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*���� F����	4 $��	C <�'�
 D&� +� G$� 1��& .'� +� <��H��� �# �
'� I8�#'� �1�, *�%0 !�� $ �# . D&�

*����  �1!��# !�'�' $�( ' <$�J�
 ����# ?���� >� �
'� 8�#'� 5& ���0� ���� *$, 2 3�� �-'�4 $�(
�, �K��; # �	 >
	1 > ����	4 8�	L ># �	-	, >��'� ��� <��� +� <��H��� �# ������ �����7#� >�@� >� ��
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$
��'�
 �, �� �� �� �
��
� ��)��@#�" �# ��	-	, $��	C ���	� ���
� >� 3��)��� . ��,+ �'�, ># >� �&'+�M
�����# 8	" <�1 ?@9 30���
 �# ' �+�# �, N
� ��'�#�
 �# <�1 ' >�0�1 . ' �)�����&�C�, 8�&�O
 ># ������ �#

<��,��0 ' �P&7�0��, 8��%"�' D� �Q
� <$&��
 ' �� �# D��# ?�(  /��P& ' 3��# ��" ���
� /�
'�� 30�%,
�	-	, $��	C+�# R�4 *��4� I$�
��� .	4 ' >� �� �� �	4 >
S��4 >
�K	#T, U�V%# '� ��W��
 �� �	XY, D&

$ 	� �, >
�W@; <�- . �) :C D&�<�1  >� �'� �, Z�
 ��
�$# �CF��# F�X9 D0M<���
 �$L �� /��' �+��
�# >�0���
 ��)��&�	Q�� ' ���&� ��)�	,�0 [�	C �
��
� \;�	9 ' 8����K��,$&M . �; +� �
 >
��BW 	4

]��9 �����9 /���&� \@�B, ��� >&�O
 ' �) '� ��	,+M ' ������U�W��^ ? >���
 D&$# 3W"�9 >� $
$��� _@C �
 >�W  �� $K >( �C $  �, `	�a, 3&��# ?@9 _&��C 8���B�0� +� >� b�"� :,�� ��@9 ��) '� >
	Q�&�

$�
�	C�
 �	-	, �%�W; ���$�&��0 *���� ' ��)�� 8��	-	, �+��.  

�,���
 �	-' �# /��'��0 ��� �@H� F?��9 I����Y,# D�4���
 c	9 ># ' �
�0�9 [#�'� \�� ' <��,��0 8��%"�' >
F��	- D�0�&T
  /���
� ��	-'�� ��)�� I�	-	, ������ ' +�� +� bd�, Fe��B��� �# ����0�
  30�1 Z�
 ��

 >�# �M f&��
 +� �P& >"�+�0 �PHC "$  G'�%,.  �4�# D�= �� �$�,� >
+'� /�Y@C D&� Z&�$�
 �#
 ���" $&�  >� $  <�	�1 ��$���&$
�>&�O
 D&� ���� ���" 7&'���� �# $� �#�  ��W, �	4 ����&'� /�	)h	


>�W  �#>X�, ># �� ���
� A4S�# ' ?��9 8��	-	, �+��� $�
��� �	)h . �C >� i&���	��  ' �)�,���
 >�@�
��	4��1�I39�� ���1 �# �� �� F.+���
 FR$9 �& ' D�&�
 F�0�� j,�PC <�= ' >�4�$
� �+�0 �����7#� D&$# ��

Fj1 >� $
� <��P
 >�&$
� >�P
 I$W��� I8�"	@B, ?��9/  ' ���, D�
�	" �# �PC� �# >
 �� �	4 ��)��@#�" �4�#
�, 3�� ># ���,��^ ?��9 ># *�XC� �# >� ��@9 ��) '�Z 	� �# ' ��'MF����, ��� I8�%��d, ' ��@9 

>
 �C�Y�YaC     �,' ��� $��	C k	"	�� bYa, ��)#�	4 ��	C l	�%, I<�Q
 F��C 5& �# �)�C �
M �Y�9 >
 . D&� �#
�, ��0 ���, ?��9 �# >-�	, �� ���
� >� �� �)��@#�" �4�# �	-'���1 �, ����	C >�W ���
 ' �+��<  ���'  +�

'� 3��K +�; 3�� >@�- �M.  
 �+�0 �& ' b�"� ��) '� +� <��H��� �# �	�� �C) �1�W4 e��B��� 8�	L >#[1] (��) :C  >��,+ �� �#	4

3�� >�0�1 8�	L $
����# R$" +� R$" ���
� $�
��� $�
�	�# >� �&�)C�#'� 34�� . �%� D���
 ��)� 	� ��
 �& ' �1�W4 e��B��� .'� +� <��H��� �# 8�#'� ���# <�� ���+�0 *�%0 ���1��&i  j#�" �'$K �C >� �	#

>OK:, �� 7�
3�Y0	,�	�
 7�,M . !��W,ALM $&� D&� �# ���n� �;�4 ># /��# k	
 !��# >� 3�� ��	��� <
jP�, ��# ��$9� 3�� ���0� !��1��& +� �C.  ># >-	C �# ���
� !+���$, �& !��1��& �Q&� 8��W9 >#
<��� !�)����� 5& !   !�'�'– 5&  �-'�4)SISO ( +�^M $ <  *$, �M �# ����,���
 �&�� �p� �n� '

�, ���' ���1 @� ���� b&�; D&� ># '�, 3�� ># ?���� ���0� +� �H�� ' � $&M[2] . �# Z 	� />,��� ��
 ���1��& b&�; +� >� �1�W4 e��B��� 8�	L ># >
 8�#'� �$&'� /.'� ���� +� <��H��� �# >� 3�� D&�

���1 8�	L �	-	, ��� <��� +� ����	4.  
FD�� '� ����� /�	  �, q�d, ���&� �� >� ���%0 ���1��& .'�  �# �, �����$ .D�� 5&/ I$��	C FD�
�	" 

 A�B�C �� ��'�' D&�C�p	, >@K�, �� �� >� 3�&�'�' D&�C�p	, .'� +� <��H��� �# ����	4 8�	L ># �+�0

                                                 
i Active Learning Method (ALM) 
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$&�70� �, �+�0 D�
�	" r'�  ># �� �Q&� ��)&�'�'/ s���, ��d4 ># �$��� �C ��4�� 8�	L ># ' <��� .
:L� /$�� �, j�P�C �� ��� <�	��  >� �Q&� D��Fq <+�#Ft#�	C ���  <$  $��	C 3&	V9 ) �d&��  �� 7�
 '

�+�0 D�
�	" q:L�(�
 +� <��H��� �# / 8�	L ># 3�&�# �, >� 3�� 8�#'� �$&'� R�Q�� �	-	, ��	4
�	  *��9� ' >�0�1 8�	L ����	4 . 3&	V9 t#�	C q:L� �Q
	Q( 7�
 ' �d4 A�B�C .'� >@K�, D&� ���#

��, ��d4 ># ������ �#���� �&�7�# 3���� <$  <$�.  
 ��)# >(�� 3)- �� �+�0 D�
�	" 7�
 ' 3&	V9 t#�	C f&�$C ># /l	0 jK��, �; +� �
FD� ���# R�1  8�#'�

 �
�'� ># �C �	# $��	4 ���" 8�#'� /$�( �
�,+ �; +� �
 ' <$  q:L��'�# <��.  

���.;B C�D��  

 $&�# r�  f�
 8��
 �O
 bW; /���9 D�0� <�� ���#�'�# <�� $
�	�# !$%#'� ' �
'� 8�#'� 5& �C $ �# ���"�# .
>&'�+ /k�HC�� *��%C !ii 3�%"	, �� ���
 >� $�� 3��K !�	; $&�# u�a�, !�
 /$� �# ��$&�
 $&�# 39�� ' /

 �
 '� ># >�PC 3��K ># �
 5& ># >�PC 3��K +� *�Y�
� ' $
��Q# ���" 39�� ' *��%C /k�HC�� vHK !��# s���,
 �����1 R��
� s���, ��,+[3] .$#�& ��
 �,'7� 39�� ���$&�
 �,� �$&'� j�9 ���# . 3�� DP�, >(

��&T
 8�	L ��w�, �& ' 3#�p `��  �# �$&'� . >� 3�� q�d, ���J�� *��%C >&'�+ ' k�HC�� ���$&�
 DP��
$  $��	4 <��H��� �� <��� q:L� ' ?���� ��	B�
 ���#.  

