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Abstract 

In this article, fuzzy values are used in the meta-heuristic method to locate the location of the 
terminal facility. This article is written based on a modern method inspired by nature called 
Whale Algorithm and it is tested on scientific optimization problems and modeling problems. 
To evaluate the performance of the proposed method, fuzzy coefficients have been applied to 
solve the location allocation problem, in such a way that the hypotheses of the problem, fuzzy 
random variables and the capacity of each center are considered unlimited. According to the 
results of this research, the problem of locating the terminal locations is practically solved 
and the optimal location of these facilities is proposed in the real world. Also, the numerical 
optimization results show that the proposed method has a better performance than similar 
methods. 
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Numerical experiments 

This section describes a special case of location and allocation problems. As you can see, the 
proposed method and algorithm will be very effective. In numerical optimization programs, 
the assumptions of a real practical problem, such as the exact quantity required and the 
results, are often incorrect. In fact, to avoid this problem, we check the facility location with 
fuzzy values for these hypotheses and provide a degree of freedom to the decision maker that 
allows for uncertainty in input data and assumptions. A particular natural technique for 
describing unreliable data is the use of variables and fuzzy data. Hence, here we describe a 
location allocation formula, i.e. fuzzy station location allocation, with associated setup costs 
and applicants. To test the proposed algorithm, we created some environmental problems to 
test the large-scale fuzzy location problem (FLP). 
In any applied problem, the numerical result assigns the number 1 to find the best solution, 
that is, the solution and answer that has the least relative error. And the solution or answer 
that has the largest relative error, i.e. the worst solution, takes the number 0, and the rest of 
the numerical answers take values from 0 to 1, depending on how close it is to the best 
answer. And according to the obtained tables, our proposed method will be very effective and 
practical. 

Conclusions 

In this research paper, we develop and implement a meta-heuristic method to solve a location 
problem that uses fuzzy values. We also compare it with recently implemented methods and 
algorithms to prove the efficiency and effectiveness of our technique. A model with fuzzy 
values also had a fuzzy number of node-related applicants, with lower limits and a predefined 
limit for the number of stations. We tested the proposed method and related algorithm on 
various fuzzy station problems with several random variables in which the cost of the fuzzy 
value system is considered. The fuzzy target value in this problem was converted to an 
explicit value using a ranking equation. As can be seen, numerical experiments on real-size 
application problems have a desirable and acceptable effectiveness. 
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� t	�A�� �* 	c"�\ ��
� +��	� ?�>* � �	F

�� �K# �
�#��� * M��V
 ?���* ?[>
 ?* �� �	e ���S

 .���S  

) m*��� MOS ?*1)� (2�� J�c
� �
�#��� * ��� (�	F  

F�⃗ = �M���⃗ ∙ �∗����⃗ 
l� − T��⃗ 
l��           )١    (                       T��⃗ 
l + 1� = T∗����⃗ 
l� − N��⃗ ∙ F�⃗     )٢ (                     

,' �� ?S l ,�)
���W� ��� ���W %���⃗  � ���⃗ ��W��� *

 %QN� $�∗   ,��� ��� *?���* ?[>
  B�� �� ���' .#�*

�  $�� ��⃗  ,��� ��� *��"�W �	\� ��	: �� .t�	\ 

%� "�* �∗  �� * �� ��  W �� ����� * ?�#�A� .�	F ���⃗  � ���⃗  :.#�  �� ��	: ?*  

N��⃗ = 2b�⃗ ∙ s⃗ − b�⃗          (٣) M���⃗ = 2 ∙ s⃗         (٤) 

 ?S��⃗  ���>� �� �[e ��	: ?*��  �� C:  �L �� �

�W�� ��  �� RW�S� �*�� �⃗   ?�:�� �� ����T� ��� * C: 

 ��M� .#�. ���# B�� .�\ �$��� H��
 ��"�� ��W

,�W	S��� .#� ��F �#� * 5�� �� ���F J�(�W:  

