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3- Geographic Information System (GIS) 
4- Multi-Criteria Decision Making (MCDM) 
5- Multi-Objective Evolutionar٣y Optimization 
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6- Location-Allocation (L-A) 
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7- Site Suitability Analysis 
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8- Analytic Hierarchy Process 
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9- Multi-Attribute Decision Making 
10- Simple Additive Weighting 
11- Technique for Order Preference by Similarity to Ideal Solution 
12- Elimination of Choice Translating Reality   
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1J�$ ?�( �� �;��#�$ -( g� �; �lV� �#�;( 0< 0 .	 �< 0)�NO$ P$(.Q (b#�E	 �� ,6�#:
�$ P#8\	 =-4 �(��<�.":

W= [w1 w2 … w3]

k�	##�	�$ ?��E	 �#< b�)$#=-4 S!" f��(� 
(��	�$ ?��	�$ >�C1d�J -( ���E	 �#< b�)$#�$ =-4 �(��< �� S!" f�#< �;��0�+�

$�!�/ :
= wj j=1,2, …, n 

 k�( PJ ?*���S!(!5 4 H/�S!H/
( PJ �:(�S!�< H/A*( !5 4�S!�< H/−A( �� �." S�(� =�\��_�.d ?:
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},...,...,,{ ***
2

*
1

*
nj VVVVA =

},...,...,,{ 21
−−−−− = nj VVVVA

0'*
jV�*�<��$ �(!)$ ?#��j< -(#?&: 9��	�0@4 �;−

jv�	!<��$ �(!)$ ?#��j< -(#9��	 ?
&:�0@$ �;�!"�< .

k( PJ -( 01d�� 0l+�h$�S!( !5 4 H/�S!H/
k( ���(�< 01J�$ ?6&: �; �( PJ -( 01d�� 0@�S!!5 PJ -( 01d�� 4 H/(�S!0l+�h$ H/
$��.":

∑
=

−=
n

j
jiji VVS

1

2** )(

∑
=

−− −=
n

j
jiji VVS

1

2)(

�;�l" G%�" 0l+�h$ 

�$ 0l+�h$ ��- 0K<(� -( 0@�&: �; 6(�< �;�l" G%�" 01J�$ ?��%/ ���.":

)/( ** −− += iiii SSSC

S!�( 0< �Z� ��.$ 0@�&: 0[�;0<�\$ H/ g� 0< =/ �;�l" G%�" �(!)$ ,!"�< �	
g��&��.< !;(.% �	.

�4�0@#�< 6�;0�!;!@[ 6-�+ 

�4��$ (� 0�!;!@[ Pr�V$ PJ 6�;< S4�: 0+ 0< =(.	0�.�� b#V)	 ��- _�.d
),�.� �+!X��~| :�c���:(

�4�=-4 =4!< 6�; �;� 

�4� ?�( ��b#�E	 �;��� Pr�X A(!;( ?#< �h# �	 S!��#:�." .�T�J g� 081< 

S!�(�$ 2���	 H/S!�( �T�J 0< �8��&� ,>�3*�( ��#�$ 4 ���:�$ H/�<!".



1h	#1��4� -( S��W*+( �< �;6�E	 #b:#�6�$!@[ #�< 4 S��#0@-�+60�!;!@[ ... ��] 

�4�=-4 6�; PJ -( PlX �;� 

�4� ?�( ��b#�E	 A�a -( 0TUV$ PJ -( PlX _�h# �	 �;�$ 0r(�( S!��#:�." .?�( 0<
�$ F#	�	 0< P�!l	 (� 0�; 4 F#'�	 b;�< (� A!; D<(.	 =-4 �(��< g� -( S��W*+( �< =(.	

�.�� A!; g� .A!; -( g� �; 6(�< F+�@$ =-4 >�3*�( ,P�Q �� !@[ �; 6�(."� ��' �;
 �+()Konak et al., 2006.( 

�4�=-4 6�; PJ -( !�< �;� 

�4� ?�( ��0Q.�M$ (!*<( �;>(.  -( 6( >.1^$�� 6�;)S(�PJ.	��� 0@#�< 6�; (<0�+�
�$!�/ .>(.  w+.	 0' �+( �<(.  ,>.1^$�� >(.  A(!;( 4 �.\� >.1^$ �m�� 6�;

� ?#$U	 �T.lX P<�X !J �� (� 21*3$!���.

�$ S!" 9`Q( _�h# �	 0< 0 .	 �< =/ -( ��>(.  -( �8� =(.	=/ ?#< -( (� �; �;
�.�� >�3*�(.

