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Abstract

Classification is one of many tasks in Artificial Intelligence.  Synergistic approach to
classification by neural networks is a recent method which can be used to improve the accuracy in
classification. This research work implemented Synergistic Neural Networks to classify Heart Disease
Data from Cleveland Data Base. It adopted two known approaches to synergistic neural networks,
namely summation and selection approaches. Five different types of neural networks had been
selected in the synergy namely Multilayer Perceptron, Generallized Feedforward Networks, Modular
Networks, Radial Basis Function Networks, and Jordan networks. Comparison was made among
the best results from individual neural networks, from summation-typed synergistic neural networks
and from selection-typed synergistic neural networks.

The result from the comparison revealed that the selection-typed synergistic neural networks
(maximum method) yielded the best accuracy. This work demonstrated the ability of synergistic
neural networks in improving accuracy and reduces ambiguity in classification, especially when
number of samples in training data set is limited.
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1. º·¹Ó
¡ÒÃ¨Óá¹¡¢éÍÁÙÅ ËÁÒÂ¶Ö§¡ÃÐºÇ¹¡ÒÃã¹¡ÒÃ¨Ñ´¡ÅØèÁ¢éÍÁÙÅ·ÕèÁÕÅÑ¡É³Ð¤ÇÒÁÊÓ¤Ñ­ÃèÇÁ¡Ñ¹

ãËéà¢éÒà»ç¹ÊÁÒªÔ¡¢Í§¡ÅØ èÁ¢éÍÁÙÅà´ÕÂÇ¡Ñ¹ ã¹·Ò§»Ñ­­Ò»ÃÐ´ÔÉ°ì (Artificial Intelligence)
¹ÔÇÃÍÅà¹çµàÇÔÃì¡¨Ñ´à»ç¹à·¤¹Ô¤ÊÓËÃÑº¡ÒÃ¨Óá¹¡¢éÍÁÙÅ·Õèä´éÃÑº¤ÇÒÁ¹ÔÂÁáÅÐ»ÃÐÊº¤ÇÒÁÊÓàÃç¨
à»ç¹ÍÂèÒ§ÁÒ¡ [1] à¹×èÍ§¨Ò¡¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃàÃÕÂ¹ÃÙéáÅÐ»ÃÑºµÑÇµÒÁ¢éÍÁÙÅ·Õèä´éÃÑºã¹¡ÒÃ½Ö¡ÊÍ¹
ÍÂèÒ§äÃ¡çµÒÁ ¤ÇÒÁ«Ñº«éÍ¹áÅÐ¢éÍ¨Ó¡Ñ´¢Í§¨Ó¹Ç¹¢éÍÁÙÅµÑÇÍÂèÒ§ÍÒ¨Êè§¼ÅµèÍ»ÃÐÊÔ·¸ÔÀÒ¾¢Í§
¡ÒÃ¨Óá¹¡¢éÍÁÙÅâ´Â¹ÔÇÃÍÅà¹çµàÇÔÃì¡

º·¤ÇÒÁ¹ÕéàÃÔèÁµé¹¨Ò¡¡ÒÃªÕéá¨§á¹Ç·Ò§ã¹¡ÒÃ»ÃÑº»ÃØ§»ÃÐÊÔ·¸ÔÀÒ¾¢Í§¹ÔÇÃÍÅà¹çµàÇÔÃì¡
é́ÇÂá¹Ç·Ò§«Ô¹à¹ÍÃì̈ ÔÊµÔ¡¹ÔÇÃÍÅà¹çµàÇÔÃì¡ ÊÃØ»ÇÃÃ³¡ÃÃÁ·Õèà¡ÕèÂÇ¢éÍ§ ÃÇÁ¶Ö§¡ÒÃÈÖ¡ÉÒà»ÃÕÂºà·ÕÂº

»ÃÐÊÔ· Ô̧ÀÒ¾ÃÐËÇèÒ§«Ô¹à¹ÍÃì̈ ÔÊµÔ¡¹ÔÇÃÍÅà¹çµàÇÔÃì¡¡Ñº¹ÔÇÃÍÅà¹çµàÇÔÃì¡â¤Ã§ÊÃéÒ§à ṌèÂÇ ã¹¡ÒÃ¨Óá¹¡
¢éÍÁÙÅ¼Ùé»èÇÂâÃ¤ËÑÇã¨¨Ò¡áËÅè§¢éÍÁÙÅÁÒµÃ°Ò¹¢Í§ Cleveland Database

â¤Ã§¡ÒÃÇÔ¨ÑÂ¹ÕéÁÕÇÑµ¶Ø»ÃÐÊ§¤ìËÅÑ¡ 4 »ÃÐ¡ÒÃ¤×Í
1. ¾Ñ²¹ÒÃÐºº¤ÍÁ¾ÔÇàµÍÃìâ´Âãªéà·¤¹Ô¤¹ÔÇÃÍÅà¹çµàÇÔÃì¡¡Ñº¡ÒÃ¨Óá¹¡¢éÍÁÙÅ¼Ùé»èÇÂ

âÃ¤ËÑÇã¨·Õèáºè§¤ÅÒÊ¢éÍÁÙÅÍÍ¡à»ç¹ 4 ¤ÅÒÊ

2. ¨Ñ´»ÃÐàÀ·«Ô¹à¹ÍÃì¨ÔÊµÔ¡¹ÔÇÃÍÅà¹çµàÇÔÃì¡ã¹§Ò¹ÇÔ¨ÑÂµèÒ§æ ·Õè¹Óá¹Ç·Ò§¹ÕéÁÒ»ÃÐÂØ¡µìãªé

3. ÈÖ¡ÉÒá¹Ç·Ò§«Ô¹à¹ÍÃì̈ ÔÊµÔ¡¹ÔÇÃÍÅà¹çµàÇÔÃì¡·ÕèàËÁÒÐÊÁã¹¡ÒÃ¨Óá¹¡¢éÍÁÙÅ¼Ùé»èÇÂâÃ¤ËÑÇã¨

4. à»ÃÕÂºà·ÕÂº»ÃÐÊÔ·¸ÔÀÒ¾¡ÒÃ¨Óá¹¡¢éÍÁÙÅ¼Ùé»èÇÂâÃ¤ËÑÇã¨ÃÐËÇèÒ§á¹Ç·Ò§«Ô¹à¹ÍÃì
¨ÔÊµÔ¡¹ÔÇÃÍÅà¹çµàÇÔÃì¡¡Ñº¹ÔÇÃÍÅà¹çµàÇÔÃì¡â¤Ã§ÊÃéÒ§à´ÕèÂÇ

2. «Ô¹à¹ÍÃì¨ÔÊµÔ¡¹ÔÇÃÍÅà¹çµàÇÔÃì¡
«Ô¹à¹ÍÃì¨ÔÊµÔ¡ (Synergistic) ¤×ÍÅÑ¡É³Ð¢Í§ÃÐºº·ÕèÁÕ¡ÒÃ·Ó§Ò¹ÃèÇÁ¡Ñ¹¢Í§Í§¤ì»ÃÐ¡Íº

µèÒ§æ µÑé§áµè 2 Ë¹èÇÂ¢Öé¹ä» «Ô¹à¹ÍÃì¨ÔÊµÔ¡¹ÔÇÃÍÅà¹çµàÇÔÃì¡ [2] [3] (Synergistic Neural Networks)
¨Ö§à»ÃÕÂºàÊÁ×Í¹ÃÐºº·ÕèÁÕ¡ÒÃ·Ó§Ò¹ÃèÇÁ¡Ñ¹¢Í§¡ÅØèÁ¼ÙéàªÕèÂÇªÒ­´éÒ¹¹ÔÇÃÍÅà¹çµàÇÔÃì¡·ÕèÁÕ¤ÇÒÁÃÙé
áÅÐ¤ÇÒÁªÓ¹Ò­ã¹¡ÒÃá¡éä¢»Ñ­ËÒ â´Â¼ÙéàªÕèÂÇªÒ­áµèÅÐ·èÒ¹ÍÒ¨¨ÐãËéàËµØ¼Åã¹¡ÒÃµÑ´ÊÔ¹»Ñ­ËÒ
·Õèáµ¡µèÒ§¡Ñ¹ ´Ñ§¹Ñé¹¡ÒÃµÑ´ÊÔ¹»Ñ­ËÒ·Õèà¡Ô´¨Ò¡¼ÙéàªÕèÂÇªÒ­ËÅÒÂ·èÒ¹ ¨Ö§à»ç¹¡ÒÃà¾ÔèÁÃÒÂÅÐàÍÕÂ´
¢Í§àËµØ¼Å·Õèãªéã¹¡ÒÃµÑ´ÊÔ¹»Ñ­ËÒ «Öè§¹èÒ¨ÐãËé¼ÅÅÑ¾¸ì·Õè´Õ¡ÇèÒ¡ÒÃµÑ´ÊÔ¹»Ñ­ËÒ¢Í§¼ÙéàªÕèÂÇªÒ­
à¾ÕÂ§·èÒ¹à ṌÂÇ ÇÔ̧ Õ¡ÒÃá¡éä¢»Ñ­ËÒ¢Í§«Ô¹à¹ÍÃì̈ ÔÊµÔ¡¹ÔÇÃÍÅà¹çµàÇÔÃì¡¨Ðãªé¹ÔÇÃÍÅ¤ÍÁäºà¹ÍÃì (Neural
Combiner) «Öè§à»ÃÕÂºàÊÁ×Í¹µÑÇ»ÃÐÁÇÅ¼Å·ÕèÍÒ¨¨Ðà»ç¹â»Ãá¡ÃÁ¤ÍÁ¾ÔÇàµÍÃìËÃ×Í¹ÔÇÃÍÅà¹çµàÇÔÃì¡
ÍÕ¡â¤Ã§ÊÃéÒ§Ë¹Öè§¡çä´é
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à¹×èÍ§¨Ò¡«Ô¹à¹ÍÃì¨ÔÊµÔ¡¹ÔÇÃÍÅà¹çµàÇÔÃì¡à»ç¹à·¤¹Ô¤ãËÁè·ÕèÂÑ§äÁèÁÕ¡ÒÃ¹Óä»»ÃÐÂØ¡µìãªé
ÁÒ¡¹Ñ¡ ̈ Ö§ÂÑ§äÁè¾ºá¹Ç·Ò§ã¹¡ÒÃ Ñ́̈ áºè§»ÃÐàÀ·ÍÂèÒ§ªÑ́ à¨¹ ̈ Ò¡¡ÒÃÈÖ¡ÉÒáÅÐÃÇºÃÇÁ¼Å§Ò¹ÇÔ̈ ÑÂ
·Õèà¡ÕèÂÇ¢éÍ§ÊÒÁÒÃ¶¨Ñ´áºè§»ÃÐàÀ·¢Í§«Ô¹à¹ÍÃì¨ÔÊµÔ¡¹ÔÇÃÍÅà¹çµàÇÔÃì¡ÍÍ¡à»ç¹ 2 »ÃÐàÀ·ËÅÑ¡
â´Âáºè§µÒÁÅÑ¡É³Ð¢Í§¢éÍÁÙÅ·Õèãªéã¹¡ÒÃ»ÃÑºÊÍ¹áÅÐá¹Ç·Ò§¡ÒÃËÒ¼ÅÅÑ¾¸ì

