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N��3O
� 3� �7, ���+. ?� @1!� �-0 ����� ���� 	� ����  P��5Q N,�2���R��) T��1  ���	�7�: #2004 �687 �� .(

��"# ��	������M$ # 6��" 
�: N��3 ?+��3 	�@1!� O: ��9 �5Q T,�,-� #O
� 3� �7, ���+. ?� �-,-< N,� ��+Y N,�2

 & �+� Z�[�\Q # ���� ����� 	� P�-,-
2�� 	��0 ?� ����M:��12�$) -,92  ���	�7�: #2011 �377N��3 .( ���+. ?� @1!�

���2 P���] 3� �7,?� ?+��� 
#	 	� ^�Q �	�#9 �_+� ���2 `, T��] �
�  T�� ?�a�" 
#��� ��bc2 T(2 N�,�< T��

1�	�# # ��#��)3 �1996 �42 .( 3#���-,-< N,� ��-���2 N��3 �-��� d���.3� �0�����+0 (
�������)�7,���������� � �

-0�� ���M�� # �7,������ ��7,���#	-�:O
� ���"# N,� �� .N��3 ^�(� d���. N,�2@1!�� e#a �-,-0 �$-�	�� f�: 6,�

��) ��,3 T.�� �� g,���� # �3�� N��3 ��+��3�,3 e9 h5� ���
$�� P����!2 �i�,�Y#� # ��-��4 �2006 �313 j,��0 (

�$;,# ����%��N��3 
�:�� d���. N,� 3� �����2 �, # �:��$ g0�< �����$�<�2 ���Q�+0P3#�) -+0��5  ���	�7�: #2003 �

331( . /���� P����5� =��� �� ����
" h5� 	�N��3 ��<#	� �7�+72��� �.�k�� ?7�0 j��2 �-0
+2 ?� @1!� �,�17% 

T�� ���� m�\�Q� ��Q ?� �	 ��
" ����  
�,n� 3� K�� �  	� �-,-< N,� 3� �0�� ��� # o�� ��1�� # 
�:1903  �2

2004  �7,��9 	� p�2�2 ?�39% ���9 �29% �',��9 �1%  ?������� #1% �� 3� g�� # -0��66 ���%��  	� ���� /��� 3� �q�

 �$-�3 R�� `M,	 �5Q r��� 	� �01!� & �+���T�	�:��) -++�6 ��	�7�: # �2005 �173.(  �	�� 	� 1�� ���,� 	�

N��3 s��# 3� �0�� P�	�MQ@1!�N��3 �2�.n � `��� 	��9 &�  �� ?t��+Y .T�� ?���$ P	�[ �2����5� �:@1!� 
�:

�0�� P�	�MQ ��1�� 	���  3�4900 N��3@1!� T�b K�� 3�) �-01372  	�,�
0 ��,�< �21386 	��� 	� (126893  �	��%��

 K�,	T�� �-,��$ �	#9��  ���	�7�: # 
����)1391 �2P���-�� �A� .( N��3 s��# 3� �0�� P�	�MQ g:�� T
" 
	#�k-

@1!�N��3 -��M� �]��� �,���+0 ��:N��3 s��# �� �bu� d���. N���2 �@1!�@1!�?�
2 # �:# T���M] ?�'� 
 s��

N��3@1!� �: 
	�k��-0��?�
2 6��# 	� .N��3 s��# T���M] ?�'� 
@1!�T����� 
��� ����� 
	�1�� �
�:  T,�,-�

K�:�) T�� ����M:�� �]��� 	� ���(�7 �2008 �498@#	 .(g�< P����5� 	� 
��,3 ��� 
�:�+��N��3 ���7�@1!� �:

���q��� ��+��2 M�� �����$	 f?%�" 3� �T�� �-0`��8 )�������9  
���
�� �7201 ���-Q # �,���#	 �1395 � �%$#3#��
10 ��	�7�: #2015��� # =�2�	�)��M2 �11 �2015���!�� #� 
	��9 @#	 �(12�Q)13 ��	�7�: #2012�" �_��#14  ���	�7�: #

2015���!�� -+Y 
	��9 @#	 �(15 NY # _��#)16 2015(� ���#��� T�M�17 ���
0)18 2014
�2 �/��19  ��	�7�: #a2015 �(�
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1. Malamud  
2. Goetz 
3. Cruden & Varnes 
4. Sidle & Ochiai 
5. Ost 
6. Koehorst 
7. Dahal 
8. Logistic Regression 
9. Abedini 
10. Kavzoglu 
11.Tsangaratos & Ilia 
12. Bivariate statistics 
13. Xu 
14. Jie Wang 
15. Multivariate Regression 
16. Wang & Chen 
17. Frequency Ratio 
18. Shahabi 
19. Thai Pham 
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�3#-:��0 �:�1�"��)	��7��2  ��	�7�: #2014�%$#3�#�� �3 ��	�7�: #2015N,1�� 
	�L2 �(4��M2�7�#)5  ��	�7�: #

2013 �
�2 ��	�7�: # /��b 2015 �
��3��06  ���	�7�: #2017O��\2 TQ	� �(
��$7
�2)  /��2016 # =�2�	�)��M2 �

�� �2015���v # (K-� 3� ���q��� ?� 
	#�k 3��� �K�] N,� �� .`�+72 # �:g�< T([ g,�1�� 
��� �,�:��3 �+��N@1!� �:

?'5+� =��'� 	��A� .�	�� ��"# 
� N,� K-��: 	� K��
�: ��Q� ?"�2 �	�� 
	��M� 3� ���)�:#;< ����  3� �7, ?� T��

N,��N,�2 # &���N,�2 �9�:  O�,	�)��������< N�0�� 	���� )٨(SVM ����	�7�: # ����, .-0�� )1391 ��:#;< 	� (

?� ���+. T(2N�0�� O�,	�)�� 
��$	��������< 
�:?+
< 	� 	����N��3 s��# �5Q 
-+��	� 1,��9 ?k�] @1!� N,� ?� ?

���� w��5�� � �Q ?� 
�'%] 6��2 ��-0 ��"� 6���2 N�� 	� ?� -�-��	 ?����6��2 # ��7%�. N,��
� �T����# �� �  �x� 3� �5Q

N�,�< ���7%�. ���� �	 T�� N,�2��.-:� _+<9 ��	�7�: # )2014?�
2 ?� ��:#;< 	� (N��3 T���M] ?�'� 
 �� @1!�

?,�x� =��� 
Rough set N�0�� O�,	�)�� #������<?'5+� ?� 	� 	�����	� 
 .-+�Q���< N�Y 	��� 	� 6��# 
�� y,��

 ?� ��� N,� �)����7/19 �� @1!� s��# T
" R�� # j���� T���M] 
�	�� ?'5+� 3� -[	� # -0��R�� h5��, �5Q 3� 

%[� & �+� i�� � # dQ�� 	� @1!�� ��+��� _�#��� �����
010 �����
0 # d�] & �+� # �,���#	 & �+� ��),� 
�:

?M2 _��, ?��Q�#	 ��-��� 	� d'� #11 ?Q�0 #
�: �� �9?,�x� d��0 ?� �����2 K-� 6��# 	� .-0�� 
RS  K-� # 

 SVM �� �-0��g�< T
"N��3 �5Q �+��g�< P	�
� 
�	�� �@1!� �2R�� ��+�� � T�%��� # ��
� �+����.-0�� _��:12 

# ) ��	�7�:2015g�< ?� ��:#;< 	� (N��3 s��# �5Q �+��K-� 3� ���q��� �� @1!� `��M�� �����$	 
�:(LR)، 

O��\2 TQ	�
��$ (DT) N�0�� O�,	�)�� #������< 
�: 	����(SVM)  ?'5+� 	�_��
,13  -+�Q���< N�Y 	��� 	� 6��#

K-� ��+�	���.� # ?M,�'� ?� zQ�0 3� ���q��� �� �-0 ?���$ 	�7� 
�:(ROC)  �)���� y,��� # T��$ 	��� ���,3	� �	��

5� 	�-'� ?� ��� �9 zQ�0 �+(+� �,3 hROC  `��M�� �����$	 K-� 
���5/92 %N�0�� K-� 
��� � 
�:

������< 	����8/88 % O��\2 TQ	� K-� 
��� # 
��$7/95 % ��O: �-0��g�< T�%��� N�+YN��3 �5Q �+��
��� @1!� 

 `��M�� �����$	 K-�1/81 %N�0�� K-� 
��� �������< 	����2/84 % Q	� K-� 
��� #O��\2 T 
��$3/93 % 

�� �-0�����,y � 3� d[�],N �� g:#;<-���2  	�?�����	,1
 ��	��
 k�	��  #�,���+0 -��M� & �+� N��3!�q� @1�- 

-0��. ��"�� 
�:	��9 =��� �� N��3 s��# {�(� 3� ������� ����� @1!������ 3� -�� ���M%$ # ��	-�3�� 
�:���� N

 �����	��� 	� T�� # ?�2	 ^n� ?t��+Y T]�M� 
-+�������� 	��� 
�2R�� ?�2	 	� ����� N,� -0�� �:��$�  ����[���)


#-
� # ���1385f 26(�� =�M]� ����� ?���5� �	�� ?'5+� 	� g:#;< T��:� �A� ���0 N,� /���� 3� i-: �N,����+� .

