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ɳˎ˔ʰˊʽˋˍʾʶˌ 

ʃˊ˗ˍʰ ʰˉΩ ˈ˂ʰ, ̒ ʷ˂˖ ˄ʰ ʶˎ˔ʰˊʽˋˍʺˋ˖ ˍˇ˄ ʶˉʽʲ˂ʷˉˇ˄ˍʰ ˍʹˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʁ ˊʴʰˋʾʰˌ ˃ˇˎ, ˁ Φ 

ʅ˖ˍ̋́ ʹ ɼ˖ˍˋʽʰ˄ˍʺΣ ɽʷˁˍˇˊʰ ˍˇˎ ʃʰ˄ʶˉʽˋˍʹ˃ʾˇˎ ʃʰˍˊ˗Σ˄ ʴʽʰ ˍʹ˄ ˉˇ˂ˏˍʽ˃ʹ ʲˇʺʻʶʽʰ ˁʰʽ 

ˁʰʻˇʵʺʴʹˋʺ ˍˇˎ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ʵˇˎ˂ʶʽʱ ̩˃ ˇΦˎ ɳˉʾˋʹˌΣ ʶʾ˃ʰʽ ʶˎʴ˄˗˃˖˄ ̀ ˍʰ ˎˉˈ˂ˇʽˉʰ 

˃ʷ˂ʹ ˍʹˌ ʶ˅ʶˍʰˋˍʽˁʺˌ ʶˉʽˍˊˇˉʺˌ ̱ ʹˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʁ ˊʴʰˋʾʰˌ ˃ˇˎ, ɮ˄ʰˉ˂ʹˊ˗ˍˊʽʰ ɼʰʻʹʴʺˍˊʽʰ 

.ˁɸʶˇʵˇˏ˂ ʰ ɱˊʱ˕ hˁ ʰʽ ˍˇ˄ ɳˉʾˁˇˎˊˇ ɼʰʻʹʴʹˍʺ ˁΦɲʹ˃̱̋ ˊʽˇ ɼʰʲʲʰʵʾ hɹ ʽʰ ˍʹ˄ ˉˊˇˋʶˁˍʽˁʺ 

ʰ˄ʱʴ˄˖ˋʹ ̱ ʹˌ ʶˊʴʰˋʾʰˌ ˃ ˇˎ ˁ ʰʽ ʴʽʰ ˍʽˌ ˉˇ˂ˏˍʽ˃ʶˌ ˎˉˇʵʶʾ˅ʶʽˌ ̱ ˇˎˌΦ ɳˎ˔ʰˊʽˋˍ˗ ˍˇˎˌ 

ˋˎ˄ʰʵʷ˂˒ˇˎˌ ˃ˇˎ ˁʰʽ ̱ ˇˎˌ ˒ʾ˂ˇˎˌόʶˌύ ˃ˇˎ ɹ ʽʰ ˍʹ˄ ʹʻʽˁʺ ˎˉˇˋˍʺˊʽ˅ʺ ˍˇˎˌΦ ʃʱ˄˖ ʰˉΩ ˈ˂ʰΣ ʶʾ˃ʰʽ 

ʶˎʴ˄˗˃˖˄ ˋˍˇˎˌ ʴˇ˄ʶʾˌ ˃ˇˎ, ɶ˂ʽʰ ˁʰʽ ʋˊʽˋˍʾ˄ʰ ɽˎˉʽˍʱˁʹ ɹ ʽʰ ˍʹ˄ ˇ˂ˈ˕ˎ˔ʹ h ʴʱˉʹ ˁʰʽ ˎˉˇˋˍʺˊʽ˅ʺ 

ˍˇˎˌ ̍ ˂ʰ ʰˎˍʱ ˍʰ ˔ˊˈ˄ʽʰ ˁ ʰʻ̠̩ ˁ ʰʽ ˍʽˌ h ʵʶˊ˒ʷˌ ˃ˇˎ ɮ˂ʶ˅ʱ˄ʵˊʰ ˁʰʽ ɳˎʰʴʴʶ˂ʾ.h ɮ˒ʽʶˊ˗˄˖ ʰˎˍʺ 

ˍʹ˄ ʶˊʴʰˋʾʰ ̀ ˍʹ˄ ˃ʹˍʷˊʰ ˃ˇˎ ˁʰʽ ˋˍˇ˄ ˉʰˍʷˊʰ ˃ˇˎΦ  
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ɄȺɅȽȿȼɊȼ 

Ƀɘ Ŭɚɔɧɟɘɗɛɞɘ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ŮɑɜŬɘ ŮˊɘɗɡɛɖŰɧ ɜŬ ŮɑɜŬɘ ůŮ ɗɏůɖ ɜŬ 

ɔŮɜɘəŮɨůɞɡɜ ɔɘŬ ɞˊɞɘŬůŭɐˊɞŰŮ əɚɎůɖ ɛŮ ɑŭɘŬ ŬəɟɑɓŮɘŬ. ȹɖɚŬŭɐ ůŮ ɏɜŬ ˊɟɧɓɚɖɛŬ ŭɨɞ 

əɚɎůŮɤɜ - ɗŮŰɘəɩɜ əŬɘ ŬɟɜɖŰɘəɩɜ ˊŮɟɘˊŰɩůŮɤɜ - ɞ Ŭɚɔɧɟɘɗɛɞɠ ɜŬ ˊɟɞɓɚɏˊŮɘ ɛŮ Űɖɜ ɑŭɘŬ 

ŬəɟɑɓŮɘŬ əŬɘ ŰŬ ɗŮŰɘəɎ əŬɘ ŰŬ ŬɟɜɖŰɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ. ȷɡŰɧ ŮɑɜŬɘ űɡůɘəɎ ɖ ɘŭŬɜɘəɐ 

əŬŰɎůŰŬůɖ. ɆŮ ˊɞɚɚɏɠ ŮűŬɟɛɞɔɏɠ ɞɘ Ŭɚɔɧɟɘɗɛɞɘ əŬɚɞɨɜŰŬɘ ɜŬ ɛɎɗɞɡɜ Ŭˊɧ ɏɜŬ ůɨɜɞɚɞ 

ůŰɞɘɢŮɑɤɜ, Űɞ ɞˊɞɑɞ ˊŮɟɘɏɢŮɘ ˊɞɚɨ ˊŮɟɘůůɧŰŮɟŬ ˊŬɟŬŭŮɑɔɛŬŰŬ Ŭˊɧ Űɖ ɛɘŬ əɚɎůɖ ůŮ ůɢɏůɖ 

ɛŮ Űɖɜ Ɏɚɚɖ. Ⱥɜ ɔɏɜŮɘ, ɞɘ ŮˊŬɔɤɔɘəɞɑ Ŭɚɔɧɟɘɗɛɞɘ ŮɑɜŬɘ ůɢŮŭɘŬůɛɏɜɞɘ ɜŬ ŮɚŬɢɘůŰɞˊɞɘɞɨɜ ŰŬ 

ůűɎɚɛŬŰŬ. ɋɠ ůɡɜɏˊŮɘŬ ɞɘ əɚɎůŮɘɠ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ɚɑɔŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɛˊɞɟɞɨɜ ɜŬ 

Ŭɔɜɞɖɗɞɨɜ əŬŰɎ ɏɜŬ ɛŮɔɎɚɞ ɛɏɟɞɠ ŮˊŮɘŭɐ Űɞ əɧůŰɞɠ ɚŬɜɗŬůɛɏɜɖɠ ŰŬɝɘɜɧɛɖůɖɠ Űɖɠ ɡˊŮɟ-

ŬɜŰɘˊɟɞůɤˊŮɡɧɛŮɜɖɠ əɚɎůɖɠ ɝŮˊŮɟɜɎ Űɞ əɧůŰɞɠ ɚŬɜɗŬůɛɏɜɖɠ ŰŬɝɘɜɧɛɖůɖɠ Űɖɠ ɛɘəɟɧŰŮɟɖ 

əɚɎůɖ. ɇɞ ˊɟɧɓɚɖɛŬ Űɤɜ ŬɜɞɛɞɘɞɔŮɜɐ ůɡɜɧɚɤɜ ŭŮŭɞɛɏɜɤɜ ŮɛűŬɜɑɕŮŰŬɘ əŬɘ ůŮ ˊɞɚɚɏɠ 

ˊɟŬɔɛŬŰɘəɏɠ ŮűŬɟɛɞɔɏɠ ɧˊɤɠ ůŰɖɜ ɘŬŰɟɘəɐ ŭɘɎɔɜɤůɖ, ůŰɖ ɟɞɛˊɞŰɘəɐ, ůŰɘɠ ŭɘŬŭɘəŬůɑŮɠ 

ɓɘɞɛɖɢŬɜɘəɐɠ ˊŬɟŬɔɤɔɐɠ, ůŰɖɜ ŬɜɑɢɜŮɡůɖ ɚŬɗɩɜ ŭɘəŰɨɤɜ ŮˊɘəɞɘɜɤɜɑŬɠ, ůŰɖɜ 

ŬɡŰɞɛŬŰɞˊɞɘɖɛɏɜɖ ŭɞəɘɛɐ Űɞɡ ɖɚŮəŰɟɞɜɘəɞɨ Ůɝɞˊɚɘůɛɞɨ, əŬɘ ůŮ ˊɞɚɚɏɠ ɎɚɚŮɠ ˊŮɟɘɞɢɏɠ. 

ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ɛŮ ŰɑŰɚɞ óɀɖɢŬɜɘəɐ ɀɎɗɖůɖ ɛŮ ȷɜɞɛɞɘɞɔŮɜɐ 

ȹŮŭɞɛɏɜŬô (Machine Learning with Imbalanced Data) ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ Ůˊɑɚɡůɖ Űɞɡ 

ˊɟɞɓɚɐɛŬŰɞɠ ŬˊɞŭɞŰɘəɐɠ ɢɟɐůɖɠ Ŭɚɔɞɟɑɗɛɤɜ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ůŮ 

ŬɜɞɛɞɘɞɔŮɜɐ/ŬɜɘůɞəŬŰŬɜŮɛɖɛɏɜŬ ŭŮŭɞɛɏɜŬ. ȼ ŭɘˊɚɤɛŬŰɘəɐ Ů́ɟɘɚŬɛɓɎɜŮɘ ɛɑŬ ɔŮɜɘəɐ 

ˊŮɟɘɔɟŬűɐ Űɤɜ ɓŬůɘəɩɜ Ŭɚɔɞɟɑɗɛɤɜ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ əŬɘ Űɤɜ ɛŮɗɧŭɤɜ ŬɜŰɘɛŮŰɩˊɘůɖɠ 

Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ŬɜɞɛɞɘɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ. ɄŬɟɞɡůɘɎɕŮŰŬɘ ˊɚɐɗɞɠ Ŭɚɔɞɟɘɗɛɘəɩɜ 

ŰŮɢɜɘəɩɜ ŭɘŬɢŮɑɟɘůɖɠ ŬɜɞɛɞɘɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ, ɧˊɤɠ ɞɘ Ŭɚɔɧɟɘɗɛɞɘ AdaCost, Cost 

Senistive Boosting, Metacost əŬɘ Ɏɚɚɞɘ. ɄŬɟŬŰɑɗŮɜŰŬɘ ɞɘ ɛŮŰɟɘəɏɠ Ŭɝɘɞɚɧɔɖůɖɠ Űɤɜ 

ɛŮɗɧŭɤɜ ɀɖɢŬɜɘəɐɠ ɀɎɗɖůɖɠ ůŮ ŬɜɞɛɞɘɞɔŮɜɐ ŭŮŭɞɛɏɜŬ, ɧˊɤɠ ɞɘ əŬɛˊɨɚŮɠ ŭɘŬɢŮɑɟɘůɖɠ 

ɚŮɘŰɞɡɟɔɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ (ROC curves), əŬɛˊɨɚŮɠ ŬəɟɑɓŮɘŬɠ (PR curves) əŬɘ 

əŬɛˊɨɚŮɠ əɧůŰɞɡɠ.  

ɆŰɞ ŰŮɚŮɡŰŬɑɞ ɛɏɟɞɠ Űɖɠ ŮɟɔŬůɑŬɠ ˊɟɞŰŮɑɜŮŰŬɘ ɏɜŬɠ ɡɓɟɘŭɘəɧɠ Ŭɚɔɧɟɘɗɛɞɠ ˊɞɡ 

ůɡɜŭɡɎɕŮɘ Űɘɠ ŰŮɢɜɘəɏɠ OverBagging əŬɘ Rotation Forest. ɆɡɔəɟɑɜŮŰŬɘ ɞ ˊɟɞŰŮɘɜɧɛŮɜɞɠ 

Ŭɚɔɧɟɘɗɛɞɠ ůŮ ɏɜŬ ůɨɜɞɚɞ ŬɜɞɛɞɘɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ ɛŮ Ɏɚɚɞɡɠ Ŭɚɔɧɟɘɗɛɞɡɠ əŬɘ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬɜŰɑůŰɞɘɢŬ ˊŮɘɟŬɛŬŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ŭŮɑɢɜɞɡɜ Űɖɜ əŬɚɨŰŮɟɖ 

Ŭˊɧŭɞůɖ Űɞɡ ˊɟɞŰŮɘɜɧɛŮɜɞɡ Ŭɚɔɧɟɘɗɛɞɡ. ɇŮɚɘəɎ ŭɘŬŰɡˊɩɜɞɜŰŬɘ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ Űɖɠ 

ŮɟɔŬůɑŬɠ əŬɘ ŭɑɜɞɜŰŬɘ ɢɟɐůɘɛŮɠ ŮɟŮɡɜɖŰɘəɏɠ əŬŰŮɡɗɨɜůŮɘɠ. 
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ABSTRACT 

  

Machine Learning (ML) algorithms can generalize for every class with the same 

accuracy. In a problem of two classes, positive (true) and negative (false) cases-the 

algorithm can predict with the same accuracy the positive and negative examples that is the 

ideal case. In many applications ML algorithms are used in order to learn from data sets 

that include more examples from the one class in relationship with another class. In general 

inductive algorithms are designed in such a way that they can minimize the occurred 

errors. As a conclusion the classes that contain some cases can be ignored in a large 

percentage since the cost of the false classification of the super-represented class is greater 

than the cost of false classification of lower class. The problem of imbalanced data sets is 

occurred in many órealô applications, such as medical diagnosis, robotics, industrial 

development processes, communication networks error detection, automated testing of 

electronic equipment and in other related areas.  

This dissertation entitled óMachine Learning with Imbalanced Dataô is referred to 

the solution of the problem of efficient use of ML algorithms with imbalanced data sets. 

The thesis includes a general description of basic ML algorithms and related methods for 

solving imbalanced data sets. A number of algorithmic techniques for handling imbalanced 

data sets is presented, such as Adacost, Cost Sensitive Boosting, Metacost and other 

algorithms. The evaluation metrics of ML methods for imbalanced datasets are presented, 

including the ROC (Receiver Operating Characteristic) curves, the PR (Precision and 

Recall) curves and cost curves. 

A new hybrid ML algorithm combining the OverBagging and Rotation Forest 

algorithms is introduced and the proposed algorithmic procedure is compared with other 

related algorithms by using the WEKA operational environment. Experimental results 

demonstrate the performance superiority of the proposed algorithm. Finally, the 

conclusions of this research work are presented and several future research directions are 

given.     
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ɄɅɃȿɃũɃɆ 

 

ȼ ˊŬɟɞɨůŬ ŮɟŮɡɜɖŰɘəɐ ŮɟɔŬůɑŬ ɛŮ ŰɑŰɚɞ óɀɖɢŬɜɘəɐ ɀɎɗɖůɖ ɛŮ ȷɜɞɛɞɘɞɔŮɜɐ 

ȹŮŭɞɛɏɜŬô (Machine Learning with Imbalanced Data) ŬˊɞŰŮɚŮɑ ɛɑŬ ȹɘŬŰɟɘɓɐ (Tractactus-

Thesis) ˊɞɡ ɞɚɞəɚɖɟɩɗɖəŮ ůŰŬ ˊɚŬɑůɘŬ Űɞɡ ɛŮŰŬˊŰɡɢɘŬəɞɨ ˊɟɞɔɟɎɛɛŬŰɞɠ óɀŬɗɖɛŬŰɘəɎ 

Űɤɜ ɈˊɞɚɞɔɘůŰɩɜ əŬɘ ɈˊɞɚɞɔɘůŰɘəɐ Ɂɞɖɛɞůɨɜɖô Űɞɡ ɀŬɗɖɛŬŰɘəɞɨ ɇɛɐɛŬŰɞɠ Űɞɡ 

ɄŬɜŮˊɘůŰɖɛɑɞɡ ɄŬŰɟɩɜ. 

ȼ ȹɘŬŰɟɘɓɐ ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ŬˊɞŭɞŰɘəɐɠ ɢɟɐůɖɠ 

Ŭɚɔɞɟɑɗɛɤɜ ŰŬɝɘɜɧɛɖůɖɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ɔɘŬ ŰɎɝŮɘɠ ŬɜɞɛɞɘɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ. 

ɄŮɟɘɚŬɛɓɎɜŮɘ ɛɑŬ ɔŮɜɘəɐ ˊŮɟɘɔɟŬűɐ ɓŬůɘəɩɜ Ŭɚɔɞɟɑɗɛɤɜ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ, Űɞ 

ˊɟɧɓɚɖɛŬ ŬɜɞɛɞɘɞɔŮɜɩɜ ůɡɜɧɚɤɜ ŭŮŭɞɛɏɜɤɜ əŬɘ ɛŮɗɧŭɞɡɠ ŮˊŮɝŮɟɔŬůɑŬɠ Űɞɡɠ, 

Ŭɚɔɞɟɘɗɛɘəɏɠ ŰŮɢɜɘəɏɠ ɔɘŬ ŬɜɞɛɞɘɞɔŮɜɐ ŭŮŭɞɛɏɜŬ əŬɘ ůɢŮŰɘəɎ ŬɟɘɗɛɖŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ. 

ɄŬɟɞɡůɘɎɕŮŰŬɘ ɛɑŬ ůɡɜɞˊŰɘəɐ ŬɜŬůəɧˊɖůɖ Űɖɠ ůɢŮŰɘəɐɠ ɓɘɓɚɘɞɔɟŬűɑŬɠ ůŰŬ 

ˊɟɞɖɔɞɨɛŮɜŬ ɗɏɛŬŰŬ əŬɘ ɛɑŬ Ŭɝɘɞɚɧɔɖůɖ Ŭɚɔɞɟɑɗɛɤɜ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ. ɄɟɞŰŮɑɜŮŰŬɘ 

ɛɑŬ ŰɎɝɖ ɜɏɤɜ ɡɓɟɘŭɘəɩɜ Ŭɚɔɞɟɑɗɛɤɜ (hybrid algorithms) ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ɔɘŬ ɏɜŬ 

ůɨɜɞɚɞ ŬɜɞɛɞɘɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ əŬɘ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŬɜŰɑůŰɞɘɢŬ ˊŮɘɟŬɛŬŰɘəɎ 

ŬˊɞŰŮɚɏůɛŬŰŬ, ŰŬ ɞˊɞɑŬ ůɡɔəɟɑɜɞɜŰŬɘ ɛŮ ŬɜŰɑůŰɞɘɢŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊŬɟɧɛɞɘɤɜ 

Ŭɚɔɞɟɘɗɛɘəɩɜ ŭɘŬŭɘəŬůɘɩɜ, ŭŮɑɢɜɞɜŰŬɠ ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɤɜ ˊɟɞŰŮɘɜɧɛŮɜɤɜ 

Ŭɚɔɞɟɘɗɛɘəɩɜ ŭɘŬŭɘəŬůɘɩɜ. 

ȼ ȹɘŬŰɟɘɓɐ əŬŰŬɚɐɔŮɘ ɛŮ Űɖ ŭɘŬŰɨˊɤůɖ ɞɟɘůɛɏɜɤɜ ůɡɛˊŮɟŬůɛɎŰɤɜ əŬɘ ˊɟɞŰŮɑɜŮɘ 

ŭɘɎűɞɟŬ ɜɏŬ ŮɟŮɡɜɖŰɘəɎ ɗɏɛŬŰŬ ɔɘŬ ɛŮɚɚɞɜŰɘəɐ ŮɟŮɡɜɖŰɘəɐ ŮɟɔŬůɑŬ. ɆŰɖ ȹɘŬŰɟɘɓɐ 

ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ˊŬɟŬɟŰɐɛŬŰŬ ɛŮ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ əŬŰŬɜɧɖůɖ ɓŬůɘəɩɜ əŬɘ ɗŮɛŮɚɘɤŭɩɜ 

Ůɜɜɞɘɩɜ əŬɘ ɞɟɘůɛɩɜ ůɢŮŰɘəɩɜ ɛŮ Űɞ ŬɜŰɘəŮɑɛŮɜɧ Űɖɠ, ɧˊɤɠ ˊ.ɢ. ɛɎɗɖůɖ, Ŭɚɔɧɟɘɗɛɞɘ, 

ŬɜɞɛɞɘɞɔŮɜɐ ŭŮŭɞɛɏɜŬ, ŮɟɔŬɚŮɑŬ ɚɞɔɘůɛɘəɞɨ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ. ɄŮɟɘɚŬɛɓɎɜɞɜŰŬɘ 

Ůˊɑůɖɠ ůɢŮŰɘəɐ ɓɘɓɚɘɞɔɟŬűɑŬ əŬɘ ˊŬɟŬˊɞɛˊɏɠ, əŬɗɩɠ Ůˊɑůɖɠ ɏɜŬ ɚŮɝɘɚɧɔɘɞ (ɔɚɤůůɎɟɘɞ) ɛŮ 

ůɢŮŰɘəɞɨɠ ŰŮɢɜɘəɞɨɠ ɧɟɞɡɠ əŬɘ űɟɎůŮɘɠ.      

ȷˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŮɟŮɡɜɖŰɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ ŭɖɛɞůɘŮɨŰɖəŬɜ ůŰɞ ˊɏɛˊŰɞ ŭɘŮɗɜɏɠ 

ůɡɜɏŭɟɘɞ IISA 2014 (ISSA 2014: The Fifth International Conference on Information, 

Intelligence, Systems and Applications). 
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1.  ȺȽɆȷũɋũȼ 

1.1 ȺɘůŬɔɤɔɘəɏɠ ɄŬɟŬŰɖɟɐůŮɘɠ 

Ƀɘ ɓŬůɘəɏɠ ˊɟɤŰŬɟɢɘəɏɠ ɏɜɜɞɘŮɠ Űɖɠ ɀɎɗɖůɖɠ (Learning), Ɂɞɖɛɞůɨɜɖɠ 

(Intelligence) əŬɘ Ⱥɝɧɟɡɝɖɠ ȹŮŭɞɛɏɜɤɜ (Data Mining) ɛŮ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ůɨɔɢɟɞɜŮɠ 

ɏɜɜɞɘŮɠ Űɖɠ ɀɖɢŬɜɘəɐɠ ɀɎɗɖůɖɠ (Machine Learning), ɇŮɢɜɖŰɐɠ Ɂɞɖɛɞůɨɜɖɠ (Artificial  

Intelligence) əŬɘ Ⱥɝɧɟɡɝɖɠ ȷɜɞɛɞɘɞɔŮɜɩɜ Ɇɡɜɧɚɤɜ ȹŮŭɞɛɏɜɤɜ (Imbalanced Data Sets) 

Ŭˊɧ ɛŮɔɎɚŮɠ ȸɎůŮɘɠ ȹŮŭɞɛɏɜɤɜ, ŮɑɜŬɘ ůŰŮɜɎ ůɡɜŭŮŭŮɛɏɜŮɠ əŬɘ Ŭɚɚɖɚɞ-ŮˊɘŭɟɞɨůŮɠ ɛŮŰŬɝɨ 

Űɞɡɠ ɧůɞɜ ŬűɞɟɎ ɗŮɤɟɖŰɘəɎ əŬɘ ŮűŬɟɛɞůɛɏɜŬ ˊɟɞɓɚɐɛŬŰŬ Űɤɜ ɡˊɞɚɞɔɘůŰɘəɩɜ ŮˊɘůŰɖɛɩɜ 

(computing sciences) əŬɘ Űɤɜ ˊɞɚɡˊɞɑəɘɚɤɜ ŮűŬɟɛɞɔɩɜ Űɞɡɠ.  

ȼ ɛɎɗɖůɖ ɛˊɞɟŮɑ ɜŬ ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ ŬˊɞɛɜɖɛɧɜŮɡůɖ ŮɛˊŮɘɟɘɩɜ ŬɚɚɎ əŬɘ ůŰɖ 

ŭɖɛɘɞɡɟɔɑŬ ˊɞɚɨˊɚɞəɤɜ ŮˊɘůŰɖɛɞɜɘəɩɜ ɗŮɤɟɘɩɜ. ȷɜŬűɏɟɞɜŰŬɘ ŭɘɎűɞɟŮɠ ɛɞɟűɏɠ 

ɛɎɗɖůɖɠ, ŰŬɝɘɜɞɛɐůŮɘɠ, əŬŰɖɔɞɟɘɞˊɞɘɐůŮɘɠ, ɧˊɤɠ ŮˊŬɔɤɔɘəɐ (Jevons, 1874; Plotkin, 1971; 

Quilan, 1990), ɡˊɞɚɞɔɘůŰɘəɐ ůɡɚɚɞɔɘəɐ (Kolmogorov, 1965; Kearns and Vazirani,1994; 

Antony and Bartlett, 1999), ŮɜɘůɢɡŰɘəɐ ɛɎɗɖůɖ, ɛɎɗɖůɖ ŭɏɜŭɟɤɜ ŬˊɞűɎůŮɤɜ 

(Friejenbaum,1961;Breimann et al.,1984;Breiman,1996), ůŰŬŰɘůŰɘəɏɠ ɛɏɗɞŭɞɘ ɛɎɗɖůɖɠ 

(DeGroot,1970;Hastie et al.,2001;Domingos and Pazzani,1997;Elkan,1997,Cristianni and 

Scholkopf,2002) ůɢɏůŮɘɠ ɔɜɩůɖɠ əŬɘ ɛɎɗɖůɖɠ (Fikes et al.,1972;Mitchel et 

al.,1986;Minton 1988; Dietterich,1990).  

Ƀ ɧɟɞɠ ɇŮɢɜɖŰɐ Ɂɞɖɛɞůɨɜɖ (ɇɁ) ŬɜŬűɏɟŮŰŬɘ ůŮ ɏɜŬ ůɢŮŰɘəɎ ɜɏɞ ŮˊɘůŰɖɛɞɜɘəɧ ˊŮŭɑɞ 

ˊɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ ɏɜŬ Ůɡɟɨ űɎůɛŬ Ŭˊɚɩɜ əŬɘ ˊɞɚɨˊɚɞəɤɜ ŭɘŬŭɘəŬůɘɩɜ, ɧˊɤɠ ˊ.ɢ. 

əŬŰŬɜɧɖůɖ Ŭɜɗɟɩˊɘɜɖɠ ůəɏɣɖɠ, əŬŰŬůəŮɡɐ ɜɞɖɛɧɜɤɜ ɞɜŰɞŰɐŰɤɜ, ɔŮɜɘəɏɠ ŭɘŬŭɘəŬůɑŮɠ 

ɛɎɗɖůɖɠ əŬɘ ŬɜŰɑɚɖɣɖɠ, ůɡůŰɖɛŬŰɞˊɞɑɖůɖ əŬɘ ŬɡŰɞɛŬŰɞˊɞɑɖůɖ ŭɘŬɜɞɖŰɘəɩɜ ŮɟɔŬůɘɩɜ 

əŬɘ ŭɟŬůŰɖɟɘɞŰɐŰɤɜ, ŭɘŬŭɘəŬůɑŮɠ ůəɏɣɖɠ, ůɡɚɚɞɔɘůŰɘəɐ, ůɡɛˊŮɟɘűɞɟɎ, ɜɞɖɛɞůɨɜɖ, 

ɞɟɗɞɚɞɔɘəɧŰɖŰŬ, ŬɜŬˊŬɟɎůŰŬůɖ ɔɜɩůɖɠ, ɛɖɢŬɜɘəɐ ɛɎɗɖůɖ ə.Ŭ.. ɆɡɜɞˊŰɘəɎ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŭɘɎűɞɟɞɘ ɞɟɘůɛɞɑ Űɖɠ ɇɁ, ɓŬůɘəɏɠ Ŭɟɢɏɠ, Ůɝɏɚɘɝɖ əŬɘ ůɨɔɢɟɞɜŮɠ ŰɎůŮɘɠ 

əŬɘ ŮűŬɟɛɞɔɏɠ Űɖɠ ůŰɖɜ ŮˊɘůŰɐɛɖ əŬɘ ŰŮɢɜɞɚɞɔɑŬ.  
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1.2  ɀɎɗɖůɖ ɀɖɢŬɜɩɜ əŬɘ ȺűŬɟɛɞɔɏɠ 

 

1.2.1 ȺɘůŬɔɤɔɐ 

ȼ ɀɖɢŬɜɘəɐ ɀɎɗɖůɖ ɐ ũɜɤůɘŬəɏɠ ɀɖɢŬɜɏɠ (Machine Learning), ɏɜŬɠ əɚɎŭɞɠ 

Űɖɠ ɇŮɢɜɖŰɐɠ Ɂɞɖɛɞůɨɜɖɠ, ŮɑɜŬɘ ɏɜŬ ŮˊɘůŰɖɛɞɜɘəɧ ˊŮŭɑɞ ˊɞɡ ŬɜŬűɏɟŮŰŬɘ ůŰɞ ůɢŮŭɘŬůɛɧ 

əŬɘ ŬɜɎˊŰɡɝɖ Ŭɚɔɞɟɑɗɛɤɜ ˊɞɡ ŭɏɢɞɜŰŬɘ ɤɠ Ůɑůɞŭɞ (input) ŮɛˊŮɘɟɘəɎ ŭŮŭɞɛɏɜŬ, ɧˊɤɠ 

ŮəŮɑɜŬ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ŬɘůɗɖŰɐɟŮɠ (sensors) ɐ ɓɎůŮɘɠ ŭŮŭɞɛɏɜɤɜ, əŬɘ ŭɑɜŮɘ ůɢɏŭɘŬ ɐ 

ůɢŮŰɘəɏɠ ˊɟɞɓɚɏɣŮɘɠ ɔɘŬ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ŮɛˊɚŮəɧɛŮɜɤɜ ɛɖɢŬɜɘůɛɩɜ ˊɞɡ 

ŭɖɛɘɞɨɟɔɖůŬɜ ŰŬ ŭŮŭɞɛɏɜŬ. ɇŬ əɨɟɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ŬɔɜɩůŰɤɜ ɓŬůɘəɩɜ əŬŰŬɜɞɛɩɜ 

ˊɘɗŬɜɞŰɐŰɤɜ ɛˊɞɟɞɨɜ ɜŬ ɔɑɜɞɡɜ ɔɜɤůŰɎ ɏŰůɘ ɩůŰŮ ŰŬ ŭŮŭɞɛɏɜŬ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɛŮ 

Ŭɞ́ŭɞŰɘəɧ Űɟɧˊɞ Ŭˊɧ ɏɜŬ ŮəˊŬɘŭŮɡɧɛŮɜɞ. ɇɏŰɞɘŬ ŭŮŭɞɛɏɜŬ ɛˊɞɟɞɨɜ ɜŬ ɗŮɤɟɖɗɞɨɜ ɤɠ 

ˊŮɟɘˊŰɩůŮɘɠ ˊɘɗŬɜɩɜ ůɢɏůŮɤɜ ɛŮŰŬɝɨ Űɤɜ ˊŬɟŬŰɖɟɞɨɛŮɜɤɜ ɛŮŰŬɓɚɖŰɩɜ.  

ȰɜŬ Ŭˊɧ ŰŬ əɨɟɘŬ ŬɜŰɘəŮɑɛŮɜŬ Űɖɠ ɏɟŮɡɜŬɠ ɛɎɗɖůɖɠ ɛɖɢŬɜɩɜ ŮɑɜŬɘ ɞ ůɢŮŭɘŬůɛɧɠ 

Ŭɚɔɞɟɑɗɛɤɜ ˊɞɡ ŬɜŬɔɜɤɟɑɕɞɡɜ ˊɞɚɡůɨɜɗŮŰŬ ůɢɏŭɘŬ əŬɘ ɜŬ ɚɎɓɞɡɜ ɜɞɐɛɞɜŮɠ ŬˊɞűɎůŮɘɠ 

ɓŬůɘůɛɏɜŮɠ ůŰŬ ŭŮŭɞɛɏɜŬ Ůɘůɧŭɞɡ. ɀɑŬ ɓŬůɘəɐ ŭɡůəɞɚɑŬ ŮɑɜŬɘ ɧŰɘ ɖ ɞɛɎŭŬ ɧɚɤɜ Űɤɜ 

ŭɡɜŬŰɩɜ ůɡɛˊŮɟɘűɞɟɩɜ ɛŮ ɧɚŬ ŰŬ ˊɘɗŬɜɎ ŭŮŭɞɛɏɜŬ Ůɘůɧŭɞɡ ŮɑɜŬɘ ˊɞɚɨ ɛŮɔɎɚɖ ɔɘŬ ɜŬ 

ůɡɛˊŮɟɘɚɖűɗŮɑ ůŮ ɏɜŬ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ɏɢɞɡɜ ˊŬɟŬŰɖɟɖɗŮɑ (ŮˊɘɚŮɔɛɏɜŬ ŭŮŭɞɛɏɜŬ 

[training data]). ɀŮ ɓɎůɖ ŰŬ ˊɟɞɖɔɞɨɛŮɜŬ, ɞ ŮəˊŬɘŭŮɡɧɛŮɜɞɠ (learner) ˊɟɏˊŮɘ ɜŬ 

ɔŮɜɘəŮɨůŮɘ Ŭˊɧ ŰŬ ŭŮŭɞɛɏɜŬ ˊŬɟŬŭŮɑɔɛŬŰŬ ɏŰůɘ ɩůŰŮ ɜŬ ɛˊɞɟŮɑ ɜŬ ˊŬɟɎɔŮɘ ɢɟɐůɘɛŬ 

ůɡɛˊŮɟɎůɛŬŰŬ ɔɘŬ ɜɏŬ ˊɟɞɓɚɐɛŬŰŬ.     

ȼ ɀɎɗɖůɖ ɀɖɢŬɜɩɜ ɛˊɞɟŮɑ ŮɜŬɚɚŬəŰɘəɎ ɜŬ ɞɟɘůɗŮɑ ɤɠ ɏɜŬ ŮˊɘůŰɖɛɞɜɘəɧ ˊŮŭɑɞ 

ˊɞɡ ˊɟɞůŭɑŭŮɘ ůŰɞɡɠ ɡˊɞɚɞɔɘůŰɏɠ Űɖɜ ɘəŬɜɧŰɖŰŬ ɜŬ ɛɎɗɞɡɜ ɢɤɟɑɠ ɜŬ ɏɢɞɡɜ ɎɛŮůŬ 

ˊɟɞɔɟŬɛɛŬŰɘůɗŮɑ ɔɘŬ ŰɏŰɞɘɞ ůəɞˊɧ, Samuel 1959. O A. Samuel, ɏɜŬɠ ȷɛŮɟɘəŬɜɧɠ 

əŬɗɖɔɖŰɐɠ Űɞɡ ˊŬɜŮˊɘůŰɖɛɑɞɡ Stanford, ˊɟɤŰɞˊɧɟɞɠ ůŰŬ ˊŮŭɑŬ ɇŮɢɜɖŰɐɠ Ɂɞɖɛɞůɨɜɖɠ əŬɘ 

ɄŬɘɔɜɑɤɜ ɈˊɞɚɞɔɘůŰɩɜ, ˊŬɟɞɡůɑŬůŮ Űɞ 1959 ɏɜŬ ˊɟɧɔɟŬɛɛŬ ɡˊɞɚɞɔɘůŰɐ ɔɘŬ Űɞ ˊŬɘɔɜɑŭɘ 

ɁŰɎɛŬɠ (Checkers-playing program), ˊɞɡ ɗŮɤɟŮɑŰŬɘ ɤɠ Űɞ ˊɟɩŰɞ ˊɟɧɔɟŬɛɛŬ ŬɡŰɞ-

ɛɎɗɖůɖɠ ɡˊɞɚɞɔɘůŰɐ.  ȰɜŬɠ ˊɚɏɞɜ Űɡˊɘəɧɠ ɞɟɘůɛɧɠ ůɢŮŰɘəɧɠ ɛŮ Űɖɜ ȺəɛɎɗɖůɖ ɀɖɢŬɜɩɜ 

ŬɜŬűɏɟŮɘ ɧŰɘ óˊɟɞɔɟɎɛɛŬŰŬ ɡˊɞɚɞɔɘůŰɩɜ ɛˊɞɟɞɨɜ ɜŬ ɛɎɗɞɡɜ Űɖɜ ŮɛˊŮɘɟɑŬ Ⱥ, ɧůɞɜ ŬűɞɟɎ 

ɛŮɟɘəɏɠ ŰɎɝŮɘɠ ɏɟɔɤɜ  T (Tasks) əŬɘ ɛɏŰɟɤɜ Ŭˊɧŭɞůɖɠ P (Performance Measures), ŮɎɜ ɞɘ 

ŬˊɞŭɧůŮɘɠ Űɞɡɠ ůŰŬ ɏɟɔŬ ɇ, ɧˊɤɠ ɛŮŰɟɐɗɖəŬɜ ɛŮ P, ɓŮɚŰɘɩɜŮŰŬɘ ɛŮ Űɖɜ ŮɛˊŮɘɟɑŬ Ⱥô, Mitchell 

1997. 
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ȷɜŬűɏɟŮŰŬɘ ɧŰɘ ɛɑŬ ɛɖɢŬɜɐ ɛŬɗŬɑɜŮɘ əɎɗŮ űɞɟɎ ˊɞɡ ŬɚɚɎɕŮɘ Űɖɜ ŭɞɛɐ Űɞɡ, Űɞ 

ˊɟɧɔɟŬɛɛŬ ɐ ŭŮŭɞɛɏɜŬ, ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŰŬ ŭŮŭɞɛɏɜŬ Ůɘůɧŭɞɡ ɐ ůŮ ŬɜŰŬˊɧəɟɘůɖ 

ŮɝɤŰŮɟɘəɩɜ ˊɚɖɟɞűɞɟɘɩɜ, ɏŰůɘ ɩůŰŮ ɖ ŬɜŬɛŮɜɧɛŮɜɖ Ŭˊɧŭɞůɖ ɗŬ ɓŮɚŰɘɤɗŮɑ. ɇɏŰɞɘŮɠ 

ŬɚɚŬɔɏɠ ɧˊɤɠ ɖ ˊɟɧůɗŮůɖ ŮɔɔɟŬűɩɜ ůŮ ɛɑŬ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ, Ŭɜɐəɞɡɜ ůŮ ŭɘəŬɘɞŭɞůɑŮɠ 

Ɏɚɚɤɜ ɔɜɤůŰɘəɩɜ ŬɜŰɘəŮɘɛɏɜɤɜ əŬɘ ɔŮɜɘəɎ ŮɑɜŬɘ ɔɜɤůŰɏɠ ɤɠ ɛɎɗɖůɖ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, 

ɧŰŬɜ ɖ Ŭˊɧŭɞůɖ ɛɑŬɠ ɛɖɢŬɜɐɠ ŬɜŬɔɜɩɟɘůɖɠ ɞɛɘɚɑŬɠ ɓŮɚŰɘɩɜŮŰŬɘ ɛŮŰɎ Ŭˊɧ Űɞ ɎəɞɡůɛŬ 

ŭɘŬűɧɟɤɜ ŭŮɘɔɛɎŰɤɜ Űɖɠ ɞɛɘɚɑŬɠ Ůɜɧɠ ŬŰɧɛɞɡ, əŬŰŬɜɞɞɨɛŮ əŬɘ ɛˊɞɟɞɨɛŮ ɜŬ ˊɞɨɛŮ ɧŰɘ ɖ 

ɛɖɢŬɜɐ ɏɢŮɘ ɛɎɗŮɘ. ȼ ɀɎɗɖůɖ ɀɖɢŬɜɩɜ ůɡɜɐɗɤɠ ŬɜŬűɏɟŮŰŬɘ ůŮ ŬɚɚŬɔɏɠ ůŮ ůɡůŰɐɛŬŰŬ 

ˊɞɡ ŮəŰŮɚɞɨɜ ŭɘŬŭɘəŬůɑŮɠ (ŬɜŬɔɜɩɟɘůɖ, ŭɘɎɔɜɤůɖ, ůɢŮŭɘŬůɛɧɠ, ɏɚŮɔɢɞɠ ɟɞɛˊɧŰ, 

ˊɟɞɓɚɏɣŮɘɠ, əɚˊ.), ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ɇŮɢɜɖŰɐ Ɂɞɖɛɞůɨɜɖ (ȷȽ).  

ȹɘɎűɞɟŬ ɔɜɤůŰɘəɎ ŬɜŰɘəŮɑɛŮɜŬ ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŰɖɜ ɀɎɗɖůɖ ɀɖɢŬɜɐɠ, 

ɧˊɤɠ  

ü ɆŰŬŰɘůŰɘəɐ  (Anderson 1958), 

ü ɀɞɜŰɏɚŬ ȺɔəŮűɎɚɞɡ (McCulloch et al. 1943, Rosenblatt 1958, Sejnowski et al. 

1988, Gluk et al. 1989), 

ü ɄɟɞůŬɟɛɞůɛɏɜɖ ŪŮɤɟɑŬ Ⱥɚɏɔɢɞɡ (Bolling et al. 1988, Sutton et al. 1987) 

ü ɇŮɢɜɖŰɐ Ɂɞɖɛɞůɨɜɖ (Samuel 1959, Carbonell 1983, Laird et al. 1986, Minton 

1988, Kolodner 1993, Quinlan 1990, Muggleton 1991, Etzioni 1993,  Lavra et al. 

1994) 

ü ȺɝŮɚɘəŰɘəɎ ɀɞɜŰɏɚŬ [Evolutionary Models] (ũŮɜŮŰɘəɞɑ ȷɚɔɧɟɘɗɛɞɘ (Holland 1975, 

ũŮɜŮŰɘəɧɠ ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ (Koza 1992-1994)).   

  

1.2.2 ȺűŬɟɛɞɔɏɠ ɀɎɗɖůɖɠ ɀɖɢŬɜɩɜ 

ɆɨɛűɤɜŬ ɛŮ Űɞ ɏɔəɡɟɞ ŭɘŮɗɜɏɠ ŮˊɘůŰɖɛɞɜɘəɧ ůɢɐɛŬ ŰŬɝɘɜɧɛɖůɖɠ Űɖɠ ACM ɔɘŬ ŰŬ 

ɔɜɤůŰɘəɎ ŬɜŰɘəŮɑɛŮɜŬ Űɖɠ Ʉɚɖɟɞűɞɟɘəɐɠ, ɖ ɀɎɗɖůɖ ɀɖɢŬɜɩɜ ŮɑɜŬɘ ɏɜŬɠ əɚɎŭɞɠ Űɖɠ 

ɇŮɢɜɖŰɐɠ Ɂɞɖɛɞůɨɜɖɠ (Artificial  Intelligence), ˊɞɡ ŬˊɞŰŮɚŮɑ ɛɑŬ ɡˊɞəŬŰɖɔɞɟɑŬ Űɤɜ 

ɀŮɗɞŭɞɚɞɔɘɩɜ Ɉˊɞɚɞɔɘůɛɩɜ, ɓŬůɘəɐɠ əŬŰɖɔɞɟɑŬɠ Űɖɠ Ʉɚɖɟɞűɞɟɘəɐɠ. 

ɇɞ ˊɞɚɡŭɘɎůŰŬŰɞ űɎůɛŬ ŮűŬɟɛɞɔɩɜ Űɖɠ ɀɎɗɖůɖɠ ɀɖɢŬɜɩɜ ˊŮɟɘɚŬɛɓɎɜŮɘ ŰŬ 

ŬəɧɚɞɡɗŬ ůɖɛŬɜŰɘəɎ ɔɜɤůŰɘəɎ ŬɜŰɘəŮɑɛŮɜŬ: 

ȺűŬɟɛɞɔɏɠ Ʉɟɞɖɔɛɏɜɤɜ Ɉˊɞɚɞɔɘůɛɩɜ 

Ɂɧɖůɖ ɀɖɢŬɜɩɜ (Machine perception) 

ȺɜɧɟŬůɖ ɈˊɞɚɞɔɘůŰɩɜ (Computer vision) 

ȺˊŮɝŮɟɔŬůɑŬ ūɡůɘəɩɜ ũɚɤůůɩɜ (Natural language processing) 

http://en.wikipedia.org/wiki/Machine_perception
http://en.wikipedia.org/wiki/Computer_vision
http://en.wikipedia.org/wiki/Natural_language_processing
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ȷɜŬɔɜɩɟɘůɖ ɆɢŮŭɑɤɜ (Syntactic pattern recognition) 

ɀɖɢŬɜɏɠ ȷɜŬɕɐŰɖůɖɠ (Search engines) 

ũŮɜɘəɏɠ ȺűŬɟɛɞɔɏɠ Ɉˊɞɚɞɔɘůɛɩɜ 

ɀɖɢŬɜɘəɐ ȿɞɔɘůɛɘəɞɨ (Software engineering) 

ɀŮŰŬəɘɜɐůŮɘɠ ɅɞɛˊɧŰ (Robot locomotion) 

ȷɜŬɔɜɩɟɘůɖ ɃɛɘɚɑŬɠ əŬɘ ɉŮɘɟɞɔɟɎűɤɜ (Speech and handwriting recognition) 

ɄɟɞůŬɟɛɞɕɧɛŮɜɞɘ ȽůŰɧŰɞˊɞɘ  (Adaptive websites) 

ȷɜŬɔɜɩɟɘůɖ ȷɜŰɘəŮɘɛɏɜɤɜ ůŰɖɜ ȺɜɧɟŬůɖ ɈˊɞɚɞɔɘůŰɩɜ (Object recognition in Computer 

vision) 

ɄŬɑɝɘɛɞ ɄŬɘɔɜɑɤɜ (Game playing) 

Ⱥɝɧɟɡɝɖ ȷəɞɚɞɡɗɘɩɜ (Sequence mining) 

Ⱥɝɧɟɡɝɖ ũɜɤɛɩɜ (Sentiment Analysis or Opinion Mining) 

ɆɡɜŬɘůɗɖɛŬŰɘəɞɑ Ɉˊɞɚɞɔɘůɛɞɑ (Affective computing) 

ȷɜɎəŰɖůɖ Ʉɚɖɟɞűɞɟɘɩɜ (Information Retrieval) 

ɆɡɜɘůŰɩɛŮɜŬ ɆɡůŰɐɛŬŰŬ (Recommender systems) 

Ʉɟɞɖɔɛɏɜɞɘ Ɉˊɞɚɞɔɘůɛɞɑ əŬɘ ɃɘəɞɜɞɛɑŬ 

ɈˊɞɚɞɔɘůŰɘəɐ ɃɘəɞɜɞɛɑŬ (Computational finance) 

ȷɜɎɚɡůɖ ȷɔɞɟɎɠ ɀŮŰɞɢɩɜ (Stock market analysis) 

ȷɜɑɢɜŮɡůɖ ȷˊɎŰɖɠ ɄɘůŰɤŰɘəɩɜ ȾŬɟŰɩɜ (Detecting credit card fraud) 

Ʉɟɞɖɔɛɏɜɞɘ Ɉˊɞɚɞɔɘůɛɞɑ əŬɘ ȽŬŰɟɘəɐ 

ȸɘɞˊɚɖɟɞűɞɟɘəɐ (Bioinformatics) 

ɀɏůŬ ȷɚɚɖɚŮˊɑŭɟŬůɖɠ ȺɔəŮűɎɚɞɡ-ɀɖɢŬɜɩɜ (Brain-machine interfaces) 

ɉɖɛŮɘɞˊɚɖɟɞűɞɟɘəɐ (Cheminformatics) 

ȽŬŰɟɘəɏɠ ȹɘŬɔɜɩůŮɘɠ (Medical diagnosis) 

ȹɞɛɖɛɏɜɞɠ ȰɚŮɔɢɞɠ ɈɔŮɑŬɠ (Structural health monitoring) 

ɇŬɝɘɜɧɛɖůɖ ȷəɞɚɞɡɗɘɩɜ DNA (Classifying DNA sequences) 

 

1.3 ɀɎɗɖůɖ: ɀɞɟűɏɠ ɀɎɗɖůɖɠ 

Ƀɘ ˊɟɎəŰɞɟŮɠ ɛɎɗɖůɖɠ ɛˊɞɟŮɑ ɜŬ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ɞɟɘůɛɏɜŬ ůŰɞɘɢŮɑŬ ŮəŰɏɚŮůɖɠ, ŰŬ 

ɞˊɞɑŬ ŬˊɞűŬůɑɕɞɡɜ ˊɞɘŮɠ ŮɜɏɟɔŮɘŮɠ ɗŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ, əŬɘ ůŰɞɘɢŮɑŬ ɛɎɗɖůɖɠ ˊɞɡ 

Űɟɞˊɞˊɞɘɞɨɜ ŰŬ ůŰɞɘɢŮɑŬ ŮəŰɏɚŮůɖɠ ɏŰůɘ ɩůŰŮ ɜŬ ɚŬɛɓɎɜɞɡɜ əŬɚɨŰŮɟŮɠ ŬˊɞűɎůŮɘɠ. 

http://en.wikipedia.org/wiki/Syntactic_pattern_recognition
http://en.wikipedia.org/wiki/Search_engines
http://en.wikipedia.org/wiki/Software_engineering
http://en.wikipedia.org/wiki/Robot_locomotion
http://en.wikipedia.org/wiki/Speech_recognition
http://en.wikipedia.org/wiki/Handwriting_recognition
http://en.wikipedia.org/wiki/Adaptive_website
http://en.wikipedia.org/wiki/Sentiment_analysis
http://en.wikipedia.org/wiki/Affective_computing
http://en.wikipedia.org/wiki/Information_Retrieval
http://en.wikipedia.org/wiki/Recommender_system
http://en.wikipedia.org/wiki/Computational_finance
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Ƀɘ ŮɟŮɡɜɖŰɏɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ɢɟɖůɘɛɞˊɞɘɞɨɜ ɛɑŬ ɛŮɔɎɚɖ ˊɞɘəɘɚɑŬ ůŰɞɘɢŮɑɤɜ 

ɛɎɗɖůɖɠ Űɤɜ ɞˊɞɑɤɜ ɖ ůɢŮŭɑŬůɖ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɞ ˊŮɟɘɓɎɚɚɞɜ ůŰɞ ɞˊɞɑɞ ŮűŬɟɛɧɕɞɜŰŬɘ. 

ȼ ůɢŮŭɑŬůɖ ŬɡŰɐ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɞɡɠ Ŭəɧɚɞɡɗɞɡɠ ˊŬɟɎɔɞɜŰŮɠ: 

(i) ˊɞɑŮɠ ůɡɜɘůŰɩůŮɠ ůŰɞɘɢŮɑɤɜ ŮəŰɏɚŮůɖɠ ˊɟɏˊŮɘ ɜŬ əɞɘɜɞˊɞɘɖɗɞɨɜ, 

(ii)  ˊɞɑŮɠ ŬɜŬŭɟɎůŮɘɠ ˊɟɧəŮɘŰŬɘ ɜŬ ŭɘŬŰŮɗɞɨɜ ɔɘŬ Űɖ ɛɎɗɖůɖ Űɤɜ ůɡɜɘůŰɤůɩɜ 

ŬɡŰɩɜ, 

(iii)  ˊɞɑŮɠ ŬɜŬˊŬɟŬůŰɎůŮɘɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɘɠ ůɡɜɘůŰɩůŮɠ. 

ũɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ůŰɞɘɢŮɑɤɜ ŮəŰɏɚŮůɖɠ ɡˊɎɟɢɞɡɜ ŭɘɎűɞɟɞɘ Űɟɧˊɞɘ, Ůɜɩ ɞɘ 

ůɡɜɘůŰɩůŮɠ Űɤɜ ˊɟŬəŰɧɟɤɜ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ɞɟɘůɛɏɜŮɠ ˊɚɖɟɞűɞɟɑŮɠ əŬɘ ůŰɧɢɞɡɠ. ũɘŬ əɎɗŮ 

ɛɑŬ Ŭˊɧ Űɘɠ ůɡɜɘůŰɩůŮɠ ɛˊɞɟŮɑ ɜŬ ɡˊɎɟɝŮɘ ɛɎɗɖůɖ ɛɏůŬ Ŭˊɧ əŬŰɎɚɚɖɚɖ ŬɜɎŭɟŬůɖ.  

Ƀ Űɨˊɞɠ ŬɜɎŭɟŬůɖɠ ɔɘŬ Űɖ ɛɎɗɖůɖ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ űɨůɖɠ 

ɛŬɗɖůɘŬəɩɜ ˊɟɞɓɚɖɛɎŰɤɜ ˊɞɡ ŬɜŰɘɛŮŰɤˊɑɕɞɡɜ ɞɘ ˊɟɎəŰɞɟŮɠ. ȼ ɛɖɢŬɜɘəɐ ɛɎɗɖůɖ 

ˊŮɟɘɚŬɛɓɎɜŮɘ ŰɟŮɘɠ ŭɘŬəŮəɟɘɛɏɜŮɠ əŬŰɖɔɞɟɑŮɠ ɛɎɗɖůɖɠ: 

 (i) ŮˊɘɓɚŮˊɧɛŮɜɖ ɛɎɗɖůɖ (supervised learning): ɛɎɗɖůɖ ůɡɜɎɟŰɖůɖɠ Ŭˊɧ 

ˊŬɟŬŭŮɑɔɛŬŰŬ Ůɘůɧŭɤɜ əŬɘ Ůɝɧŭɤɜ ˊɟŬəŰɧɟɤɜ, 

 (ii ) ɛɖ-ŮˊɘɓɚŮˊɧɛŮɜɖ ɛɎɗɖůɖ (unsupervised learning): ɛɎɗɖůɖ ˊɟɞŰɨˊɤɜ 

Ůɘůɧŭɤɜ ɢɤɟɑɠ ɜŬ ŭɑɜɞɜŰŬɘ ůɡɔəŮəɟɘɛɏɜŮɠ Űɘɛɏɠ Ůɝɧŭɤɜ, 

(iv) ŮɜɘůɢɡŰɘəɐ ɛɎɗɖůɖ: ɢɟɐůɖ ˊŬɟŬŰɖɟɖɛɏɜɤɜ Ůɘŭɩɜ ŬɜŬŭɟɎůŮɤɜ (ŬɜŰŬɛɞɘɓɏɠ 

ɐ ŮɜɘůɢɨůŮɘɠ) ɔɘŬ ɛɎɗɖůɖ (ůɢŮŭɧɜ) ɓɏɚŰɘůŰɖɠ ˊɞɚɘŰɘəɐɠ ɔɘŬ Űɞ ˊŮɟɘɓɎɚɚɞɜ. 

ũɘŬ Űɖ ɚŮɘŰɞɡɟɔɑŬ Ŭɚɔɞɟɑɗɛɤɜ ɛɎɗɖůɖɠ ɢɟŮɘɎɕɞɜŰŬɘ ŬɜŬˊŬɟŬůŰɎůŮɘɠ ɔɜɤůŰɩɜ 

ˊɚɖɟɞűɞɟɘɩɜ, ɞɘ ɞˊɞɑŮɠ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɘɠ ůɡɜɘůŰɩůŮɠ Űɤɜ ˊɟŬəŰɧɟɤɜ, ˊ.ɢ. Ŭɚɔɧɟɘɗɛɞɠ 

ɛɎɗɖůɖɠ ɔɘŬ ˊɘɗŬɜɞŰɘəɏɠ ˊŮɟɘɔɟŬűɏɠ (ŭɑəŰɡŬ Bayes) ɔɘŬ ůɡɛˊŮɟŬůɛŬŰɘəɏɠ ůɡɜɘůŰɩůŮɠ 

ˊɟŬəŰɧɟɤɜ ɗŮɤɟɑŬɠ ŬˊɞűɎůŮɤɜ, Ŭɚɔɧɟɘɗɛɞɠ ɛɎɗɖůɖɠ ɔɘŬ ɔɟŬɛɛɘəɎ ůŰŬɗɛɘůɛɏɜŬ 

ˊɞɚɡɩɜɡɛŬ ɔɘŬ ůɡɜŬɟŰɐůŮɘɠ ɢɟɖůɘɛɧŰɖŰŬɠ ůŮ ˊɟɞɔɟɎɛɛŬŰŬ ˊŬɘɢɜɘŭɘɩɜ ə.Ŭ.. 

ũɘŬ Űɞ ůɢŮŭɘŬůɛɧ ɛŬɗɖůɘŬəɩɜ ůɡůŰɖɛɎŰɤɜ ɢɟŮɘɎɕŮŰŬɘ ɖ ŭɘŬɗŮůɘɛɧŰɖŰŬ 

ˊɟɞɖɔɞɡɛɏɜɤɜ ɔɜɩůŮɤɜ. ɇɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɖɠ Ŭɜɗɟɩˊɘɜɖɠ ɛɎɗɖůɖɠ ˊɟɞəɨˊŰŮɘ ɛɏůŬ 

ůŰŬ ˊɚŬɑůɘŬ ɛŮɔɎɚɞɡ ɧɔəɞɡ ůɢŮŰɘəɩɜ ɔɜɩůŮɤɜ əŬɘ ˊɚɖɟɞűɞɟɘɩɜ, ˊɞɡ ŮɡɟɑůəɞɜŰŬɘ ůŰɞ 

ȹɘŬŭɑəŰɡɞ (Internet) əŬɘ ůŮ ůɢŮŰɘəɏɠ ɓɎůŮɘɠ ŭŮŭɞɛŮɜɤɜ (data bases).   
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1.3.1 Ⱥ́ Ŭɔɤɔɘəɐ ɀɎɗɖůɖ 

ȼ ŮˊŬɔɤɔɘəɐ ɛɎɗɖůɖ ŬűɞɟɎ Űɖ ɛɎɗɖůɖ ůɡɜŬɟŰɐůŮɤɜ Ŭˊɧ ˊŬɟŬŭŮɑɔɛŬŰŬ Ůɘůɧŭɤɜ əŬɘ 

Ůɝɧŭɤɜ Űɤɜ. ȼ ɛɎɗɖůɖ ɛŮ ŭɘŬəɟɘŰɏɠ Űɘɛɏɠ ɞɜɞɛɎɕŮŰŬɘ ŰŬɝɘɜɧɛɖůɖ, Ůɜɩ ɖ ɛɎɗɖůɖ ůɡɜŮɢɩɜ 

ůɡɜŬɟŰɐůŮɤɜ əŬɚŮɑŰŬɘ ˊŬɚɘɜŭɟɧɛɖůɖ. 

ȼ ŮˊŬɔɤɔɘəɐ ɛɎɗɖůɖ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ŮɨɟŮůɖ ɛɑŬɠ ůɡɜŮˊɞɨɠ ɡˊɧɗŮůɖɠ ˊɞɡ 

ůɡɛűɤɜŮɑ ɛŮ ŰŬ ˊŬɟŬŭŮɑɔɛŬŰŬ. ȼ ŭɡɜŬŰɧŰɖŰŬ ŮɨɟŮůɖɠ ɛɑŬɠ Ŭˊɚɐɠ ůɡɜŮˊɞɨɠ ɡˊɧɗŮůɖɠ 

ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ ɢɩɟɞɡ ɡˊɞɗɏůŮɤɜ. ɇɞ ˊɟɧɓɚɖɛŬ ɛɎɗɖůɖɠ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ 

ɤɠ ŮűɘəŰɧ Ŭɜ ɞ ɢɩɟɞɠ ɡˊɞɗɏůŮɤɜ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ˊɟŬɔɛŬŰɘəɐ ůɡɜɎɟŰɖůɖ, ŭɘŬűɞɟŮŰɘəɎ 

Űɞ ˊɟɧɓɚɖɛŬ ɛɎɗɖůɖɠ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ŬɜɏűɘəŰɞ (Jevons, 1874; Plotkin, 1971; Quilan, 

1990).  

 

1.3.2 ɈˊɞɚɞɔɘůŰɘəɐ ɀɎɗɖůɖ 

ȼ ɗŮɤɟɑŬ ɡˊɞɚɞɔɘůŰɘəɐɠ ɛɎɗɖůɖɠ (computational learning theory) ŮɑɜŬɘ ɏɜŬ ˊŮŭɑɞ 

ˊɞɡ ŬɜɐəŮɘ ůŰɖ Űɞɛɐ Űɤɜ Űɟɘɩɜ ůɡɜɧɚɤɜ: ɇɁ, ůŰŬŰɘůŰɘəɐ əŬɘ ɗŮɤɟɖŰɘəɐ ŮˊɘůŰɐɛɖ 

ɡˊɞɚɞɔɘůŰɩɜ. Ƀɘ Ŭɚɔɧɟɘɗɛɞɘ ɛɎɗɖůɖɠ ˊɞɡ ŮˊɘůŰɟɏűɞɡɜ ɡˊɞɗɏůŮɘɠ ˊɞɡ ŮɑɜŬɘ ˊɘɗŬɜɩɠ 

ˊɟɞůŮɔɔɘůŰɘəɎ ůɤůŰɏɠ ɞɜɞɛɎɕɞɜŰŬɘ Ŭɚɔɧɟɘɗɛɞɘ ɛɎɗɖůɖɠ PAC (probably approximately 

correct). 

ɀɑŬ ɡˊɧɗŮůɖ h ɗŮɤɟŮɑŰŬɘ ˊɟɞůŮɔɔɘůŰɘəɎ ůɤůŰɐ Ŭɜ Űɞ ŬɜŰɑůŰɞɘɢɞ ůűɎɚɛŬ e(h) ŮɑɜŬɘ 

ɛɘəɟɧŰŮɟɞ ɐ ɑůɞ ɛɑŬɠ ɛɘəɟɐɠ ůŰŬɗŮɟɎɠ Ů, ŭɖɚŬŭɐ  e(h)¢Ů. ɉŬɟŬəŰɖɟɘůŰɘəɧ ˊŬɟɎŭŮɘɔɛŬ ɔɘŬ 

Űɖɜ Ůˊɘɚɞɔɐ Űɖɠ ŬˊɚɞɨůŰŮɟɖɠ ůɡɜŮˊɞɨɠ ɡˊɧɗŮůɖɠ ŬˊɞŰŮɚŮɑ Űɞ ŬˊɞəŬɚɞɨɛŮɜɞ óɝɡɟɎűɘ 

Ockhamô (Ockhamôs Razor)(William of Ockham, 1285-1349), ŭɖɚŬŭɐ ŮˊɘɚɏɝŰŮ Űɖɜ 

ŬˊɚɞɨůŰŮɟɖ ɡˊɧɗŮůɖ ˊɞɡ ůɡɛűɤɜŮɑ ɛŮ ŰŬ ŭŮŭɞɛɏɜŬ.  

ȼ ɗŮɤɟɑŬ ɡˊɞɚɞɔɘůŰɘəɐɠ ɛɎɗɖůɖɠ ŬɜŬɚɨŮɘ Űɖɜ ˊɞɚɡˊɚɞəɧŰɖŰŬ ŭŮɑɔɛŬŰɞɠ əŬɘ Űɖɜ 

ɡˊɞɚɞɔɘůŰɘəɐ ŭɡůəɞɚɑŬ Űɖɠ ŮˊŬɔɤɔɘəɐɠ ɛɎɗɖůɖɠ (Plotkin, 1971;, Shavlik and Dietterich, 

1990; Weiss and Kulikowski, 1991; Kearns and Vazirani, 1994; Antony and Bartlett, 

1999).   

 

1.3.3 ɆŰŬŰɘůŰɘəɏɠ ɀɏɗɞŭɞɘ ɀɎɗɖůɖɠ 

Ƀɘ ɛɏɗɞŭɞɘ ůŰŬŰɘůŰɘəɐɠ ɛɎɗɖůɖɠ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ əŬŰŬůəŮɡɐ 

ˊɞɚɨˊɚɞəɤɜ ɛɞɜŰɏɚɤɜ, ɧˊɤɠ ŰŬ ŭɑəŰɡŬ Bayes əŬɘ ŰŬ ɜŮɡɟɤɜɘəɎ ŭɑəŰɡŬ. ȼ ɛɎɗɖůɖ ɛˊɞɟŮɑ 

ɜŬ ɗŮɤɟɖɗŮɑ ɤɠ ɛɑŬ ɛɞɟűɐ ŬɓɏɓŬɘɖɠ ůɡɚɚɞɔɘůŰɘəɐɠ Ŭˊɧ ˊŬɟŬŰɖɟɐůŮɘɠ. ȼ ŭɘŮɟɔŬůɑŬ 

ɛɎɗɖůɖɠ ɛˊɞɟŮɑ ɜŬ ˊɎɟŮɘ Űɖ ɛɞɟűɐ ŭɘŬŭɘəŬůɑŬɠ ˊɘɗŬɜɞŰɘəɞɨ ůɡɛˊŮɟŬůɛɞɨ (Űɨˊɞɡ Bayes), 
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ɞˊɧŰŮ ˊŬɟɏɢŮɘ ɔŮɜɘəɏɠ ɚɨůŮɘɠ ůŮ ˊɟɞɓɚɐɛŬŰŬ ɡˊŮɟˊɟɞůŬɟɛɞɔɐɠ, ɗɞɟɨɓɞɡ əŬɘ ɓɏɚŰɘůŰɖɠ 

ˊɟɧɓɚŮɣɖɠ. 

ȼ ɛɎɗɖůɖ əŬŰɎ Bayes (Bayesian Learning) ɡˊɞɚɞɔɑɕŮɘ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ əɎɗŮ 

ɡˊɧɗŮůɖɠ  ɛŮ ɓɎůɖ ŰŬ ŭŮŭɞɛɏɜŬ əŬɘ əɎɜŮɘ ˊɟɞɓɚɏɣŮɘɠ ůŮ ŬɡŰɐ Űɖ ɓɎůɖ. Ƀɘ ˊɟɞɓɚɏɣŮɘɠ 

ɔɑɜɞɜŰŬɘ ɛŮ ɢɟɐůɖ ɧɚɤɜ Űɤɜ ɡˊɞɗɏůŮɤɜ, ˊɞɡ ŮɑɜŬɘ ůŰŬɗɛɘůɛɏɜŮɠ ůɨɛűɤɜŬ ɛŮ Űɘɠ 

ˊɘɗŬɜɧŰɖŰɏɠ Űɞɡɠ, ŬɜŰɑ ɛŮ ɢɟɐůɖ ɛɑŬɠ ɛɧɜɞ ɓɏɚŰɘůŰɖɠ ɡˊɧɗŮůɖɠ (DeGroot, 1970; Berger, 

1985; Gelman et al., 1995; Hastie et al., 2001). ȸŬůɘəɏɠ ˊɞůɧŰɖŰŮɠ ůŰɖɜ ˊɟɞůɏɔɔɘůɖ Bayes 

ŮɑɜŬɘ: (i) ɖ Ůə Űɤɜ ˊɟɞŰɏɟɤɜ ˊɘɗŬɜɧŰɖŰŬ əɎɗŮ ɡˊɧɗŮůɖɠ əŬɘ (ii) ɖ ˊɘɗŬɜɞűɎɜŮɘŬ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ əɎŰɤ Ŭˊɧ əɎɗŮ ɡˊɧɗŮůɖ. 

Ƀɘ ɛɏɗɞŭɞɘ ůŰŬŰɘůŰɘəɐɠ ɛɎɗɖůɖɠ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɖ óɛɎɗɖůɖ ˊŬɟŬɛɏŰɟɤɜ ɛŮ ˊɚɐɟɖ 

ŭŮŭɞɛɏɜŬô (complete data parameter learning), ˊɞɡ ɡˊɞɚɞɔɑɕŮɘ ŬɟɘɗɛɖŰɘəɏɠ ˊŬɟŬɛɏŰɟɞɡɠ 

ɔɘŬ ɏɜŬ ɛɞɜŰɏɚɞ ˊɘɗŬɜɞŰɐŰɤɜ ɛŮ ůŰŬɗŮɟɐ ŭɞɛɐ. ɇɞ ˊɟɧɓɚɖɛŬ ɛɎɗɖůɖɠ ˊŬɟŬɛɏŰɟɤɜ 

ɛɏɔɘůŰɖɠ ˊɘɗŬɜɞűɎɜŮɘŬɠ ɛŮ ˊɚɐɟɖ ŭŮŭɞɛɏɜŬ ɔɘŬ ɏɜŬ ŭɑəŰɡɞ Bayes ŬɜŬɚɨŮŰŬɘ ůŮ 

ŬɜŮɝɎɟŰɖŰŬ ˊɟɞɓɚɐɛŬŰŬ ɛɎɗɖůɖɠ ɛŮ əŬɗɏɜŬ ɜŬ ŬɜŰɘůŰɞɘɢŮɑ ůŮ əɎɗŮ ˊŬɟɎɛŮŰɟɞ. 

ɇɞ ˊɚɏɞɜ ůɨɜɖɗŮɠ ɛɞɜŰɏɚɞ ŭɘəŰɨɞɡ Bayes ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ɛɖɢŬɜɘəɐ ɛɎɗɖůɖ 

ŮɑɜŬɘ Űɞ ŬˊɞəŬɚɞɨɛŮɜɞ óŬˊɚɞɥəɧ ɛɞɜŰɏɚɞ Bayesô (naµve Bayes model) ˊɞɡ ɗŮɤɟŮɑ ɧŰɘ ŰŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ŮɑɜŬɘ ɡˊɧ ůɡɜɗɐəɖ ŬɜŮɝɎɟŰɖŰŬ ɛŮŰŬɝɨ Űɞɡɠ ɛŮ ŭŮŭɞɛɏɜɖ Űɖɜ əŬŰɖɔɞɟɑŬ 

(Domingos and Pazzani, 1997; Elkan, 1997).  

ɇŬ ɛɞɜŰɏɚŬ, ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŮ ůŰɘɔɛɘɧŰɡˊŬ, ŬɜŬˊŬɟɘůŰɞɨɜ əŬŰŬɜɞɛɏɠ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ůɡɚɚɞɔɏɠ ůŰɘɔɛɘɧŰɡˊɤɜ ŮəˊŬɑŭŮɡůɖɠ, ɧˊɞɡ ɞ Ŭɟɘɗɛɧɠ ˊŬɟŬɛɏŰɟɤɜ 

ŬɡɝɎɜŮŰŬɘ ŬɜɎɚɞɔŬ ɛŮ Űɞ ůɨɜɞɚɞ ŮəˊŬɑŭŮɡůɖɠ. ȼ ɛɏɗɞŭɞɠ óˊɚɖůɘɏůŰŮɟɞɡ ɔŮɑŰɞɜŬô 

ŮɝŮŰɎɕŮɘ ůŰɘɔɛɘɧŰɡˊŬ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ˊɚɖůɘɏůŰŮɟŬ ůŰɞ ŮɟŮɡɜɞɨɛŮɜɞ ůɖɛŮɑɞ, Ůɜɩ ɞɘ 

óɛɏɗɞŭɞɘ ˊɡɟɐɜɤɜô (ɛɖɢŬɜɏɠ ŭɘŬɜɡůɛɎŰɤɜ ɡˊɞůŰɐɟɘɝɖɠ) ůɢɖɛŬŰɑɕɞɡɜ ɏɜŬ ůŰŬɗɛɘůɛɏɜɞ 

(ɤɠ ˊɟɞɠ Űɖɜ ŬˊɧůŰŬůɖ) ůɡɜŭɡŬůɛɧ ɧɚɤɜ Űɤɜ ůŰɘɔɛɘɞŰɨˊɤɜ (Aizerman et al., 1964; Boser 

et al., 1992; Vapnik, 1998; Cristianini and Scholkopf, 2002). 

ɇŬ ɜŮɡɟɤɜɘəɎ ŭɑəŰɡŬ ŮɑɜŬɘ ˊɞɚɨˊɚɞəŮɠ ˊɞɚɡ-ˊŬɟŬɛŮŰɟɘəɏɠ ɛɖ-ɔɟŬɛɛɘəɏɠ 

ůɡɜŬɟŰɐůŮɘɠ, Űɤɜ ɞˊɞɑɤɜ ɞɘ ˊŬɟɎɛŮŰɟɞɘ ɛˊɞɟɞɨɜ ɜŬ ɡˊɞɚɞɔɘůɗɞɨɜ Ŭˊɧ ɗɞɟɡɓɩŭɖ 

ŭŮŭɞɛɏɜŬ əŬɘ ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŮ ˊɞɚɚɏɠ ŮűŬɟɛɞɔɏɠ (Cowan and Sharp, 1988; 

Bishop, 1995; Ripley, 1996). ɇŬ ɜŮɡɟɤɜɘəɎ ŭɑəŰɡŬ ˊɞɚɚɩɜ Ůˊɘˊɏŭɤɜ (ɛŮ ˊɟɞɠ ŰŬ Ůɛˊɟɧɠ 

ŰɟɞűɞŭɧŰɖůɖ ůɐɛŬŰɞɠ) ɛˊɞɟɞɨɜ ɜŬ ŬɜŬˊŬɟŬůŰɐůɞɡɜ ɞˊɞɘŬŭɐˊɞŰŮ ůɡɜɎɟŰɖůɖ, ɛŮ Űɖɜ 

ˊɟɞɦˊɧɗŮůɖ ɧŰɘ ŭɘŬɗɏŰɞɡɜ ŬɟəŮŰɏɠ ɛɞɜɎŭŮɠ. ȼ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɞɡ ůűɎɚɛŬŰɞɠ Ůɝɧŭɞɡ 

ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ŮűŬɟɛɧɕɞɜŰŬɠ Űɞɜ Ŭɚɔɧɟɘɗɛɞ óɞˊɘůɗɞŭɘɎŭɞůɖɠô ɔɘŬ Űɖ ɛɏɗɞŭɞ óəŬŰɎɓŬůɖɠ 

ˊɚŬɔɘɎɠô ůŰɞ ɢɩɟɞ ˊŬɟŬɛɏŰɟɤɜ. Ƀ ŬˊɞəŬɚɞɨɛŮɜɞɠ óŬɘůɗɖŰɐɟŬɠô (perceptron) ŮɑɜŬɘ ɏɜŬ 
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ɜŮɡɟɤɜɘəɧ ŭɑəŰɡɞ ɛŮ ˊɟɞɠ ŰŬ Ůɛˊɟɞɠ ŰɟɞűɞŭɧŰɖůɖ ůɐɛŬŰɞɠ ɢɤɟɑɠ əɟɡűɏɠ ɛɞɜɎŭŮɠ, ˊɞɡ 

ɛˊɞɟŮɑ ɜŬ ŬɜŬˊŬɟŬůŰɐůŮɘ ɛɧɜɞ óɔɟŬɛɛɘəɎ ŭɘŬɢɤɟɑůɘɛŮɠ ůɡɜŬɟŰɐůŮɘɠô (Rosenblatt, 1957).     

 

1.3.4 ȺɜɘůɢɡŰɘəɐ ɀɎɗɖůɖ 

ȼ ŮɜɘůɢɡŰɘəɐ ɛɎɗɖůɖ (reinforcement learning) ɢɟɖůɘɛɞˊɞɘŮɑ ˊŬɟŬŰɖɟɖɛɏɜŮɠ 

Ůɘŭɘəɏɠ ŬɜŬŭɟɎůŮɘɠ (ŬɜŰŬɛɞɘɓɏɠ ɐ ŮɜɘůɢɨůŮɘɠ) ɔɘŬ Űɖ ɛɎɗɖůɖ (ůɢŮŭɧɜ) ɓɏɚŰɘůŰɤɜ 

ˊɞɚɘŰɘəɩɜ ɔɘŬ Űɞ ˊŮɟɘɓɎɚɚɞɜ əŬɘ ůŮ ˊɞɚɚɎ ˊɞɚɨˊɚɞəŬ ˊŮŭɑŬ ɗŮɤɟŮɑŰŬɘ ɧŰɘ ŬˊɞŰŮɚŮɑ Űɞ 

ɛɧɜɞ ŮűɘəŰɧ Űɟɧˊɞ ɔɘŬ ŮəˊŬɑŭŮɡůɖ ˊɟɞɔɟŬɛɛɎŰɤɜ ɏŰůɘ ɩůŰŮ ɜŬ ŮˊɘŰɡɔɢɎɜɞɜŰŬɘ ɡɣɖɚɎ 

ŮˊɑˊŮŭŬ ŬˊɞŭɧůŮɤɜ. ȸɏɚŰɘůŰɖ ˊɞɚɘŰɘəɐ ŮɑɜŬɘ ɖ ˊɞɚɘŰɘəɐ ˊɞɡ ɛŮɔɘůŰɞˊɞɘŮɑ Űɖɜ 

ŬɜŬɛŮɜɧɛŮɜɖ ůɡɜɞɚɘəɐ ŬɜŰŬɛɞɘɓɐ. ȼ ŮɜɘůɢɡŰɘəɐ ɛɎɗɖůɖ ɗŮɤɟŮɑŰŬɘ ɏɜŬɠ ɛɘəɟɧəɞůɛɞɠ Űɞɡ 

ůɡɜɞɚɘəɞɨ ˊɟɞɓɚɐɛŬŰɞɠ Űɖɠ ɇɁ, ˊɞɡ ɛŮɚŮŰɎŰŬɘ ůŮ ŭɘɎűɞɟŬ ŬˊɚɞˊɞɘɖɛɏɜŬ ˊŮɟɘɓɎɚɚɞɜŰŬ 

ɔɘŬ ɜŬ ŭɘŮɡəɞɚɨɜŮŰŬɘ ɖ ˊɟɧɞŭɞɠ.  

ȼ ́ŬɗɖŰɘəɐ ɛɎɗɖůɖ (passive learning) ŬɜŬűɏɟŮŰŬɘ ůŰɖ ɛɎɗɖůɖ ɢɟɖůɘɛɧŰɖŰŬɠ 

əŬŰŬůŰɎůŮɤɜ ɐ ɕŮɡɔɩɜ əŬŰŬůŰɎůŮɤɜ-ŮɜŮɟɔŮɘɩɜ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ əŬɘ Űɖɠ ɛɎɗɖůɖɠ 

ɛɞɜŰɏɚɤɜ ˊŮɟɘɓɎɚɚɞɜŰɞɠ. ȼ ŮɜŮɟɔɖŰɘəɐ ɛɎɗɖůɖ (active learning) ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ 

ŮɝŮɟŮɨɜɖůɖ (exploration), ɧˊɞɡ ɞɘ ˊɟɎəŰɞɟŮɠ ˊɟɏˊŮɘ ɜŬ ɛɎɗɞɡɜ Űɘ əɎɜɞɡɜ əŬɘ ɜŬ ɓɘɩůɞɡɜ 

ɧůɞ Űɞ ŭɡɜŬŰɧɜ ˊŮɟɘůůɧŰŮɟŬ ɔɘŬ Űɞ ˊŮɟɘɓɎɚɚɞɜ ɛŮ ůəɞˊɧ ɜŬ ɛɎɗɞɡɜ ˊɤɠ ɜŬ 

ůɡɛˊŮɟɘűɏɟɞɜŰŬɘ ɛɏůŬ ůŮ ŬɡŰɧ.  

ȼ ŮəɛɎɗɖůɖ Űɞɡ Űɟɧˊɞɡ ɛŮ Űɞɜ ɞˊɞɑɞ ůɡɜŭɏɞɜŰŬɘ ɞɘ əŬŰŬůŰɎůŮɘɠ əŬɘ ɖ 

ˊɚɖɟɞűɧɟɖůɖ Űɤɜ ˊŮɟɘɞɟɘůɛɩɜ ɛŮŰŬɝɨ Űɤɜ əŬŰŬůŰɎůŮɤɜ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɞ 

óˊɟɞůŬɟɛɧůɘɛɞɠ ŭɡɜŬɛɘəɧɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɧɠô (adaptive dynamic programming), ˊɞɡ 

ɛŬɗŬɑɜŮɘ Űɞ ɛɞɜŰɏɚɞ ɛŮŰɎɓŬůɖɠ ˊŮɟɘɓɎɚɚɞɜŰɞɠ əŬɗɩɠ ˊɟɞɢɤɟɎ əŬɘ ŮˊɘɚɨŮɘ ŬɜŰɑůŰɞɘɢŮɠ 

ŭɘŬŭɘəŬůɑŮɠ ŬˊɞűɎůŮɤɜ Markov ɛŮ ɢɟɐůɖ ɛŮɗɧŭɤɜ ŭɡɜŬɛɘəɞɨ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ.   

ȼ óɘŮɟŬɟɢɘəɐ ŮɜɘůɢɡŰɘəɐ ɛɎɗɖůɖô (hierarchical reinforcement learning) ɛˊɞɟŮɑ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Ůˊɑɚɡůɖ ˊɟɞɓɚɖɛɎŰɤɜ (ůŮ ˊɞɚɚɎ ŬűŬɘɟŮŰɘəɎ ŮˊɑˊŮŭŬ) ɛŮ ˊɞɚɨˊɚɞəŮɠ 

ůɡɛˊŮɟɘűɞɟɏɠ (Forestier and Varaiya, 1975; Parr and Russell, 1998; Dietterich, 2000; 

Sutton et al., 2000; Andre and Russell, 2002). 
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2. ȸȷɆȽȾɃȽ ȷȿũɃɅȽŪɀɃȽ ɀȼɉȷɁȽȾȼɆ ɀȷŪȼɆȼɆ 

 

2.1 ɀɖɢŬɜɘəɐ ɀɎɗɖůɖ 

ɀɖɢŬɜɘəɐ ɀɎɗɖůɖ (Machine Learning) əŬɚŮɑŰŬɘ ɖ ŭɖɛɘɞɡɟɔɑŬ ɛɞɜŰɏɚɤɜ ɐ 

ˊɟɞŰɨˊɤɜ Ŭˊɧ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ ɛŮ ɢɟɐůɖ ɡˊɞɚɞɔɘůŰɘəɩɜ ůɡůŰɖɛɎŰɤɜ. ȺəŰɧɠ Ŭˊɧ 

ɞɟɘůɛɞɨɠ Űɖɠ ɀɎɗɖůɖɠ ˊɞɡ ɏɢɞɡɜ ŭɘŬŰɡˊɤɗŮɑ (Simon, 1983; Minsky, 1985; Michalski 

1986) Űɘɠ ŰŮɚŮɡŰŬɑŮɠ ŭŮəŬŮŰɑŮɠ, ɏɢɞɡɜ ŭɞɗŮɑ ŭɘɎűɞɟɞɘ ůɢŮŰɘəɞɑ ɞɟɘůɛɞɑ ɔɘŬ Űɖ ɀɖɢŬɜɘəɐ 

ɀɎɗɖůɖ (Carbonell, 1987; Mitchell, 1997; Witten & Frank, 2000)  

ȰɜŬ ũɜɤůŰɘəɧ ɐ ũɜɤůɘŬəɧ ɆɨůŰɖɛŬ (cognitive system) ŮɑɜŬɘ ɏɜŬ űɡůɘəɧ ɐ 

ŰŮɢɜɖŰɧ ůɨůŰɖɛŬ ŮˊŮɝŮɟɔŬůɑŬɠ ˊɚɖɟɞűɞɟɘɩɜ ɛŮ ɘŭɘɧŰɖŰŮɠ ɛɎɗɖůɖɠ, ůɡɚɚɞɔɘůɛɞɨ, 

ŬɜŰɑɚɖɣɖɠ, ɚɐɣɖɠ ŬˊɞűɎůŮɤɜ, ŮˊɘəɞɘɜɤɜɑŬɠ, ŭɟɎůɖɠ ə.Ŭ., ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůŮɘ ŭɨɞ 

ɓŬůɘəɏɠ ɘŭɘɧŰɖŰŮɠ:  

(i) ŬˊɧəŰɖůɖ ɔɜɩůɖɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ɛŮ Űɞ ˊŮɟɘɓɎɚɚɞɜ Űɞɡ,  

(ii)  ɓŮɚŰɑɤůɖ Űɖɠ ŮəŰɏɚŮůɖɠ ŮɜŮɟɔŮɘɩɜ ɛŮ ŮˊŬɜŬɚɐɣŮɘɠ (ŭɖɚŬŭɐ ɓŮɚŰɑɤůɖ Űɖɠ 

Ŭˊɧŭɞůɖɠ Űɞɡ).    

