Commercial, Scientific, 

Business, Biological data analysis, Intrusion detection and 

so on. 

The paper is structured as follows: Section 1 

discusses about Introduction of Data Mining and its 

applications, Section 2 briefs about Classification 

algorithms, Section 3 discusses about Breast cancer and its 

attributes with description, Section 4 explain about machine 

learning tool WEKA, Section 5 gives performance 

evaluation of classifiers used and final Section deals with 

conclusion. 

II. CLASSIFICATION ALGORITHMS 

Classification algorithms are best suitable in the area of 

medical diagnosis. Classification algorithms are mainly 

classified into Statistical, Distance based, Decision tree 

based, neural network and Rule based. Among them, C4.5 - 

a Decision Tree bound algorithm, artificial neural networks 

and Naïve Bayes algorithm are used effectively for the 

classification of medical data [2]. 

A. C4.5-Decision Tree Based Algorithm 

C4.5 is the extension of ID3 algorithm and it generates 

decision trees that helps in classification problems. 

Construction of tree is main intension of C4.5 and can be 

done by selecting the attribute which have more information 

gain ratio to select best splitting attribute, it will continue for 

all nodes in tree. The tree construction is from root to leaves. 

Application of C4.5 is, it works on continuous data, tree 

pruning, managing missing data and efficiency is more. The 

simple form of C4.5 decision tree is J48 classifier. 

Gain ratio can be calculated by the formula 

𝐺𝑎𝑖𝑛𝑅𝑎𝑡𝑖𝑜(𝐷, 𝑆) =
𝐺𝑎𝑖𝑛(𝐷,𝑆)

𝐻(
|𝐷1|

|𝐷|
,…..,

|𝐷𝑠|

|𝐷|
)
 (1.1) 

B. Naïve Bayes Statistical Based Algorithm 

Naïve Bayes algorithm is based on Bayes theorem; it is 

useful for large data sets. Attributes are independent that is 

presence of one particular features in a class is independent 

of any other features in that class. This is a statistical based 

learning algorithm it is efficient, strong, fast and 

considerably accurate in real world scenario [3], this 

algorithm works better on categorical data, easily handle 

missing data dimensionality of data is very high and helps in 

solving predictive problems. There is no repetitive 

parameter estimation [4]. 

 Equation to calculate Bayes theorem 

P(Ci|X)=
𝑃(𝑋|𝐶𝑖)𝑃(𝐶𝑖)

𝑃(𝑋)
 (1.2) 

C. LMT Tree Based Algorithm 

Logistic regression and decision tree together form logistical 

model tree LMT generates single tree consisting of all 

binary splitting and numeric attributes.  Cost complexity 

pruning is used by LMT in order to obtain best sub trees but 

LMT works slowly as compare to other algorithms [8][11]. 

LMT can handle missing values, nominal and numeric 

attributes. 

D. REP Tree Based Algorithm 

REP Tree is considered as fast decision tree learner. It uses 

entropy as an impurity measure and uses reduced error 

pruning for pruning. It works only on numeric values and 

sorts them [7]. REP considered variance reduction and 

information gain as basic factors to build decision tree [18]. 
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Back fitting is a method used in error pruning. REP 

generates several trees in different iterations and then select 

best spawned tree. 

E. Decision Table Rule Based Classifier 

Decision table is a new type of rule based classifier which is 

specific to model complex logic [10]. Decision tables works 

like a conditional statement. Decision table is generally 

divided into 4 quadrants- conditions, condition alternatives, 

actions and Action entries. Issues with Decision table may 

be similar objects appearing multiple times and coming 

across with some additional attributes. Decision table works 

as an ordered table wherein first level table will split in two 

pair of new attributes that follows dimensional heaping [9]. 

Decision table is compact way to model difficult logic. 

F. K-Star Instance Based Classifier 

The main objective of K-Star is to test training data sets 

which is similar to the test instances [20].Combination of K-

Star and classification data mining techniques are made by 

linking new instances of all members of group [21]. K-Star 

is a lazy intellect classifier used essentially for cluster 

analysis. If data sets are very noisy it will delay in the 

evaluation of results [5].K-Star divides ‘n’ observations into 

‘k’ clusters. This algorithm use entropy based distance 

function. K-Star is capable of handling missing class values, 

binary, numeric and date class. It will handle symbolic 

attributes also.  

K-Star can be calculated by the equation 

𝐾 ∗ (𝑦𝑖, 𝑥) = − ln𝑃 ∗ (𝑦𝑖, 𝑥) (1.3) 

G. Simple Logistics Linear Logistic Regression Model 

Simple logistic is linear logistic regression model with one 

parameter used to perform classification problem by 

transforming categorical object with continuous values. 

Simple logistic predicts the binary output, to fit logistic 

models it uses LogitBoost with simple regression function. 