K-� �,�	�� ?M,�'� # ���,3	� �g:#;< ������< N�0��T
" 	���� ?�
2N��3 T���M] ?�'� 
@1!����5� ?'5+� 
�: �2�

N��3 �]��� N,�2-��M� 3� �7, ���+. ?� =��� �� ������� ����� 	� @1!�@1!�T�b 
�:�� �-0.-0��  
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1. Weight of Evidence (WoE) 
2. Faraji Sabokbar 
3. Kavzoglu 
4. Naïve Bayes 
5. Venkatesan 
6. Shirzadi 
7. Decision Tree 
8. Support Vector Machine 
9. Peng 
26. Badong 
11. Yangtze 
12. Hang 
13. Yihuang 
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� ,<I-� ��)K>. � ���-� 

�����
0 ���	����� 6��# 	� g8� ���0 ����� �������� 	� K�  �,�����!" ˝30 ´47 ˚46  �2˝00´00 ˚47  # ���0

 �,�����!" r�.˝30´47 ˚34  �2˝30´57˚34 N��3 ?���5� �	�� ?'5+� .T�� ?���$ 
�" ����0@1!� i�� � 
�:

 �#-] ��]�M� 	� ��	����� �����
044/516 �� d��0 �	 6��� ����%�� d70) ���$1 ����$�<�2 �x� 3� .( ��7,1�� #

 p�2�2 ?� �,	� h5� 3� s�q2	� N�)���� # d��-] ��|��-]2841 �1757  #1388TM< # N,�2-+%� N�� s�q2	� in�Q� # ���2 N,�

 ?5'�1453 �� ���N��3 {�(� 3� .-0�� }-++� 
	��Q�� �#3 	� ?���5� �	�� ?'5+� ���+0-  .�	�� 	��� =�$�3 # ��"��

?+�Y {�(� 3� ?'5+� ���+0���+Q	 �2����5�_+� 3� �,�:�� d��0 �	 ���2��� �2 ?��2�� 
�:��,-� ?� ���02�9 N,� �:

�	�� d��0) �<	�$ -�3�� # d�0 �� ?$	���: 3� `:9 �9 N,�2-,-" # (��	�k�] -
. P����	 �:� ~#�8�?+7���:  #

?��$��<���" �����9 
�: O,-� # �� Pn�7�2 # 
������� �x� 3� .-0�� �	#� =��� �� �#�$ T�:) 	� �2����5� ?'5+�

N��3�����	�<) (���+01  ���	�7�: #2013 �5 �#�$ d��0 (1-  �(`��#3�+� ��	#�) ���2��� �	#�  �#�$2- �Q�#� ?��2�� 

–  `��#3#1� ��	#�) N��L��< d��#�- �(`��#3�+�  �#�$3 - �Q�#� N���� –  �#�$ �(`��#3�+� ��	#�) N��)��� d��#�4- 

N��L��< - �(`��#3�+� ��	#�) N����  �#�$5 - �Q�#� ?��2�� -  `��#3#1� ��	#�) N��L��<- �(`��#3�+�  �#�$6- 

N��)��� - �#�$ �(`��#3�+� ��	#�) N���� 7-  �#�$ �(`��#3#1� ��	#�) ?��2�� �	#�8- `���	#� - ��	#�) ?��2�� 

 d��0 
������� 
�	�� (`��#3#1�� ������9 P����	 �`:9 _+� # ����%)+� �_+� ?���	�� # d�0 �� ?$	���: 3� `:9 

��	 
	�  ?���-�2 N,����� ?� @1!�_+� N,� 	� ?'5+� 
�:�:  N�+t�: .T�� ���� �	��	��� ?���$ P	�[ 
�: �

?��+�M��< 	��9 ?� ?"�2
�: d)+" ���3�� 
	��1�8�9 # 62���� �:) ��Q�Y @1!� s�� ?� ��� ����61/54 % p��� # (

)53/31 %@1!� s�� N,����� p�2�2 ?� (���� m�\�Q� ��Q ?� �	 �2����5� ?'5+� 
�:N��3 K�  �|��-] .-��� @1!3043 

 K�  d��-] # ���55 �� ���O: .-0��N��3 r�. �|��-] N�+Y �2����5� ?'5+� 	� @1!�6320  r�. d��-] # ���

N��3 ?'5+� @1!�87 �� ��� K#-") -0��1�� &��5� .( ?'� ) N2	��#� ���%�� 
-+�56/23  =D?����,-� ?'5+� O�%�� ( 
�

�� .-0�� ?'5+� �$-�	�� j���� 
	��9 �	#� K�  	�2000 - 2012� 560 K�� 	� ����%��  ?�R�� P	��] ?"	� N�)���� #

 �969/13 ����� ?"	� ���$��.-0��  
) ��(61=)�� �K%. 7�WR�� (CDE�,<I-� 
/ �� ,?��I� /

� (��U(4
�\4 :SN-�)  

��.(4.�2)U�
��1 ���  =)Pb �/�?�  =)�� �
A2�� ,5 CDE�  =)�� l2Z2�� ,5 CDE�  
N��3 d� ��#-(�@1!��:  Total range of length 3043 ~ 55  6320 ~ 87  
N�)����  Average 81/452  98/702  

	���� i��(��  S.D 82/405  88/826  
�)��Y  Skewness 690/3  696/3  

�$-���  kurtosis 859/18  751/18  
?����  Median 5/344  6/456  
-�  Mode 225  500  
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^*�1 :B)?>
� �0�)�.2E6 ,<I-� /

� ,?��I� (��U(4
�\4 :SN-�)  

C�
 � /.
��� 

N��3 T���M] ���,3	� K#� ?%]��6�" �@1!� ?���5� �	�� ?'5+� 
��� =���� d��� P�.n � ?�: 
	#9��-0��. ���� 
�:

?� g:#;< N,� 	� ���q��� �	��-+2	��. �5�(� 
�:����	�< }��8��� 	�x+� N��3 ?�'� :3� =��'� 	� ?'5+� ���+0

1:100000=��'� 	� ?'5+� ����$�<�2 ?�'� �1:25000� �	��:�� �,#�\2
� +ETM  K�� ?���5� �	�� ?'5+�2011 �

������)�M,� �$-�	�� 
�:��	�� # 
����2���%� 
�:) ��+�2000 – 2012?%]�� 	� .( -�� 
��	�� /���� # ���-�� 
�:

N��3 3� `, �: P�\8�� T�b@1!���
� �� (T]�M� �T����� �s�q2	� �K� ) �: 3� 
��$ ��)���GPS  ���q��� # 3�

/��	�1�� GIS 
"�9 ���� ����	 T���� 3� ���q��� ��:d)+" ���3�� 
�:�7. �	��� 
	��1�8�9 # 62��� # �: 
�:

�	��:�� �,#�\2 # �,��:��	�� &,�  3� �9 ����� 3#	 ?� # 
�?�
2 ?� /�-�� ���-�� 
�:?�'� 
N��3 g+���< 
�@1! �:

-,��$g:#;< N,� =��� �� .?���5� �	�� ?'5+� P��[�\Q # �: ��3�#� N��3 s��# T���M] ���,3	� 
��� ��!��� @1!

