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1. Sumic 
2. West  
3. Monterio  
4. Dynamic Programming  
5. Kumar, Hirose  
6. Non-linear Programming Model 
7. Grossardt 
8. Bagli 
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1. Least cost path analysis (LCPA) 
2. Multi-criteria evaluation (MCE) 
3. Qiu 
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&MM���� &�WBMM�  ���MM)7 	MM� &MM��O �MM�Z �C	MM
K Y�MMO 

&� �� e��)7 ��C V��* ��X :  
  ����MMM� �MMM4�n ��MMM)� � �nX x ,..., x� 1 ����MMM� 
 ̀ ���7 �	O��t��       ���' �	�� �� ���4X    ����M� 
�X	� 

*x      �7��* �� 
��� �O��( &���� ���'      �"���� &�K  [�	7 
   E�	X Y�O� �* * *Z(X) Z (X ),...Zn(X )� 1    &M���� �� 

��� .       ��r" ��	O��D 	� g	���� ���' �	��*
j ig (x ) b� 

) ��C� &�( j ,...,m� 1�� �0���   ��MX)Konak et al., 

2006 .( &� gG��)�          Y��MO� $�M� �� ��'�� V	\�	)7 5��
  5BMMM�" ����	MMM� 5MMM
� �aMMM
	? $�MMM�Z eMMM��a�

)Asgarpour, 2008 .(  
&MM��O��Z &�WBMM� EMMK ���MM�

�MM�  &MM���!� ���MM7 ���MM' C� ��   
��MM� $�MM�)7 �� 	MMO
&�  ���#      S C� ^� �O &�  &M� 	�"     ���M' &��M
0      �M,�� �	MO

              �%�M�D ���M� �MK �� �� eM��a� Y��O� 0 ���" ���t�
��� $��R7.1  

            ED��MK &�WBM� Y�MO [���7 F	�7 &� �X	� FCG �4�
�"�X   ���' 
x       �M�r" ��M,�� ���M' �� y   5M
� PM%	f 

)x<y(             C� �7�� Y�O [���7 C� ^� ��O �� �4� 	��7 0 �4� 

y �X	�" i(x z (y), i ,..., K)� � 1 �� ED��K $��s�O 0 

      C� ���� [���7 C� �/�y    �MX	� j j(z (x) z (y))� .  ����M'
 &� &� ���' &��
0      ��M�t� ���M' �	�M� �� �M,�� �	O

���' 0N' 
���" +�	? &���� �	O ��� �O��( �7 .  
 6
	? &���      �� ���t���f �	OX     &M���� &M���!� Y

+�	?          � ^� ��C� &� Y�O [���7 ���	-� 0 �7   &M���� &���!
+�	?   &��' 
�7  +�	?     �� +���	" 
�7   �"�MX .    &M���� &M���!�
+�	?   &���!� 
�7    �� +�� C�  EK         C� ^M� �O &� ���BO ��	O

 &� 	�"S   +�� &��
0  EK     ��" ���t� �,�� �	O   �"�MX .  Y�MO
         &���!� $��)7 
[D�0 �� &��O��Z &�WB� EK �� ��*�

+�	? &����  5
� �7)Konak et al., 2006.(  
  

2-2-)��  ����� +#�,� ��� ������� ���!  
   ^��"_ `����,%�2)GA (   5M�)�' �MX0�   	M���3    0 5M
� 

��           &M���� E]	BM� EMK ���� ��
	�� =0� �"��7    �C	M

 �X	� &��O��Z .          &M���!� 
�S ���M'� �	M� �MO 	M�    C� ��

+��  EK    �� $��)7 	O         	�"S C� ����)7 5
� $/�� &� �"�X
���t���f4 ��X	�  .    ���'� ���/7 	�  +�� 
`����M,%�   EMK    	MO

&�   +�� 5�
  EK         �M� ��M,�O &M���� �	MO   �"�MX .  ��GA 
  ̀ O �
��� �	/��   5�BD �	�C      ���' �	�� e��a� �	O

 ���� ��'0 . =0� ����	7     &���� ���� ���)�� �	O   �C	

           &M� +�M���4 &M]��� ^M��"_ `����,%� �	����� &��O��Z

  V0	U7         [���7 0 T��N4 I���\ e��)7 +��" �� P�f� 	�"S
 5
� �4�"C��� .&�           &M� d�M��� xMK	�� �4���BM4 E�%�

                                                           
1. Non-Dominated Sorting Genetic Algorithm 
2. Genetic Algorithm 
3. Population-based 
4. Non-dominated 
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`����MM,%�  &MM*l( 	MM��7 
&MM��O��Z ^MM��"_ �	MMO  C� ��
 ̀ ����MM,%� C� �MM(�� PMM�	)� 0 	MM��N� 
V	�*��MM(  �	MMO

          H0�M' �� &M���C $M�� �� Y0�)�1      5M
� +�MX +��0S 
)Konak et al., 2006; Deb, 2001 .(  