  ���>� RW�S �* ��"�� ��� :�$��>
� � :�A� 5�� (g@���⃗ 
 ��?@��K� )3�� +:�� (,�#	
 ?���� .�	F N��⃗  m#	� V�
 ��⃗  �� RW�S�*��.  N���⃗   ���* �� ����T� ���>� M� [ −� , � ] ,' �� ?S .#� z  ?* �W�� �� �L �� C:  +��

���� * ����T�  ���>� � � �* .��S  N���⃗   ���* �� 

                                                             

3. Goldbogen 
4. Mirjalili and Lewis 
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[ −1,1]�� 	c"�\ +��� ���\ ,��� %  W �� �
�	�

 g� K� ��K� +��� �� "�* � ��:� +��� ��* �"�K`	�

�� ,�)
 ^��"
 .�	F,��� �W���O� ��W  ��
 � , � � 

 ?*
 �∗, �∗�  �� ,��� �� ` �* �
�	� 0 ≤ ! ≤ 1 ��
����� ��' .#�* ��K*.   

(t  ��"*� 5�� ��� :�a�7��� �
�#��� * B�� �� ,���

 �� ?S �� �(��
 ?�:��
 � , � � �� �� `?OKL � � �! ��

 �� ?S ��
 �∗, �∗� �� �� `�� ?�#�A� � �! .��S

 ?���� �� * ?OKL � H��
 +A� ��* �a�7��� ?@��K�

H��
 +�F �a�7��� .S �,�W	S ��W���  %��S ���>� ��

�� ��c��  �� i F ?*:�	F  ��⃗ 
l + 1� = F" ∙ e$% ∙ cos
2πt� + T∗����⃗ 
l� )5   (  

?[*�� ��� �� ?S *"⃗ = ��∗����⃗ 
+� − ��⃗ 
+�� ?�:�� ?* i 

���� ���F� ?OKL �� H��
 ����  +� ��� �� "�* ��� ?S

 ?S .#�c��� �� ���' .#�*r  +�F g� K� �� * �"*�|

� .#� �O"���(@ ��7��� t  ���* �� ����T� �����

[−1,1] ,�W	S H��
 .�F�* �� ���"�� �� ?OKL B	� %���

 ��� �� ,��VOW � �$��>
� � ��� M� �F �a�7��� ?* ��

 ��F�����S � � %,��VOW ��"�� ��� ����@�� .�\ .

 B�O"�� �* H��
 ?S .#� ��F50  JV�
��� ��* �� �:��

 t�U"
� �� ��� �a�7��� B�� �� � �$��>
� � :�A�  

��H��
 .�K`	� �� ��S?���* B	L �� �W?* ���# -

 �$��� B�� .�	F �
�#���� ,'.#� ��	: ���*:  

��⃗ 
l + 1� = -T∗����⃗ 
l� − N��⃗ . F�⃗                                    if    p < 0.5F" ∙ e$% ∙ cos
2πt� + T∗����⃗ 
l �          if    p > 0.5 

,' �� ?S p  ���* �� ����T� ���� [0,1]* ��&� ..#�  

5�� ���H��
 %�W,�W	S ��W?* ����T� ��	: ?* ��� 

�� ?OKL B��
� .�
� ! 

F�� �� � ��� *  ��Y�  * ��"��N��⃗ �� �� * ,�	� �	c"�\

H��
 %.>�>� �� .� S ���C"#� ?OKL,�W	S ��W  * %���

 	c"�\ ?* ����T� ��	: ?* % (���� ,��� _�L  

����� * %��� *��* .�
��� 7 N��⃗   ��  "!�V* ����T�  ���>� �*

M�  ��  "OS �� �1-  �� 	c"�\ +��� �� ��F ?"� ! ��S ?*

��� d&e  * .��S l\ � H��
 �� ,�F ��� ?* �	�c� 

 ��� �� 	c"�\ +��� ,��� �
�#��� * .�\ %u� U"#�

d�)"S�%  �� %	c"�\ +��� �� "�* �� ���C"#� ��\ ?*

� �* +��� ����T� t�U"
� �� *���	F ?* JV�
��� ��� .