8��@�9 k'�  ���# <�� 5&  8�#'� 5& [�	C <$  $��	C ��� <��� ># e���K�<���$ �# �, <$
'. 
3�� <$
'� <�� 8�#'� ?���� �+�0 3&	V9 t#�	C ' D�
�	" >
���1M ���wC /'� Z�
 �Q&� <�� . <��� ����# ��

$
	  �, $�@# D�,+ +� 8�#'� ��
 '� �� >� $  <$���, [&��  �4�# �� /<$
'� <�� 8�#'� ��� . +� �P&
��$��� �, ?���0 �� 3��K D&� 8�W-	, >� 3�� �d&��  �� j,�C �	  R��
� 3�&�# �, �$�#� >� �&��� .

 �'� +� 8�#'� ��
 '� �� �$  $�@# x9�# ���
�	" ' 3&	V9 t#�	C >( >� ���1 ����# 3�&�# �, ��%&
$
	  �, D�,+ . $��	C 3&	V9 t#�	C /���0� �M j�@aC ># ������ �# ��	�# $&�  �n� D�0� <�� ���# <$ 

 >� ��� ���wC �� >
	1 ># �� 8�#'� ��	�%,D�0� <�� �	  s-	, �� 8�#'�.  
?&+���
 �, *'� <�� y��	C ># �)�C ���&� ��.  

>aHL �� r�Y
 �
�&��' / !�'�' D&�C�pz, `�B�
� ���%, /jW" $�
�, 3�� <$  >�0�& ���, ># 3W�
 �M ! ' 
�0 �XB�, $K +� �1$����
 D&� �1��, <��� A�B�C �pz, ��^ !�'�' 5& ��	�9 ># !�'�' /�'� �C�  ' �	 
�, GTK ?���� !����,���
 3��� +� ���1 .  

>�,�� /<$
'� <�� 8�#'� *���� 34�� ���# �@W" ��� �� ZB# ># ����w�, ! �, ?��YC !��P(	� !��   ' $ 
�, >,��� �0�� 3"� ># �$��� �C jK��, D��� �&0 D�
�	" �n� ' 30�, e��B��� �&+ jP  ># !+�  $.  

if: X1 is A, and X2 is B, … then: Y is sU or tV  
�	  �, >�0�1 ��� ># ��Q&� .'� �,� 5�&�.  

 ' >� ># �$�#� ���� +� /�1$����
 ��7�, ># >��# 3&	V9 t#�	C �-'�4 ' ��'�' �����w�, /$&$- .'� ��
 �&{ �, />4�  �&+ �� �� ' $
	  �, ?��YC 3��"�	  �, GTK >��'� ��w . ># $�
�, /D�
�	" 34�� 8��@�9

                                                 
ii Pitch 
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$#�& �, >,��� *	W" j#�" ��d4 ># �$��� �C ��4�� 8�	L . �, >��'� t#�	C ' D�
�	" >9	��, /3&�)
 ��
$
	  �, >�4��.  

$&��
 3��K ># k'�  �	-	, �+�0 ���4�� +� <��H��� �# 8�#'� 3�&�# �, /$%# >@K�, �� . <$���, +� �

�K />4�( �� �� 8�#'� 3� )�Q&� ��
 �$,M D�&�
 ��,+ �C /�
 5& �$  $�@# ��,+ +� ( ' ����# �� <���

$
	  �, q:L� �)
M ��d4 ��7�, +� <��H��� �# �	-	, t#�	C . $
�	C �, 8�	L '� ># <$��� *���� q:L�
�	  R��
� . ��P��� <��#'� ' <$  q:L� >��'� ��� <��� >� 3�� �M .'� 5& ���4�� $��	C ���# l	0

3�� <$  <��� Z&��
 �&+ jP  �� >� �	  *��9� �$�#� +� �+�0 �Q�����.  

    �� <$|��� *�|��� ���4�|� ' <��� ��'M t�- �� �� <��� /jP  b#�d, /<$��� y�aXC >� 3��&� �Q&� b&�;
$�� q:L� ���Y��, .� '� q:L� .'� >J
��( �&+ .'� $�� �, `�	- ��%&�� ' ��)# /$ �# ����.  

  
  

 
 KL
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H+��� ( -����/ 
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,��F���  

 ��&+ �+�� *�,�
 j�9 R�Q�� 8�#'� k�HC�� �}��$K >J
��( $  <$���, /<$
'� <�� 8�#'� �'� �# ��� R�Q��
 r�  /�	 Height = high  r	#�, �	
�" �$�
 ��-� x9�# j�9 D&� ' �	  �, ���"�# 8�$
 ># *��9� >#

�	  �, u�a�, ��
 ># S�# 3��K 39�� . j"�$K �& ' �}��$K �& u�a�, ��
 3��K 39�� >P
M >���

���1 �, �Q&$P& ># ��w�, ' 3#�p ����
 �$  5&�7
 x9�# >@~�, D&� ' �	  �,) .SWtoSt  r�  ����

high $�� �, `����� �� (#'� D� ���# R�1 ��P&�7
 ' �C$�C x9�# �$
'� D��( ���	�
 >� ���1 �, 8�
$
� <$  <��� ���
 jP  �� �� �-'�4 ' ��'�':  

  

  

  

  

  ����B -�&  ��  !M�O:  
  

�)�-'�4   k�HC��– ���
 >@L�0  �
 3�Q
� ' >� �
 k�HC��)u�a�,(  u�a�, ��
 �, ' 	
�+ >&'�+  

        
  



٨ 

  ������ ( H��� -�&  ��  !M�O:  

  

�)�-'�4   k�HC��– ���
 >@L�0   k�HC���
 3�Q
� ' >� �
)u�a�,(  u�a�, ��
 �, ' 	
�+ >&'�+  

        
 ����# u�a�, �	
�+ ' �
 3��K 39�� D�
�	" ���wC �# >J
��( /$  <$���, jW" ��� <��� �� >� �	d
���

 ���1 �C�'$a, �)
M 3&	V9 t#�	C ')?� �& ��&+ �)�C 39�� (3 �� $��	4�# <�C	� ' $�C ��),�1 8�#'� . D&�
3��K �	  q:L� �d4 <$���, ' ��	B�
 �# f&�$C ># ' $ �# �M �$&'� �# �� >,$Y, $
�	C �, . >
	Q
���

 D� ���# R�1 7&� ' t&�� �# /�$&'� ���1��& ��$�#� �� u�	� 5& >��, k'�  q:L� �# f&�$C ># ' $��
�, ��& �	4 3��K ���	4 D�,+ �'$# ' 3�	)� ># >
	Q( ���1�'�# <��.  
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�� ���:  

�	Q	�:  

 .'� b&�; +� >� �-'�4 5& s�K �# ��'�' 5& ��� <��� ��a�,IDS 3�� <$  e��B���. 

�I(�N: 

�)�
� �C ' <$  AB�, >@K�, ��$�#� �� >@K�, �� �� �-'�4$
�, �, 3#�p ��� � .  

  

K�� ,��.;B  

/8��@�9 +� G$�  �+�0 D�
�	" ' 3&	V9 t#�	C $��	C ���# ����	4 s���, ���4�� 5& $��	C ' �+�� <���

 .'� ># <$��� *����ALM   +� <��H��� �# 'IDS $ �# �, . �Y&�; ># s���, ��� <+�# /�	O�, D&� ���#

� �� ' e��B��� $  $���	4 <��� q�  >� �, >��P  $&$- ��'�' ># >-	C �# �-'�4 ��� <+�# >@K�, �
<+�# +� <��H��� �# 3&�)
 �� ' $
	  $
	  �, e��B��� �+�0 D�
�	" �-'�4 ' ��'�' �	-	, ���.  

 �� '( :  

 �-'�4 �O
��	, <+�# ���# �$�#� />@K�, �� �� >� 3�� 8�	L D&$# ��� �@� .'�) j� *'� >@K�, �� >�
�# �� �� <+�# �, ���1 ( ># �-'�4 ' �	�T, �p	, ��'�' 3&	V9 t#�	C �n� ' >�0�& �� ��'�' D&�C�p	,

�	  �, �$�
 ��a�, r�Y
 Z&	
 >@��' . ># $&$- ��'�' ' <$  D���
 <+�# D&7Q&�- $&$- �-'�4 <+�#
<+�# <���� �	  �, <��4= D�
�	" 3��� �� .� . j�9 D&�>4�( 8�	L >#  ����)&�'�' R��C� �C # �1$����
 �

�	  �, ���PC <$,M 3�$# <+�# �� s���,.  )�� 8��@�9 ��	C �, >�W��  <$  b0�	C >@K�, $�( �C  ' >,��� 7�

��� >�C�4 �n�( <+�# <��� 3��� �'� +� /��&�
 �� <+�# ># r	#�, 8�9:;� +� 8��W9 >� �	-	,  ���  ���

��'�'2
��1 �, <��4= ' e��B��� �+�0 D�
�	" / �-'�4$.  
q�  $ �# �, �&+ 8�	L ># >@K�, �� 8��@�9 R��
� sC��,.  