  =0� $�� C�           �� &M� eM��a� ���O ��Z ^��"_ �	O
0�'  H1     =0� 
5
� +��S NSGA-II  +�	�? ����     �C	M


      �MX �	Ma�"� b�-�7 $�� �� .       =0� $M�� +�M�� �	M��N�
   &�a" ��'0 
G	� 5��
            5M�)�' &M� C	M�" F�M� 
�M���4

    +�	�? ��B" 5%��
 0 �'�	(    5M
� �C	
 .    PM�� 	M��7
           �	�M� �� g	��M* F	MK�C� &�*	� &� 5
� $�� n�� =0�

  �� e��)7 Y�O  ��X .    M/�� C	�" V��* ��    �S eM��)7 �	
���� ��'0 N�" ���' �	�� ��.   

  
 H0�'1 .  C� �(��=0� &���� �	O &��O��Z �C	
^��"_ `����,%� �� �����   

  

                                                           
1   Elitism 
2  Fitness sharing 
3  Niching  
4 Crowding Distance 

����� �����  	
��� 
���
 ���� 	����1  ���� ������� ����� !�"#��  �#���$%�  

���� ����	 
� �
 ���  
��
 �
 
����  

����  ����MOGA ���� 
� 
���  ���  ���  ���

 �� ���� �
 �����
��� ��!�� �
  

"�#�$%& ��
 
� 
��� ��  
"& "����'� ���  

VEGA

# "���(�
 )��� ���  "(%*��#
"%�!+�& �%&�'�, ����-� 
�  

 ���� 
!���  
GA.� 
/�
  ���  ���  ����� 0��*�2��   

"%�!+�& �%&�'�,3  
1�' �'�, 4��� ��  MOGA

 4�5/ �� 67�*& '� "�89:& 
�� 4��� ��;&�- ��
 <�

���� 
!���  
 GA.� 
/�
  ���  ���  

"%�!+�& �%&�'�,  
)�# ��, �� 4�
  

��� ���!�

)�# ��(-��& ���
� '��  
 )>�&�- ���(  WBGA

 �%&�'�, ����-� 
� "(%*��#
"%�!+�&  ���- #� �%&�'�, ���!� 


��@%-� 
A��*& 4�
���� '��*� ��@%-� �����/  ���  ���   '� "%�!+�& �(�'��� 

& ��@%-�
A��* 4�  
 B����� C�D%�� �+�/  


A��*& ��@%-� 4�
NPGA

>�E� ����-� 
� "��'�� "(%*��# # ���� �F���  
G�1��;& "��'��
E�H;& 
1@-  >�E� 4��1& �� 0����  ����� C�D%�� �+�/PESA

 >�E� ����-� 
� "��'�� "(%*��#
��!�� # )��1- ��1&  

4I���%�� �� ���  

J� ��� �F��� B4�'�- �  

G�1��;& "��'�� #

E�
E�>�E� 4��1& �� 0����  KF�L �-��/ �� �F�# "��M(���PAES

 �%&�'�, ����-� 
� "(%*��#
"%�!+�&<��� "���(�
  ���  ���  �� ����� 0��*�  

"%�!+�& �%&�'�,


1�'  N��� �� 4��� 
����  4�


��EO&��L
NSGA

 PA/ ��Q��� 
ER�/ ���'��  
��
 4�5/ '�  .� &�'�,4�%���  
E�  ��Q��� 
ER�/4  
1�'  N����� 4���  

���� ��EO&��L 4�
NSGA-II


%�� 0%�'�(F� ���T�, 4���   �%&�'�, 
� ���- ��U  

%�� 4��� 4���  
E�
E�
%��  4��� 4���  

�
�� "�'�� ��!��
1�' N��� �� 4���SPEA
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 E/X1 . `����,%� ��*� &-�KNSGA-II) Deb et al., 2002(  
  

2-3- )�� NSGA-II

NSGA-II&MMM��O��Z ���	MMM/7 =0� 
  5��MMM
 	MMM� ��
 �� &M� 5
G	� �7	�
	��1) 2002; 2001 (  &M]��� �� �S

  5M
� +��� .            C� �M(�� ���M� Y�M#�� ���M� =0� $M��
   $�MM�s�O 0 �7	�MM
	�� �4�MM�s�? �MM�r" 
Vl/�MM�

+���     &�a" 5���	D C� ���4    ����4 &]��� ����4 .   C� +�	U�M
�
&�a"     �M� x�	� ����4            $��M��� =C��M� ���M-� &M� ��MX

  EB" �� F0C��0��         �M�	�" TO	M� �%��M�� �	MO .   $M�� ��
F0C�MM�0�� y�MM�7 �MMUK ���MM� =0�  F	MMK�C� &�MM*	� 	MMO

           &-�	BM� �	Ma�"� �� &M� 
5M
� +�MX �	����?     �S C� ��
�� +�	U�
� ��X.  