  �� OW> 1 � N��⃗ �5��  ?* � �
��� ��S�� d�)"S�  * 

WA  J�c
� ?* �� � #� # ��	c"�\ �� ��W� �� ���\�

  �$��� B�� .�
�#�.#�  �� ��	: ?*:  

)6(    *⃗ = ����⃗ . �5678����������⃗ − ��⃗ � 
)7(    ��⃗ 
9 + 1� = �5678����������⃗ − ���⃗ . *

 %?@��K� ��� ���5678����������⃗  ,��� ��� * �� ��F t�U"
� ����T�

5�� ..#� �	\	� .�KO\ WA ?�	Oc� �*t�	\ �� �� -

�� ��S ?* v� F ����T� ��W +��	� %�� ��  W �� .��S

 ?S ��	c"�\ +��� ?* ?\	� �* �� �	e .�K`	� 	c"�\

 ���' .#�* t�	\ �� "�* �* � ��F t�U"
� ����T�

�� �
�#���� ?* %�	\	� "����7 .���S ��⃗  IW� � .�\ 

 ���>� �� Q�� � ?* %u� U"#� � d�)"S� ,���' �� �� C: 

�� RW�S.@�� �� ����T� �	c"�\ +��� M� .�*��> 1  � N��⃗ ��� t�U"
� �� "�* ?S .#� �@�� �� ��� %�	F

�� t�U"
� �
��� t�	\ .�K`	� �
�#��� * .�\ ?S �	F

 %	c"�\ +��	�� N��⃗ � < 1 ���>� ?* ?"�* .�F�* p5�� % 

WA  �� .��*�` ���� ��� .S � ��* �� ���� �� � ��

5�� %.���
 �� .��S t�U"
� �� ��� �a�7��� WA  �*

�� ,���7 %?O��e m�� F ,��#�� �67.  

2-3 -  �1/0B�
��� 
�#�'1 � �# 

 � �O�* m#	���* ��@�� %���� ?�	Oc� ?� Z
 �����* I�W�C�

����1]19[ ?�	Oc� %.#� ��F ��r'���� ��W��� � �W  m#	�

��V*2  �F g� K�]20[] ���aOW }22,21�����* �� [. 

g� K�3 -1 ���S � � . X � l\ � ?�	Oc�A;  ?�	Oc� M�

�� ���� X  %�F�*A; ?�	Oc�.C\ �� �� �� �� C� ��WX 

�� �����
: !� .�	F  

  

?S<=>
?� .�	
� l*�� x �� A; ..#� 

 g� K�3 -2.  ���S � �aA = 
aB, aC, α, E�  ���

?>
��z ���� ��S 9U)� �� ��?S ��	L ?* 
aB − α, aC +  E�  ��A; �� �
���")7��S � [FG , FH] 

].#� ,' ?\	� ?�	Oc�22.[ 

?"�
3 -1?�	Oc� .?>
��z ���� ����� ?OW �� ����F (R)  

�� �����
�	F !� . a =  aB  =  aC ��e ��	: ?* %

�� .#�* �o�o� ���� ��� M� �* �� ,' � ��'FA = 
F, I, E� �� ,�)
W���. 

                                                             

1. Bellman and Zadeh 
2. Bezdek 

    A; = JK?, <=>
?�L  �   ?MN } 
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��#�A� ?���� ���� ��� ��� ������  K��g �� .�	F � �

 ���SaA = 
aB, aC, α, E�  ��> = 
bB, bC, γ, Q� 

��?>
��z ���� ���:���S g� K� .��F�* �� ? < 0,   ? ∈ S;      ?. aA = KxaB, xaC, xα, ?EL, ? > 0,   ? ∈ S;      ?. aA = 
xaC, xaB, − ?E, −xα� aA + �> = 
aB + bB, aC + bC, α + V, E + θ�  aA − �> = 
aB − bC, aC − bB, α + θ, E + V� 
?���* +N��� +� �� * Q#��� �F�� ��"�� ���� ���#

?��� l*�	� �� ���C"#� %���� ����� ?���>� J	�C�  * ���*

] .#�23,24 5��C# �� *  |�� � ���� M� %l`�� �� [

 :��� * 
S� ���* ?��� l*�� M� g� K� S: * 
S�  →  S .#�  me ?* �� ���� ���  W ?S

�� %���� �	\� �K��L IZ
 M� ?S ���\ %�K`���)S. 

