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Abstract—Machine Learning tools are currently a hot one among
the analysis tools and there are many tools in that tool kit for tasks
like classification. So, itis natural to compare them for efficiency to
find a suitable one for a particular problem. This is a novel
comparison of neural network and decision tree in that this
research work has built a decision tree, prune it based on best cp,
build two neural networks-one by general method and the other
one using the variables in the pruned tree. The dataset used for
classification is the heart disease dataset and this research uses R
for building the tools. Then the Precision, Recall, Accuracy and F
ration of all three models are obtained and compared.

Keywords: Classification, machine learning, decision tree, neural
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1. INTRODUCTION

Machine learning based analysis is the hottest problem in the
planet now and it is applied for every conceivable problems
possible. Machine Learning tool box has many tools for various
problems which could fall mostly into two broad sets, the
classification and the regression problems. Even for a single
problem like classification, there are many tools in machine
learning like Decision trees, Neural networks, Random forests,
logistic regression. So, it is really a straightforward issue to
address the selection of a suitable Machine learning tool for a
particular problem and their efficiency.[1] is literally a go to book
nowadays to get introduced to machine learning basics.[2] is a
recent article which compares various machine learning tools and
deep learning methods for diabetes prediction and concludes that
CNN based methods are the best of the lot.[3] is also a paper
evaluating the classifiers Naive Bayes, SVM and Decision tree on
PIDD dataset.

[4] predicts the disease diabetes using classification and
clustering techniques and also Naive Bayes on medical data. [5]
uses datasets collected from two different places and two
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different sensors to evaluate univariate and multivariate decision
trees in classification. [6] uses Decision tree based classification
of mass spectral data towards diagnosis of ovarian cancer.[7]
gives a detailed discussing about ID3, a decision tree analysis by
explaining in detail the way a decision tree is built using the
Shannon’s Entropy concepts and also discusses some applications
of decision trees. [8] is a heart disease prediction paper using Fog
computing based WSN’s.

This paper compares the efficiency of two machine leamning
classification tools, the decision tree and neural network in
classification problem of heart disease.

Decision trees are inverted tree like structures developed towards
classification and regression. There are many ways of building a
Decision trees. All of them have common basic notion of a root
node, the first branching point followed by many further branches
before the terminal leaf nodes which are used for classification or
regression. At any stage of branching, a feature vector from the
underlying dataset is used for branching and the selection of a
feature vector as a branching variable is where the various
methods are involved like the entropy based or index based ones.
Once there is an ability to build a decision tree for a data, it will
be traversed from root node to any of the leaf nodes to create a
rule, which is the basis for classification. A sample decision tree
is provided in figure 1.
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FIGURE |- A SAMPLE DECISION TREE- FOR IRIS DATASET

Neural networks are models inspired by how a human brain
works. Their structure also has resemblance to human brain ,
provided in figure 2. Technically speaking, there are three types
of layers in any neural network, the input layer, the hidden layer
where the processes and complexities are addressed and an output
layer which is where we get the classification done. This is
considered by many as a black-box tool as we are not in full
control or knowledge of how and what happens in the processing
of a neural network which is still now an area of research. The
only thing anyone can be very clear about is regarding the input
and output layers and the number of nodes in them. The number
of hidden layers and the number of nodes in them which form the
back bone ofthe whole process is what is being referred to as the
black-box region as we mostly work in trial and error way.
Regardless, this is considered by many as an exciting model to
work with in classification problems.

The heart dataset is a data of persons fromwhom 13 aspects are
recorded to explain whether a person has heart diseases ornot.
A sample of the data is provided in table 1.
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FIGURE 2- A NEURAL NETWORK, HUMAN BIOLOGICAL(LEFT) AND
THE ARTIFICIAL ONE(RIGHT).

TABLE 1- HEART DATASET SAMPLE ROWS

ag 53 T restb | ch i) Tesic | thala | cxanm [ oldpe [ slop T i) Targ
X P ps ol s cg ch g ak e a al et
63 1 3 145 ; 1 0 150 0 23 0 0 1 1
37 1 2 130 8 0 1 187 0 3.5 0 0 2 1
41 0 1 130 Z 0 0 172 0 1.4 2 0 2 1
56 1 1 120 é 0 1 178 0 0.8 2 0 2 1
57 0 0 120 jz 0 1 163 1 0.6 2 0 2 1
57 1 0 140 l; 0 1 148 0 0.4 1 0 1 1
56 0 1 140 Z 0 0 153 0 1.3 1 0 2 1
44 1 1 120 g 0 1 173 0 0 2 0 3 1
52 1 2 172 l; 1 1 162 0 0.5 2 0 3 1
57 1 2 150 lg 0 1 174 0 1.6 2 0 2 1

The table has 13 feature vectors (columns 1-13) , age-gender-
chest pain type-serum cholesterol-fasting blood sugar-max heart
data...-and a class vector (coll4-target) which is binary taking
values 1 or 0 indicating whether the individual has heart disease
or not.