LogitBoost helps in attribute selection by performing 

optimum number of iterations [11]. The results of simple 

logistics lies between 0 and 1. 

H. Iterative Classifier Optimizer 

Iterative classifier uses cross validation and optimizes the 

number of iteration for the given classifier.it is capable of 

handling missing, nominal and binary classes  and attributes 

like numeric , nominal, binary, empty nominal and unary. 

I. IBK K-Nearest Neighbor Classifier 

IBK is one of lazy learning algorithm. IBK uses distance 

metric, this algorithm helps in speed up the in finding of 

nearest neighbors. By using cross-validation IBK selects 

suitable value of K-base and do distance weighting. IBK 

supports options like linear, ball trees, KD trees and cover 

trees. Window size option is used to restrict the training 

instances count by the classifier, it can be done by adding 

new training instances and deleting the old one [5]. 

J. Filtered Classifier 

Filtered classifiers are established on test instances and 

training records. Filtered classifier helps in solving problems 

like trained and mismatch sets [22]. Arbitrary classifier runs 

on filtered classifier for the files passed through it. Test 

instances are processed by using filter without disturbing the 

basic assembly. 

III. BREAST CANCER 

The most common type of cancer in women is Breast 

cancer, which is the second leading cause of cancer death 

among women. Breast Cancer is a fatal disease and serious 

threat when compared to all other cancers worldwide. From 

reliable sources, it has been noticed that the persons affected 

worldwide Breast cancer is around 246,660, along with 

below new cases of non-invasive Breast cancer and new 

cases of invasive breast cancer are expected to be diagnosied 

in women in U.S [12]. Breast cancer affects tissues of breast 

from the inner lining of milk ducts, risk factors of Breast 

cancer are family history, age of menarche and menopause, 

weight, alcohol consumption, exposure to radiation etc. [13]. 

For diagnosing Breast cancer, Mammography, Clinical 

examination are used. Early detection will reduce the Breast 

cancer [14]. Some of computer methods like data mining 

help as tool in assisting doctors in Breast cancer prediction 

and leads to good results in diagnosing the diseases [14]. 

Table-I shows Wisconsin Breast Cancer datasets consisting 

of 10 attributes with 286 instances are used in this paper for 

experiment, the attributes and its description are given in 

below table. 

Attribute Description Type & Label 

Age 
Patient age at the time of 

diagnosis 

Nominal 

10-19, 20-29, 

30-39, 40-49, 

50-59, 60-69, 

70-79, 80-89, 

90-99 

Menopause 

During the time of 

diagnosis patient is 

either pre or post-

menopausal. 

Nominal 

It40, ge40, 

premeno 

Tumor-size 
The size of tumor in 

millimeter. 

Nominal 

0-4, 5-9, 10-

14, 15-19, 20-

24, 25-29, 30-

34, 35-39, 40-

44, 45-49, 50-

54, 55-59 

Inv-nodes 

Extra lymph nodes of 

range 0 to 39 observable 

on histological 

examination 

Nominal 

0-2, 3-5, 6-8, 

9-11, 12-14, 

15-17, 18-20, 

21-23, 24-26, 

27-29, 30-32, 

33-35, 36-39 

Node-Caps 

It is one of prognostic 

factor of breast cancer, 

Node-caps in lymph 

node capsule, where 

cancer cells breach 

through cells. 

Nominal 

Yes, No 

Degree of 

Malignant 

Historical grade (grade 

1-3) of the tumor Grade 

1 tumors predominantly 

consists of cells, which 

are neoplastic, retains 

Nominal 

1, 2, 3 
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many of their usual 

characteristics. 

Predominantly consists 

of highly abnormal cells 

are referred as Grade 3. 

Breast Breast 
Nominal 

left, right 

Breast-

quad 

the breast may be 

divided into four 

quadrants, using the 

nipple as a central point 

Nominal 

left_up, 

left_low, 

right_up, 

right_low, 

central 

Irradiation 

Treating cancerous cells 

using high energy X-

rays is called as 

Radiation therapy. 

Nominal 

Yes, no 

Class Class variable 

Nominal 

recurrence, 

no-recurrence 

Table 1: Attributes Of Breast Cancer Data Set With 

Description. 

IV. WEKA (WAIKATO ENVIRONMENT FOR KNOWLEDGE 

ANALYSIS) 

WEKA is an open source tool, University of Waikato New 

Zealand developed and it is a free Java software available 

under the General Public License. It is Data mining tool 

consisting ample toolbox to solve data mining problems 

[15].WEKA is applied on large instances consisting of more 

attributes. WEKA implements several Data mining 

techniques classification, algorithms for regression and 

clustering along with a number of visualization tools. 