��	� �� �� ���$ � * 
S� :�� �(*  Z
 ��  �� ��	: ?* aA ≥[ �> ⟺ S
aA� ≥ SK�>L, aA >[ �> ⟺ S
aA� > SK�>L, aA =[ �> ⟺ S
aA� = SK�>L, 
 ?SA; � �> 	
� F 
R�  ���aOW %��"�WaA ≤[ �>  ��

��  !� m>� �  !� .F	
 ,�	��> ≥[ aA.   

�	L ��OW?��� l*�	��� �����
 �[e ���*�
	F%  M�  !�

?��� l*�� ��
�� ���* S ��	: ?* 

  SK+aA + �>L = +S
aA� + SK�>L, 
 W �� * A; ��> 	
� F 
R�   W �k ∈ R  ��F g� K�

�� ?N��� g� K� ��� ?* ?\	� �*  �� I@.�F�*�� !. 

 I@3 -1���S � � . S ?��� l*�� M� .�F�* �[e ���*

I����: 

_� aA ≥[ �>   ⟺  _` aA − �> ≥[ 0> = 
0,0,0,0�  ⟺ −�> ≥[− aA.  

__�   aA ≥[ �>  , cA ≥[ ab    ⟶   aA + cA ≥[ �> + ab . 

?��� l*�� M� �� %�c��� �� �� * ?S�F ���C"#� �[e ���*

m#	� ��* ��@��  !��1 ] .#� ��F ����)�725 m#	� � [

����� ,����OW �]24?��
 * +N��� �� * [ �[e ���	


 ��F ���C"#� ����..#�   

?>
��z ���� ���  W �� * ��aA = 
aB, aC, α, E� �� %

?��� l*���� ���C"#�  �� ���*�	F:  

)8(    S
FA� = 12 d 
inf FAf
g

���# �	[* ��.#�  �� ��	: ?*  �}  

                                                             

1. Yager 

)9(    S
FA� = FG + FH
2 + 14 
E − I�. 

  