Ƀ Ɏɜɗɟɤˊɞɠ ˊŬɟŬŰɖɟɩɜŰŬɠ Űɞ ˊŮɟɘɓɎɚɚɞɜ Űɞɡ əŬɘ ˊɟɞůˊŬɗɩɜŰŬɠ ɜŬ ŭɖɛɘɞɡɟɔɐůŮɘ 

ŬˊɚɞˊɞɘɖɛɏɜŮɠ (ŬűŬɘɟŮŰɘəɏɠ) ˊŬɟŬůŰɎůŮɘɠ Űɞɡ, əŬŰŬůəŮɡɎɕŮɘ ŭɘɎűɞɟŬ ɛɞɜŰɏɚŬ, 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŭɘŬŭɘəŬůɑŮɠ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŮ ɛŮɗɧŭɞɡɠ ŮˊŬɔɤɔɘəɐɠ ɛɎɗɖůɖɠ (inductive 

learning) əŬɘ ŮˊŬɔɤɔɐ (induction). ȺˊɘˊɟɧůɗŮŰŬ, ɞ Ɏɜɗɟɤˊɞɠ ɛˊɞɟŮɑ ɜŬ ŭɖɛɘɞɡɟɔɐůŮɘ 

ŭɘɎűɞɟŮɠ ɜɏŮɠ ŭɞɛɏɠ ˊɞɡ əŬɚɞɨɜŰŬɘ ˊɟɧŰɡˊŬ (patterns). 

ȼ ŭɘŬŭɘəŬůɑŬ ŭɖɛɘɞɡɟɔɑŬɠ ŰɏŰɞɘɤɜ ˊɟɞŰɨˊɤɜ əŬɘ ɛɞɜŰɏɚɤɜ Ŭˊɧ ŭɘɎűɞɟŬ ůɨɜɞɚŬ 

ŭŮŭɞɛɏɜŬ əŬɚŮɑŰŬɘ ɛɖɢŬɜɘəɐ ɛɎɗɖůɖ (machine learning). 

 

2.2 ȸŬůɘəɏɠ ȷɟɢɏɠ ȷɚɔɞɟɑɗɛɤɜ ɀɖɢŬɜɘəɐɠ ɀɎɗɖůɖɠ 

 

2.2.1 ȺɘůŬɔɤɔɘəɏɠ ɄŬɟŬŰɖɟɐůŮɘɠ 

ɈˊɎɟɢɞɡɜ ŭɘŬűɞɟŮŰɘəɏɠ əŬŰɖɔɞɟɑŮɠ Ŭɚɔɞɟɑɗɛɤɜ ˊɞɡ ůəɞˊɧ ɏɢɞɡɜ ɜŬ 

ŭɖɛɘɞɡɟɔɐůɞɡɜ ɏɜŬ ɛɞɜŰɏɚɞ ŰŬɝɘɜɧɛɖůɖɠ əŬɘ ɜŬ əŬŰɖɔɞɟɘɞˊɞɘɐůɞɡɜ ŰŬ ůŰɘɔɛɘɧŰɡˊŬ ůŮ 

ɏɜŬ ůɨɜɞɚɞ Ůɚɏɔɢɞɡ. 

Ƀ əɎɗŮ Ŭɚɔɧɟɘɗɛɞɠ ɓŬůɑɕŮŰŬɘ ůŮ ɝŮɢɤɟɘůŰɎ ˊɞůɞŰɘəɎ ɛɏŰɟŬ, ɏŰůɘ ɩůŰŮ ɜŬ ŬɜŬɚɨŮɘ 

ŭɘŬűɞɟŮŰɘəɎ Űɞ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ŭɏɢŮŰŬɘ əŬɘ ɜŬ əŬŰŬůəŮɡɎɕɞɜŰŬɘ ŭɘŬűɞɟŮŰɘəɎ 
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ɛɞɜŰɏɚŬ ŰŬɝɘɜɧɛɖůɖɠ. ȾɎˊɞɘŬ ɓŬůɘəɎ ɛɞɜŰɏɚŬ ŮɑɜŬɘ ŰŬ ŭɏɜŰɟŬ ŬˊɞűɎůŮɤɜ ɧˊɤɠ ɞɘ ˊɘɞ 

ɔɜɤůŰɞɘ Ŭɚɔɧɟɘɗɛɞɘ ŮɑɜŬɘ  ID3 əŬɘ C4.5, ɞɘ ˊɘɗŬɜɞəɟŬŰɘəɞɑ əŬŰɖɔɞɟɘɞˊɞɘɖŰɏɠ ɧˊɤɠ ɞ 

Naive Bayes, NaiveBayesNominal, əŬɘ NaiveȸayesSimple, ɞɘ ŭɘŬəɟɘŰɘəɞɑ 

əŬŰɖɔɞɟɘɞˊɞɘɖŰɏɠ ɧˊɤɠ ɞɘ multinomial əŬɘ linear logistic regression ə.Ŭ. 

ɇŬ ɓŬůɘəɎ ɓɐɛŬŰŬ ŮəŰɏɚŮůɖɠ ŮɑɜŬɘ ŭɨɞ, ŬɟɢɘəɎ Űɞ ůŰɎŭɘɞ ŮəɛɎɗɖůɖɠ əŬɘ Űɞ ůŰɎŭɘɞ 

ŰŬɝɘɜɧɛɖůɖɠ. ɆŰɞ ˊɟɩŰɞ ůŰɎŭɘɞ ɞ Ŭɚɔɧɟɘɗɛɞɠ ŰŬɝɘɜɞɛɖŰɐ əŬŰŬůəŮɡɎɕŮɘ Űɞɜ ŰŬɝɘɜɞɛɖŰɐ 

(classifier) əŬɘ ŬɜŬɚɨŮɘ Űɞ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ ŮəˊŬɑŭŮɡůɖɠ ɧˊɞɡ ŬɜŬˊŬɟɘůŰɎŰŬɘ ůɡɜɐɗɤɠ 

ɤɠ ŭɘɎɜɡůɛŬ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ (feature vector) Űɖɠ ɛɞɟűɐɠ 1 2, ,..., nX x x x=< >, ɛŮ ix ŰŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ůŰɘɔɛɘɞŰɨˊɞɡ ˊɞɡ Ŭɜɐəɞɡɜ ůŮ ɛɘŬ əɚɎůɖ. ɆŰɞ ŭŮɨŰŮɟɞ ůŰɎŭɘɞ 

ŮəŰɘɛɎŰŬɘ ɖ ŬəɟɑɓŮɘŬ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ ˊɞɡ əŬŰŬůəŮɡɎůŰɖəŮ, ɛŮ Űɘɠ ɛŮɗɧŭɞɡɠ  ŬˊɞŰɑɛɖůɖɠ 

ŬəɟɑɓŮɘŬɠ ɞɘ ɞˊɞɑŮɠ ŬɜŬűɏɟɞɜŰŬɘ ůŮ ŮˊɧɛŮɜɞ əŮűɎɚŬɘɞ. 

ȷȿũɃɅȽŪɀɃɆ

ɇȷɂȽɁɃɀȼɆȼɆ 

ȹȺȹɃɀȺɁȷ 

ȺȾɄȷȽȹȺɈɆȼɆ ȾȷɁɃɁȺɆ 

ɇȷɂȽɁɃɀȼɆȼɆ

ȹȺȹɃɀȺɁȷ

ɆɈɁɃȿɃɈ

ɁȺȷ

ȹȺȹɃɀȺɁȷ
 

ɆɢɐɛŬ 2.1: ȿŮɘŰɞɡɟɔɘəɧŰɖŰŬ ȷɚɔɞɟɑɗɛɞɡ ɇŬɝɘɜɧɛɖůɖɠ (ɆŰɞ ˊɟɩŰɞ ůŰɎŭɘɞ ɞ Ŭɚɔɧɟɘɗɛɞɠ 

ŰŬɝɘɜɞɛɖůɖɠ əŬŰŬůəŮɡɎɕŮɘ Űɞɜ ŰŬɝɘɜɞɛɖŰɐ əŬɘ ŬɜŬɚɨŮɘ Űɞ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ ŮəˊŬɑŭŮɡůɖɠ. Ƀ 

Ŭɚɔɧɟɘɗɛɞɠ ŰŬɝɘɜɧɛɖůɖɠ ɛˊɞɟŮɑ ɜŬ ŬɜŬˊŬɟŬůŰŬɗŮɑ əŬɘ ɤɠ ůɨɜɞɚŬ əŬɜɧɜɤɜ, Űɞɡɠ  əŬɜɧɜŮɠ ŰŬɝɘɜɧɛɖůɖɠ 

ɔɘŬ ɜŮŬ ŭŮŭɞɛŮɜŬ ɐ ŰŬ ŭŮŭɞɛɏɜŬ ůɡɜɧɚɞɡ.) 

 

ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ ɏɜɜɞɘŬ Űɖɠ ɛɎɗɖůɖɠ, ůŰɧɢɞɠ ɛŬɠ ŮɑɜŬɘ Űɞ ůɨůŰɖɛŬ ɜŬ ɛɎɗŮɘ 

Ŭˊɧ ɛɘŬ ůɡɜɎɟŰɖůɖ ůŰɧɢɞ (target function) ŮˊŬɔɤɔɘəɎ əŬɘ ɜŬ ŮəűɟɎůŮɘ ŰŬ ŭŮŭɞɛɏɜŬ 

ɤɠ ɏɜŬ ɛɞɜŰɏɚɞ. ɈˊɎɟɢɞɡɜ ŭɡɞ Ůɑŭɖ ɛɎɗɖůɖɠ ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ, ɛɎɗɖůɖ ɛŮ ŮˊɑɓɚŮɣɖ 
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əŬɘ ɛɎɗɖůɖ ɢɤɟɑɠ ŮˊɑɓɚŮɣɖ. ɆŮ ŬɡŰɧ Űɞ ŮŭɎűɘɞ, ɗŬ ŬůɢɞɚɖɗɞɨɛŮ ŮəŰŮɜɏůŰŮɟŬ ɛŮ Űɖ 

ɛɎɗɖůɖ ɛŮ ŮˊɘɓɚŮˊɧɛŮɜŬ ůŰɞɘɢŮɑŬ. 

 ɆŰɖ ɛɎɗɖůɖ ɛŮ ŮˊɑɓɚŮɣɖ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ŭɡɞ Ůɑŭɖ ˊɟɞɓɚɖɛɎŰɤɜ (learning tasks). 

ɇɞ ˊɟɩŰɞ ŮɑɜŬɘ ɖ ŰŬɝɘɜɧɛɖůɖ (classification), ůŰɞ ɞˊɞɑɞ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɛɞɜŰɏɚŬ 

ˊɟɧɓɚŮɣɖɠ ŭɘŬəɟɘŰɩɜ əɚɎůŮɤɜ. ɆŰɞ ŭŮɨŰŮɟɞ, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ɖ 

ˊŬɚɘɜŭɟɧɛɖůɖ/ˊŬɟŮɛɓɞɚɐ (regression), ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɛɞɜŰɏɚŬ ˊɟɧɓɚŮɣɖɠ 

ŬɟɘɗɛɖŰɘəɩɜ Űɘɛɩɜ. ɆŰɖ ůɡɜɏɢŮɘŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɛɘŬ ůɨɜŰɞɛɖ ˊŮɟɘɔɟŬűɐ Űɤɜ ˊɘɞ 

ɓŬůɘəɩɜ Ŭɚɔɞɟɑɗɛɤɜ ůŰɖ ɛɖɢŬɜɘəɐ ɛɎɗɖůɖɠ, ɧˊɤɠ ɛɎɗɖůɖ Ůɜɜɞɘɩɜ (concept 

learning), ŭɏɜŭɟŬ ŰŬɝɘɜɧɛɖůɖɠ ŬˊɧűŬůɖɠ (decision trees), ɛɎɗɖůɖ əŬɜɧɜɤɜ 

ŰŬɝɘɜɧɛɖůɖɠ (classification rules), ɛɎɗɖůɖ əŬŰɎ ˊŮɟɑˊŰɤůɖ (instance-based learning), 

ɛɎɗɖůɖ əŬŰɎ Bayes (Bayesian learning), ˊŬɟŮɛɓɞɚɐ ɐ ˊŬɚɘɜŭɟɧɛɖůɖ (regression), 

ɜŮɡɟɤɜɘəɎ ŭɑəŰɡŬ (neural networks) əŬɘ ɛɖɢŬɜɏɠ ŭɘŬɜɡůɛɎŰɤɜ ɡˊɞůŰɐɟɘɝɖɠ (support 

vector machines). 

 

2.2.2 ȹɏɜŭɟŬ ɇŬɝɘɜɧɛɖůɖɠ/ ȷˊɧűŬůɖɠ 

ɇŬ ŭɏɜŰɟŬ ŰŬɝɘɜɧɛɖůɖɠ ŮɑɜŬɘ ɛɘŬ Ŭˊɧ Űɘɠ ˊɘɞ ŭɖɛɞűɘɚŮɑɠ ŰŬɝɘɜɧɛɖůɖɠ ůŰɞɡɠ 

Ŭɚɔɧɟɘɗɛɞɡɠ ɛɎɗɖůɖɠ. ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ˊŬɑɟɜŮɘ ɤɠ Ůɑůɞŭɞ ɏɜŬ ŭɘɎɜɡůɛŬ Űɘɛɩɜ ůŮ 

əɎˊɞɘŮɠ ɘŭɘɧŰɖŰŮɠ əŬɘ ŮˊɘůŰɟɏűŮɘ ɛɘŬ ɏɝɞŭɞ. ȷɡŰɐ ɖ ɏɝɞŭɞɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŭɘŬəɟɘŰɐ, 

ɞˊɧŰŮ ɞɟɑɕŮŰŬɘ ɏɜŬ ˊɟɧɓɚɖɛŬ ŰŬɝɘɜɧɛɖůɖɠ, Ůɜɩ Ŭɜ ɖ ɏɝɞŭɞɠ ŬɡŰɐ ŮɑɜŬɘ ůɡɜŮɢɐɠ 

ɏɢɞɡɛŮ ɏɜŬ ˊɟɧɓɚɖɛŬ ˊŬɚɘɜŭɟɧɛɖůɖɠ. Ⱦɡɟɑɤɠ ůô ŬɡŰɐ Űɖɜ ŮɟɔŬůɑŬ ɗŬ ŬůɢɞɚɖɗɞɨɛŮ 

ɛŮ ŰŬ ŭɏɜŰɟŬ ŰŬɝɘɜɧɛɖůɖɠ ɤɠ ˊɟɞɠ ˊɟɞɓɚɐɛŬŰŬ ŰŬɝɘɜɧɛɖůɖɠ (classification). 

ɇŬ ŭɏɜŰɟŬ ŰŬɝɘɜɧɛɖůɖɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ɜŬ ˊɟɞɓɚɏɣɞɡɜ, ɛŮ əɎˊɞɘɞ ɓŬɗɛɧ 

ŬəɟɑɓŮɘŬɠ, Űɖɜ Űɘɛɐ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ ˊɞɡ ɛɞɜŰŮɚɞˊɞɘɞɨɜ ɛŮ ɓɎůɖ Űɘɠ Űɘɛɏɠ Űɤɜ 

ɗŮɤɟɞɨɛŮɜɤɜ ŬɜŮɝɎɟŰɖŰɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ. 

ȰɜŬ ŭɏɜŭɟɞ ŬˊɧűŬůɖɠ ŬɜŬˊŬɟɘůŰɎ ɛɘŬ ŭɘŬŭɘəŬůɑŬ ɚɐɣɖɠ ŬˊɧűŬůɖɠ , ɧˊɞɡ ɔɘŬ 

əɎɗŮ ˊɘɗŬɜɧ ůɖɛŮɑɞ ɐ əŬŰɎůŰŬůɖ ɏɢɞɡɛŮ ɏɜŬ əɧɛɓɞ, Ůɜɩ ɔɘŬ əɎɗŮ ˊɘɗŬɜɐ Ůˊɘɚɞɔɐ ˊɞɡ 

ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ůŮ ɏɜŬ ůɖɛŮɑɞ ŬˊɧűŬůɖɠ ŬɜŬˊŬɟɘůŰɎŰŬɘ ɏɜŬ çəɧɛɓɞ-ˊŬɘŭɑè. ȾɎɗŮ 

əɧɛɓɞɠ ɞɟɑɕŮɘ ɛɘŬ ůɡɜɗɐəɖ Ůɚɏɔɢɞɡ Űɖɠ Űɘɛɐɠ əɎˊɞɘɞɡ ɢŬɟŬəŰɖɟɘůŰɘəɞɨ Űɤɜ 

ˊŮɟɘˊŰɩůŮɤɜ. ȾɎɗŮ əɚŬŭɑ ˊɞɡ űŮɨɔŮɘ Ŭˊɧ ɏɜŬ əɧɛɓɞ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ɛɘŬ ŭɘŬűɞɟŮŰɘəɐ 

ŭɘŬəɟɘŰɐ Űɘɛɐ Űɞɡ ɢŬɟŬəŰɖɟɘůŰɘəɞɨ ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞɜ əɧɛɓɞ. ɆŰŬ əɚŬŭɘɎ 

əŬŰŬɚɐɔɞɡɜ ɞɘ ŰŮɚɘəɞɑ əɧɛɓɞɘ ˊɞɡ Ŭɜɐəɞɡɜ ůŮ ɏɜŬ ɛɧɜɞ ůɨɜɞɚɞ, ɧˊɞɡ ŮɑɜŬɘ  ɞɘ 

ŰŮɚɘəɏɠ ŬˊɞűɎůŮɘɠ ɐ ŮɜɏɟɔŮɘŮɠ. 
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ũɘŬ ɜŬ ŭɘŬůˊɎůɞɡɛŮ ɏɜŬ əɧɛɓɞ (parent) ɛŮ Ɂ ŮɔɔɟŬűɏɠ ůŮ ə ˊŬɘŭɘɎ iu , əŬɘ ɞ 

Ŭɟɘɗɛɧɠ Űɤɜ ŮɔɔɟŬűɩɜ ŮɑɜŬɘ ( )iN u ɛŮ ( )iN u N=ä .  

ũɘŬ ɜŬ ŭɘŬɚɏɝɞɡɛŮ Űɖ ŭɘɎůˊŬůɖ ɛŮ Űɞ ɛŮɔŬɚɨŰŮɟɞ əɏɟŭɞɠ, ɡˊɞɚɞɔɑɕɞɡɛŮ Űɞ 

ɛɏɔɘůŰɞ ȹ Ŭˊɧ Űɖɜ ŮˊɧɛŮɜɖ ůɢɏůɖ 

 
1

( )
( ) ( )

k
i

i

i

N u
parent i u

N=

D=I -ä . (2.1) 

ũɘŬ ɜŬ əŬŰŬůəŮɡɎůɞɡɛŮ ɏɜŬ ŭɏɜŭɟɞ ŬˊɞűɎůŮɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ Ŭəɧɚɞɡɗɖ 

Ŭɚɔɞɟɘɗɛɘəɐ ŭɘŬŭɘəŬůɑŬ (ůŮ ɣŮɡŭɞəɤŭɘəɐ ɛɞɟűɐ): 

ȸɐɛŬ 1: ȹɖɛɘɞɡɟɔɞɨɛŮ ɏɜŬ əɧɛɓɞ ˊɞɡ ˊŮɟɘɏɢŮɘ ɧɚŮɠ Űɘɠ ŮɔɔɟŬűɏɠ. 

ȸɐɛŬ 2: ȹɘŬůˊɎɛŮ Űɞɜ əɧɛɓɞ ɛŮ ɓɎůɖ ɛɘŬ ůɡɜɗɐəɖ, ɏŰůɘ ɩůŰŮ ɜŬ ŭɘŬɢɤɟɘůŰɞɨɜ ɞɘ 

ŮɔɔɟŬűɏɠ ůŮ əɎˊɞɘɞ Ŭˊɧ ŰŬ ɔɜɤɟɑůɛŬŰŬ. 

ȸɐɛŬ 3: ũɑɜŮŰŬɘ ŬɜŬŭɟɞɛɘəɐ əɚɑůɖ Űɞɡ ɓɐɛŬŰɞɠ 2 ůŮ əɎɗŮ əɧɛɓɞ ɛɏɢɟɘ ɜŬ 

űŰɎůɞɡɛŮ ůŰɞɜ ŰŮɚɘəɧ əɧɛɓɞ, ɏŰůɘ ɩůŰŮ ɜŬ ŮɑɜŬɘ ɛɞɜɞůɨɜɞɚɞ (ŰŮɚɘəɐ ŬˊɧűŬůɖ). 

ȳŰŬɜ əɎˊɞɘɞɠ əɧɛɓɞɠ ŭŮɜ ɏɢŮɘ ˊŬɟŬŭŮɑɔɛŬŰŬ, ŰɧŰŮ ŬɜŰɘůŰɞɘɢɑɕŮŰŬɘ ůŮ ɛɘŬ 

əŬŰɖɔɞɟɑŬ. ȷɜ ůŮ əɎˊɞɘɞ əɧɛɓɞ, ɡˊɎɟɢɞɡɜ ɗŮŰɘəɎ əŬɘ ŬɟɜɖŰɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ, 

ɎɚɚŬ ɏɢɞɡɜ ŮɝŬɜŰɚɖɗŮɑ ɧɚŬ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ, ŰɧŰŮ ɞ əɧɛɓɞɠ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ 

ŭɘűɞɟɞɨɛŮɜɞɠ. ɇɧŰŮ ɞ əɧɛɓɞɠ ŬɡŰɧɠ ɛˊɞɟŮɑ ɜŬ ŬɜŰɘůŰɞɘɢɖɗŮɑ ůŰɖɜ ˊɚŮɘɞɣɖűɑŬ 

əŬŰɖɔɞɟɑŬ ˊŬɟŬŭŮɘɔɛɎŰɤɜ ɐ ůŰɘɠ əŬŰɖɔɞɟɑŮɠ ɛŮ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ůɡɢɜɧŰɖŰŮɠ 

ŮɛűɎɜɘůɖɠ Űɞɡ. ȷɡŰɧ ɛˊɞɟŮɑ ɜŬ ůɡɛɓŮɑ ŮɑŰŮ Ŭˊɧ Űɖɜ ɨˊŬɟɝɖ ɗɞɟɨɓɞɡ ůŰŬ ŭŮŭɞɛɏɜŬ 

ɐ ˊŬɟɎɓɚŮɣɖ ůɖɛŬɜŰɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ. 

ȸɐɛŬ 4: ȷűɞɨ əŬŰŬůəŮɡŬůŰŮɑ Űɞ ŭɏɜŰɟɞ ŬˊɞűɎůŮɤɜ, ɛˊɞɟɞɨɜ ɜŬ ɔɑɜɞɡɜ əɎˊɞɘŮɠ 

ɓŮɚŰɘůŰɞˊɞɘɐůŮɘɠ ɛŮ Űɖ ɛɏɗɞŭɞ əɚŬŭɏɛŬŰɞɠ (tree pruning). 

Ƀ Ŭɟɘɗɛɧɠ Űɤɜ ˊɘɗŬɜɩɜ ŭɏɜŰɟɤɜ ŬˊɧűŬůɖɠ ŮɑɜŬɘ ŮəɗŮŰɘəɧɠ. Ʉɞɚɚɞɑ Ŭɚɔɧɟɘɗɛɞɘ ɔɘŬ 

əŬŰŬůəŮɡɎůɞɡɜ ɏɜŬ ŭɏɜŭɟɞ ŬˊɧűŬůɖɠ ˊɟɞůˊŬɗɞɨɜ ɜŬ əŰɑůɞɡɜ ɚŬɛɓɎɜɞɜŰŬɠ ɛɘŬ 

ůŮɘɟɎ Ŭˊɧ ŰɞˊɘəɎ ɓɏɚŰɘůŰŮɠ ŬˊɞűɎůŮɘɠ. Ƀɘ ˊɘɞ ɔɜɤůŰɞɑ Ŭɚɔɧɟɘɗɛɞɘ ŮɑɜŬɘ ɞ Huntôs 

Algorithm, CART, ID3, C4.5, SLIQ, SPRINT, BFTree, J48,  J48Graft, LADTree, 

REPTree, SimpleCart ə.Ŭ. ȺɜŬɚɚŬəŰɘəɎ, ŰŬ ŭɏɜŭɟŬ ɛˊɞɟɞɨɜ ɜŬ ŬɜŬˊŬɟŬůŰŬɗɞɨɜ əŬɘ 

ɤɠ ůɨɜɞɚŬ əŬɜɧɜɤɜ if-then ˊɞɡ ɞɜɞɛɎɕɞɜŰŬɘ əŬɜɧɜŮɠ ŰŬɝɘɜɧɛɖůɖɠ (classification 

rules). 

ɄɏɟŬ Ŭˊɧ Űɖɜ əŬŰŬůəŮɡɐ Űɞɡ ŭɏɜŭɟɞɡ, ˊɟɏˊŮɘ ɜŬ əŬɗɞɟɑůɞɡɛŮ Űɘɠ ůɡɜɗɐəŮɠ 

Ůɚɏɔɢɞɡ ɔɘŬ ŰŬ ɔɜɤɟɑůɛŬŰŬ. ȺɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ Űɤɜ ɔɜɤɟɘůɛɎŰɤɜ ůŮ ůɡɜŮɢŮɑɠ 

(continuous), ŭɘŬəɟɘŰɏɠ (norminal),əŬɘ ŭɘŬŰŮŰŬɔɛɏɜŮɠ (ordinal) əŬɘ Ŭˊɧ Űɞ Ůɑŭɞɠ 
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ŭɘŬɢɤɟɘůɛɞɨ ůŰɞ ɞˊɞɑɞ ɗŬ ɔɑɜŮɘ ŭɡŬŭɘəɧɠ ŭɘŬɢɤɟɘůɛɧɠ (2-way split) ɐ ˊɞɚɚŬˊɚɧɠ 

ŭɘŬɢɤɟɘůɛɧɠ (multi-way split). ɀŮ ɓɎůɖ Űɞ ŭɡŬŭɘəɧ ŭɘŬɢɤɟɘůɛɧ Űɞ ůɨɜɞɚɞ Űɘɛɩɜ 

ŭɘŬɢɤɟɑɕŮŰŬɘ ůŮ ŭɡɞ ɡˊɞůɨɜɞɚŬ, ɩůŰŮ ɜŬ ɓɟŮɘ Űɞ ɓɏɚŰɘůŰɞ ŭɘŬɢɤɟɘůɛɧ, Ůɜɩ ɛŮ Űɞɜ 

ˊɞɚɚŬˊɚɧ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŰɧůŮɠ ŭɘŬůˊɎůŮɘɠ ɧůŮɠ əŬɘ ɞɘ ŭɘŬűɞɟŮŰɘəɏɠ Űɘɛɏɠ ˊɞɡ 

ŭɑɜɞɜŰŬɘ. 

ɀɏŰɟŬ ɛɖ-ȾŬɗŬɟɧŰɖŰŬɠ 

ɆŰɖ əŬŰŬůəŮɡɐ Ůɜɧɠ ŭɏɜŰɟɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰɟɑŬ ŮɑɜŬɘ ŰŬ ɛɏŰɟŬ ɛɖ-əŬɗŬɟɧŰɖŰŬɠ: 

ɖ ŮɜŰɟɞˊɑŬ, Űɞ ŮɡɟŮŰɐɟɘɞ Gini əŬɘ Űɞ ɚɎɗɞɠ ŰŬɝɘɜɧɛɖůɖɠ. 

ȼ ȺɜŰɟɞˊɑŬ (Entropy), ɛɑŬ ɗŮɛŮɚɘɩŭɖɠ ɏɜɜɞɘŬ ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞ ŭŮɨŰŮɟɞ 

ɜɧɛɞ Űɖɠ ŪŮɟɛɞŭɡɜŬɛɘəɐɠ, ɞɟɑɕŮɘ Űɞ ɛɏŰɟɞ Űɖɠ ŬŰŬɝɑŬɠ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ əŬɘ ɞɟɑɕŮŰŬɘ 

Ŭˊɧ Űɖ ůɢɏůɖ 

() ()i 2 i

1

E S   p .log p
c

i=

= -ä , ɧˊɞɡ S ŮɑɜŬɘ ɏɜŬ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ,          (2.2) 

ip  ŮɑɜŬɘ Űɞ ˊɞůɞůŰɧ Űɤɜ ˊŬɟŬŭŮɘɔɛɎŰɤɜ Űɞɡ S ˊɞɡ Ŭɜɐəɞɡɜ ůŰɖɜ əŬŰɖɔɞɟɑŬ i əŬɘ c 

ŭɘŬűɞɟŮŰɘəɏɠ əŬŰɖɔɞɟɑŮɠ. 

ɆŰɖ ɗŮɤɟɑŬ ˊɚɖɟɞűɞɟɘɩɜ  ɖ ŮɜŰɟɞˊɑŬ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ (entropy information) 

(REF) ŮɑɜŬɘ ɏɜŬɠ ɛɖɢŬɜɘůɛɧɠ ŭɘŬɢɤɟɘůɛɞɨ ˊɞɡ ɡˊɞɚɞɔɑɕŮɘ  ɞɡůɘŬůŰɘəɎ Űɖɜ 

ŬɜɞɛɞɘɞɔɏɜŮɘŬ ˊɞɡ ɡˊɎɟɢŮɘ ůŰɞ S ŬɜŬűɞɟɘəɎ ÕŮ Űɖɜ ɡˊɧ ŮɝɏŰŬůɖ ŮɝŬɟŰɖɛɏɜɤɜ 

ɛŮŰŬɓɚɖŰɩɜ, əŬɘ ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

E(S) = -  p+ . log2 (p+ ) -  p- . log2 (p- ),    (2.3) 

ɧˊɞɡ S ŮɑɜŬɘ Űɞ ůɨɜɞɚɞ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŮəˊŬɑŭŮɡůɖɠ ůŰɞ ůŰɎŭɘɞ (əɧɛɓɞ) Űɞɡ ŭɘŬɢɤɟɘůɛɞɨ, 

p+  ŮɑɜŬɘ Űɞ əɚɎůɛŬ Űɤɜ ɗŮŰɘəɩɜ ˊŬɟŬŭŮɘɔɛɎŰɤɜ Űɞɡ S əŬɘ p- ŮɑɜŬɘ Űɞ əɚɎůɛŬ Űɤɜ 

ŬɟɜɖŰɘəɩɜ ˊŬɟŬŭŮɘɔɛɎŰɤɜ Űɞɡ S. 

ȰɜŬɠ ŮɜŬɚɚŬəŰɘəɧɠ Űɨˊɞɠ ɔɘŬ Űɖɜ ŮɜŰɟɞˊɑŬ, ˊɞɡ ɛŮŰɟɎ Űɖɜ ɞɛɞɘɞɔɏɜŮɘŬ Ůɜɧɠ 

əɧɛɓɞɡ, ɞɟɑɕŮŰŬɘ ɤɠ  

 2

1

( ) ( / ) log ( / )
c

j

Entropy t p j t p j t
=

=-ä  (2.4) 

ɧˊɞɡ ( / )p j t ŮɑɜŬɘ ɖ ůɢŮŰɘəɐ ůɡɢɜɧŰɖŰŬ Űɖɠ əɚɎůɖɠ j ůŰɞɜ əɧɛɓɞ t, c əɚɎůɖɠ. 

ɇɞ əɏɟŭɞɠ ˊɚɖɟɞűɞɟɑŬɠ (information gain) ŬɜŬűɏɟŮŰŬɘ ůŰɖ ɛŮɑɤůɖ ŮɜŰɟɞˊɑŬɠ 

Ůɜɧɠ ůɡɜɧɚɞɡ ŮəˊŬɑŭŮɡůɖɠ S ɛŮ ˊŬɟɎɛŮŰɟɞ ŭɘŬɢɤɟɘůɛɞɨ ȷ. ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ɧŰŬɜ ɖ 

ŮɜŰɟɞˊɑŬ ˊɚɖɟɞűɞɟɑŬɠ (ɐ ˊɚɖɟɞűɞɟɘŬəɐ ŮɜŰɟɞˊɑŬ) ɛŮɘɩɜŮŰŬɘ ŰɧŰŮ ɖ ˊɡəɜɧŰɖŰŬ 

ˊɚɖɟɞűɞɟɑŬɠ ŬɡɝɎɜŮŰŬɘ, ŭɖɚŬŭɐ ɖ ˊŮɟɘɔɟŬűɐ ɔɑɜŮŰŬɘ ˊŮɟɘůůɧŰŮɟɞ ůɡɛˊŬɔɐɠ. ȼ ŮɜŰɟɞˊɑŬ 
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ɓɞɖɗɎ ɩůŰŮ ɜŬ ˊɟɞůŭɘɞɟɘůɗŮɑ ɖ əŬŰɎɚɚɖɚɖ ɛŮŰŬɓɚɖŰɐ ˊɞɡ ɞŭɖɔŮɑ ůŮ ˊŮɟɘůůɧŰŮɟɞ 

ůɡɛˊŬɔɏɠ ŭɏɜŰɟɞ. 

ɇɞ əɏɟŭɞɠ ˊɚɖɟɞűɞɟɑŬɠ G(S, A) ɞɟɑɕŮŰŬɘ ɤɠ  

 ( ) () ( )u u

( )

G S,  A   E S    S  . E S  / S
u V AÍ

= -ä , (2.5) 

ɧˊɞɡ E(S) ŮɑɜŬɘ ɖ ŮɜŰɟɞˊɑŬ ˊɚɖɟɞűɞɟɑŬɠ Űɞɡ ɡˊɧ ŮɝɏŰŬůɖ əɧɛɓɞɡ, ȷ ŮɑɜŬɘ ɛɑŬ ŬɜŮɝɎɟŰɖŰɖ 

ɛŮŰŬɓɚɖŰɐ, ÕŮ Űɘɛɏɠ V(A) ɛŮ Űɘɠ ɞˊɞɑŮɠ ɔɑɜŮŰŬɘ  ɞ ŮˊɧɛŮɜɞɠ ŭɘŬɢɤɟɘůɛɧɠ, u ŮɑɜŬɘ ÕɑŬ Ŭˊɧ 

Űɘɠ (ŭɡɜŬŰɏɠ) Űɘɛɏɠ Űɞɡ ȷ əŬɘ Su ŮɑɜŬɘ Űɞ ˊɚɐɗɞɠ Űɤɜ ŮɔɔɟŬűɩɜ (ÕŮ ȷ=u) əŬɘ E(Su) ŮɑɜŬɘ ɖ 

ŮɜŰɟɞˊɑŬ ˊɚɖɟɞűɞɟɑŬɠ Űɞɡ ɡˊɧ ŮɝɏŰŬůɖ əɧɛɓɞɡ ɤɠ ˊɟɞɠ Űɖɜ Űɘɛɐ ȷ=u. 

ɇɞ ŮɡɟŮŰɐɟɘɞ Gini ɔɘŬ əɎɗŮ əɧɛɓɞ t, ŭɑɜŮŰŮ Ŭˊɧ Űɞɜ Űɨˊɞ  

2

1

( ) 1 [ ( / )]
c

j

GINI t p j t
=

= -ä ,       (2.6) 

ɧˊɞɡ ( / )p j t ůɢŮŰɘəɐ ůɡɢɜɧŰɖŰŬ Űɖɠ əɚɎůɖɠ j ůŰɞɜ əɧɛɓɞ t (ˊɞůɞůŰɧ ŮɔɔɟŬűɩɜ Űɖɠ 

əɚɎůɖɠ ɝ ůŰɞɜ əɧɛɓɞ t) əŬɘ c Ŭɟɘɗɛɧɠ əɚɎůŮɤɜ. ɇɞ ŬɜŬɛŮɜɧɛŮɜɞ əɏɟŭɞɠ ůŮ ˊɚɖɟɞűɞɟɑŬ 

ɛŮŰɎ Űɞɜ ɏɚŮɔɢɞ ůŰɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ ȷ ɘůɞɨŰŬɘ ɛŮ Űɖɜ ˊɚɖɟɞűɞɟɑŬ ˊɞɡ ɛŬɠ ɏɚŮɘˊŮ ˊɟɘɜ 

Űɞɜ ɏɚŮɔɢɞ ɛŮɑɞɜ Űɖɜ ŬɜŬɛŮɜɧɛŮɜɖ ˊɚɖɟɞűɞɟɑŬ ˊɞɡ ɗŬ ɛŬɠ ɚŮɑˊŮɘ ɛŮŰɎ Űɞɜ ɏɚŮɔɢɞ. 

ȼ ŮɚɎɢɘůŰɖ Űɘɛɐ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ˊɎɟŮɘ ŮɑɜŬɘ (0.0), ɧŰŬɜ ɧɚŮɠ ɞɘ ŮɔɔɟŬűɏɠ Ŭɜɐəɞɡɜ 

ůŮ ɛɘŬ əɚɎůɖ, Ůɜɩ  ɖ ɛɏɔɘůŰɖ Űɘɛɐ (1 1/ )c- , ɧŰŬɜ ɧɚŮɠ ɞɘ ŮɔɔɟŬűɏɠ ŮɑɜŬɘ ɞɛɞɘɧɛɞɟűŬ 

əŬŰŬɜŮɛɖɛɏɜŮɠ ůŰɘɠ əɚɎůŮɘɠ. 

ɆŰɞɡɠ Ŭɚɔɞɟɑɗɛɞɡɠ CART,SLIQ, əŬɘ SPRINT ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɞ ˊŬɟŬəɎŰɤ Űɨˊɞɠ  

 
1

( )
k

i

split

i

n
GINI GINI i

n=

=ä , (2.7) 

ɧ́ ɞɡ in ŮɑɜŬɘ ɞ Ŭɟɘɗɛɧɠ ŮɔɔɟŬűɩɜ Űɞɡ ˊŬɘŭɘɞɨ i əŬɘ n ŮɑɜŬɘ ɞ Ŭɟɘɗɛɧɠ ŮɔɔɟŬűɩɜ Űɞɡ 

əɧɛɓɞɡ p. ȷɡŰɧɠ ɞ Űɨˊɞɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖ ˊɞɘɧŰɖŰŬ ŭɘŬɢɤɟɘůɛɞɨ ŮɔɔɟŬűɩɜ, ɧŰŬɜ 

ɏɜŬɠ əɧɛɓɞɠ p ŭɘŬůˊɎŰŬɘ ůŮ ə əɧɛɓɞɡɠ. 

ɄɚŮɞɜŮəŰɐɛŬŰŬ/ ɀŮɘɞɜŮəŰɐɛŬŰŬ ȷɚɔɞɟɑɗɛɞɡ 

ɆŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ŮɑɜŬɘ ɖ ɛɖ ˊŬɟŬɛŮŰɟɘəɐ ˊɟɞůɏɔɔɘůɖ, ŭɖɚŬŭɐ 

ŭŮ ůŰɖɟɑɕŮŰŬɘ ůŮ ɡˊɧɗŮůɖ Ůə Űɤɜ ˊɟɞŰɏɟɤɜ ɔɜɩůŮɤɜ ůɢŮŰɘəɎ ɛŮ Űɞɜ Űɨˊɞ Űɖɠ əŬŰŬɜɞɛɐɠ 

ˊɘɗŬɜɧŰɖŰŬɠ ˊɞɡ ɘəŬɜɞˊɞɘŮɑ ɖ əɚɎůɖ ɐ ŰŬ ɎɚɚŬ ɔɜɤɟɑůɛŬŰŬ. ȼ əŬŰŬůəŮɡɐ ɓɏɚŰɘůŰɞɡ 

ŭɏɜŰɟɞɡ ŬˊɧűŬůɖɠ ŮɑɜŬɘ ɏɜŬ óNP-completeô ˊɟɧɓɚɖɛŬ. ȰɜŬ ŬəɧɛŬ ˊɚŮɞɜɏəŰɖɛŬ ɧŰŬɜ ɏɜŬ 

ŭɏɜŰɟɞ əŬŰŬůəŮɡŬůŰŮɑ, ɖ ŰŬɝɘɜɧɛɖůɖ ɜɏɤɜ ŮɔɔɟɎűɤɜ ŮɑɜŬɘ ˊɞɚɨ ɔɟɐɔɞɟɖ Űɖɠ ŰɎɝŮɤɠ O(h) 

əŬɘ ŮɑɜŬɘ ŮɨəɞɚŬ ůŰɖɜ əŬŰŬɜɧɖůɖ Űɞɡɠ əɡɟɑɤɠ ůŰŬ ɛɘəɟɧŰŮɟŬ ŭɏɜŰɟŬ. ȷəɧɛŬ ŭŮɑɢɜŮɘ ɜŬ 
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ɏɢŮɘ əŬɚɐ ůɡɛˊŮɟɘűɞɟɎ ůŰɞ ɗɧɟɡɓɞ ŭŮŭɞɛɏɜɤɜ əŬɘ ɧŰŬɜ ɡˊɎɟɢɞɡɜ ˊɚŮɞɜɎɕɞɜŰŬ 

ɔɜɤɟɑůɛŬŰŬ ŭŮɜ əŬŰŬůŰɟɏűŮŰŬɘ ɖ əŬŰŬůəŮɡɐ. 

ɆŰŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ůɡɔəŬŰŬɚɏɔŮŰŬɘ Űɞ ɧŰɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ ŭŮɜ ɛˊɞɟŮɑ 

ɜŬ ɢŮɘɟɘůŰŮɑ ˊŮɟɑˊɚɞəŮɠ ůɢɏůŮɘɠ ɛŮŰŬɝɨ ɔɜɤɟɘůɛɎŰɤɜ, ɢɟɖůɘɛɞˊɞɘŮɑ ŬˊɚɎ ɧɟɘŬ ŬˊɧűŬůɖɠ 

əŬɘ ŬɜŰɘɛŮŰɤˊɑɕŮɘ ˊɟɞɓɚɐɛŬŰŬ ɧŰŬɜ ɚŮɑˊɞɡɜ ˊɞɚɚɎ ŭŮŭɞɛɏɜŬ.  

 

2.2.3 ȷɚɔɧɟɘɗɛɞɘ ȹɏɜŭɟɤɜ ȷˊɞűɎůŮɤɜ 

ɆŰɞ ŮŭɎűɘɞ ŬɡŰɧ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɟɘůɛɏɜɞɘ Ŭɚɔɧɟɘɗɛɞɘ ȹɏɜŭɟɤɜ ȷˊɞűɎůŮɤɜ ůŮ 

ɣŮɡŭɞəɤŭɘəɐ ɛɞɟűɐ. 

 ȷɚɔɧɟɘɗɛɞɠ C4.5 

ɆŰɞɜ Ŭɚɔɧɟɘɗɛɞ C4.5 (Quinlan,1993) ŮˊɘɚɏɔŮŰŬɘ ɏɜŬɠ Ŭɟɢɘəɧɠ əɧɛɓɞɠ, ɞ ɞˊɞɑɞɠ ɗŬ 

ůˊɎůŮɘ Űɞ Ŭɟɢɘəɧ ůɨɜɞɚɞ ŮəˊŬɑŭŮɡůɖɠ ɛŮ ɓɎůɖ Űɖɜ ůɡɜɗɐəɖ ŭɘɎůˊŬůɖɠ, ɏŰůɘ ɗŬ 

ɓɟŮɗŮɑ ɞ əŬŰɎɚɚɖɚɞɠ əɧɛɓɞɠ ɩůŰŮ ɜŬ ɡˊɞɚɞɔɑɕŮɘ ɧɚŬ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ůɡɜɧɚɞɡ 

ŮəˊŬɑŭŮɡůɖɠ əŬɘ ɜŬ ŮˊɘɚŮɢɗŮɑ Űɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ ɛŮ Űɖɜ əŬɚɨŰŮɟɖ Űɘɛɐ. ȷɡŰɧ ɗŬ 

ŮˊŬɜŬɚɖűɗŮɑ ŬɜŬŭɟɞɛɘəɎ.  

Algorithm C4.5 

Input: an attribute-value dataset D 

Tree={} 

If 5 ƛǎ άǇǳǊŜέ hw ƻǘƘŜǊ ǎǘƻǇǇƛƴƎ ŎǊƛǘŜǊƛŀ ƳŜǘ ǘƘŜƴ ǘŜǊƳƛƴŀǘŜ 

end if  

for all attribute a DÍ do 

Compute information theoretic criteria if we split on h 

end for 

 besta Best attributeaccording toabovecomputed criteria=  

  Tree=Create a decision node that tests besta in the root 

  v bestD Induced sub datasets fromDbased ona= -  

  for all vD  do 

  4.5( )v vTree C D=  

  Attach vTree to the corresponding branch of Tree 

  end for 

  return Tree 
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ȺɘəɧɜŬ 2.2 : ȷɚɔɧɟɘɗɛɞɠ C4.5 (Quinlan,1993) 

 

2.2.4  ɀɎɗɖůɖ ȾŬɜɧɜɤɜ ɇŬɝɘɜɧɛɖůɖɠ 

Ƀɘ əŬɜɧɜŮɠ ŰŬɝɘɜɧɛɖůɖɠ ɗŮɤɟɞɨɜŰŬɘ ɤɠ ɖ ́ ɚɏɞɜ ŭɖɛɞűɘɚɐɠ ŮɜŬɚɚŬəŰɘəɐ 

ŰŬɝɘɜɧɛɖůɖ ůŰŬ ŭɏɜŭɟŬ ŬˊɧűŬůɖɠ. Ƀɘ əŬɜɧɜŮɠ ŮɑɜŬɘ Ŭˊɧ Űɘɠ ˊɘɞ ŮəűɟŬůŰɘəɏɠ əŬɘ 

əŬŰŬɜɞɖŰɏɠ ŬɜŬˊŬɟŬůŰɎůŮɘɠ ɔɘŬ Űɞɜ Ɏɜɗɟɤˊɞ.  

Ƀɘ əɡɟɘɧŰŮɟŮɠ əŬŰɖɔɞɟɑŮɠ əŬɜɧɜɤɜ ˊɞɡ ůɡɜŬɜŰɎɛŮ ŮɑɜŬɘ: (i) ɖ ˊɟɞɦˊɧɗŮůɖ əŬɜɧɜŬ 

(antecedent) əŬɘ (ii ) Űɞ ůɡɛˊɏɟŬůɛŬ əŬɜɧɜŬ (consequent). ɆŰɞɜ əŬɜɧɜŬ ɛŮ 

ˊɟɞɦˊɧɗŮůɖ ɡˊɎɟɢŮɘ ɏɜŬ ůɨɜɞɚɞ Ůɚɏɔɢɤɜ, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ɧɛɞɘɞ ɛŮ Űɞɡɠ Ůɚɏɔɢɞɡɠ 

ůŰɞɡɠ əɧɛɓɞɡɠ Ůɜɧɠ ŭɏɜŭɟɞɡ ŬˊɧűŬůɖɠ. Ƀɘ ɏɚŮɔɢɞɘ ůɡɜɐɗɤɠ ɢɟɖůɘɛɞˊɞɘɞɨɜ Űɘɠ 

ɚɞɔɘəɏɠ ůɡɕŮɨɝŮɘɠ, ɛŮ ůɡɢɜɧŰŮɟɖ ɜŬ ŮɛűŬɜɑɕŮŰŬɘ Űɖɜ AND. ɆŰɞɜ əŬɜɧɜŬ ɛŮ 

ůɡɛˊɏɟŬůɛŬ ɔɑɜŮŰŬɘ ɖ Ůəɢɩɟɖůɖ ŰŬɝɘɜɧɛɖůɖɠ, ůɡɜɧɚɞɡ ŰŬɝɘɜɞɛɐůŮɤɠ ɐ əŬŰŬɜɞɛɐɠ 

ˊɘɗŬɜɧŰɖŰŬɠ. ȳŰŬɜ ůɡɜŬɜŰɞɨɛŮ ŬɜŮɝɎɟŰɖŰɞɡɠ əŬɜɧɜŮɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɞɘ ɚɞɔɘəɏɠ 

ŭɘŬɕŮɨɝŮɘɠ, əŬŰɎ əɨɟɘɞ ɚɧɔɞ ɖ OR, ɩůŰŮ ɜŬ ˊŮŰɨɢɞɡɛŮ Űɖ ŭɖɛɘɞɡɟɔɑŬ əŬɜɧɜŬ. ɇɞ 

ˊɟɧɓɚɖɛŬ ˊɞɡ ůɡɜŬɜŰɎŰŬɘ ŮɑɜŬɘ ɧŰɘ əɎˊɞɘŮɠ űɞɟɏɠ ɞɘ ɡˊɞŭŮɑɝŮɘɠ Űɤɜ əŬɜɧɜɤɜ ŮɑɜŬɘ 

ŭɘŬűɞɟŮŰɘəɏɠ ɔɘŬ Űɞ ɑŭɘɞ ˊŬɟɎŭŮɘɔɛŬ. 

ũɘŬ ɛŮŰŬŰɟɏɣɞɡɛŮ ɏɜŬ ŭɏɜŭɟɞ ůŮ ɏɜŬ ůɨɜɞɚɞ əŬɜɧɜɤɜ ɗŬ ˊɟɏˊŮɘ ŬɟɢɘəɎ ɜŬ 

ɗɏůɞɡɛŮ ɏɜŬɜ əŬɜɧɜŬ ɔɘŬ əɎɗŮ űɨɚɚɞ. ȼ ˊɟɞɦˊɧɗŮůɖ ˊŮɟɘɏɢŮɘ ɛɘŬ ůɡɜɗɐəɖ ɔɘŬ əɎɗŮ 

əɧɛɓɞ ˊɞɡ ůɡɜŬɜŰɎŰŬɘ Ŭˊɧ Űɖ ɟɑɕŬ ɤɠ Űɞ űɨɚɚɞ, Ůɜɩ ɤɠ ůɡɛˊɏɟŬůɛŬ ɞɟɑɕŮŰŬɘ ɖ ŰɎɝɖ 

Ůəɢɩɟɖůɖɠ. Ƀɘ ˊŬɟŬɔɧɛŮɜɞɘ əŬɜɧɜŮɠ ŮɑɜŬɘ ůŬűŮɑɠ əŬɘ ɞɟɑɕɞɜŰŬɘ ɛɞɜɞůɐɛŬɜŰŬ, əŬɘ 

ŬɚɚɎɕɞɜŰŬɠ Űɖ ůŮɘɟɎ ˊɞɡ ɗŬ ŮəŰŮɚŮůŰɞɨɜ ŭŮɜ ɗŬ ŬɚɚɞɘɤɗŮɑ Űɞ ŬˊɞŰɏɚŮůɛŬ. ȳŰŬɜ 

ɡˊɎɟɝɞɡɜ ˊɞɚɚɞɑ əŬɜɧɜŮɠ, ɗŬ ɢɟŮɘŬůŰŮɑ çəɚɎŭŮɛŬè ɔɘŬ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ Űɤɜ 

ˊŮɟɘŰŰɩɜ Ůɚɏɔɢɤɜ əŬɘ əŬɜɧɜɤɜ. 

ɇŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ ůŰɖɜ ŮɟɛɖɜŮɑŬ əŬɜɧɜɤɜ ŮɑɜŬɘ ɧŰŬɜ ɏɢɞɡɛŮ ŭɡɞ ɐ ˊŮɟɘůůɧŰŮɟɞɡɠ 

əŬɜɧɜŮɠ ŭɑɜɞɡɜ ŬɜŰɘəɟɞɡɧɛŮɜŮɠ ɡˊɞŭŮɑɝŮɘɠ, ɏɢɞɡɛŮ ŬŭɡɜŬɛɑŬ ůŰɞ ɜŬ ŮɝɎɔɞɡɛŮ ɏɜŬ 

ůɡɛˊɏɟŬůɛŬ.ɈˊɎɟɢŮɘ ɛɘŬ Ůɘŭɘəɐ ˊŮɟɑˊŰɤůɖ ůŰɖ ŭɡŬŭɘəɐ əɚɎůɖ, ɧˊɞɡ Ŭɜ ɏɢɞɡɛŮ ɏɜŬ 

ɔŮɔɞɜɧɠ Űɞ ɞˊɞɑɞ ŭŮɜ ŬɜɐəŮɘ ůŰɖ ɛɑŬ əɚɎůɖ ŰɧŰŮ əŬŰɎ ŬɜɎɔəɖ ɗŬ ŮəɢɤɟɖɗŮɑ ůŰɖɜ 

Ɏɚɚɖ. ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɏɜŬ ŰɏɢɜŬůɛŬ, ŭɖɛɘɞɡɟɔɩɜŰŬɠ əŬɜɧɜŬ 

ɛɧɜɞ ɛɘŬɠ əɚɎůɖɠ əŬɘ əɎɜɞɜŰŬɠ ɢɟɐůɖ Űɖɠ Ɏɚɚɖɠ əɚɎůɖɠ ɤɠ ˊɟɞŮˊɘɚŮɔɛɏɜɖɠ ůŮ əɎɗŮ 

Ɏɚɚɖ ˊŮɟɑˊŰɤůɖ. Ƀ əŬɜɧɜŬɠ ůŮ ŬɡŰɐ Űɖɠ ˊŮɟɑˊŰɤůɖ ɛˊɞɟŮɑ ɜŬ ɔɟŬűŰŮɑ ůŮ ŭɘɎɕŮɡɝɖ 

ŭɘŬŭɞɢɘəɩɜ ůɡɕŮɨɝŮɤɜ, ŭɖɚŬŭɐ ůŮ ŭɘŬɕŮɡəŰɘəɐ əŬɜɞɜɘəɞˊɞɘɖɛɏɜɖ ɛɞɟűɐ. 

Ƀɘ ˊɘɞ ɔɜɤůŰɞɑ Ŭɚɔɧɟɘɗɛɞɘ ŬɡŰɐɠ Űɖɠ əŬŰɖɔɞɟɑŬɠ ŮɑɜŬɘ ɞ ZeroR əŬɘ ɞ PART 

(Witten I.H., Frank E., Hall M.A.,2011). ɆɡɔəŮəɟɘɛɏɜŬ ɞ PART ɢɟɖůɘɛɞˊɞɘŮɑ 
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Ůˊɘɛɏɟɞɡɠ ŭɏɜŰɟŬ ŬˊɧűŬůɖɠ ɔɘŬ ɜŬ ŭɖɛɘɞɡɟɔɐůŮɘ Űɞɜ əŬŰɎɚɞɔɞ ŬˊɞűɎůŮɤɜ ˊɞɡ 

ŮɛűŬɜɑɕŮŰŬɘ ůŰɖ ɏɝɞŭɞ, ŬɚɚɎ ɛɧɜɞ ŬɡŰɐ ɖ ŰŮɚɘəɐ ɚɑůŰŬ ŮɑɜŬɘ ŬɡŰɐ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɜŬ ɔɑɜŮɘ ɖ ŰŬɝɘɜɧɛɖůɖ. ȰŰůɘ ŭŮɜ ɡˊɎɟɢŮɘ əŬɛɑŬ ŬɜɎɔəɖ ɜŬ 

ŮɝŮŰŬůŰɞɨɜ ŰŬ Ůˊɘɛɏɟɞɡɠ ŭɏɜŰɟŬ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ əŬŰɎ Űɖɜ ŭɘŬŭɘəŬůɑŬ Űɖɠ ɛɎɗɖůɖɠ, 

ŬˊɚɎ ɢɟɖůɘɛɞˊɞɘɐůŰŮ Űɖ ɚɑůŰŬ Űɤɜ əŬɜɧɜɤɜ ˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ŮɟɔŬɚŮɑɞ 

ɚɞɔɘůɛɘəɞɨ WEKA (Witten et al., 1994). ɇɞ PART ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ 

ŮˊɘɚŮɔɛɏɜŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ɏɜŬ ˊŮɟɘŰɨɚɘɔɛŬ Ŭɝɘɞɚɧɔɖůɖɠ 

ɡˊɞůɡɜɧɚɤɜ ůŰɞ ˊŬəɏŰɞ Ůˊɘɚɞɔɐɠ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ (ɖ ŮɜŬɚɚŬəŰɘəɎ ɖ Ŭɝɘɞɚɧɔɖůɖ Űɞɡ 

ɡˊɞůɡɜɧɚɞɡ ŰŬɝɘɜɞɛɖŰɐ). 

 

2.2.5 ɀɎɗɖůɖ ɓŬůɘůɛɏɜɖ ůŮ ɆŰɘɔɛɘɧŰɡˊŬ 

 

ɆŮ ŬɜŰɑɗŮůɖ ɛŮ Űɘɠ ɎɚɚŮɠ ɛŮɗɧŭɞɡɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ, ɞɘ ɞˊɞɑŮɠ 

əɤŭɘəɞˊɞɘɞɨɜ ŰŬ ˊŬɟŬŭŮɑɔɛŬŰŬ ŮəˊŬɑŭŮɡůɖɠ ůŮ ɛɘŬ ůɡɛˊŬɔɐ ˊŮɟɘɔɟŬűɐ, ůŰɖ ɛɎɗɖůɖ 

ɓŬůɘůɛɏɜɖ ůŮ ůŰɘɔɛɘɧŰɡˊŬ, ŰŬ ŭŮŭɞɛɏɜŬ ŮəˊŬɑŭŮɡůɖɠ ɛˊɞɟɞɨɜ ɜŬ ŭɘŬŰɖɟɖɗɞɨɜ 

ŬɡŰɞɨůɘŬ. ɀŮɟɘəɏɠ űɞɟɏɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ Űɘɠ ɛŮɗɧŭɞɡɠ ˊŬɟŬɛŮŰɟɘəɐɠ ɛɎɗɖůɖɠ, ɧˊɞɡ 

ɖ ɞɛŬŭɞˊɞɑɖůɖ ɢɤɟɑɠ ŮˊɑɓɚŮɣɖ ɛŮ ɢɟɐůɖ ɛŮɘɔɛɎŰɤɜ Gauss  ɗŮɤɟŮɑ ɧŰɘ ŰŬ ŭŮŭɞɛɏɜŬ 

ŮɝɖɔɞɨɜŰŬɘ Ŭˊɧ Űɞ ɎɗɟɞɘůɛŬ Ůɜɧɠ ůŰŬɗŮɟɞɨ Ŭɟɘɗɛɞɨ əŬŰŬɜɞɛɩɜ Gauss. ɇɞ ˊɟɧɓɚɖɛŬ 

ŮɛűŬɜɑɕŮŰŬɘ ɧŰŬɜ ɏɢɞɡɛŮ ɚɑɔŬ ŭŮŭɞɛɏɜŬ əŬɘ ˊɟɏˊŮɘ ɜŬ ŭɘŬŰɖɟŮɑŰŬɘ ɖ ɑŭɘŬ 

ˊɞɚɡˊɚɞəɧŰɖŰŬ ɛŮ ɏɜŬ ɛŮɔŬɚɨŰŮɟɞ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ. 

Ƀɘ ɛɏɗɞŭɞɘ ɛɖ ˊŬɟŬɛŮŰɟɘəɐɠ ɛɎɗɖůɖɠ (non parametric learning) ŮˊɘŰɟɏˊɞɡɜ ɜŬ 

ɛŮɔŬɚɩɜŮɘ ɖ ˊɞɚɡˊɚɞəɧŰɖŰŬ Űɖɠ ɡˊɧɗŮůɖɠ ŬɜɎɚɞɔŬ ɛŮ ŰŬ ŭŮŭɞɛɏɜŬ. ȷɜ ɏɢɞɡɛŮ 

ɛŮɔɎɚɞ ˊɚɐɗɞɠ ŭŮŭɞɛɏɜɤɜ, ŰɧŰŮ ɏɢɞɡɛŮ əŬɘ ŬɜŬɚɞɔɘəɐ ŬɡɝŬɜɧɛŮɜɖ ˊɞɚɡˊɚɞəɧŰɖŰŬ. 

ȹɡɞ ɓŬůɘəɏɠ ɞɘəɞɔɏɜŮɘŮɠ ɛŮɗɧŭɤɜ ɛɖ ˊŬɟŬɛŮŰɟɘəɐɠ ɛɎɗɖůɖɠ ɡˊɎɟɢɞɡɜ ɓŬůɘůɛɏɜŮɠ ůŮ 

ůŰɘɔɛɘɧŰɡˊŬ ɐ ɛɎɗɖůɖɠ ɓŬůɘůɛɏɜɖɠ ůŰɖɜ ɛɜɐɛɖ, ɞɘ ɞˊɞɑŮɠ ŭɞɛɞɨɜ Űɘɠ ɡˊɞɗɏůŮɘɠ Űɞɡɠ 

Ŭˊɧ ŰŬ ɑŭɘŬ ŰŬ ůŰɘɔɛɘɧŰɡˊŬ ŮəˊŬɑŭŮɡůɖɠ.  

ɆŰɖɜ ŰŬɝɘɜɧɛɖůɖ Ŭɚɔɞɟɑɗɛɤɜ ɛɎɗɖůɖɠ ɓŬůɘůɛɏɜɖɠ ůŮ ůŰɘɔɛɘɧŰɡˊŬ Ŭɜɐəɞɡɜ ɞɘ 

Ŭəɧɚɞɡɗɞɘ Ŭɚɔɧɟɘɗɛɞɘ: ɄɚɖůɘɏůŰŮɟɞɡ ɔŮɑŰɞɜŬ (Shekhar S.,Xiong H.2008), 

ȺɡəɚŮɑŭŮɘŬɠ ȷˊɧůŰŬůɖɠ (Euclidean Distance Algorithm) (Breu H.,Gil J.;Kirkpatrick 

D.;Werman M,1995), ɀɞɜŰɏɚŬ Ʉɡɟɐɜɤɜ (kernel model) (Cortes C., Vapnik V.,1995), 

ɀɎɗɖůɖ əŬŰɎ Bayes (Russell , Norvig 2011), ɄŬɟŮɛɓɞɚɐ əŬɘ ɄŬɚɘɜŭɟɧɛɖůɖ (Berk 

http://ieeexplore.ieee.org/xpl/abstractAuthors.jsp?tp=&arnumber=391389&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D391389
http://ieeexplore.ieee.org/xpl/abstractAuthors.jsp?tp=&arnumber=391389&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D391389
http://ieeexplore.ieee.org/xpl/abstractAuthors.jsp?tp=&arnumber=391389&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D391389
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R,2004), ɧˊɤɠ ɔɟŬɛɛɘəɐ ˊŬɚɘɜŭɟɧɛɖůɖ, ȿɞɔɘəɐ ˊŬɚɘɜŭɟɧɛɖůɖ, ɛɏɗɞŭɞɠ ŮɚŬɢɑůŰɤɜ 

ŰŮŰɟŬɔɩɜɤɜ (least square methods). 

 

ɀɞɜŰɏɚŬ Ʉɡɟɐɜɤɜ 

ɆŰŬ ɛɞɜŰɏɚŬ ˊɡɟɐɜɤɜ (kernel model)  ɗŮɤɟɞɨɛŮ ɧŰɘ əɎɗŮ ůŰɘɔɛɘɧŰɡˊɞ ŮəˊŬɑŭŮɡůɖɠ 

ŭɖɛɘɞɡɟɔŮɑ Ŭˊɧ ɛɧɜɞ Űɞɡ ɛɘŬ ɛɘəɟɐ ůɡɜɎɟŰɖůɖ ˊɡəɜɧŰɖŰŬɠ, ˊɞɡ ɞɜɞɛɎɕŮŰŮ 

ůɡɜɎɟŰɖůɖ ˊɡɟɐɜŬ ( Crammer, Koby et al. ,2001) əŬɘ ŭɑɜŮŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ  

1

1
( ) ( , )

N

i

i

P x K x x
N =

= ä .     (2.8) 

ɇɞ ix  ŮɑɜŬɘ ůŰɘɔɛɘɧŰɡˊɞ ŮəˊŬɑŭŮɡůɖɠ əŬɘ ɗŬ ŭɖɛɘɞɡɟɔɐůŮɘ ɏɜŬɜ ˊɡɟɐɜŬ ( , )iK x x . 

ȼ ŮˊɘɓɚŮˊɧɛŮɜɖ ɛɎɗɖůɖ ɛŮ ˊɡɟɐɜŮɠ ɔɑɜŮŰŬɘ ɛŮ Űɖɜ ɚɐɣɖ Ůɜɧɠ ůŰŬɗɛɘůɛɏɜɞɡ 

ůɡɜŭɡŬůɛɞɨ ɧɚɤɜ Űɤɜ ˊɟɞɓɚɏɣŮɤɜ Ŭˊɧ ŰŬ ůŰɘɔɛɘɧŰɡˊŬ ŮəˊŬɑŭŮɡůɖɠ. ȼ Űɘɛɐ Űɞɡ 

ˊɡɟɐɜŬ ( , )iK x x  ŭɑɜŮŰŬɘ Ŭˊɧ Űɞ ɓɎɟɞɠ Űɞɡ i-ɞůŰɞɨ ůŰɘɔɛɘɧŰɡˊɞɡ ɔɘŬ ɏɜŬ ůɖɛŮɑɞ 

ŮɟɤŰɐɛŬŰɞɠ ɢ ˊɞɡ ŭɑŭŮŰŬɘ Ŭˊɧ Űɖɜ Űɘɛɐ Űɞɡ ˊɡɟɐɜŬ. ũɘŬ ɛɘŬ ŭɘŬəɟɘŰɐ ˊɟɧɓɚŮɣɖ 

ɛˊɞɟɞɨɛŮ ɜŬ ˊɎɟɞɡɛŮ ɛɘŬ ůŰŬɗɛɘůɛɏɜɖ ɣɐűɞ, Ůɜɩ ɔɘŬ ɛɘŬ ůɡɜŮɢɐ ˊɟɧɓɚŮɣɖ 

ɛˊɞɟɞɨɛŮ ɜŬ ˊɎɟɞɡɛŮ Űɞ ůŰŬɗɛɘůɛɏɜɞ ɛɏůɞ ɧɟɞ ɐ ɛɘŬ ůŰŬɗɛɘůɛɏɜɖ ɔɟŬɛɛɘəɐ 

ˊŬɚɘɜŭɟɧɛɖůɖ. Ƀɘ ˊɟɞɓɚɏɣŮɘɠ ŰɏŰɞɘɞɡ Ůɑŭɞɡɠ ŬˊŬɘŰɞɨɜ ŮɝɏŰŬůɖ ɧɚɤɜ Űɤɜ 

ůŰɘɔɛɘɞŰɨˊɤɜ ŮəˊŬɑŭŮɡůɖɠ. ɀˊɞɟɞɨɛŮ ɜŬ ůɡɜŭɡɎůɞɡɛŮ Ůˊɑůɖɠ Űɖɠ ɛɏɗɞŭɞ ŬɡŰɐ ɛŮ 

ɛŮɗɧŭɞɡɠ ŭŮɘəŰɞŭɧŰɖůɖɠ Űɤɜ ˊɚɖůɘɏůŰŮɟɤɜ ɔŮɘŰɧɜɤɜ ɏŰůɘ ɩůŰŮ ɜŬ əɎɜɞɡɛŮ 

ůŰŬɗɛɘůɛɏɜŮɠ ˊɟɞɓɚɏɣŮɘɠ ɛɧɜɞ Ŭˊɧ ɔŮɘŰɞɜɘəɎ ůŰɘɔɛɘɧŰɡˊŬ. 

 

2.2.6 ɀɎɗɖůɖ əŬŰɎ Bayes 

ɆŰɖ ɛɎɗɖůɖ əŬŰɎ Bayes ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ˊɘɗŬɜɧŰɖŰŬ əɎɗŮ ɡˊɧɗŮůɖɠ, ɛŮ ɓɎůɖ ŰŬ 

ŭŮŭɞɛɏɜŬ əŬɘ əɎɜŮɘ ˊɟɞɓɚɏɣŮɘɠ ɛŮ ɢɟɐůɖ ɧɚɤɜ Űɤɜ ɡˊɞɗɏůŮɤɜ ůɨɛűɤɜŬ ɛŮ Űɘɠ 

ˊɘɗŬɜɧŰɖŰŮɠ Űɞɡɠ, ŬɜŰɑ ɛŮ Űɖɜ ɢɟɐůɖ ɛɧɜɞ Űɖɠ ɓɏɚŰɘůŰɖɠ  ɡˊɧɗŮůɖɠ. 

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, əɎɗŮ ˊŬɟɎŭŮɘɔɛŬ ŮəˊŬɑŭŮɡůɖɠ ɛˊɞɟŮɑ ůŰŬŭɘŬəɎ ɜŬ ɛŮɘɩůŮɘ ɐ ɜŬ 

ŬɡɝɐůŮɘ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ ɜŬ ŮɑɜŬɘ ůɤůŰɐ ɛɘŬ ɡˊɧɗŮůɖ. ȳɛɤɠ ŬɡŰɧ ŭŮɜ ŮɑɜŬɘ ŮűɘəŰɧ 

ɔɘŬŰɑ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ ɔɜɤɟɑɕɞɡɛŮ Űɘɠ ˊɘɗŬɜɧŰɖŰŮɠ ˊɞɚɚɩɜ Űɘɛɩɜ. ȷɡŰɐ ɖ 

ŭɡůəɞɚɑŬ ŮűŬɟɛɞɔɐɠ ɏɢŮɘ ŭɩůŮɘ ɛŮɔɎɚɖ ˊɟŬəŰɘəɐ ŬɝɑŬ, ůŰɞɜ Ŭˊɚɧ ŰŬɝɘɜɞɛɖŰɐ Bayes, 

ůŰɞɜ ɞˊɞɑɞ ɔɑɜŮŰŬɘ ɖ ˊŬɟŬŭɞɢɐ ɧŰɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŮɑɜŬɘ ŬɜŮɝɎɟŰɖŰŬ ɛŮŰŬɝɨ Űɞɡɠ.  
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ɇɞ ˊɘɞ ůɡɜɖɗɘůɛɏɜɞ ɛɞɜŰɏɚɞ Bayes ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŮɑɜŬɘ Űɞ ŬˊɞəŬɚɞɨɛŮɜɞ 

óŬˊɚɞɥəɧô ɛɞɜŰɏɚɞ Bayes.ɇɞ ŮˊɑɗŮŰɞ Ŭˊɚɞɥəɧ ŭɧɗɖəŮ ŮˊŮɘŭɐ ɗŮɤɟŮɑ ŰŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ŮɑɜŬɘ ɡˊɧ ůɡɜɗɐəɖ ŬɜŮɝɎɟŰɖŰŬ ɛŮŰŬɝɨ Űɞɡɠ, ɛŮ ŭŮŭɞɛɏɜɖ əŬŰɖɔɞɟɑŬ. 

ȷɜ ɗŮɤɟɐůɞɡɛŮ ɏɜŬ ŭɨŰɘɛŮɠ ɛŮŰŬɓɚɖŰɏɠ, ɛŮŰɎ Űɖɜ ŮəˊŬɑŭŮɡůɖ Űɞɡ ɛɞɜŰɏɚɞɡ əŬŰô 

ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ, ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖɜ ŰŬɝɘɜɧɛɖůɖ ɜɏɤɜ ˊŬɟŬŭŮɘɔɛɎŰɤɜ 

ɔɘŬ ŰŬ ɞˊɞɑŬ ɖ ɛŮŰŬɓɚɖŰɐ əŬŰɖɔɞɟɑŬɠ C ŭŮɜ ɏɢŮɘ ˊŬɟŬŰɖɟɖɗŮɑ. ɀŮ ˊŬɟŬŰɖɟɖɗŮɑůŮɠ 

Űɘɛɏɠ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ 1 2, ,..., nx x x, ɖ ˊɘɗŬɜɧŰɖŰŬ əɎɗŮ əŬŰɖɔɞɟɑŬɠ ŭɑŭŮŰŬɘ Ŭˊɧ Űɞɜ 

Űɨˊɞ 

 
1 2( | , ,..., ) ( ) ( / )n i

j

P C x x x aP C P x C= Ô
     (2.9) 

  ɧˊɞɡ C ŮɑɜŬɘ ɖ ɟɑɕŬ (ɛŮŰŬɓɚɖŰɐ əŬŰɖɔɞɟɑŬɠ) əŬɘ ix ŮɑɜŬɘ ŰŬ űɨɚɚŬ (ɛŮŰŬɓɚɖŰɏɠ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ). 

ȼ ɛɏɗɞŭɞɠ ɛŬɗŬɑɜŮɘ ɘəŬɜɞˊɞɘɖŰɘəɎ əŬɚɎ ŬɚɚɎ ɧɢɘ Űɧůɞ əŬɚɎ ɧůɞ ɖ ɛɎɗɖůɖ 

ŭɏɜŭɟɞɡ ŬˊɞűɎůŮɤɜ, ŬɡŰɧ ˊɘɗŬɜɧɠ ůɡɛɓŬɑɜŮɘ ŮˊŮɘŭɐ ɖ Ŭɚɖɗɐɠ ɡˊɧɗŮůɖ ŭŮɜ 

ŬɜŬˊŬɟɘůŰɎɜŮŰŬɘ Ŭəɟɘɓɩɠ ɛŮ Űɖɜ ɢɟɐůɖ ŬɡŰɐɠ Űɖɠ ŰŬɝɘɜɧɛɖůɖɠ. ȼ ɛɎɗɖůɖ Ŭˊɚɞɥəɞɨ 

ɛɞɜŰɏɚɞɡ Bayes  ɛˊɞɟŮɑ ɜŬ əɚɘɛŬəɤɗŮɑ əŬɚɎ ůŮ ɛŮɔɎɚŬ ˊɟɞɓɚɐɛŬŰŬ, ŭɖɚŬŭɐ ɛŮ n 

Boolean ɢŬɟŬəŰɖɟɘůŰɘəɎ ɡˊɎɟɢɞɡɜ (2n+1) ˊŬɟɎɛŮŰɟɞɘ əŬɘ ŭŮɜ ŬˊŬɘŰŮɑŰŬɘ ŬɜŬɕɐŰɖůɖ 

ɔɘŬ ɜŬ ɓɟɞɨɛŮ Űɖɜ ɡˊɧɗŮůɖ Ŭˊɚɞɥəɞɨ ɛɞɜŰɏɚɞɡ ȸayes ɛŮ ɛɏɔɘůŰɖ ˊɘɗŬɜɞűɎɜŮɘŬ. 

ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ŰŬ ŭŮŭɞɛɏɜŬ ŭŮɜ ŮˊɖɟɟŮɎɕɞɜŰŬɘ Ŭˊɧ ŭŮŭɞɛɏɜŬ ɛŮ ɗɧɟɡɓɞ. 

ɇɞ ůűɎɚɛŬ ɓɟɑůəŮŰŬɘ Ŭˊɧ Űɖɜ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɖɠ ˊɟŬɔɛŬŰɘəɐɠ Űɘɛɐɠ əŬɘ Űɖɠ 

ˊɟɞɓɚŮˊɧɛŮɜɖɠ Űɘɛɐɠ, ɧˊɞɡ ɚɏɔŮŰŬɘ ɎɗɟɞɘůɛŬ ŰŮŰɟŬɔɤɜɘəɩɜ ůűŬɚɛɎŰɤɜ. ȷɡŰɐ ɖ 

ˊɞůɧŰɖŰŬ  ŮɚŬɢɘůŰɞˊɞɘŮɑŰŬɘ Ŭˊɧ Űɖɜ ůɡɜɐɗɖ ŭɘŬŭɘəŬůɑŬ ɔɟŬɛɛɘəɐɠ ˊŬɚɘɜŭɟɧɛɖůɖɠ. 

ȰŰůɘ ůɡɛˊŮɟŬɑɜɞɡɛŮ ɧŰɘ ɖ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɞɡ ŬɗɟɞɑůɛŬŰɞɠ Űɤɜ ŰŮŰɟŬɔɩɜɤɜ 

ůűŬɚɛɎŰɤɜ ŭɑɜŮɘ Űɞ ɛɞɜŰɏɚɞ ŮɡɗŮɑŬɠ ɔɟŬɛɛɐɠ ɛɏɔɘůŰɖɠ ˊɘɗŬɜɞűɎɜŮɘŬɠ, Ůűɧůɞɜ ŰŬ 

ŭŮŭɞɛɏɜŬ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɛŮ ɗɧɟɡɓɞ Gauss ůŰŬɗŮɟɐɠ ŭɘŬəɨɛŬɜůɖɠ. (Russell , Norvig 

2011) 

 

2.2.7 ɄŬɟŮɛɓɞɚɐ əŬɘ ɄŬɚɘɜŭɟɧɛɖůɖ 

ȯɚɚɖ ɛɘŬ ŰŮɢɜɘəɐ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ɛŮ ŮˊɑɓɚŮɣɖ ŮɑɜŬɘ ɖ ˊŬɚɘɜŭɟɧɛɖůɖ, ɧˊɞɡ 

ŮɑɜŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɖɠ ůɢɏůɖɠ ɛɘŬɠ ŮɝŬɟŰɖɛɏɜɖɠ ɛŮŰŬɓɚɖŰɐɠ y ɛŮ ɛɘŬ 

ɐ ˊŮɟɘůůɧŰŮɟŮɠ ɎɚɚŮɠ ŬɜŮɝɎɟŰɖŰŮɠ ɛŮŰŬɓɚɖŰɏɠ 1 2, ,..., nx x x . ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛŮ 

ůəɞˊɧ Űɖɜ Ůəɢɩɟɖůɖ ŭŮŭɞɛɏɜɤɜ ůŰɘɠ ɛŮŰŬɓɚɖŰɏɠ ˊɟɧɓɚŮɣɖɠ, Ŭɜ ɞɘ ɛŮŰŬɓɚɖŰɏɠ ŮɑɜŬɘ 
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ůɡɜŮɢŮɑɠ. Ⱥˊɑůɖɠ ɖ ŬɜɎɚɡůɖ Űɖɠ ˊŬɚɘɜŭɟɧɛɖůɖɠ ɏɢŮɘ əŬɗɞɟɘůŰɘəɐ ůɖɛŬůɑŬ ɔɘŬŰɑ ɛŬɠ 

ŭŮɑɢɜŮɘ ůŰŬŰɘůŰɘəɎ Űɖɜ ŮəŰɑɛɖůɖ Űɤɜ ůɡůɢŮŰɑůŮɤɜ, ŭɖɚŬŭɐ ɞ ɓŬɗɛɧɠ ŮɛˊɘůŰɞůɨɜɖɠ 

ŮɑɜŬɘ əɞɜŰɎ ůŰɖɜ ŮəŰɑɛɖůɖ ˊɞɡ ɏɢŮɘ ɔɑɜŮɘ. 

ȼ ˊŬɟŮɛɓɞɚɐ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŮ ɔɟŬɛɛɘəɎ əŬɘ ɛɖ ɔɟŬɛɛɘəɎ ɛɞɜŰɏɚŬ , ůŰɖɜ 

ũɟŬɛɛɘəɐ ɄŬɚɘɜŭɟɧɛɖůɖ (linear regression) ŬɜŰɑůŰɞɘɢŬ əŬɘ ůŰɖɜ ȿɞɔɘůŰɘəɐ 

ɄŬɚɘɜŭɟɧɛɖůɖ (logistic regression). ȳŰŬɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ˊŬɟŮɛɓɞɚɐ ůɖɛŮɑɤɜ ůŮ 

ŮɜŭɘɎɛŮůŬ ŰɛɐɛŬŰŬ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ əŬɘ ɖ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ. ȼ ůɡɜɎɟŰɖůɖ 

ˊŬɚɘɜŭɟɧɛɖůɖɠ ˊɟɞɓɚɏˊŮɘ Űɖ ůɡɜɎɟŰɖůɖ ɢ ɛŮ ɛŮŰŬɓɚɖŰɏɠ 1 2, ,..., nx x x ůŰɖɜ əɚɎůɖ ɛŮ 

Űɘɛɐ y. 

ɇɞ ˊɘɞ ɔɜɤůŰɧ ɛɞɜŰɏɚɞ ŮɑɜŬɘ Űɞ ɔɟŬɛɛɘəɧ, ɧˊɞɡ ɖ ŬɜŬɛŮɜɧɛŮɜɖ Űɘɛɐ Űɖɠ Ůɝɧŭɞɡ 

ɛɞɜŰŮɚɞˊɞɘŮɑŰŬɘ ɛŮ ɛɘŬ ɔɟŬɛɛɘəɐ ůɡɜɎɟŰɖůɖ ɐ ɎɗɟɞɘůɛŬ ɛŮ ɓɎɟɖ (weighted sum) Űɤɜ 

ˊŬɟŬɛɏŰɟɤɜ Ůɘůɧŭɞɡ. ȷɡŰɧ ŭɑɜŮŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ  

 0 1 1 2 2 ... , 1,2,...,j j j n njy b b x b x b x j m= + + + + = ,  (2.10) 

ɧˊɞɡ m ŮɑɜŬɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ˊŬɟŬŭŮɘɔɛɎŰɤɜ ŮəˊŬɑŭŮɡůɖɠ, əŬɘ 1,...,nibgiai= ɔɘŬ 

ɡˊɞɚɞɔɘůɛɧ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ.  

ɀɘŬ Ŭˊɧ Űɘɠ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜŮɠ ɛŮɗɧŭɞɡɠ ɚɨůɖɠ ŮɑɜŬɘ ɖ ɛɏɗɞŭɞɠ Űɤɜ óŮɚɎɢɘůŰɤɜ 

ŰŮŰɟŬɔɩɜɤɜô (least squares) ˊɞɡ ŮɚŬɢɘůŰɞˊɞɘŮɑ Űɞ ůűɎɚɛŬ ɛŮŰŬɝɨ Űɖɠ ŮəŰɘɛɩɛŮɜɖɠ 

ůɡɜɎɟŰɖůɖɠ əŬɘ Űɤɜ ˊɟŬɔɛŬŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ. ɀŮ ŬɡŰɐ Űɖɜ ɛɏɗɞŭɞ Ůˊɑɚɡůɖɠ 

ˊɟɞůˊŬɗɞɨɛŮ ɜŬ ˊɟɞůŭɘɞɟɑůɞɡɛŮ Űɖ ɛɞɟűɐ Űɖɠ ɎɔɜɤůŰɖɠ ůɢɏůɖɠ, ůŰɖɜ ɞˊɞɑŬ 

ŰŬɘɟɘɎɕɞɡɜ əŬɚɨŰŮɟŬ ŰŬ ˊŮɘɟŬɛŬŰɘəɎ ɛŬɠ ŭŮŭɞɛɏɜŬ, ŮɚɏɔɢɞɜŰŬɠ ɛɘŬ ůŮɘɟɎ ɔɜɤůŰɩɜ 

ůɢɏůŮɤɜ. 