?�'� .T��$ 	��� ���,3	� �	�� 
�:N��3 �-,-< s��# 	� �bu� d���.?�'� d��0 �@1!� �p�0 T
" �p�0 ?"	� 
�:

 �5Q r	��. 3� ?%[�� ��k�	� 
��	�� �-�0	�Q g��2 P-0 �p�0 ���  
�+(�� �p�0 �k�. 
�+(�� ��+(�� �s�q2	�

 
������� �?:���9 # ���" �dM$?'�  �	���,���9 3� .-+���$ 	��� 
-+�@#	 ?�?+
< 	� ��� 
�:�3 T���M] 
-+�N� @1!�

NL�5� y,����M� �	 
�2@#	 �,�� ?� T�� ?��	� �:@#	 N,� 3� ���q��� �A� �-+:�?� T�M� 
����� ��%. 	���.� 3� �:  �,��

@#	�� 	��	�Q�� �:�M�0) -+0�� ���	�7�: # 	�<1389 �84N,� .( @#	K�� �  �: N��3 /�%. N�''(� j��2 ��Q� 
�:

 ���,3	� T
" �k�] g:#;< 	� �A� �T�� ���� �-�< 
��,3 ?���2N��3 T���M]������< N�0�� K-� �� @1!�� �	���

?,R/�� j��2 �-0 ?�
2 
�: 	�1��ARC GIS 10.3  O���2-�-0 ���� 
	��9 d�%(2 T
" #O�,	�)�� # �:/�� �:-

 
�:	�1��SPSS 18 # WEKA 2.7.12  �-,-< s��# T���M] �,�
� ?�'� T,�
� 	� # -+���$ 	��� ���q��� �	��

N��3� 	� @1!�`, p��� 	� g:#;< /���� d]��� .-,��$ O���2 �-0 ?��	� K-� 3� ���q��� �� ?���5� �	�� ?'5+ %� P	�Y�

) d70 	�2.T�� �-0 O���2 (  
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^*�2 : ����� =0. 
/ �/�M��. /

� ���-� C�
 7
�+
K� (��U(4
�\4 :SN-�)  

=)�� �-�.2� ,�<4CDE�    

?�'�N��3 g+���< 
?.���� @1!�@1!� 3� 
� P��\� # �:�$9 �.�� p�� # T�� z8�� ?�]�� `, 	� ���� �	 
�:

��7� �	�� 	�N��3 s��# 
�:P	�MQ # s�� 3� P�.n � pM� # @1!� �9�� �:����# ��#) ��01 ��	�7�: # � �2008 �

115N��3 T���M] z�8�2 	�x+� ?� �k�] g:#;< 	� .( ��-�2 �@1!�60 ?5'�?� �01!� 
 ?����< s��#) d703 ( 	�

�	��:�� �,�\2 3� ���q��� �� # T0���� ?���5� �	�� ?'5+� 
�+ETM  K�� ?���5� �	�� ?'5+�2011 T,�� 3� ?���$��  

GLOVIS2  �,�����!" P�.n � O�M�� #(GIS) 	�x+� N,� ?� .T��$ 	��� ��	�� �	�� dM7�< ?� �9 	� ?� �,�:

N��3-0 �-:��� @1!�  @3	�”1“dM7�< ?� #N��3 �9 	� ?� �,�: -�� �-:��� @1!� @3	�”0“  -0 ���� m�\�Q�

���2)
��3  ���	�7�: #2012 �7.( 	� ?���� zQ�0 T���M] N��3@1!� 3� �x� K���]� s��# N�� 0 # 1 )0-100٪ (

P#�q�� T��. ?���� ���6�" ����\2 
�:�� O�M'2 g8� #� ?� �01!� & �+� 3� �-0 
	#9?���� :��0�,�: ?� 
��� 

@3��9 TQ�� 3� K-� �9�: ���q��� ����0 # ?�����,�: ?� 	� ���39 	���.� ��+� K-� �9�: �	 ?� 	�� �� -���

�,���"��)4� 2011 �229?���� ?.���� ����� ̀ �7q2 �%[� i-: ��9 ���39 # K-� ̀ , TQ�� .( ��,��39 # �03��9 
�:

?���� ?t��+Y .T������\2 
�: 6�"
	#9�-0 
��� @3��9 # ���39 O:���3 �� ?��������\2 
�: �+��� �� ~�'� 

�%M7�< @1!� ���q����	�� 	��� ����)� ��7%�. K-� g,�1�� �� ��� ���2) -��,5 �2014 �405.(  
  

JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ  
1. Van Westen 
2. The USGS Global Visualization Viewer 
3. Tien Bui 
4. Marjanovi´c 
5. Taner San  
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^*�3: =)�� �. �20��WPCDE�=)�� (Q�.) :�P�?��I� ,<I-� ���m
-6 CDE� ����2:� 
/ ��\-K� m2n=)�� (m) ��.
�)���-

=)�� (o) ��.
�)��� ����2:� 
/ p-:�
� �����
 �52n ,-�./ CDE����� CDE��.
�)��� ����2:� 
/ 
(0�
0 m2n :SN-�)

(��U(4
�\4  

=)�� 3
>� 25 2GH� ^�.
ZCDE� 

N��3 s��# �� �bu� d���. N���2����9 # @1!����� ?.���� 
3�� ?�
2 	� O
� d]��� 3� �9 �� j�2�� 
�:?�'���M] 
 T�

N��3����) -+�M: @1!�	��"6  ��	�7�: #2015 �681.(  �p�0 T
" �p�0 ?"	� d��0 	����� ��3�#� g:#;< N,� 	�

p�0 �k�. 
�+(�� �p�0 
�+(�� ��,	� h5� 3� s�q2	�7p�0 ���  
�+(�� �8-�0	�Q g��2 P-0 �9
��	�� �
�������  � 

@1!� s��# �� �bu� d���. ���+. ?� ?��Q�#	 3� ?%[�� # ���" 3� ?%[�� �dM$ 3� ?%[�� ��k�	��
2 �2����5� ?'5+� 
�: ?

.-�-0  

:9)� ,6
/ K��+� ����	�< `, p�0 ?"	� T�� p�0 
	�-,�< ���,3	� 	� 
	#�k �-++���	�7�: # �Q)�b 2012 �75 .(

 �5Q �p�0 ?,#�3 g,�1�� �� �%� 	�  ?��� g,�1�� 1�� @1!��� 	�x��� # -��,N��3 s��# ��1�� �#	+��� 	� @1!� 
�: ?

?+��� 3� ����� p�0�< O,n� p�0 �� 
�:��	�7�: # 
�+:�) -0�� �2015 �126 j�(� 	� p�0 ?�'� .(Arc map 3� �

JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ  
6. Neamah Jebur 
7. Profile curvature 
8. Plan curvature 
9. Solar radiation 
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�.�q2	� ����	 K-� 
#	 )DEM(  	�6  d70) -,��$ O���2 �2����5� ?'5+� 
��� ?'� 4  g+���< 6,3�2 .(���

N��3@1!����� �2����5� ?'5+� p�0 ?�'� 
#	 �� �: �-+:� =n� ?� T�� �915 – 8 dM7�< -[	� N,����� ?"	� -

�01!� 
�: )43/39 %N��3 s��# d�M���< N,����� # () �	�� �	 @1!�889/1 FR =.( 

:9)� B:6 -]�� �-���� p�0 T
" K��0 ?� ?"�2 �� N��3 h5� 3� p�0 T
" �|�����	�7�: # �Q) ��0c2012 �

322�� 	� p�0 T
" P��b� .( -�#	 �� ��bc2 �w��2 # ��8�2 &,�  3� �7,���#	-�: -�#	 	� ��bc2 &,�  3� p�0 �2��b

 ?�,	 -0	 # �:��$ g0�< ��$�3��:��
�Y#� # ��-��) -0�� �2006 �321( 3� ���q��� �� p�0 T
" ?�'� .Arc GIS �

�.�q2	� ����	 K-� 
#	 3�  d70) T�� �-0 O���2 =n� ?� 	�4 ��	�� .(e p�2�2 ?� ?� T�� �9 �-+:� ���� �:

w�0 e�+" P�
" )67/1 FR =) e�v e�+" �(59/1 FR =( ) e�+" #28/1 FR = s��# -��M� P�
" N,����� (

 �-,-<.-+�M: @1!�  

. 3�MP
.:�0
/ dI� � ���2 
�: T��] ���,� 	� �bu� d��. ���+. ?� ?'5+� �: �.�q2	� P����!2�� e�M(� 
�0 .��

e���#	 T
" �d��. N,� �	 ��7:3 ?7�0 O���2 ��1�� # �:�� K��+�N�M]) -+�# ���3  ���	�7�:1388 �29 P�'�  ?�'� .(

 3� ?'5+� �.�q2	�DEM  ?,�< �� ?'�  y+< 	� # �-0 }��8��� ?'5+�natural breaks ?'�  d70) T�� �-0 
-+�

4 ��	�� =��� �� .(�dM7�< ���#��� N,����� �k�] g:#;< 	� �-0 /���� 
�:) �01!� 
�:45 % =n� 	� (2000-

1800���] 	� � =n� ?�2200 > ) �	�� �	 @1!� s��# ���#��� T�M� 	�-'� N,�����06/2 FR =.(  