4 - ���� ����� �� �� �%��� ��%	� ��!��"  ���


��� ��'1�  

?��
 * �� �� ��\ � �$�� ���$ � %�K`�� �� *��S ��W

 _�`�  ���>� ��
�� %����#�� ,��� ?�P�� M�

.����A�.���� � �W] ��"��
 ?
���* l`�� %�W26 .[

,��� ?�P�� �� *  ���� ����� �� ���C"#�%����#�� �*�� 

M��V
 .�K`�� ?* �� ���$ � �����  � ���\� �* � ��S

���� �� ,���OL� J�� ?* ,��� I�OT� �� * %����� ��W

�� IW� � �� � ")�* ����' ��
 �! �K��L 5�� M� .��S

���� g�:	� �� *�
 ��W���� �� ���C"#� %J	�K� ���� ��W

 ..#�  

 ?�P�� ��K� %����#�� ,��� ?�P�� �� �@	� � �c��� ��

 %�	F �� ,��*  ����  ���>� �* ?��>
 ?��#� ��(��\ +A�

 �� +:�� ,' ��:� ,	�#k	� � �� ��� ��Y� ��c�� �* ?S

 .�	F  

1-4 - 
��� �%��� ��%	� ��!��" �6� ����� 

�>
 ?��#� ?��F ��� L� M� ?�?@��  +>
 � +O� �� I��

?
���7 ���K� ���K� %��� L ��:� ?�� � ..#� ��	O� ��W

,' ,��� � ���
 ��	� +A� ?�P�� �� �:�e v	
 ..#� �W

 ���S � ���# ?���* ?�P�� %����#��NP - .U#  .#�

]27.[ 

 ?��#� ��(��\�� >"#� +A� ?�P�� ,	�#k	� � ,��* �� *

] ����  ���>� �* ?��>
28?�	Oc� %[ �� ��  

� !,'  ,��� ��T"U� m#	�) �W  Z
 ��  �F M� �� (�W

�� ?"� ! .�	F���aOW ����� ���K��\� e � �W �� �W

�� ?"C! � ! +��
�"7 ,' ?* ?S) � !  W +�` �� (�	F

.#� �� C��� � � . M� ,�	�� ?* � ! M�  !� ?S �	F

�� %�	F ?"� !  Z
 �� ?��>
 ?��#� ��(��\� ! �
�	� ��W

 .�W� RF	7 %���� �� ` ,' �(���OW �� ?S �� � (��

?S .#� ��� d�W � ! ?�	Oc� �� ,�	�� ?* ���
�S ��W

 ?���* ?�	Oc�  �� M� ?��>
 ?��#� ��(��\+   �	
�

�� �@�� .�	F t�U"
�  ��F ?N��� ?���� ��  Z
 ��	� ?�P��

..#�  


�#������8 :����� i  :  �W � ! ?�	Oc�����e .����� �� *  j : ?��>
 ?��#� ��(��\ �� * ���
�S ��W � ! ?�	Oc�  

ckl: �W � ! ��* ?�:�� i ∈ I � n ∈ i  
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abo : ?S �@�O"�� ,� ���� ���K� �� * ���� ��� M�

 � ! ?* s	* �n ∈ i 

 fp; :��(��\ ����
� ��� ?��VW �� * ���� ��� M� )i ∈ I(.  

?"�
4 -1 .abo �fp;  ,�	�� ?*  Z
 �� �� ?>
��z ���� �����

�
� ��F ?"� !.  `
qro� :���W�S l*�� M� ckl  ����e ?��VW  (
�)
 ?S

m#	� ��F .����� i ∈ I �� n ∈ i ..#� 

?"�
4 -2 .f 
ckl�  = estuv  � � ��`  ����)�7 _�L

]�	F �� ?"� !  Z
 �� ,����OW28[. nrw :�� �W � ! ?�	Oc� i  �� ��
�	� �� ?S .#�� ! i ∈ I .���S .����� ����e 

 ?"�
4 -3 .nrw   �� B	� � �* :�	F �� ?"� !  Z
 ��  

)10(  xyz{
y� = |zy = -},               ~zy ≤ �,�K~zyL,     ~zy > �,     ,      ∀y∈yz{, 
  

 ?S� ∈  Sw    � .*�|g 
x�: [�% +  ∞� ⟶  [0% 1] �@�V
 l*�� M� ��S� .#�. jow : � ! ?�	Oc��� �W j    � ! ?* ��
�	� �� ?S .#�

 ��Wn ∈ i ..#� ,' ��� IW  �� ?@��K� ?S ��W� {�� # Ilw  =  �i ∈  I |μkl >  0} . 

�#�%D�� :�����  + ���
 ��	� ��W ��(��\ ���K� : 

 ?"�
4 -4 . +  ���* �� ��A: � �Y"�  [k�r7  , k���] ��,' �� ?S�F�*k�r7 ≥ 1 � k��� ≤ |j|  �� ������ �w ��"�W. �r:  � !  !� ?S ��	L %.#� ������  �Y"� M�i ∈ I  ?*

 ���>� %�F�* ?��>
 ?��#� ��(��\ M� ,�	��M�   �r ���

 ��	: ��� C:  .� �! �� �� xkl: �� � ���*  �Y"� M� ?S ��	L ?* �F�*  

�zy = �}, ��S .����� z ∈ � � ! ��  ���� # y ∈ � � !  !� K�z = },   |zy > �L,
�,   ��	: ���  �r ��                                                                                 

 ?*�)� �@	� �  �� ��  ?��#� ��(��\ ?�P�� ��:�  B	� �

?��>
% ] ���	
 ?��
 * ?�P�� M� ,�	�� ?*28 ��F ?N��� % [

.#�.  