Y��	� �)�+ -���� 

�	  �, D��%C 8��@�9 R��
� ���# �O
��	, <+�# �$�#� �� . ' ��'�' >H�	, '� �� ��� <+�# /*'� >@K�, ��
 +� >� �-'�4IDS   +�/$
	  �, >�0�1��  �C��� $
	  �, `��K . R�Q�� G�; �� +� ��&+IDS 

��1 <+�$
� ># ��� $
� <$  <$�
����1 $K�'). R��
� +� �
 >� �� <+�#IDS  /?&��� ����4� ���  �C��� 
$ �# �, .(<+�# /$%# jK��, �� s���, ��� <+�# +� ��� �, 3�� ># jW" >@K�, �-'�4 $�&M.  
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��( ( -����[�� -�&�� 

��# <+�# �M �� ��'�' D&�C�p	, /<+�# D��%C +� �
 R$" D��'� ���	  �, e��B��� >@K�, D&� � . ��� D&�
<��� �1$����
 D��%C >@��' ># ��'�' ���  �-'�4 ' ��8�	L �, ��&T
 . >� 3�� ��= ># R+S

$
	  �, GTK �)&�'�' 3��� +� jW" jK��, ��)&�'�' . �O
��	, <+�# ���# /��'�' D&�C�p	, D��J��
�-'�4 <+�# j� >
 �	  �, >�0�&. �
 /$%# jK��, �� <��� GTK +� +� e��4 ��� <+�# <$,M 3�� >#  +�

 �Q&� ��# /��'�' R�4 <���IDS )���� �1$����
 yd� �# ��# D&� ( >@��' ># ' >W��a, �)&�'�' ���#
�1$����
  /<$,M 3�� ># ��a�, �O
 ��	, <+�#�, `�B�
� ��'�' D&�C�p	, �	 . 

� \"�����  �)�+�I(�N ��( ( H+��� 

 �$  AB�, +� �
$
	  �, >�4�� �-'�4 ' ��'�' t#�	C /�p	, ��'�'). �� �-'�4 t#�	C >�W�� >�
$
	  ��P(	� ' >��P  $%# jK��, �� 3�� DP�, />@K�, .( 3�� 8�	L D&$# t#�	C D&� 34�� >Y&�;

 ># �M �� �	-	, >��	�
 r�Y
 ��$%C /���  �� ���# ' <$  ?��YC �'��, ��)���" ># �-'�4 <+�# >�
*	; <���� �	  �, AB�, r�Y
 <+�#) .���1 �, R��
� [4 ># [4 8�	L ># j�9 D&� ( �W�%, A4� 

 �$#�� ���  �M �� �	-	, <��� r�Y
 ��$%C /���  �� ��	#�W�%, r�Y
 <+�# *	; 5& <':%# $ �# �,.  
=��:  

 


�ط �
 	�ز� ���رش �  

$ �# �, [4 �� >��	�
 r�Y
 ��$%C �#��# /<+�# 5& r�Y
 .��  ���# /���  +� [4 �� r�Y
 .�
���1 �, ���" ���%, �	-	, >��	�
 r�Y
 D��'� .�, $%# [4 ��  <$,M 3�� ># r�Y
 <+�# 3�&�#

$ �# jW" [4 +� �#	@d, �Q&���� �� .�	" [4 <+�# /�	�
 ����� r�  D&� >J
��(  �C) �����
����# r�Y
 (�	# $��	4 u:, s���, <+�# D��%C ���# . +� ���1	@- 3)- r�Y
 ��� <+�# GTK

�	  �, j�9 8�	L D&$# /$
� >�0�1 ���" [4 5& ��K �& ' ���  5& �� >� �� >��	�
:  
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 $&$- [4 �1� /�'� �C��0 ���%, $K +� jW" [4 �# [4�� r�Y
 <+�# >@L�0 >J
��( /���  �� ��

 ' �	  �, <��4= �@a, �� ���  <���  /$ �# �@W" r	d4 ># 3W�
 ����# r�Y
 ����� +� �

$
	  �, ����# <��#'� <$,M 3�� ># ������  /8��@�9 R��C� . 3�� +� 3)- ># /D��J��
>��	�
 r�Y
 ��� <+�# ���$
  D&�4M ��)�
� +� �Q&� ��# /8��@�9 /$
��� ���" [4 5& �� >� ��

�	  �, ���PC �@� <+�# ��)�
� �C ��� ��&�
 �� <$,M 3�� ># �W�%, <+�# $K.  

�
  ���را� ����� ���

 $ �# �XB�, $K +� ����# /<$,M 3�$# A4�  ��$9 ��$Y, >J
��() 8�	L ># $K D&�
�, 7�
 �&	
 8�	L ># D��%C j#�" ' $,M $��	4 3�� ># �#��C  <+�$
� ># ���&� �� >�W�� >� $ �#

3�� <$  >�0�1 �O
 �� ���  5& c�9 (�	  �, <$&71�# �W�%, ���  ��	�9 ># ���  . ��
��W�9� >-�� �, <��4= 7�
 �M �	 .  

��ت ذ�����  	�ز� ه�  �

$
	  �, <��4= �&�C�, 5& �� �W�%, ������  8�XB�, /l	0 8��@�9 +� �
 . D&�
 +� $�C��W9 8�XB�, : A4�  /�-'�4 <+�# k'�  >dY
 /��'�' ��� <+�# ��)�
� ' k'�  r�Y


<+�# �� >��	�
 [4 D&�C �
S	; ja, ' <+�# ���# <$,M 3�� >#.  
   $� �# jP  D&$# $�
�	C �, l	0 �&�C�, +� �d� '� :},:  

��( ( �)�+ ����+� ��( ( �)�+ ������ �I(�N �)�+ ����+�  �^�B� \N�� �I(�N cN -����^��� 

5 35 10 961 11 
36 38 15 9 16 

  
 D� �� ���# �)
M k'�  >dY
 �)�C /3�� 3#�p �-'�4 ��� <+�# *	; >� �&��
M +�

� ���C�XB�,$�� �, 3&�H . <+�# D��%C ���# $%# jK��, �� �-'�4 [4 D&�C�W�%,
s���, �'� �, ��� ># �-'�4 3&	V9 t#�	C �C.  

  :��#�" ���ره� ��ط

>&��M �, >@K�, D&� ��  +� �$%# '� �� k'�  >dY
 �M �d� �� �� >� ?&��� �����  8�XB�,
>�C�4 ' k'�  r�Y
 /�-'�4 <+�# �   <���� ># ��'�' <+�# [4 D&�C�W�%, 7�
 ' ��W�9� A4�
$
� <$  <��4= ���  �M �-'�4.  ' �	" k	
 '� ># ��W�9� A4�  ��$Y, ># >-	C �# ����� 

$
	  �, ?��YC \�%� .  
�, s���C �	4 +� jW" ���  �# �C�	L �� �)�C ���  �� >� 3�� 8�	L D&$# s���C .'�  �	 

$ �# ���� ���K �� r�  '� >� .� 2  ��'�' <+�# �M �	-	, ��'�' <+�# �# jW" ���  �� �	-	,
$ �# >� �$
 ���&+ >@L�0 .�2 $ �# jW" ���  �-'�4 <+�# >&���� /�M �-'�4 <+�# . >J
��(

 $K�' ���  �M 8�XB�, ' <��� $K�' ���  j�P�C �Q&$P& �# ���  '� /$� �# ���"�# r'�  D&�
�, <��4= �	  .�, �� >� $���� �C�	L ># 8�XB�, D&� 3&	V9 t#�	C 34�� ���# $%# >@K
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$
��1 ���" <��H��� ��	, . >dY
 ' <+�# ��)�
� ' �$�#� �-'�4 ' ��'�' +� 5& �� ���#) '� �&
�	" >dY
 (�, AB�, <+�# [�' $
��1 .�, D��WC 8�	L D&$# <+�# [�' r�Y
 $
	 :  
 ��� -�M(�:  

�	" ���  �-'�4:  
+�# ��)�
� ' �$�#� �#��# �)�
� ' �$�#� D&�C �	" �# �#��# <+�# [�' ' �	  �, >� �K 5& <':%# <

 ���  �M [4)R'� >dY
 �� (�	  �,.  
\�%� ���  �-'�4:  

 <+�# ��)�
� ' �$�#� �#��# �)�
� ' �$�#�)>� �K �'$#( <+�# [�' �W&�YC �# �#��# <+�# [�' ' �	  �,
�, �	 .  

��'�' <+�# :��	�9 ># /���  �M <+�# ��)�
� ' �$�#�  �� /���  <+�# [�' ' /<+�# ��)�
� ' �$�#�
�, ���" >
�4 D�,'� ���1.  