:9)� (^*�) ��-[4.  �q+� �$-��Q �p�0 
�+(�� 	��������� �q[ p�0 
�+(�� �?+��� ���� ��'� �-+:�� �-+:

���� T�|� �$-��Q # ?+��� ���� h5M��� ?+��� ���� e-(� �-+:���:���<) -0��10  � ��	�7�: #2010 �4169 .(

��'�) �q+� # (e-(�) T�|� �,��'� N�� N��3 
�+(���� ����� 	� ( �
�n�� # �7%�) -0��1391 �32 ��'2 # e-(2 .(

 �,�����!" P�.n � O�M�� 	� ������ ����$�<�2 ~�5Q N�� d[��� 3� ���q��� �� p�0 
�+(�� ?�'�(GIS)  3�DEM 

 ?'5+�) =n� y+< 	� # }��8���1 ��'� 	��M� (])2/7-(– )76-([) �2 ��'� (])4/2-(– )1/7-([) �3 h5M� (])8/0(– 

)3/2-([ )4 e-(� (])6/5(– )81/0([) �5 e-(� 	��M� (])60(– )7/5([ ?'�  d70) -0 
-+�4 ��	�� .(P?� 
�:-

d�.���� �-�9 =n� ?� ��� �9 �-+:�)6/5(– )81/0( dM7�< ���#��� N,������01!� 
�: )7/51 %) =n� # (2/7- (

– )76-N��3 s��# -��M� =n� N,����� (�� @1!�) -0��15/2 FR =.(  

:(9)� ^)��2�) 9)� �F2Z ��-[4. i��� p�0 d��#�< �3�-�� ���!2 p�0 �+(+� ���1�� 	� ��M� K�  ��,�" 

_��	�� # ��M%,#) T��11 �2000 �83���� �O
� 	����� `, ���+. ?� p�0 �k�. 
�+(�� .(�-+:� P-0 ��,�" e9 # 


�:-+,��� d�] # e��	
	�A$ ��  -0���%)���	�) �%)����$ #12 �2002 �425.( @3	� ?t��+Y 
�+(�� 	� T�|� 
�: �k�.

@3	� # (��,�" T.�� g:��) ���� ��'2 �)���� p�0�� (��,�" T.�� g,�1��) ���� e-(� �)���� �q+� 
�:� -0�


��;�	��)13  ��	�7�: #2017 �147 ?'5+� s�q2	� ����	 K-� ?�'� 3� p�0 �k�. 
�+(�� ?�'� .( # �-0 }��8���

@3	� 3� 	����� N,� 
�:15-  �215 ?'�  =n� y+< 	� d70) -0 
-+�4 dM7�< N,����� .(�) �01!� 
�:3/38 % 	� (

=n� 42/0– )3/0- =n� # �-0 �-:��� (15 - 6/1 N��3 s��# d�M���< N,�����) �	�� �	 =n� @1!�31/2 FR 

=(. 
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11. Wilson  &Lorang 
12. Ercanoglu & Gokceoglu 
13. Kornejady 
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:9)� ��
A ��-[4. �)���� p�0 ���  
�+(�� P����!2 T
" 	� K�  `, �+(+� ��# -0�� �����-+:� �,��$�# # 

�,��)�: �7����$�<�2 
�+:�) T��14  ���	�7�: #2015 �127 3� p�0 ���  
�+(�� ?�'� .(DEM  # }��8��� ?'5+�

?'�  =n� y+< 	� d70) -0 
-+�4  .(}��	�� &�  ��d�. ?� 
�:< N,����� �-�9dM7�) =n� 	� �01!� 
�:52/0-

 (– )28/0- �� (3/41 % ) =n� #53/0-(- )7/1N��3 s��# d�M���< N,����� () �	�� �	 =n� @1!�72/1 FR =.(  

:()�

8 �5�P 7(�  
-�0	�Q g��2 P-0 K�� `, K�  	� dM7�< `, 	� 
-�0	�Q g,�2 �,��)�: N�)����

�� �-�����#���) ��015 �2009 �172 
�:��� d��� ?� 
����� TM70 K���]� ����� ?�R�� 
-�0	�Q g��2 6��# 	� .(

�� ��"# ?� �	 ^�Q eA" d��� ���� d8%82d�%(2 	� p�0 T
" # p�0 =��� �� 	����� N,� .�	#9 �$GIS10.2 

ARC 	���� 3� ���q��� �� ”Area Solar Radiation  “?'�  =n� y+< 	�T�� �-0 
-+�  d70)4  =n� .(�

881000- 735000 dM7�< N,�����) �01!� 
�:7/46 % s��# d�M���< N,����� # () �	�� �	 @1!�77/1 FR = (

 ���	�7�: # 
��3��0)1396 f230 ���	�7�: # 
��3��0 �2017 f60.(  

:�F.
. �25
�� N��3 T���M] ���,3	� 	� O
� d��. `, ���+. ?� �k�	� 
��	��x� 	� @1!��� ?���$ ���0 . N,� .(

�$;,# d��.�� �9 	���	 ���!2 p�� # ���� 	��� ��bc2 T(2 �	 N��3 
�:?��#	� ) ��0�
�1377 :37.(  g:#;< N,� 	�

?�'� ?� ?"�2 �� �k�	� 
��	�� ?,RP�.n � �^�Q # e9 6��+� P�'�'(2 �k�	� T�%��� 
�: d)+" ���3��� # �: 62��

���-�� P����5� �	����7. ��	��:�� �,#�\2 # �,��: 
�: T�-+� 
�7  #+ETM  K��2011 ?'�  =n� g0 	� 
-+�

 d70) -04 ��	�� .(�d�. ?� 
�:dM7�< N,����� 62�� =n� ?� ��� ���� �-�9�01!� 
�: )33/38 % N,����� # (

N��3 s��# d�M���<) �	�� �	 @1!�46/1 FR =.(  

:^�U �. ,K%��  �� �,�:	��Q��dM$ ?��0 o	1� =��'�T���2 # �:	�-,�<�� # TM70 
��� �-++� ���)� d���. 3� �:
 -

?+��� 
�:�� 	��0 ?� �:-�#	. dM$ �7,�1� 	� p�0 TM70 K���]��� g,�1�� �%[� 
�:K�<�2 # `,��) -��,16  �

2003 �952 s��# -,-�2 # ?'5+� 	� `����72 �-0 K��� �.�� ��Q ?� (@1!��� �: ��0�:��)17  ���	�7�: #2002 �

359-0 O���2 =n� y+< 	� �2����5� ?'5+� dM$ 3� ?%[�� ?�'� �k�] g:#;< 	� .(  d70)4  =n� ?� (�200  >

dM7�< ���#��� N,����� ���) �01!� 
�:7/71 %) �	�� �	 s��# d�M���< N,����� # (52/12 FR =.(  

:�/�6 �. ,K%��  3� �7, ���+. ?� 1�� d��. N,�N��3 T���M] ���,3	� 	� 	�A$��bc2 d���.0 ?���$ �x� 	� @1!� T�� �-

���" 
�:3�� # TQ�� ?t��+Y?+��� �7,�1� 	� 
3�� K����� 3�� # TQ�� s#�0 3� d�� �	 ���0 j,��0 T�� N7�� �:

 ���� �N�M��,) -:� ���!2 Zn���2008� 6)  �-0 O���2 =n� y+< 	� �k�] g:#;< 	� ?,R N,� .( d704  =n� ?� (�

200  >dM7�< ���#��� N,����� ���) �01!� 
�:7/68 %N��3 s��# d�M���< N,����� # () �	�� �	 @1!�58/2 FR =.(  

:,�.251 �. ,K%�� N��3 �5Q ���,3	� 	� O
� d���. 3� �7, ���+. ?� d��. N,��� ?���$ �x� 	� @1!�
��3��0) ��0 

 ���	�7�: #2017 �49 .(e
�: �� 
	�"TM70 �?+��� 
�< 	� ���� s��0� �, g,���� &,�  3� -���2 T(2 �	 p�0 
�:

 ���	�7�: # 
�+:�) -:� 	��� ��bc22015 �1286��# 	� .( ?:���9 3� N���$ ?%[�� �� �-0 ?�Q�+0 d[� `, ���+. ?� ��:

N��3 s��# d�M���<@1!��� g:�� �:�� # 
��) -��,18 2002 �218 N,� 	� .( �	�� ?'5+� ?:���9 3� ?%[�� ?�'� g:#;<

 d70) T�� �-0 O���2 =n� y+< 	� ?���5�4 .(a  =n�50 – 0 ) �01!� dM7�< ���#��� -[	� N,����� ���53 % # (

