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ABSTRACT

Machine learning refers to a model generation technique that can solve specific problems
from the generalization process for given data. In order to generate a high performance
model, high quality training data and learning algorithms for generalization process should
be prepared. As one way of improving the performance of model to be learned, the Ensemble
technique generates multiple models rather than a single model, which includes bagging,
boosting, and stacking learning techniques. This paper proposes a new Ensemble technique
with multiple stacking that outperforms the conventional stacking technique. The learning
structure of multiple stacking ensemble technique is similar to the structure of deep learning,
in which each layer is composed of a combination of stacking models, and the number
of layers get increased so as to minimize the misclassification rate of each layer. Through
experiments using four types of datasets, we have showed that the proposed method
outperforms the exiting ones.
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(Table 1) Pseudo Code of the
Proposed Multiple
Stacking Ensemble
Algorithm

Algorithml Multiple Stacking Ensemble algo-
rithm
Input: Training data D
Learning algorithms € = {¢;,-- ,¢,}
Number of layers n
Output: A Multiple Stacking Ensemble classifier
M
Notation f,;: the ith classifier (model) in the jth
layer
Step 1: Learn m classifiers in the first layer
1: Generate the classifiers f,,---,f;,, learned
by C with D
2:for i < 1 to m do
3: D’ = classification results by classifiers
except for f,; with D
4:  Learn classifiers f,, with D’
5! end for
Step 2: Learn m classifiers in the second and
later layers
6: for j < 2 to n do
7. for i < 1tom do
& D’ = classification results by classifiers
except for f;with D
9. Learn classifiers f;,,), with D’
10:  end for
11: end for
12: return M with n layers
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(Table 3) Classification performance in each layer

Data Performance Titanic Data Adult Data Credit Data Cervical Data
 lager Accuracy 0.8401 0.8324 0.7300 0.9532
Fl-score 0.8395 0.8019 0.7041 0.9448
2 lager Accuracy 0.8687 0.8423 0.7400 09717
i Fl-score 0.8453 0.8311 0.7177 0.9632
S lager Accuracy 0.8759 0.8x41 0.7500 0.9791
’ Fl-score 0.8590 0.8409 0.7345 0.9687
M ager Accuracy 0.8759 0.8590 0.7500 0.9791
Fl-score 0.8590 0.8509 0.7345 0.9687
5 lager Accuracy 0.8759 0.8590 0.7000 0.9791
Fl-score 0.8590 0.8509 0.5764 0.9687
¢ lager Accuracy 0.8759 0.8590 0.7000 0.9791
Fl-score 0.8590 0.8509 0.5764 0.9687
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(Table 4) Average Classification Performance

Base_stacking

Proposed_stacking

Improved ratio

Accuracy

83.24%

85.72%

2.971%
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