1. ¡ÒÃ¨Ñ´»ÃÐàÀ·µÒÁ¢éÍÁÙÅ·Õèãªé
ã¹¡ÒÃ¨Ñ´»ÃÐàÀ·¢Í§«Ô¹à¹ÍÃì¨ÔÊµÔ¡¹ÔÇÃÍÅà¹çµàÇÔÃì¡â´Â¾Ô¨ÒÃ³ÒµÒÁ¢éÍÁÙÅÍÔ¹¾Øµ·Õèãªé

ÊÒÁÒÃ¶áºè§ä´éà»ç¹ 2 ª¹Ô´´Ñ§¹Õé

1.1 ¢éÍÁÙÅÍÔ¹¾ØµªØ´à´ÕÂÇ
«Ô¹à¹ÍÃì¨ÔÊµÔ¡ÅÑ¡É³Ð¹Õé¨ÐÁÕ¢éÍÁÙÅÍÔ¹¾ØµªØ´à´ÕÂÇ â´ÂäÁèÁÕ¡ÒÃáµ¡Í§¤ì»ÃÐ¡Íº¢Í§¢éÍÁÙÅ

¹ÔÇÃÍÅà¹çµàÇÔÃì¡â¤Ã§ÊÃéÒ§à ṌèÂÇáµèÅÐâ¤Ã§ÊÃéÒ§¨ÐàÃÕÂ¹ÃÙé¢éÍÁÙÅªǾ à ṌÂÇ¡Ñ¹ «Ô¹à¹ÍÃì̈ ÔÊµÔ¡»ÃÐàÀ·¢éÍÁÙÅ
ÍÔ¹¾ØµªØ´à´ÕÂÇáÊ´§ä´é´Ñ§ÃÙ»·Õè 1

ÃÙ»·Õè 1  «Ô¹à¹ÍÃì¨ÔÊµÔ¡»ÃÐàÀ·¢éÍÁÙÅÍÔ¹¾ØµªØ´à´ÕÂÇ

1.2 ¢éÍÁÙÅÍÔ¹¾ØµËÅÒÂªØ´
«Ô¹à¹ÍÃì̈ ÔÊµÔ¡ÅÑ¡É³Ð¹ÕéÍ§¤ì»ÃÐ¡Íº¢Í§¢éÍÁÙÅÍÔ¹¾Øµ¨Ðáµ¡ÍÍ¡à»ç¹ËÅÒÂÍ§¤ì»ÃÐ¡ÍºËÃ×Íãªé

¢éÍÁÙÅÍÔ¹¾ØµÁÒ¡¡ÇèÒ 1 ªǾ  ¢éÍÁÙÅÍÔ¹¾ØµÍÒ¨¶Ù¡´Óà¹Ô¹¡ÒÃ preprocess à¾×èÍÅ´¤ÇÒÁá»Ã»ÃÇ¹ (Noise)
¢Í§¢éÍÁÙÅËÃ×Íà¾×èÍãËéä´é¤Ø³ÅÑ¡É³Ðà´è¹Í×è¹æ ¢Í§¢éÍÁÙÅ µÑÇÍÂèÒ§àªè¹ ¢éÍÁÙÅÍØ³ËÀÙÁÔ («Öè§ÊÒÁÒÃ¶
áµ¡Í§¤ì»ÃÐ¡Íº¢Í§¢éÍÁÙÅÍÍ¡à»ç¹ 2 ÊèÇ¹ ¤×Í¢éÍÁÙÅ¤èÒà©ÅÕèÂà¤Å×èÍ¹·Õè¢Í§ÍØ³ËÀÙÁÔáÅÐ¢éÍÁÙÅ¤èÒ¼ÅµèÒ§
¢Í§ÍØ³ËÀÙÁÔ¡Ñº¤èÒà©ÅÕèÂà¤Å×èÍ¹·Õè) ¹ÔÇÃÍÅà¹çµàÇÔÃì¡â¤Ã§ÊÃéÒ§à ṌèÂÇ áµèÅÐâ¤Ã§ÊÃéÒ§¨ÐàÃÕÂ¹ÃÙéÍ§¤ì»ÃÐ¡Íº
¢Í§¢éÍÁÙÅáµèÅÐÊèÇ¹ µÑÇÍÂèÒ§¢Í§¹ÔÇÃÍÅ¤ÍÁäºà¹ÍÃì¢Í§¢éÍÁÙÅÅÑ¡É³Ð¹Õéä´éá¡è ¡ÒÃËÒ¼ÅÃÇÁ
(Summation) áÅÐ¡ÒÃ¤Ù³¼ÅÅÑ¾ ì̧ (Product) ÃÙ»·Õè 2 áÊ´§á¹Ç·Ò§«Ô¹à¹ÍÃì̈ ÔÊµÔ¡»ÃÐàÀ·¢éÍÁÙÅÍÔ¹¾Øµ
ËÅÒÂªØ´

¹ÔÇÃÍÅà¹çµàÇÔÃ�¡
â¤Ã§ÊÃ�Ò§·Õè 1

... ... àÍÒµ�¾Øµ

¹ÔÇÃÍÅà¹çµàÇÔÃ�¡
â¤Ã§ÊÃ�Ò§·Õè m

¹ÔÇÃÍÅ
¤ÍÁäºà¹ÍÃ�

ªØ´¢�ÍÁÙÅÍÔ¹¾Øµ
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ÃÙ»·Õè 2 «Ô¹à¹ÍÃì¨ÔÊµÔ¡»ÃÐàÀ·¢éÍÁÙÅÍÔ¹¾ØµËÅÒÂªØ´

2. ¡ÒÃ¨Ñ´»ÃÐàÀ·µÒÁ¡ÒÃËÒ¼ÅÅÑ¾¸ì
ã¹¡ÒÃ Ñ́̈ »ÃÐàÀ·¢Í§«Ô¹à¹ÍÃì̈ ÔÊµÔ¡¹ÔÇÃÍÅà¹çµàÇÔÃì¡â´Â¾Ô̈ ÒÃ³ÒµÒÁá¹Ç·Ò§ã¹¡ÒÃËÒ¼ÅÅÑ¾ ì̧

ÊÒÁÒÃ¶áºè§ä´éà»ç¹ 2 ª¹Ô´¤×Í «Ô¹à¹ÍÃì¨ÔÊµÔ¡áººÃÇÁ¼ÅÅÑ¾¸ìáÅÐ«Ô¹à¹ÍÃì¨ÔÊµÔ¡áººàÅ×Í¡¼ÅÅÑ¾¸ì