���+ ��F ���:  

�	" >dY
 �-'�4 ���# /$ �# �	" ����  >J
��(  ��	�9 ># <+�# [�' ��'�' ���# ' [4 D&�C
�, `�B�
� [�' >dY
 �	  . �� $&$- [4 >dY
 /$ �# <�	# �	" 7�
 D���
 <+�# >J
��(

 �� ' >
�4 D�,	� >
�4 ' 30�1 $��	4 ���" 8�XB�, >&��M >
�4 D�,'� �� 8�	L D&� ��^
�, >� �T1 �HL R	� �	  .<+�# k	��, �� <+�# 5& �)�C �1� s�C�C D&$#  �	" <$  s���C ���

 R	� �& ' R'� ��� >
�4 +� �P& /$ �#"�HL "�, >� �T1  <+�# 5& +� Z�# >P�C�	L �� ' �	 
>
�4 /$ �# >� �� �	-' �	" ��	" r�Y
 ># ��X�4� /R	� ' R'� �� �	" <+�# '� �C   j� �C

<+�# 3 �� $���	4 s���C 5& ���. 

  +*�( 	�ز� ه�) ��'$ ��و%$

<+�# />@K�, D��'� �� �, <��� Z 	
 7�
 �-'�4 ���4 ��� $
	  .<+�# D&�  ># ��'�' �'$# ��
�, <�����0 $%# >@K�, <$,M 3�� ># �p	, ��'�' />���
 �� ' $
	   ��$�#� �� <+�# D&� ���#

�	# $��	4 �)&�'�' 34�� >�&� ' ��'�' D��'� /$%# >@K�,.  

( H+��� !N�� )�& -����/�  

3�� jP  D&$# /jW" >@K�, +� <$,M 3�� ># 7&���, ������  �'� +� �+�0 t#�	C 34��.  
�	  �, 8'�H�, ��� ���  k	
 ># >-	C �# t#�C 34�� >@K�, �� ��. 

  :�*ا	- ورود)

���� �	-' ��'�' <+�# 5& /�-'�4 <+�# �� ���# /*'� >@K�, �� .<+�# ���# /$%# jK��, ��  ���
4 �, `��K $&$- ��'�' �M ���# �-'�4 <+�# ' `�B�
� ��'�' D&�C�p	, /�	-	, �-'�

�	  . �-'�4 <+�# 5& ' ��'�' ��w�, '� /*�K)R'� <+�# ( 8�	L ># �	
�" ' >�0�1 �O
 �� ��  
"'� ��'�'* " '"R'� ��'�' " <�Q
M"R'� ��'�' F�-'�4"  

$&M �, �� . �C ' ?��� ���PC <��#'� R'� �-'�4 ���# �� j�9 D&� >J
��(n  ��)&�'�' />@K�,
$&M �, �� �&+ 8�	L ># �	
�" /?�#��# �� �p	,.  
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"*'� ��'�' " '"R'� ��'�' " ' .... '" ��'�'n R� " <�Q
M" ��'�' F�-'�4n R�"  

  :$�*ا	- ��و%

<+�# <��'M 3�� ># >4�( ��)�
� �� /�-'�4 <+�# /$  ��= ��'�' t#�	C <��#�� >J
M t#�d,  /��
�	# $��	4 <$,M 3�� ># <+�# D&��P(	� �# �#��# .  

  :�01 در��$ �*'�/

 �-'�4 ���# D�
�	" $��	C jK��, ��4�� jP  >J
��(y �, �&+ 8�	L ># / /$ �#  

 
 
 
 

  �, �� jP  D&$# D�
�	" $�&M:  
if (a is a1) and (b is b1) then y is y11 
if (a is a1) and (b is b2) then y is y12 
if (a is a1) and (b is b3) then y is y13 
if (a is a2) and (c is c1) then y is y21 
if (a is a2) and (c is c2) then y is y22 
if (a is a3) and (d is d1) and (e is e1) then y is y311 
if (a is a3) and (d is d1) and (e is e2) then y is y312 
 

��b � ���  

�, ��� >,��� ���# <���
 ���# <$  >� 	
 >,�
�# +� <��H��� �# ��	C  ># �� �) '� +� �4�# /l	0 ���	, �+��
��� ���wC 3�	)� .�, D��J�� ��  ���'M 3�� ># 3"� ��	C �C�	L ># �� �)
M s���C >Y&�; �& ' ���

�	�
 <$���, �� f&��
 ' <��� R��
� 8'�H�, .  

a 

a1 a2 
 

a3 
 

b1 

Y1 

b2 b3 

b 

c1 

Y2 

c2 

c 

d1 

Y3 

d 

Y11 Y12 Y13 

Y21 Y22 

Y31 

e1 e 

Y311 

e2 

Y312 
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j#�" ��	,  ?�&�	Q�� +� <��H��� �'$# 3�� j��a, >P�&� �Q&� >-	CIDS 3"' ����# >� �, ��1  �# �)�C /$ �#
��'�' r�Y
 �1$����
 +� <��H��� 2<+�# e��B��� ># R�$"� /�-'�4 # �1� >� �	�
 ��$  $��	4 �^'� >( /�	�.  
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���/-� .................................................................................................................................. _U 

,�+(  �+ �
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���@�  

�.� K�� 

<���
 �Q
	Q( q�  /$���, D&� +� G$�  8�#'� ���# �+�0 �Q����� 34�� �+��Spring Flaming  +� <��H��� �#

*�%0 !��1��& .'�iii )ALM ( 5�� >#IDS �, $ �# . !��W,ALM  �& !��1��& >� 3�� ��	��� <$&� D&� �#
<��� !�)����� ># >-	C �# ���
� !+���$, 5& !   !�'�'– 5&  �-'�4)SISO (�, +�^M  �	  �&�� �p� �n� '

�, *$, ���' �M �# ����,���
 ���1 � ���� b&�; D&� ># '�, 3�� ># ?���� ���0� +� �H�� ' �@ $&M . 3�� ># ���#
��'�' 5& ?���� �# ?��K D�
�	" ���'M2 .'� +� /�-'�4IDS �, <��H��� <��� ���, e��B��� ���# �	 .  

P�� ���*���� �� ��F �%&�  

Yobotics 

 ��70� R�
Yobotics <���
 ���# R�
 �+��  8�#'� *���� ���70�SpringFlamingo 
�, #$ � .R�
 D&� +� <��H��� �#  8�#'� �-'�4 �����w�, ' <��� 8�#'� 3�%�' �����w�, /��70�

�, >�0�1 <��� ># >-	C �# �M ��P@�9 ' $
	  �, 3&�� j#�" <$  *��9� ��� $ �#.  

JBuilder 9 
R�
  ��70�JBuilder  D�# >d��' ��	�9 ># 3Y�YK ��Yobotics  'Matlab �, j�9 $�� .

R�
 D&� 0�<��� ��7  +� �� 8�#'� 3�%�' ���Yobotics  [#�� b&�; +� ' T4�Sucket  >#
R�
  ��70�Matlab �, j&	aC  ' <��� 30�&�� s@d, +� 7�
 �� �-'�4 �����w�, �&��Y, ' $��
 >#Yobotics �, j&	aC 8���K Z&��
 ' 8�#'� ># *��9� 3)- $��.  

Matlab 6.5 

R�
 D&� +� ��� �	O�, '� ���# ��70��, <��H �	  . +� <��H��� �# �+�0 �Q����� 34�� ���# �$�#�
<��� �)&�'�' >
	�
 ���28�#'� � �)�-'�4 .�-'�4 >W��a, ���# �n� '  +� <��H��� �# ��
<���  �+�0 ����Q����� [�	C >W��a, +� �
 �)�-'�4 �&��Y, j&	aC ' 8�#'� 3�%�' ���

�)�-'�4 +� 5&��.  

�)�& �
M��	� !N�� ��(  

�j&�0 �� /�1���� 34�� $
'� ># r	#�, jK��, >�@generate_fuzzy �, R��
� $
�&T
 . t#�C /t#�C D&�
�, <�+ �$L �	4 ��- �� r	#�, t#�	C �"�# /�M [�	C ' <�	# �Q����� 34�� �@L� $
	 .  