 =n�100 – 50 N��3 s��# d�M���< N,����� ���)  �	�� �	 @1!�82/2 FR =.(  

JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ  
14. Dehnavi 
15. Brown 
16. Cevik and Topal 
17. Saha 
18. Dai & Lee 

D
ow

nl
oa

de
d 

fr
om

 g
eo

m
or

ph
ol

og
yj

ou
rn

al
.ir

 a
t 1

4:
15

 +
04

30
 o

n 
T

ue
sd

ay
 M

ay
 2

2n
d 

20
18

http://geomorphologyjournal.ir/article-1-898-fa.html


24  ����� ����	
�
�

�
�	 ����� ���� ��� 
���� 3 �������1396  

 
:�	
�
�)�  3� �7, 
������� d��.O
� 
�:����	�< N��3 P����5� 	� e�M(� @1!���_+� .��0?5��# ?� �:
  P#�q2

d�7�2 P����	 �+" 	�d70 ��	#� # j,��0 # �-+:�T�#�'� �
��$ ��Q 3� �"	�Q 
�:#��� d��'� 	� �	 �q%�8� 
�:

�� ���� �
	�8���	���� # ����	) -+:�1391 �119.( N��3 d���. 3� �7, ���+. ?� _+� s�� 6��# 	�+0����  K��+�

�	�MQ	 ���!2 ��1�� �-++��9 d,-�2 # �)+� 
�:�1,	�# ?� �:_+� s��# �)+� 
�:^�Q d�M���< g,�1�� # @1!� �,�3

?+��� ���,� #p�0 �� 
�:N��3 s��# T,�
� 	� # ��!�� 
�:� �
�-�) T�� ���� @1!�1387 �57 �%�8� 
�:-]�# .(

_+�?�'� 3� ����+0N��3 
 ���+01:100000  �2����5� ?'5+� }��8��� K#-") -�-02 
������� T��k# ?� ?"�2 �� .(

 �#�$ �2����5� ?'5+�2  ?��2�� �Q�#�–  `��#3#1� ��	#�) N��L��<–  # ����%)+� �_+� ?��� 
������� �� (`��#3�+�

dM7�< ���#��� N,����� `:9 _+�) �01!� 
�:3/33 %���� m�\�Q� ��Q ?� �	 �(] 	� -����� �#�$ ?�7  ?��2�� �	#�

 
������� �� (`��#3#1� ��	#�)�	�� # d�0 �� ?$	���: 3� `:9  ��	N��3 s��# d�M���< N,�����) .�	�� �	 @1!�88/3 

FR =.(  
 ��(62:  7�WR�� �	
�
�)�,?��I� /

� ,<I-� 
/ (��U(4
�\4 :SN-�)  

=)�� =����-�  �	
�
�)�  ��2U  (�  

���2���  T���9 
�:�k�] -
.  1  Q�� 
���2���  ~#�8�?+7��?��$��< #�:���" �����9 
�:  1  Q� 
���2���  ~#�8�?+7��?��$��< #�:O,-� �����9 
�:  1  Q� 

�Q�#� ?��2�� – N��L��< d��#�  ?���`:9 _+� �����%)+��_+�  2  kp� 
�Q�#� ?��2�� - d��#� N��L��<  ���2 `:9 _+���<#����$ 
�  2  k�� 
�Q�#� N���� –  N��)��� d��#�  ?,R �� 	�%��� `:9 _+�P�7�%�� P�7�%�� 3� �,�:  3  h 

�Q�#� N���� –  N��)��� d��#�  T,	�,� �#���$  3  gb 

N��L��< -  N����  O�8k `:9 _+�
��M��Q _�	 ?� ?,R  4  PE�� 
N��L��< -  N����  T%�� # d�0 �_+� ?��� 4 PE� 
N��L��< -  N����   _+� e#�+2T%�� # _+� ?��� �`�2�� `:9 4  PE�� 

�Q�#� ?��2�� -  N��L��<  _�	 ����v	� # ���2 
��M��Q 3���,� 
�: _+�  5  db 

�Q�#� ?��2�� -  N��L��<  (�������� ?.���� �� ����: ����3�� -]�#) T��3���%�<   5  b 

�Q�#� ?��2�� -  N��L��<  _�	 1��� ?,R j���� `,�n< _:9 _+� 5  kp� 
�Q�#� ?��2�� -  N��L��<  ���� �� i�2 �T��3��_�	 1��� _+� ?��� # T%�� ?,R  5  kp
� 
�Q�#� N��)��� -  N����  ���� �� _+� ?��� �d�0 ��	��?,R `:9 _+�  6  ��� 

�Q�#� N��)��� -  N����  ?,R ^3�� 
��M��Q 	�� d�M� `:9 _+�  6  ��� 
 ?��2�� �	#�  �	�� # d�0 �� ?$	���: 3� `:9 ��	 7  ��� 

`���	#� -  ?��2��  /�� ���2_+� _�	���M�� `:9  8  ��� 
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 ^*�4 :=)�� �(0(� 3
>� 25 2GH� ^�.
Z ��-[4. �(r) 3�MP
. �(m) 9)� B:6 �(Q�.) 9)� ,6
/ :�P�?��I� ,<I-� 
/ CDE�

 7(� �(o) 9)� ��
A ��-[4. �(s) 9)� �F2Z ��-[4. �(7)9)� �(t) ^�U �. ,K%�� �(u) �F.
. �25
�� �(v) ()�

8 �5�P

(
) �	
�
�)� � (w) ,�.251 �. ,K%�� � (/) �/�6 �. ,K%�� (��U(4
�\4 :SN-�)  

  

��N)��� =)��� ��0

\�. 
./25(SVM) 

 O�,	�)��SVM N�0�� ���+. T(2 `�+<�# j��2 	���� ������<19 ?,�< ��
	��9 
��$��, 
	�L2 
20  T��?�  d��-] 3�

 ̀ M,	
	��Q��21 �� T���2?.���� ���39 # ���,3	� 
��� # -+����� 3� 
��� 	��� ���q��� �	�� �:���,) ���$22  ���	�7�: #

2008 �578�� �
	��9 
��$��, ?,�x� N,� =��� �� .(
��� �	 
��$��, N�0�� 
�5Q ��� ���� ���2 ����?'�  
�:� 
-+


�5Q ��� ���+. ?� ��-�� O���2 .T��$ �x� 	� �?���,���� N,� -+�M: @3��9 
�:�5Q ��� ?.���� 3� ����2 ���+. ?� �:

JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ  
19. Vapnik 
20. Statistical Learning Theory 
21. Structure Risk Minimization 
22. Yao 
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?'�  �$-�t�< ��1�� ?�
-+��-++��� ���� �	 �: ���	�7�: # ����,) -+:�1392 �130K�� 	� O�,	�)�� N,� .( ���Q� 
�:

?'�  e�Q ��7%�. d��� ?� �	 
��,3 ?"�2 # 
-+�T�%��� ���2O T�� ���� p%" ��Q ?� p��+�. 

K-� �	��	� �(�k�2 P���1"
3��SVM  �� �,3 P	�[ ?� g:#;< N,� 	�:-0�� 

�$��� ?.����
� 3� K�%�
�: �03��9 ) ?5��	 P	�[ ?�1:-0��  (  

) ?5��	1                                           (                                                          �� = (� = 1, 2, … ,  )                          

K�%�
�: �03��9 d��0 #� =n�"� = ±1	 ���� (@1!� N��3 s��# /-. # @1!� N��3) � i�70 ?%��# ?� ?