¡ÓË¹´ãËéÊÑ­ÅÑ¡É³ì·ÕèáÊ´§ã¹ÊÁ¡ÒÃ·Ò§¤³ÔµÈÒÊµÃìãªéá·¹¤èÒ´Ñ§µèÍä»¹Õé
S

j
= àÍÒµì¾Øµ¢Í§ÃÐºº

c
ij

= àÍÒµì¾Øµ¢Í§áÍ··ÃÔºÔÇ·ì j ¢Í§¹ÔÇÃÍÅà¹çµàÇÔÃì¡â¤Ã§ÊÃéÒ§·Õè i
c

kj
= àÍÒµì¾Øµ¢Í§áÍ··ÃÔºÔÇ·ì j ¢Í§¹ÔÇÃÍÅà¹çµàÇÔÃì¡â¤Ã§ÊÃéÒ§·Õè k

O
kj

= àÍÒµì¾Øµ¢Í§áÍ··ÃÔºÔÇ·ì·ÕèÍÂÙèã¹µÓáË¹è§ÁÑ¸Â°Ò¹
v

ij
= ¤Ðá¹¹·Õèä´éÃÑº¢Í§áÍ··ÃÔºÔÇ·ì j ¢Í§¹ÔÇÃÍÅà¹çµàÇÔÃì¡â¤Ã§ÊÃéÒ§·Õè i

m = ¨Ó¹Ç¹â¤Ã§ÊÃéÒ§·Ñé§ËÁ´
n = ¨Ó¹Ç¹áÍ··ÃÔºÔÇ·ì·Ñé§ËÁ´

2.1 «Ô¹à¹ÍÃì¨ÔÊµÔ¡áººÃÇÁ¼ÅÅÑ¾¸ì
«Ô¹à¹ÍÃì¨ÔÊµÔ¡áººÃÇÁ¼ÅÅÑ¾¸ì à»ç¹ÃÐºº·Õèãªéá¹Ç·Ò§¡ÒÃËÒ¼ÅÅÑ¾¸ìÊØ·¸Ô¢Í§¡ÒÃ·Ó§Ò¹

â´Â¹Ó¼ÅÅÑ¾¸ì¢Í§¹ÔÇÃÍÅà¹çµàÇÔÃì¡â¤Ã§ÊÃéÒ§à´Õ èÂÇ·Ø¡â¤Ã§ÊÃéÒ§ÁÒÃÇÁ¼Å (Combine) ´éÇÂ
¹ÔÇÃÍÅ¤ÍÁäºà¹ÍÃì µÑÇÍÂèÒ§¢Í§¹ÔÇÃÍÅ¤ÍÁäºà¹ÍÃìÊÓËÃÑºá¹Ç·Ò§¹Õ éä´éá¡è ¡ÒÃËÒ¼ÅÃÇÁ
(Summation) áÅÐ¡ÒÃ¤Ù³¼ÅÅÑ¾¸ì (Product) «Öè§ÁÕÃÒÂÅÐàÍÕÂ´´Ñ§µèÍä»¹Õé

2.1.1 ¡ÒÃËÒ¼ÅÃÇÁ (Summation)
ªØ´¢éÍÁÙÅ¼ÅÅÑ¾¸ì¢Í§¹ÔÇÃÍÅà¹çµàÇÔÃì¡áµèÅÐâ¤Ã§ÊÃéÒ§¶Ù¡Êè§ä»ÂÑ§¹ÔÇÃÍÅ¤ÍÁäºà¹ÍÃì à¾×èÍ

ÃÇÁ¼Å¢Í§ÃÐººã¹áµèÅÐáÍ··ÃÔºÔÇ·ì â´Â¼ÅÅÑ¾¸ì¢Í§ÃÐºº¤×Í¼ÅÃÇÁ¢Í§¤èÒ·Õèä´éÃÑºã¹áµèÅÐ
¹ÔÇÃÍÅà¹çµàÇÔÃì¡ Í¸ÔºÒÂ¡ÒÃËÒ¼ÅÃÇÁä´é´éÇÂÊÁ¡ÒÃµèÍä»¹Õé

( )njcS

m

i

ijj ≤≤∑=
=

1     

1

(1)

¹ÔÇÃÍÅà¹çµàÇÔÃ�¡
â¤Ã§ÊÃ�Ò§·Õè 1

... ... àÍÒµ�¾Øµ

¹ÔÇÃÍÅà¹çµàÇÔÃ�¡
â¤Ã§ÊÃ�Ò§·Õè m

¹ÔÇÃÍÅ
¤ÍÁäºà¹ÍÃ�

ÍÔ¹¾Øµ¢Í§
Í§¤�»ÃÐ¡Íº·Õè 1

ÍÔ¹¾Øµ¢Í§
Í§¤�»ÃÐ¡Íº·Õè m
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2.1.2 ¡ÒÃ¤Ù³¼ÅÅÑ¾¸ì (Product)
¡ÒÃ¤Ù³¼ÅÅÑ¾ ì̧ à»ç¹á¹Ç·Ò§·Õè¤ÅéÒÂ¡Ñº¡ÒÃÃÇÁ¼ÅÅÑ¾ ì̧ â´Â¹ÔÇÃÍÅ¤ÍÁäºà¹ÍÃì̈ Ð¤Ù³¼ÅÅÑ¾ ì̧

¢Í§¹ÔÇÃÍÅà¹çµàÇÔÃì¡â¤Ã§ÊÃéÒ§à´ÕèÂÇáÂ¡µÒÁáÍ··ÃÔºÔÇ·ì â´Â¼ÅÅÑ¾¸ì¢Í§ÃÐºº¤×Í¼Å¤Ù³¢Í§¤èÒ
·Õèä´éÃÑºã¹áµèÅÐ¹ÔÇÃÍÅà¹çµàÇÔÃì¡ Í¸ÔºÒÂ¡ÒÃËÒ¼Å¤Ù³ä´é´éÇÂÊÁ¡ÒÃµèÍä»¹Õé

)1(   

1

njcS

m

i

ijj ≤≤∏=
=

(2)

2.2 «Ô¹à¹ÍÃì¨ÔÊµÔ¡áººàÅ×Í¡¼ÅÅÑ¾¸ì
¼ÅÅÑ¾¸ì¢Í§¹ÔÇÃÍÅà¹çµàÇÔÃì¡â¤Ã§ÊÃéÒ§à´ÕèÂÇ·Ø¡â¤Ã§ÊÃéÒ§¶Ù¡Êè§ÁÒ·Õè¹ÔÇÃÍÅ¤ÍÁäºà¹ÍÃì

à¾× èÍ¾Ô¨ÒÃ³Ò¤Ñ´àÅ×Í¡¼ÅÅÑ¾¸ì·Õ è¶×ÍÇèÒà»ç¹¤èÒ·Õ è´Õ·Õ èÊØ´ã¹ºÃÃ´Ò¤èÒ¢Í§¼ÅÅÑ¾¸ìµèÒ§æ ã¹áµèÅÐ
â¤Ã§ÊÃéÒ§à ṌèÂÇ¢Í§¢éÍÁÙÅ ¡ÒÃ¤Ñ́ àÅ×Í¡¼ÅÅÑ¾ ì̧̈ ÐãªéËÅÑ¡¡ÒÃ·Ò§¤³ÔµÈÒÊµÃìáÅÐÊ¶ÔµÔÍÑ¹ä é́á¡è ¡ÒÃËÒ
¤èÒÊÙ§ÊØ´ (Maximum) ¡ÒÃÅ§¤Ðá¹¹ (Voting) áÅÐ¡ÒÃËÒÁÑ¸Â°Ò¹ (Median) ÃÒÂÅÐàÍÕÂ´¢Í§ÇÔ¸Õ
´Ñ§¡ÅèÒÇÁÕ´Ñ§¹Õé

2.2.1 ¡ÒÃËÒ¤èÒÊÙ§ÊØ´ (Maximum)
¼ÅÅÑ¾ ì̧·Õèä é̈́ Ò¡¹ÔÇÃÍÅà¹çµàÇÔÃì¡â¤Ã§ÊÃéÒ§à ṌèÂÇáµèÅÐâ¤Ã§ÊÃéÒ§¨Ð¶Ù¡¹Óä»à»ÃÕÂºà·ÕÂºà¾×èÍËÒ¤èÒ

ÊÙ§ÊØ´ áÍ··ÃÔºÔÇ·ì·ÕèãËé¤èÒÊÙ§ÊØ´¤×Í¼ÅÅÑ¾¸ì¢Í§ÃÐºº Í¸ÔºÒÂ¡ÒÃËÒ¤èÒÊÙ§ÊØ´ä´é´éÇÂÊÁ¡ÒÃµèÍä»¹Õé

)1( ),1( 1,   | njmkikkcccS kjijijj ≤≤≤≤≠∀= > (3)

2.2.2 ¡ÒÃÅ§¤Ðá¹¹ (Voting)
¡ÒÃÅ§¤Ðá¹¹ à»ç¹á¹Ç·Ò§·Õè¨ÐµéÍ§·Ó¡ÒÃÅ§¤Ðá¹¹ãËé¡ÑºáÍ··ÃÔºÔÇ·ì·ÕèãËé¤èÒÊÙ§ÊØ´¢Í§

¹ÔÇÃÍÅà¹çµàÇÔÃì¡áµèÅÐâ¤Ã§ÊÃéÒ§ Í¸ÔºÒÂÇÔ¸Õ¡ÒÃÅ§¤Ðá¹¹ä´é´éÇÂÊÁ¡ÒÃµèÍä»¹Õé



 ≤≤≤≤≠∀>

=
Otherwise   0

)1)(,1(1,   if   1 njmkikkcc

v
kjij

ij (4)

àÁ×èÍÅ§¤Ðá¹¹¤Ãº·Ø¡â¤Ã§ÊÃéÒ§áÅéÇ¨ÐÁÕ¢Ñé¹µÍ¹¡ÒÃ¤Ñ´àÅ×Í¡¼ÅÅÑ¾¸ìâ´Â¡ÒÃÃÇÁ¤Ðá¹¹
áÍ··ÃÔºÔÇ·ì·ÕèÁÕ¤Ðá¹¹ÃÇÁÊÙ§ÊØ´¤×Í¼ÅÅÑ¾¸ì¢Í§ÃÐºº Í¸ÔºÒÂ¡ÒÃÃÇÁ¤Ðá¹¹ä´é´éÇÂÊÁ¡ÒÃµèÍä»¹Õé