 �-'�4 �O
��	, <+�# ���# �$�#� />@K�, �� ��)<+�# j� *'� >@K�, �� (	���- ��'�' D&�C�p	,  �n� '
�	  �, �$�
 ��a�, r�Y
 Z&	
 >@��' ># �-'�4 ' �	�T, �p	, ��'�' 3&	V9 t#�	C .<+�#  �-'�4 ���

<+�# <���� ># $&$- ��'�' ' <$  D���
 <+�# D&7Q&�- $&$-  �� D���
 ��'�' ># �$  <�'70� �# .�
�	  �, <��4= D�
�	" 3��� .>4�( 8�	L ># j�9 D&� # ��)&�'�' R��C� �C �� <+�# �� s���, �1$����
 �

�, <��� >,��� AB�, >@K�, $�( �C �&' <$,M 3�$# �	  . 8��W9 >� �	-	, <��� 3��� �'� +� /��&�
 ��
                                                 
iii  Active Learning Method 
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<+�# +� ��'�' ���2 D�
�	" /$ �# �, �-'�4 A4�  7�
 ' �M <���  ' ��'�' A4�  <���� ># �-'�4
 j&�0 5& �� ' e��B��� �+�0fis $
��1 �, <��4=.  

"����)�+ R�� �F 

<+�#    �'� +� >|� �|-'�4 ' �)&�'�' ���# 3&	V9 t#�	C ��&�
 ' ���, /k'�  r�Y
 +� $�C��W9 3Y�YK �� ��
�, 3�� ># ��a�, ���	�
 $�&M .  ��'�' A4�|  7�
 ' ��'�' <���  ����� ��'�' <+�# ��)   t#�|C <���| 

��'�' �M 3&	V9 (�, $ �# .<+�# �C <���  ����� �)�C �-'�4 ��� �|, t#  $�| �# .    ��|&�
 �� b|&�; D&$|#
<+�# e��B��� �$%#'� >&��M /��       >|# �|-'�4 ' ��'�' <+�|# 5|& G�|%, �M �d� �� >� 3 �� ?���	4 ��

�, �W
�- 8�9:;� <���� $ �# .         <��H�|�� �	
�|" 5|& +� Z�|# �� >|� �&�|)&�'�' <+�|# 3|�� ��= ># R+S
�, �, ���PC /$
	  �	  .�-'�4 t#�C <���  D��J���, 7�
 �	
�" <���  �Q
��# /  /�	
�" �� ���# ��&+ $ �#

�, >�0�1 �O
 �� �-'�4 <+�# 5& �)�C �	  .      �|&+ >#�|�, e��B�|�� 8�|�@�9 ��|&�
 �� �d� 5& 8�9:;�
$  $��	4:  

�  �  �  ��  .  �{  ��  ��  �{  .  ��  

�  �  �  ��  {{  �{  ��  ���  .  ��  �{  

 ��)
	���  �C� <+�# ># b@%�,  /��'�' �{  �C�  /�-'�4 <+�#�  /��'�' A4� ��   ' ��'�' <���| �� 
�, �-'�4 <���  $� �#.  

l	0 �&�C�, ���'M 3�� ># ���# �, s�C�C ># �&+ jK��, /��T�� $
	 .  

�[�� �����( ( R���"��  

 ># �& $�� $��	C �� >��	�
 ���, D&��P&��# 3�� ���" >� 3�� !��,���
 /!�'�' D&�C�pz,
<��� �Q&� 8��W9 !�� $� �# >� �� �� �1$����
 D&���� �M s�K �# �-'�4 . �p	, !�'�'

�, 	���- �-'�4 +� D�%, <+�# 5& ���# />@K�, �� �� �	  . j� �# �#��# �$�#� �� <+�# D&�
<+�# +� $%# jK��, �� ' <�	# <+�#  D���
 >@K�, +� <$,M 3�� ># �-'�4 ��� ) t#�C [�	C '
getValidOutputDomains  (� >#�, 3� $&M . t#�C /�O
��	, �-'�4 <+�# D��%C +� �


getMostEfficientInputSpec  ��'�' D&�C�p	, �M [�	C ' <$  <�+ �$L) <���� >#
�O
��	, �-'�4 s�K �# �M ���	�
 �&�C�, 7�
 ' �1$����
 ��7�, (�, e��B��� �	  . ��

�, GTK �)&�'�' 3��� +� jW" >@K�, ��)&�'�' /$&$- >@K�, �� $
	 .  

Y��	� ��F ��� \�"�� 

�, e��B��� s���, ������  /��'�' D&�C�p	, �$  AB�, +� �
 $
	  . ������ 
�, l:;� �&�����  ># s���,  >dY
 ��	W" j#�" ��$%C +� >� ���1 )��'�' <+�# �# s����, (

��'�' ���	�
 ��2$� �# ����	4�# �-'�4 . e��B��� t#�C [�	C s���, ������ 
getValidDomains �, R��
� ��&T
 . �� t#�C D&� [�	C <$  30�& ������  8�XB�,
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�, <$
���1�# �$%#'� >&��M 5&  <+�# ��)�
� ' k'�  r�Y
 j,�  s�C�C ># �M �d� �� >� �	 
�	" ja, 7�
 ' ���  ��W�9� A4�  /�-'�4 <+�# k'�  >dY
 /��'�'  �-'�4 ���  [4 D&�C

�, $ �#.  
  

٧٠  ١��  ٧١  
�  ��  

٨
  ٨١  ٩٨  �٨  ٢٧٠  

�F ��� Y���� 

>&��M �� >� �&�����   t#�C [�	C �$%#'� �getValidDomains <$,M 3�� >#  t#�C ># /$
�
getMergedDomainList �, <�����0  ' <$  s���C �Q&$P& �# s���, ������  �C $
	 

$��$# <+�# 5& j�P�C . 8�XB�, ����� t#�C D&� [�	C <$  <$
���1�# >&��M �&�)
 >&��M
�, $� �# .�, >0��� �M �	d� ># /�@� >&��M �	d� q:L� +� �
 />&��M D&� �L��9 $
	  . D&�

�, �
	�� �-'�4 <+�# �# �M 3Y#�d, ' �-'�4 <+�# q:L� +� 8��W9 q:L� $ �# . b#�d, ��&+
&�'�' k	��, +� <$,M 3�� ># �-'�4 D&��P(	� �# �#��# �&�)
 �-'�4 /?�&�	Q�� �# �)

�, $ �#) .�.u.  t#�	C ' D�
�	" e��B���...(  

�N�: ����+� �+ !�$)�+ 

�-'�4 ���# �$�#� +� <��#'� /l	0 jK��, �; +� �
  �p	, ��)&�'�' /<$,M 3�� ># ���
)*'� >@K�, (�, >,��� `	@d, 3"� ># �$��� �C >4�( D&� ' <$  	���- #�&$ . 3"� D&�

�, >4�  ��$%C +� $
�	C  +� ��K �& ' �)&�'�' �1$����
 ��7�, +� �& ' �	
�" $��	C 34�� ���
 f&��
 <$���, ' 8�#'� ># *��9�)D�
�	" ' t#�	C e��B��� +� �
 >�W�� (�	  >�0�1.  

-����/ ( H+��� R��"��� 

 �'� +� D�
�	" ' t#�	C e��B���)<$  *�,�
 � ( �&�)
 �&�C�,>@K�, +� <$,M 3�� ># �   8�	|L jW"
�,  ��&T|
 .       �|, $|��	C D�
�	|" �n|� ' e��B�|�� t|#�	C �$|�#� ��  $
	|  .     t#�|C [|�	C �)��|�" D|&�

createFuzzyRules �, R��
� ��&T
.  

H+��� 

 �� ���# �n� ' <$  sC�, �)&�'�' <���  s�K �# >&��M �$�#� /t#�	C ���'M 3�� ># ���#
�  +� <��H��� �# ��'�'<+�# ' �M A4 �, 3�� ># 3&	V9 t#�C <$,M 3�� ># ��� $&M .
 r�Y
 +� �P& >J
��(�  �&� <+�#  8�	L D&� ��^ �� ' �}@}, t#�C /$ �# �HL �O
��	, �

>Y
+'= �	# $��	4 �� .�-'�4 ���# �, j�9 s�C�C D��� ># 7�
 ��  >� 8'�HC D&� �# �	 
�, GTK ����PC ��)�-'�4 $
��1. t#�	C �,���  �� ��'�' �M <���  8�	L ># /��'�'

<��� �&�C�, ��� �, `�B�
� �	�� �M R�
 >0��� ># >��'�  /*���� j�9 R��
� R�Q�� �C �	 
<��� +� �� �O
��	, <��� /��'�' �M <���  +� <��H��� �# ��	�#  ' <��� 7��C <$  <�����0 ���

��� R��
� �� *���� j�9.  
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-����/ 

	" ���'M 3�� ># ���#>&��M �4M �X�9 >� �)�C /D�
� �, 3&�H� �O
��	, � $�� .<��� �$�#�  ��
 �)&�'�' A4�  ' <���  s�K �# D�
�	" >&��M �n� ' <$  sC�, �-'�4 <���  s�K �#