�9 
�|��-]�� z8�� �:.��0 ?����� N,�  P	�[ ?� �k�,	 �x� 3� ) ?5��	2(  :���$ �� ����  

) ?5��	2(                                                                                  1 2% = ‖'�‖                                   

 ?5��	 ���� �#-(� ?� ~�+� ?�)3( :T��  

) ?5��	3                                (                                                                   1 ≥ "� = )('	. ��) +,                       

 ?� ‖'�‖�-.����� 3� 
� K���� ��  ?� ����1 # ���� 
�-. ?,�< 0 z8�� # T�� 
�-. -���2 d�. �-++� @3	� �9

��,;���$R ��,�k -+Y 3� ���q��� ��23  ?���(��� �,3 P	�[ ?� �9 ��7%�. ?� ��0��0 �,��2 ) ?5��	4(:  

) ?5��	4(                                                                   −∑ /�)('. ��) + 0) −,1
�2�   ‖'‖� 

3 = �

�
 

 ?�λi -+Y ��,�k ��,;���$R T�� �� # -0�� �q[ ��v �, �q[ -���2���� ?.���� j'� #�9 p,��k ?� �,�:��v �:  �q[

�� �	�# �,�
� ?����� 	� T������ ?.���� N,� # -��0�� ?�Q�+0 ������< 
�:	���� ���+. ?� �: -��0i�t��7��)24  #

 ���	�7�:2000 :1207����: f25  ���	�7�: #2001:2(.  e�8���d��� �%�8� 6���2  K-� 	�SVM  �$� T�� O
� �%�Q

?�M: 6���2 ?Y 
��)�� , �4, 
��,3 �-0 ���q��� # ��
+��< Zn���
+2 .-�� ���� 3� �9�: 
��� 	�� 	� ��  ����M$
� 

3� �:���	�� -�q� ?�Q�+0 ���9 .-��0?� �,�: N,� P	�
��: �	 ���� ��-+:� -+2	��. 3�: 

 �5Q 6��2                                                                                           �)�� , �4, =
��
5 . �4  

	�)�� , �4, = )". ��
5 . �4 + 6,

7
, 8 > 0               ?%�" -+Y 6��2
� 

                     �.��0 ?,�< 6��2                                               �)�� , �4, = ;<=)�� −	�4,
�
, 8 > 0  

6��2 
�'%]                         tan ℎ = (y. ��
5 . �� + 6)                                                                        

 ?�r, y , d  
�:����	�< 6���2 ?�M:
� -+�M: # ?� P	�[ ���� �	�# ��.-��0   

d��� �k�] g:#;< 	� ?,�< �.��0  (RBF) ��3�#� 3� 6��# 	� .T��$ 	��� ���q��� �	�� 	���� ������< N�0�� K-� 3�

N��3 �5Q T���M] ?�'� ?�
2 	�x+� ?� �d��. 3� ���q��� �� �:	����� 3� `, �: �,��'� ?� T�� �-,��$ ���q��� @1!�

N�0��������< 
�: K#-") T�� �-,��$ ?���(� 	����3'� -�� ?%]�� 	� .( ��#-(� 	� �:����	�< 3� `, �: 
�-. �,��

@1!�N��3 -��� & �+� # ��"�� 
�:���� ���� �	�# �� # -,��$ }��8��� @1!�/�� j�(� 	� 	� �: 	�1��WEKA 

2.7.12 N�� �-0 pM� P�3����� 
�-. ?+��� ?� -,��$ ?���(� �1�� P	�[ ?� d���. 3� `, �: �3# �0  �21 �� .-0��

 T,�
� 	�?�'��9 &�q%2 3� # �-0 6�" O: �� �bu� d���. ��3# 
�:N��3 T���M] �,�
� ?�'� �:��5� ?'5+� @1!� �2��

 .-,��$ d[�] O�,	�)��SVM ?'�  `, �-. N��  T���M] ��1�� ?� T�� =n� #� 
��� 
-+�0  �21  ���� g,���

JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ  
23. Lagrangian 
24. Scholkoph 
25. Hastie 
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�� �-. ?� ��1�� N,� ?Y �: # ��01 `,�1��,3 T���M] �-0�� �2N��3 s��# ?� 
� s��# ��7�� # ?�0�� @1!�N��3� @1!

?� �"#�Q ?�'� T,�
� 	� .-0 -:��Q �����T�� �j���� �N�,�< �N�,�< 	��M�) ?'�  y+< 	� @1!� T���M] ��1�� 3� �-�9

 d70) -0 O���2 �2����5� ?'5+� 3� (R�� 	��M� # R��5 .(K�� 	� O�,	�)�� N,� 3� �7, ���+. ��Q� 
�:e��(� N,�2

@#	?'�  Pn7�� d] T
" �:�%$#3�#��) T�� ������$	 # 
-+�  ���	�7�: #2014 �431T�'��� y,��� ?� # ( 
1��9

?+
< ?%�" 3� Pn7�� 3� 
	��M� 	�N��3 T���M] 
-+� ���	�7�: # �����	�<) T�� ?���, T�� @1!�2013 �352 f

 ���:���<2013:354(.  

 � x[5a0��4 

,�<4 ,):P ,?��I� /

� ,<I-� CDE� =)�� B)���J  

�� ���� �2����5� ?'5+� 	� �"#�Q ?�'� 3� �-�9 T�� ?� y,���@1!� ��7�� ?:���9 ?� `,�1� & �+� -:�� 
�,A< 
����

 6��2 =��� �� # ?�0�� SVM – RBFO: .-�	�� �� �8� N,� s��# 	� �	 ��bc2 N,����� ?:���9 d��.�� N�+Y =��� ,�N 

?�'� �"#�Q g�� 3� 70 -[	� 3� N��3@1!�
�: w�q2� ������ 	� ?'5+� �2����5� 	� =n� �5Q 	��M� R�� )99/0 – 

86/0 (�	 ����  T�� ?� �����-+:� T���M] ?'5+� �	�� ?���5� ?� s��# �-,-< N��3@1!� T��.O:N�+Y  O���2 ?�'�

�� ���� �-0=���� jQ T�� 3� ?� -:� ?+0�< T�� ?� �:?+���@1!� N��3 s��# T���M] 	�-'� ?� �: �(5� 
�:

 ��#1��?� ��� �-:��� �2 _�	 �< ���2 �� �	 & �+� N,� ?� 
	�  ?� fT�� �-0  ��	�7�: # 
��3��0 y,��� �� y,��� N,�

)1396 .�	�� T'��5� ( 

  

  

  

  

  

  

  

  

  

  

  

  

  ) ^*�5=)�� B)���J ,�<4 ( ,?��I� /

� ,<I-� CDE��U(4
�\4 :SN-�)(� 
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���� ������ ��������� 
� ��  !"� #��$� %���  � &'() �*���'+�,�$-)26 
���
�� � �2012 �331( . �23

4�5 ���+�$6 ���76���� 8$9�  �  !"� #��$� ����&'()&�� �� :���� �$3� ;��7,� ;��<=�3 ��Chi-

Square  � ���2*) �
���
��2014;�6 ?
���
�� � @�Aa  2015 �(Relief Significance ;� � ����)27 �

2005 �(Gain Ratio ��$������ � ��,�+)28 �2014 �(Information Gain Ratio 
��6) � ;��

�
���
��2016( DE�* ��  F�� 4��G5 ��(IGR) Information Gain Ratio ��=��$-) ��� ��)�� <-29 �

19934�5 ��=��9 D�HI6 �23 ��� ��2�I�5 �� 
� ( ���J� .�* L��M,��  !"� #��$� ��- ����IGR    6N��


�I+L���� ���+�$6 ;g�<K-� 
��� �bu� d��. �9 �2R�� �+�� ���	�7�: # 
��3��0) T�� 
3��1396 :231 T
" .(

O
� �,���+0# �� �bu� d���. N,�2N��3 s��@1!� �?��	 	�� ?� �bu� d��. ��3�#� N�� 3� ��2����5� ?'5+� 	� �(5� 
�:

 ���39 3�IGR  .-0 ���q��� 

 �$�F ���� 
�: �� �03��9n # 
�#	# ?����, F) n(�� ?���� ��-�2���� 	� �: �03��9 
�:F  =n� ?� &%�����  

N��3)N��3 /-. �@1!�	�[ N,� 	� �-0�� (@1!� ?5��	 P5 :O,	�� �	 

C DE	(F) = 	−∑ 1(GH,I)

|I|
�
�2� log�

1(GH,I)

|I|
																																																																							 ?5��	

)5(  

N��3 s��# �� �bu� d���. ?� ?"�2 ��@1!� O�M'2 
��� 3��� �	�� P�.n � 	�-'� �F  ?.���� ?�(F�, F�, … FN)  3�

 ?5��	6  :���$ �� �	#9�� 

 C DE	(F, O) = ∑
IP
|I|

N
42� C DE	(F)																																																																														  ?JJ5�  �	

)6(  

 zQ�0IGR  d��. d|� m�Q �bu� d��. `, 
���S  ?5��	 3� (p�0 :K�|� /��+. ?�)7 �� ?���(�:��0  

	� DE6QRS�E 	TR� 	6RS�E	(F, U)

=
C DE	(F) − C DE	(F, U)

UVW�S	C DE	(F, U)
																													(7	)?5��		 

 �9 	� ?�Split Info �����-+:� O�M'2 j��2 �-0 -���2 P�.n � 
F ���� ?� �03��9 
�:L  ?� T�� ?.���� �,3

?5��	 3� )8�� ?���(� �,3 (��0:  