)1(   

1

njvS

m

i

ijj ≤≤∑=
=

(5)

2.2.3 ¡ÒÃËÒÁÑ¸Â°Ò¹ (Median)
ÁŅ̃ Â°Ò¹ ¤×Í¤èÒ·ÕèÍÂÙè¡Öè§¡ÅÒ§¢Í§ªǾ ¢éÍÁÙÅ·Õèä é́àÃÕÂ§ÅÓ Ñ́ºáÅéÇ ¡ÒÃËÒÁŅ̃ Â°Ò¹¹Ñé¹¨Ð¹Ó¼ÅÅÑ¾ ì̧

·Õèä é̈́ Ò¡¹ÔÇÃÍÅà¹çµàÇÔÃì¡áµèÅÐâ¤Ã§ÊÃéÒ§ÁÒ Ñ́̈ ÅÓ Ñ́º¨Ò¡¤èÒµèÓÊǾ ä»ËÒ¤èÒÊÙ§ÊǾ  ¤èÒ·ÕèÍÂÙèã¹µÓáË¹è§¡ÅÒ§
¤×Í¼ÅÅÑ¾¸ì¢Í§ÃÐºº Í¸ÔºÒÂ¡ÒÃËÒÁÑ¸Â°Ò¹ä´é´éÇÂÊÁ¡ÒÃµèÍä»¹Õé
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)1(   njOS kjj ≤≤= (6)

2

1
 

+= m
k  â´Â  m ¤×Í¨Ó¹Ç¹àµçÁ¤Õè (7)

  àÁ×èÍ k á·¹µÓáË¹è§·ÕèÍÂÙèµÃ§¡ÅÒ§

3. §Ò¹ÇÔ¨ÑÂ·Õèà¡ÕèÂÇ¢éÍ§
ÁÕ¡ÒÃ¹Óá¹Ç·Ò§«Ô¹à¹ÍÃì¨ÔÊµÔ¡¹ÔÇÃÍÅà¹çµàÇÔÃì¡ÁÒ»ÃÐÂØ¡µìãªéã¹§Ò¹´éÒ¹¹ÔÇÃÍÅà¹çµàÇÔÃì¡

ÍÂèÒ§¨ÃÔ§¨Ñ§ã¹¡ÒÃ¤Çº¤ØÁáÅÐºÍ¡µÓáË¹è§¢Í§ÇÑµ¶ØãËé¡Ñºá¢¹¢Í§ËØè¹Â¹µì [3] â´Â§Ò¹ÇÔ¨ÑÂ¹Õé
ä´é¹ÓàÊ¹ÍáÅÐ¾ÔÊÙ¨¹ìãËéàËç¹ÇèÒ¼Å·Õèä´é¨Ò¡ Synergistic Neural Model ÁÕ¤ÇÒÁ¶Ù¡µéÍ§ (Accuracy)
ÊÙ§¡ÇèÒ¹ÔÇÃÍÅà¹çµàÇÔÃì¡â¤Ã§ÊÃéÒ§à´ÕèÂÇ ÍÕ¡·Ñé§ÊÒÁÒÃ¶Å´àÇÅÒ·Õèãªéã¹¡ÒÃ»ÃÑºÊÍ¹´éÇÂ §Ò¹ÇÔ¨ÑÂ
´éÒ¹¡ÒÃ¨Óá¹¡¢éÍÁÙÅ´éÇÂ¹ÔÇÃÍÅà¹çµàÇÔÃì¡ä´é¹Óá¹Ç·Ò§«Ô¹à¹ÍÃì¨ÔÊµÔ¡ÁÒ»ÃÐÂØ¡µìãªéàªè¹¡Ñ¹ ã¹¡ÒÃ
¨Óá¹¡»ÃÐàÀ·¢éÍº¡¾ÃèÍ§¢Í§à¹×éÍäÁé (Synergistic Classification System for Wood Defect
Identification) [2][4] §Ò¹ÇÔ¨ÑÂ¹Õé¾ºÇèÒÇÔ¸Õ«Ô¹à¹ÍÃì¨ÔÊµÔ¡¹ÔÇÃÍÅà¹çµàÇÔÃì¡·Õèãªé¤èÒÁÑ¸Â°Ò¹ (Median)
ãËé¼ÅÅÑ¾¸ì·Õè´Õ·Õ èÊØ´ (¤èÒ¤ÇÒÁ¶Ù¡µéÍ§·ÕèÃéÍÂÅÐ 92.0) ã¹¢³Ð·Õè¹ÔÇÃÍÅà¹çµàÇÔÃì¡â¤Ã§ÊÃéÒ§à´ÕèÂÇ
·Õè´Õ·ÕèÊØ´ãËé¤èÒ¤ÇÒÁ¶Ù¡µéÍ§ÊÙ§ÊØ´äÁèà¡Ô¹ÃéÍÂÅÐ 85.0 á¹Ç·Ò§«Ô¹à¹ÍÃì¨ÔÊµÔ¡ä´éÁÕ¡ÒÃ¹ÓÁÒ»ÃÐÂØ¡µì
ãªéã¹§Ò¹¡ÒÃ¾ÂÒ¡Ã³ìàªè¹¡Ñ¹ µÑÇÍÂèÒ§§Ò¹ é́Ò¹¹Õé¤×Í¡ÒÃÈÖ¡ÉÒ»ÃÐÊÔ· Ô̧ÀÒ¾¢Í§«Ô¹à¹ÍÃì̈ ÔÊµÔ¡¹ÔÇÃÍÅ
à¹çµàÇÔÃì¡ã¹¡ÒÃ¾ÂÒ¡Ã³ìÍØ³ËÀÙÁÔ [5] §Ò¹ÇÔ¨ÑÂ¹ÕéáÂ¡Í§¤ì»ÃÐ¡Íº¢Í§¢éÍÁÙÅÍÍ¡à»ç¹ÊÍ§ÊèÇ¹
¤×Í¤èÒà©ÅÕ èÂà¤Å× èÍ¹·Õè¢Í§ÍØ³ËÀÙÁÔáÅÐ¼ÅµèÒ§¢Í§¤èÒÍØ³ËÀÙÁÔ¨ÃÔ§¡Ñº¤èÒà©ÅÕ èÂà¤Å× èÍ¹·Õè â´Â¤èÒ
¾ÂÒ¡Ã³ìÍØ³ËÀÙÁÔ¨ÃÔ§à¡Ô´¨Ò¡¼ÅÃÇÁ¢Í§¤èÒ¾ÂÒ¡Ã³ì¢Í§Í§¤ì»ÃÐ¡Íº·Ñé§ÊÍ§ÊèÇ¹¹Õé §Ò¹ÇÔ¨ÑÂ¹Õé
ÊÒÁÒÃ¶¾ÂÒ¡Ã³ìä´éáÁè¹ÂÓÁÒ¡¡ÇèÒ§Ò¹ÇÔ¨ÑÂ·Õèà¡Ô´¢Öé¹¡èÍ¹·Õèãªé¢éÍÁÙÅªØ´à´ÕÂÇ¡Ñ¹ [6][7]

¹Í¡¨Ò¡§Ò¹·Ò§´éÒ¹¹ÔÇÃÍÅà¹çµàÇÔÃì¡áÅéÇ ÂÑ§ä´éÁÕ¡ÒÃ¹Ó«Ô¹à¹ÍÃì¨ÔÊµÔ¡ÁÒ»ÃÐÂØ¡µìãªé
ã¹¡ÒÃ¨Óá¹¡¢éÍÁÙÅã¹á¢¹§ÇÔªÒ (Subfield) Í×è¹¢Í§»Ñ­­Ò»ÃÐ ỐÉ°ì µÑÇÍÂèÒ§ Ñ́§¡ÅèÒÇ¤×Í¡ÒÃ¹Ó Genetic
Algorithm ÁÒ»ÃÐÂØ¡µìà¢éÒ¡Ñº Inductive Learning ã¹¡ÒÃàÃÕÂ¹ÃÙé¡ÒÃ¨Óá¹¡¢éÍÁÙÅ¢Í§¹Ñ¡ÈÖ¡ÉÒ
(Synergistic Genetic Algorithms for Inductive Learning) [8][9] §Ò¹ÇÔ̈ ÑÂ¹Õé·Ó¡ÒÃ Ñ́̈ áºè§¢éÍÁÙÅ¹Ñ¡ÈÖ¡ÉÒ
ÍÍ¡à»ç¹ 3 ÊèÇ¹ áµèà¹×èÍ§¨Ò¡¤ÇÒÁ¨Ó¡Ñ́ ¢Í§¨Ó¹Ç¹¢éÍÁÙÅ ·ÓãËé¤ÇÒÁ¶Ù¡µéÍ§ã¹¡ÒÃàÃÕÂ¹ÃÙéÍÂÙèã¹ÃÐ Ñ́º
¤èÍ¹¢éÒ§µèÓ (ÃéÍÂÅÐ 42) «Ô¹à¹ÍÃì̈ Õ¢Í§ÊÒÁÂÙ¹Ôµ¢Í§¡ÒÃàÃÕÂ¹ÃÙéã¹áµèÅÐ¡ÅØèÁÊÒÁÒÃ¶à¾ÔèÁ»ÃÐÊÔ· Ô̧ÀÒ¾
¡ÒÃ¨Óá¹¡¢éÍÁÙÅâ´ÂÃÇÁä´éã¹ÃÐ´Ñº¤ÇÒÁ¶Ù¡µéÍ§à¾ÔèÁ¢Öé¹à»ç¹ÃéÍÂÅÐ 74

