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Abstract—

Cancer is one of the major diseases that plague the world right now. It results from uncontrolled growth and division of cells. These 

cancerous cells can form tumors. The most common form of classification of cancer is binary(malignant cancer/benign cancer). This 

paper aims to compare different classification algorithms used in machine learning as well as an Artificial Neural Network (ANN). The 

different classification algorithms used are Naive Bayes, Support Vector Machine, k-Nearest Neighbors and also an ANN. 
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I. INTRODUCTION  

Breast cancer is the most commonly diagnosed cancer in women and it is also the second leading cause of cancer death 
among women. Some women can be at a higher risk for breast cancer because of their family history, lifestyle, obesity, 
radiation and reproductive factors. In the case of cancer, if the diagnosis occurs quickly, the patient can be saved as there have 
been advances in cancer treatment. However more than 50% of the breast cancer cases die due to late diagnosis 

Machine learning is not new to cancer research. Artificial Neural Networks (ANN) and decision trees have been used in 
cancer detection and diagnosis for nearly 20 years[1]. Machine learning is a set of tools utilized for the creation and evaluation 
of algorithms that facilitate prediction, pattern recognition, and classification. ML is based on four steps: Collecting data, 
picking the model, training the model, testing the model [2].  The relation between BC and ML is not recent, it had been used 
for decades to classify tumors and other malignancies, predict sequences of genes responsible of cancer and determine the 
prognostic. In this study I use four machine learning classifiers which are Naïve Bayesian Classifier, k-Nearest Neighbour, 
Support Vector Machine and Artificial Neural Network.  

II. BACKGROUND 

A. Breast Cancer Classification(BCC) 

BCC aims to determine the suitable treatment, which can be aggressive or less aggressive, depending on the class of the 
cancer. To make a good prognostic, breast cancer classification needs nine characteristics which are: 1.determine the layered 
structures (Clump Thickness);       2. Evaluate the sample size and its consistency (Uniformity of Cell Size); 3. Estimate the 
equality of cell shapes and identifies marginal variances, because cancer cells tend to vary in shape (Uniformity of Cell 
Shape); 4. Cancer cells spread all over the organ and normal cells are connected to each other (Marginal Adhesion); 5. 
Measure of the uniformity, enlarged epithelial cells are a sign of malignancy (Single Epithelial Cell Size); 6. In benign 
tumours nuclei is not surrounded by cytoplasm (Bare Nuclei); 7. Describes the nucleus texture, in benign cells it has a uniform 
shape. The chromatin tends to be coarser in tumors (Bland Chromatin); 8. In normal cells, the nucleolus is usually invisible 
and very small. In cancer cells, there are more than one nucleoli and it becomes much more prominent, (Normal Nucleoli); 9. 
Estimate of the number of mitosis that has taken place. The larger the value, the greater is the chance of malignancy 
(Mitoses)[3] 

B. Machine learning approaches 

Machine learning is a field of study that gives computer the ability to learn without being explicitly programmed. It is a 
branch of artificial intelligence. It can use methods such as  statistics, probabilities, absolute conditionality, boolean logic, and 
unconventional optimization strategies to classify patterns or to build prediction models. Machine learning can be divided into 
two categories: supervised learning (classification) and unsupervised learning depending on the used data and their availability. 
Some of the algorithms that have already been used are in the following section.  

1) Decision Trees 

One of the most optimal algorithms used in medical application is the decision tree. It uses graphs to represent a decision 

tree. There are multiple instances where decision trees have been used for breast cancer prediction. Research has shown 

that amongst three diverse data mining techniques, decision tree is the best with 99.6% approximation. Within decision 
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trees, further research on various medical datasets showed that CART is the best in terms of accuracy and time 

complexity 

 

      2) Artificial Neural Networks 

Artificial Neural Network is a type of neural network that has been developed by taking inspiration  from the brain.It is 

known that ANNs need to be modified to fit a particular application to achieve good performance. ANNs have been 

implemented multiple times for breast cancer classification usually using back propagation networks having three layers a) 

Input Layer b) Hidden Layer c) Output Layer. Several researchers utilised three layers ANN with sigmoid function 

 

3) Genetic Algorithms 

These are dynamic heuristic techniques where a genetic fitness function is calculated to find the genetic approach. In [4] they 

used the genetic systems for breast cancer prediction. It is a hybrid between decision tree, ANN and logistic regression. They 

used 699 records acquired from the breast cancerous patients at the University of Wisconsin. 9 indicator variables and 1 result 

variable was used along with 10-fold cross validation. This model gave an accuracy of 99% 

 

4) Support Vector Machines 

This algorithm is from the class of supervised learning algorithms and it reduces the overflowing of trained data. Its goal is to 

find the optimized decision boundaries to help predict breast cancer at the earlier stage.  