!@��$ >(.  g� 0' �+( L#5.	 0< 9-ox>(.  �< �#Z� 6�m�� y4 �:( ,�+( FT�y 
-( �	!< A!; D<(.	 -( g� �#; �� �:( ��@	y-( �*�< D<(.	 -( �8� �� PX(!J 4 !"�l� y"�< !.

�4� -( j#)h	 ?�( ��NSGA_II �4� 4&  0'�$ PJ -( !�< �;!�-4 6�; ,!"�<
=�8$ 0TUV$ PJ 6(�<�+( S!" S��W*+( �<��.�< 0�!;!@[ �1$�8	 �4� g� ,�4� ?�(

 w+.	 0' �+o�< �	�l+�h$ �Q�+Deb (2002) !���: 0r(�( .

b*��.mT( �1d( 0)1JNSGA-II P8" ����+( S!" S�(� =�\� .�#��  (!*<( 0#T4(
<0!#T.	 ����E	 _�.d)P0(�$�." .=(!�-�� �#��  !#T.	 6(�< )Q0(S-(!�( 0< ,N�4� -( 

0)<�V$ >�3*�(�$ S��W*+( I�  4 F#'�	 6�;�m1�Q 4 6(���: .F#'�	 �<P4Q�#��  ,
RS-(!�( �< 2N �$ P#8\	0l	� 4�."94-.$4�' �; 0< 4 H��Q( =/ 64� >.1^$ �#y 6!@< 

�$ S�(� {�E*%( 0l	� LK+ f�+( �< �:!�-(�< �(!)$ g��." )�LK+ ?��*�< 6(�< .(
94-.$4�'=/ �(!�	 0' �hK+ �	 g� LK+ -( �; 0< �;N�#��  4 !+�< Pt+1 !@;� P#8\	 (� 

�$ A�J 0#)< 4 >�3*�(!�." .!#T.	 6(�<Qt+1�$ S��W*+( I�  4 F#'�	 �m1�Q -( ,�.".
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D� S��$/ 4 6�4/S�(� 6-�+ �; 

( ���S�(� ,01J�$ ?�;6� ��.$ #)$ 4� �� -�#f��:|��� 4�:|����D�  �4/61' 4#0
=/+ 0< �;#.E	 b*V��UTM!l	 �!�!" P.

S�(� -( S��W*+( �<�;6D�  �4/6�)<�K$ 0)K@$ �� �. .$ ��(.Q �< �NO$ P$(.Q ,S!" 
!�!" S�(� .$ �� ��+ �; ��.�=(�l  P<�X 9.�W$ P$(.Q -( g�y �#���.$ =�.< =(�l  P<�X

+��<����:�(�X .

�$ ��.$ ��#�;��6y#�,=(�l  P<�X��$ !J g#< ?#\#0@��' �#�< 0@�=�8$ >�3*�( �� !
�Q���." �.	�.d �����	 p�" �Z� ��.$ =�8$ 0'�< ,!"�< 0*"(!� (� S!" 20=�8$ =(.@Q

F = fast non-dominated-sort ( )
F = (

Until until the parent population is filled 
Crowding distance assignment ( ) calculate crowding distance in

include ith non-dominated front in the parent pop  
i=i+1check the next front for inclusion 
Sort ( )
sort in descending order using 

t=t+1                                                   
increment the generation counter 

���)�(�	
��
�� ���� ���� NSGA-II)Deb et al. , 2002(



1h	#1��4� -( S��W*+( �< �;6�E	 #b:#�6�$!@[ #�< 4 S��#0@-�+60�!;!@[ ... ��� 

y 4 v.@�$#*+(�)1	 ��(!���< -( 4 S!" #=�8$ ?�;6(�< ?8�$ 6(�� �� >�3*�( �=�8$ !@�<��
$ A�J����: .$ ��WT�x$ =(.@�<�@'#�< PX(!J f�(!$ =�8$ 0' b�!��� �< �*$
S�:��'�;6m@+ #!@"�< 0*"(� 01d�� ?.( ���?=�8$ _�.d�;6�� DX(4 ����*$ 6(�?

$ A�J ��(.Q�!�." .�$#�;��6 P<�X(�< =(�l6�	##$ ?#<.1K$ 4 F+�@	 =(&#=�8$ �
��	 �Z� ��.$�S!" 2�$ !J �WJ 4 !�(#@�(�< 6=/�4�5 �;6�#�V.<00[�; ,H�x$ =(.@Q
<�3*�( =�8$��;�C� 0< 6�&� &l+ �g*$( 4 �+( �*�< ,!"�< �	#�	o�< -�6$�:#��.