¨Ò¡¡ÒÃÈÖ¡ÉÒÃÇºÃÇÁ§Ò¹ÇÔ¨ÑÂ·Õèã¡Åéà¤ÕÂ§ÊÒÁÒÃ¶ÊÃØ»ä´éÇèÒ ¡ÒÃ»ÃÐÂØ¡µìãªé«Ô¹à¹ÍÃì¨ÔÊµÔ¡
¹ÔÇÃÍÅà¹çµàÇÔÃì¡ÁÒ¡Ñº§Ò¹´éÒ¹¡ÒÃ¨Óá¹¡¢éÍÁÙÅáÅÐ¡ÒÃ¾ÂÒ¡Ã³ìä´é»ÃÐÊº¤ÇÒÁÊÓàÃç¨ ÍÕ¡·Ñé§
§Ò¹ÇÔ¨ÑÂàËÅèÒ¹Õ éä´éáÊ´§ãËéàËç¹ÇèÒá¹Ç·Ò§«Ô¹à¹ÍÃì¨ÔÊµÔ¡¹ÔÇÃÍÅà¹çµàÇÔÃ ì¡ÊÒÁÒÃ¶»ÃÑº»ÃØ§
»ÃÐÊÔ·¸ÔÀÒ¾¡ÒÃ·Ó§Ò¹¢Í§¹ÔÇÃÍÅà¹çµàÇÔÃì¡ä´é
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4. ¢éÍÁÙÅ·Õèãªéã¹§Ò¹ÇÔ¨ÑÂ
¢éÍÁÙÅ·Õè¹ÓÁÒãªéã¹§Ò¹ÇÔ¨ÑÂ¹Õé¤×Í¢éÍÁÙÅ¼Ùé»èÇÂâÃ¤ËÑÇã¨ (Heart Disease Data) [10] ·ÕèÁÕáËÅè§

·ÕèÁÒ¨Ò¡ Cleveland Database «Öè§à»ç¹¢éÍÁÙÅÊÒ¸ÒÃ³Ð¢Í§¼Ùé»èÇÂâÃ¤ËÑÇã¨·ÕèÁÕ¤ÇÒÁÊÁºÙÃ³ì
ÁÒ¡·ÕèÊØ´ ¢éÍÁÙÅªØ´¹Õéä´éáÂ¡ÍÒ¡ÒÃ¢Í§âÃ¤ËÑÇã¨ÍÍ¡à»ç¹ 4 ¤ÅÒÊ (4 ÃÐ´ÑºÍÒ¡ÒÃ) ¢éÍÁÙÅáµèÅÐªØ´
»ÃÐ¡Íº é́ÇÂáÍ··ÃÔºÔÇ·ì·ÕèÃÐºØ¶Ö§»Ñ̈ Ñ̈Â·Õèà¡ÕèÂÇ¢éÍ§¡Ñº¡ÒÃ¨Óá¹¡¢éÍÁÙÅ (¢éÍÁÙÅÍÔ¹¾Øµ) 13 áÍ··ÃÔºÔÇ·ì
áÅÐáÍ··ÃÔºÔÇ·ì·ÕèáÊ´§¤ÅÒÊ¢Í§ÍÒ¡ÒÃâÃ¤ËÑÇã¨¢Í§ªØ´¹Ñé¹ (àÍÒµì¾Øµ¤ÅÒÊ) ªØ´¢éÍÁÙÅ·Õèãªé·Ñé§ËÁ´ÁÕ
297 ªǾ áÅÐä é́¶Ù¡áºè§ÍÍ¡à»ç¹¢éÍÁÙÅÊÓËÃÑº»ÃÑºÊÍ¹ (Training Set) ̈ Ó¹Ç¹ 247 ªǾ áÅÐ¢éÍÁÙÅÊÓËÃÑº
¡ÒÃ·´ÊÍº (Testing Set) ¨Ó¹Ç¹ 50 ªØ´ ¤ÅÒÊáÅÐ¨Ó¹Ç¹¼Ùé»èÇÂã¹¤ÅÒÊ·Õèãªéã¹§Ò¹ÇÔ¨ÑÂ¹ÕéáÊ´§ä´é
´Ñ§µÒÃÒ§·Õè 1

                     µÒÃÒ§·Õè 1 ¤ÅÒÊ¢Í§¢éÍÁÙÅ¼Ùé»èÇÂâÃ¤ËÑÇã¨·Õèãªéã¹â¤Ã§¡ÒÃÇÔ¨ÑÂ

¤ÅÒÊ ¤ÇÒÁËÁÒÂ ¨íÒ¹Ç¹¼Ù�»�ÇÂ (¤¹)

1 ¼Ù�·ÕèäÁ�»ÃÒ¡¯ÍÒ¡ÒÃ¢Í§âÃ¤ËÑÇã¨ 161

2 ¼Ù�»�ÇÂ·Õè»ÃÒ¡¯ÍÒ¡ÒÃâÃ¤ËÑÇã¨¢Ñé¹àÃÔèÁµ�¹ 54

3 ¼Ù�»�ÇÂ·Õè»ÃÒ¡¯ÍÒ¡ÒÃâÃ¤ËÑÇã¨¢Ñé¹¡ÅÒ§ 34

4 ¼Ù�»�ÇÂ·Õè»ÃÒ¡¯ÍÒ¡ÒÃâÃ¤ËÑÇã¨¢Ñé¹ÃØ¹áÃ§áÅÐÃØ¹áÃ§·ÕèÊØ´ 48

5. ¹ÔÇÃÍÅà¹çµàÇÔÃì¡·Õè¾Ñ²¹Ò¢Öé¹
§Ò¹ÇÔ¨ÑÂ¹Õ éä´éàÅ×Í¡ãªé¹ÔÇÃÍÅà¹çµàÇÔÃì¡â¤Ã§ÊÃéÒ§à´Õ èÂÇ·Ñé§ËÁ´ 5 â¤Ã§ÊÃéÒ§ ÍÑ¹ä´éá¡è

ÁÑÅµÔàÅàÂÍÃìà¾ÍÃìà«¿µÃÍ¹ (Multilayer Perceptron) à¨¹à¹ÍÃÑÅäÅ«ì¿Ṍ ¿ÍÃìàÇÔÃì́ à¹çµàÇÔÃì¡ (Generalized
Feedforward Networks) ÁÍ Ù́ÅèÒà¹çµàÇÔÃì¡ (Modular Networks) àÃà ṌÂ¹àº«ÔÊ¿Ñ§¡ìªÑè¹à¹çµàÇÔÃì¡ (Radial
Basis Function Networks) ̈ ÍÃìá´¹à¹çµàÇÔÃì¡ (Jordan Networks) â´Â¹ÔÇÃÍÅà¹çµàÇÔÃì¡·Ñé§ 5 â¤Ã§ÊÃéÒ§
à»ç¹â¤Ã§ÊÃéÒ§·ÕèàËÁÒÐÊÁáÅÐ¹ÔÂÁãªéã¹¡ÒÃ¨Óá¹¡¢éÍÁÙÅ â¤Ã§ÊÃéÒ§¢Í§¹ÔÇÃÍÅà¹çµàÇÔÃì¡·Õè¾Ñ²¹Ò
¢Öé¹»ÃÐ¡Íº´éÇÂ 13 ÍÔ¹¾ØµáÅÐ 4 àÍÒµì¾Øµ ÍÔ¹¾Øµ x

1
 ¶Ö§ x

13 
¤×Í¤èÒáÍ··ÃÔºÔÇ·ì·Õèãªéã¹¡ÒÃÇÔà¤ÃÒÐËì

¾Ô¡Ñ́ ¢Í§¤èÒàÍÒµì¾Øµ y
1 
¶Ö§ y

4 
ÍÂÙè·Õè [0,1] «Öè§áÊ´§¶Ö§¤ÇÒÁà»ç¹ä»ä é́¢Í§áµèÅÐ¤ÅÒÊ¢Í§ªǾ ¢éÍÁÙÅâ´Â¤èÒ

ÊÙ§ÊǾ ¢Í§ y
1 
¶Ö§ y

4
áÊ´§¶Ö§¤ÅÒÊ¢Í§¼Ùé»èÇÂã¹ªǾ ¢éÍÁÙÅ¹Ñé¹ ÃÙ»·Õè 3 áÊ´§¶Ö§â¤Ã§ÊÃéÒ§¢Í§¹ÔÇÃÍÅà¹çµàÇÔÃì¡

·Õè¾Ñ²¹Ò¢Öé¹ µÒÃÒ§·Õè 2 áÊ´§¼Å¡ÒÃ¨Óá¹¡¢éÍÁÙÅ·Õèä´é¨Ò¡¹ÔÇÃÍÅà¹çµàÇÔÃì¡áµèÅÐâ¤Ã§ÊÃéÒ§

Neural
Network

. . .

x 1

x 13

y 1

y 4

...