ũɘŬ ŰŬ ɛɖ ɔɟŬɛɛɘəɎ ɛɞɜŰɏɚŬ ˊŬɟŮɛɓɞɚɐɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ȿɞɔɘůŰɘəɐ 

ɄŬɚɘɜŭɟɧɛɖůɖ, ɧˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ŰŬ ůűɎɚɛŬŰŬ ŭŮɜ ɡˊŬəɞɨɜ ůŰɖɜ əŬɜɞɜɘəɐ 

əŬŰŬɜɞɛɐ əŬɘ ɖ ɛŮŰŬɓɚɖŰɐ Ŭˊɧəɟɘůɖɠ ŮɑɜŬɘ ŭɘŬəɟɘŰɐ. ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ɖ Űɘɛɐ 

Ůɝɧŭɞɡ ŭŮɜ ŮɑɜŬɘ ůŰŬɗɛɘůɛɏɜɞ ɎɗɟɞɘůɛŬ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Ůɘůɧŭɞɡ ŬɚɚɎ ůɡɜŭɏŮŰŬɘ ɛŮ 

ŬɡŰɎ ɛŮ ˊɘɞ ˊɞɚɨˊɚɞəɞ Űɟɧˊɞ. 

Ɇəɞˊɧɠ Űɖɠ ɚɞɔɘůŰɘəɐɠ ˊŬɚɘɜŭɟɧɛɖůɖɠ ŮɑɜŬɘ ɖ ˊɟɧɓɚŮɣɖ Űɖɠ ŬˊɞɡůɑŬɠ ɐ Űɖɠ 

ˊŬɟɞɡůɑŬɠ Ůɜɧɠ ɢŬɟŬəŰɖɟɘůŰɘəɞɨ.ɈˊɎɟɢɞɡɜ əɎˊɞɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ ɛɖ ɔɟŬɛɛɘəɎ 

ˊɟɞɓɚɐɛŬŰŬ ɛˊɞɟɞɨɜ ɜŬ ɛŮŰŬŰɟŬˊɞɨɜ ůŮ ɔɟŬɛɛɘəɎ ɛŮ əɎˊɞɘɞ əŬŰɎɚɚɖɚɞ 

ɛŮŰŬůɢɖɛŬŰɘůɛɧ, ɔɘŬ ɜŬ ɛˊɞɟɏůɞɡɜ ɜŬ Ůˊɘɚɡɗɞɨɜ ɛŮ Űɖɜ ɛɏɗɞŭɞ ŮɚŬɢɑůŰɤɜ 

ŰŮŰɟŬɔɩɜɤɜ. 
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2.3 ɇŮɢɜɖŰɎ ɁŮɡɟɤɜɘəɎ ȹɑəŰɡŬ 

ɀɘŬ ŮɜŬɚɚŬəŰɘəɐ ŰŮɢɜɘəɐ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ŮɑɜŬɘ ŰŬ ŰŮɢɜɖŰɎ ɜŮɡɟɤɜɘəɎ ŭɑəŰɡŬ 

(ɇɁȹ) (artificial neural networks), ȷɡŰɎ ŮɑɜŬɘ ůɡůŰɐɛŬŰŬ ŮˊŮɝŮɟɔŬůɑŬɠ ŭŮŭɞɛɏɜɤɜ 

ˊɞɡ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ ɏɜŬ ˊɚɐɗɞɠ ŰŮɢɜɖŰɩɜ ɜŮɡɟɩɜɤɜ ɞɟɔŬɜɤɛɏɜɤɜ ůŮ ŭɞɛɏɠ 

ˊŬɟɧɛɞɘŮɠ ɛŮ ŬɡŰɏɠ Űɞɡ Ŭɜɗɟɩˊɘɜɞɡ ŮɔəŮűɎɚɞɡ.  

ɇŬ ɇɁȹ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ŭɖɛɞűɘɚɐ ůŮ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ ɔɑɜɞɡɜ 

ˊɟɞɓɚɏɣŮɘɠ, ɧˊɤɠ ˊɟɞɓɚɐɛŬŰŬ ůŮ ˊɞɚɚɏɠ ŬɜɗɟɩˊɘɜŮɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ ˊɞɡ 

ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ŰŬɝɘɜɧɛɖůɖ (classification), ŬɜŬɔɜɩɟɘůɖ (recognition), ŬˊɞŰɑɛɖůɖ 

(assessment) əŬɘ ˊɟɧɓɚŮɣɖ (prediction). 

ɇŬ ŰŮɢɜɖŰɎ ɜŮɡɟɤɜɘəɎ ŭɑəŰɡŬ (artificial neural networks) ŮɑɜŬɘ ůɡůŰɐɛŬŰŬ 

ŮˊŮɝŮɟɔŬůɑŬɠ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ ɏɜŬ ˊɚɐɗɞɠ ŰŮɢɜɖŰɩɜ ɜŮɡɟɩɜɤɜ 

ɞɟɔŬɜɤɛɏɜɤɜ ůŮ ŭɞɛɏɠ ˊŬɟɧɛɞɘŮɠ ɛŮ ŬɡŰɏɠ Űɞɡ Ŭɜɗɟɩˊɘɜɞɡ ŮɔəŮűɎɚɞɡ. ȰŰůɘ 

ɞɟɔŬɜɩɜɞɜŰŬɘ ůŮ ŮˊɑˊŮŭŬ, ɧˊɞɡ Űɞ ˊɟɩŰɞ ŮɑɜŬɘ Űɞ ŮˊɑˊŮŭɞ Ůɘůɧŭɞɡ (input layer), ɧˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɜŬ ŮɘůɎɔɞɡɛŮ ŰŬ ŭŮŭɞɛɏɜŬ ɛŬɠ. ɇɞ ŮɜŭɘɎɛŮůɞ ŮˊɑˊŮŭɞ ɞɜɞɛɎɕŮŰŬɘ 

əɟɡűɧ ŮˊɑˊŮŭɞ əŬɘ ɛˊɞɟŮɑ ɜŬ ŬˊŬɟŰɑɕŮŰŬɘ Ŭˊɧ ɏɜŬ ɐ əŬɘ ˊŬɟŬˊɎɜɤ əɟɡűɎ ŮˊɑˊŮŭŬ. 

ɇɏɚɞɠ ɡˊɎɟɢŮɘ əŬɘ Űɞ ŮˊɑˊŮŭɞ Ůɝɧŭɞɡ (output layer). Ƀɘ ɡˊɞɚɞɔɘůŰɘəɞɑ ɜŮɡɟɩɜŮɠ 

ˊɞɚɚŬˊɚŬůɘɎɕɞɡɜ əɎɗŮ Ůɑůɞŭɞ Űɞɡɠ ɛŮ Űɞ ŬɜŰɑůŰɞɘɢɞ ůɡɜŬˊŰɘəɧ ɓɎɟɞɠ əŬɘ 

ɡˊɞɚɞɔɑɕɞɡɜ Űɞ ɞɚɘəɧ ɎɗɟɞɘůɛŬ. ȰŰůɘ  Űɞ ɎɗɟɞɘůɛŬ ŰɟɞűɞŭɞŰŮɑ Űɖ ůɡɜɎɟŰɖůɖ 

ŮɜŮɟɔɞˊɞɘɐůŮɘɠ, Űɖɜ ɞˊɞɑŬ ɡɚɞˊɞɘŮɑ əɎɗŮ əɧɛɓɞɠ. ȾɎɗŮ űɞɟɎ ɚŬɛɓɎɜŮŰŬɘ ɖ Űɘɛɐ Űɖɠ 

ůɡɜɎɟŰɖůɖɠ əŬɘ ɖ ɏɝɞŭɞɠ Űɞɡ ɜŮɡɟɩɜŬ ɔɘŬ Űɘɠ ŰɟɏɢɞɡůŮɠ Űɘɛɏɠ. ȼ ůɡɜɎɟŰɖůɖ ŬɡŰɐ 

ŭɑɜŮŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ  
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ɧˊɞɡ kix ŮɑɜŬɘ ɖ i-ɞůŰɐ Ůɑůɞŭɞɠ Űɞɡ ə ɜŮɡɟɩɜŬ, kiw Űɞ i-ɞůŰɧ ůɡɜŬˊŰɘəɧ ɓɎɟɞɠ Űɞɡ ə 

ɜŮɡɟɩɜŬ, ű ɖ ůɡɜɎɟŰɖůɖ ŮɜŮɟɔɞˊɞɑɖůɖɠ Űɞɡ ɜŮɡɟɤɜɘəɞɨ ŭɘəŰɨɞɡ əŬɘ ky ɖ ɏɝɞŭɞɠ Űɞɡ 

ə ɜŮɡɟɩɜŬ. ɆŰɞɜ ə ɞůŰɧ ɜŮɡɟɩɜŬ ɏɢɞɡɛŮ Űɞ ůɡɜŬˊŰɘəɧ ɓɎɟɞɠ kiw  ɧˊɞɡ əŬɚŮɑŰŬɘ 

ˊɧɚɤůɖ ɐ əŬŰɩűɚɘ. ȷɜ Űɞ ůɡɜɞɚɘəɧ ɎɗɟɞɘůɛŬ Ŭˊɧ Űɘɠ ɡˊɧɚɞɘˊŮɠ Ůɘůɧŭɞɡɠ Űɞɡ 

ɜŮɨɟɤɜŬ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ Űɖɜ Ŭɟɢɘəɐ Űɘɛɐ ˊɞɡ ɗŬ ˊɎɟŮɘ əŬɘ ɗŬ ŮɑɜŬɘ 1, ŰɧŰŮ ɞ 

ɜŮɡɟɩɜŬɠ ŮɜŮɟɔɞˊɞɘŮɑŰŬɘ. ȷɜ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞ Ŭˊɧ Űɖɜ Űɘɛɐ Űɖɠ Ůɘůɧŭɞɡ, ŰɧŰŮ ɞ 

ɜŮɨɟɤɜŬɠ ˊŬɟŬɛɏɜŮɘ ŬɜŮɜŮɟɔɧɠ 

Ƀɘ ɜŮɡɟɩɜŮɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ˊɚɐɟɤɠ ůɡɜŭŮŭŮɛɏɜɞɘ, ŭɖɚŬŭɐ ŮɑɜŬɘ ůɡɜŭŮŭŮɛɏɜɞɘ ɛŮ 

Űɞɡɠ ɡˊɧɚɞɘˊɞɡɠ ɜŮɡɟɩɜŮɠ, Ŭɚɚɘɩɠ ŮɑɜŬɘ ɛŮɟɘəɩɠ ůɡɜŭŮŭŮɛɏɜɞɘ (partially connected). 
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ȳŰŬɜ ŭŮɜ ɡˊɎɟɢɞɡɜ ůɡɜŭɏůŮɘɠ ɛŮŰŬɝɨ ɜŮɡɟɩɜɤɜ ˊɟɞɖɔɞɨɛŮɜɞɡ Ůˊɘˊɏŭɞɡ ŰŬ ŭɑəŰɡŬ 

ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ˊɟɧůɗɘŬ ŰɟɞűɞŭɞŰɖɛɏɜŬ, ŭɘŬűɞɟŮŰɘəɎ Ŭɜ ɏɢɞɡɛŮ Űɞ ŬɜŰɑɗŮŰɞ ɐ 

əŬɗɩɠ əŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ůɡɜŭɏůŮɤɜ ɛŮŰŬɝɨ Űɤɜ ɜŮɡɟɩɜɤɜ ɑŭɘɞɡ Ůˊɘˊɏŭɞɡ, 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɛŮ ŬɜŬŰɟɞűɞŭɧŰɖůɖ (feedback). 

ɇŬ ŰŮɢɜɘəɎ ɜŮɡɟɤɜɘəɎ ŭɑəŰɡŬ (ɇɁȹ) ŮəŰŮɚɞɨɜ ŭɡɞ ɓŬůɘəɏɠ ɚŮɘŰɞɡɟɔɑŮɠ. ȷɟɢɘəɎ 

əŬŰɎ Űɖɜ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŮəˊŬɑŭŮɡůɖɠ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ɛɎɗɖůɖɠ 

ɧˊɞɡ ŰɟɞˊɞˊɞɘŮɑ Űɖɜ Űɘɛɐ Űɤɜ ɓŬɟɩɜ Űɞɡ ŭɘəŰɨɞɡ, ɩůŰŮ Ŭɜ ŭɩůɞɡɛŮ ɏɜŬ 

ůɡɔəŮəɟɘɛɏɜɞ ŭɘɎɜɡůɛŬ Ůɘůɧŭɞɡ ɜŬ ˊɎɟɞɡɛŮ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ŭɘɎɜɡůɛŬ Ůɝɧŭɞɡ. 

ȯɚɚɖ ɛɘŬ ɚŮɘŰɞɡɟɔɑŬ ŮɑɜŬɘ ɖ ŬɜɎəɚɖůɖ (recall) ɧˊɞɡ ɡˊɞɚɞɔɑɕŮɘ ɏɜŬ ŭɘɎɜɡůɛŬ Ůɝɧŭɞɡ 

ɔɘŬ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ŭɘɎɜɡůɛŬ Ůɘůɧŭɞɡ əŬɘ Űɘɛɏɠ ɓŬɟɩɜ. 

TŬ ɇɁȹ ɛˊɞɟɞɨɜ ɜŬ ŮɛűŬɜɑůɞɡɜ űŬɘɜɧɛŮɜŬ ɡˊɞŰŬɘɟɘɎůɛŬŰɞɠ ɐ ŬŰŮɚɞɨɠ ɛɎɗɖůɖɠ 

(underfitting) ɐ ɡˊŮɟŰŬɘɟɘɎůɛŬŰɞɠ (overfitting). ȷɜ Űɞ ŭɑəŰɡɞ ŬɡŰɧ ŭŮɜ ŮɑɜŬɘ ŬɟəŮŰɎ 

ˊŮɟɑˊɚɞəɞ ɛˊɞɟŮɑ ɜŬ ŬˊɞŰɨɢŮɘ ɜŬ ɛɞɜŰŮɚɞˊɞɘɐůŮɘ ŰŬ ŭŮŭɞɛɏɜŬ ŮəˊŬɑŭŮɡůɖɠ ɞˊɧŰŮ 

ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɖɗŮɑ ůŰɞ űŬɘɜɧɛŮɜɞ Űɞɡ ɡˊɞŰŬɘɟɘɎůɛŬŰɞɠ. ȷɜŰɑɗŮŰŬ, Ŭɜ ɏɢɞɡɛŮ ɏɜŬ 

ˊɞɚɨˊɚɞəɞ ɜŮɡɟɤɜɘəɧ ŭɑəŰɡɞ ɛˊɞɟŮɑ ɜŬ ɛɞɜŰŮɚɞˊɞɘɐůŮɘ ɡˊŮɟɓɞɚɘəɎ ŰŬ ŭŮŭɞɛɏɜŬ 

ŮəˊŬɑŭŮɡůɖɠ əŬɗɩɠ əŬɘ Űɞɜ ɗɧɟɡɓɞ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɡˊɎɟɢŮɘ ɛɏůŬ ůŮ ŬɡŰɎ. ɆŰɖɜ 

ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ űŬɘɜɧɛŮɜɞ ɡˊŮɟŰŬɘɟɘɎůɛŬŰɞɠ ɧˊɞɡ ŭɑɜŮɘ ůɤůŰɐ 

ˊɟɧɓɚŮɣɖ ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ ŮəˊŬɑŭŮɡůɖɠ ŬɚɚɎ ˊŬɟɎɔŮɘ ɚɎɗɞɠ ˊɟɞɓɚɏɣŮɘɠ ɔɘŬ Űɘɠ 

ŮˊɧɛŮɜŬ ŭŮŭɞɛɏɜŬ Ůɘůɧŭɞɡ. 

ɇŬ ɇɁȹ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ŭɖɛɞűɘɚɐ ůŮ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ ɔɑɜɞɡɜ 

ˊɟɞɓɚɏɣŮɘɠ, ɧˊɤɠ ˊɟɞɓɚɐɛŬŰŬ ůŮ ˊɞɚɚɏɠ ŬɜɗɟɩˊɘɜŮɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ ˊɞɡ 

ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ŰŬɝɘɜɧɛɖůɖ (classification), ŬɜŬɔɜɩɟɘůɖ (recognition), ŬˊɞŰɑɛɖůɖ 

(assessment) əŬɘ ˊɟɧɓɚŮɣɖ (prediction). 

ɆŰŬ ɜŮɡɟɤɜɘəɎ ŭɑəŰɡŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰɏůůŮɟɘɠ ɘŭɘɧŰɖŰŮɠ:  

(i) ŮəɛɎɗɖůɖ ɛɏůɤ ˊŬɟŬŭŮɘɔɛɎŰɤɜ, 

(ii) ɘəŬɜɧŰɖŰŬ Űɞɡɠ ɔɘŬ Űɖɜ ŬɜŬɔɜɩɟɘůɖ ˊɟɞŰɨˊɤɜ, 

(iii) Ŭɜɞɢɐ ůŮ ůűɎɚɛŬŰŬ, 

(iv) ŭɡɜŬŰɧŰɖŰŬ ɗŮɩɟɖůɖɠ ɤɠ əŬŰŬɜŮɛɖɛɏɜɖ ɛɜɐɛɖ əŬɘ ɤɠ ɛɜɐɛɖ ůɡůɢɏŰɘůɖ. 

ȰɜŬ ůɖɛŬɜŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ Űɞɡɠ ŮɑɜŬɘ ɖ Ŭɜɞɢɐ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ ůŮ ŭŮŭɞɛɏɜŬ 

ŮəˊŬɑŭŮɡůɖɠ ɛŮ ɗɧɟɡɓɞ, ŭɖɚŬŭɐ ůŮ ŭŮŭɞɛɏɜŬ ɧˊɞɡ ɏɢɞɡɜ ɚŬɜɗŬůɛɏɜŮɠ Űɘɛɏɠ ɐ 

ɚŬɜɗŬůɛɏɜŮɠ əŬŰŬɢɤɟɐůŮɘɠ. ȷɜŰɘɗɏŰɤɠ ɧɛɤɠ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ Ůɝɖɔɐůɞɡɜ ˊɞɘɞŰɘəɎ Űɖ 

ɔɜɩůɖ ˊɞɡ ɛɞɜŰŮɚɞˊɞɘɞɨɜ. 
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2.4 ɀɖɢŬɜɏɠ ȹɘŬɜɡůɛɎŰɤɜ ɈˊɞůŰɐɟɘɝɖɠ  

Ƀɘ ɀɖɢŬɜɏɠ ȹɘŬɜɡůɛɎŰɤɜ ɈˊɞůŰɐɟɘɝɖɠ (Support Vector Machine-SVM) ůŰɖɟɑɕɞɜŰŬɘ 

ůŰɖ ɗŮɤɟɑŬ ůŰŬŰɘůŰɘəɐɠ ɛɎɗɖůɖɠ əŬɘ ůŰŬ ɜŮɡɟɤɜɘəɎ ŭɑəŰɡŬ Űɨˊɞɡ Perceptron (Cortes 

C.,1995). ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɗŮɤɟŮɑŰŬɘ ɖ ˊɚɏɞɜ ŭɘŬŭŮŭɞɛɏɜɖ ɛɏɗɞŭɞɠ ɔɘŬ ɔɟŬɛɛɘəɏɠ ɐ 

ɛɖ ɛŮɗɧŭɞɡɠ ˊŬɟŮɛɓɞɚɐɠ əŬɘ ŰŬɝɘɜɧɛɖůɖɠ. Ƀɘ ɀɖɢŬɜɏɠ ŭɘŬɜɡůɛɎŰɤɜ ɡˊɞůŰɐɟɘɝɖɠ 

ˊɟɞůˊŬɗɞɨɜ ɜŬ ɓɟɞɡɜ ɛɘŬ ɡˊŮɟŮˊɘűɎɜŮɘŬ (hypersurface) ɩůŰŮ ɜŬ ɛˊɞɟɏůŮɘ ɜŬ ŭɘŬɢɤɟɑůŮɘ 

ůŰɞɜ ɢɩɟɞ ŰŬ ɗŮŰɘəɎ əŬɘ ŰŬ ŬɟɜɖŰɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ. ȼ Ůˊɘɚɞɔɐ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ɔɑɜŮŰŮ ɛŮ 

Űɟɧˊɞ ŰɏŰɞɘɞ ɩůŰŮ ɜŬ ŬˊɏɢŮɘ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ ŰŬ əɞɜŰɘɜɧŰŮɟŬ ɗŮŰɘəɎ əŬɘ 

ŬɟɜɖŰɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ (maximum margin hypersurface). ȰŰůɘ ɛˊɞɟŮɑ ɜŬ ŰŬɝɘɜɞɛɐůŮɘ 

ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ ŮɑɜŬɘ ˊŬɟɧɛɞɘŮɠ əŬɘ ɧɢɘ ˊŬɜɞɛɞɘɧŰɡˊŮɠ ɛŮ əɎˊɞɘɞ ˊŬɟɎŭŮɘɔɛŬ 

ŮəˊŬɑŭŮɡůɖɠ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɛɘŬ ŬɟɘɗɛɖŰɘəɐ Űɘɛɐ ůŰɞ ŭɘɎůŰɖɛŬ [-1,+1]. 

ȰɜŬ ɓŬůɘəɧ ˊɚŮɞɜɏəŰɖɛŬ ˊɞɡ ɏɢɞɡɜ ɞɘ ɛɖɢŬɜɏɠ ŭɘŬɜɡůɛɎŰɤɜ ɏɜŬɜŰɘ ůŰŬ ɜŮɡɟɤɜɘəɎ 

ŭɑəŰɡŬ Űɨˊɞɡ Perceptron ŮɑɜŬɘ ɧŰɘ ɛˊɞɟɞɨɜ ɜŬ ˊŬɟɎɔɞɡɜ ˊɘɞ ůɨɜɗŮŰŮɠ ɡˊŮɟŮˊɘűɎɜŮɘŮɠ, 

ŮɜůɤɛŬŰɩɜɞɜŰŬɠ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨɠ əŬɘ ůɡɜŭɡŬůɛɞɨɠ Űɤɜ Ŭɟɢɘəɩɜ ɛŮŰŬɓɚɖŰɩɜ ŬɜɎɚɞɔŬ 

ɛŮ Űɞ ˊɟɧɓɚɖɛŬ əŬɘ ɝŮˊŮɟɜɩɜŰŬɠ ˊɟɞɓɚɐɛŬŰŬ Űɞˊɘəɩɜ ŮɚŬɢɑůŰɤɜ əŬɘ ŭɘŬůˊɞɟɎɠ Űɤɜ 

ɚɨůŮɤɜ ůŰɞ ɢɩɟɞ ŬɜŬɕɐŰɖůɖɠ. ũɘô ŬɡŰɧ ɢɟɖůɘɛɞˊɞɘɞɨɜ ɏɜŬ ˊŮˊŮɟŬůɛɏɜɞ ɡˊɞůɨɜɞɚɞ ˊɞɡ 

əŬɚŮɑŰŬɘ ŭɘŬɜɨůɛŬŰŬ ɡˊɞůŰɐɟɘɝɖɠ (support vectors) əŬɘ ůɡɜŬɟŰɐůŮɘɠ ˊɡɟɐɜŬ (kernel 

functions) ůŰɞ ůɨɜɞɚɞ ŮəˊŬɑŭŮɡůɖɠ, ɩůŰŮ ɜŬ ɛŮŰŬůɢɖɛŬŰɑůɞɡɜ Űɞɜ Ŭɟɢɘəɧ ɢɩɟɞ 

ɡˊɞɗɏůŮɤɜ ɔɘŬ ɜŬ ɓɟɞɡɜ Űɖ ɓɏɚŰɘůŰɖ ɛɖ ɔɟŬɛɛɘəɐ ɡˊŮɟŮˊɘűɎɜŮɘŬ ˊɞɡ ŮɚŬɢɘůŰɞˊɞɘŮɑ Űɞ 

ůűɎɚɛŬ ŰŬɝɘɜɧɛɖůɖɠ. 

 

2.5 ȷɚɔɧɟɘɗɛɞɘ ɀɎɗɖůɖɠ ɃɛɎŭɤɜ ɇŬɝɘɜɞɛɖŰɩɜ 

ɇɞ ˊɟɧɓɚɖɛŬ Űɤɜ ŬɜɞɛɞɘɞɔŮɜɩɜ ŰɎɝŮɤɜ ɛˊɞɟŮɑ ɜŬ ŮˊɘɚɡɗŮɑ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞɡɠ 

Ŭɚɔɧɟɘɗɛɞɡɠ ɛɎɗɖůɖɠ ůɡɜɧɚɤɜ Boosting (AdaBoost əŬɘ Űɞɡɠ Űɟɞˊɞˊɞɘɖɛɏɜɞɡɠ 

Ŭɚɔɞɟɑɗɛɞɡɠ AdamBoost.M1 əŬɘ AdamBoost.M2) (Schapire, 1990; Freund and Schapire, 

1997; Schapire and Siner, 1999) əŬɘ Bagging (əŬɘ Űɞɡɠ Űɟɞˊɞˊɞɘɖɛɏɜɞɡɠ Ŭɚɔɞɟɑɗɛɞɡɠ 

óəɞɚɚɖɛɏɜɞɡɠ ɛɘəɟɞɨɠ ɣɐűɞɡɠ ɛŮ ůɖɛŬɜŰɘəɧ ŭŮɑɔɛŬô (pasting small votes with importance 

sampling algorithm) (Breiman, 1999). 

Ƀ Ŭɚɔɧɟɘɗɛɞɠ Bagging ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ ɏɜŬ ůɡɜŭɡŬůɛɧ ŭɨɞ ˊŬɚŬɘɞŰɏɟɤɜ ŰŮɢɜɘəɩɜ 

Űɞɡ Bootstap əŬɘ Aggregation, əŬɘ ɞɘ ɓŬůɘəɏɠ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ əɎɜŮɘ ŮɑɜŬɘ ŭŮɘɔɛŬŰɞɚɖɣɑŬ 

ɛŮ ŮˊŬɜɏɜŰŬɝɖ (sampling with replacement), ɜŬ əŬŰŬůəŮɡɎɕŮɘ ŰŬɝɘɜɞɛɖŰɐ ɔɘŬ əɎɗŮ ŭŮɑɔɛŬ 
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ŭŮŭɞɛɏɜɤɜ əŬɘ əɎɗŮ ŭŮɑɔɛŬ Ŭˊɧ ŬɡŰɎ ɜŬ ɏɢŮɘ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ Ůˊɘɚɞɔɐɠ [
1

(1 )n

n
- ].ɆŰɞɜ 

Ŭɚɔɧɟɘɗɛɞ Boosting ŭŮɜ ŭɑɜŮŰŬɘ Űɞ ɑŭɘɞ ɓɎɟɞɠ ůŮ ɧɚɞɡɠ Űɞɡɠ ŰŬɝɘɜɞɛɖŰɏɠ, ŬɚɚɎ 

ˊɟɞŰŮɟŬɘɧŰɖŰŬ ɏɢŮɘ ɖ ŬəɟɑɓŮɘŬ Űɞɡ. ȼ əŮɜŰɟɘəɐ ɘŭɏŬ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ŮɑɜŬɘ ɧŰɘ ɏɢɞɡɛŮ Űɖɜ 

ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŮɝŮŰɎůɞɡɛŮ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ Ůˊɘɚɞɔɐɠ Űɤɜ ŰŬɝɘɜɞɛɐůŮɤɜ ůŰɞ ůɨɜɞɚɞ 

ŮəˊŬɑŭŮɡůɖɠ. 

ɆŰɞ ŮŭɎűɘɞ ŬɡŰɧ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůɡɜɞˊŰɘəɎ Ŭɚɔɧɟɘɗɛɞɘ ɛɎɗɖůɖɠ ůɡɜɧɚɤɜ 

ŰŬɝɘɜɞɛɖŰɩɜ ɛŮ ɣŮɡŭɞəɤŭɘəɐ ɛɞɟűɐ. ɆɡɔəŮəɟɘɛɏɜŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ Ŭɚɔɧɟɘɗɛɞɘ 

AdaBoost, Bagging kai Ivotes ůŮ ɣŮɡŭɞəɤŭɘəɐ ɛɞɟűɐ: 

 

ȷɚɔɧɟɘɗɛɞɠ AdaBoost 

 

Ⱥɑůɞŭɞɠ: Ŭɟɘɗɛɧɠ ŮˊŬɜŬɚɐɣŮɤɜ ɇ; ůɡɜŰŮɚŮůŰɐɠ ŬůɗŮɜɞɨɠ ɛɎɗɖůɖɠ Ƚ (weak 

learner); ůɨɜɞɚɞ ŭɞəɘɛɩɜ (training set) [ ]i i i  S {x , y },i 1,2, ,N; y 1,  1 .= = » - +
 

Ȱɝɞŭɞɠ: ŰŬɝɘɜɞɛɖŰɐɠ Ůɜɑůɢɡůɖɠ (boosted classifier) 

t t

1

H(x) sign[  a *h (x) ]
t

T

=

= ä ,ɧɞ́ɡt h  

əŬɘ ta  ŮɑɜŬɘ ŬɜŰɑůŰɞɘɢŬ Ůɘŭɘəɞɑ ŰŬɝɘɜɞɛɖŰɏɠ (induced classifiers) əŬɘ ŰŬ əŬɗɞɟɘůɛɏɜŬ 

ɓɎɟɖ Űɞɡɠ. 

ɈˊɞɚɞɔɘůŰɘəɐ ȹɘŬŭɘəŬůɑŬ: 

 

( )

() ( )

( )

( )

() ()

1

t t

t   t t i i

t  

t  

tt t i i

t 1 t

i 1

D (i)  1 / N, for i 1,2, , N

For t 1 to T do

h   I S,  D

D i  . [h x y ]

if  ( 0.5 ) then

T   t 1

return

endif

a  ln[(1 ) / ] /  2

z   a h x  .y

D i   D i  . e z,  for i 1,2, , N

Normalize D to be a pro

t t

e

e

e e

+

+

« = »

=

«

« ¸

>

« -

= -

= -

= ¬ = »

per distribution

endfor
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ȺɘəɧɜŬ 2.3 : ȷɚɔɧɟɘɗɛɞɠ AdaBoost 

 

ȷɚɔɧɟɘɗɛɞɠ LogitBoost 

O Ŭɚɔɧɟɘɗɛɞɠ LogitBoost ɓɟɑůəŮŰŬɘ ůŰɖɜ əŬŰɖɔɞɟɑŬ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ Boosting 

ůŰɞɡɠ Ŭɚɔɞɟɑɗɛɞɡɠ ŰŬɝɘɜɧɛɖůɖɠ ɞ ɞˊɞɑɞɠ ŭɖɛɘɞɡɟɔŮɑ ɏɜŬ ŮɜŬɚɚŬəŰɘəɧ ŭɏɜŭɟɞ 

ŬˊɧűŬůɖɠ (REF). 

ȼ ɓŬůɘəɐ ɘŭɏŬ ŮɑɜŬɘ ɜŬ ůɡɜŭɡŬůŰŮɑ ɏɜŬ ůɨɜɞɚɞ ŬŭɨɜŬɛɤɜ əŬŰɖɔɞɟɘɞˊɞɘɖŰɩɜ 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ůɢɖɛŬŰɑůɞɡɜ ɜŬ ůɢɖɛŬŰɑůɞɡɛŮ ɏɜŬɜ ŭɡɜŬŰɧ əŬŰɖɔɞɟɘɞˊɞɘɖŰɐ ɞ 

ɞˊɞɑɞɠ ɗŬ ɏɢŮɘ ˊɞɚɨ əŬɚɨŰŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ Űɖɜ ŰɡɢŬɑŬ ˊɟɧɓɚŮɣɖ. 

Algorithm LogitBoost 

Input: Instance distribution D; 

Base learning algorithm L; 

Number of learning rounds T. 

 

Process:  

1

~

1

. %

1,..., :

( ); %

Pr [ ( ) ]; %

( , )

i

t t t

t x D y t t

t t t

D D Initializedistribution

for t T

h L D Traina weak learner fromdistribution D

e I h x y Measure theerrorof h

D AdjustDistribution D e

end

+

=

=

=

= ¸

=

 

Output: ( ) ({ ( )})tH x CombineOutputs h x=  

ȺɘəɧɜŬ 2.4 : ɮ˂ʴˈˊʽʻ˃ˇˌ LogitBoost (Mannava;Ramesh,2012) 

 

 

ȷɚɔɧɟɘɗɛɞɠ Bagging 

Ⱥɑůɞŭɞɠ : Ŭɟɘɗɛɧɠ ŮˊŬɜŬɚɐɣŮɤɜ ɇ; ůɡɜŰŮɚŮůŰɐɠ ŬůɗŮɜɞɨɠ ɛɎɗɖůɖɠ Ƚ(weak 

learner); ɛɏɔŮɗɞɠ ŬɡŰɞŭɡɜŬɛɑŬɠ (bootstrap) n; ůɨɜɞɚɞ ŭɞəɘɛɩɜ (training set) S. 

Ȱɝɞŭɞɠ: ŰŬɝɘɜɞɛɖŰɐɠ óůŬəəɞɡɚɘɎůɛŬŰɞɠô (bagged classifier) 

() ()t

1

H x   sign [  h x ]
t

T

=

= ä ,ɧˊɞɡ[ ]th   1,  1- +, ŮɑɜŬɘ  Ůɘŭɘəɞɑ ŰŬɝɘɜɞɛɖŰɏɠ 

(induced classifiers). 

ɈˊɞɚɞɔɘůŰɘəɐ ȹɘŬŭɘəŬůɑŬ:
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( )

( )

t

t t

for t 1 to T do

S    Random Sample Replacement n,  S

h    I S

endfor

=

«

«
 

ȺɘəɧɜŬ 2.5: ȷɚɔɧɟɘɗɛɞɠ Bagging 

 

ȷɚɔɧɟɘɗɛɞɠ Ivotes 

Ⱥɑůɞŭɞɠ : Ŭɟɘɗɛɧɠ ŮˊŬɜŬɚɐɣŮɤɜ ɇ; ůɡɜŰŮɚŮůŰɐɠ ŬůɗŮɜɞɨɠ ɛɎɗɖůɖɠ Ƚ (weak 

learner); ɛɏɔŮɗɞɠ ŬɡŰɞŭɡɜŬɛɑŬɠ (bootstrap) n; ůɨɜɞɚɞ ŭɞəɘɛɩɜ (training set) S.   

Ȱɝɞŭɞɠ: ŰŬɝɘɜɞɛɖŰɐɠ óůŬəəɞɡɚɘɎůɛŬŰɞɠô (bagged classifier)  

() ()t

1

H x   sign [  h x  ]
t

T

=

= ä , ˈˉˇˎ [ ]th   1,  1Í - +Σ ʶʾ˄ʰʽ  ʶʽʵʽˁˇʾ ˍʰ˅ʽ˄ˇ˃ʹˍʷˌ όinduced 

classifiers). 

 ʇˉˇ˂ˇʴʽˋˍʽˁʺ ɲʽʰʵʽˁʰˋʾʰΥ

 

( ) { }

()

{}

{} ( )

NEW

OLD NEW

t

t t

t t OLD OLD

t

e   0.5

repeat

e   e

St   0.0

while size S   n  do importance sampling

x  RandomInstance S

if x misclassified by out of bag classifier then

S  S x

else

S   S x  with probability e / 1 e

endif

endwhile

h

«

«

«

<

«

- -

«

« -

( )t

NEW OLD

  I S

eNEW  error of out of bag classifier

until e e

«

« - -

>  

ȺɘəɧɜŬ 2.6 : ȷɚɔɧɟɘɗɛɞɠ Ivotes 
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3. ɀȼɉȷɁȽȾȼ ɀȷŪȼɆȼ ȾȷȽ ȷȿũɃɅȽŪɀɃȽ ȹȽȷɉȺȽɅȽɆȼɆ 

ȷɁɃɀɃȽɃũȺɁɋɁ ȹȺȹɃɀȺɁɋɁ 

 

3.1 ȺɘůŬɔɤɔɘəɏɠ ɄŬɟŬŰɖɟɐůŮɘɠ 

ɇŬ ŬɜɞɛɞɘɞɔŮɜɐ ŭŮŭɞɛɏɜŬ (imbalanced data) ŮɑɜŬɘ ˊɞɚɨ ůɖɛŬɜŰɘəɎ ůŰɖɜ óŮɝɧɟɡɝɖ 

ɔɜɩůɖɠô (data mining) əŬɘ ůŰŬ ŭŮŭɞɛɏɜŬ ŰŬɝɘɜɧɛɖůɖɠ. ɇɞ ˊɟɧɓɚɖɛŬ Űɖɠ ŮəɛɎɗɖůɖɠ ɔɘŬ 

ŬɜɞɛɞɘɞɔŮɜɐ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ ůɡɛɓŬɑɜŮɘ ɧŰŬɜ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ŭŮɘɔɛɎŰɤɜ ůŮ ɛɘŬ əɚɎůɖ 

ŮɑɜŬɘ ůɖɛŬɜŰɘəɎ ɛŮɔŬɚɨŰŮɟɞɠ Ŭˊɧ ɛɘŬ Ɏɚɚɖ əɚɎůɖ. ɇɞ ˊɟɧɓɚɖɛŬ Űɤɜ ŬɜɞɛɞɘɞɔŮɜɩɜ 

ŭŮŭɞɛɏɜɤɜ ůɡɜŭɏŮŰŬɘ ůɡɢɜɎ ɛŮ Űɞ ŬůɨɛɛŮŰɟɞ əɧůŰɞɠ Űɤɜ ŬəŬŰɎɚɚɖɚŬ ŰŬɝɘɜɞɛɖɛɏɜɤɜ 

ůŰɞɘɢŮɑɤɜ ŭɘŬűɧɟɤɜ ŰɎɝŮɤɜ (Japkowicz and Stephen, 2002; Fawcett and Provost, 1997).    

ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ŮɛˊŮɟɘɏɢɞɡɜ ŬɜɞɛɞɘɞɔŮɜɐ ŭŮŭɞɛɏɜŬ 

ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ůŮ ŭŮŭɞɛɏɜŬ ŬůɗŮɜɩɜ əŬɟəɑɜɤɜ əŬɘ ɑŬůɖɠ Űɞɡɠ ůŰɖɜ ɘŬŰɟɘəɐ ŮˊɘůŰɐɛɖ, 

ůŮ ˊŮɟɑˊŰɤůɖ ɛɖ ɚŮɘŰɞɡɟɔɑŬɠ ŮˊɘəɞɘɜɤɜɘŬəɩɜ Ůɝɞˊɚɘůɛɩɜ, ůŰɖ ŮɝŬˊɎŰɖůɖ ůŰɘɠ ŬɜŬɚɐɣŮɘɠ 

ˊɘůŰɤŰɘəɩɜ əŬɟŰɩɜ, əŬɗɩɠ əŬɘ ůŮ ˊɚɖɗɩɟŬ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ ŭɞɟɡűɞɟɘəɏɠ ŮɘəɧɜŮɠ ɔɘŬ 

ŬɜŬɕɐŰɖůɖ ˊŮŰɟŮɚŬɘɞəɖɚɑŭɤɜ əŬɘ Ɏɚɚɤɜ ůɢŮŰɘəɩɜ ˊɚɖɟɞűɞɟɘɩɜ.  

ȼ ȷɜɞɛɞɘɞɔŮɜɐɠ ɀɎɗɖůɖ ɐ óɀɖ-ɘůɞɟɟɞˊɖɛɏɜɖ ɀɎɗɖůɖô (Imbalance Learning) 

ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ ɘəŬɜɧŰɖŰŬ Űɤɜ ŬɜɞɛɞɘɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ ɜŬ ŭŮůɛŮɨɞɜŰŬɘ Ŭˊɧ Űɖɜ 

Ŭˊɧŭɞůɖ Űɤɜ ˊŮɟɘůůɞŰɏɟɤɜ Ŭɚɔɞɟɑɗɛɤɜ ɛɎɗɖůɖɠ, ˊɞɡ ˊɟɞɦˊɞɗɏŰɞɡɜ ɞɛɞɘɞɔŮɜŮɑɠ ŰɎɝŮɘɠ 

əŬŰŬɜɞɛɩɜ ɐ ɑůŬ əɧůŰɖ ŮůűŬɚɛɏɜɖɠ ŰŬɝɘɜɧɛɖůɖɠ. Ƀɘ Ŭɚɔɧɟɘɗɛɞɘ ŬɡŰɞɑ ɧŰŬɜ 

ˊŬɟɞɡůɘŬůɗɞɨɜ ůŮ ˊɞɚɨˊɚɞəŬ ůɨɜɞɚŬ ŬɜɞɛɞɘɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ, ŬˊɞŰɡɔɢɎɜɞɡɜ ɜŬ 

ˊŬɟŬůŰɐůɞɡɜ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ əŬŰŬɜɞɛɩɜ əŬɘ ˊŬɟɏɢɞɡɜ ɛɖ ɘəŬɜɞˊɞɘɖŰɘəɏɠ ŬəɟɑɓŮɘŮɠ 

ɔɘŬ Űɘɠ ŰɎɝŮɘɠ ŭŮŭɞɛɏɜɤɜ. ɆŮ ˊɟŬɔɛŬŰɘəɎ ˊɟɞɓɚɐɛŬŰŬ, Űɞ ˊɟɧɓɚɖɛŬ ŬɜɞɛɞɘɞɔŮɜɞɨɠ 

ɛɎɗɖůɖɠ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ɏɜŬ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜɞ ůɖɛŬɜŰɘəɧ ˊɟɧɓɚɖɛŬ ɛŮ ˊɞɚɡˊɞɑəɘɚŮɠ 

ŮˊɘˊŰɩůŮɘɠ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ŭɘŮɟŮɡɜɖɗɞɨɜ.  

ɇɞ ˊɟɧɓɚɖɛŬ ŬɜɞɛɞɘɞɔŮɜɞɨɠ ɛɎɗɖůɖɠ ŬˊɞŰŮɚŮɑ ŬɜŰɘəŮɑɛŮɜɞ ɏɜŰɞɜɖɠ ɏɟŮɡɜŬɠ ůŮ 

ŭɘŮɗɜɐ ˊŮɟɘɞŭɘəɎ Űɞɡ əɚɎŭɞɡ, Ůɘŭɘəɏɠ ŮəŭɧůŮɘɠ ŮɟŮɡɜɖŰɘəɩɜ ˊŮɟɘɞŭɘəɩɜ əŬɘ ŭɘŮɗɜɐ 

ůɡɜɏŭɟɘŬ ŮˊɘůŰɖɛɞɜɘəɩɜ ɞɟɔŬɜɘůɛɩɜ, ɧˊɤɠ Institute of Electrical and Electronics 

Engineers (IEEE), Association for Computing Machinery (ACM), Association of the 

Advancement of Artificial  Intelligence (AAAI ), ACM Special Interest Group on 

Knowledge Discovery and Data Mining Exploration (ACM SIGKDD Exploration) ə.Ŭ. 

(Japkowicz, 2000; Chawla et al., 2004). 
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 ȰɜŬ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ ɚɏɔŮŰŬɘ óŬɜɞɛɞɘɞɔŮɜɏɠô, ɧŰŬɜ ɖ əɚɎůɖ Űɤɜ ŮɜŭɘŬűŮɟɧɜŰɤɜ 

(class of interest ) (ɖ əɚɎůɖ Űɖɠ ɛŮɘɞɣɖűɑŬɠ- minority class) ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ ɐ ˊɘɞ ůˊɎɜɘŬ 

Ŭˊɧ Űɖɜ əŬɜɞɜɘəɐ ůɡɛˊŮɟɘűɞɟɎ (əɡɟɑŬɟɢɖ əɚɎůɖ- majority class).  

ȼ ŮˊɑŭɟŬůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ůŰɞ ůɨɜɞɚɞ Űɤɜ ŬɜɞɛɞɘɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ ůŰɖɜ 

ŰŬɝɘɜɧɛɖůɖ ɓɟɑůəŮŰŬɘ ůŰɞ ɧŰɘ ɞɘ ŰŬɝɘɜɞɛɖŰɏɠ ŰŮɑɜɞɡɜ ɜŬ ŬˊɞŭŮɑɝɞɡɜ ɧŰɘ ɞ ŬɜɞɛɞɘɞɔŮɜɐɠ 

ɓŬɗɛɧɠ Űɖɠ ŬəɟɑɓŮɘŬɠ ɛŮ əɡɟɑŬɟɢɖ əɚɎůɖ (majority class) ɛŮ ˊɞɚɨ ɛŮɔɎɚɖ ŬəɟɑɓŮɘŬ 

(ˊŮɟɑˊɞɡ >90%), əŬɘ ůŰɖ əɚɎůɖ Űɖɠ ɛŮɘɞɜɧŰɖŰŬɠ (minority class) ɛŮ ŭŮŭɞɛɏɜŬ 

ŰŬɝɘɜɧɛɖůɖɠ ˊɞɡ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 0-10%. 

ȼ ŬˊɞŰɑɛɖůɖ ɛŮŰɟɘəɩɜ ɛŮɗɧŭɤɜ ɔɘŬ ŬɜɞɛɞɘɞɔŮɜɐ ŭŮŭɞɛɏɜŬ ůɡɔəɟɑɜŮɘ əŬɘ 

ŬɝɘɞɚɞɔŮɑ Űɖɜ Ŭˊɧŭɞůɖ ŭɘŬűɞɟŮŰɘəɩɜ Ŭɚɔɞɟɑɗɛɤɜ ŬɜɞɛɞɘɞɔŮɜɞɨɠ ɛɎɗɖůɖɠ. ɆɖɛŮɘɩɜŮŰŬɘ 

ɧŰɘ əɎɗŮ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ŭɘŬɗɏŰŮɘ ɛɑŬ Ɏɜɘůɖ əŬŰŬɜɞɛɐ ɛŮŰŬɝɨ əɚɎůŮɤɜ ɛˊɞɟŮɑ ɜŬ 

ɗŮɤɟɖɗŮɑ ɤɠ ůɨɜɞɚɞ ŬɜɞɛɞɘɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ (He and Shen, 2007; Kubat et al., 1998). 

ɇŬ ŬɜɞɛɞɘɞɔŮɜɐ ŭŮŭɞɛɏɜŬ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ ŮůɤŰŮɟɘəɎ (intrinsic), ŭɖɚŬŭɐ ɖ 

ŬɜɞɛɞɘɞɔɏɜŮɘŬ ŮɑɜŬɘ ɎɛŮůɞ ŬˊɞŰɏɚŮůɛŬ Űɖɠ űɨůɖɠ Űɞɡ ŭɘŬůŰɐɛŬŰɞɠ ŭŮŭɞɛɏɜɤɜ, əŬɘ 

ŮɝɤŰŮɟɘəɎ (extrinsic), ŭɖɚŬŭɐ ɖ ŬɜɞɛɞɘɞɔɏɜŮɘŬ ŮɑɜŬɘ ɏɛɛŮůɞ ŬˊɞŰɏɚŮůɛŬ Űɖɠ űɨůɖɠ Űɞɡ 

ŭɘŬůŰɐɛŬŰɞɠ ŭŮŭɞɛɏɜɤɜ. ȼ ˊɞɚɡˊɚɞəɧŰɖŰŬ ŭŮŭɞɛɏɜɤɜ ŬɜŬűɏɟŮŰŬɘ ɔŮɜɘəɎ ůŮ ɏɚɚŮɘɣɖ 

ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ, ŮˊɘəŬɚɨɣŮɤɜ, ɛɘəɟɞɨɠ ŭɘŬɢɤɟɘůɛɞɨɠ ə.Ŭ. 

Ƀɘ Ŭɚɔɧɟɘɗɛɞɘ ŰŬɝɘɜɧɛɖůɖɠ (Classification algorithms) ŭŮɜ ˊŬɟɞɡůɘɎɕɞɡɜ ɘəŬɜɞ- 

ɞ́ɘɖŰɘəɐ Ŭˊɧŭɞůɖ, ɧŰŬɜ ŰŬ ŭŮŭɞɛɏɜŬ ŮɑɜŬɘ ůŰɟŬɛɛɏɜŬ ɤɠ ˊɟɞɠ ɛɘŬ əɚɎůɖ. 

ȼ ɎɛŮůɖ ŮˊɑŭɟŬůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ŬɜɞɛɞɘɞɔŮɜɞɨɠ ɛɎɗɖůɖɠ ůŮ Ŭɚɔɞɟɑɗɛɞɡɠ 

ɛɎɗɖůɖɠ ůɢŮŰɑɕŮŰŬɘ ɛŮ Ŭɚɔɞɟɑɗɛɞɡɠ ɛɎɗɖůɖɠ ŭɏɜŭɟɤɜ ŬˊɞűɎůŮɤɜ (Japkowwicz and 

Stephen, 2002; Weiss and Provost, 2003; Chawla, 2003). ɇŬ ŭɏɜŭɟŬ ŬˊɞűɎůŮɤɜ 

ɢɟɖůɘɛɞˊɞɘɞɨɜ ŬɜŬŭɟɞɛɘəɞɨɠ Ŭɚɔɞɟɑɗɛɞɡɠ ŬɜŬɕɐŰɖůɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ ůɢɐɛŬŰŬ 

Ůˊɘɚɞɔɐɠ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɔɘŬ Űɖɜ Ůˊɘɚɞɔɐ Űɤɜ əŬɚɨŰŮɟɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɤɠ əɟɘŰɐɟɘɞ 

ŭɘŬɢɤɟɘůɛɞɨ ůŮ əɎɗŮ əɧɛɓɞ Űɞɡ ŭɏɜŭɟɞɡ. ȰɜŬ űɨɚɚɞ Űɞɡ ŭɏɜŭɟɞɡ ɛˊɞɟŮɑ ɜŬ 

ŭɖɛɘɞɡɟɔɖɗŮɑ ɔɘŬ əɎɗŮ ŭɡɜŬŰɏɠ Űɘɛɏɠ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ ŭɘŬɢɤɟɘůɛɞɨ 

(Quinlan, 1986; Mitchell, 1997). 

ɇɞ ˊɟɧɓɚɖɛŬ Űɤɜ ŬɜɞɛɞɘɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊŮɟɘɞɢɩɜ 

ɟ́ŬɔɛŬŰɘəɞɨ əɧůɛɞɡ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ɏɜŬ ůɖɛŬɜŰɘəɧ ŮˊŬɜŬɚɖˊŰɘəɧ ˊɟɧɓɚɖɛŬ ɛŮ 

ˊɞɚɡˊɞɑəɘɚŮɠ ŮˊɘˊŰɩůŮɘɠ ˊɞɡ ŬˊŬɘŰɞɨɜ ˊɟɞůŮəŰɘəɏɠ ŭɘŮɟŮɡɜɐůŮɘɠ. ũɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ 

ŬˊŬɘŰŮɑŰŬɘ ɏɜŬɠ ŰŬɝɘɜɞɛɖŰɐɠ ˊɞɡ ˊŬɟɏɢŮɘ ɡɣɖɚɐ ŬəɟɑɓŮɘŬ ɔɘŬ Űɖ ɛŮɘɞɜɞŰɘəɐ ŰɎɝɖ ɢɤɟɑɠ ɜŬ 

ŭɘŬəɡɓŮɨŮŰŬɘ ɖ ŬəɟɑɓŮɘŬ Űɖɠ ˊɚŮɘɞɣɖűɘəɐɠ ŰɎɝɖɠ. 
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ȷɜŬűɏɟŮŰŬɘ ɧŰɘ ɡˊɎɟɢŮɘ ɘůɢɡɟɐ ůɨɜŭŮůɖ ɛŮŰŬɝɨ ɛɎɗɖůɖɠ ɛŮ ŮɡŬɘůɗɖůɑŬ əɧůŰɞɡɠ 

əŬɘ ɛɎɗɖůɖɠ ɛŮ ŬɜɞɛɞɘɞɔŮɜɐ ŭŮŭɞɛɏɜŬ, ɛŮ ůɡɜɏˊŮɘŬ ɞɘ ɗŮɤɟɖŰɘəɏɠ ɓɎůŮɘɠ əŬɘ Ŭɚɔɧɟɘɗɛɞɘ 

Űɤɜ ɛŮɗɧŭɤɜ ɛɎɗɖůɖɠ ɛŮ ŮɡŬɘůɗɖůɑŬ əɧůŰɞɡɠ ɜŬ ɛˊɞɟɞɨɜ ɜŬ ŮűŬɟɛɞůɗɞɨɜ ůŮ 

ˊɟɞɓɚɐɛŬŰŬ ɛɎɗɖůɖɠ ɛŮ ŬɜɞɛɞɘɞɔŮɜɐ ŭŮŭɞɛɏɜŬ. ɆŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɖ ɛɎɗɖůɖ ɛŮ 

ŮɡŬɘůɗɖůɑŬ əɧůŰɞɡɠ ŬɜŬűɏɟŮŰŬɘ ɧŰɘ ŮɑɜŬɘ ɡˊɏɟŰŮɟɖ Ŭˊɧ Űɘɠ ɛŮɗɧŭɞɡɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ 

(Chawla et al. 2004). Ƀɘ ŰŮɢɜɘəɏɠ ɛɎɗɖůɖɠ ɛŮ ŮɡŬɘůɗɖůɑŬ əɧůŰɞɡɠ ɗŮɤɟɞɨɜŰŬɘ ŮɜŬɚɚŬəŰɘəɐ 

ˊɟɞůɏɔɔɘůɖ ůŰɘɠ ɛŮɗɧŭɞɡɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ɔɘŬ ˊŮɟɘɞɢɏɠ ɛɎɗɖůɖɠ ɛŮ ŬɜɞɛɞɘɞɔŮɜɐ ŭŮŭɞɛɏɜŬ.  

ȰɜŬ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ ɗŮɤɟŮɑŰŬɘ ɧŰɘ ŮɑɜŬɘ ŬɜɞɛɞɘɞɔŮɜɏɠ (ɛɖ-ɘůɞɟɟɞˊɖɛɏɜɞ) Ŭɜ ɞɘ 

əŬŰɖɔɞɟɑŮɠ ŰŬɝɘɜɧɛɖůɖɠ ŭŮɜ ŬɜŰɘˊɟɞůɤˊŮɨɞɜŰŬɘ ɛŮ ɘůɧŰɘɛɞ Űɟɧˊɞ. Ƀɘ ŰŮɢɜɘəɏɠ ɛɖɢŬɜɘəɐɠ 

ɛɎɗɖůɖɠ ŮűŬɟɛɧɕɞɜŰŬɘ ůŮ ˊɞɚɨˊɚɞəŬ ˊɟɞɓɚɐɛŬŰŬ óˊɟŬɔɛŬŰɘəɞɨ-əɧůɛɞɡô ˊɞɡ 

ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ŬɜɞɛɞɘɞɔŮɜɐ ŭŮŭɞɛɏɜŬ. ȼ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ Ŭˊɧŭɞůɖɠ Ůɜɧɠ 

ŰŬɝɘɜɞɛɖŰɐ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ɛŮ ˊɟɞɓɚŮˊɧɛŮɜɖ ŬəɟɑɓŮɘŬ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɛɖɜ ŮɑɜŬɘ əŬŰɎɚɚɖɚɖ 

ɧŰŬɜ ŰŬ ŭŮŭɞɛɏɜŬ ŮɑɜŬɘ ŬɜɞɛɞɘɞɔŮɜɐ əŬɘ ɧŰŬɜ Űɞ əɧůŰɞɠ ŭɘŬűɞɟŮŰɘəɩɜ ůűŬɚɛɎŰɤɜ 

ˊɞɘəɑɚŮɘ (Chawla et al. 2004). 

 

3.2 ȷɚɔɞɟɘɗɛɘəɏɠ ɀɏɗɞŭɞɘ ɀɎɗɖůɖɠ ůŮ ɄɟɞɓɚɐɛŬŰŬ ȷɜɞɛɞɘɞɔŮɜɩɜ 

ɇɎɝŮɤɜ 

3.2.1 ȺɘůŬɔɤɔɘəɏɠ ɄŬɟŬŰɖɟɐůŮɘɠ 

ɇɘɠ ŰŮɚŮɡŰŬɑŮɠ ŭŮəŬŮŰɑŮɠ ɖ ɏɟŮɡɜŬ ůŮ ɀɖɢŬɜɘəɐ ɀɎɗɖůɖ əŬɘ Ⱥɝɧɟɡɝɖ ȹŮŭɞɛɏɜɤɜ 

ɏɢŮɘ ŬɡɝɖɗŮɑ ůɖɛŬɜŰɘəɎ ɛŮ Űɖɜ ŬɜɎˊŰɡɝɖ ˊɟɞɖɔɛɏɜɤɜ Ŭɚɔɞɟɑɗɛɤɜ əŬɘ ŰŮɢɜɘəɩɜ. 

ɄŬɟɎɚɚɖɚɖ ŬɜɎˊŰɡɝɖ ŮɑɢŮ əŬɘ ɖ ŬɜɎˊŰɡɝɖ ɔɚɤůůɩɜ ɔɘŬ ɢɟɐůɖ ůŮ ɛɖɢŬɜɘəɐ ɛɎɗɖůɖ əŬɘ 

Ůɝɧɟɡɝɖ ŭŮŭɞɛɏɜɤɜ, ˊɞɡ ˊŬɟɏɢŮɘ ŮɜŬɚɚŬəŰɘəɐ ŬɚɚɖɚŮˊɑŭɟŬůɖ ůŮ Ŭɚɔɞɟɑɗɛɞɡɠ əŬɘ 

ůɡůŰɐɛŬŰŬ ŰŬ ɞˊɞɑŬ ɛˊɞɟɞɨɜ ɜŬ Ŭɡɝɐůɞɡɜ ůɖɛŬɜŰɘəɎ Űɖ ɢɟɖůɘɛɧŰɖŰŬ ŰɏŰɞɘɤɜ 

ůɡůŰɖɛɎŰɤɜ.  

ɆŰɖ ɛɖɢŬɜɘəɐ ɛɎɗɖůɖ Űɞ ůɨɜɞɚɞ ŰŬɝɘɜɞɛɖŰɩɜ ŬɡɝɎɜŮɘ Űɖɜ ŬəɟɑɓŮɘŬ Űɤɜ Ŭˊɚɩɜ 

ŰŬɝɘɜɞɛɖŰɩɜ ůɡɜŭɡɎɕɞɜŰŬɠ ɛŮɟɘəɞɨɠ Ŭˊɧ ŬɡŰɞɨɠ, ŬɚɚɎ əŬɛɑŬ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ŰŮɢɜɘəɏɠ 

ɛɎɗɖůɖɠ ɛˊɞɟŮɑ ɜŬ ɚɨůŮɘ ɛɧɜɖ Űɖɠ Űɞ ŬɜɞɛɞɘɞɔŮɜɏɠ ˊɟɧɓɚɖɛŬ, əŬɘ Űɞ ůɨɜɞɚɞ Űɤɜ 

Ŭɚɔɞɟɑɗɛɤɜ ɛɎɗɖůɖɠ ˊɟɏˊŮɘ ɜŬ ůɢŮŭɘŬůɗŮɑ ɛŮ Ůɘŭɘəɧ Űɟɧˊɞ.   

ɇɞ ˊɟɧɓɚɖɛŬ Űɤɜ ŬɜɞɛɞɘɞɔŮɜɩɜ əɚɎůŮɤɜ ŮɑɜŬɘ Ŭˊɧ ŰŬ ˊɚɏɞɜ ůɖɛŬɜŰɘəɎ ůŰɞ ˊŮŭɑɞ 

Ůɝɧɟɡɝɖɠ ŭŮŭɞɛɏɜɤɜ əŬɘ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŮ ɞɟɘůɛɏɜŮɠ ŮűŬɟɛɞɔɏɠ ˊɞɡ ŮɛűŬɜɑɕɞɡɜ Űɞ 

ˊɟɧɓɚɖɛŬ ŬɡŰɧ, ɧˊɤɠ ŭɘɎɔɜɤůɖ ůűŬɚɛɎŰɤɜ (Yang and Tang, 2009; Zhu and Song, 2010), 

ɘŬŰɟɘəɏɠ ŭɘŬɔɜɩůŮɘɠ (Mazurowski, 2008), ŬɜɑɢɜŮɡůɖ ŬɜɤɛŬɚɘɩɜ (Khreich et al., 2010; 

Tavallace et al., 2010), ŬɜŬɔɜɩɟɘůɖ ˊɟɞůɩˊɤɜ (Liu and Chen, 2005), ŭɖɛɘɞɡɟɔɑŬ Ůɘŭɘəɩɜ 



                                                            ɥɠɯɚɦɢɣɠ ɥɚɡɠɫɠ ɫɞ ɚɦɨɥɨɢɨɜɞɦɠ ɝɞɝɨɥɞɦɚ 

 

 41 

űŬəɏɚɤɜ ɖɚŮəŰɟɞɜɘəɞɨ ŰŬɢɡŭɟɞɛŮɑɞɡ (e-mail folding) (Bermejo et al., 2011), ŬɜɑɢɜŮɡůɖ 

əɖɚɑŭɤɜ ˊŮŰɟŮɚŬɑɞɡ (Kubat et al., 1998) ə.Ŭ. 

Ƀɘ ŰŮɢɜɘəɏɠ Ůˊɑɚɡůɖɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ŬɜɞɛɞɘɞɔŮɜɩɜ ŰɎɝŮɤɜ ɛˊɞɟɞɨɜ ɜŬ 

ŰŬɝɘɜɞɛɖɗɞɨɜ ůŰɘɠ ŬəɧɚɞɡɗŮɠ əŬŰɖɔɞɟɑŮɠ: 

(i) ŰŮɢɜɘəɏɠ Ůˊɘˊɏŭɞɡ Ŭɚɔɞɟɑɗɛɞɡ (internal CI technique) ɛŮ ŭɖɛɘɞɡɟɔɑŬ ɐ 

ŰɟɞˊɞˊɞɘɐůŮɘɠ ɡˊŬɟɢɧɜŰɤɜ Ŭɚɔɞɟɑɗɛɤɜ (Quinlan, 1991; Wu and Chang, 2005) 

(ii) ŰŮɢɜɘəɏɠ Ůˊɘˊɏŭɞɡ ŭŮŭɞɛɏɜɤɜ (external CI technique) ɛŮ ɓɐɛŬ ˊɟɞŭɘŬŭɘəŬůɑŬɠ, 

ɧˊɞɡ ɖ əŬŰŬɜɞɛɐ ŭŮŭɞɛɏɜɤɜ ŮˊŬɜŬ-ɞɛɞɔŮɜɞˊɞɘŮɑŰŬɘ ɔɘŬ ɜŬ ɛŮɘɤɗŮɑ ɖ ŮˊɑŭɟŬůɖ Űɖɠ 

əŬŰŬɜɞɛɐɠ ŰɎɝŮɤɜ ůŰɖ ŭɘŬŭɘəŬůɑŬ ɛɎɗɖůɖɠ (Batista et al., 2004; Chawla et al., 2004) 

(iii )ɛɏɗɞŭɞɘ ŮɡŬɘůɗɖůɑŬɠ əɧůŰɞɡɠ, ˊɞɡ ůɡɜŭɡɎɕɞɡɜ Űɘɠ ˊɟɞɖɔɞɨɛŮɜŮɠ ŭɨɞ ŰŮɢɜɘəɏɠ, 

ɔɘŬ ɜŬ ůɡɔɢɤɜŮɨůɞɡɜ ŭɘŬűɞɟŮŰɘəɎ ŮůűŬɚɛɏɜŬ əɧůŰɖ ɔɘŬ əɎɗŮ ŰɎɝɖ ůŰɖ ŭɘŬŭɘəŬůɑŬ 

ɛɎɗɖůɖɠ (Chawla et al., 2008; Freitas et al., 2007). 

 

 

3.2.2 ȷɚɔɞɟɘɗɛɘəɏɠ ɇŮɢɜɘəɏɠ ɔɘŬ ȷɜɞɛɞɘɞɔŮɜɐ ȹŮŭɞɛɏɜŬ : ȺɘůŬɔɤɔɘəɏɠ 

ɄŬɟŬŰɖɟɐůŮɘɠ 

ɄɞɚɚɎ ŭɨůəɞɚŬ ˊɟɞɓɚɐɛŬŰŬ ˊɟŬɔɛŬŰɘəɞɨ-əɧůɛɞɡ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ůɢŮŰɑɕɞɜŰŬɘ 

ɛŮ ŬɜɞɛɞɘɞɔŮɜɐ ŭŮŭɞɛɏɜŬ ɛɎɗɖůɖɠ (imbalanced learning data), ɧˊɞɡ ŰɞɡɚɎɢɘůŰɞɜ ɛɑŬ ŰɎɝɖ 

ŭŮɜ ŬɜŰɘˊɟɞůɤˊŮɨŮŰŬɘ əŬŰɎɚɚɖɚŬ ůɢŮŰɘəɎ ɛŮ ɎɚɚŮɠ ŰɎɝŮɘɠ, ˊ.ɢ. ŬɜɑɢɜŮɡůɖ ŭɘŬűɧɟɤɜ 

ŬˊŬŰɩɜ, ɏɚŮɔɢɞɠ əŬɘ ɘŬŰɟɘəɐ ŭŮŭɞɛɏɜɤɜ ŭɘɎɔɜɤůɖ, əŬŰɖɔɞɟɘɞˊɞɑɖůɖ əŮɘɛɏɜɤɜ ə.Ŭ.. ɇɞ 

ˊɟɧɓɚɖɛŬ Űɤɜ ŬɜɞɛɞɘɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ ůɡɜŭɏŮŰŬɘ ůɡɢɜɎ ɛŮ Űɞ ŬůɨɛɛŮŰɟɞ əɧůŰɞɠ Űɤɜ 

ŬəŬŰɎɚɚɖɚŬ ŰŬɝɘɜɞɛɖɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ ŭɘŬűɧɟɤɜ ŰɎɝŮɤɜ (Japkowicz and Stephen, 2002; 

Fawcett and Provost, 1997).  

Ƀɘ ɛɏɗɞŭɞɘ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ Űɤɜ 

ŬɜɞɛɞɘɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɘɠ ŬəɧɚɞɡɗŮɠ əŬŰɖɔɞɟɑŮɠ:  

(i) Ʉɟɞ-ŮˊŮɝŮɟɔŬůɑŬ ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ  

(ii)  ɀŮŰŬ-ŮˊŮɝŮɟɔŬůɑŬ ɔɘŬ Űɞ ɛɞɜŰɏɚɞ ɛɎɗɖůɖɠ. 

 

ȼ əŬŰŬɜɧɖůɖ ɛŮɗɧŭɤɜ ŬɜŬəɎɚɡɣɖɠ ɔɜɩůɖɠ əŬɘ ɖ ŬɜɎɚɡůɖ ˊɟɤŰɞɔŮɜɩɜ 

ŭŮŭɞɛɏɜɤɜ ɔɘŬ ɡˊɞůŰɐɟɘɝɖ ŭɘŬŭɘəŬůɘɩɜ ɔɘŬ ɚɐɣɖ ŬˊɞűɎůŮɤɜ ŬˊɞŰŮɚɞɨɜ ůɖɛŬɜŰɘəɞɨɠ 

ˊŬɟɎɔɞɜŰŮɠ ůɢŮŰɘəɎ ɛŮ Űɖ ůɡɜŮɢɐ ŮˊɏəŰŬůɖ ŭɘŬɗŮůɘɛɧŰɖŰŬɠ ŭŮŭɞɛɏɜɤɜ ůŮ ŮűŬɟɛɞɔɏɠ 
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ˊɞɚɚɩɜ ɛŮɔɎɚɖɠ ŰɎɝɖɠ ˊɞɚɨˊɚɞəɤɜ ŭɘəŰɡŬəɩɜ ůɡůŰɖɛɎŰɤɜ, ɧˊɤɠ ŭɘŬŭɑəŰɡɞ, ŬůűɎɚŮɘŬ, 

ůɡůŰɐɛŬŰŬ ˊŬɟŬəɞɚɞɨɗɖůɖɠ əŬɘ ɞɘəɞɜɞɛɑŬɠ. 

ɇɞ ˊɟɧɓɚɖɛŬ ɛɎɗɖůɖɠ Ŭˊɧ ŬɜɞɛɞɘɞɔŮɜɐ ŭŮŭɞɛɏɜŬ ŬˊɞŰŮɚŮɑ ɏɜŬ ŮɜŭɘŬűɏɟɞɜ 

ŮɟŮɡɜɖŰɘəɧ ˊŮŭɑɞ ɔɘŬ Űɖɜ ŬəŬŭɖɛŬɥəɐ əɞɘɜɧŰɖŰŬ əŬɘ Űɖ ɓɘɞɛɖɢŬɜɑŬ, əŬɘ ŬɜŬűɏɟŮŰŬɘ ɛŮ Űɖ 

Ŭˊɧŭɞůɖ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ ɛɎɗɖůɖɠ ˊŬɟɞɡůɑŬ ɡˊɞ-ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ əŬɘ 

ŬɡůŰɖɟɩɜ ŰɎɝŮɤɜ ŬůɨɛɛŮŰɟɤɜ əŬŰŬɜɞɛɩɜ (severe class distribution skews). ȺɝŬɘŰɑŬɠ Űɤɜ 

ˊɞɚɨˊɚɞəɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɤɜ ŬɜɞɛɞɘɞɔŮɜɩɜ ůɡɜɧɚɤɜ ŭŮŭɞɛɏɜɤɜ, ɖ ɛɎɗɖůɖ Ŭˊɧ 

ŰɏŰɞɘŬ ŭŮŭɞɛɏɜŬ  ŬˊŬɘŰŮɑ Ŭɟɢɏɠ, Ŭɚɔɞɟɑɗɛɞɡɠ əŬɘ ŮɟɔŬɚŮɑŬ ɔɘŬ Űɖ ɛŮŰŬŰɟɞˊɐ ŰŮɟɎůŰɘɤɜ 

ˊɞůɩɜ ˊɟɤŰɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ ůŮ əŬŰɎɚɚɖɚŮɠ ˊŬɟŬůŰɎůŮɘɠ ˊɚɖɟɞűɞɟɘɩɜ  əŬɘ ɔɜɩůŮɤɜ. 

ɇɞ ˊɟɧɓɚɖɛŬ Űɖɠ ŬɜɞɛɞɘɞɔŮɜɞɨɠ ɛɎɗɖůɖɠ ŮɛűŬɜɑɕŮɘ Űɖɜ ɘəŬɜɧŰɖŰŬ Űɤɜ 

ŬɜɞɛɞɘɞɔŮɜɩɜ (ɛɖ-ɘůɞɟɟɞˊɖɛɏɜɤɜ) ŭŮŭɞɛɏɜɤɜ ɜŬ ůɡɛɓɘɓɎɕŮɘ Űɖɜ Ŭˊɧŭɞůɖ Űɤɜ 

ˊŮɟɘůůɧŰŮɟɤɜ ˊɟɞŰɨˊɤɜ Ŭɚɔɞɟɑɗɛɤɜ ɛɎɗɖůɖɠ, ˊɞɡ ɡˊɞɗɏŰɞɡɜ ɞɛɞɘɞɔŮɜŮɑɠ ŰɎɝŮɘɠ 

əŬŰŬɜɞɛɩɜ ɐ ɑůɞ əɧůŰɞɠ ŮůűŬɚɛɏɜɤɜ ŰŬɝɘɜɞɛɐůŮɤɜ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɚɨˊɚɞəɤɜ   

ůɡɜɧɚɤɜ ŬɜɞɛɞɘɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ, ŰɏŰɞɘɞɘ Ŭɚɔɧɟɘɗɛɞɘ ŬˊɞŰɡɔɢɎɜɞɡɜ ɜŬ ˊŬɟŬůŰɐůɞɡɜ 

əŬŰɎɚɚɖɚŬ ŰŬ əŬŰŬɜŮɛɖɛɏɜŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ŭŮŭɞɛɏɜɤɜ əŬɘ ˊŬɟɏɢɞɡɜ ŬəŬŰɎɚɚɖɚŮɠ 

ŬəɟɑɓŮɘŮɠ ůŰɘɠ ŰɎɝŮɘɠ ŭŮŭɞɛɏɜɤɜ. 
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ȹŮŭɞɛɏɜŬ ɛŮ ɗɧɟɡɓɞ

ȹŮŭɞɛɏɜŬ ɛŮ ɗɧɟɡɓɞȹŮŭɞɛɏɜŬ ɛŮ ɗɧɟɡɓɞȹŮŭɞɛɏɜŬ ɛŮ ɗɧɟɡɓɞȹŮŭɞɛɏɜŬ ɛŮ ɗɧɟɡɓɞ

 əɚɎůɖ 

əɡɟɘŬɟɢɑŬɠ 

ɡˊɞɏɜɜɞɘŬɠ

ȾɚɎůɖ 

ɛŮɘɤɜɧŰɖŰŬɠ 

ɡˊɞɏɜɜɞɘŬɠ

ũŮɜɘəɐ 

əɡɟɑŬɟɢɖ 

əɚɎůɖ 

ũŮɜɘəɐ 

əɚɎůɖ 

ɛŮɘɞɜɧŰɖŰŬɠ 

ũŮɜɘəɐ 

əɚɎůɖ 

ɛŮɘɞɜɧŰɖŰŬɠ 

 ȺɘəɧɜŬ 3.1: ȷɜŬˊŬɟɎůŰŬůɖ ŭŮŭɞɛɏɜɤɜ ɛɏůŬ ůŮ ɛɘŬ əɚɎůɖ əŬɘ ɛɏůŬ ůŮ ŭɘɎűɞɟŮɠ əɚɎůŮɘɠ. (He and Garcia, 

2009) 

 

ɇɞ ˊɟɧɓɚɖɛŬ Űɤɜ ŬɜɞɛɞɘɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊŮɟɘɞɢɩɜ 

ˊɟŬɔɛŬŰɘəɞɨ əɧůɛɞɡ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ɏɜŬ ůɖɛŬɜŰɘəɧ ŮˊŬɜŬɚɖˊŰɘəɧ ˊɟɧɓɚɖɛŬ ɛŮ 

ˊɞɚɡˊɞɑəɘɚŮɠ ŮˊɘˊŰɩůŮɘɠ ˊɞɡ ŬˊŬɘŰɞɨɜ ŬɡɝŬɜɧɛŮɜŮɠ ŮɝŮɟŮɡɜɐůŮɘɠ. ũɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ 

ŬɡŰɐ ŬˊŬɘŰŮɑŰŬɘ ɏɜŬɠ ŰŬɝɘɜɞɛɖŰɐɠ ˊɞɡ ˊŬɟɏɢŮɘ ɡɣɖɚɐ ŬəɟɑɓŮɘŬ ɔɘŬ Űɖ ɛŮɘɞɜɞŰɘəɐ ŰɎɝɖ 

ɢɤɟɑɠ ɜŬ ŭɘŬəɡɓŮɨŮŰŬɘ ɖ ŬəɟɑɓŮɘŬ Űɖɠ ˊɚŮɘɞɣɖűɘəɐɠ ŰɎɝɖɠ. 

ȷɜŬűɏɟŮŰŬɘ ɧŰɘ ɡˊɎɟɢŮɘ ɘůɢɡɟɐ ůɨɜŭŮůɖ ɛŮŰŬɝɨ ɛɎɗɖůɖɠ ɛŮ ŮɡŬɘůɗɖůɑŬ əɧůŰɞɡɠ 

əŬɘ ɛɎɗɖůɖɠ ɛŮ ŬɜɞɛɞɘɞɔŮɜɐ ŭŮŭɞɛɏɜŬ, ɛŮ ůɡɜɏˊŮɘŬ ɞɘ ɗŮɤɟɖŰɘəɏɠ ɓɎůŮɘɠ əŬɘ Ŭɚɔɧɟɘɗɛɞɘ 

Űɤɜ ɛŮɗɧŭɤɜ ɛɎɗɖůɖɠ ɛŮ ŮɡŬɘůɗɖůɑŬ əɧůŰɞɡɠ ɜŬ ɛˊɞɟɞɨɜ ɜŬ ŮűŬɟɛɞůɗɞɨɜ ůŮ 
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ˊɟɞɓɚɐɛŬŰŬ ɛɎɗɖůɖɠ ɛŮ ŬɜɞɛɞɘɞɔŮɜɐ ŭŮŭɞɛɏɜŬ. ɆŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɖ ɛɎɗɖůɖ ɛŮ 

ŮɡŬɘůɗɖůɑŬ əɧůŰɞɡɠ ŬɜŬűɏɟŮŰŬɘ ɧŰɘ ŮɑɜŬɘ ɡˊɏɟŰŮɟɖ Ŭˊɧ Űɘɠ ɛŮɗɧŭɞɡɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ. Ƀɘ 

ŰŮɢɜɘəɏɠ ɛɎɗɖůɖɠ ɛŮ ŮɡŬɘůɗɖůɑŬ əɧůŰɞɡɠ ɗŮɤɟɞɨɜŰŬɘ ŮɜŬɚɚŬəŰɘəɐ ˊɟɞůɏɔɔɘůɖ ůŰɘɠ 

ɛŮɗɧŭɞɡɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ɔɘŬ ˊŮɟɘɞɢɏɠ ɛɎɗɖůɖɠ ɛŮ ŬɜɞɛɞɘɞɔŮɜɐ ŭŮŭɞɛɏɜŬ.  

ȼ óəŬɛˊɨɚɖ ROCô (Receiver Operating Characteristic) ɗŮɤɟŮɑŰŬɘ ɢɟɐůɘɛɖ ŮˊŮɘŭɐ 

ˊɟɞůűɏɟŮɘ ɛɑŬ ɞɟŬŰɐ ˊŬɟɎůŰŬůɖ Űɤɜ ůɢŮŰɘəɩɜ ŭɘŬűɞɟɩɜ ɛŮŰŬɝɨ ˊɚŮɞɜŮəŰɖɛɎŰɤɜ (true 

positives) əŬɘ əɧůŰɞɡɠ (false positives) Űɤɜ ŰŬɝɘɜɞɛɐůŮɤɜ ůŮ ůɢɏůɖ ɛŮ Űɘɠ əŬŰŬɜɞɛɏɠ 

ŭŮŭɞɛɏɜɤɜ (Fawcett, 2006; Bradley, 1997). 

ȼ ŬɜɞɛɞɘɞɔɏɜŮɘŬ (ɛɖ-ɘůɞɟɟɞˊɑŬ) ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɏɜŬ ůɨɜɞɚɞ əŬŰŬɜŮɛɖɛɏɜɤɜ 

ŰɎɝŮɤɜ ɐ ŭɘŬűɞɟŮŰɘəɧ əɧůŰɞɠ ůűŬɚɛɎŰŬ ɐ ˊŬɟŬŭŮɘɔɛɎŰŬ (Japkowicz, 2000; Chawla et al. 

2003; Fem et al., 2004). ɆŬɜ ˊɟɞŰŮɘɜɧɛŮɜɞ ɛɏŰɟɞ Űɖɠ Ŭˊɧŭɞůɖɠ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ 

ɖ ɛɏɗɞŭɞɠ əŬɛˊɨɚɤɜ ROC (Fem et al., 2004). 

Ƀɘ əŬɛˊɨɚŮɠ ROC ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ ůɡɜɞɚɘəɐ Ŭˊɧŭɞůɖ 

ŰŬɝɘɜɞɛɖŰɩɜ ˊɞɡ ŬɜŬűɏɟɞɜŰŬɘ ůŮ ɏɜŬ űɎůɛŬ ŬɜŰŬɚɚŬɔɩɜ ɛŮŰŬɝɨ Ŭɚɖɗɩɜ ɗŮŰɘəɩɜ Űɘɛɩɜ 

ůűŬɚɛɎŰɤɜ əŬɘ ɛɖ-Ŭɚɖɗɩɜ ɗŮŰɘəɩɜ Űɘɛɩɜ ůűŬɚɛɎŰɤɜ (Swets, 1988).  

 

 ɀɏɗɞŭɞɠ ȾŬŰɤűɚɑɞɡ (Threshold Method) 

ȰɜŬ óəŬŰɩűɚɘô (threshold)  ɚɏɔŮŰŬɘ ɧŰɘ ŮɑɜŬɘ ůɡɜɞɚɘəɎ ɓɏɚŰɘůŰɞ, Ŭɜ ɞ Ŭɟɘɗɛɧɠ Űɤɜ 

ɛɖ ŰŬɝɘɜɞɛɖɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ ŮɑɜŬɘ ŮɚɎɢɘůŰɞɠ. ȼ ɔɟŬűɘəɐ Űɞɡ ˊŬɟɎůŰŬůɖ ŮɑɜŬɘ ɏɜŬ  

ŭɘŰɟɞˊɘəɧ ɘůŰɧɔɟŬɛɛŬ (bimodal), ŭɖɚŬŭɐ ɏɜŬ ɘůŰɧɔɟŬɛɛŬ ɛŮ ŭɡɞ ˊɟɞűŬɜŮɑɠ ůɢŮŰɘəɏɠ 

ɚŮɘŰɞɡɟɔɑŮɠ ɐ əɞɟɡűɏɠ ŭŮŭɞɛɏɜɤɜ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, Ŭɜ ŮɑɢŬɛŮ ɛɘŬ ŬˊŮɘəɧɜɘůɖ ɔɘŬ 

ɛˊɞɟɞɨůŬɛŮ ɜŬ ɝŮɢɤɟɑůɞɡɛŮ ɏɜŬ ŬɜŰɘəŮɑɛŮɜɞ ɛŮ Űɞ ˊŮɟɘɓɎɚɚɞɜ ˊɞɡ ɓɟɘůəɧŰŬɜ ˊɑůɤ Űɞɡ.  

ɄŬɟŬɗɏŰɞɜŰŬɠ ɏɜŬ ˊŬɟɎŭŮɘɔɛŬ Ŭˊɧ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ ŮɘəɧɜŬɠ, ŮɝŮŰɎɕŮŰŬɘ ˊɞɘŬ 

ˊɟɞɓɚɐɛŬŰŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɛɏůɤ Űɖɠ ɛŮɗɧŭɞɡ ŬɡŰɐɠ. 