�, >�4�� �	  . <':9 ># �)&�'�' ��$%C �#��# D�
�	" >&��M ��)
	�� ��$%C <+�$
�� �, $ �# .
>� �$
 ����# �-'�4 5& ��&+  <��	�� 7�
 �4M �X�9 '� '� $���� . <$
�, �P& �X�9 >�W��

�, ���
 �� �	
�" �+' >&��M �4M ># �, >� $��  +� <+�# 8�$" s�K �# $
�	C�  �C� $�� ���wC.  
>&��M ���# :},  �&+ 8�XB�, �# ��:  

  

���ر�   ���ر� ��و��

  ورود�

 ����

  ورود�

١ ١ ١ 
١ ٢ ٢ 
٢  ٢  ٣  

١  ٣  ١  

١  �  ٣  

  

&��M> $,M $��	4 �� �&+ 8�	L ># D�
�	" �:  
  

١  ٠  ١  ٠  ١  ١  ١  

٠  ١  ٠  ٠  ٢  ١  ١  

٠  ٢  ٠  ١  ٣  ١  ١  

  

,�+(  �+ �
M��	� 1�;B� �
��
: 

<��� /8�||#'� *�||��� ���||#  E:||� [||�	C >||Oa� �||� ��||�DanielOlivavFuzzyController 
t||�-  ��'M �� 'Socket(3333)   �||, >||�B&�  $
	||  .<���      t#�||C [||�	C 3�	||� D||&� ��||� 

daniel_must_do    �|, AB|�, �|)�-'�4 ' *��9� �)
M �# �+�0 D�
�	" ' <$
�	4  $|
��1 .  �&��|Y,
     �|, *�|�9� 8�|#'� >|# �'�|- E:� ���� [�	C ' <��4= 3�	� �� >W��a, +� �
 �)�-'�4  $
	|  .

<��� �)&�'�' >��'� <��� �&�C�, �� >� s�C�C ���� ># ��2<$  <��4= ?���� ��)�-'�4  <�����0 $
�
,� $
	  .  

���� Y5� ,�+(  !��D( ��F 

<���  E:� [�	C ��DanielOlivavFuzzyController  [�	C ' <�����0
daniel_must_do  <$
�	4 �, $
	  .<���  t#�C [�	C �-'�4 �� ># r	#�, ���

getInputs �, <$
�	4 $
	  . <���  /�-'�4 �� ># r	#�, �+�0 D�
�	" �'� +� t#�C D&�
��	, ��)&�'�'<��� ' <��� e��B��� �� +��
 �,�# >&��M 5& �� �� �)
M ># r	#�, � $
���1 .  
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���� 1�;B� �
M��	� �+ �F 

<��� �&��Y,  s9�C +� <$,M 3�� ># ���getInputs  t#�C +� <��H��� �# �n�evalfis  >#
 +� �
 �)�-'�4 ���# <$,M 3�� ># �&��Y, ' *��9�  �-'�4 �� ># r	#�, �+�0 �Q�����

 j�9 R��
�denormalize �, <��4= �&�C�, 5& �� $
	 . 

,�+(  �+ �I(�N ����@� ������& 

�, <�����0 3�	� ># <��#'� �&��Y, D&� /�)�-'�4 �&��Y, <$,M 3�� ># +� �
  �
 �C $
	 
 E:� [�	C �$  <$
�	4 +�DanielOlivavFuzzyController $
	  *��9� 8�#'� >#. 

 
  



٢٢ 

P ��: =>& :�� dK�������+ ����� H+���		���M�� �1��	� ���		�  

  

!���&  
H+��createFuzzyRules(outFile,mfList,dataList) ....................................................................._a 

���.;B K�� ............................................................................................................................_a 

�� K�� ..................................................................................................................................._a 

H+��generate_fuzzy(myData,colName) ................................................................................... _g 

���.;B K�� ............................................................................................................................ _g 

�� K�� ................................................................................................................................... _g 
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H+��createFuzzyRules(outFile,mfList,dataList)  

���.;B K��  

��( ( ��F��h��  
outFile  : t#�	C ' D�
�	" <��4= ���# �O
��	, j&�0 R�
).fis(  
mfList :<+�# 8�XB�, �'�K >&��M '�' ���<���  ' A4�  ' �-'�4 ' �� �)
M � .<���   ># �-'�4 �

<���  ��	�9 �, 7�
 �	
�" � 3�� �	
�" 5& �Q
��# �	-	, �-'�4 �� ��&+ /���1 ���" >-	C ��	, $
�	C. 
dataList :<���  /�d� �� <���  >� �)&�'�' �,��� �'�K >&��M >&��M �� �	-	, ��'�' �  �mfList 

�, $ �# ) . �	����(  

�� K��  
function y=createFuzzyRules(outFile,mfList,dataList); 
a=newfis('pujan'); 
 <$  <��� 8�XB�, >&��M �'� +� D�
�	" /$%# >@K�, �� �n� ' AB�, �+�0 t#�	C �$�#� /�+�0 8�XB�, j&�0 34�� ���#

)mfList (�, e��B��� �	 .  
>&��M �$�#� /t#�	C e��B��� ���# �# <$  <��� � <���  s�K �, sC�, ��'�' �� A4�  ' ��'�' � �	 . 

mfList=sortrows(mfList,[10,9]) %sort by inputNumber 
<���   ��'�' D��'�  �)  S	�%,"� ("�, <��4= �&+ ��w�, �� �	 .  

inputNum = mfList(1,10)%first row 
���  �#��# �d� R'� �	�� +� �-'�4 R�
 ' *'� �	�� +� ��'�' R�
< >&��M ��'�' �  �dataList �, <$
�	4 �	 .  

inputName=dataList(inputNum,1); 
outputName = dataList(inputNum,2); 

<+�# ' R�
 �n�  t#�C [�	C �-'�4 ' ��'�' �����w�, �addvar >XB�, >#  <$  \&�%C �+�0 �)a (�, <�'70� �	 .  
a=addvar(a,'input',char(inputName),[0 100]);%first Variable 
a=addvar(a,'output',char(outputName),[-100 100]); 

<���  �, <��4= �&+ ��w�, �� /��'�' �� t#�	C � �	 .  
inputMF_Index=1; 

<���  �, <��4= �&+ ��w�, �� /�-'�4 t#�C � �	 . 
outputMF_Index=1; 

�, ��� ># $&$- ��'�' A�B�C ���# �&+ ��w�, �'� .� 8�	L D&$#<���  /t#�	C $��	C >Y@K �� >  �M �� ��'�' D&�4M �
�, <��4= <$��� $&$- ��'�' ># ��%& /$�� ���wC >J
��( ' �	  ?&�. 

lastInputNumber=0; 
<���  /3�� <$  sC�, �)
M A4�  ' �)&�'�' <���  s�K �# 8�XB�, >&��M >P����
M +�  8�	L ># �M �� �-'�4 t#�C �

3�� <$����
 .
M ���# �� �� <$  >�0�1 �-'�4 ��# �� /�	  `���-� t#�	C e��B��� R�Q�� ����PC �-'�4 t#�C ����4� +� >P
>&��M >4�( �� ' ?��� �, <��4= �&+ � �, ����# �� >&��M D&� 8�&	�a, /$%# � <���  >J
��( ' ?���  �M �� �	-	, �-'�4 �

�, ��X�4� t#�C �M ���# ' <�	# $&$- �-'�4 �	W
 ?���.  
outs=[]; 

 8�	L D&� ��^ �� ' 5& ��$Y, D&� $&$- ��'�' R�Q��� �, $ �#.  
new=1; 
mfListSize=size(mfList) 
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>Y@K �� >&��M �	d� s�C�C ># �&+ �  �mfList �, ���" ����# ��	, �, e��B��� �-'�4 ' �)&�'�' t#�	C ' $
��1 $
	 .  
    for(i=1:mfListSize(1)) 

���"�# <�1�� �&+ r�  <$��� $&$- ��'�' ># ��%& /$ �# �, >� ?&�  ���1 <�'70� �+�0 ?���� ># 3�&�#)addvar(  
        if(inputNum ~= mfList(i,10)) 
            disp('new Input'); 
            %adding new input variable 
            inputName = dataList(mfList(i,10),1); 
            a=addvar(a,'input',char(inputName),[0 100]); 
            inputNum = mfList(i,10); 

<���  �, 5& �#��# ��%�W; $&$- ��'�' t#�C � �	 .  
            inputMF_Index=1; 
            new=1;     
        end 
 
        if(lastInputNumber~=mfList(i,9)||new==1) 
            %removing -0- if exists in domain 
            new=0; 