UVW�SC DE	(F, O) =
∑

IP
|I|

X
42� WET	�

IP
|I|
																																																																							(8)	<O���   y,���  N�)����

zQ�0IGR  
��� N��3 s��# �� �-0 e�8��� �bu� d��. ��3�#�@1!� ?���5� �	�� ?'5+� �(5� 
�:T
"  ���,3	�

g�< �,����2K-� �+��  �01!�  	� K#-")3(  p�2�2 ?� zQ�0 N,� �,��'� N,����� T�� �9 �)���� y,��� N,� .T�� �-�9

 
�+(�� ��,	� h5� 3� s�q2	� �p�0 T
" �p�0 ?"	� p�0 ���  
�+(�� �
-�0	�Q g��2 P-0 �?:���9 3� ?%[�� d���. ?�

����p�0 �k�. 
�+(�� �p�0 ��� dM$ 3� ?%[�� �
������� ��k�	� 
��	�� #  .-+���, m�\�Q� ���" 3� ?%[�� 
  

  

 ��(63 : U2G. ^�.
Z =02P �:� =))?PCDE� 25 
.j �P�?��I� ,<I-� ��� (��U(4
�\4 :SN-�)  

JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ  
26. Costanzo 
27. Ahmad & Dey 
28. Nithya & Duraiswamy 
29. Quinlan 
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2GH� ^�.
Z IGR  =)\4�)� 2GH� ^�.
Z  IGR  =)\4�)� 
,�.251 �. ,K%�� 951/0 9)� ��
�?� ��-[4. 016/0 
�()�

8 �5�P 7(� 025/0 9)� �F2Z ��-[4. 015/0 
9)� ��
A ��-[4. 023/0 �F.
. �25
�� 012/0 
9)� ,6
/ 022/0 �	
�
�)� 011/0 
9)� B:6 021/0 ^�U �. ,K%�� 002/0 
�0
/ dI� �. 3�MP
. 017/0 �/�6 �. ,K%�� 001/0 

�(� /2*K�Z
�N�Z. � ���1 �Y-��/./ _��. 25 ����)K?P ���30 �/./ �B[% ����Y-�31   

 ���,3	�O�,	�)�� ��7%�.RBF - SVM  T
" g�< �+��T���M] N��3@1!� 
�: �2����5� ?'5+� 
�:	���� j��2  

sensitivity, specificity, accuracy, RMSE  T��$ 	��� ��	�� �	��  K#-")4 .( ��-� 	� �=��� N,� ��

 ?� 
�:	���� �,��'�sensitivity, specificity, accuracy  ?�Q�+0 ����+� K-� �-+0�� ?�0�� d,��2 ̀ , T�� ?�

�����2) ��0# 
��  ���	�7�:2015 :13(.  
) ��(64
�)?� u2� (,5 �
��1 �����0

\�. _��. 25 ,��
 
�� RBF - SVM �P�?��I� ,<I-� 
/(��U(4
�\4 :SN-�)  

  
 ?� ?"�2 ��?� y,��� K#-") 3� �-�9 T��5 ��bu� 
�:	����� N,��
� 3� ���q��� # (O�,	�)��RBF - SVM   ?.���� 
���

����T([ # ���%�2 
�:���� 
��� T([ # T���q0 �T���M] 
�:	���� ?� T�� �9 �)���� y,��� .-0 ?�Q�� ��+�: 
�

���%�2  p�2�2 ?�951/0 �966/0  #958/0 �� 
�� 3� .-+0������ 
��� �,��'� N,� y,��� �),�T([ 
�:p�2�2 ?� ��+� 

850/0 �850/0  #851/0 �� .-+0�� 	�-'� �N�+t�:RMSE ���� 	�O�%�2 
�:   	�-'�058/0 ���� 	� #T([ 
�: ��+�

 	�-'� ��126/0 ��T�� ?� 	�-'� ?� -0������ 3� �-�9 ?� T�M� 
���� 	�-'� 3� ���%�2 
�:����
�: T([ �� ��+�

 	�-'�126/0 T�� 	��	�Q�� ?� K-� 
R�� �)���� ��Q ?��� ?���5� �	�� ?'5+� 	� ?��	 	��-0�� .  
  

  

  

  

  

  

JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ  
30. Training dataset 

31. Validation dataset 
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) ��(65�(� �5�0�
. (�/./ ������)K?P ��� B[% ��Y-�  ��0

\�. �5RBF - SVM  (��U(4
�\4 :SN-�)  

�/./�Y-� B[% ���  �/./��)K?P ��� $8�� 
17 58 True positive 
17 57 True negative 
3 2 False positive 
3 3 False negative 
850/0 951/0 Sensitivity (%) 
850/0 966/0 Specificity (%) 
851/0 958/0 Accuracy (%) 
126/0 058/0 RMSE 

  

,�<4 B[% �5�0�
.�)� ���=)�� B)���J �4�*� �-)5CDE�,?��I� /

� ,<I-� �[I� ��� 

N��3 T���M] 3� 
	#�k g8� `, ���+�	���.��� 	��0 ?� @1!�?�'� # �#	N��3 T���M] 
�: �#-� @1!�

�� @3	� -��� ��+�	���.�)  -+0����:���< �2011 :334(. N��3 T���M] ���,3	� �k�] g:#;< 	����� �� @1!� 
�:

T([ # ���%�2zQ�0 3� ���q��� �� ��+�< ��� # T�'��� ��� 
�:g�k�] K�] 	� .T��$ 	��� ��+�	���.� �	�� �+�� �

g�< T�%���@1!� T���M] �+�� �+(+� �,3 h5� 3� ���q��� �� ?���5� �	�� ?'5+� 
�:(AUC)  	��� ��	�� �	��

 	�-'� 3� # T��$AUCg�< T�%��� # T�'��� ��� -[	� ����� ?.���� #� �: �+������ # �03��9 
�: ��+�	���.� 
�:

 ?���7� ?�'� T([ ���,3	� s�k�� 	� .-�9 T������ 3� O: @1!� N��3 s��# ?� =�M] & �+� ���,: # ���%�2 
�: O

���� 3��� ���q��� ��+� T([ 
�:���� 3� ?� ���)+: =��� N,� �� .���$��0 ���q��� ���%�2 
�:�  �+(+� ���

T�'���success rate curve (SRC) ��)+: # �	�� /��?� � ���� 3�T([ 
�: ��+����0 ���q��� �+(+� ��� 

g�<�+��prediction rate curve (PRC) �� wn � ���$ ���	�7�: # 
��3��0 )2017 :13.(  �,��'�AUC 

 N����5/0��� 1 �-,� # T��K9��+Y . �	�� �	 �+(+� �,3 h5� N,����� �K-� N,�2 3� ��
� �	 �01!� ��-Q	 -����� ��-� ?Y

-,�-�3 N��82 �����]� ��$�  	�-'�AUC  �95/0 �+(+� ?� ����3 # T��ROC   ?�0�� `, �� ����� �+(+� �,3 h5�

?+
< ?�'� 3� �	 T�� N,��
� �-0���� ���� 
-+�) -:��+�-��.  ���	�7�: #2017 :8�q�� �)�M��: .(-  �,3 h5� ���

) :T�� P	�[ N,-� N��82 ���,3	� # �+(+�1 - 9/0 f���. �9/0- 8/0 fe�Q �%�Q �8/0 – 7/0 fe�Q �7/0- 6/0 �

 # fj����6/0- 5/0(���k � .) �	��0 d706?�'� T([ ���,3	� y,��� (g�< 
�:@1!� N��3 T���M] �+�� 
�:� ?'5+

 3� ���q��� �� �	 ?���5� �	���+(+�ROC   
�������T([ # ���%�2 
�:�� ���� ��+�.-:�  

) ^*�6 (,�<4 �5�0�
. CDE� =)�� 3
>� ,5 _��J @A�-� �-)5 �)� _��. 25 �[I� ��� ��0

\�.SVM �/./ �5 ��)K?P ���

�/./ �5 � (Q�.) (m) �Y-� B[% ���(��U(4
�\4 :SN-�) 
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�� ���� d70 N,� �-:��� �+(+� 	� ?� -:�SRC ���� =��� �� 3� ���q��� �� �+(+� �,3 h5� 	�-'� ���%�2 
�:

 O�,	�)��RBF - SVM �970/0 �� O�,	�)�� N,� T�� �+�� N,� ?� ?� -0��97 g�< �,����2 -[	� =�M] & �+� �+��

N��3 s��# ?� �+(+� �,3 h5� 	�-'� ��+� T([ 
�: ���� 
��� ?� T�� ���] 	� N,� .T�� ?�0�� �	 @1!�PRC �

882/0T([ y,��� ��%� 	�  ?� .-�9 T�� ?�?�'� ��+� K-� 3� �-�9 T�� ?� RBF - SVM  �� 	�-'�  T]�M� -[	�

���� �+(+� �,3���� �03��9 # ���%�2 
�:K-� ���. ��7%�. �-++�SVM  .T��   

,Y)�4�2)U  

N��3 s��# 	� �bu� d���. �,���+0@1!�?+
< # ?'5+� `, 	� ��"�� 
�: T
" ����� 
�:	����� 3� �7, �9 �5Q 
-+�

 �-,-< N,� K��+� 
�:	�7:�	 ?� �������p��+� e�8��� #
���	�� # N,�2�� �bu� ?+,1$ N,�2���,3	� .-0��  T���M]

N��3?%]�� -+Y # �-�t�< -+,9�� `, @1!� 3#��� ?� �2 .T�� ?���$ 	��� ��	�� �	�� ��''(� 3� 
	��M� j��2 ?� T�� 
�

@#	N��3 T���M] �	#9�� T
" �q%�8� 
�:@1!��9 ��7%�. # �:�3�-�� =��� �� �:
��$ ��5� 
	��9 �%�8� 
�:

 6��2 g:#;< N,� 	� .T�� �-0RBF  @#	SVM N��3 T���M] ���,3	� T
" �	�� ��	����� �����
0 	� @1!�

 
�+(�� ��,	� h5� 3� s�q2	� �p�0 T
" �p�0 ?"	� d��0 	����� ��3�#� 3� ���q��� �� g:#;< N,� .T��$ 	��� ���,3	�

 
�+(�� �p�0 �k�. 
�+(�� �p�0 3� ?%[�� �dM$ 3� ?%[�� ��k�	� 
��	�� �
������� �-�0	�Q g��2 P-0 �p�0 ��� 

� ?%[�� # ���" .T��$ 	��� ��	�� �	�� ?��Q�#	 3�,���9 3� m�Q j,��0 # �:-�3�� ?� ?"�2 �� ��	����� �����
0 ?�

N��3��� # ����$�<�2 �(d�0 # �	�� ?%�" 3� @1!� ?� =�M] 
�:-�3�� ��"#) ���+0dM$ ���� KM$) ?'5+� 
�: d

) i�� d70 ?� ��#��� @	�� # (=�$�3 �%[� -,-"500  �21000 �%��?+��� # (��� 
�:-+,9�� T����� # 	�-,�<�� 
�:

e9 �-��� �7,�����	�����#N��3 & �+� ?%�" 3� �,��:@1!� -,-�2 	� 1�� ���M�� d���. .T�� 	��� # ����� 1�Q


	�-,�<�� P���] # �:���2�� 	� �;,# ?�) 
�?+��� ���� K��������" &,�  3� �:?�72 ���� N�� 3� # 
3�� g'� ?+��� ��$

N��3 s��# �� �-0 ?�Q�+0 �bu� d��. ��3�#� ���� 3� 	�A$�b� d���. N,���
� ��	�� y,��� .(-�	��@1!��� ?'5+� 
�: �	

 K-� =��� �� ?���5�RBF – SVM ?�'� �-:��� # T���M] N��3O�,	�)�� =��� �� @1!�  ?��	 	�� ?�� ��0 ��

N��3 s��# 	� �	 ��bc2 N,����� ?:���9 3� ?%[�� d��. ?� @1!� �2����5� ?'5+�& �+� ����� �N�+t�: .T�� ?�0��  ��

?:���9 K�\2� d(� ?� `,�1� ?+��� ?� �,�" (?+��� ?+0�<) ?+��� 
�
��� 	� ��,3 �%�Q # ��,3 T���M]�� �:� ����$ w�q2

��e9 T��] ��� N,� d��� -,�0 .-���?:���9 i�  3� �(5� �,3 
�:?+��� T�� ?� �: ?
�" `, ���,� # i�� � 
�:

N��3 s��# ?� -0�� ?�]�� N,� 	� ^�Q �0�� T�#�'� g:�� # ���� 	@1!� ��	#9 O:��� �	 ���� &�. �� �(5� 
�:

T�� ) ��	�7�: # 
��3��0 y,��� �� ?�1396�	�� T'��5� (@1!� �$-+���< ?� T�M� �,�����!" P�
" ��	�� . 	� �:

���� �2����5� ?'5+���N��3 ?� T���M] N,����� ?� -:��� R�� ��8�2 d��� ?� ���+" P�'�  	� @1!�� ��	�� .-0�

T�� ?� y,����� ���� ?'5+� 
������� 3� �-�9
�:-]�# ?� -:��YZ  
������� ��?����`:9 _+� �����%)+��_+  #

���  
������� ���	�� # d�0 �� ?$	���: 3� `:9  ��	_+� T�:�� ���� =�M] d��� ?� e9 eA" �� ?� �-0 ��a 
�:

?,R �	�Q �� �.�� # ���� �-�< �.��2	� T��]�� @1!� P	�[ ?� �,R�� 
�: s��# 	� T���M] N,����� 3� ����$

N��3 .-����	�Q�� @1!� 3����9�,N��3 ?�p�0 	� @1!� g+2 ?� T�M� �0�� T�#�'� 
�:#��� 
�2�� d��� ?� ���� 
�:

) ���� �0����	�7�: # 
��3��0 �1396 �244 ( #p�0 	� T��8k �� ^�Q ��"# # ?���2 /-. d��� ?� O: ��,3 �%�Q 
�:

 �� ?���� 
�: p�0 	� N,����+� .�-���< �� s��# ?� ���� ?�]n� d���s��# ��-�2 	�x��� ���2 �� j,��0 �,�� 
#�M2 


	���:�� O� s�q2	� in�Q� # ���� 
	�:�� ?�2 d��� ?� �K�] N,� �� .T0�� 
����� @1!� N��35� �	�� ?'5+� 
�: ?���

)1388 N��3 6,3�2 (���=n� 	� @1!� ?� ��� ���� p�0 ?"	� 
�:N,����� �9 3� -[	� 3� ���� 
�: p�0 	� �:15 

?"	� )43/39 ���� ��� �	 (-[	�) ��	�7�: # �+,-��. y,��� �� ?���� N,� -��2017 �+�� (N,� �� ?� ���+. ?� p�0 ?"	�

d��. N,�2	�A$�b� ��-0�� .�	�� T'��5�  T,�
� 	� K-� ��+�	���.� T
"RBF - SVM  s���� 3�60 ?5'� �01!� 
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 �2����5� ?'5+�40 ) ?5'�70 % ����\2 	�  ?� (K-� T
"���� # 
3�� �-���20 ) �01!� ?5'�30 % ��+�	���.� T
" (

 .T��$ 	��� ���q��� �	�� K-�O:?� y,��� N�+YT�� 	� @1!� ?� T���M] N,����� ?� ��� ���� �k�	� 
��	�� 3� �-�9

/�� 
��Y ?� ?"�2 �� ?� �	�� ��"# ��2�� �k	� ��Mq2 d��� s�k�� N,� 
��	�� N,� h5� 	� �:�� .-0��� 	���.� ��+

 �+(+� 3� ���q��� �� y,���ROC T�� ?� �,��'� # 3� �-�9SCR )97 % # (PCR )2/88 %���� (g�< T�� �-+:� �+��

 K-� R�� 	��M� T�'��� ��1�� #SVM �� �T���M] 
�:	���� 3� �-0 ?��	� K-� ���,3	� 	�x+� ?� �N,� �� �#n. .-0��

��� 	#A�� # T([ �T���q0?� �,��'� �=��� N,� �� .-�-0 ���q��� �5Q P��T�� K-� 	� �-�9RBF - SVM  	� O:

�������� 	� O: # ���%�2 
�:K-� 	���.� # T([ �x� 3� �-0 ��a K-� ?� T�� p%5� N,� �)���� �03��9 
�: 
3��

	��M� T���M] =n� y+< ?� �2����5� ?'5+� T,�
� 	� .T�� ?���$ 	��� -�,c2 �	�� �%�Q �j���� �R�� �R��  O� # O�

?'� ���� y,��� ����2 ���,3	� ?� -0 
-+�g�< T���� # R�� ��7%�. �-+:� K-� e�Q �+��RBF - SVM  	�

?+
< �,���+0�� ?� T�� �01!� 
R�� d����< �� �:N��3 P�	�MQ # P��5Q g:�� �p��+� ��7� e�8��� T
" -���2-

?����� �@1!�
1,	�� 
�:O��\2 # T,�,-� ��k�	� 
��	.���$ 	��� ���q��� �	�� ��	����� �����
0 	� ��
� 
��$  

  

S5�-�  

• ?��#	� �����
� ��,�q[ ��%. 
�1377?+��� 
	�-,�<�� 	� �9 ��bc2 # N��3 
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