ɇɞ ˊɟɧɓɚɖɛŬ ɛŮ Űɖ ɛɏɗɞŭɞ əŬŰɤűɚɑɞɡ ŮɑɜŬɘ ɧŰɘ ɗŮɤɟɞɨɛŮ ůɖɛŬɜŰɘəɐ ɛɧɜɞ Űɖɜ 

ɏɜŰŬůɖ Űɖɠ ŮɘəɧɜŬɠ, əŬɘ ŭŮɜ ŭɑɜɞɡɛŮ ůɖɛŬůɑŬ ůŰɘɠ ůɢɏůŮɘɠ ɛŮŰŬɝɨ Űɤɜ ŮɘəɞɜɞůŰɞɘɢŮɑɤɜ 

(pixels). ȹŮɜ ɔɜɤɟɑɕɞɡɛŮ Ŭɜ ŰŬ ŮɘəɞɜɞůŰɞɘɢŮɑŬ ˊɞɡ ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ Ŭˊɧ Űɖ ŭɘŬŭɘəŬůɑŬ 

əŬŰɤűɚɑɞɡ ŮɑɜŬɘ ůɡɜŮɢɧɛŮɜŬ. ɀˊɞɟɞɨɛŮ ŮɨəɞɚŬ ɜŬ ˊŮɟɘɚɎɓɞɡɛŮ ŮɝɤɔŮɜɐ ŮɘəɞɜɞůŰɞɘɢŮɑŬ 

ˊɞɡ ŭŮɜ ŬˊɞŰŮɚɞɨɜ ɛɏɟɞɠ Űɖɠ ŮˊɘɗɡɛɖŰɐɠ ˊŮɟɘɞɢɐɠ, əŬɘ ɛˊɞɟɞɨɛŮ ɜŬ ɢɎůɞɡɛŮ Ůɝɑůɞɡ 

ŮɨəɞɚŬ ŬˊɞɛɞɜɤɛɏɜŬ ŮɘəɞɜɞůŰɞɘɢŮɑŬ ŮɜŰɧɠ Űɖɠ ˊŮɟɘɞɢɐɠ (ŮɘŭɘəɎ əɞɜŰɎ ůŰŬ ɧɟɘŬ Űɖɠ 

ˊŮɟɘɞɢɐɠ). ȷɡŰɎ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŭŮɜ ŮɑɜŬɘ ɘəŬɜɞˊɞɘɖŰɘəɎ əŬɗɩɠ ɞ ɗɧɟɡɓɞɠ ŬɡɝɎɜŮŰŬɘ, 

ŬˊɚɎ ŮˊŮɘŭɐ ŮɑɜŬɘ ˊɘɞ ˊɘɗŬɜɧ ɧŰɘ ɛɘŬ ɏɜŰŬůɖ ŮɘəɞɜɞůŰɞɘɢŮɑɞɡ (pixels) ŭŮɜ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ 

Űɖɜ əŬɜɞɜɘəɐ ɏɜŰŬůɖ ůŰɖɜ ˊŮɟɘɞɢɐ.  
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ȳŰŬɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ɛɏɗɞŭɞɠ əŬŰɤűɚɑɞɡ, ˊɞɡ ůɡɜɐɗɤɠ ˊɟɏˊŮɘ ɜŬ ŬůɢɞɚɖɗŮɑ ɛŮ 

Űɞ ŬɜŰɘəɏɘɛŮɜɞ, ɛŮɟɘəɏɠ űɞɟɏɠ ɢɎɜŮɘ ˊɎɟŬ ˊɞɚɨ Ŭˊɧ Űɖɜ ˊŮɟɘɞɢɐ əŬɘ ˊŬɑɟɜŮɘ ˊɞɚɚɎ 

ŮɘəɞɜɞůŰɞɘɢŮɑŬ Ŭˊɧ Űɞ űɧɜŰɞ. (ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ, ůəɘɏɠ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ Űɖɠ ŮɘəɧɜŬɠ). 

ȰɜŬ Ɏɚɚɞ ˊɟɧɓɚɖɛŬ ɛŮ Űɞ ůɡɜɞɚɘəɧ əŬŰɤűɚɑ (global thresholding) ŮɑɜŬɘ ɧŰɘ ɞɘ 

ŬɚɚŬɔɏɠ ůŰɞ űɤŰɘůɛɧ ůŮ ɧɚɞ Űɞ ˊŮɟɘɓɎɚɚɞɜ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ əɎˊɞɘŬ ɛɏɟɖ ɜŬ ŮɑɜŬɘ 

ˊɘɞ űɤŰŮɘɜɎ (Űɞ űɤɠ) əŬɘ ůŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘɞɢɏɠ ˊɘɞ ůəɞɨɟɞ (ůŰɖ ůəɘɎ), ɛŮ Űɟɧˊɞɡɠ ˊɞɡ 

ŭŮɜ ɏɢɞɡɜ əŬɛɑŬ ůɢɏůɖ ɛŮ ŰŬ ŬɜŰɘəŮɑɛŮɜŬ Űɖɠ ŮɘəɧɜŬɠ. ɀˊɞɟɞɨɛŮ ɜŬ Űɞ ŬɜŰɘɛŮŰɤˊɑůɞɡɛŮ 

Ůɜ ɛɏɟŮɘ, Űɞ ˊɟɧɓɚɖɛŬ Űɞɡ Ɏɜɘůɞɡ űɤŰɘůɛɞɨ ɛŮ ˊɟɞůŭɘɞɟɘůɛɧ əŬŰɤűɚɑɤɜ ůŮ Űɞˊɘəɧ 

ŮˊɑˊŮŭɞ. ȹɖɚŬŭɐ, ŬɜŰɑ ɜŬ ɏɢŮɘ ɏɜŬ ŮɜɘŬɑɞ ůɡɜɞɚɘəɧ əŬŰɩűɚɘ, ŮˊɘŰɟɏˊŮŰŬɘ ůŰɞ əŬŰɩűɚɘ ɜŬ 

ŮɝɞɛŬɚɨɜŮɘ ŮəŮɑ ˊɞɡ ɡˊɎɟɢɞɡɜ ŭɘŬűɞɟɏɠ Ŭˊɧ ɛɧɜɞ Űɞɡ ůŰɞ ůɡɜɞɚɘəɧ əŬŰɩűɚɘ ůŮ ɧɚɖ Űɖɜ 

ŮɘəɧɜŬ 

ȼ ɛɏɗɞŭɞɠ QUEST (Watson and Pelli, 1983) ŮɑɜŬɘ ɛɘŬ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ɛɏɗɞŭɞɠ ɔɘŬ 

Űɖ ɛɏŰɟɖůɖ əŬŰɤűɚɑɤɜ ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŮ ŰɟɑŬ ůŰɎŭɘŬ: (i) Ʉɟɞůŭɘɞɟɘůɛɧɠ Űɤɜ 

ˊɟɞɖɔɞɨɛŮɜɤɜ ɔɜɩůŮɤɜ əŬɘ ɡˊɞɗɏůŮɤɜ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɖɠ Űɖɠ Ŭɟɢɘəɐɠ ůɡɜɎɟŰɖůɖɠ 

ˊɡəɜɧŰɖŰŬɠ ˊɘɗŬɜɧŰɖŰŬɠ (p.d.f.) Űɞɡ əŬŰɤűɚɘɞɨ (ŭɖɚŬŭɐ ůɢŮŰɘəɐ ˊɘɗŬɜɧŰɖŰŬ Űɤɜ 

ŭɘŬűɞɟŮŰɘəɩɜ əŬŰɤűɚɑɤɜ Űɞɡ ˊɚɖɗɡůɛɞɨ). (ii) ɀɘŬ ɛɏɗɞŭɞɠ ɔɘŬ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ ŮɟɏɗɘůɛŬ 

Űɖɠ ɏɜŰŬůɖɠ ɞˊɞɘŬŭɐˊɞŰŮ ŭɞəɘɛɐɠ. (iii) ɀɘŬ ɛɏɗɞŭɞɠ ɔɘŬ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ ŰŮɚɘəɞɨ 

ŮˊɘɗɡɛɖŰɞɨ əŬŰɤűɚɑɞɡ. (King-Smith et al, 1994) 

ȿɧɔɤ Űɖɠ ɏɚɚŮɘɣɖɠ ŬɟəŮŰɩɜ ˊŬɟŬŭɞůɘŬəɩɜ ɛŮɗɧŭɤɜ ŬɡŰɧɛŬŰɞɡ əŬŰɤűɚɑɞɡ 

(automatic threshold methods), ˊɟɞəŮɘɛɏɜɞɡ ɜŬ əŬŰŬŰɛɖɗŮɑ ɖ ŭɘŬɓɎɗɛɘůɖ Űɖɠ ŮɘəɧɜŬɠ 

əŬɚɨŰŮɟŬ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɛɘŬ ɓŮɚŰɘɤɛɏɜɖ ɛɏɗɞŭɞɠ. ȼ ɓŮɚŰɘɤɛɏɜɖ ɛɏɗɞŭɞɠ ŭɘˊɚɐɠ 

əŬŰɤűɚɑɞɡ (double-threshold method) ůɡɜŭɡɎɕŮŰŬɘ ɛŮ Űɖ ɛɏɗɞŭɞ Űɖɠ ɛɏɔɘůŰɖɠ 

ŭɘŬəɨɛŬɜůɖɠ əɚɎůŮɤɜ, Űɖ ɛɏɗɞŭɞ ŮəŰɑɛɖůɖɠ Űɖɠ ˊŮɟɘɞɢɐɠ əŬɘ ɛɏɗɞŭɞ ŭɘˊɚɞɨ əŬŰɤűɚɘɞɨ. 

ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ɛˊɞɟŮɑ ɜŬ ŮˊɘɚɏɝŮɘ ŬɡŰɧɛŬŰŬ ŭɨɞ ŭɘŬűɞɟŮŰɘəɎ əŬŰɩŰŬŰŬ ɧɟɘŬ ůŮ ŰɛɐɛŬŰŬ 

Ůɘəɧɜɤɜ ɓŬɗɛɤŰɎ. ȼ ˊɟɞůɞɛɞɑɤůɖ ůŮ ɡˊɞɚɞɔɘůŰɐ ŮəŰŮɚŮɑŰŬɘ Ůˊɑ Űɘɠ ˊŬɟŬŭɞůɘŬəɏɠ 

ɛŮɗɧŭɞɡɠ əŬɘ ŬɡŰɞɨ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ əŬɘ ŬˊɞŭŮɘəɜɨŮɘ ɧŰɘ ɖ ɛɏɗɞŭɞɠ ŬɡŰɐ ɛˊɞɟŮɑ ɜŬ ˊɎɟŮɘ 

ɘəŬɜɞˊɞɘɖŰɘəɧ ŬˊɞŰɏɚŮůɛŬ. (Shen et al.,2004) 

  

3.2.3 ɇŮɢɜɘəɏɠ ȷɚɔɞɟɘɗɛɘəɞɨ Ⱥˊɘˊɏŭɞɡ: ɀɎɗɖůɖ ɛŮ ȺɡŬɘůɗɖůɑŬ ȾɧůŰɞɡɠ 

ȼ ɀɎɗɖůɖ ɛŮ ȺɡŬɘůɗɖůɑŬ ȾɧůŰɞɡɠ (Cost Sensitive Learning) ŮɑɜŬɘ ɏɜŬɠ Űɨˊɞɠ 

ɛɎɗɖůɖɠ ˊɞɡ ŬɜŬűɏɟŮŰŬɘ ůŮ ŭɘŬűɧɟɞɡɠ Űɨˊɞɡɠ əɧůŰɞɡɠ ɛŮ ůəɞˊɧ Űɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɞɡ 

əɧůŰɞɡɠ ŬɡŰɞɨ. ȼ ɓŬůɘəɐ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ ɛɎɗɖůɖɠ ɛŮ ŮɡŬɘůɗɖůɑŬ əɧůŰɞɡɠ əŬɘ ɛɎɗɖůɖɠ 

ɎɜŮɡ ŮɡŬɘůɗɖůɑŬɠ əɧůŰɞɡɠ ŮɑɜŬɘ ɧŰɘ ɖ ˊɟɩŰɖ ŭɘŬɢŮɘɟɑɕŮŰŬɘ Űɘɠ ŭɘɎűɞɟŮɠ ŰŮɢɜɘəɏɠ ɛɖ-
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ŰŬɝɘɜɞɛɐůŮɤɜ ŭɘŬűɞɟŮŰɘəɎ Ŭˊɧ Űɖɜ ŭŮɨŰŮɟɖ, ɛŮ Űɞ ɜŬ ɗŮɤɟŮɑ ŰɏŰɞɘŮɠ ɛɖ-ŰŬɝɘɜɞɛɐůŮɘɠ ɧŰɘ 

ŭŮɜ ɡˊɎɟɢɞɡɜ, ɛŮ ůŰɧɢɞ ɜŬ ŮˊɘŰɨɢŮɘ ɡɣɖɚɐ ŬəɟɑɓŮɘŬ ˊŬɟŬŭŮɘɔɛɎŰɤɜ ŰŬɝɘɜɧɛɖůɖɠ ůŮ ɏɜŬ 

ůɨɜɞɚɞ ɔɜɤůŰɩɜ əɚɎůŮɤɜ. 

ȼ ŰɎɝɖ Űɤɜ ŬɜɞɛɞɘɞɔŮɜɩɜ (ɛɖ-ɘůɞɟɟɞˊɖɛɏɜɤɜ) ůɡɜɧɚɤɜ ŭŮŭɞɛɏɜɤɜ (imbalanced 

datasets) ŮɛűŬɜɑɕŮŰŬɘ ůŮ ˊɞɚɚɏɠ əŬɗɖɛŮɟɘɜɏɠ ŮűŬɟɛɞɔɏɠ, ɧˊɞɡ ɖ ŰɎɝɖ əŬŰŬɜɞɛɩɜ ŮɑɜŬɘ 

ŬɜɞɛɞɘɞɔŮɜɐɠ ůŮ ɡɣɖɚɧ ɓŬɗɛɧ əŬɘ ɞɘ ŰŮɢɜɘəɏɠ ɛɎɗɖůɖɠ ɛŮ ŮɡŬɘůɗɖůɑŬ əɧůŰɞɡɠ ŬˊɞŰŮɚɞɨɜ 

ɛɑŬ əɞɘɜɐ ˊɟɞůɏɔɔɘůɖ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ ŰɏŰɞɘɤɜ ˊɟɞɓɚɖɛɎŰɤɜ (Ling and Sheng, 2008). 

 

3.2.4 ȹɞɛɐ ɆɡůŰɐɛŬŰɞɠ ɀɎɗɖůɖɠ ɛŮ ȺɡŬɘůɗɖůɑŬ ȾɧůŰɞɡɠ 

ȼ ɀɎɗɖůɖ ɛŮ ŮɡŬɘůɗɖůɑŬ əɧůŰɞɡɠ ɛˊɞɟŮɑ ɜŬ ɢɤɟɘůɗŮɑ ůŮ ŭɨɞ əŬŰɖɔɞɟɑŮɠ:  

ȼ ˊɟɩŰɖ əŬŰɖɔɞɟɑŬ ˊŮɟɘɚŬɛɓɎɜŮɘ ůɢŮŭɘŬůɛɧ ŰŬɝɘɜɞɛɖŰɩɜ ˊɞɡ ɏɢɞɡɜ Űɖɜ ɑŭɘŬ ŮɡŬɘůɗɖůɑŬ 

əɧůŰɞɡɠ (ɎɛŮůŮɠ ɛɏɗɞŭɞɘ), ˊ.ɢ. ICET. (Turney, 1995), ŭɏɜŭɟŬ ŬˊɞűɎůŮɤɜ ɛŮ ŮɡŬɘůɗɖůɑŬ 

əɧůŰɞɡɠ (Drummond-Holte, 2000; Ling et al. 2004). ȼ ŭŮɨŰŮɟɖ əŬŰɖɔɞɟɑŬ ˊŮɟɘɚŬɛɓɎɜŮɘ 

Űɞ ůɢŮŭɘŬůɛɧ Ůɜɧɠ óˊŮɟɘŰɡɚɑɔɛŬŰɞɠô (wrapper), ˊɞɡ ɛŮŰŬŰɟɏˊŮɘ əɎɗŮ ŰŬɝɘɜɞɛɖŰɐ ɎɜŮɡ-

əɧůŰɞɡɠ (cost insensitive) ůŮ ŬɜŰɑůŰɞɘɢɞɡɠ ŰŬɝɘɜɞɛɖŰɏɠ ɛŮ ŮɡŬɘůɗɖůɑŬ əɧůŰɞɡɠ. ȼ 

əŬŰɖɔɞɟɑŬ ŬɡŰɐ əŬɚŮɑŰŬɘ Ůˊɑůɖɠ ɛɏɗɞŭɞɠ ɛŮŰŬ-ɛɎɗɖůɖɠ ɛŮ ŮɡŬɘůɗɖůɑŬ əɧůŰɞɡɠ (cost 

sensitive meta-learning method) əŬɘ ŭɘŬɢɤɟɑɕŮŰŬɘ ůŮ óɛɏɗɞŭɞ əŬŰɤűɚɑɞɡô (thresholding) 

əŬɘ óɛɏɗɞŭɞ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠô (sampling).   
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ɮɼɮʆɳʄɱɮʅʆɮ ɲɳɲʁɾɳɿɮ

ʃʄʁɳʃɳʀɳʄɱɮʅɹɮ

ɼɮɿʁɿɹɼʁʃʁɹɶʅɶ 
ɲɳɲʁɾɳɿʍɿ

ɳʆɹɼɳʆʁʃʁɹɶʅɶ 
ɼɽɮʅʅɳʍɿ

ɳʃɹɽʁɱɶ 
ʋɮʄɮɼʆɶʄɹʅʆɹɼʍɿ

ɳʃɹɽɳɱɾɳɿɮ 
ʋɮʄɮɼʆɶʄɹʅʆɹɼɮ

ɼɮɿʁɿɹɼʁʃʁɹɶʅɶ 
ɲɳɲʁɾɳɿʍɿ

ɳʆɹɼɳʆʁʃʁɹɶʅɶ 
ɼɽɮʅʅɳʍɿ+

ɾʁɿʆɳɽɮ 
ʃʄʁɰɽɳʌɶʅ

ɲɹɮʅʆɮʇʄʍɾɳɿɶ 
ɳʃɹɼʇʄʍʅɶ

ɾɳɸʁɲʁɹ 
ʊɹɽʆʄɮʄɹʅɾɮʆʁʅ

(METHODS 
FILTERING)

ɾɳɸʁɲʁʅ 
ʅʆʄɳɰɽʍʅɶʅ
(WARPING 
METHODS)

ɳʃɹɽɳɱɾɳɿɮ 
ʋɮʄɮɼʆɶʄɹʅʆɹɼɮ

ɾɮɸɶʅɶ ɳʇɮɹʅɸɶʅɹɮʅ 
ɼʁʅʆʁʇʅ

PCA+KNN
Cost sensitive 

boosting
ɲɳɿʆʄɮ 

ɮʃʁʊɮʅɳʍɿ

 

 ȺɘəɧɜŬ 3.2: ȹɘŬŭɘəŬůɑŬ ˊɟɞŮˊŮɝŮɟɔŬůɑŬɠ ŭŮŭɞɛɏɜɤɜ əŬɘ ŮɘůŬɔɤɔɐ ɛɎɗɖůɖɠ ŮɡŬɘůɗɖůɑŬɠ əɧůŰɞɡɠ ůŰŬ ɛɞɜŰɏɚŬ 

ˊɟɧɓɚŮɣɖɠ. 

 

 

ȼ əŬŰɖɔɞɟɑŬ ɛɎɗɖůɖɠ ɛŮ ŮɡŬɘůɗɖůɑŬ əɧůŰɞɡɠ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɘɠ ŬəɧɚɞɡɗŮɠ 

ɛŮɗɧŭɞɡɠ (ɛŮ ɛɖ-ŰŬɝɘɜɧɛɖůɖ əɧůŰɞɡɠ): 

ȯɛŮůɞɘ ɛɏɗɞŭɞɘ ( Drummond and Holte, 2000)  

ɀɏɗɞŭɞɘ ɀɏŰŬ-ŮəɛɎɗɖůɖɠ   

ɀɏɗɞŭɞɘ ɀɏŰŬ-əɧůŰɞɡɠ (Domingos, 1999) 

ɇŬɝɘɜɞɛɖŰɐɠ ɛŮ ŮɡŬɘůɗɖůɑŬ əɧůŰɞɡɠ [Cost Sensitive Classifier (CSC)]  

(Witten and Frank, 2005) 

óȷˊɚɞɥəɐô Bayes ŮɡŬɘůɗɖůɑŬ əɧůŰɞɡɠ (Chai et al. 2004) 

ȺɛˊŮɘɟɘəɐ ɃɟɘŬəɐ ɛɏɗɞŭɞɠ (Sheng and Ling, 2006) 

ɀɏɗɞŭɞɠ əɧůŰɞɡɠ (costing) (Zadrozny et al. 2003) 

ɀɏɗɞŭɞɠ ŮˊɘɓɎɟɡɜůɖɠ (weighting) (Ting, 1998)  

 

3.2.5 ɀɏŰɟɖůɖ ȺɡŬɘůɗɖůɑŬɠ ȾɧůŰɞɡɠ 

Ƀɘ ɛŮŰɟɐůŮɘɠ ŮɡŬɘůɗɖůɑŬɠ əɧůŰɞɡɠ ůɡɜɐɗɤɠ ɡˊɞɗɏŰɞɡɜ ɧŰɘ Űɞ əɧůŰɞɠ Űɖɠ 

ˊɟŬɔɛŬŰɞˊɞɑɖůɖɠ ůűŬɚɛɎŰɤɜ ŮɑɜŬɘ ɔɜɤůŰɧ (Domingo, 1999; Turney, 2000; Elkan, 2001). 

Ƀ ˊɑɜŬəŬɠ əɧůŰɞɡɠ ɞɟɑɕŮɘ Űɞ əɧůŰɞɠ ˊɞɡ ˊɟɞəɨˊŰŮɘ ůŮ ŮůűŬɚɛɏɜŬ ɗŮŰɘəɎ (false positive) 

əŬɘ ŮůűŬɚɛɏɜŬ ŬɟɜɖŰɘəɎ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɖ ɛŮŰŬɓɚɖŰɐ x ɛˊɞɟŮɑ ɜŬ ůɡɜŭɏŮŰŬɘ ɛŮ Űɞ 



  ɤɭɩɢɬɚɣɠ ɚɦɚɫɬɚɫɢɚ ɝɠɥɠɬɪɚ 

 

 48 

əɧůŰɞɠ C(i, j, x) ˊɞɡ ɞɟɑɕŮɘ Űɞ əɧůŰɞɠ ɔɘŬ Űɖɜ ˊɟɧɓɚŮɣɖ ɛɑŬɠ ŰɎɝɖɠ i ɔɘŬ x ɧŰŬɜ ɖ Ŭɚɖɗɐɠ 

ŰɎɝɖ ŮɑɜŬɘ j. 

ɇɞ ŬˊɞŰɏɚŮůɛŬ ŮɑɜŬɘ ɜŬ ɚɖűɗŮɑ ɛɑŬ ŬˊɧűŬůɖ ɔɘŬ Űɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɞɡ 

ŬɜŬɛŮɜɧɛŮɜɞɡ əɧůŰɞɡɠ. ȼ ɓɏɚŰɘůŰɖ ˊɟɧɓɚŮɣɖ ɔɘŬ Űɞ x ɞɟɑɕŮŰŬɘ ɤɠ  

 ( | ) ( * , ),
j

P j x C i j xä   (3.1) 

ʂˉˇˎ C ʁ ʾ˄ʰʽ ˍˇ ˁˈˋˍˇˌ ˁʰʽ P ́  ʰ˄ˍʾˋˍˇʽ˔ʹ ˉʽʻʰ˄ˈˍʹˍʰ ˍʹˌ ˍʱ˅ʹˌ i ɹ ʽʰ ˔ 

 

3.3 ɇŮɢɜɘəɏɠ Ⱥˊɘˊɏŭɞɡ ȹŮŭɞɛɏɜɤɜ  

ɇɞ ˊɟɧɓɚɖɛŬ ŬɜɞɛɞɘɞɔŮɜɞɨɠ ɛɎɗɖůɖɠ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖɜ Ŭˊɧŭɞůɖ Ŭɚɔɞɟɑɗɛɤɜ 

ɛɎɗɖůɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ ŬɜŮˊŬɟəɐ ŭŮŭɞɛɏɜŬ əŬɘ ŬůɨɛɛŮŰɟŮɠ ŰɎɝŮɘɠ əŬŰŬɜɞɛɩɜ. ȼ 

ɛɎɗɖůɖ Ŭˊɧ ŰɏŰɞɘŬ ŭŮŭɞɛɏɜŬ ɚɧɔɤ Űɤɜ ˊɞɚɨˊɚɞəɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɤɜ ůɡɜɧɚɤɜ 

ŬɜɞɛɞɘɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ, ŬˊŬɘŰɞɨɜ ɜɏɞɡɠ Ŭɚɔɞɟɑɗɛɞɡɠ əŬɘ əŬŰɎɚɚɖɚŬ ŮɟɔŬɚŮɑŬ ɔɘŬ ɜŬ 

ɛŮŰŬůɢɖɛŬŰɑůɞɡɜ ɛŮ ŬˊɞŭɞŰɘəɧ Űɟɧˊɞ ŰŮɟɎůŰɘŬ ˊɞůɎ ˊɟɤŰɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ ůŮ 

ŮˊɘɗɡɛɖŰɐ ˊŬɟɎůŰŬůɖ ˊɚɖɟɞűɞɟɘɩɜ əŬɘ ɔɜɩůŮɤɜ. 

 

3.3.1 ɀɏɗɞŭɞɘ ɄɟɞŮˊŮɝŮɟɔŬůɑŬɠ ȹŮŭɞɛɏɜɤɜ  

Ƀɘ ɛɏɗɞŭɞɘ ˊɟɞ-ŮˊŮɝŮɟɔŬůɑŬɠ ŭŮŭɞɛɏɜɤɜ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɛŮ Űɞɡɠ 

Ŭɚɔɞɟɑɗɛɞɡɠ ɛɎɗɖůɖɠ ůɡɜɧɚɤɜ (Batista et al., 2004; Fernandez et al., 2008). ȼ ŮˊɑŭɟŬůɖ 

Űɖɠ ŬɚɚŬɔɐɠ əŬŰŬɜɞɛɐɠ ŰɎɝŮɤɜ ɔɘŬ ɢɟɐůɖ ůŮ ŬɜɞɛɞɘɞɔŮɜɐ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ ɛˊɞɟŮɑ ɜŬ 

ɔɑɜŮɘ ɛŮ ŰŮɢɜɘəɏɠ ŮˊŬɜŬ-ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ (resampling). Ƀɘ ŰŮɢɜɘəɏɠ ŬɡŰɏɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɛŮ Ŭɚɔɞɟɑɗɛɞɡɠ ɛɎɗɖůɖɠ ůɡɜɧɚɤɜ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɘɠ ŬəɧɚɞɡɗŮɠ 

əŬŰɖɔɞɟɑŮɠ: 

(i) ŰɡɢŬɑŬ ɡˊɞ-ŭŮɘɔɛŬŰɞɚɖɣɑŬ (random undersampling) 

(ii)  ŰɡɢŬɑŬ ɡˊŮɟ-ŭŮɘɔɛŬŰɞɚɖɣɑŬ (random oversampling) 

(iii)  ŰŮɢɜɘəɐ ɡˊŮɟ-ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ɛŮ ůɡɜɗŮŰɘəɐ ɛŮɘɞɜɧŰɖŰŬ (Synthetic Minority 

Oversampling Technique [SMOTE]) (Chawla et al., 2002) 

(iv) Űɟɞˊɞˊɞɘɖɛɏɜɖ ŰŮɢɜɘəɐ ɡˊŮɟ-ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ɛŮ ůɡɜɗŮŰɘəɐ ɛŮɘɞɜɧŰɖŰŬ 

(Modified Synthetic Minority Oversampling Technique [MSMOTE]), (Hu et 

al., 2009) 
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(v) ŮˊɘɚŮəŰɘəɐ ˊɟɞ-ŮˊŮɝŮɟɔŬůɑŬ ŬɜɞɛɞɘɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ (Selektive 

Preprocessing of Imbalanced Data [SPIDER]) (Stefanowski and Wilk, 2008). 

 

3.3.2 ɇɡɢŬɑŬ Ⱥˊɘɚɞɔɐ Ɇɡɜɧɚɤɜ ȹŮŭɞɛɏɜɤɜ ɈˊɞŭŮɘɔɛŬŰɞɚɖɣɑŬɠ əŬɘ 

ɈˊŮɟŭŮɘɔɛŬŰɞɚɖɣɑŬɠ 

Ƀɘ ɛɖɢŬɜɘəɏɠ ŭɘŬŭɘəŬůɑŮɠ Űɖɠ ŰɡɢŬɑŬɠ ɡˊŮɟŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Ŭəɞɚɞɡɗɞɨɜ Űɖɜ 

ˊŮɟɘɔɟŬűɐ Űɖɠ ˊɟɞůɗɏŰɞɜŰŬɠ ɏɜŬ ůɨɜɞɚɞ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖ ŰɎɝɖ ɛŮɘɞɣɖűɑŬɠ, ŭɖɚŬŭɐ 

ɔɘŬ ɏɜŬ ůɨɜɞɚɞ ŰɡɢŬɑŬ ŮˊɘɚŮɔɛɏɜɤɜ ˊŬɟŬŭŮɘɔɛɎŰɤɜ ɛŮɘɞɣɖűɑŬɠ ŬɡɝɎɜŮŰŬɘ Űɞ Ŭɟɢɘəɧ 

ůɨɜɞɚɞ ŬɜŬˊŬɟɎɔɞɜŰŬɠ ŰŬ ŮˊɘɚŮɔɛɏɜŬ ˊŬɟŬŭŮɑɔɛŬŰŬ əŬɘ ˊɟɞůɗɏŰɞɜŰŬɠ ůŰɞ Ŭɟɢɘəɧ ůɨɜɞɚɞ 

(Mease et al., 2007). 
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ʇʃɳʄ/ʇʃʁ 
ɲɳɹɱɾɮʆʁɽɶʌɹɮ

ʆɮʀɹɿʁɾɶʆɶʅ 
ɳɼʃɮɹɲɳʇʅɶʅ

ʆɮʀɹɿʁɾɶʆɶʅ 
ɮʀɹʁɽʁɱɶʅɶʅ

ɮʀɹʁɽʁɱɶʅɶ

ʆɮʀɹɿʁɾɶʆɶʅ

ɲɳɲʁɾɳɿɮ 
ɲʁɼɹɾɶʅ

 (TEST DATA)

ʃɮʄɮɾɳʆʄʁɹ 
ɰɳɽʆɹʅʆʁʃʁɹɶʅɶʅ

ʃɮʄɮɾɳʆʄʁɹ 
ɰɳɽʆɹʅʆʁʃʁɹɶʅɶʅ

 

 ȺɘəɧɜŬ 3.2: ȹɘŬŭɘəŬůɑŮɠ ȹŮŭɞɛɏɜɤɜ ȹɞəɘɛɐɠ ɈˊɞŭŮɘɔɛŬŰɞɚɖɣɑŬɠ əŬɘ ɈˊŮɟŭŮɘɔɛŬŰɞɚɖɣɑŬɠ 

 

3.3.3 ȺɜɘŬɑɞ Ɇɨɜɞɚɞ ȹŮŭɞɛɏɜɤɜ ɈˊɞŭŮɘɔɛŬŰɞɚɖɣɑŬɠ 

ȹɨɞ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ ŮɜɖɛŮɟɤɛɏɜɖɠ ɡˊɞŭŮɘɔɛŬŰɞɚɖɣɑŬɠ (informed 

undersampling) ŬˊɞŰŮɚɞɨɜ ɞ óŬɚɔɧɟɘɗɛɞɠ EasyEnsembleô əŬɘ ɞ óŬɚɔɧɟɘɗɛɞɠ 

BalanceCascadeô (Liu et al., 2006). Ƀɘ Ŭɚɔɧɟɘɗɛɞɘ ŬɡŰɞɑ ɛˊɞɟɞɨɜ ɝŮˊŮɟɎůɞɡɜ Űɞ 

ɛŮɘɜɏəŰɖɛŬ Űɖɠ ŬˊɩɚŮɘŬɠ ˊɚɖɟɞűɞɟɘɩɜ ˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ Ŭɟɢɘəɐ ɛɏɗɞŭɞ ŰɡɢŬɑŬɠ 

ɡˊɞŭŮɘɔɛŬŰɞɚŮɘɣɑŬɠ. Ƀ Ŭɚɔɧɟɘɗɛɞɠ EasyEnsemble, ɏɜŬɠ Ŭɚɔɧɟɘɗɛɞɠ ɛɎɗɖůɖɠ ɢɤɟɑɠ 
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ŮˊɑɓɚŮɣɖ (unsupervised learning algorithm), ŭɖɛɘɞɡɟɔŮɑ ɏɜŬ ůɨůŰɖɛŬ ůɡɜɞɚɘəɐɠ ɛɎɗɖůɖɠ 

(ensemble learning system), ɛŮ ŬɜŮɝɎɟŰɖŰɖ ŭŮɘɔɛŬŰɞɚɖɣɑŬ ŭɘŬűɧɟɤɜ ɡˊɞůɡɜɧɚɤɜ Ŭˊɧ Űɖɜ 

ŰɎɝɖ ˊɚŮɘɞɣɖűɑŬɠ əŬɘ ɛŮ ŭɖɛɘɞɡɟɔɑŬ ˊɞɚɚŬˊɚɩɜ ŰŬɝɘɜɞɛɖŰɩɜ ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŰɞ 

ůɡɜŭɡŬůɛɧ əɎɗŮ ɡˊɞůɡɜɧɚɞɡ ɛŮ ŰŬ ŭŮŭɞɛɏɜŬ Űɖɠ ŰɎɝɖɠ ɛŮɘɞɣɖűɑŬɠ (Liu et al., 2006). 

  

3.3.4 ȺɜɘŬɑŬ ɆɨɜɞɚŬ ȹŮŭɞɛɏɜɤɜ ɈˊɞŭŮɘɔɛŬŰɞɚɖɣɑŬɠ 

ȼ ɆɡɜɗŮŰɘəɐ ɇŮɢɜɘəɐ ɈˊŮɟŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ɀŮɘɞɜɧŰɖŰŬɠ (Synthetic Minority 

Oversampling Technique [SMOTE]) ŭɞəɘɛɎɕŮŰŬɘ ůŮ ˊɞɘəɘɚɑŬ ůɡɜɧɚɤɜ ŭŮŭɞɛɏɜɤɜ ɛŮ 

ɛŮŰŬɓŬɚɚɧɛŮɜɞɡɠ ɓŬɗɛɞɨɠ ŬɜɞɛɞɘɞɔɏɜŮɘŬɠ əŬɘ ɛŮ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ˊɞůɎ ŭŮŭɞɛɏɜɤɜ ůŰŬ 

ŭɞəɘɛŬůŰɘəɎ ůɨɜɞɚŬ ˊŬɟɏɢɞɜŰŬɠ ŭɘŬűɞɟŮŰɘəɎ ˊŮŭɑŬ ŭɞəɘɛɩɜ. 

ũɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ůɡɜɗŮŰɘəɞɨ ŭŮɑɔɛŬŰɞɠ ŮˊɘɚɏɔŮŰŬɘ ŰɡɢŬɑŬ ɏɜŬɠ Ŭˊɧ Űɞɡɠ Ⱦ-

ˊɚɖůɘɏůŰŮɟɞɡɠ ɔŮɑŰɞɜŮɠ əŬɘ ˊɞɚɚŬˊɚŬůɘɎɕŮŰŬɘ ɖ ŭɘŬűɞɟɎ ŭɘŬɜɡůɛɎŰɤɜ ɛŮ ɏɜŬ ŰɡɢŬɑɞ 

Ŭɟɘɗɛɧ ɛŮŰŬɝɨ [0, 1] əŬɘ ŰŮɚɘəɎ Űɞ ŭɘɎɜɡůɛŬ ŬɡŰɧ ˊɟɞůŰɑɗŮŰŬɘ ůŰɞ  xi , ŭɖɚŬŭɐ ˊɟɞəɨˊŰŮɘ 

Űɞ ŮˊŬɜŬɚɖˊŰɘəɧ ůɢɐɛŬ: 

 ( )i 1 i i i i minx  x    x *  x  . d, i  0,  1,  2 ...      x  S+= + - = Í (3.2) 

ɧˊɞɡ ix ŮɑɜŬɘ Űɞ ůŰɘɔɛɘɧŰɡˊɞ ɛŮɘɞɣɖűɑŬɠ ˊɞɡ ɗŮɤɟŮɑŰŬɘ, ix *ŮɑɜŬɘ ɏɜŬɠ Ŭˊɧ Ⱦ-

ˊɚɖůɘɏůŰŮɟɞɡɠ ɔŮɑŰɞɜŮɠ ɔɘŬ Űɞ ix  əŬɘ d ŮɑɜŬɘ ɏɜŬɠ ŰɡɢŬɑɞɠ ˊɟŬɔɛŬŰɘəɧɠ Ŭɟɘɗɛɧɠ ɛŮ 

[ ]d 0,  1Í (Chawla et al., 2002). 

 ȹɘɎűɞɟɞɘ ˊɟɞůŬɟɛɞůɛɏɜŮɠ ɛɏɗɞŭɞɘ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ (adaptive sampling 

methods), ɧˊɤɠ ɞ Ŭɚɔɧɟɘɗɛɞɠ Border-line-SMOTE (Han et al., 2005) əŬɘ Űɞɜ Ŭɚɔɧɟɘɗɛɞ 

ADA-SYN (Adaptive Synthetic Sampling) (He et al., 2008), ɏɢɞɡɜ Ůˊɑůɖɠ ˊŬɟɞɡůɘŬůɗŮɑ 

ɔɘŬ Űɖ ɓŮɚŰɑɤůɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ SMOTE. 

 

3.3.5 ɇŮɢɜɘəɐ ɆɡɜɗŮŰɘəɐɠ ɀŮɘɞɜɞŰɘəɐɠ ɈˊŮɟŭŮɘɔɛŬŰɞɚɖɣɑŬɠ (SMOTE) 

ȼ ɡˊŮɟŭŮɘɔɛŬŰɞɚɖɣɑŬ ɛŮ ŬɜŰɘɔɟŬűɐ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ˊŬɟɧɛɞɘŬ ŬɚɚɎ 

ˊŮɟɘůůɧŰŮɟɞ Ůɘŭɘəɏɠ ˊŮɟɘɞɢɏɠ ůŮ ɛŮɚɚɞɜŰɘəɞɨɠ ɢɩɟɞɡɠ ɧˊɤɠ ɞɘ ˊŮɟɘɞɢɏɠ ŬˊɞűɎůŮɤɜ ɔɘŬ 

Űɖɜ ɛŮɘɞɜɞŰɘəɐ ŰɎɝɖ. ȷɡŰɧ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ɡˊŮɟˊɚɐɟɤůɖ Űɤɜ ˊɞɚɚŬˊɚɩɜ 

ŬɜŰɘɔɟɎűɤɜ Űɤɜ ˊŬɟŬŭŮɘɔɛɎŰɤɜ Űɖɠ ɛŮɘɞɜɞŰɘəɐɠ ŰɎɝɖɠ. ũɘŬ ɜŬ ŬɜŰɘɛŮŰɤˊɘůɗŮɑ ɖ 

ɡˊŮɟˊɚɐɟɤůɖ əŬɘ ɜŬ ŭɘŮɡɟɡɜɗŮɑ ɖ ˊŮɟɘɞɢɐ ŬˊɞűɎůŮɤɜ Űɤɜ ˊŬɟŬŭŮɘɔɛɎŰɤɜ Űɖɠ 

ɛŮɘɞɜɞŰɘəɐɠ ŰɎɝɖɠ ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ ɜɏŮɠ ŰŮɢɜɘəɏɠ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ůɡɜɗŮŰɘəɩɜ 
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ˊŬɟŬŭŮɘɔɛɎŰɤɜ ˊɞɡ ɚŮɘŰɞɡɟɔɞɨɜ ůŮ óɛŮɚɚɞɜŰɘəɧô ɢɩɟɞ ˊŬɟɎ ůŮ ɢɩɟɞ ŭŮŭɞɛɏɜɤɜ (Chawla 

et al., 2002). 

ɇŬ ůɡɜɗŮŰɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ ŮˊɘŰɟɏˊɞɡɜ ůŰɞɜ ŰŬɝɘɜɞɛɖŰɐ ɜŬ ŭɖɛɘɞɡɟɔɐůŮɘ 

ɛŮɔŬɚɨŰŮɟŮɠ əŬɘ ɞɚɘɔɧŰŮɟɞ Ůɘŭɘəɏɠ ˊŮɟɘɞɢɏɠ, ˊŬɟɎ ɛɘəɟɧŰŮɟŮɠ əŬɘ ˊŮɟɘůůɧŰŮɟɞ Ůɘŭɘəɏɠ 

ˊŮɟɘɞɢɏɠ, ɧˊɤɠ ɔɑɜŮŰŬɘ ɛŮ ɡˊŮɟŭŮɘɛŬŰɞɚɖɣɑŬ ɛŮ ŬɜŰɘɔɟŬűɐ. ȯɛŮůɞ ŬˊɞŰɏɚŮůɛŬ ŮɑɜŬɘ ɧŰɘ 

ŰŬ ŭɏɜŭɟŬ ŬˊɞűɎůŮɤɜ ɔŮɜɘəŮɨɞɡɜ əŬɚɨŰŮɟŬ. 

ȼ ŰŮɢɜɘəɐ SMOTE ŭɞəɘɛɎɕŮŰŬɘ ůŮ ˊɞɘəɘɚɑŬ ůɡɜɧɚɤɜ ŭŮŭɞɛɏɜɤɜ ɛŮ 

ɛŮŰŬɓŬɚɚɧɛŮɜɞɡɠ ɓŬɗɛɞɨɠ ŬɜɞɛɞɘɞɔɏɜŮɘŬɠ əŬɘ ɛŮ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ˊɞůɎ ŭŮŭɞɛɏɜɤɜ ůŰŬ 

ŭɞəɘɛŬůŰɘəɎ ůɨɜɞɚŬ ˊŬɟɏɢɞɜŰŬɠ ŭɘŬűɞɟŮŰɘəɎ ˊŮŭɑŬ ŭɞəɘɛɩɜ. ȼ ŰŮɢɜɘəɐ ŬɡŰɐ 

ɢɟɖůɘɛɞˊɞɘŮɑ ɤɠ ŰŬɝɘɜɞɛɖŰɏɠ C.4 əŬɘ Ripper (Cohen, 1995) əŬɘ ŬɜŬűɏɟŮŰŬɘ ɧŰɘ ɡˊŮɟŰŮɟŮɑ 

ůŮ Ŭˊɧŭɞůɖ ɎɚɚŮɠ ɛŮɗɧŭɞɡɠ ˊɞɡ ůɡɛˊŮɟɘɚŬɛɓɎɜɞɡɜ ŭŮɘɔɛŬŰɞɚɖˊŰɘəɏɠ ůŰɟŬŰɖɔɘəɏɠ 

(Ripperôs Loss Ratio) əŬɘ Ŭˊɚɞɥəɏɠ Bayes ɛŮŰŬɓɎɚɚɞɜŰŬɠ əŬŰɎɚɚɖɚŬ Űɘɠ ŰɎɝŮɘɠ. 

 

3.3.6 ɇŮɢɜɘəɏɠ ȹŮɘɔɛŬŰɞɚɖɣɑŬɠ BorderLine-SMOTE 

ȼ ŰŮɢɜɘəɐ ɆɡɜɗŮŰɘəɐɠ ɀŮɘɞɜɞŰɘəɐɠ ɈˊŮɟŭŮɘɔɛŬŰɞɚɖɣɑŬɠ (Synthetic Minority 

Oversampling Technique [SMOTE]) ŮɑɜŬɘ ɛɑŬ óɜɞɐɛɤɜô ɛɏɗɞŭɞɠ ɡˊŮɟŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ˊɞɡ 

ˊɟɞůɗɏŰŮɘ ɜɏŬ ŰŮɢɜɖŰɎ ɛŮɘɞɜɞŰɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ ɛŮ ˊɟɞŮəɓɞɚɐ ɛŮŰŬɝɨ ˊɟɞɦˊŬɟɢɧɜŰɤɜ 

ŰŮəɛɖɟɑɤɜ ɛɎɚɚɞɜ ˊŬɟɎ Ŭˊɧ ŬɜŰɘɔɟŬɛɛɏɜɤɜ ŬɡɗŮɜŰɘəɩɜ ˊŬɟŬŭŮɘɔɛɎŰɤɜ (Chawla et al., 

2002). ȼ ŰŮɢɜɘəɐ ɡˊɞɚɞɔɑɕŮɘ Űɞɡɠ ə- ˊɚɖůɘɏůŰŮɟɞɡɠ ɔŮɑŰɞɜŮɠ Űɖɠ ɛŮɘɞɜɞŰɘəɐɠ ŰɎɝɖɠ ɔɘŬ 

əɎɗŮ ɛŮɘɞɜɞŰɘəɧ ˊŬɟɎŭŮɘɔɛŬ. 

ȼ ŰŮɢɜɘəɐ ůɡɜɞɟɘŬəɐɠ ɔɟŬɛɛɐɠ  (borderline SMOTE) (BSM) (Han et al., 2005) 

ŮɑɜŬɘ Űɟɞˊɞˊɞɑɖůɖ Űɖɠ ŰŮɢɜɘəɐɠ SMOTE, ˊɞɡ ŮˊɘɚɏɔŮɘ ɛŮɘɞɜɞŰɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ ˊɞɡ 

ɗŮɤɟɞɨɜŰŬɘ ɧŰɘ ŮɑɜŬɘ ůŰɞ ůɨɜɞɟɞ (border) Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɘɞɜɞŰɘəɩɜ ŬˊɞűɎůŮɤɜ ůŰɞ 

ɛŮɚɚɞɜŰɘəɧ ɢɩɟɞ əŬɘ ŮəŰŮɚŮɑ Űɖɜ ŰŮɢɜɘəɐ SMOTE ɛɧɜɞ ɔɘŬ ɜŬ ɡˊŮɟŭŮɘɔɛŬŰɑɕɞɡɜ 

ůŰɘɔɛɘɧŰɡˊŬ (instances) ŬɡŰɏɠ, Ŭˊɧ Űɞ ɜŬ Űɘɠ ɡˊŮɟŭŮɘɔɛŬŰɑůŮɘ ɧɚŮɠ ɐ ɏɜŬ ŰɡɢŬɑɞ 

ɡˊɞůɨɜɞɚɞ.   

ȹɡɞ ɜɏŮɠ ɛɏɗɞŭɞɘ ɡˊŮɟŭŮɘɔɛŬŰɞɚŮɘɣɑŬɠ, ɖ Borderline-SMOTE1 əŬɘ ɖ Borderline-

SMOTE2 ůŰŬ ɞˊɞɑŬ ɛɧɜɞ ŰŬ ˊŬɟŬŭŮɑɔɛŬŰŬ ɛŮɘɞɜɧŰɖŰŬɠ əɞɜŰɎ ůŰɖ ŭɘŬɢɤɟɘůŰɘəɐ ɔɟŬɛɛɐ 

ŮɑɜŬɘ ɡˊŮɟŭŮɘɔɛŬŰɞɚŮɘˊŰɘəɎ (Oversampled).  ũɘŬ Űɖɜ əɚɎůɖ ɛŮɘɞɜɧŰɖŰŬɠ, ŰŬ ˊŮɘɟɎɛŬŰŬ 

ŭŮɑɢɜɞɡɜ ɧŰɘ ɞɘ ˊɟɞůŮɔɔɑůŮɘɠ Űɞɡ Han, Wang əŬɘ Mao (Borderline-SMOTE: A New Over-

Sampling Method in Imbalanced Data Sets Learning) ˊɏŰɡɢŬɜ əŬɚɨŰŮɟɞ TP-rate əŬɘ F-

value Ŭˊɧ ɧŰɘ Űɘɠ ɛŮɗɧŭɞɡɠ SMOTE əŬɘ ŰɡɢŬɑŬ ɡˊŮɟŭŮɘɔɛŬŰɞɚɖɣɑŬ. 
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3.3.7  ɇŮɢɜɘəɏɠ ȹŮɘɔɛŬŰɞɚɖɣɑŬɠ ADASYN 

ɆŰɞɜ Ŭɚɔɧɟɘɗɛɞ Adasyn ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛɘŬ əŬŰŬɜɞɛɐ ɓŬɟɩɜ (weighted 

distribution) ɔɘŬ ŭɘŬűɞɟŮŰɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ  əɚɎůɖɠ Űɖɠ ɛŮɘɞɜɧŰɖŰŬɠ  (minority class)  

ůɨɛűɤɜŬ ɛŮ Űɞ ŮˊɑˊŮŭɞ Űɖɠ ŭɡůəɞɚɑŬɠ ůŰɖɜ ŮəɛɎɗɖůɖ, ɧˊɞɡ ŰŬ ˊŮɟɘůůɧŰŮɟŬ ůɨɜɗŮŰŬ 

ŭŮŭɞɛɏɜŬ (synthetic data)  ˊŬɟɎɔɞɡɜ  ˊŬɟŬŭŮɑɔɛŬŰŬ  Űɤɜ ɛŮɘɞɜɞŰɘəɩɜ  əɚɎůŮɤɜ ˊɞɡ ŮɑɜŬɘ 

ˊɘɞ ŭɨůəɞɚɞ ɜŬ ɛɎɗŮɘ ůŮ ůɨɔəɟɘůɖ ɛŮ ŰŬ ˊŬɟŬŭŮɑɔɛŬŰŬ Űɤɜ ɛŮɘɞɜɞŰɐŰɤɜ (minority 

examples)  ˊɞɡ ŮɑɜŬɘ ˊɘɞ Ůɨəɞɚɞ ɜŬ ɛɎɗɞɡɜ. 

ȼ Ŭɚɔɞɟɘɗɛɘəɐ ˊɟɞůɏɔɔɘůɖ Adasyn ɓŮɚŰɘɩɜŮɘ Űɖ ɛɎɗɖůɖ ůŮ ůɢɏůɖ ɛŮ Űɘɠ 

əŬŰŬɜɞɛɏɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɛŮ ŭɨɞ Űɟɧˊɞɡɠ: (i) ɛŮɑɤůɖ Űɖɠ ɛŮɟɞɚɖɣɑŬɠ (bias) ˊɞɡ ŮɘůɐɔŬɔŮ 

ɖ ŬɜɞɛɞɘɞɔŮɜɐɠ əɚɎůɖɠ əŬɘ (ii) ɖ ˊɟɞůŬɟɛɞůŰɘəɐ ŬɚɚŬɔɐ Űɞɡ ɞɟɑɞɡ ŬˊɧűŬůɖɠ 

ŰŬɝɘɜɧɛɖůɖɠ ˊɟɞɠ ŰŬ ŭɨůəɞɚŬ ˊŬɟŬŭŮɑɔɛŬŰŬ (adaptively shifting the classiýcation 

decision boundary toward the difýcult examples). ȷɜŬɚɨůŮɘɠ ˊɟɞůɞɛɞɑɤůɖɠ ɔɘŬ ŭɘɎűɞɟŬ 

ůɨɜɞɚŬ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ŭŮŭɞɛɏɜŬ ŭŮɑɢɜɞɡɜ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ ŬɡŰɐɠ Űɖɠ 

ɛŮɗɧŭɞɡ ůŮ ˊɏɜŰŮ ɛŮŰɟɐůŮɘɠ Ŭɝɘɞɚɧɔɖůɖɠ. 

 

ȷɚɔɧɟɘɗɛɞɠ ADASYN 

H ŮˊɘŰɡɢɑŬ Űɤɜ ˊɟɧůűŬŰɤɜ ůɡɜɗŮŰɘəɩɜ ˊɟɞůŮɔɔɑůŮɤɜ ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ Űɞɡ 

SMOTE, SMOTEBoost, əŬɘ Űɞɡ DataBoost-IM, ɞŭɐɔɖůŮ ůŮ ɛɘŬ ˊɟɞůŬɟɛɞůŰɘəɐ ɛɏɗɞŭɞ 

ŭɘŮɡəɞɚɨɜɞɜŰŬɠ Űɖɜ ɛɎɗɖůɖ ɔɘŬ ŬɜɞɛɞɘɞɔŮɜɐ ŭŮŭɞɛɏɜŬ (He et al., 2008) . ɆŰɧɢɞɠ ŮɑɜŬɘ 

ŭɘˊɚɧɠ: i) Űɖ ɛŮɑɤůɖ Űɖɠ ɛŮɟɞɚɖɣɑŬɠ (bias) əŬɘ ii) ɖ ˊɟɞůŬɟɛɞůŰɘəɐ ɛɎɗɖůɖ. O 

Ŭɚɔɧɟɘɗɛɞɠ ŰŬɝɘɜɧɛɖůɖɠ adasyn ɔɘŬ Űɞ ́ɟɧɓɚɖɛŬ ŭɡɞ əɚɎůŮɤɜ ˊŮɟɘɔɟɎűŮŰŬɘ Ŭˊɧ Űɖɜ 

Ŭəɧɚɞɡɗɖ Ŭɚɔɞɟɘɗɛɘəɐ ŭɘŬŭɘəŬůɑŬ (ůŮ ɣŮɡŭɞəɤŭɘəɐ ɛɞɟűɐ): 

 

ȷɚɔɧɟɘɗɛɞɠ ADASYN ( trD
,m,n, iy

, is
)
 

ɳʾˋˇʵˇˌ: ɇŬ ůŰɞɘɢŮɑŬ ŮəˊŬɑŭŮɡůɖɠ trD  ɛŮ  m  ŭŮɑɔɛŬŰŬ { }i ix , y ,  i 1,  ...,  m= , 

ɧˊɞɡix ŮɑɜŬɘ ɏɜŬ ˊŬɟɎŭŮɘɔɛŬ ůŮ  n ŭɘɎůŰŬůɖ ůŰɞ ɢɩɟɞ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ X əŬɘ 

{ }iy Y 1, 1Í = - ŮɑɜŬɘ ɖ ŮŰɘəɏŰŬ Űɖɠ ŰŬɡŰɧŰɖŰŬɠ Űɖɠ əɚɎůɖɠ ůɢŮŰɑɕŮŰŬɘ ɛŮ ix . (ŪɏůŮ Űɞ sm əŬɘ 

lm ůŬɜ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ˊŬɟŬŭŮɘɔɛɎŰɤɜ Űɤɜ əɚɎůŮɤɜ Űɤɜ ɛŮɘɞɜɞŰɐŰɤɜ  əŬɘ Űɤɜ ˊŬɟŬŭŮɘɔɛɎŰɤɜ 

Űɤɜ əɚɎůŮɤɜ Űɖɠ ˊɚŮɘɞɜɧŰɖŰŬɠ, ŬɜŰɑůŰɞɘɢŬ . ɋɠ Ůə ŰɞɨŰɞɡ, s l s lm m  əŬɘ m m  m¢ + =.) 

ɈˊɞɚɞɔɘůŰɘəɐ ȹɘŬŭɘəŬůɑŬ/ ȺəŰɏɚŮůɖ 

(1) ɈˊɞɚɧɔɘůŮ Űɞɜ ɓŬɗɛɧ Űɖɠ ŬɜɞɛɞɘɞɔŮɜɐɠ əɚɎůɖɠ:   
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( ]s ld m / m  , ɧˊɞɡ d 0, 1= Í .    (4.3) 

 (2) ȷɜ thd d< ŰɧŰŮ (thd  ŮɑɜŬɘ Űɞ ˊŬɟɧɜ əŬŰɩűɚɘ  ɔɘŬ Űɞ ɛɏɔɘůŰɞ ŬɜŮəŰɧ ɓŬɗɛɧ Űɖɠ ŬɜɞɛɞɘɞɔŮɜɐɠ 

əɚɎůɖɠ: 

(a) ɈˊɞɚɧɔɘůŮ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ˊŬɟŬŭŮɘɔɛɎŰɤɜ ůɨɜɗŮŰɤɜ ŭŮŭɞɛɏɜɤɜ (synthetic data) ˊɞɡ 

ɢɟŮɘɎɕɞɜŰŬɘ ɔɘŬ ɜŬ ˊŬɟŬɢɗɞɨɜ ɔɘŬ Űɖɜ əɚɎůɖ Űɤɜ ɛŮɘɞɜɞŰɐŰɤɜ: 

 ( )l sG  m m   b= - ³,     (4.4) 

ɧ́ ɞɡ [ ]0,  1bÍ
 
ŮɑɜŬɘ ɛɘŬ ˊŬɟɎɛŮŰɟɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɜŬ əŬɗɞɟɘůŰŮɑ Űɞ ŮˊɘɗɡɛɖŰɧ 

ŮˊɑˊŮŭɞ ɘůɞɟɟɞˊɑŬɠ ɛŮŰɎ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ ůɡɜɗŮŰɘəɩɜ ůŰɞɘɢŮɑɤɜ. ȼ Űɘɛɐ ɓ=1 ůɖɛŬɑɜŮɘ ɏɜŬ ˊɚɐɟɤɠ 

ɘůɞɟɟɞˊɖɛɏɜɞ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ɏɢŮɘ ŭɖɛɘɞɡɟɔɖɗŮɑ ɛŮŰɎ Űɖ ɔŮɜɑəŮɡůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ. 

(b) ũɘŬ əɎɗŮ ˊŬɟɎŭŮɘɔɛŬ, ix minorityclassÍ , ɓɟŮɠ Űɞɜ K əɞɜŰɘɜɧŰŮɟɞ ɔŮɑŰɞɜŬ ɛŮ ɓɎůɖ 

Űɖɜ ȺɡəɚŮɑŭŮɘŬ ŬˊɧůŰŬůɖ ůŰɖɜ  n ŭɘɎůŰŬůɖ, əŬɘ ɡˊɞɚɞɔɑɕŮŰŮ ɖ ŬɜŬɚɞɔɑŬ  irɞɟɑɕŮŰŬɘ ɤɠ:  

 i  sr i / K,  i 1,  ...,  m  =D =  (4.5)  

ɧˊɞɡ iD ŮɑɜŬɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ˊŬɟŬŭŮɘɔɛɎŰɤɜ ůŰɞɜ K əɞɜŰɘɜɧŰŮɟɞ ɔŮɑŰɞɜŬ Űɞɡ ix ˊɞɡ ŬɜɐəŮɘ ůŰɖɜ 

əɨɟɘŬ əɚɎůɖ, Ůˊɞɛɏɜɤɠ [ ]ir 0,  1Í ; 

(c) ȾŬɜɞɜɘəɞˊɞɘɐůŬɛŮ Űɞɡ ir  ůɨɛűɤɜŬ ɛŮ    

1

Ĕ /
sm

i i i

i

r r r
=

= ä ,      (4.6) 

ɞɨŰɤɠ ɩůŰŮ Űɞ Ĕ
ir  ŮɑɜŬɘ ɛɘŬ əŬŰŬɜɞɛɐ ˊɡəɜɧŰɖŰŬɠ (Ĕ 1i

i

r =ä ). 

(d) Ɉˊɞɚɞɔɘůɛɧɠ Űɞɡ Ŭɟɘɗɛɞɨ Űɤɜ ˊŬɟŬŭŮɘɔɛɎŰɤɜ Űɤɜ ůɡɜɗŮŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ 

ɢɟŮɘɎɕɞɜŰŬɘ ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ɔɘŬ əɎɗŮ ˊŬɟɎŭŮɘɔɛŬ ɛŮɘɞɜɧŰɖŰŬɠ ix :  

i i
Ĕg  G r= ³ ,     (4.7) 

ɧ́ ɞɡ G ŮɑɜŬɘ ɞ ůɡɜɞɚɘəɧɠ Ŭɟɘɗɛɧɠ Űɤɜ ˊŬɟŬŭŮɘɔɛɎŰɤɜ Űɤɜ ůɡɜɗŮŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ 

ɢɟŮɘɎɕŮŰŬɘ ɜŬ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɔɘŬ Űɖɜ əŬŰɖɔɞɟɑŬ ɛŮɘɞɜɧŰɖŰŬɠ ɧˊɤɠ ɞɟɑɕŮŰŬɘ ůŰɖɜ Ůɝɑůɤůɖ 4.3. 

(e) ũɘŬ əɎɗŮ ˊŬɟɎŭŮɘɔɛŬ ɛŮɘɞɜɞŰɘəɐɠ əɚɎůɖɠ ŭŮŭɞɛɏɜɤɜ ix , ŭɖɛɘɞɡɟɔŮɑ Űɞ 

ig ˊŬɟŬŭŮɑɔɛŬŰŬ ůɡɜɗŮŰɘəɩɜ ůŰɞɘɢŮɑɤɜ ůɨɛűɤɜŬ ɛŮ ŰŬ ŬəɧɚɞɡɗŬ ɓɐɛŬŰŬ: 

ȾɎɜŮ Ŭˊɧ 1 ɏɤɠ ig  : 

(i) ȺˊɏɚŮɝŮ ŰɡɢŬɑŬ ɏɜŬ Ŭˊɧ ŰŬ ˊŬɟŬŭŮɑɔɛŬŰŬ ɛŮɘɞɜɞŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ, zix , Ŭˊɧ Űɞ K 

əɞɜŰɘɜɧŰŮɟɞ ɔŮɑŰɞɜŬ ɔɘŬ ŭŮŭɞɛɏɜŬ ix . 

(ii) ȹɖɛɘɞɡɟɔɩɜŰŬɠ ˊŬɟɎŭŮɘɔɛŬ ůɡɜɗŮŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ : 
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( )i i zi is x x x  l= + - ³,  (4.8)  

ɧˊɞɡ ( )zi ix x- ŮɑɜŬɘ Űɞ ŭɘŬűɞɟŮŰɘəɧ ŭɘɎɜɡůɛŬ ůŮ  n ŭɘŬůŰɎůŮɘɠ, əŬɘ  ɚ ŮɑɜŬɘ ɏɜŬɠ ŰɡɢŬɑɞɠ 

ˊɟŬɔɛŬŰɘəɧɠ Ŭɟɘɗɛɧɠ [ ]0,  1 .lÍ  

ɇɏɚɞɠ ɡˊɞɚɞɔɘůŰɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ/ ɓɟɧɢɞɡ. 

ȺɘəɧɜŬ 3.3: ȷɚɔɧɟɘɗɛɞɠ Adasyn 

3.3.8 ȹŮɘɔɛŬŰɞɚɖɣɑŬ ɛŮ ɇŮɢɜɘəɏɠ ȺəəŬɗɎɟɘůɖɠ ȹŮŭɞɛɏɜɤɜ (Data Cleaning) 

ȹɘɎűɞɟŮɠ ŰŮɢɜɘəɏɠ ŮəəŬɗɎɟɘůɖɠ ŭŮŭɞɛɏɜɤɜ (Data Cleaning Techniques) ɛˊɞɟɞɨɜ 

ɜŬ ŮűŬɟɛɞůɗɞɨɜ ŬˊɞŭɞŰɘəɎ ɔɘŬ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ Űɖɠ ɡˊŮɟəɎɚɡɣɖɠ (overlapping) ˊɞɡ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ Ŭˊɧ Űɘɠ ɛŮɗɧŭɞɡɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ. ȼ ɛɏɗɞŭɞɠ óůɡɜŭɏůɛɤɜ Tomekô 

ɞɟɑɕŮŰŬɘ ɤɠ ɏɜŬ ɕŮɨɔɞɠ ˊɚɖůɘɏůŰŮɟɤɜ ɔŮɘŰɧɜɤɜ ŬɜŰɑɗŮŰɤɜ ŰɎɝŮɤɜ ɛŮ ŮɚŬɢɘůŰɞˊɞɘɖɛɏɜɖ 

ŬˊɧůŰŬůɖ (Tomek, 1976). 

ɈˊɞɗɏůŰŮ ɧŰɘ ŭɑɜŮŰŬɘ ɏɜŬ ɕŮɨɔɞɠ ůŰɘɔɛɘɧŰɡˊɤɜ 
i j(x , x )  əŬɘ ɖ ŬˊɧůŰŬůɐ Űɞɡɠ 

i jd(x ,x )ɛŮ i   min   x SÍ  əŬɘ  
j  maxx SÍ , ŰɧŰŮ   Űɞ ɕŮɨɔɞɠ i j(x , x )əŬɚŮɑŰŬɘ ɏɜŬɠ ůɨɜŭŮůɛɞɠ 

Tomek Ŭɜ ŭŮɜ ɡˊɎɟɢŮɘ ůŰɘɔɛɘɧŰɡˊɞ kx  , ŰɏŰɞɘɞ ɩůŰŮ ɜŬ ɘůɢɨŮɘ    

d(xi , xk) < d(xi , xj)  ɐ  d(xj , xk) < d(xi , xj).    (3.3) 

ȷɜ ŭɨɞ ůŰɘɔɛɘɧŰɡˊŬ ůɢɖɛŬŰɑɕɞɡɜ ɏɜŬ ůɨɜŭŮůɛɞ Tomek, ŰɧŰŮ ŮɑŰŮ Űɞ ɏɜŬ Ŭˊɧ ŰŬ 

ůŰɘɔɛɘɧŰɡˊŬ ŬɡŰɎ ŬˊɞŰŮɚŮɑ óɗɧɟɡɓɞô ɐ əŬɘ ŰŬ ŭɨɞ ŮɑɜŬɘ əɞɜŰɎ ůŮ ɏɜŬ ůɨɜɞɟɞ.  

Ƀɘ ůɨɜŭŮůɛɞɘ Tomek ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ ɜŬ ŮəəŬɗŬɟɘůɗɞɨɜ 

ŬɜŮˊɘɗɨɛɖŰŮɠ ŮˊɘəŬɚɨɣŮɘɠ ɛŮŰŬɝɨ ŰɎɝŮɤɜ ɛŮŰɎ Ŭˊɧ ůɡɜɗŮŰɘəɐ ŭŮɘɔɛŬŰɞɚɖɣɑŬ ɧˊɞɡ ɧɚɞɘ ɞɘ 

ůɨɜŭŮůɛɞɘ Tomek Ŭɞ́ɛŬəɟɨɜɞɜŰŬɘ ɛɏɢɟɘɠ ɧŰɞɡ ɧɚŬ ŰŬ ɕŮɨɔɖ ˊɚɖůɘɏůŰŮɟɤɜ ɔŮɘŰɧɜɤɜ ɛŮ 

ŮɚŬɢɘůŰɞˊɞɘɖɛɏɜɖ ŬˊɧůŰŬůɖ ŮɑɜŬɘ Űɖɠ ɑŭɘŬɠ ŰɎɝɖɠ. ɀŮ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ ˊŬɟŬŭŮɘɔɛɎŰɤɜ 

ŮˊɘəɎɚɡɣɖɠ ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗɞɨɜ ůɡɛˊɚɏɔɛŬŰŬ ɛŮ əŬɚɎ ɞɟɘůɛɏɜŮɠ ŰɎɝŮɘɠ ůŰɞ ůɨɜɞɚɞ 

ŭɞəɘɛɩɜ, Űɞ ɞˊɞɑɞ ůŰɖ ůɡɜɏɢŮɘŬ ɞŭɖɔŮɑ ůŮ əŬɚɎ ɞɟɘůɛɏɜɞɡɠ əŬɜɧɜŮɠ ŰŬɝɘɜɧɛɖůɖɠ ɛŮ 

ɓŮɚŰɘɤɛɏɜɖ Ŭˊɧŭɞůɖ ŰŬɝɘɜɧɛɖůɖɠ (Batista et al., 2004; Laurikkala, 2001; Kubat and 

Matwin, 1997). 

 

3.3.9 ȺɜŬɚɚŬəŰɘəɏɠ ɀɏɗɞŭɞɘ  

ɀŮ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ Űɖɠ ɡˊŮɟəɎɚɡɣɖɠ ɛˊɞɟŮɑ əŬɜŮɑɠ ɜŬ əŬɗɞɟɑůŮɘ əŬɜɧɜŮɠ 

ŰŬɝɘɜɧɛɖůɖɠ ɔɘŬ ɜŬ ɓŮɚŰɘɩůŮɘ Űɖɜ Ŭˊɧŭɞůɖ Űɖɠ ŰŬɝɘɜɧɛɖůɖɠ. ȾɎˊɞɘŮɠ ŮɜŭŮɘəŰɘəɏɠ 

ŮɟɔŬůɑŮɠ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɘɞɢɐ ˊŮɟɘɚŬɛɓɎɜŮŰŬɘ ɖ ɛɏɗɞŭɞɠ Űɖɠ Ůˊɘɚɞɔɐɠ ɛɘŬɠ ˊɚŮɡɟɎɠ (one-

slide selection) (OSS) (Ⱦubat& Matwin,1997), ɖ ɛɏɗɞŭɞɠ ɞɚɞəɚɐɟɤůɖɠ Űɞɡ 



  ɤɭɩɢɬɚɣɠ ɚɦɚɫɬɚɫɢɚ ɝɠɥɠɬɪɚ 

 

 56 

ůɡɛˊɡəɜɤɛɏɜɞɡ əŬɜɧɜŬ Űɞɡ əɞɜŰɘɜɧŰŮɟɞɡ ɔŮɑŰɞɜŬ əŬɘ ɞɘ ůɡɜŭŮůɛɞɘ Tomek  (condensed 

nearest neighbor rule and Tomek links) (CNN+Tomek Links) (Batista et al.,2004), ɞɘ 

əŬɜɧɜŮɠ əŬɗŬɟɘůɛɞɨ ɔŮɘŰɞɜɘɎɠ (NCL) (Laurikkala, 2001) ɓŬůɘůɛɏɜɞ ůŰɞɜ əŬɜɧɜŬ 

ŮˊŮɝŮɟɔŬůɑŬɠ Űɞɡ ˊɚɖůɘɏůŰŮɟɞɡ ɔŮɑŰɞɜŬ (ENN), ɖ ɞˊɞɑŬ əŬŰŬɟɔŮɑ ˊŬɟŬŭŮɑɔɛŬŰŬ ˊɞɡ 

ŭɘŬűɏɟɞɡɜ Ŭˊɧ ŭɨɞ Ŭˊɧ Űɞɡɠ ŰɟŮɑɠ əɞɜŰɘɜɧŰŮɟɞɡɠ ɔŮɑŰɞɜŮɠ, əŬɘ ɞɘ ɞɚɞəɚɖɟɩůŮɘɠ Űɞɡ 

SMOTE ɛŮ ENN (SMOTE+ENN) əŬɘ ɞ SMOTE ɛŮ Űɘɠ ůɡɜŭɏůŮɘɠ Tomek 

(SMOTE+Tomek) (Batista et al., 2004) 

 

3.3.10 ȹŮɑɔɛŬŰŬ ȸŬůɘůɛɏɜŬ ůŮ ɆɡůŰɎŭŮɠ/ ɆɡɛˊɚɏɔɛŬŰŬ (clusters) 

Ƀɘ Ŭɚɔɧɟɘɗɛɞɘ ŭŮɘɔɛŬŰɞɚŮɘɣɑŬɠ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŮ ůɡɛˊɚɏɔɛŬŰŬ (Cluster based 

Sampling Methods) ˊŬɟɏɢɞɡɜ ɏɜŬ ŮˊɘˊɟɧůɗŮŰɞ ůŰɞɘɢŮɑɞ ŮɡŮɚɘɝɑŬɠ ˊɞɡ ŭŮɜ ɡˊɎɟɢŮɘ ůŰɞɡɠ 

ˊŮɟɘůůɧŰŮɟɞɡɠ Ŭˊɚɞɨɠ əŬɘ ůɡɜɗŮŰɘəɐɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Ŭɚɔɞɟɑɗɛɞɡɠ, ɏŰůɘ ɩůŰŮ ɜŬ 

ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŮ ˊɞɚɨ ŮɘŭɘəɎ ˊɟɞɓɚɐɛŬŰŬ, Ƀ Ŭɚɔɧɟɘɗɛɞɠ 

ɡˊŮɟŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŮ ůɡɛˊɚɏɔɛŬŰŬ (Cluster Based Oversampling 

[CBO] algorithm) ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ŬˊɞŭɞŰɘəɎ ɔɘŬ Űɞ ŬɜɞɛɞɘɞɔŮɜɏɠ ˊɟɧɓɚɖɛŬ 

ŮɜŰɧɠ-ŰɎɝŮɤɜ ůŮ ůɡɜŮɟɔŬůɑŬ ɛŮ Űɞ ŬɜɞɛɞɘɞɔŮɜɏɠ ˊɟɧɓɚɖɛŬ ɛŮŰŬɝɨ-ŰɎɝŮɤɜ (Jo and 

Japkowicz, 2004) əŬɘ ɜŬ ŬˊɞŰŮɚɏůŮɘ ɛɑŬ ŬˊɞŭɞŰɘəɐ ůŰɟŬŰɖɔɘəɐ ɔɘŬ ŰŬ ŬɜɞɛɞɘɞɔŮɜɐ 

ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ. 

 

 

Ⱥɘŭɘəɏɠ ȺɜůɤɛŬŰɩůŮɘɠ ȹŮɘɔɛɎŰɤɜ (Sampling and Boosting) 

ȼ ɞɚɞəɚɐɟɤůɖ ůŰɟŬŰɖɔɘəɩɜ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ɛŮ ŰŮɢɜɘəɏɠ ůɡɜɞɚɘəɐɠ ɛɎɗɖůɖɠ 

ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɛŮ ŮˊɘŰɡɢɑŬ ɔɘŬ Űɖ ɓŮɚŰɑɤůɖ Ŭˊɧŭɞůɖɠ. Ƀ Ŭɚɔɧɟɘɗɛɞɠ SMOTE-

Boost ɓŬůɑɕŮŰŬɘ ůŰɖɜ ɞɚɞəɚɐɟɤůɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ SMOTE ɛŮ Űɞɜ Ŭɚɔɧɟɘɗɛɞ 

Adaboost.M2, əŬɘ ˊŬɟɞɡůɘɎɕŮɘ Űɖ ůɡɜɗŮŰɘəɐ ŭŮɘɔɛŬŰɞɚɖɣɑŬ ůŮ əɎɗŮ ŮɜŭɡɜŬɛɤŰɘəɐ 

ŮˊŬɜɎɚɖɣɖ (boosting iteration). ɀŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧ əɎɗŮ ŭɘŬŭɞɢɘəɧɠ ůɡɜɞɚɘəɧɠ 

ŰŬɝɘɜɞɛɖŰɐɠ ŮůŰɘɎɕŮŰŬɘ ˊŮɟɘůůɧŰŮɟɞ ůŰɖɜ ŰɎɝɖ ɛŮɘɞɣɖűɑŬɠ. ȺˊŮɘŭɐ əɎɗŮ ůɡɜɞɚɘəɧɠ 

ŰŬɝɘɜɞɛɖŰɐɠ əŬŰŬůəŮɡɎɕŮŰŬɘ ůŮ ɛɑŬ ŭɘŬűɞɟŮŰɘəɐ ŭŮɘɔɛŬŰɞɚɖɣɑŬ ŭŮŭɞɛɏɜɤɜ, ɞ ŰŮɚŮɡŰŬɑɞɠ 

ŰŬɝɘɜɞɛɖŰɐɠ ŬɜŬɛɏɜŮŰŬɘ ɜŬ ɏɢŮɘ ɛɑŬ ŮɡɟɨŰŮɟɖ əŬɘ əŬɚɎ ɞɟɘůɛɏɜɖ ˊŮɟɘɞɢɐ ŬˊɞűɎůŮɤɜ ɔɘŬ 

Űɖɜ ŰɎɝɖ ɛŮɘɞɣɖűɑŬɠ (Chawla et al., 2003). 

Ƀ Ŭɚɔɧɟɘɗɛɞɠ DataBoost-IM  ůɡɜŭɡɎɕŮɘ ŰŮɢɜɘəɏɠ ŭɖɛɘɞɡɟɔɑŬɠ ŭŮŭɞɛɏɜɤɜ ɛŮ Űɞɜ 

Ŭɚɔɧɟɘɗɛɞ AdaBoost.M1 ɔɘŬ ɜŬ ˊŮŰɨɢŮɘ ɛɑŬ ˊɟɞɓɚɏɣɘɛɖ ɡɣɖɚɐ ŬəɟɑɓŮɘŬ ɔɘŬ Űɖɜ ŰɎɝɖ 
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ɛŮɘɞɣɖűɑŬɠ ɢɤɟɑɠ ɜŬ ɢɎůŮɘ ŬəɟɑɓŮɘŬ ůŰɖɜ ŰɎɝɖ ˊɚŮɘɞɣɖűɑŬɠ. Ƀ Ŭɚɔɧɟɘɗɛɞɠ DataBoost-IM 

ŭɖɛɘɞɡɟɔŮɑ ůɡɜɗŮŰɘəɎ ŭŮɑɔɛŬŰŬ ůɨɛűɤɜŬ ɛŮ Űɖɜ ŬɜŬɚɞɔɑŬ Űɤɜ óŭɨůəɞɚɤɜ ˊɟɞɠ ɛɎɗɖůɖô 

ŭŮɘɔɛɎŰɤɜ ɛŮŰŬɝɨ ŰɎɝŮɤɜ (Guo and Viktor, (2004a-2004b)). 

 

ūɑɚŰɟŬ ȺˊŬɜŬŭŮɘɔɛŬŰɞɚɖɣɑŬɠ 

ɇɞ űɑɚŰɟɞ ŮˊŬɜŬŭŮɘɔɛŬŰɞɚɖɣɑŬɠ (resample) ŮɑɜŬɘ ɏɜŬ űɑɚŰɟɞ ůŰŬ ŭŮŭɞɛɏɜŬ ɛŮ 

ŮˊɑɓɚŮɣɖ, ɧˊɞɡ ˊŬɟɎɔŮɘ ɏɜŬ ŰɡɢŬɑɞ ɡˊɧŭŮɘɔɛŬ (subsample) Ŭˊɧ ɏɜŬ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŮɑŰŮ ŭŮɘɔɛŬŰɞɚɖɣɑŬ ɛŮ ɐ ɢɤɟɑɠ ŬɜŰɘəŬŰɎůŰŬůɖ. ɇɞ Ŭɟɢɘəɧ ůɨɜɞɚɞ 

ŭŮŭɞɛɏɜɤɜ ˊɟɏˊŮɘ ɜŬ ɢɤɟɎŮɘ ɞɚɧəɚɖɟɞ ůŰɖ ɛɜɐɛɖ. Ƀ Ŭɟɘɗɛɧɠ Űɤɜ ůŰɘɔɛɘɞŰɨˊɤɜ ůŰɞ 

ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ əŬɗɞɟɘůɛɏɜɞɠ. ɇɞ ůɨɜɞɚɞ 

ŭŮŭɞɛɏɜɤɜ ˊɟɏˊŮɘ ɜŬ ɏɢŮɘ ɞɜɞɛŬůŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ əɚɎůɖɠ, Ŭɜ ŭŮɜ ɏɢŮɘ ɗŬ ˊɟɏˊŮɘ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɖ ɏəŭɞůɖ Űɤɜ ɛɖ ŮˊɘɓɚŮˊɧɛŮɜɤɜ ŭŮŭɞɛɏɜɤɜ (unsupervised). ɇɞ űɑɚŰɟɞ 

ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ɔɘŬ ɜŬ ŭɘŬŰɖɟɖɗŮɑ ɖ əŬŰŬɜɞɛɐ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ əɚɎůɖɠ ůŰɞ 

ɡˊɧŭŮɘɔɛŬ, ɐ ɜŬ ˊɞɚɩůŮɘ Űɖɜ  əŬŰŬɜɞɛɐ əɚɎůɖɠ ˊɟɞɠ Űɖɜ ɞɛɞɘɧɛɞɟűɖ əŬŰŬɜɞɛɐ. 

 

3.4 ɀŮɗɞŭɞɚɞɔɑŮɠ ɇŮɢɜɘəɩɜ Ɇɡɜɧɚɤɜ ɔɘŬ ȷɜɞɛɞɘɞɔŮɜɐ ɆɨɜɞɚŬ ȹŮŭɞɛɏɜɤɜ 

 

3.4.1 ȷɜŬůəɧˊɖůɖ ȷɚɔɞɟɑɗɛɤɜ ɀɖɢŬɜɘəɐɠ ɀɎɗɖůɖɠ əŬɘ Ŭɚɔɧɟɘɗɛɞɘ ɔɘŬ 

ɀɎɗɖůɖ Ɇɡɜɧɚɤɜ ŰŬɝɘɜɧɛɖůɖɠ 

ɀɘŬ ɛɘəɟɐ ŬɜɞɛɞɘɞɔɏɜŮɘŬ ůŰɖɜ əɚɎůɖ əŬŰŬɜɞɛɐɠ, ɡˊɧ ɞɟɘůɛɏɜŮɠ ůɡɜɗɐəŮɠ, əɟɑɜŮŰŬɘ 

ɧŰɘ ŭŮɜ ŮɑɜŬɘ ůɞɓŬɟɐ, ŬɚɚɎ ɧŰŬɜ əɎˊɞɘŮɠ əɚɎůŮɘɠ ŮɑɜŬɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ ɡˊɧ 

ŮəˊɟɞůɤˊɖɛɏɜŮɠ, ɏɜŬ ɛŮɔɎɚɞ ˊɞůɞůŰɧ Űɤɜ ŬɜŰɑůŰɞɘɢɤɜ Ŭɚɔɞɟɑɗɛɤɜ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ 

ŮɑɜŬɘ ˊɘɗŬɜɧ ɜŬ ŭɖɛɘɞɡɟɔɐůɞɡɜ ŭɘɎűɞɟŮɠ ŭɡůəɞɚɑŮɠ. ȾɎˊɞɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ Ŭɜɐəɞɡɜ ůŰɖɜ 

əŬŰɖɔɞɟɑŬ Űɤɜ ɛɘəɟɩɜ əɚɎůŮɤɜ ˊɞɡ ɢɎɜɞɜŰŬɘ ŬɜɎɛŮůŬ ůŰɘɠ ˊɘɞ ůɡɢɜɏɠ ˊŮɟɘˊŰɩůŮɘɠ əŬŰɎ 

Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɛɎɗɖůɖɠ. ȾŬŰɎ ůɡɜɏˊŮɘŬ, ɞɘ ŰŬɝɘɜɞɛɖŰɏɠ ɧˊɤɠ ŰŬ ŭɏɜŭɟŬ ŬˊɞűɎůŮɤɜ əŬɘ 

ɞɘ əŬɜɧɜŮɠ ɛɎɗɖůɖɠ ŭŮɜ ŮɑɜŬɘ ůŮ ɗɏůɖ ɜŬ ŰŬɝɘɜɞɛɐůɞɡɜ ůɤůŰɎ ɜɏŮɠ ˊŮɟɘˊŰɩůŮɘɠ Ŭˊɧ Űɖɜ 

əɚɎůɖ ɛŮɘɞɜɞŰɐŰɤɜ. 