�4/��� 0< 9-o6%�< ��.$ �� 0' �+( �; �+( ?8�$ P$(.Q -( =(�l  P<�X �T�J 4� �
y 4#�." 0*��: �Z� �� =(�l  P<�X� .!<��$ 01d�� �	 0' _�.d ?#@�=/ -( ja�@$ 4&  �;
y#(�< -�M$�6!"�< 0+�!$ �(�)*+( .X�< ja�@$ ���S!��$)-�M$ (�#$ &#<.1K$ 4 F+�@	 =(&#�

=�8$�;601d�� 0< 0 .	 �< 21*3$ (64�W*$ ,!��(� �Z� ��.$ ��(.Q -( 0' !"�< _.

=�8$ A�J=�8$ F+�@	 ?##�	 4 F+�@$�� 6�;S!���#X�< 6�; 

( ���(!*<( ,01J�$ ?�]���VX �� =�8$ �;6!" 0*��: �Z� �� 0)K@$ 21*3$ .0$(�( ��
o�0�;6	�Q`a( �1$(.Q 0< p.<�$ �( �Q�< 0' ��4!h$ ��M�!" ��!)y#=(�l  P<�X� (
(�<6(!*<( f�(!$ �(�)*+( ��$��< ,!�."�$ f�+(#�	 �Z� ��.$ ��#�< 4 0�!8�W1	 �m#j

!�!" .<001d�� �	 H�x$ �.a����*$ 6�<��' -( 6�;6*�@d ��Z� �� v.@�$ ja�@$ 4&  
!" 0*��: .�	 �� 0' �+( �'� 0< 9-o#1' 0#o 0�0�;6	�Q`a( �0)K@$ �.% �< S4`Q ,

�<��' ,0�T�K$ ��.$6�;6�� DX(4 �����*$6� S�4!h$ -( #$ &0*��: �(�X �Z� !!�( .

-( �� �8$ =/=�;6y ja�@$ �� DX(4 #!�!" A�J -�M$ �.( 0<�	�	 ?#F��q =�8$ 
X�< -�M$�!�< 01J�$ ��(4 4 !�!��$ 6!�!" .

( ���(�< ,01J�$ ?61$(.Q �Z�#��M	 &'(�$ 4 0��3<�*' ,���� �6-( 01d�� �(!)$ 0' 
=/�	 �� �;##$ ?#<.1K$ 4 F+�@	 =(&#�=�8$o ,!��NO$ f�(!$ �(�)*+( ��  �;�0�;6

	�Q`a(�	 01d�� 0\)� 4�#!" 0.$ ��+" G%�" �(!) �; �� �;�l�$ -( g=�8�;6
�4� -( S��W*+( �< -�M$ TOPSIS0l+�h$��: �!.
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0@#�< b*��.mT( g� �< 0TUV$ j#lK	=/ 6(� ( S.h� 4 6-�+ 

( 0< 0 .	 �<�?( �� 0'�F+�@$ =�8$ I;4Y� ?(�<6�< 0+�!$ 0�	 =�$&�; �.a##?
$��.mT( �� 94-.$4�' �; ,!�."��< b*#0@-�+61$�8	 �P$�" �$ =� �!"�< .=� �(!)$

 S���"�8�=�8$ -( �;6�+( -�M$ .�:(n!"�< 0*"(� �. 4 -�M$ =�8$ �hd �!Q g#L
<#?��	n0< $ S�(� {�E*%( =� �;�< B�."0�.a6�(�8	 �!Q 0'6���g94-.$4�'

!"�< 0*"(!� �. 4.�; 0<#	�	 ?#$��	 F���  �(��( #���<0���E	 �.a�T.	 #$ !�!�." .
�; ��+�08l" 01d�� 0< 0 .	 �< �5�)	 p�)� -( g(60<�8�-(�<�3*�( =�8$ �wl	�$ 

$�!�." .$ ������  0' �."#�&� 0< �5�)	 0K)� �; ��g�	�<�3*�( =�8$ ?�0� (�$ 
!@' .( 0<�	�	 ?#$ F�$ =(.	#:!�-(�< =(&��c(-( 0< (� 94-.$4�' �; 6�;�A!; D<(.	 -( g
�	##�.�� ?.T.	 �<#��  �!M$ !#�;�m1�Q -( S��W*+( �< �6'�	 #!�4� ,I�  4 F
�<#0@-�+6+� �	 #$ 0$(�( 0�	�% p�" 0< =!��!<�.