ÃÙ»·Õè 3 â¤Ã§ÊÃéÒ§¢Í§¹ÔÇÃÍÅà¹çµàÇÔÃì¡·Õèãªéã¹¡ÒÃ¨Óá¹¡¢éÍÁÙÅ
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                   µÒÃÒ§·Õè 2 ¼Å¡ÒÃ¨Óá¹¡¢éÍÁÙÅ¼Ùé»èÇÂâÃ¤ËÑÇã¨â´Â¹ÔÇÃÍÅà¹çµàÇÔÃì¡

¼Å¡ÒÃ¨íÒá¹¡¢�ÍÁÙÅä´�¶Ù¡µ�Í§ (%)
â¤Ã§ÊÃ�Ò§¢Í§¹ÔÇÃÍÅà¹çµàÇÔÃ�¡

¤ÅÒÊ 1 ¤ÅÒÊ 2 ¤ÅÒÊ 3 ¤ÅÒÊ 4
¤ÇÒÁ¶Ù¡µ�Í§
â´ÂÃÇÁ (%)

Multilayer Perceptron 92.0 10.0 42.9 75.0 66.0

Generalized Feedforward Networks 84.0 30.0 57.1 25.0 60.0

Modular Networks 92.0 - 57.1 75.0 66.0

Radial Basis Function Networks 92.0 10.0 28.8 50.0 66.0

Jordan Networks 84.0 20.0 85.7 50.0 60.0

µÑÇàÅ¢ã¹µÒÃÒ§·Õè 2 áÊ´§¤ÇÒÁ¶Ù¡µéÍ§ã¹¡ÒÃ¨Óá¹¡¢éÍÁÙÅ¢Í§áµèÅÐ¤ÅÒÊáÅÐâ´ÂÃÇÁ (·Ñé§
4 ¤ÅÒÊ) ¢Í§¹ÔÇÃÍÅà¹çµàÇÔÃì¡áµèÅÐâ¤Ã§ÊÃéÒ§ ¼ÅÅÑ¾¸ìã¹µÒÃÒ§·Õè 2 ä´éáÊ´§ãËéàËç¹ÇèÒ¹ÔÇÃÍÅà¹çµàÇÔÃì¡
ÊÒÁÒÃ¶¨Óá¹¡¢éÍÁÙÅ¢Í§¼Ùé»èÇÂ·ÕèÍÂÙèã¹¤ÅÒÊ 1 áÅÐ¤ÅÒÊ 4 ä´é´Õ¡ÇèÒã¹¤ÅÒÊ 2 áÅÐ¤ÅÒÊ 3
¨Ò¡¡ÒÃÇÔà¤ÃÒÐËì¼ÅÅÑ¾¸ìÍÂèÒ§¶Õè¶éÇ¹ä´éáÊ´§ãËéàËç¹¶Ö§¤ÇÒÁäÁèªÑ´à¨¹ã¹¡ÒÃ¨Óá¹¡¡ÅØèÁ¢Í§¤ÅÒÊ 2
áÅÐ¤ÅÒÊ 3 ¡ÅèÒÇ¤×Í¼ÅÅÑ¾ ì̧¢Í§¢éÍÁÙÅËÅÒÂªǾ ÁÕ¤èÒ y1 áÅÐ y4 ·ÕèµèÓÍÂèÒ§ªÑ́ à¨¹ã¹¢³Ð·Õè¤ÇÒÁáµ¡µèÒ§
¢Í§¤èÒ y2 áÅÐ y3 ¹Ñé¹ã¡Åéà¤ÕÂ§¾ÍÊÁ¤ÇÃ ·ÓãËéà¡Ố ¤ÇÒÁäÁèªÑ́ à¨¹ã¹¡ÒÃ¨Óá¹¡¡ÅØèÁÃÐËÇèÒ§ 2 ¤ÅÒÊ¹Õé
µÑÇÍÂèÒ§àªè¹ ¼ÅÅÑ¾¸ì¨Ò¡¢éÍÁÙÅªØ´Ë¹Öè§ÍÒ¨ÁÕ¤èÒ y1 = 0.10 y2 = 0.54 y3 = 0.63 y4 = 0.20 ã¹¡Ã³Õ
¹Õé¢éÍÁÙÅªØ´¹Õé¨Ð¶Ù¡¨Óá¹¡ÍÂÙèã¹¤ÅÒÊ 3 à¹×èÍ§¨Ò¡ y3 ÁÕ¤èÒÊÙ§ÊØ´ ¤ÇÒÁáµ¡µèÒ§¢Í§¤èÒ y2 áÅÐ y3
·ÕèäÁèà´è¹ªÑ´à¾ÕÂ§¾Í¹ÕéÊè§¼ÅãËé¤ÇÒÁ¶Ù¡µéÍ§ã¹¡ÒÃ¨Óá¹¡¢éÍÁÙÅ¢Í§ 2 ¤ÅÒÊ¹ÕéÁÕ¤èÒ·Õè¤èÍ¹¢éÒ§µèÓ
»Ñ¨¨ÑÂË¹Öè§·Õè·ÓãËé¤èÒ¤ÇÒÁ¶Ù¡µéÍ§µèÓà¡Ô´¨Ò¡¨Ó¹Ç¹¢éÍÁÙÅ·Õè¤èÍ¹¢éÍ§¨Ó¡Ñ´ã¹ 2 ¤ÅÒÊ¹Õé ÊÓËÃÑº
¤ÇÒÁÊÓ¤Ñ­¢Í§¨Ó¹Ç¹¢éÍÁÙÅ·Õèà¾ÕÂ§¾Íä´é¡ÅèÒÇäÇéã¹ËÑÇ¢éÍÊÔè§·Õè¤é¹¾º

6. «Ô¹à¹ÍÃì¨ÔÊµÔ¡¹ÔÇÃÍÅà¹çµàÇÔÃì¡·Õè¾Ñ²¹Ò¢Öé¹
¤ÇÒÁ¶Ù¡µéÍ§ã¹¡ÒÃ¨Óá¹¡¢éÍÁÙÅ¢Í§¹ÔÇÃÍÅà¹çµàÇÔÃì¡â¤Ã§ÊÃéÒ§à´ÕèÂÇÍÂÙèã¹à¡³·ì·ÕèäÁèÊÙ§¹Ñ¡

à¹×èÍ§¨Ò¡ªØ´¢éÍÁÙÅ»ÃÑºÊÍ¹ÁÕ¤èÍ¹¢éÒ§¨Ó¡Ñ´ (297 ªØ´) áÅÐ¼ÅÅÑ¾¸ì¨Ò¡¡ÒÃ¨Óá¹¡¢éÍÁÙÅã¹ºÒ§¡Ã³Õ
ÁÕ¤ÇÒÁ¤ÅØÁà¤Ã×ÍÍÂÙè́ Ñ§µÑÇÍÂèÒ§·Õè¡ÅèÒÇäÇéã¹ËÑÇ¢éÍ·ÕèáÅéÇ ¡ÒÃ¾Ñ²¹Ò«Ô¹à¹ÍÃì̈ ÔÊµÔ¡¹ÔÇÃÍÅà¹çµàÇÔÃì¡ Ö̈§ÁÕ
¨Ø´»ÃÐÊ§¤ìà¾×èÍ»ÃÑº»ÃØ§»ÃÐÊÔ·¸ÔÀÒ¾áÅÐ¤ÇÒÁ¶Ù¡µéÍ§ã¹¡ÒÃ¨Óá¹¡¢éÍÁÙÅ §Ò¹ÇÔ¨ÑÂ¹Õéä´é¹Óá¹Ç·Ò§
«Ô¹à¹ÍÃì¨ÔÊµÔ¡·Ñé§áººÃÇÁ¼ÅÅÑ¾¸ìáÅÐáººàÅ×Í¡¼ÅÅÑ¾¸ì ÁÒãªéã¹¡ÒÃ¨Óá¹¡¢éÍÁÙÅ¼Ùé»èÇÂâÃ¤ËÑÇã¨
â´Âãªé¢éÍÁÙÅÍÔ¹¾ØµªØ´à´ÕÂÇ ÃÙ»áºº¢Í§«Ô¹à¹ÍÃì¨ÔÊµÔ¡áººÃÇÁ¼ÅÅÑ¾¸ìáÊ´§äÇé´Ñ§ÃÙ»·Õè 4



ÇÒÃÊÒÃÇÔ¨ÑÂáÅÐ¾Ñ²¹Ò Á¨¸. »Õ·Õè 24 ©ºÑº·Õè 2 ¾ÄÉÀÒ¤Á-ÊÔ§ËÒ¤Á 2544188

ÃÙ»·Õè 4 «Ô¹à¹ÍÃì¨ÔÊµÔ¡áººÃÇÁ¼ÅÅÑ¾¸ì·Õèãªéã¹¡ÒÃ¨Óá¹¡¢éÍÁÙÅ

¼ÅÅÑ¾¸ì¢Í§àÍÒµì¾Øµ¢Í§ÃÐºº (¤ÅÒÊ·Õè¢éÍÁÙÅªØ´¹Ñé¹à»ç¹ÊÁÒªÔ¡) ¨Ðä´éÃÑº¤Ñ´àÅ×Í¡¼Å
â´Â¾Ô¨ÒÃ³Ò¨Ò¡¤èÒ O1 ¶Ö§ O4 ·Õèä´éÃÑº¨Ò¡¡ÒÃÃÇÁ¼Å¢Í§ÇÔ¸ÕµèÒ§æ â´Â¤èÒ·ÕèÊÙ§ÊØ´¢Í§ O1 ¶Ö§ O4
à»ç¹µÑÇ¡ÓË¹´¤ÅÒÊ¢Í§¢éÍÁÙÅªØ´¹Ñé¹ «Öè§¼Å¢Í§¡ÒÃ¨Óá¹¡¢éÍÁÙÅâ´Â«Ô¹à¹ÍÃì¨ÔÊµÔ¡áººÃÇÁ¼ÅÅÑ¾¸ì
¶Ù¡áÊ´§äÇé´Ñ§µÒÃÒ§·Õè 3

                        µÒÃÒ§·Õè 3 ¼Å¡ÒÃ¨Óá¹¡¢éÍÁÙÅâ´Â«Ô¹à¹ÍÃì¨ÔÊµÔ¡áººÃÇÁ¼ÅÅÑ¾¸ì

Multi layer
Perceptron

Generalized
Feedforward

Networks

Modular
Networks

Jordan
Networks

 Radial Basis
Function
Networks

àÍÒµ�¾Øµ
¢Í§ÃÐºº

...