 Ƀɘ ŰŬɝɘɜɞɛɖŰɏɠ ŭɏɜŭɟɤɜ ŬˊɧűŬůɖɠ ůɡɜɐɗɤɠ ɢɟɖůɘɛɞˊɞɘɞɨɜ Űɘɠ ɚŮɔɧɛŮɜŮɠ ŰŮɢɜɘəɏɠ 

çɛŮŰɎ-əɚŬŭɏɛŬŰɞɠè (post-prun ing), ˊɞɡ Ŭɝɘɞɚɞɔɞɨɜ Űɖɜ Ŭˊɧŭɞůɖ Űɤɜ ŭɏɜŭɟɤɜ 

ŬˊɧűŬůɖɠ ˊɞɡ əɚŬŭŮɨɞɜŰŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɏɜŬ ůɨɜɞɚɞ Ůˊɘəɨɟɤůɖɠ (validation set ï

Esposito et al., 1997). ɃˊɞɘɞůŭɐˊɞŰŮ əɧɛɓɞɠ ɛˊɞɟŮɑ ɜŬ ŬűŬɘɟŮɗŮɑ əŬɘ ɜŬ ŬɜŬŰŮɗŮɑ ůŰɖɜ 
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ˊɘɞ əɞɘɜɐ əɚɎůɖ Űɤɜ ůŰɘɔɛɘɧŰɡˊɤɜ ŮəˊŬɑŭŮɡůɖɠ ˊɞɡ ŮɑɜŬɘ ŰŬɝɘɜɞɛɖɛɏɜɞɘ ɞɘ ɡˊɧ ŮɝɏŰŬůɖ 

əɧɛɓɞɘ. ȰŰůɘ, Ŭɜ ɛɘŬ əɚɎůɖ ŮɑɜŬɘ ůˊɎɜɘŬ, ɞ Ŭɚɔɧɟɘɗɛɞɠ ŭɏɜŭɟɞɡ ŬˊɧűŬůɖɠ ůɡɢɜɎ 

óəɚŬŭŮɨŮɘô Űɞ ŭɏɜŭɟɞ əɎŰɤ Ŭˊɧ əɎɗŮ əɧɛɓɞ ˊɞɡ ŮɑɜŬɘ ɛɧɜɞɠ Űɞɡ (űɨɚɚɞ), ˊɞɡ ŰŬɝɘɜɞɛŮɑ 

ɧɚŬ ŰŬ ůŰɘɔɛɘɧŰɡˊŬ ɤɠ ɛɏɚɖ ɛɘŬɠ əɞɘɜɐɠ əɚɎůɖɠ əŬɘ ˊɞɡ ɞŭɖɔŮɑ ůŮ ɧɢɘ Űɧůɞ ɛŮɔɎɚɖ 

ŬəɟɑɓŮɘŬ ůŰŬ ůŰɘɔɛɘɧŰɡˊŬ Űɖɠ əɚɎůɖɠ ɛŮɘɞɜɞŰɐŰɤɜ. ɆŰɖɜ ŮɟŮɡɜɖŰɘəɐ ɛŮɚɏŰɖ ŬɡŰɐ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŰŬ ɔɜɤůŰɎ ŭɏɜŰɟŬ ŬˊɞűɎůŮɤɜ (Quilan, 1993). 

ɀɘŬ ŮɜŭɘŬűɏɟɞɡůŬ ŬɜŬűɞɟɎ ůŰɞ ˊŮŭɑɞ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ Űɖɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ 

ůŰŬ ŬɜɞɛɞɘɞɔŮɜɐ ŭŮŭɞɛɏɜŬ ɏɢŮɘ ˊɟɞŰŬɗŮɑ Ŭˊɧ Weiss and Provost (2003). ɇɞ ŮɟŮɡɜɖŰɘəɧ 

ɏɟɔɞ ŬɡŰɧ ŮůŰɘɎɕŮŰŬɘ əɡɟɑɤɠ ůŮ ŭɘŬűɞɟɏɠ əŬɘ ɞɛɞɘɧŰɖŰŮɠ ŬɜɎɛŮůŬ ůŰŬ ˊɟɞɓɚɐɛŬŰŬ Űɤɜ 

ůˊɎɜɘɤɜ əɚɎůŮɤɜ əŬɘ ůˊɎɜɘɤɜ ɡˊɞɗɏůŮɤɜ. ɆŰɖ ůɡɜɏɢŮɘŬ ɔɑɜŮŰŬɘ ɛɘŬ ŬɜŬűɞɟɎ Űɤɜ 

ɕɖŰɖɛɎŰɤɜ ɧˊɞɡ ɛŮɚŮŰɐɗɖəŬɜ əŬɘ Űɞ Ůɨɟɞɠ Űɤɜ ɚɨůŮɤɜ ˊɞɡ ˊɟɞŰɎɗɖəŬɜ ůŰɞɜ ŰɞɛɏŬ Űɖɠ 

Ůɝɧɟɡɝɖɠ ŬɜɞɛɞɘɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ. 

Ƀɘ ŮɟŮɡɜɖŰɘəɏɠ ˊɟɞůˊɎɗŮɘŮɠ ˊɞɡ ŬˊŬůɢɞɚɐɗɖəŬɜ ɔɘŬ ŰŬ ŬɜɞɛɞɘɞɔŮɜɐ ŭŮŭɞɛɏɜŬ 

ůŰɖ ŮˊɘɓɚŮˊɧɛŮɜɖ ɛɎɗɖůɖ, ɛˊɞɟɞɨɜ ɜŬ ŰŬɝɘɜɞɛɖɗɞɨɜ ůŰɘɠ ŬəɧɚɞɡɗŮɠ ŰɏůůŮɟɘɠ 

əŬŰɖɔɞɟɑŮɠ:  

(i) ɡˊɞŭŮɘɔɛŬŰɞɚŮɘɣɑŬ ůŰɖɜ əɡɟɑŬɟɢɖ əɚɎůɖ, ɏŰůɘ ɩůŰŮ ɜŬ ŰŬɘɟɘɎɕŮɘ ɛŮ Űɞ ɛɏɔŮɗɞɠ 

Űɖɠ Ɏɚɚɖɠ əŬŰɖɔɞɟɑŬɠ,  

(ii) ɡˊŮɟŭŮɘɔɛŬŰɞɚɖɣɑŬ ůŰɖɜ əɚɎůɖ Űɖɠ ɛŮɘɞɜɧŰɖŰŬɠ, ɏŰůɘ ɩůŰŮ ɜŬ ŰŬɘɟɘɎɕŮɘ ɛŮ Űɞ 

ɛɏɔŮɗɞɠ Űɖɠ Ɏɚɚɖɠ əŬŰɖɔɞɟɑŬɠ,  

(iii) ɖ ŮůɤŰŮɟɘəɐ ˊɧɚɤůɖ ůŰɖɜ ŭɘŬəɟɘŰɐ ŭɘŬŭɘəŬůɑŬ, ɏŰůɘ ɩůŰŮ ɜŬ ŰŬɘɟɘɎɝŮɘ ɛŮ Űɞ 

ɛɏɔŮɗɞɠ Űɖɠ Ɏɚɚɖɠ əŬŰɖɔɞɟɑŬɠ əŬɘ  

(iv) ŮɘŭɘəɎ Ůɛ́ŮɘɟɞɔɜɤɛɘəɎ ůɡůŰɐɛŬŰŬ, ˊɞɡ ŬˊɞŰŮɚɞɨɜ ɘůɞɟɟɞˊɖɛɏɜɞɡɠ 

ŰŬɝɘɜɞɛɖŰɏɠ. 

 ɀɘŬ Ŭˊɚɐ ɛɏɗɞŭɞɠ Ůˊɘˊɏŭɞɡ ŭŮŭɞɛɏɜɤɜ (data level), ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ 

ůŰŬ ŬɜɞɛɞɘɞɔŮɜɐ ŭŮŭɞɛɏɜŬ, ŮɑɜŬɘ ɜŬ ŮˊŬɜŬŰɞˊɞɗŮŰɐůɞɡɛŮ ɓɎɟɖ (reweigh) ŮəˊŬɘŭŮɨɞɜŰŬɠ 

ůŰɘɔɛɘɧŰɡˊŬ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ əɎɗŮ əɚɎůɖ (Domingos,1998). ȼ ɘŭɏŬ ŮɑɜŬɘ ɜŬ ŬɚɚŬɢɗɞɨɜ ɞɘ 

əŬŰŬɜɞɛɏɠ əɚɎůɖɠ ůŰɞ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ ŮəˊŬɑŭŮɡůɖɠ ɞɟɑɕɞɜŰŬɘ ůŰɖɜ ˊɘɞ əɞůŰɞɓɧɟŬ 

əɚɎůɖ. ȷɠ ɡˊɞɗɏůɞɡɛŮ ɧŰɘ ŰŬ ůŰɘɔɛɘɧŰɡˊŬ Űɖɠ ɗŮŰɘəɐɠ əɚɎůɖɠ ŮɑɜŬɘ ˊɏɜŰŮ űɞɟɏɠ 

ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ ŰŬ ůŰɘɔɛɘɧŰɡˊŬ Űɖɠ ŬɟɜɖŰɘəɐɠ əɚɎůɖɠ. ȺɎɜ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ŬɟɜɖŰɘəɩɜ 

ůŰɘɔɛɘɞŰɨˊɤɜ ŮɑɜŬɘ ŰŮɢɜɖŰɎ Ŭɡɝɖɛɏɜɞɠ Ŭˊɧ ɏɜŬɜ ˊŬɟɎɔɞɜŰŬ ˊɏɜŰŮ, ŰɧŰŮ Űɞ ůɨůŰɖɛŬ 
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ŮəɛɎɗɖůɖɠ ůəɞˊŮɨŮɘ ɜŬ ɛŮɘɩůŮɘ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ůűŬɚɛɎŰɤɜ ŰŬɝɘɜɧɛɖůɖɠ, ɏŰůɘ ɗŬ 

əŬŰŬɚɐɝɞɡɛŮ ɛŮ ɏɜŬ ŰŬɝɘɜɞɛɖŰɐ ˊɞɡ ɗŬ ˊŬɟŮəəɚɑɜŮɘ ůŰɖɜ Ŭˊɞűɡɔɐ Űɞɡ ůűɎɚɛŬŰɞɠ ůŰɖɜ  

ŬɟɜɖŰɘəɐ əɚɎůɖ, ŭŮŭɞɛɏɜɞɡ ɧŰɘ əɎɗŮ ŰɏŰɞɘɞ ůűɎɚɛŬ ɡˊɎɟɢŮɘ ůɢŮŰɘəɎ ŮˊɘɓɎɟɡɜůɖ 

(ŰɏůůŮɟɘɠ űɞɟɏɠ ˊŮɟɘůůɧŰŮɟɞ). 

ɆŰɖɜ ŮˊɧɛŮɜɖ ˊŬɟɎɔɟŬűɞ ˊŮɟɘɔɟɎűɞɜŰŬɘ ɛɏɗɞŭɞɘ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ əŬɘ ŮɝɖɔɞɨɜŰŬɘ 

ɞɘ ɚɧɔɞɘ ɔɘŬ Űɖ ɢŬɛɖɚɐ Űɞɡɠ Ŭˊɧŭɞůɖ ůŰŬ ŬɜɞɛɞɘɞɔŮɜɐ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ. Ⱥˊɘˊɚɏɞɜ, 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ɛɘŬ Ůˊɘůəɧˊɖůɖ ůŰɞ ɢŮɘɟɘůɛɧ ŬɜɞɛɞɘɞɔŮɜɩɜ ůɡɜɧɚɤɜ ŭŮŭɞɛɏɜɤɜ, ɛŮ 

ɓŬůɘəɏɠ ɚŮˊŰɞɛɏɟŮɘŮɠ Űɖɠ ˊɟɞůɏɔɔɘůɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ. 

 ɀŮ ŰŬ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ŬɜɞɛɞɘɞɔɏɜŮɘŬɠ ůŰŬ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ ɏɢŮɘ ŬůɢɞɚɖɗŮɑ ɞ 

Japkowicz (2000). Ƀ ůɡɔɔɟŬűɏŬɠ ŬɝɘɞɚɞɔŮɑ əɡɟɑɤɠ ŭɡɞ ůŰɟŬŰɖɔɘəɏɠ ŭŮŭɞɛɏɜɤɜ Ůˊɘˊɏŭɞɡ: 

ɡˊɞŭŮɘɔɛŬŰɞɚŮɘɣɑŬɠ əŬɘ ŮˊŬɜŬŭŮɘɔɛŬŰɞɚɖɣɑŬ (under-sampling and resampling) əŬɘ 

ŮɝŮŰɎɕɞɜŰŬɘ ŭɨɞ ŮˊŬɜŬŭŮɘɔɛŬŰɞɚɖˊŰɘəɏɠ ɛɏɗɞŭɞɘ. ȼ ŰɡɢŬɑŬ ŮˊŬɜŬŭŮɘɔɛŬŰɞɚɖɣɑŬ 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŮˊŬɜŬŭŮɘɔɛŬŰɞɚɖɣɑŬ Űɖɠ ɛɘəɟɧŰŮɟɖɠ əɚɎůɖɠ ŰɡɢŬɑŬ ɛɏɢɟɘ ɜŬ ŬˊɞŰŮɚɏůŮɘ 

ŰɧůŬ ŭŮɑɔɛŬŰŬ ɧůŬ əŬɘ Űɖɠ əɡɟɑŬɟɢɖɠ əɚɎůɖɠ əŬɘ ůŰɖɜ ŮůŰɘŬůɛɏɜɖ ŮˊŬɜŬŭŮɘɔɛŬŰɞɚɖɣɑŬ 

ŬˊɞŰŮɚŮɑŰŬɘ ɔɘŬ Űɖɜ ŮˊŬɜŬŭŮɘɔɛŬŰɞɚɖɣɑŬ ɛɧɜɞ ŮəŮɑɜɤɜ Űɤɜ ůŰɘɔɛɘɞŰɨˊɤɜ ɧˊɞɡ ɏɚŬɓŬɜ 

ɢɩɟŬ ůŰŬ ɧɟɘŬ ɛŮŰŬɝɨ ɛŮɘɤɜɞŰɘəɩɜ əŬɘ əɡɟɑŬɟɢɤɜ əɚɎůŮɤɜ. ȼ ŰɡɢŬɑŬ ɡˊɞŭŮɘɔɛŬŰɞɚŮɘɣɑŬ, 

ůŰɖɜ ɧˊɞɘŬ ůɡɛˊŮɟɘɚɎɛɓŬɜŬɜ ɡˊɞŭŮɘɔɛŬŰɞɚŮɘˊŰɘəɎ ŰŬ ŭŮɑɔɛŬŰŬ əɡɟɑŬɟɢɖɠ əɚɎůɖɠ ŰɡɢŬɑŬ 

ɛɏɢɟɘ ɞ Ŭɟɘɗɛɧɠ Űɞɡɠ ɜŬ ŬɜŰɘůŰɞɘɢɖɗŮɑ ůŰɞɜ Ŭɟɘɗɛɧ ŭŮɘɔɛɎŰɤɜ Űɖɠ ɛŮɘɞɜɧŰɖŰŬɠ, ŮůŰɘɎɕŮŰŬɘ 

ůŰɖɜ ɡˊɞŭŮɘɔɛŬŰɞɚŮɘɣɑŬ ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɖɠ Űɖɠ ɡˊɞŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɖɠ əɡɟɑŬɟɢɖɠ 

əɚɎůɖɠ ŭŮɘɔɛɎŰɤɜ ˊɞɡ ɓɟɑůəŮŰŬɘ ˊɘɞ ɛŬəɟɘɎ. Ƀɘ ˊɟɞůŮɔɔɑůŮɘɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ŮɑɜŬɘ 

ŬˊɞŰŮɚŮůɛŬŰɘəɏɠ əŬɘ ɏɢŮɘ ˊŬɟŬŰɖɟɖɗŮɑ ɧŰɘ ɖ ɢɟɐůɖ Űɤɜ ŮɝŮɚɘɔɛɏɜɤɜ ŰŮɢɜɘəɩɜ 

ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ŭŮɜ ˊɟɞůűɏɟŮɘ əŬɜɏɜŬ ůŬűɏɠ ˊɚŮɞɜɏəŰɖɛŬ ůŰɞ ˊŮŭɑɞ ŬɡŰɧ (Japkowicz, 

2000). 

 O Kubat əŬɘ ɞ Matwin (1997) ɡˊɞŭŮɘɔɛŬŰɑɕɞɡɜ ŮˊɘɚŮəŰɘəɎ Űɖɜ əɡɟɑŬɟɢɖ əɚɎůɖ, 

əɟŬŰɩɜŰŬɠ Űɞɜ Ŭɟɢɘəɧ ˊɚɖɗɡůɛɧ Űɖɠ əɚɎůɖɠ Űɖɠ ɛŮɘɞɜɧŰɖŰŬɠ ɛŮ ɘəŬɜɞˊɞɘɖŰɘəɎ 

ŬˊɞŰŮɚɏůɛŬŰŬ. Ƀ Batista əŬɘ Ɏɚɚɞɘ (2000) ɢɟɖůɘɛɞˊɞɘɞɨɜ ɛɘŬ ˊɘɞ ŮɝŮɚɘɔɛɏɜɖ ŰŮɢɜɘəɐ 

ɡˊɞŭŮɘɔɛŬŰɞɚɖɣɑŬɠ  ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮɚŬɢɘůŰɞˊɞɘɖɗŮɑ ɖ ˊɞůɧŰɖŰŬ Űɤɜ ŭɡɜɖŰɘəɎ ɢɟɐůɘɛɤɜ 

ŭŮŭɞɛɏɜɤɜ. ɇŬ ůŰɘɔɛɘɧŰɡˊŬ Űɖɠ əɡɟɑŬɟɢɖɠ əɚɎůɖɠ ŮɑɜŬɘ ŰŬɝɘɜɞɛɖɛɏɜŬ ɤɠ ůŰɘɔɛɘɧŰɡˊŬ 

óŬůűŬɚɐô, óɞɟɘŬəɎô, əŬɘ óɗɞɟɨɓɞɡô. Ƀɘ ɞɟɘŬəɏɠ ɡˊɞɗɏůŮɘɠ əŬɘ Űɞɡ ɗɞɟɨɓɞɡ ŬɜɘɢɜŮɨŰɖəŬɜ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ óůɨɜŭŮůɛɞ Tomekô əŬɘ ɛˊɞɟɞɨɜ ɜŬ ŬˊɞɛŬəɟɡɜɗɞɨɜ Ŭˊɧ Űɞ ůɨɜɞɚɞ 

ŭŮŭɞɛɏɜɤɜ ɛŬɠ. Ƀɘ ŬůűŬɚŮɑɠ əɚɎůŮɘɠ əɡɟɘŬɟɢɑŬɠ əŬɘ ɧɚŬ ŰŬ ůŰɘɔɛɘɧŰɡˊŬ əɚɎůɖɠ 

ɛŮɘɞɜɧŰɖŰŬɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ŮəˊŬɑŭŮɡůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɛɎɗɖůɖɠ. ȰɜŬɠ 
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ůɨɜŭŮůɛɞɠ Tomek ɛˊɞɟŮɑ ɜŬ ɞɟɘůŰŮɑ: ŭɑɜɞɜŰŬɠ ŭɡɞ ůŰɘɔɛɘɧŰɡˊŬ x əŬɘ y ˊɞɡ Ŭɜɐəɞɡɜ ůŮ 

ŭɘŬűɞɟŮŰɘəɏɠ əɚɎůŮɘɠ, ɛŮ d(x,y) ɜŬ ŮɑɜŬɘ ɖ ŬˊɧůŰŬůɖ Űɤɜ x əŬɘ y. ȰɜŬ ɕŮɨɔɞɠ (x,y) ŮɑɜŬɘ ɞ 

óůɨɜŭŮůɛɞɠ Tomekô, Ŭɜ ŭŮɜ ɡˊɎɟɢŮɘ ɛɘŬ ˊŮɟɑˊŰɤůɖ z, ŰɏŰɞɘŬ ɩůŰŮ d(x, z) < d(x, y) ɐ  d(y, 

z) < d(y, x) (Batista et al., 2000). 

Ƀɘ ŰŮɢɜɘəɏɠ ɡˊɞŭŮɘɔɛŬŰɞɚɖɣɑŬɠ əŬɘ ɡˊŮɟŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ŮɛűŬɜɑɕɞɡɜ ŬɟəŮŰɎ 

ɛŮɘɞɜŮəŰɐɛŬŰŬ. ɆɡɔəŮəɟɘɛɏɜŬ, ɖ ɡˊɞŭŮɘɔɛŬŰɞɚɖɣɑŬ ɛˊɞɟŮɑ ɜŬ ŬˊɞɛŬəɟɨɜŮɘ ɢɟɐůɘɛŬ 

ůŰɞɘɢŮɑŬ əŬɘ ɖ ɡˊŮɟŭŮɘɔɛŬŰɞɚɖɣɑŬ ɛˊɞɟŮɑ ɜŬ ŬɡɝɐůŮɘ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ ŮɛűɎɜɘůɖɠ Űɞɡ 

ɡˊŮɟŰŬɘɟɘɎůɛŬŰɞɠ (overfitting), ŭŮŭɞɛɏɜɞɡ ɧŰɘ ˊŮɟɘůůɧŰŮɟɞɘ Ŭˊɧ Űɘɠ ɡˊŮɟŭŮɘɔɛŬŰɞɚɖˊŰɘəɏɠ 

ɛŮɗɧŭɞɡɠ əɎɜɞɡɜ Ŭəɟɘɓɐ ŬɜŰɑɔɟŬűŬ Űɤɜ ůŰɘɔɛɘɞŰɨˊɤɜ Űɖɠ əɚɎůɖɠ ɛŮɘɞɜɧŰɖŰŬɠ. ɀŮ Űɞɜ 

Űɟɧˊɞ ŬɡŰɧ, ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɏɜŬɠ ůɡɛɓɞɚɘəɧɠ ŰŬɝɘɜɞɛɖŰɐɠ ɛˊɞɟŮɑ ɜŬ əŬŰŬůəŮɡɎůŮɘ 

əŬɜɧɜŮɠ ˊɞɡ ŮɑɜŬɘ űŬɘɜɞɛŮɜɘəɎ ŬəɟɘɓŮɑɠ, ŬɚɚɎ ůŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ, ŮˊɘəŬɚɨˊŰɞɡɜ ɏɜŬ 

ŬɜŬˊŬɟŬɔɧɛŮɜɞ ůŰɘɔɛɘɧŰɡˊɞ. 

 ɀɘŬ ŮɜŬɚɚŬəŰɘəɐ ˊɟɞůɏɔɔɘůɖ Űɞɡ Ůˊɘˊɏŭɞɡ ŭŮŭɞɛɏɜɤɜ ɏɢŮɘ ˊŬɟɞɡůɘŬůŰŮɑ Ŭˊɧ Űɞɡɠ 

Ling əŬɘ  Li (1998). ɆɡɜŭɨŬůŬɜ Űɖɜ ɡˊŮɟŭŮɘɔɛŬŰɞɚɖˊŰɘəɐ əɚɎůɖ ɛŮɘɞɜɧŰɖŰŬɠ ɛŮ Űɖɜ 

ɡˊɞŭŮɘɔɛŬŰɞɚɖˊŰɘəɐ əɚɎůɖ əɡɟɘŬɟɢɑŬɠ. ɋůŰɧůɞ, ɞ ɡˊŮɟŭŮɘɔɛŬŰɞɚɖˊŰɘəɧɠ əŬɘ 

ɡˊɞŭŮɘɔɛŬŰɞɚɖˊŰɘəɧɠ ůɡɜŭɡŬůɛɧɠ ŭŮɜ ˊŬɟŮɑɢŮ əŬɛɑŬ ůɖɛŬɜŰɘəɐ ɓŮɚŰɑɤůɖ. Ƀ Chawla 

(2002) ˊɟɞŰŮɑɜŮɘ ɛɘŬ ɡˊŮɟŭŮɘɔɛŬŰɞɚŮɘˊŰɘəɐ ˊɟɞůɏɔɔɘůɖ ůŰɖɜ ɞˊɞɑŬ ɖ əɚɎůɖ ɛŮɘɤɜɧŰɖŰŬɠ 

ŮɑɜŬɘ ɡˊŮɟŭŮɘɔɛŬŰɞɚŮɘˊŰɘəɐ ɛŮ Űɖ ŭɖɛɘɞɡɟɔɑŬ óůɡɜɗŮŰɘəɩɜô ůŰɘɔɛɘɞŰɨˊɤɜ ˊŬɟɎ ɛŮ 

ɡˊŮɟŭŮɘɔɛŬŰɞɚŮɘɣɑŬ ɛŮ ŬɜŰɘəŬŰɎůŰŬůɖ ɛŮ əŬɚɨŰŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ. 

 Oɘ ŮɟŮɡɜɖŰɏɠ Ng əŬɘ Dash (2006) ɢɟɖůɘɛɞˊɞɘɞɨɜ ɛɘŬ ˊŬɟɧɛɞɘŬ ŰŮɢɜɘəɐ ɔɘŬ ɜŬ 

ŮəˊŬɘŭŮɨůɞɡɜ Űɞɡɠ ŰŬɝɘɜɞɛɖŰɏɠ ůŮ ɛŮɔɎɚŬ əŬɘ ŬɜɞɛɞɘɞɔŮɜɐ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ. ɆŰɞ 

ŮɟŮɡɜɖŰɘəɧ Űɞɡɠ ɏɟɔɞ, ŭŮɘɔɛŬŰɞɚŮɘˊŰɞɨɜ ůɡɜŮɢɩɠ əŬɘ Ŭˊɧ Űɖɜ əɚɎůɖ əɡɟɘŬɟɢɑŬɠ əŬɘ Ŭˊɧ 

Űɖɜ əɚɎůɖ ɛŮɘɞɜɧŰɖŰŬɠ (ɢɤɟɑɠ ŬɜŰɘəŬŰɎůŰŬůɖ), ɏɤɠ ɧŰɞɡ ŭŮɜ ɡˊɎɟɝŮɘ ůŬűɐ ɓŮɚŰɑɤůɖ ůŮ 

ůɢɏůɖ ɛŮ Űɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ŰŬɝɘɜɧɛɖůɖ, ɧˊɞɡ ɢŰɑůŰɖəŮ ɏɜŬ ɛɘəɟɧŰŮɟɞ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ. 

ȳŰŬɜ ɖ ˊɟɞůűɞɟɎ ˊŬɟŬŭŮɘɔɛɎŰɤɜ ɛŮɘɞɜɧŰɖŰŬɠ ɏɢŮɘ ŮɝŬɜŰɚɖɗŮɑ, ŮɝŬəɞɚɞɡɗɞɨɜ ɜŬ 

ŭɞəɘɛɎɕɞɡɜ Ŭˊɧ Űɖɜ əɚɎůɖ əɡɟɘŬɟɢɑŬɠ ɢɤɟɑɠ ŬɜŰɘəŬŰɎůŰŬůɖ, ŬɚɚɎ ɢɟɖůɘɛɞˊɞɘɞɨɜ ŰɡɢŬɑŬ 

ɡˊŮɟŭŮɘɔɛŬŰɞɚɖˊŰɘəɎ ɔɘŬ ɜŬ ŭɘŬŰɖɟɐůɞɡɜ Űɘɠ əŬŰŬɜɞɛɏɠ əɚɎůŮɤɜ ɘůɞɟɟɞˊɖɛɏɜŮɠ. 

ɀɘŬ ɡɓɟɘŭɘəɐ ŭɘŬŭɘəŬůɑŬ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ ɏɜŬ ůɡɜŭɡŬůɛɧ Űɤɜ 

ŭɡɞ ŰŮɢɜɘəɩɜ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ɔɘŬ ɜŬ ŭɖɛɘɞɡɟɔɐůŮɘ ɏɜŬ ɘůɞɟɟɞˊɖɛɏɜɞ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ 

ɏɢŮɘ ˊŬɟɞɡůɘŬůŰŮɑ ˊɟɧůűŬŰŬ (Seiffert et al., 2009). ȷɡŰɐ ɖ ɡɓɟɘŭɘəɐ ŰŮɢɜɘəɐ ˊŮɟɘɚŬɛɓɎɜŮɘ 

ɏɜ ɛɏɟŮɘ ŭŮɑɔɛŬŰŬ ŰŬ ŭŮŭɞɛɏɜŬ ŮəˊŬɑŭŮɡůɖɠ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛɘŬ ŭŮɘɔɛŬŰɞɚɖˊŰɘəɐ 

ŰŮɢɜɘəɐ, əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ŰŮɢɜɘəɐɠ ɛŮ Ɏɚɚɖ ŰŮɢɜɘəɐ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, 

ɗŬ ɛˊɞɟɞɨůŮ əɎˊɞɘɞɠ ɜŬ ɡˊŮɟŭŮɘɔɛŬŰɞɚɖˊŰŮɑ ůŰɖɜ əɚɎůɖ ɛŮɘɞɣɖűɑŬɠ ɜŬ ɛŮɘɩůŮɘ Űɖɜ 
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ŬɜɞɛɞɘɞɔɏɜŮɘŬ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɜŬ ɡˊɞŭŮɘɔɛŬŰɑɕŮɘ Űɖɜ əɡɟɑŬɟɢɖ əɚɎůɖ ɔɘŬ ɜŬ ˊŮŰɨɢŮɘ 

ɘůɞɟɟɞˊɑŬ ůŰɞ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ. 

Ƀ Garcia (2009) ˊɟɞŰŮɑɜŮɘ ɛɘŬ ɡˊɞŭŮɘɔɛŬŰɞɚɖˊŰɘəɐ ŭɘŬŭɘəŬůɑŬ əŬɗɞŭɖɔɞɨɛŮɜɖ 

Ŭˊɧ ŮɝŮɚɘəŰɘəɞɨɠ Ŭɚɔɞɟɑɗɛɞɡɠ ɔɘŬ ɜŬ ŮəŰŮɚɏůŮɘ ɛɘŬ Ůˊɘɚɞɔɐ ŮəˊŬɑŭŮɡůɖɠ ůɡɜɧɚɤɜ 

ŭŮŭɞɛɏɜɞɡ ɔɘŬ Űɖɜ Ůɜɑůɢɡůɖ Űɤɜ ŭɏɜŭɟɤɜ ŬˊɞűɎůŮɤɜ ˊɞɡ ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ Űɞɜ 

Ŭɚɔɧɟɘɗɛɞ C4.5 əŬɘ ŰŬ ůɨɜɞɚŬ əŬɜɧɜɤɜ ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ Űɞɜ əŬɜɧɜŬ PART (Garcia et 

al., 2009). ȼ ˊɟɧŰŬůɖ ŬɡŰɐ ůɡɔəɟɘɜɧɛŮɜɖ ɛŮ ɎɚɚŮɠ ɡˊɞŭŮɘɔɛŬŰɞɚɖˊŰɘəɏɠ əŬɘ 

ɡˊŮɟŭŮɘɔɛŬŰɞɚɖˊŰɘəɏɠ ŰŮɢɜɘəɏɠ əŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŭŮɑɢɜɞɡɜ ɧŰɘ ɖ ɜɏŬ ˊɟɞůɏɔɔɘůɖ ŮɑɜŬɘ 

ˊɞɚɨ ŬɜŰŬɔɤɜɘůŰɘəɐ ɧůɞɜ ŬűɞɟɎ Űɖɜ ŬəɟɑɓŮɘŬ, ɧŰŬɜ ůɡɔəɟɘɗŮɑ ɛŮ ɡˊŮɟŭŮɘɔɛŬŰɞɚɖɣɑŬ əŬɘ 

ɡˊŮɟŰŮɟŮɑ Űɖɠ Űɡˊɘəɐɠ ɡˊɞŭŮɘɔɛŬŰɞɚɖɣɑŬɠ. 

Ƀ Khoshgoftaar (2010) ˊɟɧŰŮɘɜŮ ɛɘŬ óɔŮɜŮŰɘəɐô ˊɟɞůɏɔɔɘůɖ ɓŬůɘůɛɏɜɖ ůŮ 

Ŭɚɔɞɟɑɗɛɞɡɠ. ȼ ŮɝŮɚɘəŰɘəɐ ŭŮɘɔɛŬŰɞɚɖɣɑŬ, ɚŮɘŰɞɡɟɔŮɑ ɤɠ ɛɘŬ ŰŮɢɜɘəɐ əɡɟɑŬɟɢɖ 

ɡˊɞŭŮɘɔɛŬŰɞɚɖɣɑŬ, ɧˊɞɡ ŰŬ ůŰɘɔɛɘɧŰɡˊŬ Ŭˊɧ Űɖɜ əɡɟɑŬɟɢɖ əɚɎůɖ ŬűŬɘɟɞɨɜŰŬɘ 

ŮˊɘɚŮəŰɘəɎ. ȷɡŰɧ ŭɘŬŰɖɟŮɑ Űɖ ůɢŮŰɘəɐ ŬəŮɟŬɘɧŰɖŰŬ Űɖɠ əɡɟɑŬɟɢɖɠ əɚɎůɖɠ, ŭɘŬŰɖɟɩɜŰŬɠ 

ˊŬɟɎɚɚɖɚŬ Űɖɜ Ŭɟɢɘəɐ ɛŮɘɞɜɞŰɘəɐ ɞɛɎŭŬ əɚɎůŮɤɜ. ȼ əɨɟɘŬ əɟɘŰɘəɐ Űɖɠ 

ɡˊɞŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ŮɑɜŬɘ ɧŰɘ ɖ ˊɚɖɟɞűɞɟɑŬ ɛˊɞɟŮɑ ɜŬ ɢŬɗŮɑ, ɧŰŬɜ ŰŬ ˊŬɟŬŭŮɑɔɛŬŰŬ 

ŬűŬɘɟɞɨɜŰŬɘ Ŭˊɧ ŰŬ ŭŮŭɞɛɏɜŬ ŮəˊŬɑŭŮɡůɖɠ, Ůɜɩ ɖ ɡˊŮɟŭŮɘɔɛŬŰɞɚɖɣɑŬ ŬɡɝɎɜŮɘ Űɞ ɛɏɔŮɗɞɠ 

Űɞɡ ůɡɜɧɚɞɡ ŭŮŭɞɛɏɜɤɜ ˊɟɞůɗɏŰɞɜŰŬɠ ˊŬɟɎɚɚɖɚŬ ŮɑŰŮ ɧɢɘ (ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ  ŰɡɢŬɑŬɠ 

ɡˊŮɟŭŮɘɔɛŬŰɞɚɖɣɑŬɠ) ɐ ůɡɜɗŮŰɘəɩɜ ˊɚɖɟɞűɞɟɘɩɜ (ůŮ ˊŮɟɑˊŰɤůɖ Űɤɜ ˊɘɞ óɏɝɡˊɜɤɜô 

ɡˊŮɟŭŮɘɔɛŬŰɞɚɖˊŰɘəɩɜ ŰŮɢɜɘəɩɜ). 

ɇɞ ˊɟɧɓɚɖɛŬ ŰŬɝɘɜɧɛɖůɖɠ ŬɜɞɛɞɘɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ ŮɑɜŬɘ ůŰŮɜɎ ůɡɜŭŮŭŮɛɏɜɞ ɛŮ 

Űɞ ˊɟɧɓɚɖɛŬ Űɖɠ ŰŬɝɘɜɧɛɖůɖɠ ŮɡŬɘůɗɖůɑŬɠ əɧůŰɞɡɠ (cost-sensitive classification) (Chawla 

et al., 2008). ɀɘŬ ˊɟɞůɏɔɔɘůɖ Ŭɚɔɞɟɘɗɛɘəɞɨ Ůˊɘˊɏŭɞɡ ɔɘŬ Űɖɜ ŮɜůɤɛɎŰɤůɖ Űɞɡ əɧůŰɞɡɠ 

ůŰɖ ŭɘŬŭɘəŬůɑŬ ɚɐɣɖɠ  ŮɑɜŬɘ ɞ əŬɗɞɟɘůɛɧɠ ůŰŬɗŮɟɩɜ əŬɘ Ɏɜɘůɤɜ ɛɖ ŰŬɝɘɜɞɛɖɛɏɜɤɜ 

əɞůŰɩɜ ŬɜɎɛŮůŬ ůŰɘɠ əɚɎůŮɘɠ (Chen et al., 2009). ɇɞ ɛɞɜŰɏɚɞ əɧůŰɞɡɠ ɛˊɞɟŮɑ ɜŬ ˊɎɟŮɘ Űɖ 

ɛɞɟűɐ Űɞɡ ˊɑɜŬəŬ əɧůŰɞɡɠ, ɧˊɞɡ Űɞ əɧůŰɞɠ Űɖɠ ŰŬɝɘɜɧɛɖůɖɠ Ůɜɧɠ ŭŮɑɔɛŬŰɞɠ ŬˊŮɘəɞɜɑɕŮŰŬɘ 

ɔɘŬ Űɖɜ Ŭɚɖɗɐ əɚɎůɖ j ůŰɖ əɚɎůɖ i ŬɜŰɘůŰɞɘɢŮɑ ůŰɞɜ ˊɑɜŬəŬ ůŰɖɜ Ůɑůɞŭɞ Űɞɡ ˊɑɜŬəŬ ijl. 

ȷɡŰɧɠ ɞ ˊɑɜŬəŬɠ ůɡɜɐɗɤɠ ŮəűɟɎɕŮŰŬɘ ůŮ ɧɟɞɡɠ Űɞɡ ɛɏůɞɡ ɛɖ ŰŬɝɘɜɞɛɖɛɏɜɞɡ əɧůŰɞɡɠ ɔɘŬ 

Űɞ ˊɟɧɓɚɖɛŬ. ɇŬ ŭɘŬɔɩɜɘŬ ůŰɞɘɢŮɑŬ ŮɑɜŬɘ ůɡɜɐɗɤɠ ɛɖŭŮɜɘəɎ, ˊɞɡ ůɖɛŬɑɜŮɘ ůɤůŰɐ 

ŰŬɝɘɜɧɛɖůɖ ŭŮɜ ɏɢŮɘ əɧůŰɞɠ. Ƀ ɡˊɞɗŮŰɘəɧɠ əɑɜŭɡɜɞɠ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ ɛɘŬɠ ŬˊɧűŬůɖɠ 

ia ɞɟɑɕŮŰŬɘ  

 ( | ) ( | )i ij j

i

R a x P v xl=ä . (3.4)  
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ȼ Ůɝɑůɤůɖ (3.1) ŭɖɚɩɜŮɘ ɧŰɘ ɞ əɑɜŭɡɜɞɠ Űɖɠ Ůˊɘɚɞɔɐɠ əɚɎůɖɠ i ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɞ 

ŭɖɛɘɞɡɟɔɖɛɏɜɞ əɧůŰɞɠ ŰŬɝɘɜɧɛɖůɖɠ əŬɘ Űɖɜ ŬɓŮɓŬɘɧŰɖŰŬ Űɖɠ ɔɜɩůɖɠ ɛŬɠ ůɢŮŰɘəɎ ɛŮ Űɖɜ 

ˊɟŬɔɛŬŰɘəɐ əɚɎůɖ Űɞɡ x ˊɞɡ ŮəűɟɎɕɞɜŰŬɘ Ŭˊɧ Űɘɠ Ůə Űɤɜ ɡůŰɏɟɤɜ ˊɘɗŬɜɧŰɖŰŮɠ. Ƀ ůŰɧɢɞɠ 

Űɖɠ ŮɡŬɘůɗɖůɑŬɠ Űɞɡ əɧůŰɞɡɠ ŰŬɝɘɜɧɛɖůɖɠ ŮɑɜŬɘ ɜŬ ŮɚŬɢɘůŰɞˊɞɘɐůŮɘ Űɞ əɧůŰɞɠ Űɖɠ 

ŮůűŬɚɛɏɜɖɠ ŰŬɝɘɜɧɛɖůɖɠ, ɖ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ ɡɚɞˊɞɘɖɗŮɑ ɛŮ Űɖɜ Ůˊɘɚɞɔɐ Űɖɠ əɚɎůɖɠ (vj) ɛŮ 

Űɖɜ ŮɚɎɢɘůŰɖ ˊɟɞɦˊɧɗŮůɖ əɘɜŭɨɜɞɡ (Chen et al., 2009). 

 ɀɘŬ ˊɞɚɚŬˊɚɐ ˊɟɞůɏɔɔɘůɖ ŬɜŬŭŮɘɔɛŬŰɞɚɖɣɑŬɠ (Estabrooks əŬɘ Japkowicz, 2004) 

ɏɢŮɘ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ ɜŬ ůɡɜŭɡɎůŮɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɚɚɩɜ ŰŬɝɘɜɞɛɖŰɩɜ, əɎɗŮ ɛɑŬ 

ˊɟɞəŬɚŮɑŰŬɘ ɛŮŰɎ Ŭˊɧ ɡˊŮɟ-ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ɐ ɡˊɞ-ŭŮɘɔɛŬŰɞɚɖɣɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɛŮ 

ŭɘŬűɞɟŮŰɘəɏɠ Űɘɛɏɠ ɡˊɏɟ / ɡˊɞ-ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ. ȼ ˊɟɞůɏɔɔɘůɖ ŬɡŰɐ ŬɜŬɔɜɤɟɑɕŮɘ Űɞ 

ɔŮɔɞɜɧɠ ɧŰɘ ŮɝŬəɞɚɞɡɗŮɑ ɜŬ ɛɖɜ ŮɑɜŬɘ ůŬűɏɠ ˊɞɘŬ ɛɏɗɞŭɞɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ŬˊɞŭɑŭŮɘ 

əŬɚɨŰŮɟŬ, ˊɞɘɧɠ ŭŮɘɔɛŬŰɞɚŮɘˊŰɘəɧɠ ɟɡɗɛɧɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬɘ Ŭɜ ɞ ɟɡɗɛɧɠ 

ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ŮɑɜŬɘ  ɖ ůɤůŰɐ Ůˊɘɚɞɔɐ. ȼ ůɡɜŭɡŬůŰɘəɐ óɛɏɗɞŭɞɠ MetaCostô (Domingos, 

1998) ŮɑɜŬɘ ɛɘŬ Ɏɚɚɖ ɛɏɗɞŭɞɠ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ Ůɜɧɠ ŰŬɝɘɜɞɛɖŰɐ əɧůŰɞɡɠ ŮɡŬɘůɗɖůɑŬɠ 

(cost-sensitive). ȼ ŭɘŬŭɘəŬůɑŬ ɝŮəɘɜɎ ɜŬ ŮəˊŬɘŭŮɨŮɘ ɏɜŬ ɛɞɜŰɏɚɞ ɛŮ ŮɡŬɘůɗɖůɑŬ əɧůŰɞɡɠ, 

ŮűŬɟɛɧɕɞɜŰŬɠ ɛɘŬ ɞɘəɞɜɞɛɘəɎ ŮɡŬɑůɗɖŰɖ ŭɘŬŭɘəŬůɑŬ, ɖ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘŮɑ ɏɜŬɜ ɓŬůɘəɧ 

Ŭɚɔɧɟɘɗɛɞ ɛɎɗɖůɖɠ. ɆŰɖ ůɡɜɏɢŮɘŬ, ɖ ɛɏɗɞŭɞɠ MetaCost ŮəŰɘɛɎ Űɘɠ ˊɘɗŬɜɧŰɖŰŮɠ Űɖɠ 

əɚɎůɖɠ ɛŮ Űɖ ɢɟɐůɖ Űɖɠ óɛŮɗɧŭɞɡ ůŬəɞɡɚɘɎůɛŬŰɞɠô (Bagging) əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ŮˊŬɜŬ-

ŮŰɘəŮŰɞˊɞɘŮɑ (relabels) ŰŬ ŮəˊŬɘŭŮɡɛɏɜŬ ůŰɘɔɛɘɧŰɡˊŬ ɛŮ Űɘɠ ŮɚɎɢɘůŰŮɠ ŬɜŬɛŮɜɧɛŮɜŮɠ 

əɚɎůɖɠ Űɞɡ əɧůŰɞɡɠ, əŬɘ Űɏɚɞɠ ŮˊŬɜŮəˊŬɘŭŮɨŮŰŬɘ ɏɜŬ ɛɞɜŰɏɚɞ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ 

Űɟɞˊɞˊɞɘɖɛɏɜɞ ůɨɜɞɚɞ ŮəˊŬɑŭŮɡůɖɠ. 

  Ƀɘ Chan əŬɘ Stolfo (2001) Űɟɏɢɞɡɜ ɛɘŬ ůŮɘɟɎ ˊɟɞəŬŰŬɟəŰɘəɩɜ ˊŮɘɟŬɛɎŰɤɜ, ɩůŰŮ ɜŬ 

ˊɟɞůŭɘɞɟɑůɞɡɜ ɛɘŬ əŬɚɐ əŬŰŬɜɞɛɐ əɚɎůɖɠ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ Űɞ ŭŮɑɔɛŬ ɛŮ ŬɡŰɧ Űɞɜ Űɟɧˊɞ 

ˊŬɟɎɔŮɘ ˊɞɚɚŬˊɚɎ ůɨɜɞɚŬ ŮəˊŬɑŭŮɡůɖɠ ɛŮ Űɖɜ ŮˊɘɗɡɛɖŰɐ əɚɎůɖ əŬŰɖɔɞɟɑŬɠ. ȾɎɗŮ 

ůɨɜɞɚɞ ŮəˊŬɑŭŮɡůɖɠ ˊŮɟɘɚŬɛɓɎɜŮɘ ɧɚŬ ŰŬ ˊŬɟŬŭŮɑɔɛŬŰŬ Űɖɠ əɚɎůɖɠ ɛŮɘɞɜɧŰɖŰŬɠ, əŬɘ ɏɜŬ 

ɡˊɞůɨɜɞɚɞ Űɤɜ ˊŬɟŬŭŮɘɔɛɎŰɤɜ ˊŮɟɘɚŬɛɓɎɜŮɘ ˊŬɟŬŭŮɑɔɛŬŰŬ Űɖɠ əɡɟɑŬɟɢɖɠ əɚɎůɖɠ. 

ɋůŰɧůɞ əɎɗŮ ˊŬɟɎŭŮɘɔɛŬ Űɖɠ əɡɟɑŬɟɢɖɠ əɚɎůɖɠ ŮɛűŬɜɑɕŮŰŬɘ ůŮ ŰɞɡɚɎɢɘůŰɞɜ ɏɜŬ ůɨɜɞɚɞ 

ŮəˊŬɑŭŮɡůɖɠ ɏŰůɘ ɩůŰŮ əŬɜɏɜŬ ŭŮŭɞɛɏɜɞ ɜŬ ɛɖɜ ˊɎŮɘ ɢŬɛɏɜɞ. Ƀ Ŭɚɔɧɟɘɗɛɞɠ ŮəɛɎɗɖůɖɠ 

ŮűŬɟɛɧɕŮŰŬɘ ůŮ əɎɗŮ ůɨɜɞɚɞ ŮəˊŬɑŭŮɡůɖɠ əŬɘ ɖ ɛŮŰŬ-ŮəˊŬɑŭŮɡůɖ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞ 

ůɢɖɛŬŰɘůɛɧ Ůɜɧɠ ůɨɜɗŮŰɞɡ Ŭɚɔɞɟɑɗɛɞɡ ŮəˊŬɑŭŮɡůɖɠ Ŭˊɧ Űɞɡɠ ŰŬɝɘɜɞɛɖŰɏɠ ˊɞɡ 

ˊɟɞəɨˊŰɞɡɜ ɤɠ ŬˊɞŰɏɚŮůɛŬ. 

O Molinara (2007) ˊŬɟɞɡůɑŬůŮ ɛɘŬ ŮɜŭɘŬűɏɟɞɡůŬ ůɡɜŭɡŬůŰɘəɐ ˊɟɞůɏɔɔɘůɖ. ũɘŬ 

ɜŬ əŬŰŬůəŮɡŬůŰŮɑ ɏɜŬ ůɨɜɞɚɞ ŰŬɝɘɜɞɛɖŰɩɜ, ŭɞəɑɛŬůŮ ŭɨɞ ůŰɟŬŰɖɔɘəɏɠ ŭɘŬɢɤɟɘůɛɞɨ, ɞɘ 
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ɞˊɞɑŮɠ ɓŬůɑɕɞɜŰŬɘ ůŰɖɜ ɞɛŬŭɞˊɞɑɖůɖ əŬɘ Űɖɜ ŰɡɢŬɑŬ Ůˊɘɚɞɔɐ Űɤɜ ŭŮɘɔɛɎŰɤɜ Űɖɠ 

əŬŰɖɔɞɟɑŬɠ ˊɚŮɘɞɣɖűɑŬɠ. ȳˊɤɠ ɞɘ ɓŬůɘəɞɑ ŰŬɝɘɜɞɛɖŰɏɠ ɏɢɞɡɜ ɡɘɞɗŮŰɐůŮɘ ɛɘŬ ŭɘŬŭɘəŬůɑŬ 

Ůɜɑůɢɡůɖɠ (boosting), Ůɜɩ ɖ ŭɡɜŬɛɘəɐ Ůˊɘɚɞɔɐ, ůɖɛŬɑɜŮɘ əŬɘ ɚɐɣɖ əɡɟɑŬɟɢɖɠ ɜɑəɖɠ ˊɞɡ 

ɏɢŮɘ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɤɠ əɟɘŰɐɟɘɞ ɔɘŬ Űɖ ůɡůůɤɛɎŰɤůɖ ŬŰɞɛɘəɩɜ ŬˊɞűɎůŮɤɜ. ȷɡŰɐ ɖ 

ˊɟɞůɏɔɔɘůɖ ɏɢŮɘ ŮűŬɟɛɞůŰŮɑ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ ɛɘəɟɞ-ŰŬɝɘɜɞɛɐůŮɤɜ (micro- 

classifications) ůŮ ɏɜŬ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ Űɤɜ ɣɖűɘŬəɩɜ ɛŬůŰɞɔɟŬűɘɩɜ ŭɘŬɗɏůɘɛŮɠ ůŰɞ 

əɞɘɜɧ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ, ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ ůŮ ɧɟɞɡɠ Űɖɠ ŬəɟɑɓŮɘŬɠ ůŮ ɗŮŰɘəɎ əŬɘ 

ŬɟɜɖŰɘəɎ ŭŮɑɔɛŬŰŬ, ɏŭŮɘɝŬɜ ɧŰɘ ɞɘ ˊɟɩŰŮɠ ŬɡɝɐɗɖəŬɜ, Ůɜɩ ɞɘ ŭŮɨŰŮɟŮɠ ɛŮɘɩɗɖəŬɜ. 

ȾŬɚɨŰŮɟɖ Ŭˊɧŭɞůɖ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɧŰŬɜ Űɞ ůɨɜɞɚɞ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬɜ Ŭɟɘɗɛɧ ɓŬůɘəɩɜ 

ŰŬɝɘɜɞɛɖŰɩɜ ɑůɞ ɛŮ Űɖɜ ŬɜŬɚɞɔɑŬ ɛŮŰŬɝɨ Űɞɡ Ŭɟɘɗɛɞɨ Űɖɠ ˊɚŮɘɞɣɖűɑŬɠ əŬɘ Űɖɠ 

ɛŮɘɞɣɖűɑŬɠ əɚɎůɖɠ ŭŮɘɔɛɎŰɤɜ. 

Ƀ Sung Chiang-Lin əŬɘ Ɏɚɚɞɘ (2009) ˊɟɞŰŮɑɜɞɡɜ Űɞ ůɨɜɞɚɞ Ŭɚɔɞɟɑɗɛɤɜ 

ŬɜɞɛɞɘɞɔŮɜɩɜ ɛŮ ɛŮŰŬ-ŭŮŭɞɛɏɜɖ ŰŬɝɘɜɧɛɖůɖ (Meta Imbalanced Classification Ensemble-

MICE), ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɛŮŰɟɘŬůɗŮɑ ɖ ŮˊɑŭɟŬůɖ ɘůɞɟɟɞˊɖɛɏɜɤɜ ŭŮŭɞɛɏɜɤɜ. ɆŰɞ MICE, ɖ 

ˊɚŮɘɞɣɖűɘəɐ ɞɛɎŭŬ əŬŰŬɜɏɛŮŰŬɘ ɛŮ ɓɎůɖ ŰŬ ɛŮŰŬůɢɖɛŬŰɘůɛɏɜŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Ŭˊɧ Űɞ 

óŮůɤŰŮɟɘəɧ ɔɘɜɧɛŮɜɞô ɔɘŬ ɜŬ ŭɘŬŰɖɟɖɗŮɑ ɖ ɔŮɤɛŮŰɟɘəɐ ůɢɏůɖ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ɞɛɎŭɤɜ. 

ɀɘŬ ˊŬɟɧɛɞɘŬ ůɡɜŭɡŬůŰɘəɐ ˊɟɞůɏɔɔɘůɖ ɏɢŮɘ ˊɟɞŰŬɗŮɑ ˊɟɧůűŬŰŬ (Soda, 2009). 

ȺɑɜŬɘ ɓŬůɘůɛɏɜɞ ůŮ ɏɜŬ ůɨɜɞɚɞ ŰŬɝɘɜɞɛɖŰɩɜ ŮəˊŬɘŭŮɡɛɏɜŬ ůɢŮŰɘəɎ ɛŮ ŰŬ ɞɛɞɘɞɔŮɜɐ 

ɡˊɞůɨɜɞɚŬ Űɞɡ Ŭɟɢɘəɞɨ ůɡɜɧɚɞɡ ŮəˊŬɑŭŮɡůɖɠ ŬɜɞɛɞɘɞɔɏɜŮɘŬɠ ˊɞɡ ŭɞɡɚŮɨɞɡɜ ůŮ 

ůɡɜŭɡŬůɛɧ ɛŮ Űɞɜ ŮəˊŬɘŭŮɡɛɏɜɞ ŰŬɝɘɜɞɛɖŰɐ ůŰɞ Ŭɟɢɘəɧ ůɨɜɞɚɞ ŬɜɞɛɞɘɞɔŮɜɩɜ 

ŭŮŭɞɛɏɜɤɜ. Ƀ Cleofas əŬɘ Ɏɚɚɞɘ (2009) ˊɟɧŰŮɘɜŬɜ ŭɨɞ ůɨɜɞɚŬ ɛɞɜŰɏɚɤɜ 

(ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɏɜŬ ůˊɞɜŭɡɚɤŰɧ ɜŮɡɟɤɜɘəɧ ŭɑəŰɡɞ əŬɘ Űɞɜ əŬɜɧɜŬ  Űɞɡ ˊɚɖůɘɏůŰŮɟɞɡ 

ɔŮɑŰɞɜŬ), ˊɞɡ ɏɢɞɡɜ ŮəˊŬɘŭŮɡŰŮɑ ůŮ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ ɡˊɧ-ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ  ɛŮ ɔŮɜŮŰɘəɞɨɠ 

Ŭɚɔɞɟɑɗɛɞɡɠ. 

Ƀɘ Ŭɚɔɧɟɘɗɛɞɘ ɛɎɗɖůɖɠ ůɡɜɧɚɤɜ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɞɜ Ŭɚɔɧɟɘɗɛɞ óɆŬəəɞɡɚɘɎůɛŬŰɞɠô 

(Bagging algorithm) (Breitman, 1996-1999) əŬɘ Űɞɜ Ŭɚɔɧɟɘɗɛɞ óȺɜɑůɢɡůɖɠô (Boosting 

algorithm) (Schapire, 1990). ɆŰɖɜ ɞɘəɞɔɏɜŮɘŬ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ Ⱥɜɑůɢɡůɖɠ Ŭɜɐəɞɡɜ ɞɘ 

Ŭɚɔɧɟɘɗɛɞɘ AdaBoost (Freund and Schapire, 1997; Wu et al., 2007) əŬɘ ɞɘ Űɟɞˊɞˊɞɘɖɛɏɜɞɘ 

Ŭɚɔɧɟɘɗɛɞɘ AdaBoost.M1 əŬɘ AdaBoost.M2 (Freund and Schapire, 1997; Schapire and 

Singer, 2001). 

ȼ ɞɘəɞɔɏɜŮɘŬ Ŭɚɔɞɟɑɗɛɤɜ Ůɜɑůɢɡůɖɠ (Boosting algorithms) ˊŮɟɘɚŬɛɓɎɜŮɘ Űɘɠ 

ŬəɧɚɞɡɗŮɠ əŬŰɖɔɞɟɑŮɠ Ŭɚɔɞɟɑɗɛɤɜ: 
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A) Ƀɘ Ŭɚɔɧɟɘɗɛɞɘ Ůɜɑůɢɡůɖɠ ɛŮ ŮɡŬɘůɗɖůɑŬ əɧůŰɞɡɠ (Cost sensitive 

Boosting algorithms), ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɘɠ ŬəɧɚɞɡɗŮɠ Ŭɚɔɞɟɘɗɛɘəɏɠ ŭɘŬŭɘəŬůɑŮɠ: 

ȷ1) AdaCost (Fan et al., 1999) 

ȷ2) Cost Sensitive Boosting (CSB)  

ȷ3) RareBoost 

ȷ4) AdaC1 (Sun et al., 2007) 

ȷ5) AdaC2 əŬɘ AdaC3 

ȸ) Ƀɘ Ŭɚɔɧɟɘɗɛɞɘ ůɡɜɧɚɤɜ, ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŮ Ůɜɑůɢɡůɖ (Boosting based 

Ensembles), ́ Ůɟɘɏɢɞɡɜ Űɘɠ Ŭɚɔɞɟɘɗɛɘəɏɠ ŭɘŬŭɘəŬůɑŮɠ: 

B1) SMOTEBoost (Chawla et al., 2003) əŬɘ MSMOTEBoost  (Hu et al., 2009)  

ȸ2) RUSBoost (Seifert et al., 2010) 

B3) DataBoost-IM (Guo and Viktor, 2004) 

C) Ƀɘ Ŭɚɔɧɟɘɗɛɞɘ ůɡɜɧɚɤɜ, ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŮ óůŬəəɞɨɚɘŬůɛŬô (Bagging 

based Ensembles), ˊŮɟɘɏɢɞɡɜ Űɘɠ Ŭɚɔɞɟɘɗɛɘəɏɠ ŭɘŬŭɘəŬůɑŮɠ: 

C1) OverBagging (Wang and Yao, 2009) 

C2) UnderBagging (Barandela et al., 2003) 

C3) UnderOverBagging (Wang and Yao, 2009) 

C4) IIVotes (Blaszczynski et al., 2010) 

D) ɈɓɟɘŭɘəɎ (ɀŮɘəŰɞɔŮɜɐ) ɆɨɜɞɚŬ (Hybrid Ensembles), ˊɞɡ ůɡɜŭɡɎɕɞɡɜ 

Ŭɚɔɞɟɑɗɛɞɡɠ Ůɜɑůɢɡůɖɠ əŬɘ ůŬəəɞɡɚɘɎůɛŬŰɞɠ ɛŮ ŰŮɢɜɘəɏɠ ˊɟɞ-ŮˊŮɝŮɟɔŬůɑŬɠ, 

ˊŮɟɘɏɢɞɡɜ 

D1) EasyEnsemble (Liu et al., 2009) 

D2) BalanceCascade (Liu et al., 2009). 

 

3.4.2 ȷɚɔɞɟɘɗɛɘəɏɠ ɀɏɗɞŭɞɘ ɀɎɗɖůɖɠ Ɇɡɜɧɚɤɜ 

ɇŬ ůɨɜɞɚŬ (ensembles) ɏɢɞɡɜ ůɢŮŭɘŬůɗŮɑ ɔɘŬ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ŬəɟɑɓŮɘŬɠ Ůɜɧɠ Ŭˊɚɞɨ 

ŰŬɝɘɜɞɛɖŰɐ ɛŮ ŭɞəɘɛɐ (training) ŭɘŬűɧɟɤɜ ŰŬɝɘɜɞɛɖŰɩɜ əŬɘ ůɡɜŭɡɎɕɞɜŰŬɠ Űɘɠ ŬˊɞűɎůŮɘɠ 

Űɞɡɠ ɔɘŬ ɜŬ ŭɩůɞɡɜ ůŰɖɜ ɏɝɞŭɞ ɛɑŬ Ŭˊɚɐ ŮŰɘəɏŰŬ ŰɎɝɖɠ (single class label) (Polikar, 2006; 

Rokach, 2010).  

Ƀ ɧɟɞɠ óɛɏɗɞŭɞɘ ůɡɜɧɚɤɜô (ensemble methods) ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖ ɛɖɢŬɜɘəɐ 

ɛɎɗɖůɖ əŬɘ ŬɜŬűɏɟŮŰŬɘ ůɡɜɐɗɤɠ ůŮ ůɡɚɚɞɔɏɠ ŰŬɝɘɜɞɛɖŰɩɜ ˊɞɡ ŮɑɜŬɘ ɛɘəɟɏɠ ˊŬɟŬɚɚŬɔɏɠ 

Űɞɡ ɑŭɘɞɡ ŰŬɝɘɜɞɛɖŰɐ, Ůɜɩ ɞ ɧɟɞɠ óůɡůŰɐɛŬŰŬ ˊɞɚɚŬˊɚɩɜ ŰŬɝɘɜɞɛɖŰɩɜô (multiple 

classifier systems) ŬˊɞŰŮɚŮɑ ɛɑŬ ŮɡɟɨŰŮɟɖ əŬŰɖɔɞɟɑŬ ɖ ɞˊɞɑŬ ˊŮɟɘɚŬɛɓɎɜŮɘ ůɡɜŭɡŬůɛɞɨɠ 
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ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ ɡɓɟɘŭɘəɞɨɠ ůɡɜŭɡŬůɛɞɨɠ ŭɘŬűɞɟŮŰɘəɩɜ ɛɞɜŰɏɚɤɜ (Ho et al., 1994; Ho, 

2002). Ƀ ůɢɖɛŬŰɘůɛɧɠ ůɡɜɧɚɤɜ ɛŮ ŭɖɛɘɞɡɟɔɑŬ ŭɘŬűɞɟɞˊɞɘɖɛɏɜɤɜ ŰŬɝɘɜɞɛɖŰɩɜ 

(ŭɘŬŰɖɟɩɜŰŬɠ Űɖ ůɡɜɨˊŬɟɝɐ Űɞɡɠ ɛŮ Űɞ ůɨɜɞɚɞ ŭɞəɘɛɩɜ [training set]) ŬˊɞŰŮɚŮɑ ɓŬůɘəɧ 

ˊŬɟɎɔɞɜŰŬ ɔɘŬ ɜŬ ɔɑɜɞɡɜ ŬəɟɘɓŮɑɠ. ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ɖ ŭɘŬűɞɟɞˊɞɑɖůɖ (diversity) ůŰŬ 

ůɨɜɞɚŬ ɏɢŮɘ ɏɜŬ ɗŮɤɟɖŰɘəɧ ɡˊɧɓŬɗɟɞ ůŮ ˊɟɞɓɚɐɛŬŰŬ ˊŬɚɘɜŭɟɧɛɖůɖɠ (regression) (Ueda 

and Nakano, 1996; Krogh and Vedelsby, 1995), Ůɜɩ ɖ ɏɜɜɞɘŬ Űɖɠ ŭɘŬűɞɟɞˊɞɑɖůɖɠ ůŰɖɜ 

ŰŬɝɘɜɧɛɖůɖ ŬɜŬűɏɟŮŰŬɘ ɧŰɘ ŭŮɜ ŮɑɜŬɘ Ŭəɧɛɖ ůŬűɩɠ ɞɟɘůɛɏɜɖ (Brown et al., 2005). 

Ƀɘ Ŭɚɔɧɟɘɗɛɞɘ ɛɎɗɖůɖɠ ůɡɜɧɚɤɜ (ensemble learning algorithms) ˊŮɟɘɚŬɛɓɎɜɞɡɜ 

Űɞɡɠ Ŭɚɔɞɟɑɗɛɞɡɠ AdaBoost (Schapire, 1990; Freund and Schapire, 1997), Bagging 

(Breiman, 1996) əŬɘ ŬɟəŮŰɞɨɠ ůɢŮŰɘəɞɨɠ Űɟɞˊɞˊɞɘɖɛɏɜɞɡɠ Ŭɚɔɞɟɑɗɛɞɡɠ (Kuncheva, 

2004). Ƀɘ Űɟɞˊɞˊɞɘɖɛɏɜɞɘ Ŭɚɔɧɟɘɗɛɞɘ ɛɎɗɖůɖɠ ůɡɜɧɚɤɜ ůɡɜɐɗɤɠ ˊŮɟɘɚŬɛɓɎɜɞɡɜ 

ˊɟɞůŮɔɔɑůŮɘɠ Ůˊɘˊɏŭɞɡ ŭŮŭɞɛɏɜɤɜ ɔɘŬ ɜŬ ˊɟɞ-ŮˊŮɝŮɟɔŬůɗɞɨɜ ŰŬ ŭŮŭɞɛɏɜŬ ˊɟɘɜ Ŭˊɧ Űɖ 

ɛɎɗɖůɖ əɎɗŮ ŰŬɝɘɜɞɛɖŰɐ (Chawla et al. 2003; Seiffert et al., 2010; Blaszczynski et al., 

2010; Liu et al., 2009). ȺɜŬɚɚŬəŰɘəɏɠ ˊɟɞůŮɔɔɑůŮɘɠ ɔɘŬ Űɞɡɠ Ŭɚɔɞɟɑɗɛɞɡɠ ɛɎɗɖůɖɠ 

ůɡɜɧɚɤɜ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɞɡɠ Ŭəɧɚɞɡɗɞɡɠ Ŭɚɔɞɟɑɗɛɞɡɠ: 

 SMOTEBoost (Chawla et al., 2003); RUSBoost (Seiffert et al., 2010);  

 SMOTE-Bagging (Wang and Yao, 2009); EasyEnsemble (Liu et al., 2009);  

 IIVotes (Blaszczynski et al., 2010) 

Ƀɘ Ŭɚɔɧɟɘɗɛɞɘ ŬɡŰɞɑ, Ŭɜ əŬɘ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ Űɞɡ 

ˊɟɞɓɚɐɛŬŰɞɠ ŬɜɞɛɞɘɞɔŮɜɩɜ ŰɎɝŮɤɜ, ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŮ ˊŮɟɘɞɟɘůɛɏɜɞ Ŭɟɘɗɛɧ 

ˊɟɞɓɚɖɛɎŰɤɜ, ŭŮɜ ɏɢɞɡɜ ůɡɔəɟɘɗŮɑ ɞɘ ŬˊɞŭɧůŮɘɠ Űɞɡɠ əŬɘ ɔŮɜɘəɎ ɡˊɎɟɢŮɘ ɏɚɚŮɘɣɖ Ůɜɧɠ 

Ůɜɞˊɞɘɖɛɏɜɞɡ ˊɚŬɘůɑɞɡ ɔɘŬ Űɖɜ əŬŰɖɔɞɟɘɞˊɞɑɖůɐ Űɞɡɠ (Seiffert et al., 2010; Liu et al., 

2009). 

ɆŰɖɜ ŰŬɝɘɜɧɛɖůɖ ɏɜŬ ŬɜɞɛɞɘɞɔŮɜɏɠ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ ɞɟɑɕŮŰŬɘ ɧŰŬɜ ɞ Ŭɟɘɗɛɧɠ 

ůŰɘɔɛɘɧŰɡˊɤɜ ˊɞɡ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ɛɑŬ ŰɎɝɖ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞɠ Ŭˊɧ Űɞɡɠ ŬɜŰɑůŰɞɘɢɞɡɠ 

Ŭɟɘɗɛɞɨɠ Ɏɚɚɤɜ ŰɎɝŮɤɜ. ȼ ŰɎɝɖ ɛŮ Űɞ ɛɘəɟɧŰŮɟɞ Ŭɟɘɗɛɧ ůŰɘɔɛɘɧŰɡˊɤɜ ŮɑɜŬɘ ůɡɜɐɗɤɠ ɖ 

ˊɚɏɞɜ ŮɜŭɘŬűɏɟɞɡůŬ Ŭˊɧ Űɖɜ Ɏˊɞɣɖ ɛɎɗɖůɖɠ (Chawla et al., 2004) əŬɘ Űɞ ˊɟɧɓɚɖɛŬ 

ŮɛűŬɜɑɕŮŰŬɘ ůŮ ůɖɛŬɜŰɘəɏɠ ŮűŬɟɛɞɔɏɠ, ɧˊɤɠ ɘŬŰɟɘəɏɠ ŭɘŬɔɜɩůŮɘɠ (Mazurowski et al., 

2008; Freitas et al., 2007; Kilic  et al., 2007; Celebi et al., 2007; Peng, 2008), ŬɜɑɢɜŮɡůɖ 

ɟɨˊŬɜůɖɠ (Lu and Wang, 2008); ŭɘŬɢŮɑɟɘůɖ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ (risk management) (Huang et 

al., 2006), ŬɜɑɢɜŮɡůɖ ŬˊɎŰɖɠ (Cieslak, 2006) ə.Ŭ. 

 



  ɤɭɩɢɬɚɣɠ ɚɦɚɫɬɚɫɢɚ ɝɠɥɠɬɪɚ 

 

 66 

3.4.3 ȷɚɔɧɟɘɗɛɞɠ Ⱥɨəɞɚɤɜ Ɇɡɜɧɚɤɜ (Easy Ensemble) əŬɘ ȷɚɔɧɟɘɗɛɞɠ 

Ƚůɞɟɟɞˊɖɛɏɜɤɜ ȹɘŬŭɞɢɘəɩɜ Ɇɡɜɧɚɤɜ (Balance Cascade) 

Ƀɘ ɛɏɗɞŭɞɘ ůɡɜɧɚɤɜ (ensemble) ɢɟɐůɖ ˊɞɚɚŬˊɚɩɜ ɛɞɜŰɏɚɤɜ (ensemble methods 

using multiple models) ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ůŰŬŰɘůŰɘəɏɠ ɛŮɗɧŭɞɡɠ əŬɘ ɛŮɗɧŭɞɡɠ ɛɖɢŬɜɘəɏɠ 

ɛɎɗɖůɖɠ ɞŭɖɔɞɨɜ ůŰɖɜ ŬˊɧəŰɖůɖ əŬɚɨŰŮɟɖɠ Ŭˊɧŭɞůɖɠ ˊɟɧɓɚŮɣɖɠ Ŭˊɧ ˊɟɞɓɚɏɣŮɘɠ ˊɞɡ 

ɗŬ ɛˊɞɟɞɨůŬ ɜŬ ́ɟɞəɨɣɞɡɜ Ŭˊɧ ůɡɜɗŮŰɘəɎ ɛɞɜŰɏɚŬ. ɆŮ ŬɜŰɑɗŮůɖ ɛŮ ɏɜŬ ůŰŬŰɘůŰɘəɧ 

ůɨɜɞɚɞ ůŰɖ ůŰŬŰɘůŰɘəɐ ɛɖɢŬɜɘəɐ, ɖ ɛɖɢŬɜɘəɐ ɛɎɗɖůɖ ůɡɜɧɚɞɡ ŬɜŬűɏɟŮŰŬɘ ɛɧɜɞ ůŮ ɏɜŬ 

ůɡɔəŮəɟɘɛɏɜɞ ˊŮˊŮɟŬůɛɏɜɞ ůɨɜɞɚɞ ŮɜŬɚɚŬəŰɘəɩɜ ɛɞɜŰɏɚɤɜ, ŬɚɚɎ ůɡɜɐɗɤɠ ŮˊɘŰɟɏˊŮɘ Űɖɜ 

ˊɞɚɨ ˊɘɞ ŮɡɏɚɘəŰɖ ŭɞɛɐ ɜŬ ɡˊɎɟɢŮɘ ɛŮŰŬɝɨ ŬɡŰɩɜ Űɤɜ ŮɜŬɚɚŬəŰɘəɩɜ ɚɨůŮɤɜ. 

Ƀɘ Ŭɚɔɧɟɘɗɛɞɘ ɛɎɗɖůɖɠ ɛŮ ŮˊɑɓɚŮɣɖ ůɡɜɐɗɤɠ ˊŮɟɘɔɟɎűɞɜŰŬɘ ɤɠ Ůəˊɚɐɟɤůɖ Űɖɠ 

ŬˊɞůŰɞɚɐɠ ŬɜŬɕɐŰɖůɖɠ ɛɏůŬ Ŭˊɧ ɏɜŬ ɡˊɞɗŮŰɘəɧ ɢɩɟɞ ɔɘŬ ɜŬ ɓɟɞɡɜ ɛɘŬ əŬŰɎɚɚɖɚɖ 

ɡˊɧɗŮůɖ ˊɞɡ ɗŬ əɎɜɞɡɜ əŬɚɐ ˊɟɧɓɚŮɣɖ ɛŮ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ˊɟɧɓɚɖɛŬ. ȷəɧɛɖ əŬɘ Ŭɜ ɞ 

ɢɩɟɞɠ Űɖɠ ɡˊɧɗŮůɖɠ ˊŮɟɘɏɢŮɘ ɡˊɞɗɏůŮɘɠ ˊɞɡ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ əŬŰɎɚɚɖɚŮɠ ɔɘŬ ɏɜŬ 

ůɡɔəŮəɟɘɛɏɜɞ ˊɟɧɓɚɖɛŬ, ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ˊɞɚɨ ŭɨůəɞɚɞ ˊɟɞəɨɣŮɘ ɏɜŬ əŬɚɧ ŬˊɞŰɏɚŮůɛŬ. 

ɃɟɘůɛɏɜŬ ůɨɜɞɚŬ ɛˊɞɟɞɨɜ ɜŬ ůɡɜŭɡɎɕɞɡɜ ˊɞɚɚŬˊɚɏɠ ɡˊɞɗɏůŮɘɠ ɔɘŬ ɜŬ ůɢɖɛŬŰɑůɞɡɜ ɛɘŬ 

əŬɚɨŰŮɟɖ ɡˊɧɗŮůɖ. ɀŮ ɎɚɚŬ ɚɧɔɘŬ, ɏɜŬ ůɨɜɞɚɞ ŮɑɜŬɘ ɛɘŬ ŰŮɢɜɘəɐ ˊɞɡ ůɡɜŭɡɎɕŮɘ ˊɞɚɚɞɨɠ 

ŬŭɨɜŬɛɞɡɠ ŮəˊŬɘŭŮɡɧɛŮɜɞɡɠ (weak learners) ůŮ ɛɘŬ ˊɟɞůˊɎɗŮɘŬ ɜŬ ˊŬɟɎɔŮɘ ɏɜŬ ɘůɢɡɟɧ 

ŮəˊŬɘŭŮɡɧɛŮɜɞ. Ƀ ɧɟɞɠ ůɨɜɞɚɞ ŮɑɜŬɘ ůɡɜɐɗɤɠ ˊɟɞɞɟɑɕŮŰŬɘ ɔɘŬ Űɘɠ ɛŮɗɧŭɞɡɠ ˊɞɡ 

ŭɖɛɘɞɡɟɔɞɨɜ ˊɞɚɚŬˊɚɏɠ ɡˊɞɗɏůŮɘɠ ɛŮ Űɞɜ ɑŭɘɞ ɓŬůɘəɧ ŮəˊŬɘŭŮɡɧɛŮɜɞ. Ƀ ŮɡɟɨŰŮɟɞɠ ɧɟɞɠ 

Űɤɜ ˊɞɚɚŬˊɚɩɜ ůɡůŰɖɛɎŰɤɜ ŰŬɝɘɜɞɛɖŰɐ əŬɚɨˊŰŮɘ Ůˊɑůɖɠ ɡɓɟɘŭɞˊɞɑɖůɖ Űɤɜ ɡˊɞɗɏůŮɤɜ 

ˊɞɡ ŭŮɜ ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ Űɞɜ ɑŭɘɞ ɓŬůɘəɧ ŮəˊŬɘŭŮɡɧɛŮɜɞ. 

ȷɝɘɞɚɞɔɩɜŰŬɠ Űɖɜ ˊɟɧɓɚŮɣɖ Ůɜɧɠ ůɡɜɧɚɞɡ ůɡɜɐɗɤɠ ŬˊŬɘŰŮɑ ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ ɧ, Űɘ 

Űɖɜ Ŭɝɘɞɚɧɔɖůɖ ɡˊɞɚɞɔɘůɛɞɨ Űɖɜ ˊɟɧɓɚŮɣɖ Ůɜɧɠ ŮɜɘŬɑɞɡ ɛɞɜŰɏɚɞ, ɏŰůɘ ŰŬ ůɨɜɞɚŬ 

ɛˊɞɟɞɨɜ ɜŬ ɗŮɤɟɖɗɞɨɜ ɤɠ ɏɜŬɠ Űɟɧˊɞɠ ɔɘŬ Űɖɜ ŬɜŰɘůŰɎɗɛɘůɖ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ əŬəɐ 

ŮəɛɎɗɖůɖ ŮəŰŮɚɩɜŰŬɠ ˊɞɚɚɩɜ Ůˊɘˊɚɏɞɜ ɡˊɞɚɞɔɘůɛɩɜ. Ƀɘ ŰŬɢŮɑɠ Ŭɚɔɧɟɘɗɛɞɘ, ɧˊɤɠ ŭɏɜŰɟŬ 

ŬˊɧűŬůɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɡɜɐɗɤɠ ɛŮ ůɨɜɞɚŬ (ˊ.ɢ. Random Forest), Ŭɜ əŬɘ ɞɘ 

Ŭɚɔɧɟɘɗɛɞɘ ɛŮ ɛɏŰɟɘŬ ŰŬɢɨŰɖŰŬ ŮəŰɏɚŮůɖɠ ɛˊɞɟɞɨɜ ɜŬ ŮˊɤűŮɚɖɗɞɨɜ Ŭˊɧ Űɘɠ ŰŮɢɜɘəɏɠ 

ůɡɜɧɚɤɜ. 

Ƀ Ŭɚɔɧɟɘɗɛɞɠ ɘůůɞɟɞˊɖɛɏɜɤɜ ŭɘŬŭɞɢɘəɩɜ ůɡɜɧɚɤɜ (Balance cascade algorithm) 

ŭɘŮɟŮɡɜŮɑ Űɖɜ əɡɟɑŬɟɢɖ əɚɎůɖ ɛŮ ŮˊɘɓɚŮˊɧɛŮɜɞ Űɟɧˊɞ, ɧˊɞɡ ɖ easy ensemble ɛŬɗŬɑɜŮɘ 

ŭɘŬűɞɟŮŰɘəɏɠ ˊŰɡɢɏɠ Űɖɠ Ŭɟɢɘəɐɠ əɡɟɑŬɟɢɖɠ əɚɎůɖɠ ɛŮ ŮˊɘɓɚŮˊɧɛŮɜɞ Űɟɧˊɞ. ɆŰɞɜ 

Ŭɚɔɧɟɘɗɛɞ ŬɡŰɧ ɖ ŭɘŬŭɘəŬůɑŬ ɧˊɞɡ ˊɟɞůˊŬɗɞɨɛŮ ɜŬ ŬˊɞɛŬəɟɨɜɞɡɛŮ ˊŬɟŬŭŮɑɔɛŬŰŬ Ŭˊɧ 

Űɖɜ əɡɟɑŬɟɢɖ əɚɎůɖ ɛɏɢɟɘ əŬɜɏɜŬ ɜŬ ɛɖɜ ŮɑɜŬɘ ɛɖ ŰŬɝɘɜɞɛɖɛɏɜɞ (miss-classified). ȷɜ 
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ɏɢɞɡɛŮ ɏɜŬ ŬɜɞɛɞɘɞɔŮɜɐ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ ŮəˊŬɑŭŮɡůɖɠ, ˊɟɞůˊŬɗɞɨɛŮ ɜŬ 

ɘůɞɟɟɞˊɐůɞɡɛŮ Űɖɜ əɡɟɑŬɟɢɖ əɚɎůɖ əŬɘ Űɖɜ əɚɎůɖ ɛŮɘɞɣɖűɑŬɠ. ȰŰůɘ ŭɖɛɘɞɡɟɔŮɑŰŬɘ Űɞ 

ɛɞɜŰɏɚɞ, əŬɘ ɛŬɕɑ ɛŮ Űɖɜ əɚɎůɖ əɡɟɘŬɟɢɑŬɠ Űɤɜ Ŭɟɢɘəɩɜ ŬɜɞɛɞɘɞɔŮɜɩɜ ůɡɜɧɚɤɜ 

ŭŮŭɞɛɏɜɤɜ ŮəˊŬɑŭŮɡůɖɠ ŰŬɝɘɜɞɛɞɨɜŰŬɘ ůŰɖɜ əɚɎůɖ əɡɟɘŬɟɢɑŬɠ ˊŬɟŬŰɖɟɐůŮɘɠ ˊɞɡ ŮɑɢŬɜ 

ɛŮɑɜŮɘ ŮəŰɧɠ. ɆŰɖ ůɡɜɏɢŮɘŬ ŬˊɞɛŬəɟɨɜɞɜŰŬɘ ŰŬ ůɤůŰɎ ŰŬɝɘɜɞɛɖɛɏɜŬ ˊŬɟŬŭŮɑɔɛŬŰŬ əŬɘ 

ɏŰůɘ ˊɟɞəɨˊŰŮɘ Űɞ ɜɏɞ ůɨɜɞɚɞ ŮəˊŬɑŭŮɡůɖɠ. 

 

3.4.4 ȷɚɔɧɟɘɗɛɞɠ AdaBoost  

Ƀ óŬɚɔɧɟɘɗɛɞɠ AdaBoostô, ůɡɜŰɞɛɞɔɟŬűɑŬ Űɞɡ Adaptive Boosting, ŮɑɜŬɘ ɏɜŬɠ 

ɛŮŰŬ-Ŭɚɔɧɟɘɗɛɞɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɛŮ Ɏɚɚɞɡɠ 

Ŭɚɔɞɟɑɗɛɞɡɠ ɛɎɗɖůɖɠ ɔɘŬ ɜŬ ɓŮɚŰɘɩůŮɘ Űɖɜ Ŭˊɧŭɞůɐ Űɞɡɠ. Ƀ Ŭɚɔɧɟɘɗɛɞɠ ŬɡŰɧɠ ŮɑɜŬɘ 

ŮɡŬɑůɗɖŰɞɠ ůŮ ɗɞɟɡɓɩŭɖ ŭŮŭɞɛɏɜŬ əŬɘ ˊɟɞůŬɟɛɧůɘɛɞɠ ɛŮ Űɖɜ ɏɜɜɞɘŬ ɧŰɘ ŭɘŬŭɞɢɘəɞɑ 

ŰŬɝɘɜɞɛɖŰɏɠ ˊɞɡ əŬŰŬůəŮɡɎɕɞɜŰŬɘ ŮɑɜŬɘ  ˊɟɞůŬɜŬŰɞɚɘůɛɏɜɞɘ ˊɟɞɠ ůŰɘɔɛɘɧŰɡˊŬ ɛŮ 

ŮůűŬɚɛɏɜɖ ŰŬɝɘɜɧɛɖůɖ Ŭˊɧ ˊɟɞɖɔɞɨɛŮɜɞɡɠ ŰŬɝɘɜɞɛɖŰɏɠ. Ƀɘ ŰŬɝɘɜɞɛɖŰɏɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ óŬůɗŮɜŮɑɠô (ŭɖɚŬŭɐ ɜŬ ŭŮɑɢɜɞɡɜ ɛɑŬ ɞɡůɘŬůŰɘəɐ Űɘɛɐ 

ůűɎɚɛŬŰɞɠ), ŬɚɚɎ Ůűɧůɞɜ ɖ Ŭˊɧŭɞůɐ Űɞɡɠ ŭŮɜ ŮɑɜŬɘ ŰɡɢŬɑŬ ŬɜŬɛɏɜŮŰŬɘ ɜŬ ɓŮɚŰɘɩůɞɡɜ Űɞ 

ŰŮɚɘəɧ ɛɞɜŰɏɚɞ. 