( ���0�.: 0< 0TUV$ PJ 0�T�K$ ?(6� �;�5�)	 9��	 zo4( 0' �+( ��N 4 !�." S�(� I".#z�
0< ��@	 �5�)	 0K)� �;��." S�(� {�E*%( 0+�!$ g.(�<6(��< ?#0@-�+6< A!; 0+ 0

- _�.d��!" 0*��: �Z� ��:

=�8$ �#<.1K$ 4 F+�@	 =��' 0@#\#<�<�3*�( 6�; 

�; �� �;�l" G%�"�=�8$ -( g�;6< -�M$ #$ �m��#�&� =(&�8�(�" 0< =�8$ =/ �w
(�S!+( H/�.<0	��lQ�( 0[ �; �(�< �(!)$ ?6=�8$ �;6<�3*�( �<#I�+( �*�< ,!"�< �	 .

( ���=�8$ �� �;�l" G%�" v.�M$ _�.d ?�;6<�3*�( ��<�< !#\#�." 0@.

( 0< 0 .	 �< �$(�?�< �� 0'#0@-�+6J(�a 0�!;!@[ ��' A!; 0+ �; S!" #$ 0@�,!�."
(�< D<�	 ?0- _�.d���	 ��!" 2:

Minimize OF1= ∑ =

=
−

5

1
5 i

i icl  

13- Population 
14- Fitness  



1h	#1��4� -( S��W*+( �< �;6�E	 #b:#�6�$!@[ #�< 4 S��#0@-�+60�!;!@[ ... �q� 

=�@[� 0'#( -( I�( �� !" S��"( ?�)h	 ?#j��	 F+�@$ =�8$ ##$ ?��." .�(!)$ 
=�8$ �� �;�l" G%�"i�+( 9( .(�" �� =�8$ i@� �; �:(�( z̀ $�' w�S!(�(� 4 H/6�(!)$ 

�g=/ �;�l" G%�" v.�M$ ,!@"�< )$ 4 i@� �;�' D<�	 �(!#0@-�+6OF1�.< !;(.% �Wd .

�+�*+� �� �T(!Q =��' 0@#\#< 

�.a �+( �*�< f�(!$ �(�)*+( =�8$6< 0' !�." >�3*�( #� Pd(.� ?#w+.	 S!" S�.�
I�(�0+�!$ �	 0)K@$ 21*3$ p�)� =(-.$/=�" )dij(!"�< �(�X�< H���	 ,.(�<6+��< ��T(!Q 

+�*+� ���%�" -( G�;6W1*3$ �$���' S��W*+( =(.	 .( �����(!��*+( A(�h�( ,I;4Y� ?
08l" Pd(.�(6<#Eh	 Ph$ �	 ��.8+ Ph$ ?#I�(� P(�< 4 0*��: �(�X �Z� !$ =(-.$/6

�'#�<�	 =/ =��' 0@�- _�.E< ���	 ���+( S!" 2:

Minimize 
n

dd
OF ij∑ −

=
2)(

2

( ���(�< ,I;4Y� ?6<0�08l" Pd(.� =��4/ �+(6T��/ -( #9�� �� 08l" &�(&�(
ARCGIS 8.3 �+( S!" S��W*+( .

f�(!$ �#��e ?#< H���	 6�(�X�< 

(�<6E3	 #I�(� 0< f�(!$ G< �+( 9-o ,=(-.$/#��e ?#I�(� 4 0+�!$ �; �=(-.$/
0� (�$!"�< �(�X�< H���	 =/ 0< S!@@' .( ���)h	 ?#��e 0' �+( S!" ��� j#�; ��0+�!$ 

��<(�< 4 =�V8~���	 !"�< �W� �5�)	6�4!J c����I�(� =/ w+.	 -.$/�." S�(� I".� �;.

Minimize =

Pij��  #I�(� �-.$/6�5�)	 0K)� -( 0' 6i=�8$ 0< 9(j$ 0� (�$ 9(�!@@'.

!���2 � �+ 32��4 

�.mT(�b*NSGA_II��)$ ?*��: �Z� �� �< ,�W1*3$ ��(�< 6PV� �(!�	 ��  4 �;#T4( �#0
" (� (!.*�k����  �< (� ( i#T4( �#0���� ,��< �(�8	 0Qk$ 0r(�( 0�.�� =(.@k����: .��)$��
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D<(.	<(�6�+�� �;6�<#PV� 0@��P8" �� |�+( S!" S�(� =�\� .