    <+�# �V%# >� ��
M +�  <��$Y, >� �� ) 5&"� "R	� �& ' R'� �X�9 �� (>&��M /�&+ t#�C +� <��H��� �# /$����  �&��Y, �'�K �
�, <$
���1�# y�aL 3�� ��X�9 ��)( �& >� >� �	 .  

        validInDomain=getValidDomain([mfList(i,1),mfList(i,2),mfList(i,3),mfList(i,4)]); 
            domSize=size(validInDomain); 

 ��w�, >P�C�	L ��validInDomain � >Y
+'= 8�	L D&� ��^�� ' �}@}, �, t#�C /$ �# >� �� �X�9 3�� ��.  
            if(domSize(2)==3) 
                type='trimf'; 
            else 
                type='trapmf'; 
            end 
 

�, <�'70� �O
 ��	, ��'�' ># /t#�C k	
 �$  AB�, +� �
 �	 . 
            a=addmf(a,'input',inputNum,['in',num2str(inputMF_Index)],type,validInDomain); 

<���  �, <�'70� �P& �
	�� ��'�' t#�C � ���1.  
            inputMF_Index=inputMF_Index+1; 
            lastInputNumber=mfList(i,9); 
        end 

>4�( �� >P�C�	L �� �-'�4 t#�C /�&+ 3��" ��  $ �# <$�
 AB�, D���
 ���) ��outs $ �W
 (�, AB�, ���1 . �"�#
�, ��'�' t#�C ��'70� >�W  jK��, $ �#. 

        if(isempty(find(outs==mfList(i,11)))) 
            validOutDomain=getValidDomain([mfList(i,5),mfList(i,6),mfList(i,7),mfList(i,8)]); 
            domSize=size(validOutDomain); 
            if(domSize(2)==3) 
                type='trimf'; 
            else 
                type='trapmf';  
            end 
            a=addmf(a,'output',1,['out',num2str(mfList(i,11))],type,validOutDomain); 
            %add this ouputIndex to the array 
            outsSize=size(outs); 

<���  t#�C ��'70� +� �
  �� �M �outs �, <��4= >4�( �� �C �	  $%# ������Q
 <�'70� <��#'� �.  
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            outs(outsSize(2)+1)=mfList(i,11); 
        end%if output not tekraari 
    end%for 

  
�, ��&�
 S�# �� �+�0 t#�	C 34�� $#�& . ���, >�4�� D�
�	" ># r	#�, �&�C�, /�&+ 3��" �	 . 

 %==================NOW EXTRACTING FUZZY 
RULES====================== 

  
%  inputInex  inputNumber outputIndex    
% [2          1           3             ] 
 inoutList = [mfList(:,9),mfList(:,10),mfList(:,11)]; 
 inoutList = sortrows(inoutList,3);%sort by outputIndexNumbers ( ruleNumbers) 
 inoutSize = size(inoutList); 
lastRule = inoutList(1,3); 
ruleNum = 1; 
Number_of_inputs = getNumberOfInputs(inoutList(:,2)) 
for(i=1:inoutSize(1)) 
    if(lastRule == inoutList(i,3)) 
         ruleList(ruleNum,inoutList(i,2))=inoutList(i,1); 
         ruleList(ruleNum,Number_of_inputs+1)=inoutList(i,3);        
     else % = new rule 
         ruleNum = ruleNum+1; 
         ruleList(ruleNum,inoutList(i,2))=inoutList(i,1); 
         ruleList(ruleNum,Number_of_inputs+1)=inoutList(i,3);        
        lastRule = inoutList(i,3); 
     end    
      
 end 
ruleList(:,Number_of_inputs+2)=1; 
ruleList(:,Number_of_inputs+3)=1; 
 showRule = ruleList 
%ruleList=[ 
%1 0 0 1 1 1 
%2 0 2 3 1 1 
%1 1 1 2 1 1]; 
a=addrule(a,ruleList); 
 
writefis(a,outFile); 
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H+��generate_fuzzy(myData,colName)  

 

���.;B K��  
 t#�C D&��@L� 3Y�YK ��  �$L �M [�	C +��
��	, t#�	C �"�# >� 3�� �+�0 �Q����� 34�� ���# t#�C D&�C
�, <�+ $
	  .<��� �'� +� /t#�C D&� ��+ �$L �# <��� 3Y�YK �� >� �M ># <$  <�����0 ���  ���%�' ���

�, >�4�� �-'�4 �� ���# �	-	, D�
�	" ' t#�	C /$���� 8�#'� 5& �	 .  

 ��F��h����( (  
myData  :<��� +� ��&�C�, <�� 8�#'� ��)�-'�4 ' ��'�' ��� �, <$
'� $ �# . +� S	�%, <��� D&�

workspace  �	4Matlab �, >�0�1 <��� �'�K j&�0 �'� +� S	�%, 7�
 �M 34�� >Y&�; >� �	   ��) >#
 8�	Lcsv  (�, 8�	L ���1.   

colName :-	, s�C�C ># �)
	�� R�
 �'�K >&��M j&�0 �� �	myData �,  R�
 e��B��� ���# >� $ �#
�, ���" <��H��� ��	, ����w�, ���1 .R�
   ��70�matlab <��� �'�K j&�0 ���� ��# R�Q��  >� �M *'� �d� /��

�, �)
	�� R�
 �'�K  �� �7�, ���w�, �� �� $ �#workspace �, <��4= $��.  

�� K��  
function y=generate_fuzzy(myData,colName); 
 
outputNumber = 6; 

<���  3��" D&� ��  +� <$  >�0�1 ����  �C��� �, *�,�
 $
	 .  
qData=IDS_quantize(myData); 
cols = size(qData(1,:)); 
rowSize=cols(2)-outputNumber; 
outputColumnBeginIndex = cols(2)-outputNumber+1  

# ��&�
 ' k'�  r�Y
 /�&+ �����w�, ����'�' ��a�, .+�� 2�, D��%C �-'�4  ���1 . +� jL�K �-'�4 >� ��
M +�IDS  D�#
�  �C���  G�; �� +� ' /$ �# �,��  :%0 �-'�4 ' ��'�' ���# ��&�
 ' k'�  r�Y
 /3�� <$  c�0 >0��� $K�'{  �C��{ 

�, >�0�1 �O
 �� �	 .  
inputBeginIndex = 5; 
outputBeginIndex = 5%important! if new domain is from 5 to 60 :115-60; 
inputEndIndex = 115; 
outputEndIndex = 115%important! if new domain is from 5 to 60 :115-5; 

�, D��%C �� >@K�, �� �-'�4 ������  *	; �&+ ��w�, $�� . ����# ��a�, e��B��� 3"� /$ �# ���� �����  *	; >(��
�	# $��	4.  

BandLength = 5; 
�, ���
 �� ��'�' 3&	V9 t#�	C >�,�� �&S�# $K �&+ ��w�, $��. 

 
mfDomainLimit=100; 

�, ���PC �7�, �	; ># �-'�4 �� ���# D�
�	" 34�� 8��@�9 �-'�4 >�@� Z 	
 ���# �����
 /�	   <��H��� >Y@K 5& +� ��
�,  ��w�, �� �-'�4 �&$
� ' ?���j  �, ���" <��H�����	, ���1.  

for (j=outputColumnBeginIndex:cols(2));%all outputs 
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�, <��4= �-'�4 R�
 /R'� �	�� �� ' <$,M 3�� ># ��)&�'�' R�
 /�&+ ��w�, *'� �	�� �� �	  . �# �#��# /�d� �� <��� 
># ��'�' s�C�C <���  �, <$,M 3�� $ �#.  

dataNameList=cell(1,2); 
<+�# 8�XB�, <��4= ���# �&+ ��w�, �>XB�, 7�
 ' �  �-'�4 ' ��'�' ���)��'�' A4�  ' �-'�4 /��'�' <���  (

�, $ �# .�, `�B�
� �)C ��� ��$�#� �� ���&� �� �	 .  
pureMergedList=[]; 

�, AB�, t#�	C e��B��� 8��@�9 ���# �� �-'�4 <+�# ��)�
� ' k'�  r�Y
 /�&+ �����w�,  <+�# j� /��� ��$�#� �� >� $���
 ��%&� C ���� �, �# �� �� ���1.  

startDomain=0; 
endDomain=100; 

 ?��
 �-'�4 >� 3�� 3@9 D&$# �&+ r�  ) �	���� <��� �&�C�, �� (�, 3#�p  ># �
 /3��
 �+��
 >W��a, ># ' $ �#
�, �$%# �-'�4 ���� �'�.  

if(j==31) 
    continue; 
end 

Q����� �+�0 8�XB�, <��4= ���# �O
��	, j&�0 R�
�, AB�, �� �-'�4 D&� � $��.  
ouputFileName=char(strcat('input26_fuzzyOut_',colName(1,j))) 
 
 
 

<+�# D�0�& ' �p	, ��'�' D��'� ���� �$�
 ># A�B, �&+ 3��" �, �M ���  �# �� �$- �$%# ��)���" +� ��K�� ���# >� $
3�� <$  >�0�1 �O
.  