    `����,%� ��*� &-�KNSGA-II     E/MX �� 1   �	�M" 
 5
� +�X +���)Deb et al., 2002 .( &�%0� 5�)�' �����

&�      ���	�M7 V��*)PO (   �M� �M�%�7   ��MX .    �M�%�7 ���M�
    ���M"C�� 5�)�')QO(      +C��M"� &M� 
N     �	Ma�"� =0� C� 

&-�	BMM�    +�	U�MM
� TMM�' 0 PMM���7 �	MMO�,��� 0 ��
��  ���4 .     PM���7 	M�P 0 Q  5M�)�' 
R   +C��M"� 	M� N2 

�MMM� E�/�MMM7  ��MMMXt t t(R P UQ )�&MMM�7� 0  MMM�� ��
    �� H	��� �S �0� ���t���f         F0C�M�0�� �MO &� 0 ���4

         +��� u	�M�(� &�7� �L
 �	
��� �4�"C��� ���-� ^�
��  ��X)1�L
 $����� ����  .(  

F0C��0��             &� 	�"S ���)7 &� ��L
 	7 ^� �L
 C� 	ON 
    5�)�' 0 �
��tP �1          &M�-� 0 �	Ma�"� �M�O� E�/�7 �� 

 �� Y>K  �"�X .     �M�%�7 ���M�tQ �1      0 PM���7 �M,��� C�
�� +�	U�
� T�' ��X.  

  
2-4-      .������ �������� �
�� �����&�/ )�� 

���	 
���	
 0�  
           J��MK� ���M� &M���� ��B� $��)7 
�\	K &)%	L� Y�O

   H	-�"� I(400            	M� ja�M� &ML-" 0� $�M� 5M%0���� 
          5BM�C 0 ��	�M�D� 
�M�� �	MO�	�)� &� &'�7  �  �ML��

5
� .            ��M�' �� [MD�0 5MX�0�� �	�M
��X C� ��Ma�
            5M
� +�MX �	Ma�"� ����M� &M)%	L� F	!"� ���� ����� .

      �0�K &)%	L� ���� �-L�� 5K	B�60    0 [M���������� 
          �	M�	? 0 y0�MX d	-" $�� �
���D� &�*	�5/8   ����M��� 

5MM
�.      0 ��	�MM�D� 
�MM�� �	MMO�	�)� $��RMM7 ���MM�
5B�C           "� IM( ��BM� &M� d�M��� �L���    �0�M�" H	M-�

&� ���"��D 
P
	�� 5
� +�X e��)7 ��C V��* :1  
e%� ( H�M# y��!�        M 0 �0	M!� EM�� 0� $�M� �	MO

&� ��X &���� M ��B� E� H�# �7�	��.  
� (           ���MD �M��)� +C	� �� �0	!� E�� 0� $�� &�*	�

                                                           
1. Deb 

t t tR P Q� �     combine parent and offspring population
F = fast non-dominated-sort t(R )
F = (F , F ,...)1 2 all nondominated fronts of Rt

tP �1 = 	  and i � 1

Until t i| P | | F | N� � �1                                until the parent population is filled
Crowding distance assignment (Fi)     calculate crowding distance in

t t iP P F� �� �1 1 include ith non-dominated front in the parent pop  
i=i+1 check the next front for inclusion
Sort (Fi<n)                                                sort in descending order using  
Pt+1=Pt+1 � Fi[1:(N-|Pt+1|)]
Qt+1=make new pop (Pt+1)                       use selection, crossover, and mutation to create 
 a new population Qt+1 
t=t+1      increment the generation counter
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  ���4)      $�M�)7 �h���MK ���-� C� ����        C� ���M�� 0 +�MX
$��)7 ED��K ���-� +�X.(  

� (l�(�             �M��)� �MK C� �0	M!� EM�� �� y	MU7�� Y
�X	� ����.  