5�/)6()�#" 27� �8� 9��*% �:;��� ����% 

P8"��*�< ,���e 0< p.<�$ D<(.	 �(!)$ ?#+�*+� �� �T(!Q 4 ��PV� �� (� �;6
$ =�\� 21*3$�!;� .$ 0ZJ`$ 08��@[�1' �T�J �� �."��< !�4� 0$(�( �< #0@-�+6(�?

b' �(!)$�+( S!" �	 .�(!�	 �� !@[ �;6PV� -( ^	 =4!< D<(.	 �(!)$ �;##�+( S�.< �.

5�/)<(���#" ���� 2��� =	�$ >�9��*% ��<5?4 �) �+�@��A" 

< -(#?��%�< ,�%/ PV� �+�� �=/ -( H4!  �� 4 >�3*�( �;�S!" 0r(�( !�( .H4!  ��
��)$ ,�.'�$�< D<(.	 �0!@*V; S!" H�$�� _�.d.



1h	#1��4� -( S��W*+( �< �;6�E	 #b:#�6�$!@[ #�< 4 S��#0@-�+60�!;!@[ ... �q� 

B��C)
(���� ��/ B�"�4 D�+ 9��*% �2)�#" :!4*�4 =	�$ 

E�F*% 
G*��" 9��% ���#"

!� �8%H���I B)
 ����")J*	(

G*��" 9��% ���#"
!� �) HK���

 
	��	))J�)(

!� G*��" 9��% ���#" 
����7�	 � H��*�L"

)B��(
����/

b'�	�H4( D<�	 �(!)$ ?���/����/��
b'�	�94� D<�	 �(!)$ ?��/����/��
b'�	�9.+ D<�	 �(!)$ ?���/���

�*�<�=-4 �< �+�� ?�(�< =�V86D<(.	 ��/���/���/��
�*�<�=-4 �(��< (-�< �+�� ?)�/�4�/�4�/�(��/���/���/��

=�@[$ ��Z*�( 0'��< Pr�V$ �x'( !@��$ ���#0@-�+6�X(4 �; ,#3+�� ����(!� �. 4 0'
�< ,A!; 0+ �; �(-( 0<#!"�< 0@ .�< 9�M�( -( ��#0@-�+6$��54 =(.	#�+�� ��< (� �;

< �X�#I�	6+��< ��.$ ��(� �(�X .

<0S���" �+�� �� 0�.�� =(.@Q �)H4! �(=�8$ ,�;6S���" ��,~q,~],��4�q
<0S!" >�3*�( F+�@$ =�8$ =(.@Q!�( .(�'�	 ?#��8$ F�< �� #�+�� ?�;6-( ,�%/ PV� 
<#I�	�<.1K$ 4 F+�@	 ?#�+( S�.< �(��.%�< �)�(!)$��]/�.(�;�l" G%�" �+�� 0<
(�S!�4� -( S��W*+( �< 0' H/TOPSIS �	##(�< ,S!" ?6(�=�8$ ?< �;0	�	#�<(�< Fqc/�,

q�/�,��/�,��/�4q|/�$�!"�< .+��<��X.$ #0\)� �� 21*3$ ��(.Q ��;6p.<�$ 
$ =�\��< -( 0' !;�#( ?�=�8$ ?=�8$ ,�;�;6S���" ~q4��	�	 0< #�� F]|4��� 

�*$6��� S!" DX(4 �!�( .�&��8�lV� �(�=�8$ ?H4( D<�	 �(!)$ =!" �*�< �� ���� 0< �;
�+( S�.< �NO$ .E3	#I�(� 0< f�(!$ G�&� 0< 0 .	 �< =(-.$/�g�	�< -( 0+�!$ ?#?

=�8$�;6<�3*�( �(�< �+�� �; �� 6�+( 0*��: _�.d �5�)	 0K)� �; .�$ A(�h�(#< �� 0
(�< S!$/ �+�61'#Pd(.� 008l"(6a�( �� S!" ��<(�< �T�J ?��/��c$ �*$ �!"�< .

=�8$�;6S���" ��,��4�q�)	 ��&� �� z�l�8�S!" DX(4 b; !�( .-.	�=�8$ F+�@*$�� D�;
��e H���	 �Z� -( 0' S!" �Q�< �C� ��#�54 f�(!$ �#l+�@$�� ��( �� �< �+�� ?0�. 4

!�/ .	�.d ���%�< !@���; 0'�I;4Y� -( ;�6�#\#T��/ -( ?#F+�@	 &(�<6=�8$ �<��
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