�, >�0�& >� �&����w�, />@K�, �� ��  �, GTK �����w�, 3��� +� $
	 $
��1 .>&��M �� ����w�, D&� �, <��4= �&+ � $
��1. 
usedInputs=[]; 

 <$  <��� <+�# �� �� ��'�' D&�C�p	, �&+ t#�C) +� ��%& <+�# j� ���&� �� >�{  �C��{ 3�� (�, <���  ' $#�&  �M �)i ( ># ��
 ���	�
 <����IDS  <$  $��	C)q (- ZB
 ���	�
 '��	)s (�,�# �1$����
 ���%, 7�
 ' $
���1.  

[i,q,s,dest] = 
getMostEfficientInputSpec(i_f,qData,usedInputs,j,colName,startDomain,endDomain); 

�, <��4= �&+ ��w�, �� ��'�' <���  �	  .<���   +� ' ��	%L �)&�'�' �"� "�, k'�  $
	 .  
inputNumber=1; 

 $�, +� <��H��� �#getValidDomains <+�# 8�XB�, �, <$
���1�# <$  <��� �-'�4 <+�# �� �p	, ��'�' ��� �	  . D&�
�, <��4= �&+ ��w�, �� /�-'�4 <+�# s�K �# �$  sC�, +� �
 8�XB�, $
��1.  

domains=sortrows(getValidDomains(q,outputBeginIndex,outputEndIndex,inputBeginIndex,in
putEndIndex,BandLength),3) 

 $�,getMergedList <+�# 8�XB�, <+�# ' 30�&�� �� l	0 <$  >�0�1 ��� �, s���C �Q&$P& �# �� s���, ��� $&��
 . �n�
�, <��4= �&+ ��w�, �� �-'�4 >&��M �	  . t#�C ># �)�
� �� >� 3�� D�
�	" ' t#�	C 8�XB�, <$
��$)Q
 ��w�, ���� ��w�, D&�

createFuzzyRules ��0�, <���  j&�0 �C �	 fis �	  >�4�� �O
��	,.  
pureMergedList=getMergedDomainList(domains,inputNumber,1,5,5)% bandlength maybe 2 

 ��w�, �� �M ?�� <���� ># /<��� �&�C�, �� ��'�' <��� dataNameList �, <��4=  D�
�	" ' t#�	C 34�� R�Q�� �C �	 
�	  <��H��� �M +� �+�0.>���  '� >���  /$ �# ��"� 5& �$9 >J
��( ' ���� ��X�4� <���  �$9 ># *'� �  *'� �"� "

�, >� �T1 �	 .  
if(i<10) 
    varNum=['0',num2str(i),'_',char(colName(1,i))]; 
else 
    varNum=[num2str(i),'_',char(colName(1,i))] 
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end 
columnName=cellstr(varNum); 
dataNameList(inputNumber,:)=[columnName,colName(1,j)]; 

�, <�'70� �&+ ��w�, ># <$  >�0�& ��'�' �	 .  
usedInputs(1)=i; 
=================================================================== 

>4�  3��" D&� �� �, Z&	
 D&�&+ ��� $
	 .  

 �}��$K �C 8��@�9 />Y@K D&� b#�d,� ,��� >4� �, �$�
 > $��) .�, >� $ �# 7�
 ����# $
�	C(  
for(k=2:3) 
    i_f=0; 

  
if(k==2) % to cover empty space in the first level 
    covEmpSp=1; 
else 
    covEmpSp=0; 
end 
outDomains=getValidOutputDomains(pureMergedList,covEmpSp)  
    outDomainsSize=size(outDomains); 
    outDomLength = length(outDomains); 
    newInputNumberIndex=1; %the index of new input 
    thisLevelUsedInputs=[]; 
    for(d=1:outDomainsSize(1)) 
        startDomain=100/120*(115-outDomains(d,4)) 
        endDomain=100/120*(115-outDomains(d,1)) 
        %getting the most efficient input in the given domain 
        [i,q,s,dest] = 
getMostEfficientInputSpec(i_f,qData,usedInputs,j,colName,startDomain,endDomain); 
        if(isempty(q)) 
           continue; 
        end 
        paraakandegi=dest 
    %------------------------------------------------------------------ 
         
             
        thisLevelOutputBeginDomain=round(115-outDomains(d,4)) 
        thisLevelOutputEndDomain=round(115-outDomains(d,1)) 
        
returnedDomains=getValidDomains(q,thisLevelOutputBeginDomain,thisLevelOutputEndDo
main,inputBeginIndex,inputEndIndex,BandLength) 
        if(isempty(returnedDomains)~=1) 
            if(returnedDomains(1)<10 && returnedDomains(2)>=110) % output constant for all 
range of input 
                continue;     
            end 
            if(isempty(find(thisLevelUsedInputs==i))==1)%this input not exists 
                thisLevelUsedInputs(numel(thisLevelUsedInputs)+1)=i %for holding the input 
numbers to be avoided at the next levels. 
                inputNumber=inputNumber+1;%can be different from k 
                if(i<10) 
                    varNum=['0',num2str(i),'_',char(colName(1,i))]; 
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                else 
                    varNum=[num2str(i),'_',char(colName(1,i))]; 
                end 
                columnName=cellstr(varNum) 
                dataNameList(inputNumber,:)=[columnName,colName(1,j)] 
                newInputNumberIndex=1; %the index of new input 
            else % input tekraari 
               inputNumber=find(thisLevelUsedInputs==i)+length(usedInputs) 
                newInputNumberIndex=getMaxNumberIndex(pureMergedList,inputNumber)+1; 
%the index of the old input=====================ERROR!========= 
            end 
            domains=sortrows(returnedDomains,3) 
            
pureMergedList1=getMergedDomainList(domains,inputNumber,newInputNumberIndex,5,5,o
utDomains(d,5)*10*k) 
            %adding rows to previous rows and clowning the previous rows by the number 
            %of new rows (for extracting rules) 
            p1size=size(pureMergedList1); 
            b=0; 
             for(a=1:p1size(1)) 
                 newInputNumberIndex=newInputNumberIndex+1; 
                 
newOutDomain=[pureMergedList1(a,5),pureMergedList1(a,6),pureMergedList1(a,7),pureMe
rgedList1(a,8),pureMergedList1(a,11)] 
                 pmsize=size(pureMergedList); 
                if(a==1) % first time, manipulating 
                    outRow=0; 
                    for(b=1:pmsize(1)) 
                        if (pureMergedList(b,11)==outDomains(d,5)) 
                        % manipulating previous row 
                           pureMergedList(b,5)= newOutDomain(1,1); 
                           pureMergedList(b,6)= newOutDomain(1,2); 
                           pureMergedList(b,7)= newOutDomain(1,3); 
                           pureMergedList(b,8)= newOutDomain(1,4); 
                           pureMergedList(b,11)= newOutDomain(1,5); 
                         outRow = b;     
                       end 
                    end%for 
               else             
               % clowning previous output if not the first new one 
                    if(outRow ~=0 ) 
                       pmlsize=pmsize(1); 
                       pmlsize=pmlsize+1; 
                       pureMergedList(pmlsize,:)=pureMergedList(outRow,:); %outRow is the index 
of previous row calculated in the first cycle 
                       pureMergedList(pmlsize,5)= newOutDomain(1,1); 
                       pureMergedList(pmlsize,6)= newOutDomain(1,2); 
                       pureMergedList(pmlsize,7)= newOutDomain(1,3); 
                       pureMergedList(pmlsize,8)= newOutDomain(1,4); 
                       pureMergedList(pmlsize,11)= newOutDomain(1,5); 
                   end 
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               end 
        %adding new rows for the new inputs 
         end%FOR 
         pureMergedList=cat(1,pureMergedList,pureMergedList1) 
     end%if size domain ~= 0 
    end % for(d) 
     usedInputs=cat(2,usedInputs,thisLevelUsedInputs) 
end % for(k) 
 
 
%-------------------------------------------------------------------------- 
% renumbering the outputIndex and also normalize the array 
mergedList = 
normalizeArray(pureMergedList,inputBeginIndex,inputEndIndex,mfDomainLimit);  
createFuzzyRules(ouputFileName,mergedList,dataNameList); 
 
 
end%for (outputs) 
 
%first = s(:,:,1,1); 
%            t = 1:size(s(1));         
%            figure(1); 
%            plot(t, first, 'g'); 
%            legend('first'); 
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