� (E�� ���)7 �X	� `� $/�� �K 	7 ���� �	O.  
+ (          $M/�� �K 	7 E�� ���-�
� E�� �� $��C P�X

�X	� `�.  
0 (          $M/�� �K 	7 E�� ���-�
� E�� �� $��C y	U7��

�X	� `�.  
C (    E�� ���-�
� E�� &�*	� 
P
	�� �
��
� ����

� $/�� �K 	7 +�	' C��X	� `.  
� (E��            	M� b#	M�� �/��N" �� 	� +�0��� E(�� 	O

   G	� �L()      E�BM� 	M� EBM4 ��r" (     b#	M�� $�M�s�O 0
5r�	��               ���MD �	M�C 5�
	BMK 	M� 5BM�C I�M�� +�X

�"��,".  
d (        5�
	BK 	� b#	�� E(�� C� ����� ��B� H�#

��X &���� ��B�	� E,�' ��r" ����.  
   &�U4 �	O�	�)� $��R7 ����   0 Y��O� 
+�X   ��	O�M�D 

  &���� &�WB� ����           	M�"S &� &���� �� &� �X e��)7 �C	

  �X �O��( +�	X� . +��� $��s�O         C	M�" ���M� �"	M/� �	O

    k	MM( y�MM" 0 +�	MM' C� &�MM*	� 
y	MMU7�� 
P�MMX �MM�r"
[�'        �"�X &��7 ���
� 5��� 	� 0 ��0S .      &M� &M'�7 	M�

 &�G �	�-�     &M� �7	�l#� �	O          EBM/�? �	M)�� 
&M��� �	M�
100�� �MM��  �MMX &MM���4 �MMr"  .+��� &MM���!�  �	MMO
+�	�S  �C	
   I��� ���0 	ON�%	"S C� �(�� F	!"� ���� 
+�X
GIS�"����4 .  

   5
� ��w &� FCG �"	�C        �0�M�" H	-�"� I( ��B� &�

����'   ���D 5-���� ���� ��  
���4 ��	� �S    $���Z &� ��
   ��� `�B-7 `�-�B� 5�BD .     n�� d�L( 
5�BD �O ��

&�   E�� &��
0   �	MO  �NM�0S 1    �M� ����M�,"    �"�MX .  $M��
EMM��  �MM� EMM��7 �� n�MM� d�MML( �C0 	MMO  	MM�� 
�MM���
��"   ��O ��"��7            �M��� EM��7 �� �M-�� �0�M�" &M"�4 . ��

   E�� 
5�BD �O �	��"�   ���� �	O2   �� +��� ���D   ��X .
E��    ̀ /��B� ���� �	O    E�� C� �7      0 ���BO N�0S �	O
��           �M��� 5M�0	-� �M-�� �	O0��" E�	-� �� ��"��7   	M�� 


 �"��� ��7G	� &��NO)Ranyard, Wreirf, 1967 .(  
    E�� ���)7 �\	K TO0�? ��         �� &M� ��M�� �	MO

         �M� �	�" �� H	-�"� I( �	�
�� ���t7 ���)7 [D�0    
�MO�
&�     �� ���)� ���	� &��
0  ��X .      [D�0 �� &� 	�"S E�� 	��

    �� ja�� �� I( ��B�         &M���� F	M!"� 	M� 
�M��    �C	M

&�     `����,%� &��
0NSGA-II         0 Y�MO [M���7 �	M
��� 0 

e��)7 �	O��D �� $��)7 
+�X ���4.  
   E�� ���� P
	�� �	/�           5�BMD �MO �� NM�0S �	MO

)     �%���� ���� E�� 0� �O $�� (   �	O�	�)� �	
��� N�"
$��)7 &� 
+�X �� ja�� &�	"�� &��
0 ��X.  

   =0� ��NSGA-II    &� &�%0� 5�)�' 
H0����    V��*
  �� $��)7 ���	�7  ���4 .�        5M�)�' 
bM�-�7 $M�� �� 	�

   +�MX ��%�7 C	!� b#	�� �� I-� &�%0�  �M"� .   �M�%�7 ���M�
    EBM" �� ���"C�� 5�)�'     �	Ma�"� =0� C� ��M)� �	MO

&-�	B�        5
� +�X +�	U�
� T�' 0 P���7 
�� .  EMK���
        IM( ��	���B� ���� b�-�7 $�� ��	����? =0� ��*�

 E/X �� H	-�"�25
� +�X +��� �	�" .  

  

  
  
  
  
  
  
  

E/X 2 .0��" H	-�"� I( ��	���B� ���� ��	����? =0� ��*� EK���1  
                                                           
1. Suspension Tower 

&'( )��� *���� 
��+ �, �( ��-. /�,)	22' &'( -( *��
	%��#� (&4� �( �� �,����� �� �
�� �� ��5� /�, ������ �6�7-

 

&'( (�8�� *���� 	22' /�,
�� ����' �6�7-  

Towers by the user

&'( )��� *������ �
�� �� ��-�� /�,�( �,����� 
&4��� ��5� /�, ������ �6�7-

9(�( (-�- 
��: �( �,
/�#7�  

���;� &'( )��� /��7�� �
�� �� ��-�� /�,
�� �,8�+ - <8, =���� ������ �6�7-

������ >���� ?�#�'
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2-4-1-5�(67 �����8�� ��
9:�$   
    &� 	O��t�� 
^��"_ `����,%� ��        	M� �M-�-K ����� V��*

�MM� ���>MM4�� ����	MM�  E�/�MM7 �� F0C�MM�0�� 0 �"�MMX
��    ��O� .         +C	M� �� �-�-K ����� C� 
��	����? =0� ��

     �	MO��t�� T�	M�" ���� $�)�       +�MX +�	U�M
� `���M7 
5
� .         	M� ��BM� ^� ���� �	�" ����n     
��M�� EM�� 

     C� E/�M�� F0C��0�� ^�n2    +�MX &M���4 �Mr" �� �_ 
5
� .&� F0C��0�� $����	�� 5
� +�X e��)7 ��C V��* :  
  


 �
n nn n p p p pA , ,..., , x , y ,..., x , y� 
 � � �� � � � � � � �1 12 1 2  

F0C��0�� :�  
(i ,..., n)� 1 2 �_i F�:�1  

(i ,..., n)� 1 ���� E�� V	��a�i F�  :
i ip p(x , y )  

io p maxx x x , i ,..., n� � � � 1  
io p maxy y y , i ,..., n� � � � 1  

  

o o max max(x , y ), (x , y )         $��	M? 0 G	M� �K P�7�7 &� 
5B' &-L�� ���BO �'0.  