. . .
. . .

. . .
. . .

. . .

...
x 1 x 13

y1,1

y1,4

y2,1

y2,4

y3,1

y3,4

y4,1

y4,4

y5,1

y5,4

y 1,1

y 5,4

ÃÇÁ¼Å
Σ ∏/( )

¤Ñ´àÅ×Í¡¼Å

O 1

O 2

O 4

O 3

¹ÔÇÃÍÅ¤ÍÁäºà¹ÍÃ�

¼Å¡ÒÃ¨íÒá¹¡¢�ÍÁÙÅä´�¶Ù¡µ�Í§ (%)
ÇÔ̧ Õ¡ÒÃÃÇÁ¼ÅÅÑ¾¸�

¤ÅÒÊ 1 ¤ÅÒÊ 2 ¤ÅÒÊ 3 ¤ÅÒÊ 4
¤ÇÒÁ¶Ù¡µ�Í§
â´ÂÃÇÁ (%)

¡ÒÃËÒ¼ÅÃÇÁ 92.0 20.0 71.4 62.5 70.0

¡ÒÃ¤Ù³¼ÅÅÑ¾¸� 92.0 10.0 85.7 62.5 70.0

ÃÙ»áºº¢Í§«Ô¹à¹ÍÃì̈ ÔÊµÔ¡áººàÅ×Í¡¼ÅÅÑ¾ ì̧·Õè¾Ñ²¹Ò¢Öé¹áÅÐ¼Å¡ÒÃ¨Óá¹¡¢éÍÁÙÅáÊ´§ä é́́ Ñ§ÃÙ»·Õè
5 áÅÐµÒÃÒ§·Õè 4 µÒÁÅÓ´Ñº
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ÃÙ»·Õè 5 «Ô¹à¹ÍÃì¨ÔÊµÔ¡áººàÅ×Í¡¼ÅÅÑ¾¸ì·Õèãªéã¹¡ÒÃ¨Óá¹¡¢éÍÁÙÅ

                        µÒÃÒ§·Õè 4 ¼Å¡ÒÃ¨Óá¹¡¢éÍÁÙÅâ´Â«Ô¹à¹ÍÃì¨ÔÊµÔ¡áººàÅ×Í¡¼ÅÅÑ¾¸ì

Multilayer
Perceptron

Generalized
Feedforward

Networks

Modular
Networks

Jordan
Networks

Radial Basis
Function
Networks

¹ÔÇÃÍÅ¤ÍÁäºà¹ÍÃ�

(¤Ñ´àÅ×Í¡¼Å)
Output

...

. . .
. . .

. . .
. . .

. . .

...
x 1 x 13

y1,1

y1,4

y2,1

y2,4

y3,1

y3,4

y4,1

y4,4

y5,1

y5,4

y1,1

y5,4

¼Å¡ÒÃ¨íÒá¹¡¢�ÍÁÙÅä´�¶Ù¡µ�Í§ (%)ÇÔ̧ Õ¡ÒÃàÅ×Í¡¼ÅÅÑ¾¸�
¤ÅÒÊ 1 ¤ÅÒÊ 2 ¤ÅÒÊ 3 ¤ÅÒÊ 4

¤ÇÒÁ¶Ù¡µ�Í§
â´ÂÃÇÁ (%)

¡ÒÃËÒ¤�ÒÊÙ§ÊØ´ 96.0 30.0 85.7 87.5 80.0

¡ÒÃÅ§¤Ðá¹¹ 92.0 10.0 85.7 87.5 74.0

¡ÒÃËÒÁÑ¸Â°Ò¹ 92.0 20.0 85.7 87.5 76.0

¼Å¡ÒÃ¨Óá¹¡¢éÍÁÙÅâ´ÂÃÇÁ·Õè´Õ·ÕèÊØ´ÍÂÙè·ÕèÃéÍÂÅÐ 80 ¤èÒ¼ÅÅÑ¾¸ìÍÒ¨´ÙäÁèÊÙ§¹Ñ¡à¹×èÍ§ÁÒ¨Ò¡
¤ÇÒÁ¨Ó¡Ñ́ ¢Í§¨Ó¹Ç¹¢éÍÁÙÅ ËÒ¡¨Ó¹Ç¹¢éÍÁÙÅã¹áµèÅÐ¤ÅÒÊÁÕÁÒ¡à¾ÕÂ§¾Í¤Ò´ÇèÒá¹Ç·Ò§·Õè¹ÓÁÒãªé¹Õé
¨ÐãËé¼ÅÅÑ¾¸ì·Õè¹èÒ¾Íã¨ ÍÂèÒ§äÃ¡çµÒÁ§Ò¹ÇÔ¨ÑÂ·Õèä´é¹Ó Cleveland Data ÁÒãªé¹Õé [10]-[12] à»ç¹¡ÒÃ
¨Óá¹¡¢éÍÁÙÅÍÍ¡à¾ÕÂ§ 2 ¡ÅØèÁ¤×Í ¡ÅØèÁ·ÕèäÁè»ÃÒ¡¯ÍÒ¡ÒÃ áÅÐ¡ÅØèÁ·Õè»ÃÒ¡¯ÍÒ¡ÒÃà·èÒ¹Ñé¹ ̈ Ò¡¡ÒÃÈÖ¡ÉÒ
¤é¹¤ÇéÒ·Õè¼èÒ¹ÁÒÂÑ§äÁè¾º§Ò¹ÇÔ¨ÑÂ·Õè¨Óá¹¡¢éÍÁÙÅªØ´¹ÕéÁÒ¡¡ÇèÒ 2 ¡ÅØèÁ
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7. ÊÔè§·Õèä´é¤é¹¾º
ÊÔè§·Õèä´é¤é¹¾º¨Ò¡§Ò¹ÇÔ¨ÑÂÊÒÁÒÃ¶ÊÃØ»ä´é´Ñ§¹Õé
1. «Ô¹à¹ÍÃì̈ ÔÊµÔ¡¹ÔÇÃÍÅà¹çµàÇÔÃì¡ Ñ́̈ à»ç¹ÃÐººË¹Öè§·ÕèàËÁÒÐÊÁ¡Ñº¡ÒÃ¨Óá¹¡¢éÍÁÙÅ à¹×èÍ§¨Ò¡

à»ç¹á¹Ç·Ò§·Õè¹Ó¼Å¡ÒÃ¨Óá¹¡¢éÍÁÙÅ·Õèä é̈́ Ò¡¹ÔÇÃÍÅà¹çµàÇÔÃì¡â¤Ã§ÊÃéÒ§µèÒ§æ ÁÒ¾Ô̈ ÒÃ³ÒËÒ¼ÅÅÑ¾ ì̧
¢Í§ÃÐºº â´Âà©¾ÒÐã¹¡Ã³Õ·Õè¢éÍÁÙÅ»ÃÑºÊÍ¹ÁÕ¨Ó¹Ç¹¨Ó¡Ñ´ËÃ×ÍÁÕ¤ÇÒÁäÁèªÑ´à¨¹ã¹¼ÅÅÑ¾¸ì

2. »ÃÐÊÔ·¸ÔÀÒ¾¡ÒÃ¨Óá¹¡¢éÍÁÙÅ¢Í§¹ÔÇÃÍÅà¹çµàÇÔÃì¡áÅÐ«Ô¹à¹ÍÃì¨ÔÊµÔ¡¹ÔÇÃÍÅà¹çµàÇÔÃì¡
ÁÕ¤ÇÒÁà¡ÕèÂÇ¢éÍ§¡Ñº¨Ó¹Ç¹¢éÍÁÙÅã¹¡ÒÃ»ÃÑºÊÍ¹¢Í§ÇÔ̧ Õ¡ÒÃ Ñ́§¡ÅèÒÇ ¤ÇÒÁ¶Ù¡µéÍ§¢Í§¡ÒÃ¨Óá¹¡¢éÍÁÙÅ
¨ÐµèÓ àÁ×èÍ¨Ó¹Ç¹¢éÍÁÙÅµÑÇÍÂèÒ§ã¹¤ÅÒÊ¹Ñé¹æ ÁṎ Ó¹Ç¹¨Ó¡Ñ́ áÅÐ¤ÅÒÊ·ÕèÁṎ Ó¹Ç¹¢éÍÁÙÅµÑÇÍÂèÒ§·ÕèÁÒ¡
à¾ÕÂ§¾Í ¤ÇÒÁ¶Ù¡µéÍ§¢Í§¼Å¡ÒÃ¨Óá¹¡¢éÍÁÙÅã¹¤ÅÒÊ¹Ñé¹æ ¨ÐÍÂÙèã¹ÃÐ´Ñº·Õè¹èÒ¾Íã¨