Ƀ Ŭɚɔɧɟɘɗɛɞɠ AdaBoost ŭɖɛɘɞɡɟɔŮɑ əŬɘ əŬɚŮɑ ɏɜŬ ɜɏɞ ŬůɗŮɜɐ ŰŬɝɘɜɞɛɖŰɐ ůŮ əɎɗŮ 

ɛɑŬ ůŮɘɟɎ Űɘɛɩɜ  t=1,2,é,T. ũɘŬ əɎɗŮ əɚɐůɖ, ɛɑŬ əŬŰŬɜɞɛɐ ɓŬɟɩɜ Dt  ŮɜɖɛŮɟɩɜŮŰŬɘ ɏŰůɘ 

ɩůŰŮ ɜŬ ŭŮɑɢɜŮɘ Űɖ ůɖɛŬůɑŬ Űɤɜ ˊŬɟŬŭŮɘɔɛɎŰɤɜ ůŰɞ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ ɔɘŬ Űɖɜ 

ŰŬɝɘɜɧɛɖůɖ. ɆŮ əɎɗŮ ůŮɘɟɎ ŰŬ ɓɎɟɖ əɎɗŮ ˊŬɟŬŭŮɑɔɛŬŰɞɠ ŮůűŬɚɛɏɜɖɠ ŰŬɝɘɜɧɛɖůɖɠ 

ŬɡɝɎɜɞɜŰŬɘ əŬɘ ŰŬ ɓɎɟɖ əɎɗŮ ůɤůŰɐɠ ŰŬɝɘɜɧɛɖůɖɠ ɛŮɘɩɜɞɜŰŬɘ, ɏŰůɘ ɩůŰŮ ɞ ɜɏɞɠ 

ŰŬɝɘɜɞɛɖŰɐɠ ŮůŰɘɎɕŮŰŬɘ ůŮ ˊŬɟŬŭŮɑɔɛŬŰŬ ˊɞɡ ɏɢɞɡɜ ŬˊɞűɨɔŮɘ ůɤůŰɐ ŰŬɝɘɜɧɛɖůɖ (Fan et 

al.,1999; Freud and Schapire, 1997).  

Ƀ Ŭɚɔɧɟɘɗɛɞɠ AdaBoost ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ Űɞ ŮɚɎɢɘůŰɞ ŬɜŬɛŮɜɧɛŮɜɞ əɟɘŰɐɟɘɞ 

əɧůŰɞɡɠ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ Ŭəɧɚɞɡɗɖ Ŭɚɔɞɟɘɗɛɘəɐ ŭɘŬŭɘəŬůɑŬ (Ting, 2000): 

ɈˊɞɗɏůŰŮ ɧŰɘ ɇ ŮɑɜŬɘ ɏɜŬ ůɨɜɞɚɞ ŭɞəɘɛɩɜ ˊɞɡ ˊŮɟɘɏɢŮɘ Ɂ-ˊŬɟŬŭŮɑɔɛŬŰŬ (xn , yn) 

əŬɘ ɏůŰɤ ɧŰɘ L ŮɑɜŬɘ ɛɑŬ ɓɎůɖ Ŭɚɔɞɟɑɗɛɤɜ ɛɎɗɖůɖɠ əŬɘ cost ŮɑɜŬɘ ɏɜŬɠ ˊɑɜŬəŬɠ əɧůŰɞɡɠ. 

Ƀ Ŭɚɔɧɟɘɗɛɞɠ AdaBoost ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ Ŭəɧɚɞɡɗɖ ŭɘŬŭɘəŬůɑŬ (Ting, 2000): 
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ȷɚɔɧɟɘɗɛɞɠ AdaBoost (T, L , Cost, K,H* ) 

Ⱥɑůɞŭɞɠ: ɇ (ůɨɜɞɚɞ ŭɞəɘɛɩɜ ˊɞɡ ˊŮɟɘɏɢŮɘ Ɂ-ˊŬɟŬŭŮɑɔɛŬŰŬ), Ɂ, L (ɓɎůɖ 

Ŭɚɔɞɟɑɗɛɤɜ ɛɎɗɖůɖɠ), Cost (ˊɑɜŬəŬɠ əɧůŰɞɡɠ)
 

Ȱɝɞŭɞɠ: H* , ( ) ( ) ()i  

k kP i / x log F . h x
 

 

ɈˊɞɚɞɔɘůŰɘəɐ ȹɘŬŭɘəŬůɑŬ:
 

ȷɟɢɘəɞˊɞɑɖůɖ: ɗŮɤɟŮɑůŰŮ ɧɚŬ ŰŬ ɓɎɟɖ ůŰɘɔɛɘɧŰɡˊɤɜ w1(n)=1 

ũɘŬ k 1, ,K= »   

(i) ɗŮɤɟɐůŰŮ ɏɜŬ ɛɞɜŰɏɚɞkh ŮűŬɟɛɧɕɞɜŰŬɠ L ůŮ ɇ ɡˊɧ Űɖɜ əŬŰŬɜɞɛɐ ɓŬɟɩɜkw .     

ɆɖɛŮɘɩůŰŮ ɧŰɘ kh (x) ŭɖɚɩɜŮɘ Űɖɜ ˊɟɞɓɚŮˊɧɛŮɜɖ ŰɎɝɖ əŬɘ  [ ]i

kh (x) 0,  1   

          ŭɖɚɩɜŮɘ Űɞ ŮˊɑˊŮŭɞ ŮɛˊɘůŰɞůɨɜɖɠ Űɖɠ ˊɟɧɓɚŮɣɖɠ ɔɘŬ Űɖɜ ŰɎɝɖ i. 

(ii)  Űɞ ɇ ŰŬɝɘɜɞɛŮɑŰŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ hk. ɇɞ ůűɎɚɛŬ Ůk  Űɞɡ ɛɞɜŰɏɚɞɡ  

ɞɟɑɕŮŰŬɘ ɤɠ   

                            

k   k

( )

 ( w (n) ) / N.
xn T
hk xn yn

e
Í
¸

= ä  

 (iii) Űɞ ůŰɘɔɛɘɧŰɡˊɞ ɓɎɟɞɡɠ 
(k 1)w  +
ŭɖɛɘɞɡɟɔŮɑŰŬɘ Ŭˊɧ Űɞ wk  ɛŮ Űɞɜ Ŭəɧɚɞɡɗɞ 

Űɟɧˊɞ:      

 

() ( )

( )

(k) k k n n

(k 1)

(k) k

½ 

k k k

  w   n  .F  ,   h x y
w  (n) 

w  (n) / F ,  

                      F  1  /  .

Ɏ

ɧ

an

diajoretik

pou e e

+

ëî
=ì
îí

= -è øê ú

 

 () () () ( )i  

j kH*  x   arg min log F k  . h x .Cost i,  j  .
i k

= ää
 

 ȺɘəɧɜŬ 3.4: ȷɚɔɧɟɘɗɛɞɠ AdaBoost  
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3.4.5 ȷɚɔɧɟɘɗɛɞɠ AdaCost 

Ƀ óŬɚɔɧɟɘɗɛɞɠ AdaCostô, ɛɑŬ Űɟɞˊɞˊɞɑɖůɖ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ AdamBoost (Feund 

and Schapire, 1997), ŮɑɜŬɘ ɛɑŬ ŮůűŬɚɛɏɜɖɠ ŰŬɝɘɜɧɛɖůɖɠ ŮɜŭɡɜŬɛɤɛɏɜɖ ɛɏɗɞŭɞɠ ɛŮ 

ŮɡŬɘůɗɖůɑŬ əɧůŰɞɡɠ, ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ Űɞ əɧůŰɞɠ Űɤɜ ŮůűŬɚɛɏɜɤɜ ŰŬɝɘɜɞɛɐůŮɤɜ ɔɘŬ ɜŬ 

ŮɜɖɛŮɟɩůŮɘ Űɖ ŭɞəɘɛŬůŰɘəɐ əŬŰŬɜɞɛɐ ůŮ ŭɘŬŭɞɢɘəɏɠ ŮˊŬɜŬɚɐɣŮɘɠ ɛŮ ŬɜŰɘəŮɘɛŮɜɘəɧ ůəɞˊɧ 

ɜŬ ŮɚŬŰŰɩůŮɘ Űɞ Ɏɜɤ ɧɟɘɞ Űɞɡ ůɡůůɤɟŮɡɛɏɜɞɡ əɧůŰɞɡɠ ɛŮ ŮůűŬɚɛɏɜɞ əɧůŰɞɠ Űɞɡ 

ŭɞəɘɛŬůŰɘəɞɨ ůɡɜɧɚɞɡ (Fan et al., 1999). 

Ƀ Ŭɚɔɧɟɘɗɛɞɠ AdaCost (Fan et al., 1999) ˊŬɟɞɡůɘɎɕŮɘ ɛɑŬ ůɡɜɎɟŰɖůɖ əŬɗɞɟɘůɛɞɨ 

əɧůŰɞɡɠ ˊɞɡ ŮɑɜŬɘ ŮɜůɤɛŬŰɤɛɏɜɖ ůŮ ɏɜŬ əŬɜɧɜŬ ŮɜɖɛŮɟɤɛɏɜɤɜ ɓŬɟɩɜ, ŮəɢɤɟŮɑ ɡɣɖɚɏɠ 

Ŭɟɢɘəɏɠ ɓɎɟɖ ůŮ ŭŬˊŬɜɖɟɎ ůŰɘɔɛɘɧŰɡˊŬ əŬɘ ɞ əŬɜɧɜŬɠ ɛŮ ŮɜɖɛŮɟɤɛɏɜŬ ɓɎɟɖ ɗŮɤɟŮɑ Űɞ 

əɧůŰɞɠ əŬɘ ŬɡɝɎɜŮɘ ŰŬ ɓɎɟɖ Űɤɜ ŭŬˊŬɜɖɟɩɜ ŮůűŬɚɛɏɜɤɜ ŰŬɝɘɜɞɛɐůŮɤɜ. ɆŰɖ ůɡɜɏɢŮɘŬ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ AdaCost ůŮ ɛɞɟűɐ ɣŮɡŭɞəɩŭɘəŬ: 

ȷɚɔɧɟɘɗɛɞɠ AdaCost (I ,T,S,D,a,b) 

Ⱥɑůɞŭɞɠ:  I ( Ŭ ˊŬɟŬəɘɜɖŰɐɠ ɓɎůɖɠ), ɇ (Ŭɟɘɗɛɧɠ ŮˊŬɜŬɚɐɣŮɤɜ) 

  ( ) ( ){ } { }1 1 1 m m m i i iS  x ,  c ,  y   x ,  c ,  y ,  x X,  c R ,  y 1,  1+= » - +
 

Ȱɝɞŭɞɠ: D, Ŭ ,ɓ 

 

ɈˊɞɚɞɔɘůŰɘəɐ ȹɘŬŭɘəŬůɑŬ: 

ȸɐɛŬ 1:    ŬɟɢɘəɞˊɞɑɖůŮ D1(i)  (T: ŰɏŰɞɘɞ ɩůŰŮ     1 i jD (i)  c / c  
m

j

= ä ) 

ȸɐɛŬ 2:    ŮˊŬɜɏɚŬɓŮ ŰŬ ŬəɧɚɞɡɗŬ: 

ȸɐɛŬ 3:  ɗŮɩɟɖůŮ Űɞɜ óŬůɗŮɜɐ ˊŬɟŬəɘɜɖŰɐô (weak inducer) ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ əŬŰŬɜɞɛɐ 

Dt  

ȸɐɛŬ 4:    ɡˊɞɚɧɔɘůŮ Űɞɜ ŬůɗŮɜɐ ŰŬɝɘɜɞɛɖŰɐ h : X R­  

ȸɐɛŬ 5:    ŮˊɏɚŮɝŮ t RaÍ əŬɘ (i) Rb +Í  

ȸɐɛŬ 6:    ŮɜɖɛɏɟɤůŮ () () ( )()t 1 i  t i t i tD i   D i  exp[ y h x   i ] /  Za b+ = -  
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ȸɐɛŬ 7: t (t 1)« +  

ȸɐɛŬ 8: Ůűɧůɞɜ t T¢ , ˊɐɔŬɘɜŮ ůŰɞ ȸɐɛŬ 3, ŭɘŬűɞɟŮŰɘəɎ 

ȸɐɛŬ 9:  ŰŮɟɛŬŰɘůɛɧɠ ɡˊɞɚɞɔɘůŰɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ əŬɘ ŰɨˊɤůŮ D, Ŭ əŬɘ ɓ. 

ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ tZ ŮɑɜŬɘ ɏɜŬɠ əŬɜɞɜɘəɞˊɞɘɖɛɏɜɞɠ ˊŬɟɎɔɞɜŰŬɠ ŮˊɘɚŮɔɛɏɜɞɠ ɏŰůɘ ɩůŰŮ 

t 1D +  ŮɑɜŬɘ ɛɑŬ əŬŰŬɜɞɛɐ, i t i i(i)  (sign(y h (x )),c )b b=  ŮɑɜŬɘ ɛɑŬ ůɡɜɎɟŰɖůɖ əŬɗɞɟɘůɛɞɨ 

əɧůŰɞɡɠ. ȼ ŰŮɚɘəɐ ŰŬɝɘɜɧɛɖůɖ t tH(x) sign{f (x)},   f (x)   h (x)ɧpou a= = . 

     ȺɘəɧɜŬ 3.5: ȷɚɔɧɟɘɗɛɞɠ AdaCost 

 

3.4.6  ȷɚɔɧɟɘɗɛɞɠ Ůɜɑůɢɡůɖɠ ŮɡŬɘůɗɖůɑŬɠ əɧůŰɞɡɠ (Cost Sensitive boosting) 

 ȼ ůŰɟŬŰɖɔɘəɐ ɟɨɗɛɘůɖɠ ɓɎɟɞɡɠ (weighting strategy) Űɤɜ AdaBoost ŮɑɜŬɘ ɜŬ ŬɡɝɐůŮɘ ŰŬ 

ɓɎɟɖ Űɤɜ ɛɖ ŰŬɝɘɜɞɛɖɛɏɜɤɜ ŭŮɘɔɛɎŰɤɜ əŬɘ ɜŬ ɛŮɘɩůŮɘ ŰŬ ɓɎɟɖ Űɤɜ ůɤůŰɎ ŰŬɝɘɜɞɛɖɛɏɜɤɜ 

ŭŮɘɔɛɎŰɤɜ ɛɏɢɟɘɠ ɧŰɞɡ ɞɘ əŬŰŬɜɞɛɏɠ ŭŮɑɔɛŬŰɞɠ ɛŮ ɓɎɟɞɠ ɛŮŰŬɝɨ Űɤɜ ɛɖ ŰŬɝɘɜɞɛɖɛɏɜɤɜ ŭŮɘɔɛɎŰɤɜ 

əŬɘ Űɤɜ ůɤůŰɎ ŰŬɝɘɜɞɛɖɛɏɜɤɜ ŭŮɘɔɛɎŰɤɜ ŮɑɜŬɘ ˊŬɟɧɛɞɘŮɠ ůŮ əɎɗŮ ɔɨɟɞ . ȼ ůŰɟŬŰɖɔɘəɐ ɟɨɗɛɘůɖɠ 

ɓɎɟɞɡɠ, ŭɘŬəɟɑɜŮɘ ŰŬ ŭŮɑɔɛŬŰŬ ůŰɘɠ Ůɝɧŭɞɡɠ Űɖɠ ŰŬɝɘɜɧɛɖůɐ Űɞɡɠ ɤɠ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŰŬɝɘɜɞɛɞɨɜŰŬɘ 

ůɤůŰɎ ɐ ɧɢɘ.  

 ȼ ůŰɟŬŰɖɔɘəɐ ŬɡŰɐ ɧɛɤɠ, ŬɜŰɘɛŮŰɤˊɑɕŮɘ ŭŮɑɔɛŬŰŬ Ŭˊɧ ŭɘɎűɞɟŮɠ əɚɎůŮɘɠ Űɞ ɑŭɘɞ, ŭɖɚŬŭɐ ŰŬ 

ɓɎɟɖ Űɤɜ ɛɖ ŰŬɝɘɜɞɛɏɜɤɜ ŭŮɘɔɛɎŰɤɜ Ŭˊɧ ŭɘŬűɞɟŮŰɘəɏɠ əɚɎůŮɘɠ ŬɡɝɐɗɖəŬɜ Ŭˊɧ ɏɜŬ ˊŬɜɞɛɞɘɧŰɡˊɞ 

ɚɧɔɞ , əŬɘ ŰŬ ɓɎɟɖ Ŭˊɧ Űɖɜ ůɤůŰɐ ŰŬɝɘɜɞɛɖůɖ ŭŮɘɔɛɎŰɤɜ Ŭˊɧ ŭɘŬűɞɟŮŰɘəɏɠ əɚɎůŮɘɠ  ɛŮɘɩɗɖəŬɜ 

Ŭˊɧ Ɏɚɚɞ ˊŬɜɞɛɞɘɧŰɡˊɞ ɚɧɔɞ. Ƀ ɛŬɗɖůɘŬəɧɠ ůŰɧɢɞɠ ůŰɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ Űɖɠ 

ŬɜɞɛɞɘɞɔŮɜɐɠ əɚɎůɖɠ ŮɑɜŬɘ ɜŬ ɓŮɚŰɘɩůŮɘ Űɖɜ Ŭˊɧŭɞůɖ ŬɜŬɔɜɩɟɘůɖɠ ůŮ ɛɘəɟɏɠ əɚɎůŮɘɠ.  

 Ƀ ɛŬɗɖůɘŬəɧɠ ůŰɧɢɞɠ ŬɡŰɧɠ ŬɜŬɛɏɜŮɘ ɧŰɘ ɖ ůŰɟŬŰɖɔɘəɐ ɟɨɗɛɘůɖɠ ɓɎɟɞɡɠ Ůɜɧɠ Ŭɚɔɞɟɑɗɛɞɡ 

Ůɜɑůɢɡůɖɠ (boosting algorithm) ɗŬ ŭɘŬŰɖɟɐůŮɘ ɏɜŬ ůɖɛŬɜŰɘəɧ ɛŮɔŮɗɞɠ ŭŮɑɔɛŬŰɞɠ ɛŮ ɓɎɟɖ Űɖɠ 

ɛɘəɟɐɠ əɚɎůɖɠ. ɀɑŬ ŮˊɘɗɡɛɖŰɐ ůŰɟŬŰɖɔɘəɐ Ůɜɑůɢɡůɖɠ ɛŮ Űɖɜ ɞˊɞɑŬ ŮɑɜŬɘ ůŮ ɗɏůɖ ɜŬ ŭɘŬəɟɑɜŮɘ 

ŭɘŬűɞɟŮŰɘəɞɨɠ Űɨˊɞɡɠ ŭŮɘɔɛɎŰɤɜ, əŬɘ ɜŬ ŮɜɘůɢɨůŮɘ ˊŮɟɘůůɧŰŮɟŬ ɓɎɟɖ ůŮ ŬɡŰɎ ŰŬ ŭŮɑɔɛŬŰŬ ˊɞɡ 

ůɡɜŭɏɞɜŰŬɘ ɛŮ ɡɣɖɚɧŰŮɟɖ ůɖɛŬůɑŬ ŰŬɡŰɞˊɞɑɖůɖɠ.  

ɆɢŮŰɘəɎ ɛŮ Űɞ əɧůŰɞɠ ŮɡŬɘůɗɖůɑŬɠ, ůŰŬ ŭɏɜŰɟɤɜ ŬˊɧűŬůɖɠ ŮɑɜŬɘ ɓŬůɘůɛɏɜɞ ůŰɞɜ Ŭɚɔɧɟɘɗɛɞ 

C4.5, ˊɞɡ ɏɢɞɡɛŮ ˊŮɟɘɔɟɎɣŮɘ ůŮ ˊŬɟŬˊɎɜɤ əŮűɎɚŬɘɞ. ȳŰŬɜ ɢŰɑɕŮɘɠ ɏɜŬ ŭɏɜŰɟɞ ŬˊɧűŬůɖɠ, ůŮ əɎɗŮ 

ɓɐɛŬ, ŬɜŰɑ ɜŬ ŭɘŬɚɏɔŮɘɠ ɏɜŬ ɢŬɟŬəŰɖɟɘůŰɘəɧ ŮɚŬɢɘůŰɞˊɞɘŮɑ Űɖɜ ŮɜŰɟɞˊɑŬ (ɧˊɤɠ ɞ Ŭɚɔɧɟɘɗɛɞɠ 

C4.5), Űɞ əɧůŰɞɠ ŮɡŬɘůɗɖůɑŬɠ Űɤɜ ŭɏɜŰɟɤɜ ŬˊɧűŬůɖɠ ŭɘŬɚɏɔŮɘ ɏɜŬ ɢŬɟŬəŰɖɟɘůŰɘəɧ ˊɞɡ ɛŮɘɩɜŮɘ 

əŬɘ ŮɚŬɢɘůŰɞˊɞɘɏɘ Űɞ ůɡɜɞɚɘəɧ əɧůŰɞɠ Űɤɜ ɛɖ ŰŬɝɘɜɞɛɖɛɏɜɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ (misclassification 
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cost) əŬɘ Űɞ əɧůŰɞɠ ŮɚŮɔɢɞɡ (test cost), ɔɘŬ Űɞɜ ŭɘŬɛɞɘɟŬůɛɧ. ɄŬɟɧɛɞɘŬ ɛŮ Űɞɜ Ŭɚɔɧɟɘɗɛɞ C4.5, Űɞ 

əɧůŰɞɠ ŮɡŬɘůɗɖůɑŬɠ Űɤɜ ŭɏɜŰɟɤɜ ŬˊɧűŬůɖɠ ŮˊɘɚɏɔŮɘ ɏɜŬ Űɞˊɘəɧ ɓɏɚŰɘůŰɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ.  

ȾŬŰŬůəŮɡɎɕŮɘ ɏɜŬ ŭɏɜŰɟɞ ŬˊɧűŬůɖɠ ŮɡŬɑůɗɖŰɞ ůŰɞ əɧůŰɞɠ, ɞɘ ŬˊɞűɎůŮɘɠ ɛŮ Űɘɠ ɞˊɞɑŮɠ ŰŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ŭɘŬɢɤɟɑɕɞɜŰŬɘ, ɛˊɞɟɞɨɜ ɜŬ ˊɟɞůŭɘɞɟɑůŰɞɨɜ ɡˊɞɚɞɔɑɕɞɜŰŬɠ Űɞ ɛɖ ŰŬɝɘɜɞɛɖɛɏɜɞ 

əɧůŰɞɠ ɔɘŬ əɎɗŮ ˊɘɗŬɜɧ ŭɘŬɢɤɟɘůɛɧ, ŭɘŬɚɏɔɞɜŰŬɠ ŬɡŰɧ ɛŮ Űɞ ɛɘəɟɧŰŮɟɞ əɧůŰɞɠ. Ƀ Elkan (2001) 

ɏŭŮɘɝŮ ɧŰɘ ŬɡŰɐ ɖ  ˊɟɞůɏɔɔɘůɖ ɞŭɖɔŮɑ ůŮ ɏɜŬ ŰŬɝɘɜɞɛɖɛɏɜɞ ɛɞɜŰɏɚɞ ɧˊɞɡ ŮɚŬɢɘůŰɞˊɞɘŮɑ Űɞ əɧůŰɞɠ 

Űɤɜ ɛɖ ŰŬɝɘɜɞɛɖɛɏɜɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡ ůɡɜɧɚɞɡ ŮəˊŬɑŭŮɡůɖɠ, ŬɚɚɎ ŭŮɜ ˊŬɟɎɔŮɘ ɏɜŬ 

ɓɏɚŰɘůŰɞ ɛɞɜŰɏɚɞ ɧŰŬɜ ŮűŬɟɛɧɕɞɜŰŬɘ ŭŮŭɞɛɏɜŬ, ŰŬ ɞˊɞɑŬ ŭŮɜ ŮɑɜŬɘ ɞɟŬŰɎ (unseen data), ɚɧɔɤ Űɞɡ 

ɡˊŮɟŰŬɘɟɘɎůɛŬŰɞɠ. 

 

3.4.7 ȷɚɔɧɟɘɗɛɞɠ MetaCost 

ɇɘɠ ŰŮɚŮɡŰŬɑŮɠ ŭŮəŬŮŰɑŮɠ ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ ůɖɛŬɜŰɘəɎ ɜɏɞɘ Ŭɚɔɧɟɘɗɛɞɘ 

ŰŬɝɘɜɧɛɖůɖɠ (classifiers) ɔɘŬ ŬɜɞɛɞɘɞɔŮɜɐ ŭŮŭɞɛɏɜŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖ ɀɖɢŬɜɘəɐ 

ɀɎɗɖůɖ, ɆŰŬŰɘůŰɘəɐ əŬɘ ɎɚɚŬ ůɢŮŰɘəɎ ˊŮŭɑŬ əŬɘ ŮűŬɟɛɞɔɏɠ. Ƀɘ ˊŮɟɘůůɧŰŮɟɞɘ Ŭˊɧ Űɞɡɠ 

Ŭɚɔɞɟɑɗɛɞɡɠ ŬɡŰɞɨɠ ɡˊɞɗɏŰɞɡɜ ɧŰɘ ɧɚŬ ŰŬ ůűɎɚɛŬŰŬ ɏɢɞɡɜ Űɞ ɑŭɘɞ əɧůŰɞɠ əŬɘ ɖ 

əŬŰŬůəŮɡɐ əɎɗŮ ŰɏŰɞɘɞɡ ŰŬɝɘɜɞɛɖŰɐ ɛŮ ŮɡŬɘůɗɖůɑŬ əɧůŰɞɡɠ ŬˊɞŰŮɚŮɑ Ůɟɔɩŭɖ əŬɘ ůɡɢɜɎ  

ɛɖ-ŰŮŰɟɘɛɛɏɜɖ ŮɟɔŬůɑŬ.  

 Ƀ óŬɚɔɧɟɘɗɛɞɠ MetaCostô ŬˊɞŰŮɚŮɑ ɛɑŬ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ ɏɜŬ ŬɡɗŬɑɟŮŰɞ 

ŰŬɝɘɜɞɛɖŰɐ ɛŮ ŮɡŬɘůɗɖůɑŬ əɧůŰɞɡɠ əŬŰŬůəŮɡɎɕɞɜŰŬɠ ɛɑŬ ˊɟɞůŬɟɛɞůɛɏɜɖ ŭɘŬŭɘəŬůɑŬ 

ŮɚŬɢɘůŰɞˊɞɑɖůɖɠ əɧůŰɞɡɠ. ȼ ůɡɜŭɡŬůŰɘəɐ ɛɏɗɞŭɞɠ MetaCost (Domingos, 1998) ŮɑɜŬɘ ɛɘŬ 

Ɏɚɚɖ ɛɏɗɞŭɞɠ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ Ůɜɧɠ ŰŬɝɘɜɞɛɖŰɐ ɛŮ əɧůŰɞɠ ŮɡŬɘůɗɖůɑŬɠ (cost-sensitive). 

ȼ ŭɘŬŭɘəŬůɑŬ ɝŮəɘɜɎ ɛŮ Űɖɜ ŮəˊŬɑŭŮɡůɖ Ůɜɧɠ ɛɞɜŰɏɚɞɡ ɛŮ ŮɡŬɘůɗɖůɑŬ əɧůŰɞɡɠ, 

ŮűŬɟɛɧɕɞɜŰŬɠ ɛɘŬ ɞɘəɞɜɞɛɘəɎ ŮɡŬɑůɗɖŰɖ ŭɘŬŭɘəŬůɑŬ, ɖ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘŮɑ ɏɜŬɜ 

Ŭɚɔɧɟɘɗɛɞ ɛɎɗɖůɖɠ ɓɎůɖɠ. ɆŰɖ ůɡɜɏɢŮɘŬ, ɖ ɛɏɗɞŭɞɠ MetaCost ŮəŰɘɛɎ Űɘɠ ˊɘɗŬɜɧŰɖŰŮɠ Űɖɠ 

əɚɎůɖɠ ɛŮ ɢɟɐůɖ Űɖɠ ɛŮɗɧŭɞɡ ůŬəɞɡɚɘɎůɛŬŰɞɠ (Bagging), ůŰɖ ůɡɜɏɢŮɘŬ 

ŮˊŬɜŬŮŰɘəŮŰɞˊɞɘŮɑ (relabels) ŰŬ ŮəˊŬɘŭŮɡɛɏɜŬ ůŰɘɔɛɘɧŰɡˊŬ ɛŮ ŮɚɎɢɘůŰŮɠ ŬɜŬɛŮɜɧɛŮɜŮɠ 

əɚɎůŮɘɠ Űɞɡ əɧůŰɞɡɠ, əŬɘ Űɏɚɞɠ ŮˊŬɜŮəˊŬɘŭŮɨŮŰŬɘ ɏɜŬ ɛɞɜŰɏɚɞ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ 

Űɟɞˊɞˊɞɘɖɛɏɜɞ ůɨɜɞɚɞ ŮəˊŬɑŭŮɡůɖɠ. Ƀ ŰŬɝɘɜɞɛɖŰɐɠ ŬɡŰɧɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ black-box, 

ɢɤɟɑɠ ɔɜɩůɖ Űɖɠ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ Űɞɡ ɐ ŬɚɚŬɔɩɜ ˊɞɡ ŮˊɘŰŮɚɞɨɜŰŬɘ, əŬɘ ŮűŬɟɛɧɕŮŰŬɘ ɔɘŬ 

əɎɗŮ Ŭɟɘɗɛɧ ŰɎɝŮɤɜ əŬɘ ɔɘŬ ŬɡɗŬɑɟŮŰɞɡɠ ˊɑɜŬəŮɠ əɧůŰɞɡɠ. Ƀ Ŭɚɔɧɟɘɗɛɞɠ MetaCost ůŮ 

ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɛˊɞɟŮɑ ɜŬ ˊŬɟɎɔŮɘ ɛŮɔɎɚŮɠ ɛŮɘɩůŮɘɠ əɧůŰɞɡɠ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɞɜ 

ŰŬɝɘɜɞɛɖŰɐ C4.5 (Domingos, 1996). 
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ȼ ŰŬɝɘɜɧɛɖůɖ ɗŮɤɟŮɑŰŬɘ ůɖɛŬɜŰɘəɧɠ ˊŬɟɎɔɤɜ ůŰɞ ˊŮŭɑɞ Ůɝɧɟɡɝɖɠ ŭŮŭɞɛɏɜɤɜ 

(Data Mining) əŬɘ ŬˊɞŰŮɚŮɑ ŮɜŭɘŬűɏɟɞɜ ŮɟŮɡɜɖŰɘəɧ ɗɏɛŬ ůŮ ŮˊɘůŰɖɛɞɜɘəɎ ˊŮŭɑŬ, ɧˊɤɠ 

ɛɖɢŬɜɘəɐ ɛɎɗɖůɖ, ŬɜŬɔɜɩɟɘůɖ ůɢŮŭɑɤɜ, ɜŮɡɟɤɜɘəɎ ŭɑəŰɡŬ, ůŰŬŰɘůŰɘəɐ əŬɘ ɎɚɚŬ ůɢŮŰɘəɏɠ 

ˊŮɟɘɞɢɏɠ.  

ɆɨɔɢɟɞɜŮɠ ˊɟɞůŮɔɔɑůŮɘɠ ɔɘŬ Űɞɡɠ Ŭɚɔɞɟɑɗɛɞɡɠ ŰŬɝɘɜɧɛɖůɖ ˊŮɟɘɚŬɛɓɎɜɞɡɜ (i) 

ŮˊŬɔɤɔɘəɞɨɠ əŬɜɧɜŮɠ (Michalski, 1983; Domingos, 1996), (ii ) ŮˊŬɔɤɔɘəɎ ŭɏɜŭɟŬ 

ŬˊɞűɎůŮɤɜ (Breiman et al., 1984; Quilan, 1993), (iii ) ɛɎɗɖůɖ ɓŬůɘůɛɏɜɖ ůŮ ůŰɘɔɛɘɧŰɡˊŬ 

(Dasarathy, 1991; Aha et al., 1991), (iv) ɔɟŬɛɛɘəɞɨɠ əŬɘ ɜŮɡɟɤɜɘəɞɨɠ ŰŬɝɘɜɞɛɖŰɏɠ 

(Bishop, 1995), (v) ɛɎɗɖůɖ Bays  (Domingos and Pazzani, 1997; Duda and Hart, 1973) 

ə.Ŭ. 

ɇɞ əɧůŰɞɠ ɛɖ-ŰŬɝɘɜɧɛɖůɖɠ (misclassification) ɛˊɞɟŮɑ ɜŬ ˊŮɟɘɔɟŬűŮɑ ɤɠ ɏɜŬɠ 

ŬɡɗŬɑɟŮŰɞɠ ˊɑɜŬəŬɠ əɧůŰɞɡɠ C(i, j), ɧˊɞɡ C ŮɑɜŬɘ Űɞ əɧůŰɞɠ ɔɘŬ Űɖɜ ˊɟɧɓɚŮɣɖ ɧŰɘ ɏɜŬ 

ˊŬɟɎŭŮɘɔɛŬ ŬɜɐəŮɘ ůŮ ɛɑŬ ŰɎɝɖ i ɧŰŬɜ ˊɟɎɔɛŬŰɘ ŬɜɐəŮɘ ůŰɖɜ ŰɎɝɖ j. ɄɟɞůˊɎɗŮɘŮɠ ɏɢɞɡɜ 

əŬŰŬɓɚɖɗŮɑ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ Ŭɚɔɞɟɑɗɛɤɜ ɛŮ ŮɡŬɘůɗɖůɑŬ əɧůŰɞɡɠ ɛŮ Űɖ ɛŮŰŬŰɟɞˊɐ 

ŰŬɝɘɜɞɛɖŰɩɜ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŮ ůűɎɚɛŬŰŬ ůŮ ŬɜŰɑůŰɞɘɢɞɡɠ ŰŬɝɘɜɞɛɖŰɏɠ ɛŮ ŮɡŬɘůɗɖůɑŬ 

əɧůŰɞɡɠ (Tuney, 1997; Breiman et al., 1984; Provost et al., 1998). 

ũɘŬ Űɖɜ əŬŰŬůəŮɡɐ ŰŬɝɘɜɞɛɖŰɩɜ ɛŮ əɧůŰɞɠ ŮɡŬɘůɗɖůɑŬɠ ɗŮɤɟŮɑŰŬɘ ɏɜŬ ˊŬɟɎŭŮɘɔɛŬ 

x ɛŮ ˊɘɗŬɜɧŰɖŰŬ P(j/x) ɔɘŬ əɎɗŮ ŰɎɝɖ j. ȼ ɓɏɚŰɘůŰɖ ˊɟɧɓɚŮɣɖ Bayes ɔɘŬ Űɞ x ŮɑɜŬɘ ɖ ŰɎɝɖ i 

ˊɞɡ ŮɚŬɢɘůŰɞˊɞɘŮɑ Űɖɜ óɡˊɞɗŮŰɘəɐ ŮˊɘəɘɜŭɡɜɧŰɖŰŬô (conditional risk) (Duda and Hart, 

1973): 

  R(i/x) = ä
j

P(j/x) .C(i, j) .     (5.1) 

Ƀ Ŭɚɔɧɟɘɗɛɞɠ MetaCost ɓŬůɑɕŮŰŬɘ ůŰɖɜ ŮˊŬɜŬ-ŮŰɘəŮŰɞˊɞɑɖůɖ ŭɞəɘɛŬůŰɘəɩɜ 

ˊŬɟŬŭŮɘɔɛɎŰɤɜ ɛŮ ɡˊɞɚɞɔɘůɛɏɜŮɠ ŰɎɝŮɘɠ ŮɚŬɢɘůŰɞˊɞɘɖɛɏɜŮɠ ɤɠ ˊɟɞɠ Űɞ əɧůŰɞɠ əŬɘ ůŰɖɜ 

ŮűŬɟɛɞɔɐ Űɖɠ ɛɎɗɖůɖɠ ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŮ ůűɎɚɛŬŰŬ ůŮ ɜɏŬ ŭɞəɘɛŬůŰɘəɎ ůɨɜɞɚŬ. Ƀ 

Ŭɚɔɧɟɘɗɛɞɠ ŬɡŰɧɠ ɛˊɞɟŮɑ ɜŬ ŮűŬɟɛɞůɗŮɑ ůŮ ɛŮɔɎɚŮɠ ɓɎůŮɘɠ ŭŮŭɞɛɏɜɤɜ (Domingos, 1999). 

Ƀ Ŭɚɔɧɟɘɗɛɞɠ MetaCost ŬɡɝɎɜŮɘ Űɞ ɢɟɧɜɞ ɛɎɗɖůɖɠ əŬŰɎ ɏɜŬ ůŰŬɗŮɟɧ ˊŬɟɎɔɞɜŰŬ 

(ˊŮɟɑˊɞɡ ɑůɞ ˊɟɞɠ Ŭɟɘɗɛɧ Űɤɜ ŮˊŬɜŬɚɖˊŰɘəɩɜ ŭŮɘɔɛɎŰɤɜ [resamples]) ůŮ ůɨɔəɟɘůɖ ɛŮ Űɞɜ 

ŰŬɝɘɜɞɛɖŰɐ ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŮ ůűɎɚɛŬ. ȰɜŬɠ Űɟɧˊɞɠ ŬɜŰɘɛŮŰɩˊɘůɖɠ ŮɑɜŬɘ ɜŬ 

ˊŬɟŬɚɚɖɚɞˊɞɘɐůɞɡɛŮ Űɘɠ ˊɞɚɚŬˊɚɏɠ ŮəŰŮɚɏůŮɘɠ Űɞɡ ŰŬɝɘɜɞɛɖŰɐ ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŮ 

ůűɎɚɛŬŰŬ əŬɗɩɠ Ůˊɑůɖɠ ɜŬ ŮˊɘɚɏɝɞɡɛŮ ŰŬ ŮˊŬɜŬɚɖˊŰɘəɎ ŭŮɑɔɛŬŰŬ ˊɞɡ ŮɑɜŬɘ ɛɘəɟɧŰŮɟŬ 

Ŭˊɧ ŰŬ ŬɟɢɘəɎ ŭɞəɘɛŬůŰɘəɎ ůɨɜɞɚŬ. 

ɇŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ MetaCost ˊŮɟɘɚŬɛɓɎɜɞɡɜ ŰŬ ŬəɧɚɞɡɗŬ: 
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ü Ƀ MetaCost ŮűŬɟɛɧɕŮŰŬɘ ůŮ əɎɗŮ Ŭɟɘɗɛɧ ŰɎɝŮɤɜ əŬɘ ɔɘŬ 

ŬɡɗŬɑɟŮŰɞɡɠ ˊɑɜŬəŮɠ əɧůŰɞɡɠ əŬɘ ˊŬɟɎɔŮɘ ɛŮɔŬɚɨŰŮɟŮɠ ɛŮɘɩůŮɘɠ əɧůŰɞɡɠ ůŮ 

ůɨɔəɟɘůɖ ɛŮ ŰŬɝɘɜɞɛɖŰɏɠ ɎɜŮɡ-əɧůŰɞɡɠ (cost blind) 

ü ȾŬɗɘŮɟɩɜŮɘ ɏɜŬ ˊɟɧŰɡˊɞ ɔɘŬ ůɨɔəɟɘůɖ Ŭɚɔɞɟɑɗɛɤɜ, 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ C4.5 ɛŮ ɡˊɞ-ŭŮɑɔɛŬŰŬ 

ü ȼ ɡˊɞŭŮɘɔɛŬŰɞɚɖɣɑŬ ˊŬɟɎɔŮɘ ɛɑŬ ŮɡŬɘůɗɖůɑŬ ůŮ ŬɚɚŬɔɏɠ ůŰɞ 

əɧůŰɞɠ ŮůűŬɚɛɏɜɖɠ ŰŬɝɘɜɧɛɖůɖɠ (misclassification) əŬɘ əŬŰŬɜɞɛɐ ŰɎɝŮɤɜ 

ü ȼ ɡˊŮɟŭŮɘɔɛŬŰɞɚɖɣɑŬ ŭŮɑɢɜŮɘ ɛɘəɟɐ ŮɡŬɘůɗɖůɑŬ əŬɘ ɡˊɎɟɢŮɘ ůɡɢɜɎ 

ɛɘəɟɐ ŭɘŬűɞɟɎ ůŰɖɜ Ŭˊɧŭɞůɖ ɧŰŬɜ Űɞ əɧůŰɞɠ ŮůűŬɚɛɏɜɖɠ ŰŬɝɘɜɧɛɖůɖɠ 

ɛŮŰŬɓɎɚɚŮŰŬɘ. ɀˊɞɟŮɑ ɜŬ ɔɑɜŮɘ Ůˊɑůɖɠ ŮɡŬɑůɗɖŰɖ əɧůŰɞɡɠ Ŭɜ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ 

əŬŰɎɚɚɖɚŮɠ ˊŬɟɎɛŮŰɟɞɘ ŰŮɟɛŬŰɘůɛɞɨ ůŮ ŬɜŬɚɞɔɑŬ ɛŮ Űɞ ˊɞůɧ Űɖɠ 

ɡˊŮɟŭŮɘɔɛŬŰɞɚɖɣɑŬɠ. 

ü ɇɞ ŮˊɘˊɟɧůɗŮŰɞ ɡˊɞɚɞɔɘůŰɘəɧ əɧůŰɞɠ Ŭˊɧ Űɖ ɢɟɖůɘɛɞˊɞɑɖůɖ 

ɡˊŮɟŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ŮɑɜŬɘ ŬŭɘəŬɘɞɚɧɔɖŰɞ əŬɗɩɠ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɖ Ŭˊɧŭɞůɖ ɜŬ ŮɑɜŬɘ 

ˊŮɟɑˊɞɡ ɖ ɑŭɘŬ ɛŮ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ɡˊɞŭŮɘɔɛŬŰɞɚɖɣɑŬɠ. 

 

ȷɚɔɧɟɘɗɛɞɠ Metacost (S,L,C,m,n,p,q) 

Ⱥɑůɞŭɞɠ:ŮəɛɎɗɖůɖ ůɡɜɧɚɞɡ (ensemble) S, ŮəɛɎɗɖůɖ ŰŬɝɘɜɞɛɖŰɐ L, ˊɑɜŬəŬɠ əɧůŰɞɡɠ C, ˊɚɐɗɞɠ 

Űɖɠ ŮˊŬɜŬŭŮɘɔɛŬŰɞɚŮɘɣɑŬɠ (resample) m, ˊɚɐɗɞɠ Űɤɜ ˊŬɟŬŭŮɘɔɛɎŰɤɜ ůŮ əɎɗŮ ŮˊŬɜŬŭŮɘɔɛŬŰɞɚŮɘɣɑŬ 

n, p ŮɑɜŬɘ Ŭɚɖɗɐɠ Ŭɜ əŬɘ ɛɧɜɞ Ŭɜ  ɖ L ˊŬɟɎɔŮɘ ɛɘŬ əɚɎůɖ Ŭˊɧ ˊɘɗŬɜɧŰɖŰŮɠ, q ŮɑɜŬɘ Ŭɚɡɗɐɠ Ŭɜ əŬɘ 

ɛɧɜɞ Ŭɜ ɧɚŮɠ ɞɘ ŮˊŬɜŬŭŮɘɔɛŬŰɞɚɖɣɑŮɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ əɎɗŮ ˊŬɟɎŭŮɘɔɛŬ. 

Ȱɝɞŭɞɠ: x 

ɈˊɞɚɞɔɘůŰɘəɐ ȹɘŬŭɘəŬůɑŬ: 

ũɘŬ i=1, m 

   ŪɏůŮ SI ɔɘŬ ŮˊŬɜŬŭŮɘɔɛŬŰɞɚɖɣɑŬ S ɛŮ  n ˊŬɟŬŭŮɑɔɛŬŰŬ 

    ɗɏůŮ Mi = ɛɞɜŰɏɚɞ əŬŰŬůəŮɡŬůɛɏɜɞ ŮűŬɟɛɧɕɞɜŰŬɠ L ůŰɞ S,  

ɔɘŬ əɎɗŮ ˊŬɟɎŭŮɘɔɛŬ x ůŰɞ S 

ɔɘŬ əɎɗŮ əɚɎůɖ ůɨɜɞɚɞ j  

1
( / ) ( / , )

1
i

ii

P j x P j x M= ä
ä , 

ȳˊɞɡ Ŭɜ p ŰɧŰŮ  P(j / x, Mi  )   ˊŬɟɎɔŮŰŬɘ Ŭˊɧ Mi . 

ɇɧŰŮ  P(j / x, Mi  ) =1 ɔɘŬ əɎɗŮ əɚɎůɖ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ  Mi ɔɘŬ x, əŬɘ 0 ɔɘŬ ɧɚŮɠ Űɘɠ ɎɚɚŮɠ. 

ȷɜ q ŰɧŰŮ ɖ əɚɎůɖ i Ůˊɘ ɧɚɤɜ Mi  

ŰɧŰŮ ɖ əɚɎůɖ i Ůˊɘ ɧɚɤɜ Mi  ŰɏŰɞɘŬ ɩůŰŮ  ix SÍ
 



  ɤɭɩɢɬɚɣɠ ɚɦɚɫɬɚɫɢɚ ɝɠɥɠɬɪɚ 
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argmin ( / ) ( , )i

j

x P j x C i j= ä
 

ɗɏůŮ Űɖɜ əɚɎůɖ Űɞɡ , 

ɗɏůŮ M= ɛɞɜŰɏɚɞ ˊŬɟŬɔɤɔɐɠ Ŭˊɧ Űɖɜ ŮűŬɟɔɛɞɔɐ Űɞɡ L ůŰɞ S, 

ŮˊɘůŰɟɞűɐ ůŰɞ M. 

ȺɘəɧɜŬ 3.6: ɮ˂ʴˈˊʽʻ˃ˇˌ Metacost 

 

ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ MetaCost ŮɑɜŬɘ ɏɜŬɠ ɛŮŰŬ-ŰŬɝɘɜɞɛɖŰɐɠ ˊɞɡ ˊŬɟɎɔŮɘ 

ˊŬɟɧɛɞɘŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɛŮ ŮəŮɑɜŬ ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ɛŮ Űɞ ˊɏɟŬůɛŬ Űɞɡ ɓŬůɘəɞɨ ŰŬɝɘɜɞɛɖŰɐ 

ɛɎɗɖůɖɠ (bagging) ˊɞɡ ɛŮ Űɖ ůŮɘɟɎ Űɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŮ Ŭˊɧ Űɞɜ ŰŬɝɘɜɞɛɖŰɐ CostSensitive ˊɞɡ 

ɚŮɘŰɞɡɟɔŮɑ ɛŮ ŮɚɎɢɘůŰɞ əɧůŰɞɠ. ȼ ŮűŬɟɛɞɔɐ ŬɡŰɐ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůŮɘ ɧɚŮɠ Űɘɠ ŮˊŬɜŬɚɐɣŮɘɠ 

bagging ɧŰŬɜ ŰŬ ŭŮŭɞɛɏɜŬ ɛɎɗɖůɖɠ ŮˊŬɜŬŰŬɝɘɜɞɛɞɨɜŰŬɘ (Domingos, 1999). 

 

3.4.8 ȷɚɔɧɟɘɗɛɞɠ Rotation Forest 

Ƀ óŬɚɔɧɟɘɗɛɞɠ Rotation Forestô ŮɑɜŬɘ ɛɘŬ ɜɏŬ ɛɏɗɞŭɞɠ ɛŮ Űɖɜ ɞˊɞɑŬ əɎˊɞɘɞɠ 

ɛˊɞɟŮɑ ɜŬ ŭɖɛɘɞɡɟɔɐůŮɘ ůɨɜɞɚŬ ŰŬɝɘɜɞɛɖŰɐ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŬɜŮɝɎɟŰɖŰŬ ŮəˊŬɘŭŮɡɛɏɜŬ 

ŭɏɜŰɟŬ ŬˊɧűŬůɖɠ (Rodriguez, Kuncheva, 2006). ɆɨɛűɤɜŬ ɛŮ ůɢŮŰɘəɏɠ ɏɟŮɡɜŮɠ Űɞɡ 

Rodriguez əŬɘ Kuncheva, ŭɘŬˊɘůŰɩɗɖəŮ ɧŰɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ Rotation forest ŮɑɜŬɘ ˊɘɞ Ŭəɟɘɓɐɠ 

Ŭˊɧ Űɞɡɠ Ŭɚɔɞɟɑɗɛɞɡɠ Bagging, Adaboost əŬɘ Random Forest ůŮ ɛɘŬ ůɡɚɚɞɔɐ ŭŮŭɞɛɏɜɤɜ. 

ɇŬ əŬɚɨŰŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɓɟɏɗɖəŬɜ, ɏɢɞɜŰŬɠ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɔɜɤɟɑůɛŬŰŬ ˊɞɡ 

ŮɝɎɔɞɜŰŬɘ ɛɏůɤ Űɤɜ PCA (principal component analysis)  ůŮ ůɨɔəɟɘůɖ ɛŮ ŮəŮɑɜŬ ˊɞɡ 

ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ɛɖ ˊŬɟŬɛŮŰɟɘəɐ ŭɘŬəɟɘŰɐ ŬɜɎɚɡůɖ (non-parametric discriminant 

analysis-NDA) ɐ ŰɡɢŬɑŮɠ ˊɟɞɓɚɏɣŮɘɠ. Ƀ əɨɟɘɞɠ ˊŬɟɎɔɞɜŰŬɠ ɔɘŬ Űɖɜ ŮˊɘŰɡɢɑŬ Űɞɡ 

Ŭɚɔɞɟɑɗɛɞɡ Rotation forest ŮɑɜŬɘ ɧŰɘ ɞ ˊɑɜŬəŬɠ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ 

ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ɔɟŬɛɛɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ŰŬ ɞˊɞɑŬ ŮɝɎɔɞɜŰŬɘ, ŮɑɜŬɘ ŬɟŬɘɧɠ. 

Ƀ Ŭɚɔɧɟɘɗɛɞɠ Rotation Forest ůɡɜŭɡɎɕŮɘ Űɘɠ ˊɟɞɓɚɏɣŮɘɠ ˊɞɚɚŬˊɚɩɜ ŰŬɝɘɜɞɛɖŰɩɜ 

ŬɜŰɑ Űɞɡ Ůɜɧɠ ŰŬɝɘɜɞɛɖŰɐ əŬɘ ˊŬɟŬŰɖɟŮɑŰŬɘ ɛŮɑɤůɖ Űɖɠ ŭɘŬůˊɞɟɎɠ əŬɘ Űɖɠ ˊɧɚɤůɖɠ. 

Ⱥˊɑůɖɠ ŮɝŬɟŰɎŰŬɘ ɚɘɔɧŰŮɟɞ Ŭˊɧ Űɘɠ ɘŭɘŬɘŰŮɟɧŰɖŰŮɠ Ůɜɧɠ ůɡɜɧɚɞɡ ŮəˊŬɑŭŮɡůɖɠ əŬɘ ˊŬɟɏɢŮɘ 

ɛɘŬ ˊɚɏɞɜ əŬŰŬɜɞɖŰɐ ɏɜɜɞɘŬ ŰɎɝɖɠ Ŭˊɧ ɏɜŬɜ ŰŬɝɘɜɞɛɖŰɐ. 

 

 

ȷɚɔɧɟɘɗɛɞɠ Rotation Forest ( X,Y,L,K,W)  

Ⱥɑůɞŭɞɠ: X ŮɑɜŬɘ Űɞ ŬɜŰɘəŮɑɛŮɜɞ ůŰŬ ŭŮŭɞɛɏɜŬ ŮəˊŬɑŭŮɡůɖɠ ˊɞɡ əŬɗɞɟɑɕɞɜŰŬɘ ůŮ ɏɜŬɜ 

(Nxn) ˊɑɜŬəŬ, Y ŮɑɜŬɘ ɞɘ ŮŰɘəɏŰŮɠ Űɤɜ ŭŮŭɞɛŮɜɤɜ ŮəˊŬɑŭŮɡůɖɠ ůŮ ɏɜŬ (Nx1) ́ ɑɜŬəŬ, L ŮɑɜŬɘ 
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ɞ Ŭɟɘɗɛɧɠ Űɤɜ ŰŬɝɘɜɞɛɖŰɩɜ ůŰɞ ůɨɜɞɚɞ, K ŮɑɜŬɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ɡˊɞůɡɜɧɚɤɜ, (w1, é, wc) 

ŮɑɜŬɘ Űɞ ůɨɜɞɚɞ Űɤɜ ŮŰɘəŮŰɩɜ Űɖɠ əɚɎůɖɠ 

Ȱɝɞŭɞɠ: Di ŮɑɜŬɘ ŰŬɝɘɜɞɛɖŰɏɠ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ 
( )a

iXR Y
ůŬɜ ůɨɜɞɚɞ ŮəˊŬɑŭŮɡůɖɠ 

ɈˊɞɚɞɔɘůŰɘəɐ ŭɘŬŭɘəŬůɑŬ 

ũɘŬ 1,...,i L=  

ɄɟɞŮŰɞɘɛŬůɑŬ Űɞɡ ˊɑɜŬəŬ ˊŮɟɘůŰɟɞűɐɠ (rotation matrix) 
a

iR
: 

ȹɘŬɘɟɩ Űɞ F (Űɞ ůɨɜɞɚɞ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ) ůŮ K ɡˊɞůɨɜɞɚŬ: Fi,j (ɔɘŬ j=1,é,K) 

ũɘŬ j=1,é, K 

ȰůŰɤ Xi,j ŮɑɜŬɘ Űɞ ůɨɜɞɚɞ Űɤɜ ŭŮŭɞɛɏɜɤɜ X Űɞɡ ɢŬɟŬəŰɖɟɘůŰɘəɞɨ ůŮ Fi,j  

ȺɝɎɚŮɘɣɖ Ŭˊɧ Xi,j ɏɜŬ ŰɡɢŬɑɞ ɡˊɞůɨɜɞɚɞ Fi,j Űɤɜ əɚɎůŮɤɜ 

ȺˊɘɚɏɝŰŮ ɏɜŬ bootstrap ŭŮɑɔɛŬ Ŭˊɧ Xi,j Űɞɡ ɛŮɔɏɗɞɡɠ 75% Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ ůŮ 

X i,j. ȹŮɑɝŰŮ Űɞ ɜɏɞ ůɨɜɞɚɞ Ŭˊɧ 
,i jX¡

 

ȺűɎɟɛɞůŮ PCA ůŰɞ ,i jX¡
 ɔɘŬ ɜŬ ɚɖűɗɞɨɜ ɞɘ ůɡɜŰŮɚŮůŰɏɠ ůŮ ɏɜŬ ˊɑɜŬəŬ Ci,j  

ɇŬɝɘɜɧɛɖůŮ Űɞɜ Ci,j, ɔɘŬ j=1,é,K ůŰɞɜ ˊɑɜŬəŬ ˊŮɟɘůŰɟɞűɐɠ iR
 

 

1

2

( )(1) (2)

,1 ,1 ,1

( )(1) (2)

,2 ,2 ,2

( )(1) (2)

, , ,

, ,..., , [0] ... [0]

[0] , ,..., ... [0]

. .
..

. .

[0] [0] ... , ,..., K

M

i i i

M

i i i

i

M

i K i K i K

a a a

a a a

R

a a a

è ø
é ù
é ù
é ù=
é ù
é ù
é ù
ê ú

 

ȾŬŰŬůəŮɡɎɕŮŰŬɘ 
a

iR
 ɛŮ ŬɜŬŭɘɎŰŬɝɖ Űɤɜ ůŰɖɚɩɜ Űɞɡ iR

 ɏŰůɘ ɩůŰŮ ɜŬ ŰŬɘɟɘɎɕŮɘ ɛŮ Űɖ ůŮɘɟɎ 

Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ůŰɞ F. 

-əŬŰŬůəŮɡɎɕŮŰŬɘ ŰŬɝɘɜɞɛɖŰɐɠ iD
ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ

( )a

iXR Y
ůŬɜ ůɨɜɞɚɞ ŮəˊŬɑŭŮɡůɖɠ 

ūɎůɖ ŰŬɝɘɜɧɛɖůɖɠ 

ũɘŬ ɏɜŬ ŭɞůɛɏɜɞ x, ɏůŰɤ , ( )a

i j id xR
 ŮɑɜŬɘ ɖ ˊɘɗŬɜɧŰɖŰŬ ˊɞɡ ŬˊɞŭɑŭŮŰŬɘ Ŭˊɧ Űɞɜ ŰŬɝɘɜɞɛɖŰɐ 

iD
 ůŰɖɜ ɡˊɧɗŮůɖ ɧŰɘ Űɞ x ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ əɚɎůɖ jw

. ɈˊɞɚɞɔɑůŰŮ Űɖɜ ŮɛˊɘůŰɞůɨɜɖ ɔɘŬ 

əɎɗŮ əɚɎůɖ, jw
, Ŭˊɧ Űɞ ɛɏůɞ ɧɟɞ Űɖɠ ůɡɜŭɡŬůŰɘəɐɠ ɛŮɗɧŭɞɡ: 

,

1

1
( ) ( ), 1,...,

L
a

j i j i

i

x d xR j c
L

m
=

= =ä
 



  ɤɭɩɢɬɚɣɠ ɚɦɚɫɬɚɫɢɚ ɝɠɥɠɬɪɚ 

 

 76 

Ⱥəɢɩɟɖůɖ Űɞɡ x ůŰɖɜ əɚɎůɖ ɛŮ Űɖɜ ɛŮɔŬɚɨŰŮɟɖ ŮɛˊɘůŰɞůɨɜɖ. 

ȺɘəɧɜŬ 3.7: ȷɚɔɧɟɘɗɛɞɠ Rotation Forest 

 

Ƀ Ŭɚɔɧɟɘɗɛɞɠ Rotation Forest ˊŬɟɞɡůɘɎůɗɖəŮ ˊɟɧůűŬŰŬ Ŭˊɧ Űɖɜ ŮɟŮɡɜɖŰɘəɐ ɞɛɎŭŬ Űɞɡ 

Rodriguez (Rodriguez et al., 2006). 
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4. ɀȺɇɅȽȾȺɆ ȷɂȽɃȿɃũȼɆȼɆ ɀȺŪɃȹɋɁ ɀȼɉ.ɀȷŪȼɆȼɆ ɆȺ 

ȷɁɃɀɃȽɃũȺɁȼ ȹȺȹɃɀȺɁȷ 

4.1  ȺɘůŬɔɤɔɐ 

ɇɞ ˊɟɧɓɚɖɛŬ Űɖɠ ɛɎɗɖůɖɠ Ŭˊɧ ŬɜɞɛɞɘɞɔŮɜɐ ŭŮŭɞɛɏɜŬ ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ Ŭˊɧŭɞůɖ 

Ŭɚɔɞɟɑɗɛɤɜ ɛɎɗɖůɖɠ ɛŮ ˊŬɟɞɡůɑŬ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ɡˊɞ-ˊŬɟɑůŰŬɜŰŬɘ əŬɘ ɏɜŰɞɜŬ 

ŬůɨɛɛŮŰɟŮɠ ŰɎɝŮɘɠ əŬŰŬɜɞɛɩɜ. ɇŬ ůɨɜɞɚŬ ŬɜɞɛɞɘɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ ɏɢɞɡɜ ˊɞɚɨˊɚɞəŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ əŬɘ ɖ ɛɎɗɖůɖ Ŭˊɧ ŰɏŰɞɘŬ ŭŮŭɞɛɏɜŬ ˊɟɞɦˊɞɗɏŰŮɘ ɜɏŮɠ Ŭɟɢɏɠ, ɜɏɞɡɠ 

Ŭɚɔɞɟɑɗɛɞɡɠ əŬɘ ɜɏŬ ŮɟɔŬɚŮɑŬ ɔɘŬ ɜŬ ɛŮŰŬůɢɖɛŬŰɑůɞɡɜ ɛŮ ŬˊɞŭɞŰɘəɧ Űɟɧˊɞ ŰŮɟɎůŰɘŬ 

ˊɞůɎ ˊɟɤŰɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ ůŮ əŬŰɎɚɚɖɚŮɠ ˊɚɖɟɞűɞɟɑŮɠ əŬɘ ˊŬɟŬůŰɎůŮɘɠ ɔɜɩůŮɤɜ. 

ɇɏŰɞɘŬ ůɨɜɞɚŬ ŬɜɞɛɞɘɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ ˊɟɞəɨˊŰɞɡɜ ůŮ ŭɘɎűɞɟŬ ɛŮɔɎɚɖɠ əɚɑɛŬəŬɠ 

ˊɞɚɨˊɚɞəŬ ŭɘəŰɡŬəɎ ůɡůŰɐɛŬŰŬ, ɧˊɤɠ ŭɘŬŭɑəŰɡɞ, ŬůűɎɚŮɘŬ, ŮˊɘŰɐɟɖůɖ, ɞɘəɞɜɞɛɑŬ, ɧˊɞɡ 

ŬˊŬɘŰŮɑŰŬɘ ɖ ɓŬůɘəɐ əŬŰŬɜɧɖůɖ Űɖɠ ŬɜŬəɎɚɡɣɖɠ ɔɜɩůɖɠ əŬɘ ŮűŬɟɛɞɔɐ ŰŮɢɜɘəɩɜ ɢɟɐůŮɤɜ 

ŭŮŭɞɛɏɜɤɜ ůŮ ŭɘŬŭɘəŬůɑŮɠ ɚɐɣɖɠ ŬˊɞűɎůŮɤɜ. 

ȼ ŬɜŬəɎɚɡɣɖ ɔɜɩůɖɠ (knowledge discovery) əŬɘ ɖ ɛɖɢŬɜɘəɐ ŭŮŭɞɛɏɜɤɜ (data 

engineering) ˊŬɑɕɞɡɜ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŮ Ůɡɟɨ űɎůɛŬ ŮˊɘůŰɖɛɞɜɘəɩɜ ˊŮŭɑɤɜ əŬɘ 

ŮűŬɟɛɞɔɩɜ Űɞɡ Ŭˊɧ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ ˊɚɖɟɞűɞɟɘɩɜ ŮˊɘɢŮɘɟɐůŮɤɜ ɏɤɠ ŰŬ ŭɘɞɘəɖŰɘəɎ 

ůɡůŰɐɛŬŰŬ ɚɐɣɖɠ ŬˊɞűɎůŮɤɜ, Ŭˊɧ Űɖɜ ŬɜɎɚɡůɖ ŭŮŭɞɛɏɜɤɜ (ůŮ ɛɘəɟɞəɚɑɛŬəŬ) ɏɤɠ Űɖɜ 

ŬɜŬəɎɚɡɣɖ ɔɜɩůɖɠ (ůŮ ɛŬəɟɞəɚɑɛŬəŬ. 

ɇɞ ˊɟɧɓɚɖɛŬ ŬɜɞɛɞɘɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖɜ ɘəŬɜɧŰɖŰŬ Űɤɜ 

ŬɜɞɛɞɘɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ ɜŬ ɛˊɞɟɞɨɜ ɜŬ  ůɡɛɓɘɓɎɕɞɡɜ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Űɖɜ Ŭˊɧŭɞůɖ 

Űɤɜ ˊŮɟɘůůɞŰɏɟɤɜ Ŭɚɔɞɟɑɗɛɤɜ ɛɎɗɖůɖɠ. ɀŮ ŭŮŭɞɛɏɜɞ ɧŰɘ ɞɘ ˊŮɟɘůůɧŰŮɟɞɘ Ŭɚɔɧɟɘɗɛɞɘ 

ˊɟɞɦˊɞɗɏŰɞɡɜ ɞɛɞɘɞɔŮɜŮɑɠ ŰɎɝŮɘɠ əŬŰŬɜɞɛɩɜ ɐ ɘůɞŭɨɜŬɛɞ əɧůŰɞɠ ŮůűŬɚɛɏɜɤɜ 

ŰŬɝɘɜɞɛɐůŮɤɜ, ɧŰŬɜ ɢɟɖůɘɛɞˊɞɘɐůɞɡɜ ˊɞɚɨˊɚɞəŬ ůɨɜɞɚŬ ŬɜɞɛɞɘɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ ŭŮɜ 

ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ ŰŬ əŬŰŬɜŮɛɖɛɏɜŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ŭŮŭɞɛɏɜɤɜ əŬɘ ŭɑɜɞɡɜ ŬɜŬəɟɘɓɐ 

ŬˊɞŰŮɚɏůɛŬŰŬ ɔɘŬ Űɘɠ ŰɎɝŮɘɠ ŭŮŭɞɛɏɜɤɜ. ɆŮ ˊŮɟɘˊŰɩůŮɘɠ ˊɟŬɔɛŬŰɘəɩɜ ˊɟɞɓɚɖɛɎŰɤɜ Űɞ 

ˊɟɧɓɚɖɛŬ Űɤɜ ŬɜɞɛɞɘɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ ɛˊɞɟŮɑ ɜŬ ŭɖɛɘɞɡɟɔɐůŮɘ ůɖɛŬɜŰɘəɎ ˊɟɞɓɚɐɛŬŰŬ 

ɛŮ ˊɞɘəɑɚŮɠ ŮˊɘˊŰɩůŮɘɠ ˊɞɡ ɢɟŮɘɎɕɞɜŰŬɘ Ůŭɘəɐ ŬɜŰɘɛŮŰɩˊɘůɖ əŬɘ ŭɘŮɟŮɨɜɖůɖ (He and 

Garcia, 2009). 

ȾɎɗŮ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ŭɘŬɗɏŰŮɘ ɛɑŬ Ɏɜɘůɖ əŬŰŬɜɞɛɐ ůŰɘɠ ŰɎɝŮɘɠ Űɞɡ ɛˊɞɟŮɑ 

ɜŬ ɗŮɤɟɖɗŮɑ ɤɠ ŬɜɞɛɞɘɞɔŮɜɏɠ, ŬɚɚɎ ŰŬ ŬɜɞɛɞɘɞɔŮɜɐ ŭŮŭɞɛɏɜŬ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ůɨɜɞɚŬ 

ŭŮŭɞɛɏɜɤɜ ˊɞɡ ɏɢɞɡɜ ůɖɛŬɜŰɘəɐ ŬɜɞɛɞɘɞɔɏɜŮɘŬ əŬɘ ůŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɏɜŰɞɜɖ 

ŬɜɞɛɞɘɞɔɏɜŮɘŬ.    
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ɇŬ ɛŮŰɟɘəɎ ůɡůŰɐɛŬŰŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ɜŬ Ŭɝɘɞɚɞɔɐůɞɡɜ Űɖɜ ŬəɟɑɓŮɘŬ ɛŮɗɧŭɤɜ 

ɛɖɢŬɜɘəɖɠ ɛɎɗɖůɖɠ ɛŮ ŬɜɞɛɞɘɞɔŮɜɐ ŭŮŭɞɛɏɜŬ. ɇŬ ůɖɛŬɜŰɘəɧŰŮɟŬ Ŭˊɧ ŬɡŰɎ ŮɑɜŬɘ (i) ɞɘ 

əŬɛˊɨɚŮɠ ȹɘŬɢŮɑɟɘůɖɠ ȿŮɘŰɞɡɟɔɘəɩɜ ɉŬɟŬəŰɖɟɘůŰɘəɩɜ (Receiver Operating Characteristic 

(ROC)), (ii ) ɞɘ əŬɛˊɨɚŮɠ ŬɜɎəɚɖůɖɠ ŬəɟɑɓŮɘŬɠ (Precision-Recall (PR)), əŬɘ (iii ) ɞɘ 

əŬɛˊɨɚŮɠ ŬəɟɑɓŮɘŬɠ (Cost Curves), əŬɗɩɠ Ůˊɑůɖɠ ɞɘ ŬɝɘɞɚɞɔɖůŮɘɠ ɛŮŰɟɘəɩɜ ůɡůŰɖɛɎŰɤɜ 

ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŮ ɎŰŬəŰŬ ɐ ɛŮ ˊɞɚɚɏɠ əɚɎůŮɘɠ ŭŮŭɞɛɏɜŬ ɛŮ ˊɑɜŬəŮɠ əɧůŰɞɡɠ, 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŮɟɔŬɚŮɑŬ ɧˊɤɠ F-measure, G-mean ə.Ű.ɚ. ɆŰŬ ŮˊɧɛŮɜŬ əŮűɎɚŬɘŬ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůɡɜɞˊŰɘəɎ ɞɘ əŬŰɖɔɞɟɑŮɠ ŬɡŰɏɠ. 

4.2 ȾŬɛˊɨɚŮɠ ȹɘŬɢŮɑɟɘůɖɠ ȿŮɘŰɞɡɟɔɘəɩɜ ɉŬɟŬəŰɖɟɘůŰɘəɩɜ (ROC 

Curves) 

 

4.2.1 ȺɘůŬɔɤɔɘəɏɠ ˊŬɟŬŰɖɟɐůŮɘɠ 

Ƀɘ əŬɛˊɨɚŮɠ ROC ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ ŰŮɢɜɘəɩɜ ɛɖɢŬɜɘəɐɠ 

ɛɎɗɖůɖɠ (machine learning) əŬɘ Űɖɜ Ůɝɧɟɡɝɖ ŭŮŭɞɛɏɜɤɜ (data mining) ɛŮ ɛɑŬ Ŭˊɧ Űɘɠ 

ˊɟɩŰŮɠ ŮűŬɟɛɞɔɏɠ Űɖ ůɨɔəɟɘůɖ əŬɘ Ŭɝɘɞɚɧɔɖůɖ ŭɘŬűɧɟɤɜ Ŭɚɔɞɟɑɗɛɤɜ ŰŬɝɘɜɧɛɖůɖɠ 

(Spackman, 1989; Fawcett, 2006).Ƀɘ əŬɛˊɨɚŮɠ ROC ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ ˊɟɩŰɖ űɞɟɎ 

əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ ŭŮɡŰɏɟɞɡ ˊŬɔəɞůɛɑɞɡ ˊɞɚɏɛɞɡ ɔɘŬ Űɖɜ ŬɜɎɚɡůɖ ůɖɛɎŰɤɜ ɟŬɜŰɎɟ 

ůŰɖɜ ůɡɜɏɢŮɘŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɖ ɗŮɤɟɑŬ ŬɜɑɢɜŮɡůɖɠ ůɖɛɎŰɤɜ. ɆŰɘɠ Ŭɟɢɏɠ Űɖɠ 

ŭŮəŬŮŰɑŬɠ 1950-1960 ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɖɜ ɣɡɢɞűɡůɘəɐ (psychophysics) ɔɘŬ Űɖɜ 

ŬɜɑɢɜŮɡůɖ ŬůɗŮɜɩɜ ůɖɛɎŰɤɜ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Ŭɜɗɟɩˊɤɜ əŬɘ ɕɩɤɜ. Ƀɘ əŬɛˊɨɚŮɠ ROC 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŮəŰŮŰŬɛɏɜŬ ůŰɖɜ ȽŬŰɟɘəɐ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ ŭɘŬɔɜɤůŰɘəɩɜ ŭɞəɘɛɩɜ, 

əŬɗɩɠ Ůˊɑůɖɠ ůŮ ɘŬŰɟɘəɐ ɏɟŮɡɜŬ, ɓɘɞɛŮŰɟɘəɐ, ŮˊɘŭɖɛɘɞɚɞɔɑŬ, ɟŬŭɘɞɚɞɔɑŬ, əŬɘ ůŮ 

əɞɘɜɤɜɘəɏɠ ŮˊɘůŰɐɛŮɠ, ɧˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ŬɜɎɚɡůɖ ROC, ɛɑŬ ŰŮɢɜɘəɐ ɔɘŬ Űɖɜ 

Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ŬəɟɑɓŮɘŬɠ Ůɘŭɘəɩɜ ɛɞɜŰɏɚɤɜ (default probability model).  

ɀɑŬ óəŬɛˊɨɚɖ ROCô ůŰɖ ɗŮɤɟɑŬ ŬɜɑɢɜŮɡůɖɠ ůɖɛɎŰɤɜ (Signal detection theory) 

ŬˊɞŰŮɚŮɑ ɏɜŬ ɔɟŬűɘəɧ ŭɘɎɔɟŬɛɛŬ ˊɞɡ ŬˊŮɘəɞɜɑɕŮɘ Űɖɜ Ŭˊɧŭɞůɖ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ ŭɡŬŭɘəɩɜ 

ŰŬɝɘɜɞɛɖŰɩɜ ɛŮ ɛŮŰŬɓɚɖŰɧ ɧɟɘɞ ŭɘɎəɟɘůɖɠ. ȼ ŬɜɎɚɡůɖ ROC ˊŬɟɏɢŮɘ ŮɟɔŬɚŮɑŬ ɔɘŬ Űɖɜ 

Ůˊɘɚɞɔɐ ˊɘɗŬɜɩɜ ɓɏɚŰɘůŰɤɜ ɛɞɜŰɏɚɤɜ əŬɘ Űɖɜ Ŭˊɧɟɟɘɣɖ ɛɖ ɘəŬɜɞˊɞɘɖŰɘəɩɜ ɛɞɜŰɏɚɤɜ 

ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɞ ˊŮɟɘŮɢɧɛŮɜɞ əɧůŰɞɡɠ ɐ əɚɎůɖɠ əŬŰŬɜɞɛɐɠ. ȼ ŬɜɎɚɡůɖ ROC 

ůɢŮŰɑɕŮŰŬɘ ɛŮ ɎɛŮůɞ əŬɘ űɡůɘəɧ Űɟɧˊɞ ɛŮ Űɖɜ ŬɜɎɚɡůɖ əɧůŰɞɡɠ Űɖɠ ŭɘŬɔɜɤůŰɘəɐɠ ɚɐɣɖɠ 

ŬˊɞűɎůŮɤɜ.  
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ɆŰɖɜ ɀŮŰŮɤɟɞɚɞɔɑŬ, ɖ ůɡɚɚɞɔɐ ŭŮŭɞɛɏɜɤɜ ɔɘŬ Űɖɜ ˊɟɧɓɚŮɣɖ əŬɘɟɘəɩɜ ůɡɜɗɖəɩɜ 

əŬɘ əŬŰŬůəŮɡɐ ůŰŬŰɘůŰɘəɩɜ ɛɞɜŰɏɚɤɜ ɓɞɖɗɎ ůɖɛŬɜŰɘəɎ Űɘɠ ŬəɟɘɓɏůŰŮɟŮɠ ˊɟɞɓɚɏɣŮɘɠ Ŭˊɧ 

ŰŬ ŭŮŭɞɛɏɜŬ ŬɡŰɎ. ȼ ŬɜɎɚɡůɖ əŬɛˊɡɚɩɜ ROC ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ŭɘŬɔɜɤůŰɘəɏɠ ɛŮɚɏŰŮɠ 

ůŰɖɜ əɚɘɜɘəɐ ɉɖɛŮɑŬ, ūŬɟɛŬəɞɚɞɔɑŬ əŬɘ ūɡůɘɞɚɞɔɑŬ, əŬɘ ɗŮɤɟŮɑŰŬɘ ɤɠ ˊɟɧŰɡˊɞ ɔɘŬ 

ˊŮɟɘɔɟŬűɐ əŬɘ ůɨɔəɟɘůɖ Űɖɠ ŬəɟɑɓŮɘŬɠ ŭɘŬűɧɟɤɜ ŭɘŬɔɜɤůŰɘəɩɜ ŭɞəɘɛɩɜ (diagnostic 

tests). ɄŬɟŬŭŮɑɔɛŬŰŬ ŮűŬɟɛɞɔɩɜ ŬˊɞŰŮɚɞɨɜ ɞɘ ˊɟɞɓɚɏɣŮɘɠ əŬɘɟɞɨ, ˊɞɡ ŭɖɛɞůɘŮɨɞɜŰŬɘ ůŮ 

ŮűɖɛŮɟɑŭŮɠ, ɟŬŭɘɧűɤɜɞ, ŰɖɚŮɧɟŬůɖ, ŭɘŬŭɑəŰɡɞ ə.Ŭ. ȷəɟɘɓŮɑɠ əŬɘɟɘəɏɠ ˊɟɞɔɜɩůŮɘɠ ŮɑɜŬɘ 

ɓŬůɘəɏɠ ɔɘŬ ɛŮŰŬűɞɟɏɠ, ɜŬɡůɘˊɚɞɑŬ, ɔŮɤɟɔɑŬ əŬɘ əŬŰŬůəŮɡɏɠ ə.Ŭ. 

 

4.2.2 ɀɏŰɟŬ ŮəŰɑɛɖůɖɠ ůŮ ȾŬɛˊɨɚŮɠ ROC 

Ƀɘ əŬɛˊɨɚŮɠ ȹɘŬɢŮɑɟɘůɖɠ ȿŮɘŰɞɡɟɔɘəɩɜ ɉŬɟŬəŰɖɟɘůŰɘəɩɜ [Receiver Operating 

Characteristics (ROC)] ɐ əŬɛˊɨɚŮɠ ROC, ŮɑɜŬɘ ɔɟŬűɘəɏɠ ɛɏɗɞŭɞɘ Ŭɝɘɞɚɧɔɖůɖɠ Űɤɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ŭɘŬɔɜɤůŰɘəɩɜ ŭɞəɘɛɩɜ. ȷˊɞŰŮɚɞɨɜ ɔɟŬűɘəɏɠ ˊŬɟŬůŰɎůŮɘɠ ɔɘŬ Űɖɜ 

ŬɜŰŬɚɚŬɔɐ (trade-off) ɛŮŰŬɝɨ ŮɡŬɘůɗɖůɑŬɠ əŬɘ ɘŭɘŬɘŰŮɟɧŰɖŰŬɠ, ŮɘŭɘəɧŰŮɟŬ ɛŮŰŬɝɨ Űɤɜ 

ŮůűŬɚɛɏɜɤɜ ŬɟɜɖŰɘəɩɜ [False Negative (FN)] əŬɘ ŮůűŬɚɛɏɜɤɜ ɗŮŰɘəɩɜ [False Positive 

(FP)] Űɘɛɩɜ ɔɘŬ əɎɗŮ ˊɘɗŬɜɐ ŭɘŬəɞˊɐ. ɀɑŬ əŬɛˊɨɚɖ ROC ŭŮɑɢɜŮɘ Űɖ ůɢɏůɖ ŭɨɞ Ůɘŭɘəɩɜ 

əŬŰŬɜɞɛɩɜ ɡˊɧ Űɖɜ ɑŭɘŬ ŰɎɝɖ ɛɞɜɞŰɞɜɘəɩɜ ɛŮŰŬůɢɖɛŬŰɘůɛɩɜ. ɇɏŰɞɘŬ ɔɟŬűɐɛŬŰŬ 

ɢɟɖůɘɛŮɨɞɡɜ ɔɘŬ Űɖɜ ɘəŬɜɧŰɖŰŬ/ŭɡɜŬŰɧŰɖŰŬ ˊɟɞűɡɚŬəŰɘəɩɜ ŭɞəɘɛɩɜ (screening tests) ɔɘŬ 

ɜŬ ŭɘŬˊɘůŰɤɗŮɑ Ŭɜ ɎŰɞɛŬ ŮɑɜŬɘ ɡɔɘɐ ɐ ŬůɗŮɜɐ. ɀˊɞɟŮɑ Ůˊɑůɖɠ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŮ ɎɚɚŮɠ 

ɛŮɚɏŰŮɠ, ɧˊɤɠ ɖ ŭɘɎəɟɘůɖ ŬɜŰɑŭɟŬůɖɠ ŮɟŮɗɘůŰɘəɩɜ ɤɠ ŬůɗŮɜɩɜ ŮɟŮɗɘůɛɎŰɤɜ ɐ ɛɖ-

ŮɟŮɗɘůɛɎŰɤɜ (nonstimuli). 

ȼ əŬɛˊɨɚɖ ROC ˊŬɟɏɢŮɘ ɛɑŬ ɞˊŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ Űɤɜ ůɢŮŰɘəɩɜ ŭɘŬűɞɟɩɜ 

ɛŮŰŬɝɨ Űɤɜ ɤűŮɚɖɛɎŰɤɜ (Ŭɚɖɗɐ ɗŮŰɘəɎ) əŬɘ Űɞɡ əɧůŰɞɡɠ (ŮůűŬɚɛɏɜŬ ɗŮŰɘəɎ) Űɖɠ 

ŰŬɝɘɜɧɛɖůɖɠ ɔɘŬ Űɘɠ əŬŰŬɜɞɛɏɠ ŭŮŭɞɛɏɜɤɜ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŰŬɝɘɜɞɛɖŰɩɜ ůəɚɖɟɞɨ-Űɨˊɞɡ 

(hard-type classifiers) ɛŮ ŭɘŬəɟɘŰɏɠ ŮŰɘəɏŰŮɠ ŰɎɝŮɤɜ, əɎɗŮ ŰŬɝɘɜɞɛɖŰɐɠ ˊŬɟɎɔŮɘ ɏɜŬ ɕŮɨɔɞɠ 

(TP_rate, FP_rate) ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ɏɜŬ Ŭˊɚɧ ůɖɛŮɑɞ Űɖɠ əŬɛˊɨɚɖɠ ROC (Fawcett, 

2006- 2001; Domingos, 1999; Freund and Schapire, 1996). Ƀɘ əŬɛˊɨɚŮɠ ROC 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ŬəɟɑɓŮɘŬɠ Űɤɜ ˊɟɞɓɚɏɣŮɤɜ. ɆɖɛɘɩɜŮŰŬɘ ɧŰɘ ɞɘ 

ˊɟɞɓɚɏɣŮɘɠ ŬˊɞŰŮɚɞɨɜ ɓŬůɘəɧ ɛɏɟɞɠ əɎɗŮ ŮˊɘɢŮɑɟɖůɖɠ əŬɘ ɏɟŮɡɜŬɠ ŮˊɘůŰɖɛɞɜɘəɩɜ ˊŮŭɑɤɜ 

(Stehman, 1997). 
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ȼ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ əŬɛˊɨɚɤɜ ROC ɢɟɖůɘɛɞˊɞɘŮɑ Űɖɜ ŬɜŬɚɞɔɑŬ ŭɨɞ ɛŮŰɟɘəɩɜ 

Ŭɝɘɞɚɧɔɖůɖɠ (ɛŮ ŭɨɞ ůŰɐɚŮɠ): Űɖɜ Ŭɚɖɗɐ ɗŮŰɘəɐ Űɘɛɐ (TP rate) əŬɘ Űɖɜ ŮůűŬɚɛɏɜɖ ɗŮŰɘəɐ 

Űɘɛɐ (FT rate). 

ɇɞ ŭɘɎɔɟŬɛɛŬ Űɖɠ əŬɛˊɨɚɖɠ ROC ůɢɖɛŬŰɑɕŮŰŬɘ ůɢŮŭɘɎɕɞɜŰŬɠ Űɘɠ Űɘɛɏɠ TP əŬɘ FP, 

əŬɘ əɎɗŮ ůɖɛŮɑɞ Űɞɡ ŭɘŬůŰɐɛŬŰɞɠ ROC ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ Ŭˊɧŭɞůɖ Ůɜɧɠ Ŭˊɚɞɨ ŰŬɝɘɜɞɛɖŰɐ 

ɔɘŬ ɛɑŬ ŭŮŭɞɛɏɜɖ əŬŰŬɜɞɛɐ. ȼ əŬɛˊɨɚɖ ROC ŮɑɜŬɘ ɢɟɐůɘɛɖ ŮˊŮɘŭɐ ˊŬɟɏɢŮɘ ɛɑŬ ɞɟŬŰɐ 

ŬɜŬˊŬɟɎůŰŬůɖ Űɤɜ ůɢŮŰɘəɩɜ ŭɘŬűɞɟɩɜ ɛŮŰŬɝɨ Űɤɜ ˊɚŮɞɜŮəŰɖɛɎŰɤɜ (Ŭˊɧ Űɘɠ ŬɚɖɗŮɑɠ 

ɗŮŰɘəɞɨɠ) əŬɘ ɛŮɘɞɜŮəŰɖɛɎŰɤɜ/ əɧůŰɖ (ŮůűŬɚɛɏɜŮɠ ɗŮŰɘəɏɠ) Űɖɠ ŰŬɝɘɜɧɛɖůɖɠ ůŮ ůɢɏůɖ ɛŮ 

Űɘɠ əŬŰŬɜɞɛɏɠ ŭŮŭɞɛɏɜɤɜ. 