  
2-4-2-
�7 +��;7 ����< � =�� >�  

   &���� 
�\	K �	�X�" ��         [�	M7 0� ����� &M��O��Z �C	

             IM( ��	���BM� �	MO�	�)� &M� 5
� ��D ��Z 0 Y�O

�� �� �� �� 0��" H	-�"� �"��4.  
  
2-4-2-1-5�� =�� >��7   

     &��NO &� d���� `/� Y�O [�	7       �0�M�" H	-�"� I( �	O
 5
� ���' .            &M��� &M� 5M
� FCG [�	M7 $�� e��)7 ����

�        ��MX &'�7 
�"�Q~� &��NO ��N�� �� &� ����� .  &M��NO
    �M� H	M-�"� I(         EM�	� &M��NO E�	MX �M"��7       �M,�� 0 	MO

               &M��NO 
0�M�" H	M-�"� IM( H�M# &M� &�BM��0 V�N��!7
  �
��
�)  +�	' C� &�*	� [�	7( EM�� &��NO 
    
NM�0S �	MO

 E�� &��NO           ���M
��"�� &M� d�M��� &��NO 
���� �	O
) P�MMX 0 y	MMU7�� &MM� &�BMM��0 ( 0 $�MM�C >MM(� &MM��NO 0

  �X	� �S �C	B�	? . &���� ����        H	M-�"� IM( ��B� �C	

             �7�	M�� &M� 0 `M/� Y�MO [�	7 ��B�	� 
&��NO �	
���

&��NO y��!� ��X &���� 0��" H	-�"� I( �	O.  
              �� &M��NO EM�	� 	M��7 �M4� �M�K 5X�� &'�7 ��	�

&����           ��B� $��)7 `O C	� 
���4 ���D �r"�� ��B� �C	

 X� &����             &M� �����M� C� ^M� �O ���� �� ���C 5
� ���

     �� ���D ��QR7 5�7 �� &��NO       ���M� �70	U�� �	�)� 
��O�
&����        �M� &���4 �r" �� ��B� ����         5M
� FCG 0 ��MX

     ��S ��'0 &� 	�"S $�� ���	)7 .       &M� �M�D0 &"��" ����� &�
    �� &'�7 E�	� H�# &��NO        0� $�M� `�-�B� ��B� 
��X

   ��"� 0 ����� &L-"     �%	K�� c��� �O��( ��
	�� ��B� 
	   &�
        �M� &'�7 $��C P�X 0 ����	� &� ��D0      $M/�� 
��MX

�X	� `�-�B���f ���B� &���� ��B� 5
�.  
&��NO     &M� e��a� �	O           [�	M7 eM��)7 �� �M�C V��M*

&� `/� Y�O &��� �	� �"� :  
  

T l rd st s

h to lp

F : Minimize C C C C C
                            C C C

� � � �

� � �
1  

  

lC :	� H�# &��NO ��B� H�# &� &�B��0 E�  
rdC :+�	' C� &�*	� &� &�B��0 �
��
� &��NO  
stC :k	( y�" &� d���� &��NO  
sC :P�X &� d���� &��NO  
hC :y	U7�� &� d���� &��NO  

toC :�S y�" &� &�B� E�� &��NO  
l  pC :$��C >(� &��NO  

  
2-4-2-2-?�� =�� >��7   

       5BM�C V���QR7 &� d���� F0� Y�O [�	7      IM( �ML���
   5
� ���' �0��" H	-�"� . &���� ����      IM( ��BM� �C	


 &MMM� 0�MMM�" H	MM-�"�  �MMMU�� V���QRMMM7 TO	MMM� ��MMMr��
5B�C       �O &� 
�S �L���  5B�C �	BK &-L��   
�L���

         +��� u	�M�(� �S 5�
	BK ��N�� �	
��� ���-� ^�
  �X)            I�M�� &M� d�M��� �7	M�l#� &�G 
b�-�7 $�� ��

 &��X 5B�C    5
� +�X �C	
 .(    &-L�� 5�
	BK &Z �O
    +��� u	��(� ���-� 
�X	� �7G	�       5M
� ���M�� N�" +�X .