3. ¡ÒÃ¨Óá¹¡¢éÍÁÙÅ¢Í§¹ÔÇÃÍÅà¹çµàÇÔÃì¡â¤Ã§ÊÃéÒ§à ṌèÂÇáµèÅÐâ¤Ã§ÊÃéÒ§·ÕèàÅ×Í¡ãªé ÁÕ¼Å¡ÃÐ·º
â´ÂµÃ§¡Ñº¤ÇÒÁ¶Ù¡µéÍ§¢Í§«Ô¹à¹ÍÃì¨ÔÊµÔ¡¹ÔÇÃÍÅà¹çµàÇÔÃì¡·Õ èâ¤Ã§ÊÃéÒ§à´Õ èÂÇ¹Ñ é¹ÃÇÁÍÂÙ è´éÇÂ
¡ÅèÒÇ¤×Í»ÃÐÊÔ·¸ÔÀÒ¾â´ÂÃÇÁ¢Í§«Ô¹à¹ÍÃì¨ÔÊµÔ¡¹ÔÇÃÍÅà¹çµàÇÔÃì¡ ÍÒ¨¢Öé¹ÍÂÙè¡Ñº¤ÇÒÁ¶Ù¡µéÍ§¢Í§
¹ÔÇÃÍÅà¹çµàÇÔÃì¡Ë¹èÇÂã´Ë¹èÇÂË¹Öè§

8. ¢éÍàÊ¹Íá¹Ð
¡ÒÃ¨Óá¹¡¢éÍÁÙÅâ´Â«Ô¹à¹ÍÃì̈ ÔÊµÔ¡¹ÔÇÃÍÅà¹çµàÇÔÃì¡à»ç¹ Ǿ̈ àÃÔèÁµé¹ã¹¡ÒÃÈÖ¡ÉÒÃÐºº¡ÒÃ·Ó§Ò¹

ÃèÇÁ¡Ñ¹¢Í§¹ÔÇÃÍÅà¹çµàÇÔÃì¡ ¢éÍàÊ¹Íá¹Ð·Õèä´é¨Ò¡¡ÒÃÇÔ¨ÑÂÊÒÁÒÃ¶ÊÃØ»ä´é´Ñ§¹Õé

1. ·´ÅÍ§ãªé¨Ó¹Ç¹â¤Ã§ÊÃéÒ§¢Í§¹ÔÇÃÍÅà¹çµàÇÔÃì¡â¤Ã§ÊÃéÒ§à´ÕèÂÇÁÒ¡¢Öé¹ (¨Ó¹Ç¹â¤Ã§ÊÃéÒ§
à ṌèÂÇ·Õèãªé¤ÇÃà»ç¹àÅ¢¤Õè) â´Â¡ÒÃà¾ÔèÁ¹ÔÇÃÍÅà¹çµàÇÔÃì¡â¤Ã§ÊÃéÒ§Í×è¹ àªè¹ Learning Vector Quantization
(LVQ) [13][14]  ËÃ×Í·Ó¡ÒÃ Process ¢éÍÁÙÅ¡èÍ¹â´ÂãªéËÅÑ¡¡ÒÃ¢Í§ Principle Component Analysis
[15] à¾×èÍ»ÃÑº¡ÒÃ¡ÃÐ¨ÒÂ¢Í§¢éÍÁÙÅãËéà¡ÒÐµÑÇ¡Ñ¹ÁÒ¡¢Öé¹ «Öè§ÍÒ¨·ÓãËé¡ÒÃáºè§¡ÅØèÁ§èÒÂ¢Öé¹

2. ·´ÅÍ§ËÒ¼ÅÅÑ¾¸ì¢Í§ÃÐººâ´Âãªé¹ÔÇÃÍÅà¹çµàÇÔÃì¡ÍÕ¡ 1 â¤Ã§ÊÃéÒ§·ÓË¹éÒ·Õ èà»ç¹
¹ÔÇÃÍÅ¤ÍÁäºà¹ÍÃì

3. ·´ÅÍ§ãªé«Ô¹à¹ÍÃì̈ ÔÊµÔ¡¹ÔÇÃÍÅà¹çµàÇÔÃì¡¨Ò¡â¤Ã§ÊÃéÒ§à ṌÂÇ¡Ñ¹·Ñé§ËÁ´ â´Â¡ÓË¹´ãËéáµèÅÐ
â¤Ã§ÊÃéÒ§ÁÕ¤èÒ¾ÒÃÒÁÔàµÍÃìµèÒ§æ ·Õèáµ¡µèÒ§¡Ñ¹

9. ÊÃØ»
¡ÒÃ¨Óá¹¡¢éÍÁÙÅà¾×èÍªèÇÂã¹¡ÒÃÇÔ¹Ô̈ ©ÑÂ·Ò§¡ÒÃá¾·Âìà»ç¹§Ò¹·ÕèãËé¤ÇÒÁÊÓ¤Ñ­¡Ñº¤ÇÒÁ¶Ù¡µéÍ§

¢Í§¼Å¡ÒÃ¨Óá¹¡¢éÍÁÙÅ â´Âà©¾ÒÐ¢éÍÁÙÅ¢Í§¼Ùé»èÇÂâÃ¤ËÑÇã¨«Öè§à»ç¹¢éÍÁÙÅ·ÕèÁÕ¤ÇÒÁ«Ñº«éÍ¹áÅÐÁÕ
¢éÍ¨Ó¡Ñ´¢Í§¨Ó¹Ç¹¢éÍÁÙÅµÑÇÍÂèÒ§ à·¤¹Ô¤«Ô¹à¹ÍÃì¨ÔÊà»ç¹á¹Ç·Ò§ãËÁè·Õèà¡Ô´¨Ò¡¡ÒÃ·Ó§Ò¹ÃèÇÁ¡Ñ¹
¢Í§¹ÔÇÃÍÅà¹çµàÇÔÃì¡â¤Ã§ÊÃéÒ§à´ÕèÂÇËÅÒÂâ¤Ã§ÊÃéÒ§ â´Âà»ç¹¡ÒÃà¾ÔèÁÃÒÂÅÐàÍÕÂ´áÅÐàËµØ¼Å·Õèãªé
ã¹¡ÒÃµÑ´ÊÔ¹»Ñ­ËÒ §Ò¹ÇÔ¨ÑÂ¹ÕéáÊ´§ãËéàËç¹ÇèÒ«Ô¹à¹ÍÃì¨ÔÊµÔ¡¹ÔÇÃÍÅà¹çµàÇÔÃì¡à»ç¹á¹Ç·Ò§·ÕèÊÒÁÒÃ¶
»ÃÑº»ÃØ§»ÃÐÊÔ·¸ÔÀÒ¾¡ÒÃ¨Óá¹¡¢éÍÁÙÅä´é ¨Ò¡¼Å¡ÒÃ·´ÅÍ§áÊ´§ãËéàËç¹ÇèÒ«Ô¹à¹ÍÃì¨ÔÊµÔ¡áºº
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àÅ×Í¡¼ÅÅÑ¾¸ìâ´Â¡ÒÃËÒ¤èÒÊÙ§ÊØ´·ÕèÊÒÁÒÃ¶¨Óá¹¡¢éÍÁÙÅ¢Í§¼Ùé»èÇÂâÃ¤ËÑÇã¨ä´é¶Ù¡µéÍ§ÁÒ¡·ÕèÊØ´
§Ò¹ÇÔ¨ÑÂ¹Õéà»ç¹¡ÒÃ¹ÓàÊ¹Íá¹Ç·Ò§¡ÒÃ¾Ñ²¹ÒÇÔ¸Õ¡ÒÃ¨Óá¹¡¢éÍÁÙÅãËéÁÕ»ÃÐÊÔ·¸ÔÀÒ¾ÍÕ¡ÇÔ¸ÕË¹Öè§

10. ¡ÔµµÔ¡ÃÃÁ»ÃÐ¡ÒÈ
§Ò¹ÇÔ¨ÑÂ¹ÕéÊÓàÃç¨ÅØÅèÇ§ä»ä´é´éÇÂ´Õ ¼ÙéÇÔ¨ÑÂ¢Í¢Íº¤Ø³ Dr. Rob J. Alcook ·Õè¡ÃØ³Òá¹Ðá¹Ç·Ò§

ÍÑ¹à»ç¹»ÃÐâÂª¹ì áÅÐ¤³Ðà·¤â¹âÅÂÕÊÒÃÊ¹à·È ÁËÒÇÔ·ÂÒÅÑÂà·¤â¹âÅÂÕ¾ÃÐ¨ÍÁà¡ÅéÒ¸¹ºØÃÕ
·ÕèãËé·Ø¹Ê¹ÑºÊ¹Ø¹¡ÒÃÇÔ¨ÑÂ
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