WEKA support many different data mining tasks 

such as data preprocessing and visualization, attribute 

selection, classification, prediction, model evaluation, 

clustering, and association rule mining. WEKA encloses 49 

different tools used for pre-processing and 76 different 

algorithms, where clustering algorithm can execute using 

eight different algorithms [16]. 

V. PERFORMANCE ANALYSIS 

Performance analysis is done by comparing five different 

algorithms execution using WEKA tool. The below tables 

shows percentage of correctly classified and not classified, 

error estimations and bar charts shows comparative study 

even we are extracting decision tree also. Performance 

metrics like True Negative and True Positive are used to 

evaluate the best classifier. To evaluate performance 286 

instances of 10 attributes each of Breast Cancer data set is 

considered. 

Classifica

tion 

Algorith

ms 

Simulation Results 

Correc

tly 

classif

ied 

Incorre

ctly 

classifi

ed 

Ti

me 

tak

en 

(se

c) 

Accur

acy 

(%) 

Confus

ion 

matrix 

J48 216 70 
0.0

3 
76 

193   8 

| 

62  23 | 

Naïve 

Bayes 
205 81 0 72 

168  33 

| 

48  37 | 

LMT 215 71 
0.3

3 
75 

187  14 

| 

57  28 | 

REP 202 84 
0.0

1 
71 

183  18 

| 

66  19 | 

Decision 

Table 
210 76 

0.0

7 
73 

186  15 

| 

61  24 | 

K-Star 210 76 0 73 

179  22 

| 

54  31 | 

Simple 

Logistic 
215 71 

0.2

5 
75 

187  14 

| 

57  28 | 

Iterative 

Classifier 

Optimize

r 

214 72 
0.1

5 
75 

185  16 

| 

56  29 | 

IBK 207 79 0 72 

180  21 

| 

58  27 | 

Filtered 

Classifier 
216 70 0 76 

193   8 

| 

62  23 | 

Table 2: Classification Results For Examined Algorithms 

From Table-II, it is clear that accuracy produced by 

J48 76%, Naïve Bayes 72%, LMT 75%, REP 71%, Decision 

Table 73%, K-Star 73%, Simple Logistic 75%, Iterative 

Classifier Optimizer 75%, IBK 72% and Filtered Classifier 

76% . The above table indicates that performance of J48 and 

Filtered Classifier is better than other algorithms taken for 

consideration. 

Classificatio

n Algorithms 

Simulation Results 

Mean 

Absolut

e Error 

Root 

Mean 

square

d Error 

Relative 

Absolut

e Error 

(%) 

Root 

Relativ

e 

Square

d Error 

(%) 

J48 0.3676 0.4324 87.863 94.609 

Naïve Bayes 0.3272 0.4534 78.208 99.187 

LMT 0.3589 0.4291 85.766 93.875 

REP 0.3797 0.4652 90.740 
101.78

4 

Decision 

Table 
0.3748 0.4407 89.572 96.419 

K-Star 0.3554 0.4561 80.163 99.780 

Simple 

Logistic 
0.3589 0.4291 85.766 93.875 

Iterative 

Classifier 

Optimizer 

0.3599 0.4271 86.008 93.448 

IBK 0.3257 0.5101 77.851 
111.61

1 

Filtered 

Classifier 
0.3676 0.4324 87.863 94.609 

Table 3: Training and Simulation Error 
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Table-III shows Mean absolute error, Root mean 

squared error, relative absolute error and Root relative 

squared error of the ten classifiers. 

 
Fig. 1: Graph Showing Accuracy of Top Ten Classifiers 

“Fig– 1” represents the accuracy for different 

classification algorithms that have been implemented using 

WEKA. It shows resultant values of ten supervised 

classification algorithms, J48 and Filtered Classifier are 

superior algorithm. 

 
Fig. 2: Graph Showing Training Time Results for Top Ten 

Classifiers 

“Fig – 2” represents the execution time required for 

different classification algorithms that have been 

implemented using WEKA. Naïve Bayes, K-Star, IBK and 

Filtered Classifier has taken 0 sec to execute which is very 

less compared to the six algorithms. 

VI. CONCLUSION 

In this paper a comparative study has been carried out to 

predict breast cancer by using classification algorithms J48, 

Naïve Bayes, LTM, REP, Decision table, K-Star, Simple 

Logistics, Iterative Classifier, IBK and Filtered Classifier. 

The datasets of 10 attributes with 286 instances are taken 

from Wisconsin breast cancer datasets. From the results, it 

has been observed that regarding accuracy J48 and Filtered 

classifier performs well and execution time of Naïve Bayes, 

K-Star, IBK and Filtered Classifier are 0 sec. So we can 

conclude that Filtered Classifier is the best with76% 

accuracy and execution time 0 sec. In future we will 

compare results by considering more attributes, applying 

some dimensionality reduction algorithms and other 

supervised as well as unsupervised methods and compare 

their performances. 
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