 

 

 

III. PROPOSED ALGORITHMS  

This paper delves into the performance of ANNs as it is a very popular choice from classification problems. However in 
there been a rise in popularity of other algorithms such as Naïve Bayesian Classifier and k-Nearest Neighbours in the field of 
medical research. Therefore I have decided to compare a few popular algorithms (ANN and Support Vector Machine) along 
with some other algorithms that are gaining popularity(Naïve Bayes and k-Nearest Neighbours) 

A. Dataset 

The Breast Cancer Wisconsin (Diagnostic) Data Set has been used for this paper. This data set is available on the UCI 
Machine Learning Repository. It consists of 32 real world attributes which are multivariate. The total number of instances is 
569 and there are no missing values in this data set.  

B. Support Vector Machine 

1) Algorithm: 

1. Prepare and format dataset 

2. Normalize the dataset 

3. Select activating function(usually sigmoid) 

4. Optimize parameters c and g using search algorithm after cross validation 

5. Train SVM network 

6. Test SVM network 

 

C. Naïve Bayesian Classifier 

1) Algorithm: 

1. Separate the data into a block of 2 classes and 2 sets of features 

2. Find the standard deviation and mean for each feature and class 

3. Find probability of each feature using density of normal distribution 

4. Calculate probability of each class as a multiplication of probabilities of all features 

5. Predict class of an instance using the probabilities 

D. K-Nearest Neighbour 

1) Algorithm: 

1. Split the dataset into training and testing set 

2. Choose an instance and find its distance from the training set 

3. Arrange the distances in ascending order 

4. Class of the instance is the most common class of of the first „k‟ training instances 

 

E) Description 

For these three algorithms similar data preprocessing and data scaling steps were used to optimize the performance and get a 

better accuracy.  

Steps 
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1. Dropping the first column from the data set as it is irrelevant(ID) 

2. Use of standard scaling to normalize the data set as some algorithms have drastically improved performance after 

data scaling 

3. Using 10-fold cross validation.  

4. Using box plots to evaluate the performance of the algorithms 

 

F) Artificial Neural Network 

An ANN was implemented using Keras to classify the dataset. There is one input layer, two hidden layers and one output 

layer. Data was split into training set and testing set and then fit to the classifier. The results of all the algorithms have been 

documented below 

 

IV. OBSERVATIONS AND RESULTS 

Performance of Support Vector Machine, Naïve Bayesian Classifier and k-Nearest Neighbours was very poor before any 
kind of data scaling and cross validation was used. The observations are as follows 

 

    Table 1: comparison between KNN ,NB and SVM 

Algorithm  Accuracy Training Process 

SVM 61.9614% 0.699417s 

KNN 74.9227% 0.094239s 

NB 61.9565% 0.027361s 

 

As we can see, KNN had much better accuracy than SVM and NB along with having the second lower training time. SVM 
and NB have very similar accuracies however the training time of SVM is 25 times more than that of NB.  

Fig 1: Boxplot of performance of SVM, KNN, NB 

 

 

 

 

 

Performance of all the algorithms rose drastically after I did some standard scaling on the data set. The accuracies of these 
algorithms were now comparable to the accuracy of the ANN. 

 Table 2: Comparison between KNN ,NB and SVM 

Algorithm  Accuracy Training Process 

SVM 96.4879% 0.325171s 

KNN 92.9710% 0.022093s 

NB 95.58357% 0.084388s 
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As we can observe that the previous algorithm with the highest accuracy (KNN) now has the lowest accuracy amongst the 
tested algorithms. SVM was a very high accuracy of 96.4879% along with a reduced training time. However for very large data 
sets it is possible that NB will be a better algorithm due to the computational costs of SVM 

The performance of exceeds the performance of the aforementioned algorithms. The accuracy of ANN was found to be 
98.2456%.  

 Fig 2: Confusion Matrix of ANN 

 

 

V. CONCLUSION 

The four algorithms was implemented on the Wisconsin Breast Cancer dataset( Naïve Bayes, k-Nearest Neighbours, 
Support Vector Machine and Artificial Neural Network). The observation was the ANN has the highest accuracy of 98.2456% 
however NB has a good accuracy of 95.58357% and if the dataset is larger, the computational costs of the ANN will increase. 

 

VI. FUTURE SCOPE 

In the future I will test these algorithms on different datasets with a larger number of instances so that we can confirm the 

conclusions we have made in this paper. It would be better to use real life datasets from different fields of science to 

exhaustively test these algorithms and compare their performances. 
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