II. METHODOLOGY
For the heart dataset, build a Decision tree using R.
Prune the Decision tree using the best cp.

Obtain a neural net using R and note down the error and the
number of iterations to converge.

If the variables in the neural net matches those in the decision
tree, then move on to analysis, else, obtain one more neural net
using R specifically for the variables present in the pruned
decision tree so that we are able to perform a reasonable
comparison.
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Calculate Precision, Recall, Accuracy and F ratio for all three
models to compare.

III. RESULTS AND ANALYSIS

error

1.965541e+01

reached.threshold 9.189106e-03
steps

6.186000e+03
Intercept.to.1layhid1 -6.805167e+01
age.to.1llayhid1l 3.416643e-01
sex.to.llayhidl  -1.917026e+01
cp.to.1llayhidl  -4.194686e+00
trestbps.to.1layhid1 -7.486400e-01
chol.to.1layhidl  3.304905e-01
fbs.to.1layhid1l 5.160985e+01
restecg.to.1llayhidl -3.480870e+01
thalach.to.1layhidl -4.513083e-01
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FIGURE 3 HEART DISEASE DATA- DECISION TREE( UNPRUNED ON

exang.to.1llayhidl 3.566512e+01
LEFT AND PRUNED ON RIGHT SIDE)

oldpeak.to.1layhidl 2.098000e+01

slope.to.1layhidl -4.892079e+01
ca.to.1llayhidl 2.066502e+01

thal.to.1layhidl  4.614770e+01
The rpart packagein R is employed to get the decision trees. Intercept.to.target 7.096898e-01

1layhidl.to.target -6.922891e-01

The above (figure3) are the unpruned and the pruned decision
trees for the heart Dataset. We can clearly observe the change in FIGURE 4 NEURAL NETFOR HEARTDATASETAND ITS DETAILS

the structure and the variables. . . . .
Figure 4 is the neural net, using the “neuranet” package in R, for

TABLE2- MEASURES OF THE DECISION TREES the dataset and upon comparing with the decision tree Obtained,
figure 5 is the Neural network using the decision tree variables.
Unpruned Pruned We can very clearly observe the bolded values which are
cp Xerror cp Xerror significantly better for the one of DT based.
0.471 1 0.476636 1
error
0.072 | 0.6087 0.079439 | 0.52336 s S
0.0217 0.471 0.037383 | 0.38318 reached.threshold
0.008829101
0.0144 0.42754 0.01 | 0.41121 steps
720.000000000

0.01 0.49275 .- .-

Intcept.to.1llayhidl
4.021718529
cp.to.1layhid1
1.870657283

Vari ca.to.1layhid1
able 1.377594367
Impo old K oldpeak.to.1layhid1
rtanc tha | pea | thal | exa slo| ag | ch | se | fb . :hzlztlc’ziz:sha‘ a1
e cp 1 k ach | ng ca pe e ol X s Error: 17.703741 Steps: 720 12647'94:75

37. | 21. 16. | 13. 8. 8. 6. S. 2. Intercept.to.target
Unpr | 683 221 20.| 19.| 75 05 93| 28] 92| 34| 59 ‘;if’lﬁzgltl“tz "

ayhidl.to.target -

uned 6 202 292 | 479 153 1 11 83 46 2 33 19 b i
Prune | 33. | 22| 18. | 15. | 09| 92| 56| 22 68 | 46
d 443 5 36 | 829 4 7 6 41 .- 9 2

FIGURE 5-NEURAL NET USING DECISION TREE VARIABLES AND ITS DETAILS

The variable importance of the two trees and their cp with the
xerror is recorded in the table2.
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Classifiers comparison
12
1
0.8
0.6
0.4
0.2
0 Precision Recall Accuracy Fratio
u DT 0.769230769 0.714285714 0.787878788 0.740740741
#NNfor DT 0.705882353 0.857142857 0.787878788 0774193548
5NN 0.62 0.96875 0.682539683 0.756097561

FIGURE 6- COMP ARISON OF THE THREE CLASSIFIERS

From figure 6, we could clearly observe that the precision is low
for a general NN as compared to the NN based on the DT as well
as the DT whereas its recall is higher than both of them. The
Accuracy of'the general NN is lower than the other two but the F
ratio is of no help to us in this comparison effort.

IV. CONCLUSION

This is a novel comparison of classifiers . We are using a refined
form of a classifier(the neural network) where the refinement
factor is in fact from another classifier. We could deduce that the
neural network based on the pruned decision tree is much better
in the converging aspect as well as the measurement aspects. So,
in a way we could see a hybrid mode of classification for a
dataset, first using a decision tree and then using the neural
network. This also could be viewed as a way of validating our
classification using a decision tree. We also see a way of
controlling the neural network building. So, there are many
positives available from this novel way of comparing the
classifiers.
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