Ƀɘ əŬɛˊɨɚŮɠ ROC ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɞɜ əŬɗɞɟɘůɛɧ ɛɑŬɠ ůɨɜŰɞɛɖɠ Űɘɛɐɠ 

(cutoff value) ɘŬŰɟɘəɩɜ əɚɘɜɘəɩɜ ŭɞəɘɛɩɜ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ŭɞəɘɛɐɠ 

PSA (Prostate Specific Antigen) ɔɘŬ əŬɟəɑɜɞ ˊɟɞůŰɎŰɖ ɖ ŮɜŭŮɘəŰɘəɐ Űɘɛɐ 4.0 ng/ml ɏɢŮɘ 

əŬɗɞɟɘůɗŮɑ ɤɠ ɞɟɘŬəɐ Űɘɛɐ, ɛŮ Űɘɛɐ ɛɘəɟɧŰŮɟɖ Űɞɡ 4.0 ɜŬ ɗŮɤɟŮɑŰŬɘ əŬɜɞɜɘəɐ, Ůɜɩ Űɘɛɐ 

ɛŮɔŬɚɨŰŮɟɖ Űɞɡ 4.0 ɜŬ ɗŮɤɟŮɑŰŬɘ ɛɖ-əŬɜɞɜɘəɐ (abnormal). ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ŬůɗŮɜŮɑɠ ɛŮ 

Űɘɛɏɠ PSA ɛɘəɟɧŰŮɟŮɠ Űɞɡ 4.0 ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɛɖ-əŬɜɞɜɘəɏɠ (false negative) əŬɘ Űɘɛɏɠ 

ɛŮɔŬɚɨŰŮɟŮɠ Űɞɡ 4.0 ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ əŬɜɞɜɘəɏɠ (false positive). 

Ɇɡɜɖɗɤɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɏɜŬɠ ˊɑɜŬəŬɠ ůɨɔɢɡůɖɠ (confusion matrix), ɔɜɤůŰɧɠ ɤɠ 

əŬɘ ˊɑɜŬəŬɠ ůɡɜɎűŮɘŬɠ ɐ ˊɑɜŬəŬɠ ůűɎɚɛŬŰɞɠ, ˊɞɡ ŮɑɜŬɘ ɛɘŬ ůɡɔəŮəɟɘɛɏɜɖ ŭɘɎŰŬɝɖ ˊɑɜŬəŬ 

ɖ ɞˊɞɑŬ ŬˊŮɘəɞɜɑɕŮɘ Űɖɜ Ŭˊɧŭɞůɖ Ůɜɧɠ Ŭɚɔɞɟɑɗɛɞɡ, ůɡɜɐɗɤɠ ɛŮ ŮˊɘɓɚŮˊɧɛŮɜɖ ɛɎɗɖůɖ 

(ůŰɖ ɛɎɗɖůɖ ɢɤɟɑɠ ŮˊɑɓɚŮɣɖ ůɡɜɐɗɤɠ ɞɜɞɛɎɕŮŰŬɘ ˊɑɜŬəŬɠ ŰŬɘɟɘɎůɛŬŰɞɠ (matching 

matrix)). ȾɎɗŮ ůŰɐɚɖ Űɞɡ ˊɑɜŬəŬ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ ůŮ ɛɘŬ ˊɟɞɓɚŮˊɧɛŮɜɖ 

ŰɎɝɖ, Ůɜɩ əɎɗŮ ůŮɘɟɎ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ ůŮ ɛɘŬ ˊɟŬɔɛŬŰɘəɐ əɚɎůɖ. ɇɞ 

ɧɜɞɛŬ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ əŬɗɘůŰɎ Ůɨəɞɚɞ ɜŬ ŭɘŬˊɘůŰɤɗŮɑ Ŭɜ Űɞ ůɨůŰɖɛŬ 

ůɡɔɢɏŮɘ ŭɨɞ əɚɎůŮɘɠ (ŭɖɚ. ɡˊɎɟɢŮɘ ŮůűŬɚɛɏɜɖ ŮˊɘůɐɛŬɜůɖ ɤɠ ˊɟɞɠ ɏɜŬ Ɏɚɚɞ). 

Ƀɘ ůɖɛŬɜŰɘəɧŰŮɟɞɘ ɓŬůɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ ŰŮɢɜɘəɩɜ ɛŮŰɟɘəɐɠ ŮɑɜŬɘ ɖ ŬəɟɑɓŮɘŬ 

(accuracy) əŬɘ ɖ Űɘɛɐ ůűɎɚɛŬŰɞɠ (error rate). ȷɜ ɗŮɤɟɐůɞɡɛŮ ɏɜŬ ɓŬůɘəɧ ˊɟɧɓɚɖɛŬ 

ŰŬɝɘɜɧɛɖůɖɠ ŭɨɞ ŰɎɝŮɤɜ əŬɘ {p, n} ŮɑɜŬɘ ŮŰɘəɏŰŮɠ Űɖɠ Ŭɚɖɗɞɨɠ ɗŮŰɘəɐɠ p əŬɘ Űɖɠ ŬɟɜɖŰɘəɐɠ 

n ŰɎɝɖɠ, ŰɧŰŮ ɛɑŬ ŬɜŬˊŬɟɎůŰŬůɖ Űɖɠ Ŭˊɧŭɞůɖɠ ŰŬɝɘɜɧɛɖůɖɠ ɛˊɞɟŮɑ ɜŬ ŭɞɗŮɑ Ŭˊɧ ɏɜŬ 

ˊɑɜŬəŬ ůɨɔɢɡůɖɠ (confusion matrix) (He and Garcia, 2009). Ɇɡɜɐɗɤɠ ɏɜŬɠ ˊɑɜŬəŬɠ 

ŭɘŬůŰɎůŮɤɜ ( 2 2³ ) ŬɜŬűɏɟŮŰŬɘ ůŰɞɜ Ŭɟɘɗɛɧ Űɤɜ ɣŮɡŭɩɠ ɗŮŰɘəɩɜ (false positives), ɣŮɡŭɩɠ 

ŬɟɜɖŰɘəɩɜ (false negatives), Ŭɚɖɗɩɠ ɗŮŰɘəɩɜ (true positives), Ŭɚɖɗɩɠ ŬɟɜɖŰɘəɩɜ (true 

negatives) ŬˊɞŰŮɚŮůɛɎŰɤɜ. ȷɡŰɧ ŮˊɘŰɟɏˊŮɘ ɜŬ ɏɢɞɡɛŮ Űɘɠ ůɢŮŰɘəɏɠ ŬɜŬɚɞɔɑŮɠ ɔɘŬ ɛɘŬ 

ůɤůŰɐ ˊɟɞɓɚŮɣɖ. ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ŬɡŰɧ ŭŮɜ ŮɑɜŬɘ ŬɟəŮŰɧ, ŭɘɧŰɘ ɖ ŬəɟɑɓŮɘŬ ˊɞɡ ɓɟɑůəɞɡɛŮ 
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ŭŮɜ ŮɑɜŬɘ ŬɝɘɧˊɘůŰɖ, Ŭɜ Űɞ ůɨɜɞɚɞ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɛŬɠ ŮɑɜŬɘ ŬůɨɛɛŮŰɟɞ, ŭɖɚŬŭɐ 

ŬɜɞɛɞɘɞɔŮɜɏɠ. 

ȰɜŬ ɛɞɜŰɏɚɞ ŰŬɝɘɜɧɛɖůɖɠ (ŰŬɝɘɜɞɛɖŰɐɠ ɐ ŭɘɎɔɜɤůɖ) ŮɑɜŬɘ ɛɑŬ ŬˊŮɘəɧɜɘůɖ 

ˊŮɟɘůŰŬŰɘəɩɜ ɞɟɘůɛɏɜɤɜ ŰɎɝŮɤɜ əŬɘ ɞɛɎŭɤɜ. Ƀ ŰŬɝɘɜɞɛɖŰɐɠ ɐ ŬˊɞŰɏɚŮůɛŬ ŭɘɎɔɜɤůɖɠ 

ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɛɑŬ ˊɟŬɔɛŬŰɘəɐ Űɘɛɐ (ůɡɜŮɢɏɠ ůŰɞɘɢŮɑɞ Ůɝɧŭɞɡ), ɞˊɧŰŮ Űɞ ůɨɜɞɟɞ Űɞɡ 

ŰŬɝɘɜɞɛɖŰɐ ɛŮŰŬɝɨ ŰɎɝŮɤɜ ˊɟɏˊŮɘ ɜŬ əŬɗɞɟɘůɗŮɑ Ŭˊɧ ɛɑŬ ɞɟɘŬəɐ Űɘɛɐ (threshold value), 

ˊ.ɢ. ɔɘŬ Űɞɜ əŬɗɞɟɘůɛɧ ŮɎɜ ɏɜŬ ɎŰɞɛɞ ɏɢŮɘ ɡˊɏɟŰŬůɖ ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŮ  ɛŮŰɟɐůŮɘɠ Űɖɠ 

ˊɑŮůɖɠ ŬɑɛŬŰɞɠ. ɀˊɞɟŮɑ Ůˊɑůɖɠ ɜŬ ŮɑɜŬɘ ɛɑŬ ŭɘŬəɟɘŰɐ ŮŰɘəɏŰŬ ŰɎɝɖɠ, ˊɞɡ ŭŮɑɢɜŮɘ ɛɑŬ Ŭˊɧ 

Űɘɠ ŰɎɝŮɘɠ. 

4.2.3 ȷ́ ɞŰɑɛɖůɖ ɀɞɜŰɏɚɞɡ ȾŬɛˊɨɚɤɜ ROC 

ȼ əŬɛˊɨɚɖ ROC Ůˊɑůɖɠ ŭŮɑɢɜŮɘ Űɘɠ ŮɜŭŮɑɝŮɘɠ TPR [TruePositiveRate] (ůŰɞɜ ɎɝɞɜŬ 

Űɤɜ y) əŬɘ FPR [FalsePositiveRate] (ůŰɞɜ ɎɝɞɜŬ Űɤɜ x). ȼ Ŭˊɧŭɞůɖ əɎɗŮ ŰŬɝɘɜɞɛɖŰɐ 

ŬɜŬˊŬɟɑůŰŬŰŬɘ ɤɠ ɏɜŬ ůɖɛŮɑɞ ůŰɖɜ əŬɛˊɨɚɖ ROC  

ȼ Ŭ́ɞŰɑɛɖůɖ Űɞɡ ɛɞɜŰɏɚɞɡ ROC ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɘɠ ŬəɧɚɞɡɗŮɠ ŮɝɘůɩůŮɘɠ: 

TPR = TP /(TP +FN)  [ŪŮŰɘəɏɠ Űɘɛɏɠ],    (4.1) 

FPR = FP / (TN +FP) [ȷɟɜɖŰɘəɏɠ Űɘɛɏɠ].   (4.2) 

ȼ ŰŮɢɜɘəɐ Ŭɝɘɞɚɧɔɖůɖɠ ɛŮ əŬɛˊɨɚŮɠ ROC ɢɟɖůɘɛɞˊɞɘŮɑ Űɖɜ ŬɜŬɚɞɔɑŬ ŭɨɞ Ŭˊɚɩɜ 

ůŰɖɚɩɜ ˊɞɡ ɓŬůɘɕɞɜŰŬɘ ůŮ ɛŮŰɟɘəɏɠ Ŭɝɘɞɚɧɔɖůɖɠ, ŭɖɚŬŭɐ Űɖɜ Ŭɚɖɗɐ-ɗŮŰɘəɐ Űɘɛɐ 

(TP_rate) əŬɘ Űɖɜ ŮůűŬɚɛɏɜɖ ɗŮŰɘəɐ Űɘɛɐ (FP_rate), ɞɘ ɞˊɞɑŮɠ ɞɟɑɕɞɜŰŬɘ ɛŮ Űɞɜ Ŭəɧɚɞɡɗɞ 

Űɟɧˊɞ:  

 

C  CTP _ rate TP / P     FP _ rate  FP /  Nkai= = .  (4.3) 
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  ʃʄʁɰɽɳʌɶ  

ɸɳʆɹɼʁ 

(POSITIVE)  

ɮʄɿɶʆɹɼʁ 

(NEGATIVE) 

ʃʄɮɱɾɮʆɹɼʁ 

όɮʃʁʆɳɽɳʅɾ

ɮʆɮ ʆɳʅʆύ 

ɮʄɿɶʆɹɼʁ 

(NEGATIVE) 

TRUE 

 POSSITIVE  

(TP) 

FALSE POSITIVE  

(FP) 

ʃʄʁɰɽɳʌɶ 

(PRECISION) 

ɸɳʆɹɼʁ 

(POSITIVE) 

FALSE NEGATIVE 

(FN) 

TRUE NEGATIVE 

(TN) 

ɮʄɿɶʆɹɼɶ 

ʃʄʁɰɽɳʃʁɾɳɿɶ 

ʆɹɾɶ 

 

 

ɳʇɮɹʅɸɶʅɹɮ 

(SENSITIVITY) 

ɳɹɲɹɼʁʆɶʆɮ 

(SPECIFICITY) 

ɮɼʄɹɰɳɹɮ  

(ACCURACY) 

ȺɘəɧɜŬ 4.1: ɄɑɜŬəŬɠ ůɨɔɢɡůɖɠ ɔɘŬ ŬɜŬˊŬɟɎůŰŬůɖ Ŭˊɧŭɞůɖɠ ŰŬɝɘɜɧɛɖůɖɠ.  

ȼ ŬəɟɑɓŮɘŬ əŬɘ ɖ Űɘɛɐ ůűɎɚɛŬŰɞɠ ŭɑɜɞɜŰŬɘ ŬɜŰɑůŰɞɘɢŬ Ŭˊɧ Űɞɡɠ Űɨˊɞɡɠ: 

Accuracy = (TP + TN) / (PC + NC )    (4.4) 

Error Rate = 1 ï Accuracy,     (4.5) 

ɧˊɞɡ TP (True Positive); TN (True Negative) əŬɘ PC , NC  (Column Counts). 

ȳůɞɜ ŬűɞɟɎ Űɖɜ ŬəɟɑɓŮɘŬ (accuracy), Ɏɚɚɞɘ ˊŬɟɎɔɞɜŰŮɠ ɔɘŬ Űɖɜ  ŬˊɞŰɑɛɖůɖ 

ɛŮŰɟɘəɩɜ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ ˊɟɞɓɚɖɛɎŰɤɜ ŬɜɞɛɞɘɞɔŮɜɞɨɠ ɛɎɗɖůɖɠ ŮɑɜŬɘ ɖ ŬəɟɑɓŮɘŬ 

ˊɟɞůɏɔɔɘůɖɠ (precision), ɖ ŬɜɎəɚɖůɖ (recall), Űɞ ɛɏŰɟɞ-F (F-measure) əŬɘ ɞ ɛɏůɞɠ-G (G-

mean). Ƀɘ ˊŬɟɎɔɞɜŰŮɠ ŬɡŰɞɑ ɞɟɑɕɞɜŰŬɘ ɛŮ Űɞɜ Ŭəɧɚɞɡɗɞ Űɟɧˊɞ: 

( )Precision  TP /  TR  FP  = +
     

(4.6)
 

( )Recall  TP /  TP  FN= +
  (4.7)

 

( )
2 2F Measure  1 b *Recall * Precision  /  b *Recall  Precision ;è øè ø- = + +ê úê ú

(4.8) 

( ) ( )
½

G Mean  TP /  TP FN  *TN /  TN FP , - = + +è øê ú (4.9) 

ɧˊɞɡ FN (False Negatives); FP (False Positives) əŬɘ b ɏɜŬɠ ůɡɜŰŮɚŮůŰɐɠ ɔɘŬ Űɞɜ 

əŬɗɞɟɘůɛɧ Űɖɠ ůɢŮŰɘəɐɠ ůɖɛŬůɑŬɠ Űɖɠ ŬəɟɑɓŮɘŬɠ ˊɟɞůɏɔɔɘůɖɠ ɏɜŬɜŰɘ Űɖɠ ŬɜɎəɚɖůɖɠ (Guo 

and Viktor, 2004; Weiss, 2004, Provost et al. 1998; Sun et al. 2007) 
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ɇɞ ɔɟɎűɖɛŬ Űɖɠ əŬɛˊɨɚɖɠ ROC ůɢɖɛŬŰɑɕŮŰŬɘ ůɢŮŭɘɎɕɞɜŰŬɠ Űɖɜ TP_rate ˊɎɜɤ Ŭˊɧ 

Űɖɜ FP_rate, əŬɘ əɎɗŮ ůɖɛŮɑɞ Űɖɠ ROC ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ Ŭˊɧŭɞůɖ Ůɜɧɠ Ŭˊɚɞɨ ŰŬɝɘɜɞɛɖŰɐ 

ůŮ ɛɑŬ ŭŮŭɞɛɏɜɖ əŬŰŬɜɞɛɐ.(Fawcett, 2003;2006) 

ȷɜ ɧɚŬ ŰŬ ɛɖ ŰŬɝɘɜɞɛɖɛɏɜŬ ůɨɜɞɚŬ ŮɑɢŬɜ ŰŬ ɑŭɘŬ ɓɎɟɖ, ɞɘ ŮŰɘəɏŰŮɠ əɚɎůŮɤɜ ˊɞɡ 

ŮɛűŬɜɑɕɞɜŰŬɜ ɗŬ ɐŰŬɜ ɚɘɔɧŰŮɟɞ ůɡɢɜɏɠ Ŭˊɧ Űɘɠ Űɘɛɏɠ ůŰɧɢɞɡɠ. ȾŬŰŬůəŮɡɎɕɞɜŰŬɠ ɏɜŬ 

ɛɞɜŰɏɚɞ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ˊŬɟɎɚɚɖɚŬ ɏɜŬ ˊɞɚɨ ɛɘəɟɧ ůɡɜɞɚɘəɧ ˊɞůɞůŰɧ ůűɎɚɛŬŰɞɠ. ũɘŬ Űɖɜ 

ɓŮɚŰɑɤůɖ Űɖɠ ŰŬɝɘɜɧɛɖůɖɠ Űɤɜ ŭɏɜŰɟɤɜ ŬˊɞűɎůŮɤɜ əŬɘ ɔɘŬ ɜŬ ŬˊɞəŰɐůɞɡɛŮ əŬɚɨŰŮɟŬ 

ɛɞɜŰɏɚŬ Ŭˊɧ ŬɜɞɛɞɘɞɔŮɜɐ ŭŮŭɞɛɏɜŬ, Űɞ ŮɡɟŮŰɐɟɘɞ Űɞɡ ŭɏɜŰɟɞɡ ŭɖɛɘɞɡɟɔŮɑ ŬɡŰɧɛŬŰŬ ɏɜŬ 

əŬŰɎɚɚɖɚɞ ˊɑɜŬəŬ əɧůŰɞɡɠ ɔɘŬ Űɖɜ Ůɝɘůɞɟɟɧˊɘůɖ Űɖɠ əŬŰŬɜɞɛɐɠ Űɤɜ ŮŰɘəŮŰɩɜ Űɤɜ ŰɎɝŮɤɜ 

ɧŰŬɜ ɏɜŬ ŭɏɜŰɞ ŬˊɧűŬůɖɠ ŮəˊŬɘŭŮɨŮŰŬɘ. Ƀ ˊɑɜŬəŬɠ əɧůŰɞɡɠ ɛˊɞɟŮɑ ɜŬ ɟɡɗɛɘůŰŮɑ əŬɘ əŬŰɎ 

ɓɞɨɚɖůɖ. 

 ɄɟɞɓɚŮɣɖ (əɚɎůɖ ɛŮ ˊɟɧɓɚŮɣɖ) 

ɄɟŬɔɛŬŰɘəɐ 

əɚɎůɖ 

( / )C i j  ȾȿȷɆȼ =+ ȾȿȷɆȼ=- 

ȾȿȷɆȼ =+ C(+,+) C(+,-) 

ȾȿȷɆȼ=- C(-,+) C(-,-) 

  ȺɘəɧɜŬ 4.2: ɄɑɜŬəŬɠ əɧůŰɞɡɠ, ɧˊɞɡ ( / )C i j  ŮɑɜŬɘ Űɞ əɧůŰɞɠ ɚŬɜɗŬůɛɏɜɖɠ ŰŬɝɘɜɧɛɖůɖɠ Ůɜɧɠ 

ŭŮŭɞɛɏɜɞɡ Űɖɠ əɚɎůɖɠ i ŭŮŭɞɛɏɜɞɡ Űɖɠ əɚɎůŮɤɠ j. 

 

Ƀɘ əŬɛˊɨɚŮɠ ROC (Receiver Operating Characteristic) ɛˊɞɟɞɨɜ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ ůɡɜɞɚɘəɐ Ŭˊɧŭɞůɖ ŰŬɝɘɜɞɛɖŰɩɜ ˊɞɡ ŬɜŬűɏɟɞɜŰŬɘ ůŮ ɏɜŬ űɎůɛŬ 

ŬɜŰŬɚɚŬɔɩɜ ɛŮŰŬɝɨ Ŭɚɖɗɩɜ ɗŮŰɘəɩɜ Űɘɛɩɜ ůűŬɚɛɎŰɤɜ əŬɘ ɛɖ-Ŭɚɖɗɩɜ ɗŮŰɘəɩɜ Űɘɛɩɜ 

ůűŬɚɛɎŰɤɜ (Swets, 1988).  

ȼ ˊŮɟɘɞɢɐ əɎŰɤ Ŭˊɧ Űɖɜ əŬɛˊɨɚɖ (Area Under the Curve [AUC]) ŬˊɞŰŮɚŮɑ ɏɜŬ 

ŬˊɞŭŮəŰɧ əɟɘŰɐɟɘɞ ɛɏŰɟɖůɖɠ Űɖɠ Ŭˊɧŭɞůɖɠ ɔɘŬ ɛɑŬ əŬɛˊɨɚɖ ROC (Bradley, 1997). Ƀɘ 

əŬɛˊɨɚŮɠ ROC ɗŮɤɟɞɨɜŰŬɘ ɧŰɘ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ Űɖɜ ɞɘəɞɔɏɜŮɘŬ Űɤɜ əŬɚɨŰŮɟɤɜ ɞɟɘŬəɩɜ 

ŬˊɞűɎůŮɤɜ (best decision boundaries) ɔɘŬ Űɞ ůɢŮŰɘəɧ əɧůŰɞɠ Űɤɜ TP əŬɘ FP. 
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ɆɢɐɛŬ (a)         ɆɢɐɛŬ (b)  

 

          ɆɢɐɛŬ (c) 

ȺɘəɧɜŬ 4.3: ɆŰɞ ůɢɐɛŬ (a) ɓɚɏˊɞɡɛŮ Űɖɜ ŰŬɝɘɜɧɛɖůɖ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ ůŮ əŬɜɞɜɘəɏɠ əŬŰŬɜɞɛɏɠ, ůŰɞ ůɢɐɛŬ (b) 

ɞ ˊɑɜŬəŬ əɧůŰɞɡɠ ˊŬɟɞɡůɘɎɕŮɘ Űɞ əɧůŰɞɠ ɚŬɜɗŬůɛɏɜɖɠ əŬŰɖɔɞɟɘɞˊɞɑɖůɖɠ Ůɜɧɠ ˊŬɟŬŭŮɑɔɛŬŰɞɠ (Űɞ ɓɎɟɞɠ) ɤɠ ɛɏŰɟɞ 

ŮəŰɑɛɖůɖɠ, əŬɘ ůŰɞ ŰŮɚŮɡŰŬɑɞ ůɢɐɛŬ (c) ŬɜŬˊŬɟɘůŰɎŰŬɘ ɖ Ŭˊɧŭɞůɖ əɎɗŮ ɛɞɜŰɏɚɞɡ ɤɠ ɏɜŬ ůɨɜɞɚɞ ůɖɛŮɑɤɜ ůŰɖɜ əŬɛˊɨɚɖ 

ROC. 

ɆŰɖɜ ůɡɜɏɢŮɘŬ ŭɑŭŮŰŬɘ ˊŬɟɎŭŮɘɔɛŬ ŮɟɛɖɜŮɑŬɠ ůɢɐɛŬŰɞɠ (Ŭ) ůŮ ůɢɏůɖ ɛŮ Űɖɜ 

əŬɛˊɨɚɖ ROC ůɢɐɛŬ (c). Ɉ ɞ́ɗɏůŰŮ ɧŰɘ ŰŬ ŮˊɑˊŮŭŬ ˊɟɤŰŮɥɜɩɜ ůŰɞ ŬɑɛŬ ůŮ ɜɞůɞɨɜŰŮɠ əŬɘ 

ɡɔɘŮɑɠ Ŭɜɗɟɩˊɞɡɠ əɡɛŬɑɜɞɜŰŬɘ ůɡɜɐɗɤɠ ůŮ 2 g / dL əŬɘ 1 g / dL ŬɜŰɑůŰɞɘɢŬ. ɀɘŬ ɘŬŰɟɘəɐ 

ŮɝɏŰŬůɖ ɛˊɞɟŮɑ ɜŬ ɛŮŰɟɐůŮɘ Űɞ ŮˊɑˊŮŭɞ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ˊɟɤŰŮȶɜɖɠ ůŮ ɏɜŬ ŭŮɑɔɛŬ 

ŬɑɛŬŰɞɠ əŬɘ ɜŬ ŰŬɝɘɜɞɛɐůŮɘ ɞˊɞɘɞŭɐˊɞŰŮ Ŭɟɘɗɛɧ ˊɎɜɤ Ŭˊɧ ɏɜŬ ɞɟɘůɛɏɜɞ əŬŰɩűɚɘ ɤɠ 

ɏɜŭŮɘɝɖ Űɖɠ ɜɧůɞɡ. Ƀ ˊŮɘɟŬɛŬŰɘůŰɐɠ ɛˊɞɟŮɑ ɜŬ ˊɟɞůŬɟɛɧůŮɘ Űɞ əŬŰɩűɚɘ (ɛŬɨɟɖ əɎɗŮŰɖ 

ɔɟŬɛɛɐ ůŰɞ ůɢɐɛŬ), ɖ ɞˊɞɑŬ ɛŮ Űɖ ůŮɘɟɎ Űɖɠ ɗŬ ŬɚɚɎɝŮɘ Űɞ ˊɞůɞůŰɧ ɣŮɡŭɩɠ ɗŮŰɘəɩɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ. ȷɡɝɎɜɞɜŰŬɠ Űɞ əŬŰɩűɚɘ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ɚɘɔɧŰŮɟŮɠ ɣŮɡŭɏɠ 
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ɗŮŰɘəɏɠ (false positives) əŬɘ Ŭɚɖɗɩɠ ɗŮŰɘəɏɠ (true positive) ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ɛɑŬ əɑɜɖůɖ 

ˊɟɞɠ ŰŬ ŬɟɘůŰŮɟɎ Űɖɠ əŬɛˊɨɚɖɠ. ɇɞ ˊɟŬɔɛŬŰɘəɧ ůɢɐɛŬ Űɖɠ əŬɛˊɨɚɖɠ əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ Űɞ 

ˊɧůɞ ŮˊɘəŬɚɨˊŰɞɜŰŬɘ ɞɘ ŭɨɞ əŬŰŬɜɞɛɏɠ. 

ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ůŮ ɛɑŬ əŬɛˊɨɚɖ ROC ɞ ɞɟɘɕɧɜŰɘɞɠ Ɏɝɤɜ ɉ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɘɠ 

Űɘɛɏɠ  %FP=FP/(FP+TN), Ůɜɩ ɞ əɎɗŮŰɞɠ Ɏɝɤɜ Ɉ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɘɠ Űɘɛɏɠ  

%TP=TP/(TP+FN). ɇɞ ɘŭŬɜɘəɧ ůɖɛŮɑɞ ůŮ ɛɑŬ əŬɛˊɨɚɖ ROC ŮɑɜŬɘ Űɞ ůɖɛŮɑɞ (0, 100), 

ɧˊɞɡ ɧɚŬ ŰŬ ɗŮŰɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ ŰŬɝɘɜɞɛɞɨɜŰŬɘ ůɤůŰɎ əŬɘ ŰŬ ɛɖ-ŬɟɜɖŰɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ 

ŰŬɝɘɜɞɛɞɨɜŰŬɘ ŮůűŬɚɛɏɜŬ ɤɠ ɗŮŰɘəɎ. ȰɜŬɠ Űɟɧˊɞɠ ɛŮ Űɞɜ ɞˊɞɑɞ ɛˊɞɟŮɑ ɛɑŬ əŬɛˊɨɚɖ ROC 

ɜŬ ůŬɟɤɗŮɑ ŮɑɜŬɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ Űɞ ɘůɞɕɨɔɘɞ Űɤɜ ŭɞəɘɛŬůŰɘəɩɜ ŭŮɘɔɛɎŰɤɜ ɔɘŬ əɎɗŮ 

ŰɎɝɖ ůŰɞ ŭɞəɘɛŬůŰɘəɧ ůɨɜɞɚɞ. ɇɞ əɡɟŰɧ ɛɏɟɞɠ Űɖɠ əŬɛˊɨɚɖɠ ROC ɛˊɞɟŮɑ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɤɠ ɛɑŬ ŬˊɞŭɞŰɘəɐ (ŮɨɟɤůŰɖ) ɛɏɗɞŭɞɠ ɔɘŬ Űɖɜ ŬɜŬɔɜɩɟɘůɖ ŭɡɜŬɛɘəɎ 

ɓɏɚŰɘůŰɤɜ ŰŬɝɘɜɞɛɖŰɩɜ (Provost and Fawcett, 2001). 

 

 

ȺɘəɧɜŬ 4.4: ũɟŬűɘəɐ ˊŬɟɎůŰŬůɖ əŬɘ ůɡɛˊŮɟɘűɞɟɎ Űɖɠ əŬɛˊɨɚɖɠ ROC 

ũɘŬ Űɖɜ ŰŬɝɘɜɧɛɖůɖ Űɖɠ ŬəɟɑɓŮɘŬɠ ɛˊɞɟɞɨɛŮ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ ɛɘŬ əɚɑɛŬəŬ 

[0,1], ɧˊɞɡ Ŭˊɧ Űɞ 0.9-1 ɏɢɞɡɛŮ ŮɝŬɘɟŮŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ, Ůɜɩ ɔɘŬ Űɘɛɏɠ əɚɑɛŬəŬ 0.5-0.6 

ɟ́ɞəɨˊŰŮɘ ɏɜŬ ŰŮůŰ ɢɤɟɑɠ ŬɝɑŬ. 

 

4.3 ȾŬɛˊɨɚŮɠ ȷɜɎəɚɖůɖɠ ȷəɟɑɓŮɘŬɠ (PR Curves) 

Ƀɘ əŬɛˊɨɚŮɠ PR, ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɘɠ əŬɛˊɨɚŮɠ ROC, ɛˊɞɟɞɨɜ ɜŬ ŭɩůɞɡɜ ɛɑŬ 

ˊɚɖɟɏůŰŮɟɖ ˊɚɖɟɞűɞɟɘŬəɐ ŬɜŬˊŬɟɎůŰŬůɖ Űɖɠ Ŭɝɘɞɚɧɔɖůɖɠ Ŭˊɧŭɞůɖɠ Ŭˊɧ Űɘɠ əŬɛˊɨɚŮɠ 

ROC. ɀɑŬ əŬɛˊɨɚɖ PR ɞɟɑɕŮŰŬɘ ůɢŮŭɘɎɕɞɜŰŬɠ Űɖɜ Űɘɛɐ ŬəɟɑɓŮɘŬɠ (precision rate) ˊɎɜɤ Ŭˊɧ 
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Űɖɜ Űɘɛɐ ŬɜɎəɚɖůɖɠ (recall rate). ɀɑŬ əŬɛˊɨɚɖ əɡɟɘŬɟɢŮɑ ůŰɞ ɢɩɟɞ ROC Ŭɜ əŬɘ ɛɧɜɞ Ŭɜ 

əɡɟɘŬɟɢŮɑ ůŰɞ ɢɩɟɞ PR (Davis and Goadrich, 2006; Bunescu et al., 2005).  

Ƀɘ əŬɛˊɨɚŮɠ ROC ɛˊɞɟɞɨɜ ɜŬ ŭɩůɞɡɜ ɛɑŬ ŮˊɞˊŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ Ŭˊɧŭɞůɖɠ Űɖɠ 

ɛŮɗɧŭɞɡ, ŬɚɚɎ ˊŬɟɞɡůɘɎɕɞɡɜ ɛɑŬ Ŭɘůɘɧŭɞɝɖ Ɏˊɞɣɖ Űɖɠ Ŭˊɧŭɞůɖɠ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ. ɆŮ 

ŰɏŰɞɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɞɘ əŬɛˊɨɚŮɠ ŬɜɎəɚɖůɖɠ ŬəɟɑɓŮɘŬɠ (Precision Recall [PR] Curves) 

ɛˊɞɟɞɨɜ ɜŬ ŭɩůɞɡɜ ˊɚɖɟɏůŰŮɟŮɠ ˊɚɖɟɞűɞɟɘŬəɏɠ ˊŬɟŬůŰɎůŮɘɠ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ 

Ŭˊɧŭɞůɖɠ Űɤɜ ŰŮɢɜɘəɩɜ əŬɛˊɨɚɤɜ PR (Davis and Goadrich, 2006). 

ȼ Űɘɛɐ ŬəɟɑɓŮɘŬɠ ůŰɞɜ ɎɝɞɜŬ Y ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ůɢŮŰɘəɩɜ 

ůŰɞɘɢŮɑɤɜ ˊɞɡ ŬɜŬəŰɩɜŰŬɘ ˊɟɞɠ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ŬɜŬəŰɖɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ. ȼ Űɘɛɐ ŬɜɎəɚɖůɖɠ 

ůŰɞɜ ɎɝɞɜŬ Űɤɜ ɉ ŮɑɜŬɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ůɢŮŰɘəɩɜ ůŰɞɘɢŮɑɤɜ ˊɞɡ ŬɜŬəŰɩɜŰŬɘ ˊɟɞɠ ŰŬ ůɢŮŰɘəɎ 

ůŰɞɘɢŮɑŬ. ɆɡɜɖɗɑɕŮŰŬɘ ɜŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɛɘŬ ɔɟŬűɘəɐ ˊŬɟɎůŰŬůɖ ɛŮ ŭɘŬəɟɘŰɎ óɞŭɞɜŰɤŰɧô 

ůɢɐɛŬ. 

ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ŮɎɜ ɏɢɞɡɛŮ Űɞ (ə+1)-ɞůŰɧ ůŰɞɘɢŮɑɞ ˊɞɡ ŬɜŬəŰɎŰŬɘ əŬɘ ŭŮɜ ŮɑɜŬɘ 

ůɢŮŰɘəɧ, ˊŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ɖ ŬɜɎəɚɖůɖ ŮɑɜŬɘ ɖ ɑŭɘŬ, ɧɛɤɠ ɖ ŬəɟɑɓŮɘŬ ɛŮɘɩɜŮŰŬɘ. ȺɎɜ ɏɢɞɡɛŮ 

Űɞ (ə+1)-ɞůŰɧ ůŰɞɘɢŮɑɞ ˊɞɡ ŬɜŬəŰɎŰŬɘ əŬɘ ŮɑɜŬɘ ůɢŮŰɘəɧ, ŰɧŰŮ ɖ ŬɜɎəɚɖůɖ əŬɘ ɖ ŬəɟɑɓŮɘŬ 

ŬɡɝɎɜɞɜŰŬɘ əŬɘ ɖ əŬɛˊɨɚɖ ŭɖɛɘɞɡɟɔŮɑ ŬˊɧŰɞɛŮɠ ɔɤɜɑŮɠ ˊɟɞɠ ŰŬ ŭŮɝɘɎ. 

 

ȺɘəɧɜŬ 4.5:  Ɇɢɏůɖ ŬəɟɑɓŮɘŬɠ (precision) əŬɘ ŬɜɎəɚɖůɖɠ (recall) 

 

ũɘŬ ɜŬ ŬˊɞűɨɔɞɡɛŮ ŬɡŰɏɠ Űɘɠ ŬˊɧŰɞɛŮɠ ɔɤɜɑŮɠ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɖ Űɘɛɐ ŬəɟɑɓŮɘŬɠ 

ɛŮ ˊŬɟŮɛɓɞɚɐ (interpolated precision) interp , ɧˊɞɡ ůŮ ɏɜŬ ɞɟɘůɛɏɜɞ ŮˊɑˊŮŭɞ ŬɜɎəɚɖůɖɠ r 

ɞɟɑɕŮŰŬɘ ɤɠ ɡɣɖɚɧŰŮɟɖ ŬəɟɑɓŮɘŬ ˊɞɡ ůɡɜŬɜŰɎɛŮ ɔɘŬ əɎɗŮ ŮˊɑˊŮŭɞ ŬɜɎəɚɖůɖɠ 'r r² ɛŮ 

ůɢŮŰɘəɧ Űɨˊɞ  

int '( ) max ( ')ep r rp r p r²=  .     (4.10) 
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ɆŰɖɜ ůɡɜɏɢŮɘŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ əŬɛˊɨɚŮɠ əɧůŰɞɡɠ. 

 

4.4 ȾŬɛˊɨɚŮɠ ȷəɟɑɓŮɘŬɠ/ ȾɧůŰɞɡɠ 

Ƀɘ əŬɛˊɨɚŮɠ əɧůŰɞɡɠ ˊŬɟɏɢɞɡɜ ɛɑŬ əŬŰŬɜɞɖŰɐ ŬˊɞŰɑɛɖůɖ ɛŮŰɟɘəɐɠ ɔɘŬ Űɖɜ 

Ŭˊɧŭɞůɖ ŰŬɝɘɜɞɛɖŰɩɜ ůŮ ɛɑŬ ɛŮŰŬɓŬɚɚɧɛŮɜɖ ŰɎɝɖ ˊɘɗŬɜɞŰɐŰɤɜ ɐ əɧůŰɖ ŮůűŬɚɛɏɜɖɠ 

ŰŬɝɘɜɧɛɖůɖɠ (Holte and Drummond, 2005-2006). 

Ƀɘ əŬɛˊɨɚŮɠ ROC ŬŭɡɜŬŰɞɨɜ ɜŬ ŭɩůɞɡɜ ŭɘŬůŰɐɛŬŰŬ ŮɛˊɘůŰɞůɨɜɖɠ ɔɘŬ Űɖɜ 

Ŭˊɧŭɞůɖ Ůɜɧɠ ŰŬɝɘɜɞɛɖŰɐ əŬɘ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ ůɡɜɎɔɞɡɜ Űɖɜ ůŰŬŰɘůŰɘəɐ ůɖɛŬůɑŬ Űɖɠ 

Ŭˊɧŭɞůɖɠ ŭɘŬűɧɟɤɜ ŰŬɝɘɜɞɛɖŰɩɜ (Holte and Drummont, 2006). ȼ əŬɛˊɨɚɖ əɧůŰɞɡɠ ŮɑɜŬɘ 

ɛɑŬ ŰŮɢɜɘəɐ ŬˊɞŰɑɛɖůɖɠ ɛŮ ŮɡŬɘůɗɖůɑŬ əɧůŰɞɡɠ ˊɞɡ ɏɢŮɘ Űɖɜ ɘəŬɜɧŰɖŰŬ ɜŬ ŮəűɟɎůŮɘ 

ɎɛŮůŬ Űɖɜ Ŭˊɧŭɞůɖ Ůɜɧɠ ŰŬɝɘɜɞɛɖŰɐ ɔɘŬ ɛŮŰŬɓŬɚɚɧɛŮɜŬ əɧůŰɖ ŮůűŬɚɛɏɜɖɠ ŰɞˊɞɗɏŰɖůɖɠ 

əŬɘ ŰɎɝɖɠ əŬŰŬɜɞɛɩɜ ůŮ ɏɜŬ ɞˊŰɘəɧ ˊŮɟɑɔɟŬɛɛŬ (visual format). ȼ ɛɏɗɞŭɞɠ əŬɛˊɨɚɖɠ 

əɧůŰɞɡɠ ɏɢŮɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŬɜŬˊŬɟɎůŰŬůɖɠ Űɖɠ ŬɜɎɚɡůɖɠ ROC əŬɘ ˊɟɞůűɏɟŮɘ 

ŭɘŮɡɟɡɛɏɜŮɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖɜ Ŭˊɧŭɞůɖ ŰŬɝɘɜɧɛɖůɖɠ  (Holte and Drummond, 2000-

2005-2006). ɇɞ ŬɜŬɛŮɜɧɛŮɜɞ əɧůŰɞɠ Ůɜɧɠ ŰŬɝɘɜɞɛɖŰɐ ɛˊɞɟŮɑ ɜŬ ˊŬɟŬůŰŬɗŮɑ ɎɛŮůŬ Ŭˊɧ 

Űɖɜ əŬɛˊɨɚɖ əɧůŰɞɡɠ, ˊɞɡ ŮɑɜŬɘ Ůɨəɞɚɞ ɜŬ əŬŰŬɜɞɖɗŮɑ. 

ȼ əŬɛˊɨɚɖ əɧůŰɞɡɠ ŮˊɘŰɟɏˊŮɘ Űɖɜ ɎɛŮůɖ ˊŬɟŬŰɐɟɖůɖ Űɞɡ ŭɘŬůŰɐɛŬŰɞɠ əɧůŰɞɡɠ 

əŬɘ əŬŰŬŭŮɘəɜɨŮɘ Ŭɜ ɏɜŬɠ ŰŬɝɘɜɞɛɖŰɐɠ ŮɑɜŬɘ əŬɚɨŰŮɟɞɠ əŬɘ ˊɞůɞŰɘəɎ ˊɧůɞ əŬɚɨŰŮɟɞɠ Ŭˊɧ 

Ɏɚɚɞɡɠ ŰŬɝɘɜɞɛɖŰɏɠ. ɇɞ ŬɜŬɛŮɜɧɛŮɜɞ əɧůŰɞɠ Ůɜɧɠ ŰŬɝɘɜɞɛɖŰɐ ɔɘŬ ɧɚŮɠ Űɘɠ ˊɘɗŬɜɏɠ 

Ůˊɘɚɞɔɏɠ ŮůűŬɚɛɏɜɞɡ əɧůŰɞɡɠ əŬɘ əŬŰŬɜɞɛɩɜ ŰɎɝŮɤɜ ŮɛűŬɜɑɕŮŰŬɘ ůŰɞ Ŭəɧɚɞɡɗɞ 

ŭɘɎɔɟŬɛɛŬ: 
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ȺɘəɧɜŬ 4.6: ȷɜŬɛŮɜɧɛŮɜɞ ȾɧůŰɞɠ ɇŬɝɘɜɞɛɖŰɩɜ 

ɆŰɞ ůɢɐɛŬ 4.6 ɞ ɎɝɞɜŬɠ X ŮɑɜŬɘ ɖ ˊɘɗŬɜɧŰɖŰŬ ůɡɜɎɟŰɖůɖɠ əɧůŰɞɡɠ ɔɘŬ ɗŮŰɘəɎ 

ˊŬɟŬŭŮɑɔɛŬŰŬ əŬɘ ɞɟɑɕŮŰŬɘ ɤɠ 

PCF(+) = w+/(w+ + w-)     (4.11)  

əŬɘ ɞ ɎɝɞɜŬɠ Ɉ ŮɑɜŬɘ Űɞ ŬɜŬɛŮɜɧɛŮɜɞ əŬɜɞɜɘəɞˊɞɘɖɛɏɜɞ əɧůŰɞɠ ɤɠ ˊɟɞɠ Űɞ əɧůŰɞɠ ˊɞɡ 

ˊɟɞəɨˊŰŮɘ ɧŰŬɜ əɎɗŮ ˊŬɟɎŭŮɘɔɛŬ ŮɑɜŬɘ ŰŬɝɘɜɞɛɖɛɏɜɞ ŮůűŬɚɛɏɜŬ əŬɘ ɞɟɑɕŮŰŬɘ ɤɠ 

NE[C]=(1-TP)w++FPww++w- .    (4.12) 

ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ  

w+=p(+)C(-|+) əŬɘ w-=p(-)C(+|-)    (4.13) 

ɛŮ P(a): ɖ ˊɘɗŬɜɧŰɖŰŬ Ůɜɧɠ ŭŮŭɞɛɏɜɞɡ ˊŬɟŬŭŮɑɔɛŬŰɞɠ ɜŬ ŮɑɜŬɘ ůŮ ɛɑŬ ŰɎɝɖ a əŬɘ C(a|b): Űɞ 

əɧůŰɞɠ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭɜ ɏɜŬ ˊŬɟɎŭŮɘɔɛŬ ůŮ ɛɑŬ ŰɎɝɖ b ŰŬɝɘɜɞɛɖɗŮɑ ŮůűŬɚɛɏɜŬ ɧŰɘ 

ŬɜɐəŮɘ ůŰɖɜ ŰɎɝɖ a.  
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4.5 ɀŮŰɟɘəɏɠ ȷɝɘɞɚɧɔɖůɖɠ ɔɘŬ ɄɞɚɡŰŬɝɘəɐ ȷɜɞɛɞɘɞɔŮɜɐ ɀɎɗɖůɖ 

(Assessment Metrics for Multiclass Imbalanced Learning) 

ɇŬ ˊɞɚɡŰŬɝɘəɎ ɔɟŬűɐɛŬŰŬ ROC ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŮ ˊɞɚɡŰŬɝɘəɎ 

ˊɟɞɓɚɐɛŬŰŬ ŬɜɞɛɞɘɞɔŮɜɞɨɠ ɛɎɗɖůɖɠ (multiclass imbalanced learning problems) (Fawcett, 

2006). ũɘŬ Űɞ ˊɟɧɓɚɖɛŬ n-ŰɎɝŮɤɜ, ɞ ˊɑɜŬəŬɠ ůɨɔɢɡůɖɠ ŮɑɜŬɘ ɏɜŬɠ (nxn) ˊɑɜŬəŬɠ ɛŮ n 

ůɤůŰɏɠ ŰŬɝɘɜɞɛɐůŮɘɠ (ŰŬ ůŰɞɘɢŮɑŬ Űɖɠ əɨɟɘŬɠ ŭɘŬɔɩɜɘŬɠ) əŬɘ (n
2 
ï n) ůűɎɚɛŬŰŬ (ŰŬ 

ůŰɞɘɢŮɑŬ ŮəŰɧɠ ŭɘŬɔɤɜɑɞɡ) (Hand and Till , 2001; Abe et al., 2004; Sun et al., 2006; 

Fawcett, 2006). 

ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ ˊɞɚɡŰŬɝɘəɩɜ Űɘɛɩɜ ˊŮɟɘɞɢɩɜ-əɎŰɤ- Ŭɧ́ Űɖɜ əŬɛˊɨɚɖ (Areas 

Under Curve [AUC])  ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɖ Ŭəɧɚɞɡɗɖ ˊɘɗŬɜɞɗŮɤɟɖŰɘəɐ 

ɡˊɞɚɞɔɘůŰɘəɐ ˊɟɞůɏɔɔɘůɖ: 

(a) ɖ əŬɛˊɨɚɖ ROC ɔɘŬ əɎɗŮ ŰɎɝɖ ŬɜŬűɞɟɩɜ ŭɖɛɘɞɡɟɔŮɑŰŬɘ əŬɘ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ 

ŬɜŰɑůŰɞɘɢŮɠ AUC, 

(b) ɧɚŮɠ ɞɘ AUC ůɡɜŭɡɎɕɞɜŰŬɘ ɛŮ ɏɜŬ ůɡɜŰŮɚŮůŰɐ ɓɎɟɞɡɠ ůɨɛűɤɜŬ ɛŮ Űɖɜ 

ɡˊŮɟɑůɢɡůɖ Űɖɠ ŰɎɝɖɠ ŬɜŬűɞɟɩɜ ůŰŬ ŭŮŭɞɛɏɜŬ.  

ɀɑŬ ɔŮɜɘəŮɡɛɏɜɖ ˊɟɞůɏɔɔɘůɖ ɢɟɖůɘɛɞˊɞɘŮɑ Űɞ ɛɏŰɟɞ-ɀ (M-measure), ˊɞɡ 

ůɡɜŬɗɟɞɑɕŮɘ ɧɚŬ ŰŬ ɕŮɨɔɖ ŰɎɝŮɤɜ ŰŬ ɞˊɞɑŬ ɓŬůɑɕɞɜŰŬɘ ŮɔɔŮɜɐ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ AUC.ȼ  

ɛɏɗɞŭɞɠ ŬɡŰɐ ŭŮɜ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɖɜ əŬŰŬɜɞɛɐ ŰɎɝŮɤɜ əŬɘ ŰŬ ůűɎɚɛŬŰŬ əɧůŰɞɡɠ 

(Chawla et al., 2002).  

ȷɜŬűɏɟŮŰŬɘ ɧŰɘ ɖ ɛɎɗɖůɖ ɛŮ ŮɡŬɘůɗɖůɑŬ əɧůŰɞɡɠ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůŮɘ əɧůŰɖ 

ŮůűŬɚɛɏɜɖɠ ŰŬɝɘɜɧɛɖůɖɠ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Ŭˊɧŭɞůɖɠ ˊɞɚɡŰŬɝɘəɩɜ ŬɜɞɛɞɘɞɔŮɜɩɜ 

ˊɟɞɓɚɖɛɎŰɤɜ (Abe et al., 2004; Liu and Zhou, 2006). ȺˊɘˊɟɧůɗŮŰŬ ɛŮ Űɖɜ ŬɜɎɚɡůɖ 

ˊɞɚɡŰŬɝɘəɩɜ əŬɛˊɨɚɤɜ ROC, ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɞ ɔŮɤɛŮŰɟɘəɧɠ ɛɏůɞɠ (G-mean) 

ɔɘŬ Űɖɜ ŬɜɎəɚɖůɖ Űɘɛɩɜ əɎɗŮ ŰɎɝɖɠ ɔɘŬ Űɖɜ ˊɞɚɡŰŬɝɘəɐ ŬɜɞɛɞɘɞɔŮɜɐ ɛɎɗɖůɖ ( Sun et al. 

2006, Chan et al. 1999). 

ŪŮɛŮɚɘɩŭɖ əŬɘ əɟɘŰɘəɐɠ ůɖɛŬůɑŬɠ ŮɟɤŰɐɛŬŰŬ ɔɘŬ Űɖɜ ŬɜɞɛɞɘɞɔŮɜɐ ɛɎɗɖůɖ, ˊɞɡ ɗŬ 

ɏɢŮɘ ůɖɛŬɜŰɘəɏɠ ŮˊɘŭɟɎůŮɘɠ ůŰɖɜ ˊɟɧɞŭɞ Űɖɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ əŬɘ ɔŮɜɘəɧŰŮɟŬ Űɖɠ 

ɛɖɢŬɜɘəɐɠ ŭŮŭɞɛɏɜɤɜ (data engineering), ŮɑɜŬɘ ŰŬ ŬəɧɚɞɡɗŬ ɓŬůɘəɎ ŮɟɤŰɐɛŬŰŬ: 

(i) ɆŮ ˊɞɑɞ ɓŬɗɛɧ ɞɘ ɛɏɗɞŭɞɘ ŬɜɞɛɞɘɞɔŮɜɞɨɠ ɛɎɗɖůɖɠ ɓɞɖɗɞɨɜ Űɘɠ ɘəŬɜɧŰɖŰŮɠ 

ɛɎɗɖůɖɠ;  
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(ii ) Ʉɤɠ ɞɘ Ŭɚɔɧɟɘɗɛɞɘ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ɛˊɞɟɞɨɜ ɜŬ ŮˊɘŭɟɎůɞɡɜ əŬɚɨŰŮɟŬ ɛŮ 

ɞˊɞɘŬŭɐˊɞŰŮ ŭŮŭɞɛɏɜŬ ŭɞɗɞɨɜ; (Provost, 2000; Weiss and Provost, 2003; Estabrooks et al., 

2004; He and Garcia, 2009). 

ɆŰŬ ˊŮŭɑŬ ŬɜŬəɎɚɡɣɖɠ ɔɜɩůɖɠ əŬɘ ɛɖɢŬɜɘəɐɠ ŭŮŭɞɛɏɜɤɜ ɡˊɎɟɢɞɡɜ ŬɟəŮŰɏɠ 

Ůɘŭɘəɏɠ ŭɞəɘɛŬůɑŮɠ ŮˊɘŭɧůŮɤɜ (benchmarks) ɔɘŬ Űɖɜ ŬˊɞŰɑɛɖůɖ Űɖɠ ŮˊɑŭɟŬůɖɠ ŭɘŬűɧɟɤɜ 

Ŭɚɔɞɟɑɗɛɤɜ əŬɘ ŮɟɔŬɚŮɑɤɜ ŭŮŭɞɛɏɜɤɜ ɛɎɗɖůɖɠ ɛɖɢŬɜɘəɐɠ, ɧˊɤɠ ɖ Ŭˊɞɗɐəɖ UCI (UC 

Irvine Machine Learning Repository, 2009), ɞɘ ŮˊɘůŰɖɛɞɜɘəɏɠ əŬɘ ŰŮɢɜɘəɏɠ ɓɎůŮɘɠ 

ŭŮŭɞɛɏɜɤɜ NIST (NIST Scientific and Technical Databases, 2009), ŬɚɚɎ ɡˊɎɟɢŮɘ ˊɞɚɨ 

ˊŮɟɘɞɟɘůɛɏɜɞɠ Ŭɟɘɗɛɧɠ ŭɞəɘɛŬůɘɩɜ ŮˊɘŭɧůŮɤɜ ŬˊɞəɚŮɘůŰɘəɎ ŬűɘŮɟɤɛɏɜɤɜ ůŮ ˊɟɞɓɚɐɛŬŰŬ 

ŬɜɞɛɞɘɞɔŮɜɞɨɠ ɛɎɗɖůɖɠ. ɆɖɛŮɘɩɜŮŰŬɘ Ůˊɑůɖɠ ɧŰɘ ˊɞɚɚɎ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ ŬˊŬɘŰɞɨɜ 

ŮˊɘˊɟɧůɗŮŰɞɡɠ ɢŮɘɟɘůɛɞɨɠ ˊɟɘɜ ŮűŬɟɛɞůɗɞɨɜ ůŮ ŰŮɢɜɘəɏɠ ŬɜɞɛɞɘɞɔŮɜɞɨɠ ɛɎɗɖůɖɠ (He and 

Garcia, 2009).  

ɆŮ ˊɞɚɚɎ ˊŮɟɘɓɎɚɚɞɜŰŬ ɟŮŬɚɘůŰɘəɩɜ ŮűŬɟɛɞɔɩɜ, ɧˊɤɠ Ůɝɧɟɡɝɖ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ 

ŭɑəŰɡŬ (web), ŭɑəŰɡŬ ŬɘůɗɖŰɐɟɤɜ (sensor networks), ůɡůŰɐɛŬŰŬ ˊɞɚɡɛɏůɤɜ ə.Ŭ., ŰŬ 

ˊɟɤŰɞɔŮɜɐ ŭŮŭɞɛɏɜŬ ŮɑɜŬɘ ŭɘŬɗɏůɘɛŬ ůɡɜŮɢɩɠ ůŮ əɎˊɞɘŬ ɢɟɞɜɞ-ŭɘŬůŰɐɛŬŰŬ ɛɎɗɖůɖɠ. ũɘŬ 

ŰɏŰɞɘŬ ŭŮŭɞɛɏɜŬ ɛɎɗɖůɖɠ ɢɟŮɘɎɕɞɜŰŬɘ ɜɏŮɠ Ŭɟɢɏɠ, ɛŮɗɞŭɞɚɞɔɑŮɠ, Ŭɚɔɧɟɘɗɛɞɘ əŬɘ ŮɟɔŬɚŮɑŬ 

ɔɘŬ ɜŬ ɛŮŰŬůɢɖɛŬŰɑůɞɡɜ ˊɟɤŰɞɔŮɜɐ ŭŮŭɞɛɏɜŬ ůŮ ɢɟɐůɘɛŮɠ ˊɚɖɟɞűɞɟɑŮɠ əŬɘ 

ŬɜŬˊŬɟɎůŰŬůɖ ɔɜɩůŮɤɜ ɔɘŬ ɜŬ ɡˊɞůŰɖɟɑɝɞɡɜ ŭɘŬŭɘəŬůɑŮɠ ɚɐɣɖɠ ŬˊɞűɎůŮɤɜ (He and 

Chen, 2008).       

Ƀɘ Ŭɚɔɧɟɘɗɛɞɘ ɛɎɗɖůɖɠ Ŭˊɧ ŬɜɞɛɞɘɞɔŮɜɐ ŭŮŭɞɛɏɜŬ, ɛŮ Űɖ ŭɘŬɗŮůɘɛɧŰɖŰŬ 

ŰŮɟŬůŰɑɤɜ ˊɞůɩɜ ˊɟɤŰɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ ůŮ ˊɞɚɚɏɠ ůɨɔɢɟɞɜŮɠ ŮűŬɟɛɞɔɏɠ ˊɟŬɔɛŬŰɘəɞɨ 

əɧůɛɞɡ, ˊŬɑɕɞɡɜ əɟɘŰɘəɧ ɟɧɚɞ ůŮ ˊɞɚɚɏɠ ŭɘɎűɞɟŮɠ ˊŮɟɘɞɢɏɠ Űɖɠ ŮˊɘůŰɐɛɖɠ əŬɘ 

ŰŮɢɜɞɚɞɔɑŬɠ. 

 

4.6 ɀɏɗɞŭɞɘ ȺɡŬɘůɗɖůɑŬɠ ȾɧůŰɞɡɠ ɔɘŬ ȷɜɞɛɞɘɞɔŮɜɐ ɀɎɗɖůɖ 

Ƀɘ ŭŮɘɔɛŬŰɞɚɖˊŰɘəɏɠ ɛɏɗɞŭɞɘ ůɡɜɐɗɤɠ ɞɛɞɔŮɜɞˊɞɘɞɨɜ əŬŰŬɜɞɛɏɠ ɗŮɤɟɩɜŰŬɠ 

ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɏɠ ŬɜŬɚɞɔɑŮɠ ˊŬɟŬŭŮɘɔɛɎŰɤɜ ŰɎɝŮɤɜ ůŰɖɜ əŬŰŬɜɞɛɐ, Ůɜɩ ɞɘ ɛɏɗɞŭɞɘ 

ɛɎɗɖůɖɠ ɛŮ ŮɡŬɘůɗɖůɑŬ əɧůŰɞɡɠ ɗŮɤɟɞɨɜ ŰŬ əɧůŰɖ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮ ˊŬɟŬŭŮɑɔɛŬŰŬ 

ŮůűŬɚɛɏɜɖɠ ŰŬɝɘɜɧɛɖůɖɠ (Elkan, 2001). ȼ ɛɎɗɖůɖ ɛŮ ŮɡŬɘůɗɖůɑŬ əɧůŰɞɡɠ ŬɜŰɘɛŮŰɤˊɑɕŮɘ 

Űɞ ˊɟɧɓɚɖɛŬ ŬɜɞɛɞɘɞɔŮɜɞɨɠ ɛɎɗɖůɖɠ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŭɘŬűɞɟŮŰɘəɞɨɠ ˊɑɜŬəŮɠ əɧůŰɞɡɠ 

ˊɞɡ ˊŮɟɘɔɟɎűɞɡɜ ŰŬ əɧůŰɖ ɔɘŬ ŮůűŬɚɛɏɜɖ ŰŬɝɘɜɧɛɖůɖ əɎɗŮ ɘŭɘŬɑŰŮɟɞɡ ˊŬɟŬŭŮɑɔɛŬŰɞɠ 

ŭŮŭɞɛɏɜɤɜ. ȷɜŬűɏɟŮŰŬɘ ɧŰɘ ɞɘ ɗŮɛŮɚɘɩŭŮɘɠ Ŭɟɢɏɠ əŬɘ ɞɘ Ŭɚɔɧɟɘɗɛɞɘ ɛŮɗɧŭɤɜ ɛŮ 

ŮɡŬɘůɗɖůɑŬ əɧůŰɞɡɠ ɛˊɞɟɞɨɜ ɜŬ ŮűŬɟɛɞůɗɞɨɜ ůŮ ˊɟɞɓɚɐɛŬŰŬ ŬɜɞɛɞɘɞɔŮɜɞɨɠ ɛɎɗɖůɖɠ 
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(Chawla, 2004) əŬɘ ɧŰɘ ůŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɞɘ ɛɏɗɞŭɞɘ ɛɎɗɖůɖɠ ɛŮ əɧůŰɞɠ 

ŮɡŬɘůɗɖůɑŬɠ ŬˊɞŭŮɘəɜɨɞɜŰŬɘ ɡˊɏɟŰŮɟŮɠ Ŭˊɧ Űɘɠ ɛŮɗɧŭɞɡɠ ŭŮɘɔɛŬŰɞɚɖɣɑŮɠ (Liu and Zhou, 

2006).    

ȼ ɏɜɜɞɘŬ Űɞɡ ˊɑɜŬəŬ əɧůŰɞɡɠ ŮɑɜŬɘ ɗŮɛŮɚɘɩŭɖɠ ɔɘŬ Űɘɠ ɛŮɗɞŭɞɚɞɔɑŮɠ ɛɎɗɖůɖɠ ɛŮ 

ŮɡŬɘůɗɖůɑŬ əɧůŰɞɡɠ. Ƀ ˊɑɜŬəŬɠ əɧůŰɞɡɠ ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ ɤɠ ɛɑŬ ŬɟɘɗɛɖŰɘəɐ 

ŬɜŬˊŬɟɎůŰŬůɖ Űɞɡ ɛŮɘɞɜŮəŰɐɛŬŰɞɠ (penalty) ˊŬɟŬŭŮɘɔɛɎŰɤɜ ŰŬɝɘɜɧɛɖůɖɠ Ŭˊɧ Űɖ ɛɑŬ 

ŰɎɝɖ ůŰɖɜ Ɏɚɚɖ.  

ȼ ɡɚɞˊɞɑɖůɖ ɛŮɗɧŭɤɜ ɛɎɗɖůɖɠ ɛŮ ŮɡŬɘůɗɖůɑŬ əɧůŰɞɡɠ ˊŮɟɘɚŬɛɓɎɜŮɘ  Űɘɠ 

ŬəɧɚɞɡɗŮɠ əŬŰɖɔɞɟɑŮɠ: (i) ɖ ˊɟɩŰɖ əŬŰɖɔɞɟɑŬ ŮűŬɟɛɧɕŮɘ əɧůŰɖ ŮůűŬɚɛɏɜɖɠ ŰŬɝɘɜɧɛɖůɖɠ 

ůŮ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ ɤɠ ɏɜŬɠ Űɨˊɞɠ ɓɎɟɞɡɠ ɢɩɟɞ-ŭŮŭɞɛɏɜɤɜ (data space), (ii) ɖ ŭŮɨŰŮɟɖ 

əŬŰɖɔɞɟɑŬ ŮűŬɟɛɧɕŮɘ ŰŮɢɜɘəɏɠ ŮɚŬɢɘůŰɞˊɞɑɖůɖɠ əɧůŰɞɡɠ (ɛŮŰŬŰŮɢɜɘəɏɠ) ůŮ ůɡɜŭɡŬůŰɘəɎ 

ůɢɐɛŬŰŬ ůɡɜɞɚɘəɩɜ ɛŮɗɧŭɤɜ (Domingos, 1999), əŬɘ (ii i) ɖ ŰɟɑŰɖ əŬŰɖɔɞɟɑŬ ˊŮɟɘɚŬɛɓɎɜŮɘ 

ůɡɜŬɟŰɐůŮɘɠ ɛŮ əɧůŰɞɠ ŮɡŬɘůɗɖůɑŬɠ ɐ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɎɛŮůŬ ůŮ ˊŬɟŬŭŮɑɔɛŬŰŬ 

ŰŬɝɘɜɧɛɖůɖɠ ɔɘŬ ɜŬ ˊɟɞůŬɟɛɧůɞɡɜ Űɞ ˊɚŬɑůɘɞ ŮɡŬɘůɗɖůɑŬɠ əɧůŰɞɡɠ ůŮ ŬɡŰɞɨɠ Űɞɡɠ 

ŰŬɝɘɜɞɛɖŰɏɠ.    
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5 ɁȺɃɆ ɈȸɅȽȹȽȾɃɆ ȷȿũɃɅȽŪɀɃɆ ɀȼɉȷɁȽȾȼɆ ɀȷŪȼɆȼɆ 

ũȽȷ ȷɁɃɀɃȽɃũȺɁȼ ȹȺȹɃɀȺɁȷ 

 

5.1 ȺɘůŬɔɤɔɘəɏɠ ɄŬɟŬŰɖɟɐůŮɘɠ 

Ƀɘ ŰŬɝɘɜɞɛɖŰɏɠ (classifiers) ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɛŮ ŬɜɞɛɞɘɞɔŮɜɐ ŭŮŭɞɛɏɜŬ ůŮ 

ŭɘɎűɞɟŮɠ ŮűŬɟɛɞɔɏɠ, ɧˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ˊɟɞəŬɚɏůɞɡɜ ůŰɞɜ ŰŬɝɘɜɞɛɖŰɐ ɛɘŬ ɩɗɖůɖ ɤɠ ˊɟɞɠ 

Űɖɜ əɚɎůɖ ˊɚŮɘɞɣɖűɑŬɠ (Hulse and Khoshgoftaar, 2009). ȷɡŰɧ ɛˊɞɟŮɑ ɜŬ ŬˊɞŭɞɗŮɑ ůŰɞɜ 

Űɟɧˊɞ ɛŮ Űɞɜ ɞˊɞɑɞ ɞɘ ŰŬɝɘɜɞɛɖŰɏɠ ŮɑɜŬɘ ůɢŮŭɘŬůɛɏɜɞɘ. Ƀɘ óŮˊŬɔɤɔɘəɞɑ ŰŬɝɘɜɞɛɖŰɏɠô ŮɑɜŬɘ 

ŰɡˊɘəɎ ůɢŮŭɘŬůɛɏɜɞɘ ɩůŰŮ ɜŬ ŮɚŬɢɘůŰɞˊɞɘɐůɞɡɜ Űɞ ůűɎɚɛŬ ůŰŬ ůŰɘɔɛɘɧŰɡˊŬ ŮəˊŬɑŭŮɡůɖɠ. 

Ƀɘ Ŭɚɔɧɟɘɗɛɞɘ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ, ɚɧɔɤ Űɞɡ ɔŮɔɞɜɧŰɞɠ ɧŰɘ Űɞ əɧůŰɞɠ Űɖɠ əŬɚɐɠ Ůˊɑŭɞůɖɠ 

Űɞɡ ůŰɖɜ ɡˊŮɟ Ůəˊɟɞůɤˊɖɛɏɜɖ (over-represented) əɚɎůɖ ŬɜŰɘůŰŬɗɛɑɕŮɘ Űɞ əɧůŰɞɠ Űɤɜ 

űŰɤɢɩɜ ŬˊɞŭɧůŮɤɜ Űɤɜ ɛɘəɟɧŰŮɟɤɜ əɚɎůŮɤɜ, ɧˊɞɡ ɛˊɞɟŮɑ ɜŬ ŬɔɜɞɖɗŮɑ ɚɧɔɤ Űɤɜ ɚɑɔɤɜ 

ůŰɘɔɛɘɞŰɨˊɤɜ ˊɞɡ ɏɢŮɘ. ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ, ɖ ŭɡůəɞɚɑŬ ɩůŰŮ ɜŬ ŭɘŬəɟɘɗɞɨɜ ɞɘ ůˊɎɜɘŮɠ 

ˊŮɟɘˊŰɩůŮɘɠ (ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ Ŭɚɖɗɘɜɏɠ ŮɝŬɘɟɏůŮɘɠ ) əŬɘ ɗɧɟɡɓɞɘ, ˊɞɡ ŮɑɜŬɘ ɡˊŬɑŰɘŬ ɔɘŬ Űɖ 

ɢŬɛɖɚɐ Ŭˊɧŭɞůɖ ůŰɖɜ əɚɎůɖ Űɖɠ ɛŮɘɞɜɧŰɖŰŬɠ (minority class) (Napierala et al., 2010). 

Ƀɘ ŮɟŮɡɜɖŰɏɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ŬůɢɞɚɐɗɖəŬɜ əɡɟɑɤɠ ɛŮ Űɞ ɗɏɛŬ Űɖɠ 

ŬɜɞɛɞɘɞɔɏɜŮɘŬɠ Űɤɜ əɚɎůŮɤɜ ɛŮ ŰɟŮɑɠ ŭɘŬűɞɟŮŰɘəɞɨɠ Űɟɧˊɞɡɠ. ȷɟɢɘəɎ ŬůɢɞɚɐɗɖəŬɜ ɛŮ 

Űɖɜ Ůəɢɩɟɖůɖ ŭɘŬəɟɘŰɞɨ əɧůŰɞɡɠ ɔɘŬ Űɖɜ ŮəˊŬɑŭŮɡůɖ ůŰɘɔɛɘɧŰɡˊɤɜ (Orriols-Puig et al., 

2009). ȹŮɨŰŮɟɞɠ Űɟɧˊɞɠ ŮɑɜŬɘ  ɖ ŮˊŬɜŬŭŮɘɔɛŬŰɞɚɖɣɑŬ (resample) Űɞɡ Ŭɟɢɘəɞɨ ůɡɜɧɚɞɡ 

ŭŮŭɞɛɏɜɤɜ, ŮɑŰŮ ɛŮ ɡˊŮɟŭŮɘɔɛŬŰɞɚŮɘɣɑŬ (oversampling) Űɖɠ əɚɎůɖɠ ɛŮɘɞɜɧŰɖŰŬɠ ɐ əŬɘ ɛŮ 

ɡˊɞŭŮɘɔɛŬŰɞɚɖɣɑŬɠ (undersampling) Űɖɠ əɡɟɑŬɟɢɖɠ əɚɎůɖɠ (Japkowicz and Stephen, 

2002). ȼ ŰɟɑŰɖ ˊɟɞůɏɔɔɘůɖ ŬɜŬűɏɟŮŰŬɘ ůŰɞ ůɡɜŭɡŬůɛɧ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɞɚɚɩɜ 

ŰŬɝɘɜɞɛɖŰɩɜ (Estabrooks and Japkowicz, 2004), ˊɞɡ ˊɟɞəŬɚŮɑŰŬɘ ɛŮŰɎ Ŭˊɧ əɎɗŮ 

ɡˊŮɟŭŮɘɔɛŬŰɞɚɖɣɑŬ ɐ ɡˊɞŭŮɘɔɛŬŰɞɚɖɣɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɛŮ ŭɘŬűɞɟŮŰɘəɏɠ 

ɡˊŮɟŭŮɘɔɛŬŰɞɚɖɣɑŮɠ ɐ ɡˊɞŭŮɘɔɛŬŰɞɚɖɣɑŮɠ ŬɜŰɑůŰɞɘɢŬ. Ȱɢɞɡɜ ˊɟɞŰŬɗŮɑ ˊɞɚɚɏɠ ɛɏɗɞŭɞɘ ɔɘŬ 

Űɞ ɢŮɘɟɘůɛɧ ŬɜɞɛɞɘɞɔŮɜɩɜ ůɡɜɧɚɤɜ ŭŮŭɞɛɏɜɤɜ, ŬɚɚɎ ˊŬɟŬɛɏɜŮɘ ɏɜŬ ŬɜɞɘɢŰɧ ŮɟɩŰɖɛŬ, Ŭɜ 

ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ Ůɘŭɘəɞɑ Ŭɚɔɧɟɘɗɛɞɘ ɛɎɗɖůɖɠ ůŮ Ůɘŭɘəɧ ˊŮɟɘɓɎɚɚɞɜ ɛɎɗɖůɖɠ, 

ɏŰůɘ ɩůŰŮ ɛˊɞɟŮɑ ɜŬ ɓŮɚŰɘɤɗŮɑ ɖ ŬəɟɑɓŮɘŬ ɔɘŬ ŬəɟŬɑŮɠ Űɘɛɏɠ Űɖɠ ŰɎɝɖɠ. 

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ŬɜŰɘɛŮŰɤˊɘůŰŮɑ ŬɡŰɧ Űɞ ůɖɛŬɜŰɘəɧ ˊɟɧɓɚɖɛŬ, ˊɟɞŰŮɑɜŮŰŬɘ ɛɘŬ 

əɚɎůɖ ɜɏɤɜ Ŭɚɔɞɟɑɗɛɤɜ. ȼ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Űɖɠ ˊɟɞŰŮɘɜɧɛŮɜɖɠ ˊɟɞůɏɔɔɘůɖɠ 

ŬɝɘɞɚɞɔŮɑŰŬɘ Ŭˊɧ ŮˊŰɎ ŬɜɞɛɞɘɞɔŮɜɐ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ ɓŬůɘəɞɨɠ 

ŰŬɝɘɜɞɛɖŰɏɠ Űɞɡɠ Ŭɚɔɞɟɘɗɛɞɡɠ:  
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(i) C4.5 ˊɞɡ ŬɜɐəŮɘ ůŰɖɜ əŬŰɖɔɞɟɑŬ Űɤɜ ŭɏɜŰɟɤɜ ŬˊɞűɎůŮɤɜ əŬɘ  

(ii)  PȷɅɇ ˊɞɡ ŬɜɐəŮɘ ůŰɖɜ əŬŰɖɔɞɟɑŬ Űɤɜ əŬɜɧɜɤɜ ůɡůɢɏŰɘůɖɠ.. 

 

5.2 Ƀ Ɉɓɟɘŭɘəɧɠ ȷɚɔɧɟɘɗɛɞɠ ɀɖɢŬɜɘəɐɠ ɀɎɗɖůɖɠ (ɀɀ-ȷȹ) 

ɀɘŬ ́ɟɞůŮəŰɘəɐ ŮɝɏŰŬůɖ ůɢŮŰɘəɩɜ ŮɟŮɡɜɖŰɘəɩɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɤɜ 

ˊɟɞɖɔɞɨɛŮɜɤɜ ŮŭŬűɑɤɜ ŬˊɞəŬɚɨˊŰŮɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ŰŬ ůɡůŰɐɛŬŰŬ ˊɞɚɚɩɜ 

ŮɛˊŮɘɟɞɔɜɤɛɧɜɤɜ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɤɠ əŬŰɎɚɚɖɚɖ ŮɜŬɚɚŬəŰɘəɐ ɚɨůɖ ɔɘŬ Űɖɜ 

ŬɜŰɘɛŮŰɩˊɘůɖ Űɤɜ ŬɜɞɛɞɘɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ ɛŮ ɘəŬɜɞˊɞɘɖŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ. ȼ ŰŮɢɜɘəɐ 

ˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ŮˊɘŭɘɩəŮɘ ɜŬ ŮˊɘŰɨɢŮɘ Űɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ ůŰŬ ɚɎɗɖ Űɤɜ ɛɞɜŰɏɚɤɜ 

ɛɎɗɖůɖɠ ɛŮ ɢɟɐůɖ ŭɘŬűɞɟŮŰɘəɩɜ Ŭɚɔɞɟɑɗɛɤɜ. ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ŰŬ ɛɞɜŰɏɚŬ ˊɞɡ 

ˊŬɟɎɔɞɜŰŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŭɘŬűɞɟŮŰɘəɎ əɟɘŰɐɟɘŬ ɛɎɗɖůɖɠ ɛˊɞɟŮɑ ɜŬ ŮɛűŬɜɑůɞɡɜ ɚɎɗɖ 

ɛŮ ŭɘŬűɞɟŮŰɘəɞɨɠ Űɟɧˊɞɡɠ. 

Ƀɘ ŰŬɝɘɜɞɛɖŰɏɠ ŭɏɜŭɟɤɜ ŬˊɞűɎůŮɤɜ, ˊɞɡ ůɡɜɐɗɤɠ ɢɟɖůɘɛɞˊɞɘɞɨɜ Űɘɠ ɚŮɔɧɛŮɜŮɠ 

ŰŮɢɜɘəɏɠ çɛŮŰŬ əɚŬŭɏɛɛŬŰɞɠè (post-pruning) ɞɘ ɞˊɞɑŮɠ Ŭɝɘɞɚɞɔɞɨɜ Űɖɜ Ŭˊɧŭɞůɖ Űɤɜ 

ŭɏɜŭɟɤɜ ŬˊɞűɎůŮɤɜ əɚŬŭŮɨɞɜŰŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɏɜŬ ůɨɜɞɚɞ ŮˊŬɚɐɗŮɡůɖɠ (validation 

set). ȾɎɗŮ əɧɛɓɞɠ ɛˊɞɟŮɑ ɜŬ ŬűŬɘɟŮɑŰŬɘ əŬɘ ɜŬ ŬˊɞŭɑŭŮŰŬɘ ůŰɖɜ ˊɘɞ ůɡɢɜɐ ůŮ ŰŬɝɘɜɧɛɖůɖ 

əɚɎůɖ Űɤɜ ůŰɘɔɛɘɞŰɨˊɤɜ ŮəˊŬɑŭŮɡůɖɠ ˊɞɡ ŰŬɝɘɜɞɛɞɨɜŰŬɘ ůŰɞɜ ɡˊɧ ŮɝɏŰŬůɖ əɧɛɓɞ. ȷɜ ɛɘŬ 

əɚɎůɖ ŮɑɜŬɘ ůˊɎɜɘŬ, ɞ Ŭɚɔɧɟɘɗɛɞɠ ŭɏɜŰɟɞɡ ŬˊɞűɎůŮɤɜ ůɡɢɜɎ əɚŬŭŮɨŮɘ Űɞ ŭɏɜŰɟɞ ˊɞɡ ɏɢŮɘ 

ɤɠ əɚŬŭɑ Űɞɡ ɏɜŬ ɛɧɜɞ əɧɛɓɞ, ɞ ɞˊɞɑɞɠ ŰŬɝɘɜɞɛŮɑ ɧɚŬ ŰŬ ůŰɘɔɛɘɧŰɡˊŬ ɤɠ ɛɏɚɖ Űɖɠ ůɡɢɜɐɠ 

əɚɎůɖɠ ˊɞɡ ɞŭɖɔŮɑ ůŮ ɛɘəɟɐ ŬəɟɑɓŮɘŬ ůŰŬ ůŰɘɔɛɘɧŰɡˊŬ Űɖɠ əɚɎůɖɠ ɛŮɘɞɜɧŰɖŰŬɠ. ɆŰɖɜ 

ɏɟŮɡɜŬ ɛŬɠ ɗŬ ɛŮɚŮŰɐůɞɡɛŮ Űɞɡɠ ɔɜɤůŰɞɨɠ Ŭɚɔɞɟɑɗɛɞɡɠ ɞɘ ɞˊɞɑɞɘ ˊŮɟɘɏɢɞɡɜ ŭɏɜŭɟŬ 

ŬˊɞűɎůŮɤɜ, ŭɖɚŬŭɐ Űɞɜ Ŭɚɔɧɟɘɗɛɞ C4.5 əŬɘ Űɞɜ Ŭɚɔɧɟɘɗɛɞ Part, ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ 

ɛŮɟɘəɩɠ ŰŬ ŭɏɜŰɟŬ ŬˊɞűɎůŮɤɜ ɔɘŬ ɜŬ ŭɖɛɘɞɡɟɔɐůŮɘ ɚɑůŰŬ ŬˊɞűɎůŮɤɜ əŬɘ ŬɜŰɘɛŮŰɤˊɑɕŮɘ 

Űɞ ɑŭɘɞ ˊɟɧɓɚɖɛŬ. 

Ƀ ˊɟɞŰŮɘɜɧɛŮɜɞɠ Ɉɓɟɘŭɘəɧɠ Ŭɚɔɧɟɘɗɛɞɠ ɀɖɢŬɜɘəɐɠ ɀɎɗɖůɖɠ HBRF (Hybrid 

Bagging- Rotation Forest) ůɡɜŭɡɎɕŮɘ ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ Bagging 

(Breiman, 1996) əŬɘ Rotation  Forest (Rodriguez et al., 2006) ɔɘŬ ŬɜɞɛɞɘɞɔŮɜɐ ůɨɜɞɚŬ 

ŭŮŭɞɛɏɜɤɜ. ɆŰɖ ůɡɜɏɢŮɘŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ HBRF ůŮ ɛɞɟűɐ ɣŮɡŭɞəɩŭɘəŬ.  
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ȷɚɔɧɟɘɗɛɞɠ HBRF (LS,T,LA ,C*)  

Ɇəɞˊɧɠ: ɞ ɡɓɟɘŭɘəɧɠ Ŭɚɔɧɟɘɗɛɞɠ HBRF ( Hybrid  Bagging  and  Rotation  

Forest ) ɛŮ ůɡɜŭɡŬůɛɏɜɖ ɢɟɐůɖ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ Bagging  and  Rotation  

Forest  ɡˊɞɚɞɔɑɕŮɘ Űɞɡɠ ŰŬɝɘɜɞɛɖŰɏɠ C*  

Ⱥɑůɞŭɞɠ:LS learning  set ; T number  of  bootstrap  samples ;  

Ȱɝɞŭɞɠ: LA learning  algorithm  output , Cz  classifier  

ɈˊɞɚɞɔɘůŰɘəɐ ȹɘŬŭɘəŬůɑŬ 

begin  

 for  i  =1 to  T  

       do 

      begin  

      Si  := bootstrap sample from LS using a filter to bias the class  

                       distribution toward a uniform distribution ;  

              for  j  =1 to T  

                     do  { produce T classifiers using rotation forest}  

                      begin  

 

          The input variables are randomly grouped. 

          For each group of input variables: 

          ï Consider a data set formed by this input variables and all the examples. 

          ï Eliminate from the data set all the examples from a proper subset of the classes. 

          ï Eliminate from the data set a subset of the examples. 

          ï Apply PCA (Principal Component Analysis) with the remaining data set. 

          ï Consider the components of PCA as a new set of variables. None of the components is 

discarded. 