          V���QR7 y��!� 0 &�
	�� &L-" �O C� ����� I( H�#
���� &���� ��C &L��� &� &'�7 	� �U ��X :  
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T i iF : Minimize Im l *V� �2  
  

TIm :5B�C V���QR7 y��!� �L���  
il :        &�K	" C� &� H	-�"� 0��" I( H�#i   +��� ���� F�
5
�.  
iV : &�K	" ���-�i&� &'�7 	� F��S 5�
	BK   

  
2-4-2-3-��<  ��  

 E�� E��             �	O�M�D &M� &'�7 	� 5�BD �O �� N�0S �	O
5
� +�X �	a�"� ��C:  

-          C� ���� 
�%���� E�� 0� $�� &�*	� �h���K700 
�X	� ��� :  

i i max| X X | D (i , ,..., n )�� � � �1 2 3 1  
  

-          C� ����� 
�%���� E�� 0� $�� &�*	� ED��K 300 
 c�X	� ���  

i i min| X X | D (i , ,..., n )�� � � �1 2 3 1  
  

-          �M��� ��B�	� �%���� E�� 0� $�� y	U7�� Yl�(� 
     �X	� ���)� �K C�)         Yl�M(� �h���MK 
bM�-�7 $M�� ��

 y	U7��705
� +�X &���4 �r" �� ���  :(  
  

max| z z | H (i , ,..., n )�� � � �1 1 1 2 3 1 =Height difference   
  

-          �	�B� 	� 0 5��0��� ����� b#	�� �� E�� E�� 
 [D�0 �	BK���" .  

n�� I��0� �� :  
i i i iX (x , y , z )� :  �� 5�BMMD �MMO �� EMM�� �	MM/�

�� ja�� ���.  
iz :             0 EM�� y	MU7�� C� +�	U�M
� 	� &� 5
� ��	U7��

DTM&�  �� 5
� ��S .  
i i| X X |�� 1 :     �%���� E�� 0� &�*	�      &M� &M� 5M
�

�� &�
	�� ��C V��* ��X :  
n :E�� ���)7 5�BD �O �� 	O  

X1 :5�BD �O �� y0�X &L-"  
nX �1 : 5�BD �O �� �	�	? &L-"  
  

               	M� 0�M�" H	M-�"� IM( ���M� C	M�" ���� ��� I���X
�� $��R7 n�� �	O��D �"�X .  

  
3-@���	   

       ���)7 ���� �U��a� ���	-� $���4 �r" �� 	�  EM��     �	MO
  ����)   5M�' ���t7 ���)7(    EBM" ���M)7 
       +C��M"� 0 	MO

      �X ��'� �	� $���Z `����,%� 
&�%0� 5�)�' .  �	�" ��	�"
            ���M)7 T��NM�� 	� 0��" H	-�"� I( J��K� &��NO &� ���

E��     �� T��N�� ���� �	O   �M�	� .      T��NM�� $M�� EM�%�
    E�� &��NO ���� �7G	� 
&��NO        &BM�	-� �� ��M�� �	O

 E�� 	�                T��NM�� 	M� EM�	� H�M# T��NM�� N�" 0 N�0S �	O
    	O	�
�� ���t7 ���)7)  5BM/X d	-"(      d�ML( ��BM� �� 

  5
� 0��" H	-�"� .          T��NM�� $M�� ����M� C� �(�� �� &��%�
 �� &��NO            �K��M" C� 0��" H	-�"� I( ���� b��# C� �"��7

`�  &��NO      ��MX ���M�' �7 .        &M� �MX +�O	�M� $�M�s�O
  5B�C �U�� V���QR7  �L���         �M��t7 ���M)7 T��NM�� 	M� 

  �� TO	� 	O	�
��  ��	� .     &M]��� �����" 0� ��'� �	� �O ����
 5
� +�X .   $��)7 �	O��B� H0� �����"       �	�M� �� +�MX

       +�	M? &M��' F0� �����" 0 ���'          �� Y�MO �	�M� �� �M7
�� �	�" �O�.  

  E/X3) e%� (       H	M-�"� IM( ���� e��a� �	O��B�
�"�        EB" �	)7 
���� E�� ^� 	� 020    5�)�' +C��"� 0 

100    E/X 0 3) � (   +�	M? &M��'         T�	M�" �� I�7�M� �M7
��  �O� .     E/X �� &L-" �O3) � (     ��BM� ^� &� d����

  �)D�0 �	�' �� 5
�  . 6
	? ��   �	MO    &M]��� &M����     
+�MX
     5B�C V���QR7 0 &��NO $�� �%�	)7      +�MX ���D�� �L���

   ̀ ���7 �O 0 5
�   �� +�"��4      5��%0� �	
��� �"��7  ��M(
 �/�+�� C� EK ��� �	a�"� �� 	O.  

          
��M�� E�� 0� 	� `����,%� ���'� C� E*	K ��	�"
   EB" ���)720     5�)�' +C��"� 0 100    E/X �� 4   �	�M" 

5
� +�X +���.  
         
