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Abstract. This paper describes the basic concepts of the ID3 algorithm and its
principles as well as the construction process. Because ID3 algorithm tends to
select values for more attributes shortcomings, we introduce threshold, prop-
erties information gain rate and parameters to compensate for the lack of ID3
properties selected standard. Based on the above two points to achieve new
property selection standard, the original ID3 algorithm is improved. Through the
experiment, the improvements of the improved algorithm were compared.
Experiment results show that the improved algorithm is effective.
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1 Introduction

With the rapid development of computer technology and network technology, amount
of data information is also invaluable in multiples of growth. The purpose of data
mining technology is how to effectively find potentially useful knowledge from these
data. Data mining is a field of study and gradually developed at the end of the 1980s. It
is from a lot of, incomplete, noisy, fuzzy actual application data. We extracted that
people do not know in advance but is potentially useful information and knowledge in
them.

2 1ID3 Algorithm

ID3 algorithm is a typical decision tree learning algorithm. Its core is the tree nodes at
all levels, with the information gain attribute selection method as a standard to help
determine the appropriate property to generate each node. So you can choose when
having the highest information gain attribute as an attribute of the current node to use
subset of samples obtained by the division of the property, the minimum information
required to classify.
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Suppose the training set size m, the set S = Aj * Ap *... *x A, is finite-dimensional
vector space, and each vector space is ny, ny, . ..n, dimensional subspace respectively.

Suppose s, Sz, . . .S is a subset of a vector space S. Its size is m;, my, ...m;, and
m=m;+mp+...+m,. Then a decision tree to correctly determine Expectation
needs:
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If Property Ay is the root, the information entropy is:
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The information gain:
Gain(Ay) = 1(S,m) — E(I1(Ag,m)) (3)

By selecting the maximum information gain attributes extension test attributes
diffusion principle ID3 classification, choose each calculated maximum information
gain attributes as a new node in the tree, and each attribute value of the property to
build branch, according to this thinking divide training data sample set.

While ID3 is a typical decision tree classification algorithm, but there are still
shortcomings: Since the ID3 algorithm is to choose the maximum entropy as an
attribute selection standard, therefore, it will be more inclined to attribute more value,
but not the property more value is optimal properties.

3 The Improved Algorithm

ID3 algorithm selects the maximum entropy as property standards, will be more
inclined to more value property, but the property more value is not optimal properties.
In this paper, ID3 algorithm for multi-valued attribute bias problems to improve,
through the decision tree information gain rate, using the classification tree to deter-
mine the parameter values and re-establish the decision tree, thereby improving the
value of the multi-algorithm bias problem.

Based on ID3 algorithm, we introduce the concept of information gain rate, using
information gain rate instead of information gain attributes as selection standard, the
formula of which the rate of information gain:

Gain(A
GainRate(Ay) = C(”Sni,(m;() 4)
But the rate of information gain may be the case over compensation is approxi-
mately zero, thus introducing bias threshold r. For set S, there are n attributes, attribute
bias threshold value of r is typically the average of all the attribute information entropy:
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r= LS (A m) (5)

Information gain ratio generated a decision tree, which effectively solve the
multi-valued attribute bias problem. Meanwhile, the importance of property refers to all
the properties of the importance of information gain contribution comparative results.
The value can be defined as a subset of the properties A branch share Instances A
proportion, by comparison to distinguish between information entropy gain contribu-
tion calculated to select the optimal properties. Importance of the role is to distinguish
between different information attributes importance or dependence. The value can be
defined as a subset of A proportion shares Instances A proportion, by comparison to
distinguish between information entropy gain contribution calculated to select the
optimal properties.

Thus, for the classification of different properties have different degrees of
importance. Introducing parameter indicates the degree of importance, in order to
increase the degree of importance of important properties, the improvement of infor-
mation entropy formula:

m

E((Anm) =3 (% + ) I(Ag, m) (6)

i=1

The resulting tree root attribute value is the proportion of first generation of a
decision tree yes/no, non-root attribute value is 0.

Thus, the resulting decision tree to determine a parameter value, and by generating
a decision tree again raised the importance of important attributes. Through a combi-
nation of both methods to make up for the shortcomings of traditional ID3 algorithm.

The improved algorithm steps:

(1) Calculate the Expectation information and information entropy of each attribute.

(2) For the set S, there are n attributes. R usually tend to the threshold value is the
average of all the attribute information entropy.

(3) Computing the root attribute information gain.

(4) The information entropy of each attribute and the threshold value r are compared.
If the entropy value is lower than the threshold r, we select the gain ratio standard;
if higher than the threshold r, we select the information gain standard.

(5) Create node recursively until you’ve selected all properties.

(6) Determine the impact factor and parameter values.

(7) Replace the formula (3) is calculated using the formula of information entropy
improved, decision trees again.

4 Analysis of Results

To further demonstrate the effectiveness of the algorithm can be used to provide data
sets UCI comparison test.
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The Fig. 1 is the original ID3 algorithm and improved algorithm comparison in
accuracy and time in different amount of samples in different data sets.

Seen from Fig. 1, as data collection increases, the accuracy of the algorithm
increases. The improved accuracy of the algorithms has greatly improved than the
original ID3 algorithm. Seen from Fig. 2, when dealing with the same amount of records,
the improved algorithm consumes more time than the original ID3 algorithm. In this
paper, the improved algorithm sacrifices some time in exchange for a substantial increase
accuracy. Time consuming optimization is still needed to continue the research work.
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Fig. 1. Different sample sizes algorithm accuracy comparison

Figures 3 and 4 are in different data sets, the original ID3 algorithm and improved
ID3 algorithm comparison results in terms of accuracy and computational time. We can
see in this paper accuracy of the improved algorithm is significantly better than the
accuracy of the original ID3 algorithm, but in the time-consuming slightly larger than
the original ID3 algorithm. Thus, less time-consuming exchange for accuracy signifi-
cantly improved, overall improved algorithm is better than the original ID3 algorithm.
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Fig. 2. The comparison of different sample sizes
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Fig. 3. The comparison of the accuracy level for different data
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Fig. 4. Algorithm time under different sets of data comparison

5 Conclusion

ID3 algorithm is a decision tree algorithm, the most typical method, a large number of
scholars have studied and analyzed. This paper describes the ID3 algorithm and its
improved algorithm. First, we describe the basic principles of ID3 algorithm. The
biggest shortcoming that is multi-valued attribute bias problem for this algorithm, by
introducing information gain rate and parameters, to a certain extent overcome this
major drawback. Experimental results show that: the new algorithm overcomes the
disadvantages of ID3 algorithm tends to properties of more value than ID3 algorithm
and has better classification performance on classification accuracy.
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