 

          Si,j := the trai ning data set using as new variables the 

components selected by PCA for each group  

          Ci ,j  := LA (S i ,j ) ; {generate a base classifier}  

  end;{endfor}   

  end;{endfor}  

 
j

* 2

K ,

, 1

arg max ( ) / {averaging each class probabilities of the models}
T

y i j

i j

C probabityC x Te
=

= ä  

 End 

 

   ȺɘəɧɜŬ 5.2: ɮ˂ʴˈˊʽʻ˃ˇˌ HBRF 
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ɆŰɖ ůɡɜɏɢŮɘŬ ŭɑɜɞɜŰŬɘ ɞɟɘůɛɏɜŬ ůɢɧɚɘŬ ɔɘŬ Űɖɜ əŬŰŬɜɧɖůɖ Űɞɡ ɜɏɞɡ Ŭɚɔɞɟɑɗɛɞɡ  

ɝŮəɘɜɩɜŰŬɠ Ŭˊɧ Űɖ ŭɘŬŭɘəŬůɑŬ ŮɘůŬɔɤɔɐɠ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ. ɋɠ ŭŮŭɞɛɏɜŬ Ůɘůɧŭɞɡ ɞ 

Ŭɚɔɧɟɘɗɛɞɠ ŭɏɢŮŰŬɘ Űɞ ůɨɜɞɚɞ ŮəɛɎɗɖůɖɠ LS əŬɘ Űɖɜ ˊŬɟɎɛŮŰɟɞ ɇ ɧˊɞɡ ŮɑɜŬɘ ɞ Ŭɟɘɗɛɧɠ 

Űɤɜ ŮˊŬɜŬɚɐɣŮɤɜ, əŬɘ ůɡɛɓɞɚɑɕŮɘ ŰŬ ŭŮɑɔɛŬŰŬ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɛŮ Űɖ ɛɏɗɞŭɞ 

bootstrap 1 2, ,  ..., TS S S
.
 ȾŬŰɎ Űɖɜ ɏɝɞŭɞ Űɞɡ ˊɟɞəɨˊŰŮɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ ŮəɛɎɗɖůɖɠ ˊɞɡ ɏɢŮɘ 

ɤɠ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɜ ŰŮɚɘəɧ ŰŬɝɘɜɞɛɖŰɐ C*. 

Ƀ Ŭɚɔɧɟɘɗɛɞɠ Bagging (Bootstrap aggregating) Ŭˊɧ Breiman (1996) ɣɖűɑɕŮɘ 

ŰŬɝɘɜɞɛɖŰɏɠ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ Ŭˊɧ ŭɘŬűɞɟŮŰɘəɎ ŭŮɑɔɛŬŰŬ bootstrap. ɀŮ ŭŮŭɞɛɏɜɖ Űɖɜ 

ˊŬɟɎɛŮŰɟɞ ɇ, əɎɗŮ ŭŮɑɔɛŬ iS  Űɞ ɞˊɞɑɞ ŮɑɜŬɘ Ŭˊɧ Űɞ ůɨɜɞɚɞ ŮəɛɎɗɖůɖɠ ɢɟɖůɘɛɞˊɞɘŮɑ ɏɜŬ 

űɑɚŰɟɞ (ůŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ Űɞ Resample) ɔɘŬ ɜŬ ˊɞɚɩůŮɘ Űɖɜ əŬŰŬɜɞɛɐ 

əɚɎůɖɠ. 

ɆŰoɜ ŮˊɧɛŮɜɞ ɓɟɧɔɢɞ, ɡˊɎɟɢŮɘ ɖ ˊŬɟŬɔɤɔɐ ɇ ŰŬɝɘɜɞɛɖŰɩɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ Űɞɜ 

Ŭɚɔɧɟɘɗɛɞ Rotation Forest. 

ȼ ŰŮɚɘəɐ ŰŬɝɘɜɧɛɖůɖ Űɞɡ ůŰɘɔɛɘɧŰɡˊɞɡ x ˊŬɟɎɔŮŰŬɘ Ŭˊɧ ɏɜŬ ŮɜɘŬɑɞ ůɨůŰɖɛŬ 

ɣɖűɞűɞɟɑŬɠ ɔɘŬ Űɞɡɠ ŰŬɝɘɜɞɛɖŰɏɠ 1 2, ,  ..., TC C C
, ŭɖɚŬŭɐ, Űɞ ůŰɘɔɛɘɧŰɡˊɞ ɏɢŮɘ ŬɜŬŰŮɗŮɑ 

ůŰɖɜ əɚɎůɖ ˊɞɡ ˊɟɞɏɓɚŮɣŮ ˊɘɞ ůɡɢɜɎ Ŭˊɧ ŬɡŰɞɨɠ Űɞɡɠ ɓŬůɘəɞɨɠ ŰŬɝɘɜɞɛɖŰɏɠ. ɀŮ ɓɎůɖ 

Űɖɜ óȷɜɎɚɡůɖ Ⱦɨɟɘɤɜ ɆɡɜɘůŰɤůɩɜô (Principal Component Analysis - PCA), ˊɟɞŰŮɑɜŮŰŬɘ 

ɞ Ŭɚɔɧɟɘɗɛɞɠ Rotation Forest (Rodriguez et al,2006), ˊɞɡ ɏɢŮɘ ɤɠ əɨɟɘɞ ˊɚŮɞɜɏəŰɖɛŬ ɜŬ 

ŮɜɗŬɟɟɨɜŮɘ ŰŬɡŰɧɢɟɞɜŬ Űɖɜ ˊɞɚɡɛɞɟűɑŬ əŬɘ ŬŰɞɛɘəɐ ŬəɟɑɓŮɘŬ. ɆɡɔəŮəɟɘɛɏɜŬ, ɖ 

ˊɞɘəɘɚɞɛɞɟűɑŬ ˊɟɞɤɗŮɑŰŬɘ ɛŮ Űɖ ɢɟɐůɖ PCA ɜŬ ŮɝɎɔŮɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɔɘŬ əɎɗŮ 

ɓŬůɘəɧ ŰŬɝɘɜɞɛɖŰɐ əŬɘ Űɖɜ ŬəɟɑɓŮɘŬ ˊɞɡ ŮˊɘŭɘɩəŮɘ Űɖ ŭɘŬŰɐɟɖůɖ ɧɚɤɜ Űɤɜ əɨɟɘɤɜ 

ůɡůŰŬŰɘəɩɜ əŬɘ Ůˊɑůɖɠ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɧɚɞ Űɞ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ ɔɘŬ ɜŬ ŮəˊŬɘŭŮɨůŮɘ 

əɎɗŮ ɓŬůɘəɧ ŰŬɝɘɜɞɛɖŰɐ. 

ȰɜŬɠ Űɟɧˊɞɠ ɔɘŬ ɜŬ ɝŮˊŮɟŬůŰŮɑ Űɞ ˊɟɧɓɚɖɛŬ Űɖɠ əɚɎůɖɠ ɛŮ ŰŬ ŬɜɞɛɞɘɞɔŮɜɐ ŭŮŭɞɛɏɜŬ 

ůŮ əɎɗŮ bag (Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ) ŮɑɜŬɘ ɜŬ ɚɖűɗɞɨɜ ɡˊɧɣɖ ɞɘ ˊŮɟɘˊŰɩůŮɘɠ əŬŰɎ Űɘɠ əɚɎůŮɘɠ  

ɧŰŬɜ ŰŬ ůŰɘɔɛɘɧŰɡˊŬ ŮɑɜŬɘ ŰɡɢŬɑŬ ŭɘŬɚŮɔɛɏɜŬ Ŭˊɧ Űɞ Ŭɟɢɘəɧ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ. ȼ 

ŭɘŬŭɘəŬůɑŬ ɡˊŮɟŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɖɠ ɛŮɘɞɜɞŰɘəɐɠ əɚɎůɖɠ (overbagging) ŬɜŰɑ ɔɘŬ Űɖɜ 

ŮəŰɏɚŮůɖ ɛɘŬɠ ŰɡɢŬɑŬɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɞɡ ůɡɜɧɚɞɡ ŭŮŭɞɛɏɜɤɜ, ɛˊɞɟŮɑ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ˊɟɘɜ Űɖɜ ŮəˊŬɑŭŮɡůɖ ůŮ əɎɗŮ ŮəɛɎɗɖůɖ ůɡɜɧɚɞɡ. ɀɘŬ ˊŬɟɧɛɞɘŬ ŰŮɢɜɘəɐ 

ˊɟɞŰɎɗɖəŮ Ŭˊɧ Űɞɡɠ Wang əŬɘ ɞ Yao (2009). 

ɇŬ ɓɐɛŬŰŬ ŰŬ ɞˊɞɑŬ ˊɟɏˊŮɘ ɜŬ ɔɑɜɞɡɜ ɔɘŬ Űɘɠ ɛŮŰŬɓɚɖŰɏɠ ˊɞɡ ɛˊŬɑɜɞɡɜ ůŰɞɜ Ŭɚɔɧɟɘɗɛɞ 

ŮɑɜŬɘ ŰŬ Ůɝɐɠ: 



  ɤɭɩɢɬɚɣɠ ɚɦɚɫɬɚɫɢɚ ɝɠɥɠɬɪɚ 
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ȷɟɢɘəɎ ɗŬ ˊɟɏˊŮɘ ɜŬ ˊŬɟŬŰɖɟɐůɞɡɛŮ Ŭɜ ɞɘ ɛŮŰŬɓɚɖŰɏɠ Ůɘůɧŭɞɡ (input) ŮɑɜŬɘ ŰɡɢŬɑŬ 

ɞɛŬŭɞˊɞɘɖɛɏɜŮɠ. ũɘŬ əɎɗŮ ɞɛɎŭŬ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ, ŮɝŮŰɎɕŮŰŬɘ əɎɗŮ ɏɜŬ ůɨɜɞɚɞ Űɤɜ 

ůɡɜɧɚɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ůɢɖɛŬŰɑɕŮŰŬɘ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ɛŮŰŬɓɚɖŰɏɠ Ůɘůɧŭɞɡ əŬɘ ɧɚŬ ŰŬ 

ˊŬɟŬŭŮɑɔɛŬŰŬ. ȺɝŬɚŮɑűɞɜŰŬɘ Ŭˊɧ Űɞ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ ɧɚŬ ŰŬ ˊŬɟŬŭŮɑɔɛŬŰŬ Ŭˊɧ Űɞ 

əŬŰɎɚɚɖɚɞ ɡˊɞůɨɜɞɚɞ Űɤɜ əɚɎůŮɤɜ əŬɘ  Ŭˊɧ Űɞ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ ŰŬ ɡˊɞůɨɜɞɚŬ Űɤɜ 

ˊŬɟŬŭŮɘɔɛɎŰɤɜ. ȺűŬɟɛɧɕŮŰŬɘ Űɞ PCA ɛŮ Űɞ ɡˊɧɚɞɘˊɞ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ əŬɘ ŰŮɚɘəɎ 

ŮɝŮŰɎɕɞɜŰŬɘ ɞɘ ůɡɜɘůŰɩůŮɠ Űɞɡ PCA ɤɠ ɜɏɞ ůɨɜɞɚɞ ɛŮŰŬɓɚɖŰɩɜ, ɢɤɟɑɠ ɧɛɤɠ ɜŬ 

ŬˊɞɟɟɘűɗŮɑ əŬɜɏɜŬ Ŭˊɧ ŰŬ ůŰɞɘɢŮɑŬ. 

ɇɞ ŭŮɑɔɛŬ (Si,j) ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ ŮəˊŬɑŭŮɡůɖ Űɤɜ ůɡɜɧɚɤɜ ŭŮŭɞɛɏɜɤɜ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɜɏŮɠ ɛŮŰŬɓɚɖŰɏɠ ɔɘŬ Űɘɠ ɛŮŰŬɓɚɖŰɏɠ ŮˊɘɚŮɔɛɏɜŮɠ Ŭˊɧ Űɞ PCA ɔɘŬ əɎɗŮ 

ɞɛɎŭŬ. ɆŰɖ ůɡɜɏɢŮɘŬ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɞ ɓŬůɘəɧɠ ŰŬɝɘɜɞɛɖŰɐɠ. ɇŮɚɘəɎ ˊɟɞəɨˊŰŮɘ ɤɠ 

ŬˊɞŰɏɚŮůɛŬ ɞ ŰŮɚɘəɧɠ ŰŬɝɘɜɞɛɖŰɐɠ C*, ˊɞɡ ɗŬ ˊɟɞəɨɣŮɘ Ŭˊɧ Űɖ ɛɏůɖ Űɘɛɐ Űɖɠ əɎɗŮ 

əɚɎůɖɠ ˊɘɗŬɜɞŰɐŰɤɜ Űɤɜ ɛɞɜŰɏɚɤɜ. 

ȼ ˊɟɞůɏɔɔɘůɖ ŬɡŰɐ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞɜ ɄɑɜŬəŬɠ 5.1 ɆŰŬ ˊŮɘɟɎɛŬŰɎ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ 

ˊŬɟɎɛŮŰɟɞɠ ɇ, ɧˊɞɡ ɇ ŮɑɜŬɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ŮˊŬɜŬɚɐɣŮɤɜ ɛŮ ɇ=10. 

 

5.3 Ⱥ́ ɘɚŮɔɛɏɜŬ ɆɨɜɞɚŬ ȹŮŭɞɛɏɜɤɜ əŬɘ ȷ́ ɧŭɞůɖ ȷɚɔɞɟɑɗɛɞɡ 

ɀɘŬ ůɨɜŰɞɛɖ ˊŮɟɘɔɟŬűɐ Űɞɡ ůɡɜɧɚɞɡ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ŰŬ ˊŮɘɟɎɛŬŰŬ 

ŭɑɜɞɜŰŬɘ ůŰɞɜ ˊɑɜŬəŬ 6.2. ȳɚŬ ŰŬ ůɨɜɞɚŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɞ UC Irvine 

Repository (Frank A. Asuncion, 2010). ȼ Ŭˊɧŭɞůɖ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ŮɑɜŬɘ 

ůɡɜɐɗɤɠ Ŭɝɘɞɚɞɔɖɛɏɜɖ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŬəɟɑɓŮɘŬ ɛŮ ˊɟɧɔɜɤůɖ (predictive accuracy). AɡŰɧ 

ɗŮɤɟŮɑŰŬɘ ɧŰɘ ŭŮɜ ŮɑɜŬɘ əŬŰɎɚɚɖɚɞ ůŮ ˊŮɟɑˊŰɤůɖ ŬɜɞɛɞɘɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ. ɀɘŬ Ŭˊɚɐ 

ŬˊɞŰŮɚŮůɛŬŰɘəɐ ůŰɟŬŰɖɔɘəɐ ɔɘŬ Űɖɜ ŰŬɝɘɜɧɛɖůɖ ŮɑɜŬɘ ɜŬ ŬɜŬɗɏůɞɡɛŮ ůŰɖɜ əɡɟɑŬɟɢɖ əɚɎůɖ ɧɚŬ 

ŰŬ ɎɔɜɤůŰŬ ůŰɘɔɛɘɧŰɡˊŬ. ȼ ˊɟɞůɏɔɔɘůɖ ŬɡŰɐ ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɛŮ ɡɣɖɚɐɠ ŬəɟɑɓŮɘŬɠ 

ŰŬɝɘɜɧɛɖůɖ, ɘŭɑɤɠ ɔɘŬ ŮűŬɟɛɞɔɏɠ ˊɞɡ ŮɜŭɘŬűɏɟɞɜŰŬɘ ˊŮɟɘůůɧŰŮɟɞ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ Űɖɠ əɚɎůɖɠ 

ɛŮɘɞɜɧŰɖŰŬɠ Ŭˊɧ Űɖɜ əɚɎůɖ Űɖɠ ˊɚŮɘɞɣɖűɑŬɠ. ȰŰůɘ, əŬŰɎ Űɖ ůɨɔəɟɘůɖ Űɖɠ Ŭˊɧŭɞůɖɠ ŭɘŬűɞɟŮŰɘəɩɜ 

ŰŬɝɘɜɞɛɖŰɩɜ ůŮ ŬɜɞɛɞɘɞɔŮɜɐ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ, ɖ ŬəɟɑɓŮɘŬ ɤɠ ɛɏŰɟɞ ŭŮɜ ŮɑɜŬɘ ŬɟəŮŰɐ. 

ȼ Ŭˊɧŭɞůɖ Ůɜɧɠ ŰŬɝɘɜɞɛɖŰɐ Űɤɜ ˊɟɞɓɚɖɛɎŰɤɜ ŭɨɞ əɚɎůŮɤɜ ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ 

ɝŮɢɤɟɘůŰɎ ɔɘŬ Űɖɜ Ŭˊɧŭɞůɖ ůŰŬ ɗŮŰɘəɎ ůŰɘɔɛɘɧŰɡˊŬ (ůɖɛŮɘɩɜɞɜŰŬɠ ŰŬ ɤɠ Ŭ+) əŬɘ ůŰŬ ŬɟɜɖŰɘəɎ 

ůŰɘɔɛɘɧŰɡˊŬ (ůɖɛŮɘɩɜɞɜŰŬɠ ŰŬ ɤɠ Ŭ-) (Provost and Fawcett, 2001). ɇɞ Ŭɚɖɗɘɜɧ ɗŮŰɘəɧ ˊɞůɞůŰɧ 

(Ŭ+) ɐ ɖ ŮɡŬɘůɗɖůɑŬ  ŮɑɜŬɘ Űɞ əɚɎůɛŬ Űɤɜ ɗŮŰɘəɩɜ ůŰɘɔɛɘɧŰɡˊɤɜ ɛŮ ůɤůŰɐ ˊɟɞɓɚŮɣɖ Ŭˊɧ Űɞ 

ɛɞɜŰɏɚɞ. ɇɞ ˊɟŬɔɛŬŰɘəɧ ŬɟɜɖŰɘəɧ ˊɞůɞůŰɧ (Ŭ-) ɐ ɖ ŮɝŮɘŭɑəŮɡůɖ (specificity) ŮɑɜŬɘ Űɞ əɚɎůɛŬ Űɤɜ 

əɚɎůŮɤɜ Űɤɜ ŬɟɜɖŰɘəɩɜ ˊŮɟɘˊŰɩůŮɤɜ ˊɟɞɓɚɏɣŮɘ ůɤůŰɎ Ŭˊɧ Űɞɜ ŰŬɝɘɜɞɛɖŰɐ.  



                                                            ɥɠɯɚɦɢɣɠ ɥɚɡɠɫɠ ɫɞ ɚɦɨɥɨɢɨɜɞɦɠ ɝɞɝɨɥɞɦɚ 
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Ⱥˊɘˊɚɏɞɜ, ɖ ɢɟɐůɖ Űɖɠ əŬɛˊɨɚɖɠ ROC ɛˊɞɟŮɑ ɜŬ ˊɟɞůűɏɟŮɘ ɛɘŬ ɞˊŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ 

Űɤɜ ůɡɜŬɚɚŬɔɩɜ ɛŮŰŬɝɨ Űɤɜ ˊɟŬɔɛŬŰɘəɩɜ ɗŮŰɘəɩɜ (true positives (Ŭ+)) əŬɘ ɣŮɡŭɐ ɗŮŰɘəɎ (false 

positives (Ŭ-)). ȷɡŰɏɠ ŮɑɜŬɘ ɞɘ ɔɟŬűɘəɏɠ ˊŬɟŬůŰɎůŮɘɠ Űɤɜ ˊɞůɞůŰɩɜ Űɤɜ ůɤůŰɎ ŰŬɝɘɜɞɛɖɛɏɜɤɜ 

ɗŮŰɘəɩɜ ůŰɘɔɛɘɞŰɨˊɤɜ Ŭ+ ůŮ ůɢɏůɖ ɛŮ Űɞ ˊɞůɞůŰɧ Űɤɜ ɛɖ ůɤůŰɩɜ ŰŬɝɘɜɞɛɖɛɏɜɤɜ ŬɟɜɖŰɘəɩɜ 

ůŰɘɔɛɘɞŰɨˊɤɜ Ŭ- (Provost and Fawcett, 2001). ȺɎɜ Űɞ ɛɞɜŰɏɚɞ ŮɑɜŬɘ ŰɏɚŮɘɞ, ŰɧŰŮ ɖ ŰŬɝɘɜɧɛɖůɖ Űɖɠ 

ŬəɟɑɓŮɘŬɠ (ˊŮɟɘɞɢɐ əɎŰɤ Ŭˊɧ Űɖɜ əŬɛˊɨɚɖ ROC) ɗŬ ɏˊɟŮˊŮ ɜŬ ŮɑɜŬɘ ɑůɖ ɛŮ 1. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ ɏɜŬ 

ɔɟɎűɖɛŬ ɛˊɞɟŮɑ ɜŬ ŬˊŮɘəɞɜɑůŮɘ 3 əŬɛˊɨɚŮɠ ROC ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ŬˊɞŰŮɚɏůɛŬŰŬ ŮɝŬɘɟŮŰɘəɎ-

əŬɚɎ-ŬɜŮɡ ůɖɛŬůɑŬɠ. ȼ ŬəɟɑɓŮɘŬ Űɤɜ ŭɞəɘɛɩɜ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ ŭɘɎűɞɟŮɠ ɗŮɤɟɞɨɛŮɜŮɠ ˊŮɟɘɞɢɏɠ 

Ŭˊ Űɖɜ əŬɛˊɨɚɖ ROC, ŭɖɚŬŭɐ ɔɘŬ ˊŮɟɘɞɢɏɠ Űɖɠ əŬɛˊɨɚŮɠ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ Űɘɛɏɠ ŰŮŰŬɔɛɏɜɤɜ 

(əɎɗŮŰɞɠ ɎɝɞɜŬɠ) ůŰɘɠ Ŭɚɖɗɐɠ ɗŮŰɘəɏɠ Űɘɛɏɠ (true positive rates), ɧˊɞɡ ŮɜŭŮɘəŰɘəɎ űŬɑɜŮŰŬɘ ůŰŬ 

ŬəɧɚɞɡɗŬ ˊŬɟŬŭŮɑɔɛŬŰŬ:  

[1,0.9] ́ ɟɞəɨˊŰɞɡɜ ŮɝŬɘɟŮŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ 

[0.90,0.80] ˊɟɞəɨˊŰɞɡɜ əŬɚɎ ŬˊɞŰŮɚɏůɛŬŰŬ 

[0.80,0.70] ˊɟɞəɨˊŰɞɡɜ ɛɏŰɟɘŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

[0.70,0.60] ˊɟɞəɨˊŰɞɡɜ ɘəŬɜɞˊɞɘɖŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ 

[0.60,0.50] ˊɟɞəɨˊŰɞɡɜ ŬˊɞŰɡɢɖɛɏɜŬ (ŬˊɞɟɟɘˊŰɏŬ) ŬˊɞŰŮɚɏůɛŬŰŬ 

ȼ ŬɜɎəɚɖůɖ ŬəɟɑɓŮɘŬɠ (precision recall) ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛŮ ŬɜɎɚɞɔɞ Űɟɧˊɞ (Davis and 

Goadrich, 2006). 

ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ɖ əŬɛˊɨɚɖ ŬɜɎəɚɖůɖ ŬəɟɑɓŮɘŬɠ (PRC) ŭɑɜŮɘ ɛɘŬ əŬŰŬŰɞˊɘůŰɘəɐ ŮɘəɧɜŬ 

Űɖɠ Ůˊɑŭɞůɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ. ɈˊɎɟɢŮɘ ůŰŮɜɐ ůɢɏůɖ ɛŮŰŬɝɨ Űɞɡ ɢɩɟɞɡ Űɖɠ ROC əŬɘ PRC, ɏŰůɘ 

ɩůŰŮ ɛɘŬ əŬɛˊɨɚɖ əɡɟɘŬɟɢŮɑ ůŰɞ ɢɩɟɞ PR. ɆɡɜɏˊŮɘŬ ŮɑɜŬɘ ɖ ɏɜɜɞɘŬ Űɤɜ ŮűɘəŰɩɜ əŬɛˊɡɚɩɜ PR, ɞɘ 

ɞˊɞɑŮɠ ɏɢɞɡɜ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ əɡɟŰɞɨ ˊɞɚɡɔɩɜɞɡ (convex hull) ůŰɞ ɢɩɟɞ Űɖɠ ROC ŭɑɜŮɘ ɏɜŬɜ 

ŬˊɞŭɞŰɘəɧ Ŭɚɔɧɟɘɗɛɞ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ ŬɡŰɩɜ Űɤɜ əŬɛˊɡɚɩɜ. ȷɟəŮŰɏɠ ɎɚɚŮɠ ŭɘŬűɞɟɏɠ ɛˊɞɟɞɨɜ 

Ůˊɑůɖɠ ɜŬ ůɖɛŮɘɤɗɞɨɜ ůŰŬ ŭɨɞ Ůɑŭɖ əŬɛˊɡɚɩɜ ˊɞɡ ŮɑɜŬɘ ůɖɛŬɜŰɘəɏɠ ůŰɖɜ Ŭɚɔɞɟɘɗɛɘəɐ ůɢŮŭɑŬůɖ, 

ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ůŰɞ ɢɩɟɞ PR ŮɑɜŬɘ ɚɎɗɞɠ ɜŬ ˊŬɟŮɛɓɎɚŮɘ ɔɟŬɛɛɘəɎ ɛŮŰŬɝɨ Űɤɜ ůɖɛŮɑɤɜ. Ⱥˊɘˊɚɏɞɜ, 

ɞɟɘůɛɏɜɞɘ Ŭɚɔɧɟɘɗɛɞɘ ˊɞɡ ɓŮɚŰɘůŰɞˊɞɘɞɨɜ Űɖɜ ˊŮɟɘɞɢɐ Űɖɠ ROC ŭŮɜ ɞŭɖɔɞɨɜ ˊɎɜŰɞŰŮ ůŰɖɜ 

ɓɏɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ ˊŮɟɘɞɢɐɠ əɎŰɤ Ŭˊɧ Űɘɠ əŬɛˊɨɚŮɠ PR (Davis əŬɘ Goadrich, 2006).  

 

5.4 Ɉɓɟɘŭɘəɧɠ ȷɚɔɧɟɘɗɛɞɠ əŬɘ ɆɨɜɞɚŬ ȷɚɔɞɟɑɗɛɤɜ ɛŮ ɓŬůɘəɞɨɠ 

ŰŬɝɘɜɞɛɖŰɏɠ: ɄŮɘɟɎɛŬŰŬ əŬɘ ȷɟɘɗɛɖŰɘəɎ ȷˊɞŰŮɚɏůɛŬŰŬ  

 

5.4.1 ɆɡɜŭɡŬůɛɞɑ ȷɚɔɞɟɑɗɛɤɜ ɀɖɢŬɜɘəɐɠ ɀɎɗɖůɖɠ ɛŮ űɑɚŰɟŬ əŬɘ ɓŬůɘəɞɨɠ 

ŰŬɝɘɜɞɛɖŰɏɠ ɔɘŬ ŬɜɞɛɞɘɞɔŮɜɐ ŭŮŭɞɛɏɜŬ   

ɆŰɖ ůɡɜɏɢŮɘŬ ɔɑɜŮŰŬɘ ɛɘŬ ˊŮɟɘɔɟŬűɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ əŬɘ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ˊɞɡ ŬˊŬɘŰɐɗɖəŮ ɔɘŬ 

ɜŬ ŮˊŮɝŮɟɔŬůŰɞɨɛŮ ŰŬ ŬɜɞɛɞɘɞɔŮɜɐ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ ŰŬ ɞˊɞɑŬ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ŭɘɎűɞɟŮɠ 
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ɘŬŰɟɘəɏɠ əŬɘ Ɏɚɚɞɡ Ůɑŭɞɡɠ ŮűŬɟɛɞɔɏɠ (Frank and Asuncion, 2010). ɄŬɟɞɡůɘɎɕŮŰŬɘ ɏɜŬɠ ˊɑɜŬəŬɠ ɛŮ 

ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɞ ˊŮɘɟŬɛŬŰɘəɧ ůəɏɚɞɠ ŬɡŰɐɠ Űɖɠ ŮɟŮɡɜɖŰɘəɐɠ ŮɟɔŬůɑŬɠ ɛŮ 

əɡɟɑŬɟɢɞ ůŰɞɘɢŮɑɞ ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ Ŭɜɐəɞɡɜ ůŮ ŭɡɞ əɚɎůŮɘɠ. 

ɆŰɖɜ ɏɟŮɡɜŬ ɛŬɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 8 ůɡɜŭɡŬůɛɞɑ Űɤɜ Ŭəɧɚɞɡɗɤɜ Ŭɚɔɞɟɑɗɛɤɜ ɛɖɢŬɜɘəɐɠ 

ɛɎɗɖůɖɠ: 

[1] Bagging ɛŮ Rotation Forest əŬɘ ɛŮ űɑɚŰɟɞ Resample ɛŮ ɓŬůɘəɧ ŰŬɝɘɜɞɛɖŰɐ,  

[2] Cost Sensitive ɛŮ ɓŬůɘəɧ ŰŬɝɘɜɞɛɖŰɐ ɛŮ Ŭɚɖɗɐ ŬɜŬɛŮɜɧɛŮɜɞ ŮɚɎɢɘůŰɞ əɧůŰɞɠ (True 

minimise expected cost),  

[3] Cost Sensitive ɛŮ ɓŬůɘəɧ ŰŬɝɘɜɞɛɖŰɐ ɛŮ ɣŮɡŭɧ ŬɜŬɛŮɜɧɛŮɜɞ ŮɚɎɢɘůŰɞ əɧůŰɞɠ (False 

minimise expected cost),  

[4] ɓŬůɘəɧɠ ŰŬɝɘɜɞɛɖŰɐɠ ɛŮ Űɞ űɑɚŰɟɞ Smote, 

[5]  Rotation Forest ɛŮ Űɞ űɑɚŰɟɞ Resample əŬɘ ɛŮ ɓŬůɘəɧ ŰŬɝɘɜɞɛɖŰɐ,  

[6] ɓŬůɘəɧɠ ŰŬɝɘɜɞɛɖŰɐɠ ɛŮ Űɞ űɑɚŰɟɞ Resample, 

[7] Metacost ɛŮ ɓŬůɘəɧ ŰŬɝɘɜɞɛɖŰɐ , 

[8] Rotation Forest ɛŮ ɓŬůɘəɧ ŰŬɝɘɜɞɛɖŰɐ  

ɆɖɛŮɘɩůŰŮ ɧŰɘ ɞɘ ɓŬůɘəɞɑ ŰŬɝɘɜɞɛɖŰɏɠ ŮɑɜŬɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ C4.5, ɞ ɞˊɞɑɞɠ ŬɜɐəŮɘ 

ůŰɖɜ əŬŰɖɔɞɟɑŬ Ŭɚɔɞɟɑɗɛɤɜ Űɤɜ ŭɏɜŰɟɤɜ ŬˊɞűɎůŮɤɜ əŬɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ PART, ɞ ɞˊɞɑɞɠ 

ŬɜɐəŮɘ ůŰɖɜ əŬŰɖɔɞɟɑŬ Űɤɜ əŬɜɧɜɤɜ ůɡůɢɏŰɘůɖɠ, ɛŮ ŮűŬɟɛɞɔɐ 8 ŭɘŬűɞɟŮŰɘəɩɜ 

əŬŰɖɔɞɟɘɩɜ ŬɜɞɛɞɘɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ŭɘŬűɞɟɏɠ ˊŮɟɘˊŰɩůŮɘɠ, ŭɖɚŬŭɐ 

breast-cancer, credit-g, Diabetes, Haberman, Hepatitis, Ionosphere, Sick. ȷɜŬɚɡŰɘəɧŰŮɟŬ 

ůŰɞɘɢŮɑŬ ɔɘŬ ŰŬ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ. 

ʅˏ˄ˇ˂ˇ 

ɲʶʵˇ˃ʷ˄˖˄ 

ʅˍʽʴ˃ʽˈˍˎˉʰ ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ 

ˁʰˍʹʴˇˊʾʰˌ 

ɮˊʽʻ˃ʹˍʽˁʱ 

ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ  

ʅˍʽʴ˃ʽˈˍˎˉʰ ˍʹˌ 

ˁ˂ʱˋʹˌ 

˃ʶʽˇ˕ʹ˒ʾʰˌ  

ɼ˂ʱˋʶʽˌ  

breast-cancer 286 9 0 85 2 

credit-g 1000 13 7 300 2 

Diabetes 768 0 8 268 2 

Haberman 306 0 3 81 2 

Hepatitis 155 13 6 32 2 

Ionosphere 351 34 0 126 2 

Sick 3772 22 7 231 2 
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ɄɑɜŬəŬɠ 5.3: ɄŮɟɘɔɟŬűɐ Űɤɜ ŬɜɞɛɞɘɞɔŮɜɩɜ ůɡɜɧɚɤɜ ŭŮŭɞɛɏɜɤɜ ɔɘŬ ŭɘɎűɞɟŮɠ ɘŬŰɟɘəɏɠ ŮűŬɟɛɞɔɏɠ (Asuncion, 

2010).   

 

5.4.2 ɀŮŰɟɘəɐ ȷɝɘɞɚɧɔɖůɖ Ɉɓɟɘŭɘəɞɨ ȷɚɔɞɟɑɗɛɞɡ ɛŮ ɓŬůɘəɞɨɠ ŰŬɝɘɜɞɛɖŰɏɠ 

ɛŮ ɢɟɐůɖ ɆŰŬŰɘůŰɘəɩɜ ɀŮɗɧŭɤɜ 

ȼ Ŭˊɧŭɞůɖ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ůɡɜɐɗɤɠ ŬɝɘɞɚɞɔŮɑŰŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ 

ˊɟɞɔɜɤůŰɘəɐ ŬəɟɑɓŮɘŬ, ˊɞɡ ɗŮɤɟŮɑŰŬɘ ɧŰɘ ŮɑɜŬɘ ŬəŬŰɎɚɚɖɚɖ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ŬɜɞɛɞɘɞɔŮɜɩɜ 

ŭŮŭɞɛɏɜɤɜ. ɀɘŬ Ŭˊɚɐ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ůŰɟŬŰɖɔɘəɐ ɔɘŬ Űɖɜ əŬŰɎŰŬɝɖ ŮɑɜŬɘ ɜŬ ŬɜŬŰŮɗɞɨɜ Ŭˊɚɩɠ 

ůŰɖɜ əŬŰɖɔɞɟɑŬ ˊɚŮɘɞɣɖűɑŬɠ ɔɘŬ ɧɚŮɠ Űɘɠ ɎɔɜɤůŰŮɠ ˊŮɟɘˊŰɩůŮɘɠ. ɄŬɟɎ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɖ 

ˊɟɞůɏɔɔɘůɖ ŬɡŰɐ ɛˊɞɟŮɑ ɜŬ ŮˊɘŰɨɢŮɘ ɡɣɖɚɐ ŬəɟɑɓŮɘŬ ŰŬɝɘɜɧɛɖůɖɠ, ɛˊɞɟŮɑ ɜŬ ɛɖɜ ŮɑɜŬɘ 

ɘəŬɜɞˊɞɘɖŰɘəɐ, ɘŭɘŬɑŰŮɟŬ ɔɘŬ ŮűŬɟɛɞɔɏɠ ˊɞɡ ŬɜŬűɏɟɞɜŰŬɘ ůŰɖɜ ŬɜɑɢɜŮɡůɖ Űɖɠ ŰɎɝɖɠ Űɤɜ 

ɛŮɘɞɜɞŰɐŰɤɜ Ŭˊɧ Űɖɜ əŬŰɖɔɞɟɑŬ ˊɚŮɘɞɣɖűɑŬ. ȾŬŰɎ Űɖ ůɨɔəɟɘůɖ Űɖɠ Ŭˊɧŭɞůɖɠ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ 

ŰŬɝɘɜɞɛɖŰɩɜ ůŰŬ ŬɜɞɛɞɘɞɔŮɜɐ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ, ɖ ŬəɟɑɓŮɘŬ ɤɠ ɛɏŰɟɞ ŭŮɜ ŮɑɜŬɘ ŬɟəŮŰɐ. 

ɆŰɞɜ ˊɑɜŬəŬ 6.3 əŬɘ ůŰɞɜ ˊɑɜŬəŬ 6.4, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ůɡɔəɟɑůŮɘɠ Űɞɡ ˊɟɞŰŮɘɜɧɛŮɜɞɡ 

Ŭɚɔɞɟɑɗɛɞɡ Bagging-Rotation Forest ɛŮ űɑɚŰɟɞ Resample ɛŮ ɏɜŬ ɓŬůɘəɧ ŰŬɝɘɜɞɛɖŰɐ ,ɛŮ ɎɚɚŮɠ 

ˊɟɞůˊɎɗŮɘŮɠ ůɡɜŭɡŬůɛɩɜ Ŭɚɔɞɟɑɗɛɤɜ ˊɞɡ ɏɢɞɡɜ ˊŬɟŬŰɖɟɖɗŮɑ ɧŰɘ ˊŮŰɡɢŬɑɜɞɡɜ əŬɚɨŰŮɟɖ Ŭˊɧŭɞůɖ 

Űɞɡ ůɡɜɧɚɞɡ ŬɜɞɛɞɘɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞɜ C4.5 ɤɠ ɓɎůɖ ŰŬɝɘɜɞɛɖŰɐ. Ƀɘ 

ˊɟɞɖɔɞɨɛŮɜɞɘ ɞəŰɩ Ŭɚɔɧɟɘɗɛɞɘ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖ ůɨɔəɟɘůɖ ŬˊɞŭɧůŮɤɜ Űɤɜ Ŭɚɔɞɟɘɗɛɘəɩɜ 

ŭɘŬŭɘəŬůɘɩɜ : 

(i) ɖ ɛɏɗɞŭɞɠ Smote,  

(ii ) ɖ ɛɏɗɞŭɞ ŮˊŬɜŬŰɞˊɞɗɏŰɖůɖɠ ɓŬɟɩɜ (Reweight) ˊɞɡ ŮɑɜŬɘ əŬɘ ɔɜɤůŰɐ ɤɠ 

óɛɏɗɞŭɞ ŮɡŬɘůɗɖůɑŬɠ əɧůŰɞɡɠô əŬɘ  

(iii ) ɞ Ŭɚɔɧɟɘɗɛɞɠ Metacost.  

 ũɘŬ Űɖ óɛɏɗɞŭɞ ŮˊŬɜŬŰɞˊɞɗɏŰɖůɖɠ ɓŬɟɩɜô, ŮˊŬɜŬŰɞˊɞɗŮŰɞɨɛŮ ɓɎɟɖ ůŰŬ ŮəˊŬɘŭŮɡɧɛŮɜŬ 

ůŰɘɔɛɘɧŰɡˊŬ, ɏŰůɘ ɩůŰŮ ɖ ůɢɏůɖ ŬɜɎɛŮůŬ ůŮ ŬɟɜɖŰɘəɎ əŬɘ ɗŮŰɘəɎ ůŰɘɔɛɘɧŰɡˊŬ ɜŬ ŮɑɜŬɘ Űɞ ŬɜŰɑɗŮŰɞ 

Ŭˊɧ ŰŬ ˊɟɞɖɔɞɨɛŮɜŬ ŬɜɞɛɞɘɞɔŮɜɐ ůɨɜɞɚŬ.  

 ũɘŬ Űɖɜ óɛɏɗɞŭɞ ŮɡŬɘůɗɖůɑŬɠ əɧůŰɞɡɠô, ɖ ůɢɏůɖ ɛŮŰŬɝɨ ɣŮɡŭɞɨɠ ŬɟɜɖŰɘəɞɨ əŬɘ ɣŮɡŭɞɨɠ 

ɗŮŰɘəɞɨ əɧůŰɞɡɠ ŮɑɜŬɘ Űɞ ŬɜŰɑɗŮŰɞ Ŭˊɧ ŰŬ ˊɟɞɖɔɞɨɛŮɜŬ ŬɜɞɛɞɘɞɔŮɜɐ ůɨɜɞɚŬ. 

 ȼ ŬəɟɑɓŮɘŬ Űɖɠ Ŭˊɚɐɠ C4.5 əŬɘ C4.5 ɛŮ ŮˊŬɜŬŭŮɘɔɛŬŰɞɚɖɣɑŬ (resampling) ɛˊɞɟŮɑ ɜŬ 

ˊɞɚɩůŮɘ Űɖɜ əŬŰŬɜɞɛɐ Űɖɠ əɚɎůɖɠ ɔɘŬ ɜŬ ŬˊɞűɨɔŮɘ Űɖɜ ɞɛɞɘɧɛɞɟűɖ əŬŰŬɜɞɛɐ. ȼ Rotation Forest 

əŬɘ Rotation Forest ɛŮ ŮˊŬɜŬŭŮɘɔɛŬŰɞɚɖɣɑŬ ɛˊɞɟɞɨɜ ɜŬ ˊɞɚɩůɞɡɜ Űɖɜ əŬŰŬɜɞɛɐ Űɖɠ əɚɎůɖɠ ɔɘŬ 

ɜŬ ŬˊɞűɨɔŮɘ Űɖɜ ɞɛɞɘɧɛɞɟűɖ əŬŰŬɜɞɛɐ. 

 ȷɜŬűɏɟŮŰŬɘ ɧŰɘ ůŰŬ ŬɟɘɗɛɖŰɘəɎ ˊŮɘɟɎɛŬŰŬ Űɖɠ ɏɟŮɡɜŬɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɏɜŬɠ ŮɚŮɨɗŮɟɞɠ 

ŭɘŬɗɏůɘɛɞɠ ˊɖɔŬɑɞɠ əɩŭɘəŬ (Witten, Frank,2011). ũɘŬ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ ŭŮŭɞɛɏɜɤɜ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ɚŮɘŰɞɡɟɔɘəɧ ˊŮɟɘɓɎɚɚɞɜ WEKA, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ŭɘŬɗɏůɘɛɞ ɚɞɔɘůɛɘəɧ ɔɘŬ Űɖ 
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ɛɖɢŬɜɘəɐ ɛɎɗɖůɖ Ŭˊɧ Űɞ ˊŬɜŮˊɘůŰɐɛɘɞ Űɞɡ Waikato Űɖɠ ɁɏŬɠ ȽůɚŬɜŭɑŬɠ. ɆɡɔəŮəɟɘɛɏɜŬ 

ɢɟɖůɘɛɞˊɞɑɖɗɖəŮ ɔɘŬ Űɖɜ ɏɟŮɡɜŬ ɛŬɠ Űɞ ɚɞɔɘůɛɘəɧ Weka (version 3.7.10) ůŰɖɜ ŮűŬɟɔɞɔɐ Űɞɡ 

óExperimenterô ɆŰŬ 7 ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ (breast-cancer, credit-g, Diabetes, Haberman, Hepatitis, 

Ionosphere, Sick) ŮűŬɟɛɧůŰɖəŮ ɖ ŭɘŬůŰŬɡɟɤɛɏɜɖ Ůˊɘəɨɟɤůɖ (Cross validation), ˊɞɡ 

ɡˊɞɚɞɔɑůŰɖəŮ 10 űɞɟɏɠ ɔɘŬ əɎɗŮ Ŭɚɔɧɟɘɗɛɞ əŬɘ ɢɟɖůɘɛɞˊɞɑɖɗɖəŮ ɖ ɛɏůɖ Űɘɛɐ Űɤɜ ɇ=10 

ŭɘŬůŰŬɡɟɤɛɏɜɤɜ ŮˊɘəɡɟɩůŮɤɜ. 

ɆŰɞɡɠ ŮˊɧɛŮɜɞɡɠ ɑ́ɜŬəŮɠ Űɞɡ ŮŭŬűɑɞɡ ŬɡŰɞɨ, ɖ óɜɑəɖô (ɜ) ɡˊɞŭŮɘəɜɨŮɘ ɧŰɘ ɖ ůɡɔəŮəɟɘɛɏɜɖ 

ŰŮɢɜɘəɐ, ɛŬɕɑ ɛŮ Űɞɜ Ŭɚɔɧɟɘɗɛɞ ŮəɛɎɗɖůɖɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŰŬŰɘůŰɘəɎ əŬɚɨŰŮɟɖ Ŭˊɧ Űɖɜ 

ˊɟɞŰŮɘɜɧɛŮɜɖ ɛɏɗɞŭɞ ůɨɛűɤɜŬ ɛŮ t-test ɛŮ ɟ <0,05. ȼ óŬˊɩɚŮɘŬô (*) ɡˊɞŭŮɘəɜɨŮɘ ɧŰɘ ɖ 

ůɡɔəŮəɟɘɛɏɜɖ ɛɏɗɞŭɞɠ, ɛŬɕɑ ɛŮ Űɞɜ Ŭɚɔɧɟɘɗɛɞ Űɖɠ ɛɎɗɖůɖɠ ŮɑɜŬɘ ůŰŬŰɘůŰɘəɎ ɢŮɘɟɧŰŮɟɖ Ŭˊɧ Űɖɜ 

ˊɟɞŰŮɘɜɧɛŮɜɖ ŰŮɢɜɘəɐ ůɨɛűɤɜŬ ɛŮ t-test ɛŮ ɟ <0,05. ɆŮ ɧɚŮɠ Űɘɠ ɎɚɚŮɠ ˊŮɟɘˊŰɩůŮɘɠ, ŭŮɜ ɡˊɎɟɢŮɘ 

əŬɛɑŬ ůɖɛŬɜŰɘəɐ ůŰŬŰɘůŰɘəɐ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ.(ȸɚɏˊŮ Űɞɡɠ ˊɑɜŬəŮɠ 6.3,6.5, 

6.7,6.9). 

 

Dataset  

Breast  

cancer             

German 

credit                         
haberman                     hepatitis                       Ionosphere                  

Pima  

diabetes            

sick  

BagResRot 0,67 0,8 0,7 0,88 0,98 0,84 1 

Reweight 0,59* 0,66* 0,63 0,63* 0,89* 0,75* 0,97* 

CostSens 0,59* 0,65* 0,59* 0,63* 0,88* 0,72* 0,95* 

Smote 0,6 0,66* 0,65 0,73* 0,88* 0,74* 0,96* 

Resample RotFor 0.64 0,75* 0.65 0.86 0.97 0.81* 0.99 

Resample 0,59* 0,65* 0,60* 0,74* 0,88* 0,69* 0,97* 

Metacost 0,60* 0,67* 0,66 0,56* 0,88* 0,75* 0,98* 

RotFor 0,67 0,77* 0,67 0,84 0,97 0,82 1 

C4.5 0,61 0,65* 0,58* 0,67* 0.89* 0,75* 0,95* 
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ɄɑɜŬəŬɠ 5.4: ɄŮɟɘɞɢɐ əɎŰɤ Ŭˊɧ Űɖɜ əŬɛˊɨɚɖ ROC ɔɘŬ ŬɜɞɛɞɘɞɔŮɜɐ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ ɛŮ ɓŬůɘəɧ ŰŬɝɘɜɞɛɖŰɐ C4.5 
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ȺɘəɧɜŬ 5.5 : ɄŮɟɘɞɢɐ əɎŰɤ Ŭˊɧ Űɖɜ əŬɛˊɨɚɖ ROC ɔɘŬ ŬɜɞɛɞɘɞɔŮɜɐ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ ɛŮ ɓŬůɘəɧ ŰŬɝɘɜɞɛɖŰɐ C4.5 

ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ɖ ɔɟŬűɘəɐ ˊŬɟɎůŰŬůɖ Űɤɜ 8 ůɡɜɧɚɤɜ ŭŮŭɞɛɏɜɤɜ, ˊɞɡ ŮɑɜŬɘ ŬɟɘɗɛɖɛɏɜŬ 

ůŰɞɜ ɎɝɞɜŬ Űɞɡ ɉ( (1) breast-cancer, (2) credit-g, (3) Diabetes, (4) Haberman, (5) Hepatitis, (6) 

Ionosphere, (7) Sick), ˊɟɞəɨˊŰŮɘ Ŭˊɞ Űɞɡɠ ůɡɜŭɡŬůɛɞɨɠ Űɤɜ Ŭəɧɚɞɡɗɤɜ Ŭɚɔɞɟɑɗɛɤɜ : 

[1] Ŭɚɔɧɟɘɗɛɞɠ Bagging-Resample-Rotation Forest ɛŮ Űɞɜ C4.5, 

[2]  Reweight ɛŮ Űɞɜ C4.5, 

[3] Cost Sensitive ɛŮ Űɞɜ C4.5, 

[4] Smote ɛŮ Űɞɜ C4.5, 

[5] Resample- Rotation Forest ɛŮ Űɞɜ C4.5, 

[6] Metacost ɛŮ Űɞɜ C4.5,  

[7] Rotation Forest ɛŮ Űɞɜ C4.5, əŬɘ Űɏɚɞɠ 

[8] C4.5. 

ɆŰɞɜ ɎɝɞɜŬ Ɉ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ 6.4 ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ɞɘ Űɘɛɏɠ ˊɞɡ ˊŬɑɟɜŮɘ ɖ əŬɛˊɨɚɖ ROC ůŮ əɎɗŮ 

ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ. ɇɞ ŭɘɎůŰɖɛŬ Űɤɜ ɗŮɤɟɞɨɛŮɜɤɜ Űɘɛɩɜ ŮɑɜŬɘ Ŭˊɧ (0.5,1) ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ 

ůɢŮŭɧɜ ůŮ ɧɚŬ ŰŬ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ ɞ ˊɟɞŰŮɘɜɧɛŮɜɞɠ Ŭɚɔɧɟɘɗɛɞɠ Bagging-Resample-Rotation 

Forest ɛŮ Űɞɜ C4.5 ŮɛűŬɜɑɕŮɘ əŬɚɨŰŮɟɖ Ůˊɑŭɞůɖ Ŭˊɧ Űɞɡɠ ɡˊɧɚɞɘˊɞɡɠ Ŭɚɔɞɟɑɗɛɞɡɠ. 

 

Dataset  
Breast  

cancer             

German 

credit                         
haberman                     hepatitis                       Ionosphere                  

Pima  

diabetes            
sick  

BagResRot 0,84 0,9 0,87 0,77 0,98 0,91 1 

Reweight 0,76* 0,79* 0,80* 0,41* 0,83* 0,81* 1,00* 

CostSens 0,75* 0,78* 0,77* 0,38* 0,80* 0,78* 0,99* 

Smote 0,77* 0,78* 0,81* 0,55* 0,80* 0,81* 0,99* 

Resample RotFor 0.82 0,87* 0.84 0.73 0.97 0.89* 1 

Resample 0,76* 0,78* 0,79* 0,51* 0,80* 0,77* 1,00* 
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Metacost 0,76* 0,81* 0,82* 0,37* 0,84* 0,81* 1,00* 

RotFor 0,83 0,87* 0,83* 0,71 0,97 0,9 1 

C4.5 0,76* 0,78* 0,77* 0,50* 0.83* 0,82* 0,99* 

        

ɄɑɜŬəŬɠ 5.6:  ɄŮɟɘɞɢɐ əɎŰɤ Ŭˊɧ Űɖɜ əŬɛˊɨɚɖ PRC ɔɘŬ ŬɜɞɛɞɘɞɔŮɜɐ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ ɛŮ ɓŬůɘəɧ ŰŬɝɘɜɞɛɖŰɐ C4.5 
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ȺɘəɧɜŬ 5.6: ũɟŬűɘəɐ ŬˊŮɘəɧɜɘůɖ ɔɘŬ  Űɖɜ ˊŮɟɘɞɢɐ əɎŰɤ Ŭˊɧ Űɖɜ əŬɛˊɨɚɖ PRC ɔɘŬ ŬɜɞɛɞɘɞɔŮɜɐ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ ɛŮ 

ɓŬůɘəɧ ŰŬɝɘɜɞɛɖŰɐ C4.5 

 

ɆŰɞɡɠ ɑ́ɜŬəŮɠ 6.7-6.10, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůɡɔəɟɑůŮɘɠ Űɞɡ ˊɟɞŰŮɘɜɧɛŮɜɞɡ ůɡɜɧɚɞɡ 

Ŭɚɔɞɟɑɗɛɤɜ Bagging-Resample-Rotation Forest ɛŮ Ŭɚɚɞɨɠ ůɡɜŭɡŬůɛɞɨɠ Ŭɚɔɞɟɑɗɛɤɜ 

ɛˊɞɟɞɨɜ ɜŬ ŮˊɘŰɨɢɞɡɜ əŬɚɨŰŮɟɖ Ŭˊɧŭɞůɖ ůŮ ɔɜɤůŰɎ ŬɜɞɛɞɘɞɔŮɜɐ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ ɓɎůɖ ŰŬɝɘɜɞɛɖŰɐ Part. ȷɡŰɞɑ ɞɘ Ŭɚɔɧɟɘɗɛɞɘ ŮɑɜŬɘ ɞɘ Ŭəɧɚɞɡɗɞɘ : 

[1] Ŭɚɔɧɟɘɗɛɞɠ Bagging-Resample-Rotation Forest ɛŮ Űɞɜ PART 

[2] Reweight ɛŮ Űɞɜ PART, 

[3] Cost Sensitive ɛŮ Űɞɜ PART, 

[4] Smote ɛŮ Űɞɜ PART, 

[5] Resample- Rotation Forest ɛŮ Űɞɜ PART, 

[6] Metacost ɛŮ Űɞɜ PART,  

[7] Rotation Forest ɛŮ Űɞɜ PART, əŬɘ Űɏɚɞɠ 

[8] PART 

ˊɞɡ ůɡɛˊŮɟɘűɏɟɞɜŰŬɘ ůŰŬ ɑŭɘŬ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ ɔɘŬ Űɘɠ ɑŭɘŮɠ əŬɛˊɨɚŮɠ ROC əŬɘ PR.  
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Dataset  

Pima  

diabetes 

haberman  hepatitis        Ionosphere      sick             

Breast  

cancer 

German  

credit  

BagRes 

Rot 
0,84 0,7 0,88 0,98 1 0,67 0,8 

Reweight 0,78* 0,64 0,7* 0,90* 0,97* 0,62 0,68* 

CostSens 0,73* 0,60* 0,62* 0,89* 0,95* 0,56* 0,64* 

Metacost 0,78* 0,66 0,61* 0,90* 0,97* 0,61 0,68* 

Smote 0,78* 0,65 0,78* 0,89* 0,96* 0,6 0,67* 

Rotfor 0,83 0,67 0,85 0,98 1 0,7 0,78 

Resample 0,73* 0,62* 0,76* 0,88* 0,97* 0,61 0,66* 

Resample     

RotFor 
0,82* 0,67 0,85 0,97 0,99 0,65 0,76* 

Part 0,78* 0,61* 0,78* 0,89* 0,95* 0,59 0,67* 

ɄɑɜŬəŬɠ 5.7: ɄŮɟɘɞɢɐ əɎŰɤ Ŭˊɧ Űɖɜ əŬɛˊɨɚɖ ROC ɔɘŬ ŬɜɞɛɞɘɞɔŮɜɐ ŭŮŭɞɛɏɜŬ ɛŮ ɓŬůɘəɧ ŰŬɝɘɜɞɛɖŰɐ PART 
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ȺɘəɧɜŬ 5.8: ũɟŬűɘəɐ ŬˊŮɘəɧɜɘůɖ ɔɘŬ  Űɖɜ ˊŮɟɘɞɢɐ əɎŰɤ Ŭˊɧ Űɖɜ əŬɛˊɨɚɖ ROC ɔɘŬ ŬɜɞɛɞɘɞɔŮɜɐ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ ɛŮ 

ɓŬůɘəɧ ŰŬɝɘɜɞɛɖŰɐ PART 

 

 

 



  ɤɭɩɢɬɚɣɠ ɚɦɚɫɬɚɫɢɚ ɝɠɥɠɬɪɚ 

 

 104 

Dataset  

Pima  

diabetes 

haberman  hepatitis        Ionosphere      sick             

Breast  

cancer 

German  

credit  

BagRes 

Rot 
0,91 0,86 0,77 0,97 1 0,83 0,9 

Reweight 0,84* 0,80* 0,52* 0,84* 1,00* 0,79 0,80* 

CostSens 0,79* 0,78* 0,36* 0,82* 0,99* 0,73* 0,77* 

Metacost 0,84* 0,82* 0,39* 0,85* 1,00* 0,78* 0,82* 

Smote 0,84* 0,81* 0,60* 0,82* 0,99* 0,78 0,79* 

Rotfor 0,9 0,83 0,72 0,97 1 0,85 0,89 

Resample 0,81* 0,80* 0,55* 0,80* 1,00* 0,78* 0,79* 

Resample     

RotFor 
0,90* 0,84 0,72 0,97 1 0,82 0,87* 

Part 0,84* 0,79* 0,58* 0,85* 0,99* 0,78* 0,79* 

ɄɑɜŬəŬɠ 5.9: ɄŮɟɘɞɢɐ əɎŰɤ Ŭˊɧ Űɖɜ əŬɛˊɨɚɖ PRC ɔɘŬ ŬɜɞɛɞɘɞɔŮɜɐ ŭŮŭɞɛɏɜŬ ɛŮ ɓŬůɘəɧ ŰŬɝɘɜɞɛɖŰɐ PART 

 

 

ȺɘəɧɜŬ 5.10: ũɟŬűɘəɐ ŬˊŮɘəɧɜɘůɖ ɔɘŬ  Űɖɜ ˊŮɟɘɞɢɐ əɎŰɤ Ŭˊɧ Űɖɜ əŬɛˊɨɚɖ PRC ɔɘŬ ŬɜɞɛɞɘɞɔŮɜɐ ůɨɜɞɚŬ 

ŭŮŭɞɛɏɜɤɜ ɛŮ ɓŬůɘəɧ ŰŬɝɘɜɞɛɖŰɐ PART 

 

ɄŬɟŬŰɖɟŮɑŰŬɘ, əŬɘ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŭɘŬɚɏɔɞɡɛŮ ɏɜŬɜ Ɏɚɚɞ ɓŬůɘəɧ ŰŬɝɘɜɞɛɖŰɐ Ŭˊɧ 

Űɞɡɠ Ŭɚɔɞɟɑɗɛɞɡɠ Űɤɜ əŬɜɧɜɤɜ ůɡůɢɏŰɘůɖɠ, Űɞɜ PART,o ˊɟɞŰŮɘɜɧɛŮɜɞɠ Ŭɚɔɧɟɘɗɛɞɠ Bagging-
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Resample-Rotation Forest ɞŭɖɔŮɑ ůŮ əŬɚɨŰŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ ůɡɜŭɡŬůɛɞɨɠ Űɤɜ 

ɡˊɞɚɞɑˊɤɜ Ŭɚɔɞɟɑɗɛɤɜ.  

 

5.4.3 ɆɡɔəɟɑůŮɘɠ Ŭˊɧŭɞůɖɠ Ɉɓɟɘŭɘəɞɨ ȷɚɔɞɟɑɗɛɞɡ ɛŮ ŮˊɘɚŮɔɛɏɜɞɡɠ 

ȷɚɔɞɟɑɗɛɞɡɠ ɀɖɢŬɜɘəɐɠ ɀɎɗɖůɖɠ  əŬɘ ȷɟɘɗɛɖŰɘəɎ ȷˊɞŰŮɚɏůɛŬŰŬ 

ɄŬɟŬŰɖɟɩɜŰŬɠ ŰŬ ŭŮŭɞɛɏɜŬ Űɤɜ ˊɘɜɎəɤɜ ɛŮ ɓɎůɖ Űɞ T-test ˊɞɡ ɏɢŮɘ ɔɑɜŮɘ ůŰŬ ŭŮŭɞɛɏɜŬ, 

ɛˊɞɟɞɨɛŮ ɜŬ ůɡɔəɟɑɜɞɡɛŮ əɎɗŮ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ ɛŮ ɧɚɞɡɠ Űɞɡɠ ůɡɜŭɡŬůɛɞɨɠ Ŭɚɔɞɟɑɗɛɤɜ Űɞɡɠ 

ɞˊɞɑɞɡɠ ɏɢɞɡɛŮ ŭɘŬɚɏɝŮɘ ɔɘŬ ůɨɔəɟɘůɖ. ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ůŮ əɎˊɞɘŬ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ ŭŮɜ 

ɡˊɎɟɢŮɘ ɛɧɜɞ ɏɜŬɠ óəŬɚɧɠô Ŭɚɔɧɟɘɗɛɞɠ, ŬɚɚŬ ɡˊɎɟɢɞɡɜ əŬɘ Ɏɚɚɞɘ ɛŮ ɘəŬɜɞˊɞɘɖŰɘəɐ Ŭˊɧŭɞůɖ. ɆŮ 

ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ, ˊɟɏˊŮɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɏɜŬɠ Ɏɚɚɞɡ Ůɑŭɞɡɠ ɏɚŮɔɢɞɠ, ɏŰůɘ ɩůŰŮ ɜŬ 

ɛˊɞɟɏůɞɡɛŮ ɜŬ ŮɝŬůűŬɚɑůɞɡɛŮ ˊɞɘɞɠ Ŭɚɔɧɟɘɗɛɞɠ ŬˊɞŭɑŭŮɘ ˊŮɟɘůůɧŰŮɟɞ ůŰŬ ůɡɔəŮəɟɘɛɏɜŬ ůɨɜɞɚŬ 

ŬɜɞɛɞɘɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ əŬɘ ˊŬɟɏɢŮɘ əŬɚɨŰŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ. 

ȰŰůɘ ɚɞɘˊɧɜ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ Űɞ Friedman test (Friedman, 1940) (Garcēa, 2009) ɔɘŬ Űɖɜ 

əŬŰɎŰŬɝɖ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ ˊɞɡ ŭɞəɘɛɎůŰɖəŬɜ. ȹɖɚŬŭɐ ɞ əŬɚɨŰŮɟɞɠ Ŭɚɔɧɟɘɗɛɞɠ ˊŬɑɟɜŮɘ Űɞ ɓŬɗɛɧ 

1, ɞ ŭŮɨŰŮɟɞɠ Űɞ ɓŬɗɛɧ 2 əɚˊ. 

 

ɮ˂ʴˈˊʽʻ˃ˇˌ  
Average ranking 

for ROC 
ɮ˂ʴˈˊʽʻ˃ˇˌ 

Average ranking for 

PRC 

 BagResamRotC4.5 1,143  BagResamRotC4.5 1,357 

RotC4.5 2,071 RotC4.5  2,643 

ResamRotC4.5 3,000 ResamRotC4.5  2,643 

MetacostC4.5 5,429 MetacostC4.5  5,286 

ReweigC4.5 6,000 ReweigC4.5 5,643 

SMOTEC4.5 6,000 SMOTEC4.5  6,071 

C4.5 6,429 C4.5 6,571 

ResamC4.5 7,000 ResamC4.5 6,643 

CostSensC4.5 7,929 CostSensC4.5 8,143 

ɄɑɜŬəŬɠ 5.11: ɀɏůɖ əŬŰɎŰŬɝɖ ɔɘŬ ROC əŬɘ  PRC Űɤɜ 8 ɗŮɤɟɞɨɛŮɜɤɜ Ŭɚɔɞɟɑɗɛɤɜ ɛŮ ɓŬůɘəɧ ŰŬɝɘɜɞɛɖŰɐ C4.5 
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ɮ˂ʴˈˊʽʻ˃ˇ ̩ Average ranking for ROC ɮ˂ʴˈˊʽʻ˃ˇˌ 
Average ranking for 
PRC 

 BagResamRotPART 1,286  BagResamRotPART 1,643 

RotPART   1,857 RotPART  2,357 

ResamRotPART  2,857 ResamRotPART  2,643 

ReweigPART  5,214 MetacostPART 5,143 

MetacostPART 5,429 ReweigPART 5,357 

SMOTEPART  6,071 SMOTEPART 6,214 

PART 6,857 ResamPART 6,357 

ResamPART 7,000 PART 6,643 

CostSensPART 8,429 CostSensPART 8,643 

ɄɑɜŬəŬɠ 5.12: ɀɏůɖ əŬŰɎŰŬɝɖ ɔɘŬ  ROC əŬɘ PRC Űɤɜ 8 ɗŮɤɟɞɨɛŮɜɤɜ Ŭɚɔɞɟɑɗɛɤɜ ɛŮ ɓŬůɘəɧ ŰŬɝɘɜɞɛɖŰɐ  PART 

ȷ́ ɧ Űɞɡɠ 4 ˊɟɞɖɔɞɨɛŮɜɞɡɠ ɑ́ɜŬəŮɠ 6.3,6.5,6.7,6.9 ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɞ ˊɟɞŰŮɘɜɧɛŮɜɞɠ 

Ŭɚɔɧɟɘɗɛɞɠ əŬŰŬŰɎůŮŰŬɘ ˊɟɩŰɞɠ ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ əŬɚɨŰŮɟɞɡɠ ůɡɔəɟɘɜɧɛŮɜɞɡɠ 

Ŭɚɔɞɟɑɗɛɞɡɠ ɡˊɞŭŮɘəɜɨɞɜŰŬɠ ɛɘŬ ɡˊŮɟɞɢɐ. ɆŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɡˊɐɟɢŮ əŬɘ əɎˊɞɘɞɠ 

Ɏɚɚɞɠ Ŭɚɔɧɟɘɗɛɞɠ ˊɞɡ ɜŬ ɐŰŬɜ Ůɝɑůɞɡ əŬɚɧɠ, ɀŮ Űɞ Friedman test, ˊŬɟŬŰɖɟŮɑŰŬɘ ɖ ɛɏůɖ 

əŬŰɎŰŬɝɖ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ ɔɘŬ Űɖɜ ROC əŬɘ PR əŬɘ ůɡɛˊŮɟŬůɛŬŰɘəɎ ˊɟɞəɨˊŰŮɘ ɧŰɘ ůŰɘɠ 4 

ˊŮɟɘˊŰɩůŮɘɠ (ˊɑɜŬəŬɠ 6.11 əŬɘ 6.12) ɞ ˊɟɞŰŮɘɜɧɛŮɜɞɠ Ŭɚɔɧɟɘɗɛɞɠ ŮɑɜŬɘ əŬɚɨŰŮɟɞɠ. 

 

5.5 ɆɡɛˊŮɟɎůɛŬŰŬ ɔɘŬ Űɖɜ Ŭˊɧŭɞůɖ Űɞɡ ˊɟɞŰŮɘɜɧɛŮɜɞɡ Ɉɓɟɘŭɘəɞɨ 

ȷɚɔɞɟɑɗɛɞɡ  

ɆŰɖ ůŰŬŰɘůŰɘəɐ Friedman ŮɝŮŰɎɕɞɡɛŮ Űɖ ɛŮɘɤɛɏɜɖ Ůˊɑŭɞůɖ (ˊɞɡ ˊɟɞɏɟɢŮŰŬɘ ůɨɛűɤɜŬ 

ɛŮ Űɞ 2x ŰŮůŰ ɛŮ 8 ɓŬɗɛɞɨɠ ŮɚŮɡɗŮɟɑŬɠ) ɔɘŬ ROC ŮɑɜŬɘ 45,59047 61904 76224ROCZ =  

Ůɜɩ ɖ Űɘɛɐ p ɡˊɞɚɞɔɑůŰɖəŮ ɤɠ 2.84362 32812 90064 7ROCp E= - Ŭˊɧ Űɞ Friedman ŰŮůŰ, 

əŬɘ ɔɘŬ Űɞ PRC ɖ ɛŮɘɤɛɏɜɖ Ůˊɑŭɞůɖ  40,36190 47619 0471PRCZ = ɛŮ Űɘɛɐ 

2.742844 752656 7368 6ROCp E= -(Ŭˊɧ Űɞ Friedman ŰŮůŰ). ȳŰŬɜ ɛɘŬ ɛɏɗɞŭɞɠ 

ɡˊɞŭŮɘəɜɨŮɘ óůɖɛŬɜŰɘəɧŰɖŰŬô ůŰɞ p<0.01, ɖ Ɏɚɚɖ ŭŮɑɢɜŮɘ Űɖ ůɖɛŬɜŰɘəɧŰɖŰŬ ɔɘŬ 
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ŰɞɡɚɎɢɘůŰɞɜ p<0.05. ɀɧɜɞ ůŮ ŭɡɞ ˊŮɟɘˊŰɩůŮɘɠ Űɞ ANOVA (Fisher,1959) ɓɟɑůəŮɘ 

ůɖɛŬɜŰɘəɧ ˊɞɡ ŮɑɜŬɘ ŬůɐɛŬɜŰŮɠ ɔɘŬ Űɞɜ Friedman, Ůɜɩ Űɞ ŬɜŰɑɗŮŰɞ ůɡɛɓŬɑɜŮɘ ůŮ 4 

ˊŮɟɘˊŰɩůŮɘɠ. ȷɜ ɛɘŬ ɛɖŭŮɜɘəɐ ɡˊɧɗŮůɖ ŬˊɞɟɟɑˊŰŮŰŬɘ, ɛˊɞɟɞɨɛŮ ɜŬ ˊɟɞɢɤɟɐůɞɡɛŮ ɛŮ ɏɜŬ 

ŰŮůŰ post-hoc (post-hoc test). ȼ ŭɞəɘɛɐ Nemenyi  (Nemenyi, 1963) ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɧŰŬɜ 

ɧɚɞɘ ɞɘ ŰŬɝɘɜɞɛɖŰɏɠ ůɡɔəɟɑɜɞɜŰŬɘ ɛŮ Űɞɡɠ Ɏɚɚɞɡɠ. ȼ Ŭˊɧŭɞůɖ Űɤɜ ŭɨɞ ŰŬɝɘɜɞɛɖŰɩɜ ŮɑɜŬɘ 

ůɖɛŬɜŰɘəɎ ŭɘŬűɞɟŮŰɘəɐ, Ŭɜ ɞɘ ŬɜŰɑůŰɞɘɢɞɘ ɛɏůɞɘ ɓŬɗɛɞɑ ŭɘŬűɏɟɞɡɜ əŬŰɎ ŰɞɡɚɎɢɘůŰɞɜ Űɖɜ 

əɟɑůɘɛɖ ŭɘŬűɞɟɎ (Demsar, 2006). 

ɆŰɞɜ ŮˊɧɛŮɜɞ ˊɑɜŬəŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ůɨɔəɟɘůɖ ɛŮŰŬɝɨ Űɞɡ ɜɏɞɡ ˊɟɞŰŮɘɜɧɛŮɜɞɡ 

Ŭɚɔɧɟɘɗɛɞɡ ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ ɡˊɧɚɞɘˊɞɡɠ, ɔɘŬ ɜŬ ɛˊɞɟɏůɞɡɛŮ ɜŬ ůɢɞɚɘɎůɞɡɛŮ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ. 

I Algorithms z=(R0ҍRi)/SE p-value for a=0.05 p-value for a=0.10 

 36 BagResamRotPART vs. CostSensPART 4.8795003647426665 1.0635492679852617E-6 1.0635492679852617E-6 

34 BagResamRotPART vs. ResamPART 3.903600291794133 9.477225139790028E-5 9.477225139790028E-5 

33 BagResamRotPART vs. PART 3.80601028449928 1.412265124657924E-4 1.412265124657924E-4 

29 BagResamRotPART vs. SMOTEPART 3.269265244377586 0.001078271705676984 0.001078271705676984 

27 BagResamRotPART vs. MetacostPART 2.8301102115507466 0.004653197209013331 0.004653197209013331 

24 BagResamRotPART vs. ReweigPART 2.683725200608466 0.007280692242297976 0.007280692242297976 

13 BagResamRotPART vs. ResamRotPART 1.0734900802433862 0.2830512870518849 0.2830512870518849 

3 BagResamRotPART vs. RotPART 0.3903600291794131 0.696270340114023 0.696270340114023 

     

ɄɑɜŬəŬɠ 5.13: ʅˏʴˁˊʽˋʹ ˍˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎ Bagging-Rotation forest-Resample-Part ˃ʶ ˍˇˎˌ ʱ˂˂ˇˎˌ ʰ˂ʴˇˊʾʻ˃ˇˎˌ ˃ʶ ˍˇ 

post hoc ̱ ʶˋˍ  Nemenyi ɹ ʽʰ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˁʱˍ˖ ʰˉˈ ˍʹ˄ ˁʰ˃ˉˏ˂ʹ Roc. 

 

ȼ ŭɘŬŭɘəŬůɑŬ Nemenyi ɔɘŬ a=0.05 ŬˊɞɟɟɑˊŰŮɘ ŬɡŰɏɠ Űɘɠ ɡˊɞɗɏůŮɘɠ ˊɞɡ ɏɢɞɡɜ ɛɘŬ 

Űɘɛɐ p-value Ò0.00138 888888 88888 89, əŬɘ ɔɘŬ  a=0.10 ŬˊɞɟɟɑˊŰŮɘ ŮəŮɑɜŮɠ Űɘɠ ɡˊɞɗɏůŮɘɠ  

ɧˊɞɡ ɏɢɞɡɜ  p-value Ò0.00277 77777 77777 778. 

 

I Algorithms z=(R0ҍRi)/SE p-value for a=0.05 p-value for a=0.10 

 36 BagResamRotPART vs. CostSensPART 4.781910357447813 1.736371124521859E-6 1.736371124521859E-6 

33 BagResamRotPART vs. ResamPART 3.415650255319866 6.362991412401869E-4 6.362991412401869E-4 

32 BagResamRotPART vs. PART 3.22047024073016 0.0012798047930307219 0.0012798047930307219 

31 BagResamRotPART vs. SMOTEPART 3.122880233435306 0.0017909060837688745 0.0017909060837688745 

25 BagResamRotPART vs. ReweigPART 2.537340189666186 0.011169835310014116 0.011169835310014116 

22 BagResamRotPART vs. MetacostPART 2.390955178723906 0.016804604239087036 0.016804604239087036 
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8 BagResamRotPART vs. ResamRotPART 0.683130051063973 0.4945246678838707 0.4945246678838707 

6 BagResamRotPART vs. RotPART 0.4879500364742664 0.6255852315243253 0.6255852315243253 

     

ɄɑɜŬəŬɠ 5.14: Ɇɨɔəɟɘůɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ Bagging-Rotation forest-Resample-Part ɛŮ Űɞɡɠ Ɏɚɚɞɡɠ Ŭɚɔɞɟɑɗɛɞɡɠ ɛŮ Űɞ 

post hoc ŰŮůŰ Nemenyi ɔɘŬ Űɖɜ ˊŮɟɘɞɢɐ əɎŰɤ Ŭˊɧ Űɖɜ əŬɛˊɨɚɖ PRC. 

ȷɜɎɚɞɔŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɏɢɞɡɜ ˊŬɟŬŰɖɟɖɗŮɑ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ůɡɜŭɡŬůɛɞɨ 

Ŭɚɔɞɟɑɗɛɤɜ Bagging-Rotation Forest-Resample-C4.5 ɛŮ Ɏɚɚɞɡɠ Ŭɚɔɞɟɑɗɛɞɡɠ ɛŮ post hoc 

test Nemenyi ɔɘŬ Űɖɜ ˊŮɟɘɞɢɐ əɎŰɤ Ŭˊɧ Űɖɜ əŬɛˊɨɚɖ ROC əŬɘ Űɖɜ əŬɛˊɨɚɖ PR. 

 

I Algorithms z=(R0ҍRi)/SE p-value for a=0.05 p-value for a=0.10 

 36 BagResamRotJ48 vs. CostSensJ48 4.635525346505532 3.560320929994892E-6 3.560320929994892E-6 

35 BagResamRotJ48 vs. ResamJ48 4.001190299088986 6.302464499634267E-5 6.302464499634267E-5 

33 BagResamRotJ48 vs. J48 3.6108302699095733 3.05218362665527E-4 3.05218362665527E-4 

30 BagResamRotJ48 vs. ReweigJ48 3.318060248025013 9.064493032684993E-4 9.064493032684993E-4 

29 BagResamRotJ48 vs. SMOTEJ48 3.318060248025013 9.064493032684993E-4 9.064493032684993E-4 

27 BagResamRotJ48 vs. MetacostJ48 2.9277002188456 0.003414791178117848 0.003414791178117848 

15 BagResamRotJ48 vs. ResamRotJ48 1.268670094833093 0.20455875272055274 0.20455875272055274 

9 BagResamRotJ48 vs. RotJ48 0.6343350474165469 0.525862188684766 0.525862188684766 

     

ɄɑɜŬəŬɠ 5.15: Ɇɨɔəɟɘůɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ  Bagging-Rotation forest-Resample-C4.5 ɛŮ Űɞɡɠ Ɏɚɚɞɡɠ Ŭɚɔɞɟɑɗɛɞɡɠ ɛŮ Űɞ 

post hoc ŰŮůŰ  Nemenyi ɔɘŬ Űɖɜ ˊŮɟɘɞɢɐ əɎŰɤ Ŭˊɧ Űɖɜ əŬɛˊɨɚɖ Roc. 

ȼ ŭɘŬŭɘəŬůɑŬ Nemenyi ɔɘŬ a=0.05 ŬˊɞɟɟɑˊŰŮɘ ŬɡŰɏɠ Űɘɠ ɡˊɞɗɏůŮɘɠ ˊɞɡ ɏɢɞɡɜ ɛɘŬ Űɘɛɐ  p-

value Ò 0.00138 88888 88888 889, əŬɘ ɔɘŬ  a=0.10 ŬˊɞɟɟɑˊŰŮɘ ŮəŮɑɜŮɠ Űɘɠ ɡˊɞɗɏůŮɘɠ  ɧˊɞɡ 

ɏɢɞɡɜ  p-valueÒ 0.00277 77777 77777 778 
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I Algorithms z=(R0ҍRi)/SE p-value for a=0.05 p-value for a=0.10 

 36 BagResamRotJ48 vs. CostSensJ48 4.635525346505531 3.560320929994905E-6 3.560320929994905E-6 

33 BagResamRotJ48 vs. ResamJ48 3.6108302699095733 3.05218362665527E-4 3.05218362665527E-4 

32 BagResamRotJ48 vs. J48 3.562035266262146 3.679909369104159E-4 3.679909369104159E-4 

31 BagResamRotJ48 vs. SMOTEJ48 3.2204702407301595 0.0012798047930307232 0.0012798047930307232 

30 BagResamRotJ48 vs. ReweigJ48 2.927700218845599 0.0034147911781178585 0.0034147911781178585 

25 BagResamRotJ48 vs. MetacostJ48 2.6837252006084658 0.007280692242297986 0.007280692242297986 

11 BagResamRotJ48 vs. ResamRotJ48 0.8783100656536799 0.3797754748409492 0.3797754748409492 

10 BagResamRotJ48 vs. RotJ48 0.8783100656536799 0.3797754748409492 0.3797754748409492 

     

ɄɑɜŬəŬɠ 5.16: Ɇɨɔəɟɘůɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ Bagging-Rotation forest-Resample-C4.5 ɛŮ Űɞɡɠ Ɏɚɚɞɡɠ Ŭɚɔɞɟɑɗɛɞɡɠ ɛŮ Űɞ 

post hoc ŰŮůŰ   Nemenyi ɔɘŬ Űɖɜ ˊŮɟɘɞɢɐ əɎŰɤ Ŭˊɧ Űɖɜ əŬɛˊɨɚɖ PRC. 

ȼ ŭɘŬŭɘəŬůɑŬ Nemenyi ɔɘŬ a=0.05 ŬˊɞɟɟɑˊŰŮɘ ŬɡŰɏɠ Űɘɠ ɡˊɞɗɏůŮɘɠ ˊɞɡ ɏɢɞɡɜ ɛɘŬ 

Űɘɛɐ p-value Ò 0.00138 88888 88888 889, əŬɘ ɔɘŬ a=0.10 ŬˊɞɟɟɑˊŰŮɘ ŮəŮɑɜŮɠ Űɘɠ ɡˊɞɗɏůŮɘɠ  

ɧˊɞɡ ɏɢɞɡɜ  p-valueÒ 0.00277 77777 77777 778. 

ɆŰɖɜ ŰŮɚŮɡŰŬɑŬ ŮɜɧŰɖŰŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ Űɖɠ ŮɟŮɡɜɖŰɘəɐɠ ɛŬɠ 

ŮɟɔŬůɑŬɠ əŬɘ ŭɑɜɞɜŰŬɘ əŬŰŮɡɗɨɜůŮɘɠ ɔɘŬ ɛŮɚɚɞɜŰɘəɐ ɏɟŮɡɜŬ.   

 

5.6 ɀɘəɟɧ ȺɔɢŮɘɟɑŭɘɞ ɇɞɡ ȿɞɔɘůɛɘəɞɨ Ʉɞɡ ȷɜŬˊŰɨɢɗɖəŮ ũɘŬ ɇɞɜ 

ȷɚɔɧɟɘɗɛɞ HBRF 

ȷɜŬˊŰɨɢɗɖəŮ ɚŮɘŰɞɡɟɔɘəɧ ůŮ ɔɚɩůůŬ Java, ɛŮ ůəɞˊɧ Űɖɜ ŮɡəɞɚɑŬ Űɞɡ ɢɟɐůŰɖ ɜŬ 

ɛˊɞɟŮɑ ɜŬ ɢŮɘɟɑɕŮŰŬɘ ŮɨəɞɚŬ ŰŬ ŭŮŭɞɛɏɜŬ əŬɘ ůɨɛűɤɜŬ ɛŮ Űɘɠ ŭɘəɏɠ Űɞɡ Ůˊɘɚɞɔɏɠ ɜŬ 

ˊɟɞɓɚɏˊŮŰŬɘ Űɞ ŬˊɞŰɏɚŮůɛŬ.ȼ ˊɟɧɓɚŮɣɖ ɔɑɜŮŰŬɘ ɛŮ Űɖɜ ŮɘůŬɔɤɔɐ Ůɜɧɠ ůɡɜɧɚɞɡ 

ŬɜɞɛɞɘɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ ɛŮ ɓɎůɖ Űɞɡɠ Ŭɚɔɞɟɘɗɛɞɨɠ HBRF C4.5, Cost Sensitive C4.5, 

Reweight C4.5, Metacost C4.5 əŬɘ ŰŬɝɘɜɧɛɖůɖ Űɤɜ ůŰɘɔɛɘɞŰɨˊɤɜ ůŮ ůɡɔəŮəɟɘɛɏɜɖ əɚɎůɖ. 

ŪŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ˊŬɟŬəɎŰɤ ŰŬ ɓɐɛŬŰŬ ɢɟɐůɖɠ Űɞɡ ŮɟɔŬɚŮɑɞɡ ŰŬɝɘɜɞɛɖŰɐ HBRF 

ɛɏůŬ Ŭˊɧ ˊŬɟŬŭŮɑɔɛŬŰŬ, ůŮ  ɛɘŬ ůɨɜŰɞɛɖ ˊŮɟɘɔɟŬűɐ ˊɘɜɎəɤɜ ɔɘŬ Űɖɜ ɢɟɐůɖ Űɞɡ əŬɘ Űɞ 

ˊŮɟɘŮɢɧɛŮɜɞ Űɞɡ ůŮ ůɢɏůɖ ɛŮ Űɞ ůɨɜɞɚɞ Űɤɜ ŭŮŭɞɛɏɜɤɜ.   
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ȷɟɢɘəɎ ŮəɢɤɟɞɨɜŰŬɘ ŰŬ ŭŮŭɞɛɏɜŬ əŬɘ ŰŬɝɘɜɞɛɞɨɜŰŬɘ  ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɞɡɠ 

Ŭɚɔɞɟɑɗɛɞɡɠ  

¶ HBRF C4.5 

¶ Cost Sensitive C4.5 

¶ Reweight C4.5 

¶ Metacost C4.5 

ɧˊɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ (ɄɑɜŬəŬ 3), ɧˊɞɡ űŬɑɜɞɜŰŬɘ ɞɘ Ůˊɘɚɞɔɏɠ ˊɞɡ 

ɏɢɞɡɛŮ ɔɘŬ Űɞɜ ŰŬɝɘɜɞɛɖŰɐ ɛŬɠ. 

 

ȺɘəɧɜŬ 1: ɳʽˋʱʴˇˎ˃ʶ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʶ˄ˈˌ ˋˎ˄ˈ˂ˇˎ ʵʶʵˇ˃ʷ˄˖˄Φ  

 

 