���� E�� &
 	� `����,%� ���'� C� E*	K ��	�"

   EB" ���)740     5�)�' +C��"� 0 200    E/X �� 5   �	�M" 
5
� +�X +��� .  
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 E/X3 .��	�" E�� ^� 	� ��'� ����)e%� (0��" H	-�"� d�L( �	O��B�c) � (��B� �O ���� Y�O [���7 ���	-�  
  

 
e%�(  )                                                                               (�) 

 E/X4 . ���� E�� 0� 	� ��'� ��	�")e%� ( c0��" H	-�"� d�L( �	O��B�)� (��B� �O ���� Y�O [���7 ���	-�  

  
e%�(  )                                                                               (�) 

E/X5.���� E�� &
 	� ��'� ��	�" )e%� (0��" H	-�"� d�L( �	O��B�c) � (��B� �O ���� Y�O [���7 ���	-�  
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 E/X6 . ��'� ��	�"���� E�� &
 	�)e%� (0��" H	-�"� d�L( �	O��B�c) � ( ��B� �O ���� Y�O [���7 ���	-�) EB" ���)7200(  

 

           eM��a� ���	M-� 	M� `����,%� ���'� C� E*	K ��	�"
   EBM" ���)7 ����     	MO)5  
10  
20  
25  
40  
50  
100  0 

150 ( 5MMM�)�' +C��MMM"� 0)20 
50 
100 
200 
400 

500  0 600 (� 	� ^� ��D0 &� ��� �	�" ���� E�� 0

    	� 
���� ��'020         5M�)�' +C��"� 0 EB" ��%�7 �	� 100 
��    +�� &� ���7  EK             5M
� �%�M�D ���M� 0 PM
	�� �	MO

5�	� .  EB" ���)7 ��D0     +C��M"� 0 	O        PM�7�7 &M� 5M�)�' 
   C� T��20   0 100    �� &���4 �r" ��    +�� 
��X   EMK    �	MO

 � �"	B/�  & �� 5
�    �"	�C 	�� 
��S       &M
 	� ��	O��B� &�
E��   �� $��)7 ����       EB" ���)7 5
� FCG 
�"�X    0 	O

        ��	� T��N�� ���>� ���	-� C� T�� &� 5�)�' +C��"� .  	M�
       EBM" ���)7 $���4 �r" ��40       5M�)�' +C��M"� 0 200 

��   +�� ���7  EK    &� ��
	�� �	O   ��0S 5
� .   $M�� 	M�    H	MK
            EBM" ���M)7 	M� ���� E�� &
 ���� `����,%�200  0 

   5�)�' +C��"�1000 "            E/MX �� �S ��	M�" 0 ��M'� N�6 
   5
� +�X +��� �	�" .        	M� `����,%� &� 5
� ��w &� FCG

4   0 5              �	O��BM� $/�M% 
�MX ��M'� NM�" ��M�� E�� 
&� 5
� P
	�� ���� E�� &
 	� +��S �"��� �7.  

  E�� ���)7 T��N��          &M� �M!�� E�� &
 C� T�� &� 	O
  �� &��NO T��N��        ���,��MZ TO	� &/��� �0�� ���4

7 ��5B�C �U�� V���QR &� �L��� ��S ��'0.  
&�      &
 
��	����? �	O��B� �B�	-� ��r��     C� &ML-" 

 +�	? &��'     E/X �76  �"�X �	a�"�  .     +��M�O &� d	-" $��

   E/X �� I�7�� �	O��B�7 H0�' �� 	�"S V	�a�� 0 
2        E/MX �� 	O��BM� $M�� c5
� +�X +��� �	�" 8  NM�" 

+�X ja�� �"�.  
  �	� &� FCG   5
� ��0S     &M� bM�-�7 $�� �� &�    ��Mr��

       5Mo	UK b#	M�� 
`����,%� ��/��� 5�* �
���    ��MX
&� V0	U�� 5�
	BK ���	-� 	� ���)�� n��f� ��#  �N��S

&��X +�X �C	
  E/X �� &� 
�"�8+�X +��� �	�"  �"�.  
     EB" ���)7 	O��B� $�� ��	�7 ��     5�)�' +C��"� 
	O

  E�� ���)7 0           &M���4 �Mr" �� �	B/� ���� �	O  +�MX
5
� .  ��B�1)   E/X7 (     &L-" &� d���� &�1   &��' �� 
+�	?     +	7�� H�# 
5
� �7           V���QRM7 	M�� 
�M��� &��NO 0 �7

 5B�C �U��     ���� ��G	M� �L��� .       EM(�� C� ��BM� $M��
&-L��       �S 5�
	BK &� ��50     5M
� +��� ���� 
5
�  .

    EM�� ���M)7 &Z�4�          �	O��BM� �� ��M�� �	MO1   0 2 
    ��B� 
5
� �	B/�2 &�        &��NO ����� H�# $�X�� E�%�

 ���� ��7G	� .     ��BM� H�M#3         ��BM� C� ���M�� �M�� 1 
         5BM�C �MU�� V���QRM7 E�	-� �� 	�� 
5
�     �S �ML���

&�       ��B� C� ���� P7���1         C� �S ��M�� ��NM�� ���C 
5
� 
    5�
	BK 	� &-L��50    5M
� �M���  .   ��BM�2  glM*�    C� 
    5�
	BK 	� &-L��50        � V���QRM7 0 +��M/" ��M��   �MU�

5B�C       &M� �S k�M"� �ML���      	M� &M-L�� C� ��M�� EM�%�
 5�
	BK105
� +��� .  
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E/X7 . 	O��B� �	a�"� EB" ���)7 
���� E�� &
 	� ��'� ��	�" �0� C�200 5�)�' +C��"� 0 1000  
  

 H0�'2 .+�� &
 &B�	-�  EB" ���)7 
���� E�� &
 	� `����,%� ���'� C� E*	K EK200 5�)�' +C��"� 0 1000  

���� ���  	
� ���  �
�� �� ���(KM)  �
�� �����  

17338900  2279  6795/8  ��
�1 

7004500  2701  7557/9  ��
�2 

7122600  2283  7843/8  ��
�3 

  

  
 E/X8 . b#	���	BK&��X  �C	
 +�X	O��B� 0 ��	a�"� �  

1

3 2

S 

E
Cost Objective Function

1
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     E�� E�� &/��� &� &'�7 	�   &� 	O      �� ���	�M7 V��*
 5B' �	��    �� �	a�"� �'0     EBM" �� 
��X      &M�%0� �	MO

   5
� �	�C 	O��B� �4�����? .     6M
	? ��M��� 	� 	��     �� 	MO
 &���� �#    �B� &��� 
�C	
         IM( 5�M
 &M� g	M���-7 	O�

         �M� ^M��N" 	��"� 0 ����� d	-" $�� `�-�B�   �"�MX .  $M��
 F	MM�7� C� |MM? &MM� n�MM� ��BMM� &MM
 ���MM� �� y�MM\��

&���� &� �C	
 +��S 5
� 5
� n�	* N�" �"�.  
             $M�� 
5MX�� &M'�7 �S &M� ��B�	� &� ��,�� &�/"

     &���� �"0� ���/7 	� &� 5
�       C� ���BM� ��O �,�� �C	

  &MM-L�� EMM(��  5�
	BMMK 	MM�1000  
+��MM/" ��MM�� 

�%	K��             d	M-" EM*�0 I( ������ �� gl�	� &�K	" $�� &�
       5
� &���4 ���D 	��"� 0 �����) �	M�O       T�M? &M� ��M#    �M7

    &M�K	" $�� 
�X +�	X�    &��MX 	MO   +�MX �C	M
    ���MD 0 �M"�
 &�K	" $���4                NM�" 	�M
�� $M�� �� G	M� 5�
	BMK 	M� ��

 �
��� ���� 0 ����&���� ��	�"  �C	
5
� +���.(  
    �� N�" &��NO ���� ��          �� EM�	� $M�� &� 5U4 ���7

       E�� ���)7 ����� &� n�� ��B� &
 ����      ��M�� �	MO
          �MO 
���� �,�B� ��B� H�# &� g	���-7 
���BO �"	B/�
           ��MK 	7 N�" $��C >(� &��NO ��r" ��,�� E���� ��Z

�S 5
� +��� ���D ��QR7 5�7 ��.  
  

4-�A��	 � BC�  ���:  
   $�� ��       IM( ^M� ��BM� $�M�)7 ���� �� �X0� 
b�-�7

   &� ���' �0��" H	-�"�       �MX &M]��� �	���( V��* .  ��	M�"
     &� ��� �	�" b�-�7GIS ��    &� �"��7        	M� ��M
	�� &M"�4

  `����,%�NSGA-II         &M���� ���M� 0 ��MX bM�U�7     �C	M

     ��M�4 ���D +�	U�
� ���� ��B� .    �� +�MX��%�7 V	M�l#�

 I�MM��GIS&�MM-" �MM�r"   P�MMX �	MMO $�MM�C y	MMU7�� 0
&� &�G V��* &� &�	"�� �� ��0�0 �	O ����� �	� . +�	U�
�

               �� &M��O �M�Z E]	BM� EMK ���M� ^M��"_ `����,%� C�
   	� P���7GIS     +��� C� ��G	� `!K 5����� 
    �"	/� �	O

 ̀ MMO &MM'�7 $�M�s�O 0   �� ��MM)�� �	MMO�	�)� &MM� �	M�C
 �	MM/�� �� 0�MM�" H	MM-�"� IMM( ��	���BMM� 5(	MM
 ��>MM? .

NSGA-II             ���MD +�	U�M
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