) .����A� ?S ��F�* ?"F�� ?\	�12� ,���OL� ( +:�

�� ��S  

�F? = �
?, �� = ℛ
� � �ro<ro`KqroLaboo∈��{
− � p̀;�rr∈�

�
r∈�

 

= ℛ � � �ro<ro`KqroLℛ
a�o�
o∈��{

− � ℛ
 p̀;��rr∈�r∈�
 

s. t.       � χklk∈�v{
≤ 1,       ∀j ∈ J (11)  

� χklk∈ u{
≤ |Jkw|yk,       ∀i ∈ I (12)  

k�k¢ ≤ � ykk∈�
≤ k��� (13)  

χkl ∈ �0,1}                 ∀i ∈ I ,   j ∈ J (14)  yk ∈ �0,1}                 ∀i ∈ I. (15) 

 

 

 � ! �"`� ?Si ∈ I  t�U"
� ?��>
 ?��#� ��(��\ ,�	�� ?*

 �	F
yr = 1��� %� ! J�O� �
�	� �� �� �Wnrw   {�� #

) .����A� ?S �@�� �� %�W�13��(��\ ���K� ( ��	� ��W

�� B "�S �� ���
.��S   

 ?"�
4 -5 d�W l*�� ���>� ?�#�A� �� * .Z 
x % y�  �� %

���"���S m#	� ��F ?N��� ��'��S I"��	(@�1  ,����OW �

] .#� ��F ���C"#�30[% ] ���aOW29[ .�����* �� 

2-4 - ����EF
�'1 
�# 

5�� R����' �� *m#	"� G��>� �*  +N��� �� �e * %�W 

,��� v	
 �� ��V* ��  ���>� �* ?��>
 ?��#� ��(��\ �*��

� ! ��T"U� %?�P��  W �� .I�"e�# �� ���� � �W  

�(��\� ��K* �� ���*�� ����T� �	L ?* �� �W[−10, 10] ×
[−10, 10]  I�� S � � .I�� S t�U"
� .e�	��� l��	� �*

 ?S� = |j| � ¥ = |i| .  

� !  W �� * n ∈ i % ab = ¦FoG % FoG + §o  }%Io %Eo }¨ %n =
 1% … % ¥ %?>
��z ���� ��� M� ?S%.#� ��αl % β�  ~ U [10 % 50], alB ~ U [500% 2500] � tl~U [O% 100] 

.�	
� l*��  nrw
_ = 1% . . . % �� �� �� ��	: ?* ��

I�"� !  Z
.  

)16(  

 

|�z{
y� = |zy =
⎩⎨
⎧ },                                               ~zy ≤ �

} + � − ~zy±� ,          � < ~zy ≤ � + ±�,
�,                                    ~zy > � + ±�

 

 �W� \� J�O� �� %���aOW� = 1 , a5 = 0.1 �  �� `

..#� ��F ����  

 ���� ?�P�� ��� = 250% 500% 750%1000   �n 

m4=  .I�� S � � 5	`2]30[  ?S ��� ,�)
5����W 

� � -��� ����"*� VW�?��W� ������
�� �M ?�P��   

,����*��  .�
��� ��k�* .`�� *��*��� * %�  ,��� ,�)


5�� .`��W ��� VW�?��W� �������
�p̀;  ?S  i ∈ I   %

                                                             

1. Kratica 
2. Ghosh 
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� *�   Wn% ?# � �� ?"#�+N�� ,	��' VW �* ���?��W ��� �

����
� b̀r  =  
Fr % Fr + §p³% Ip³ } Ep³ � I�� S ��c�� .?S  ��

��>� ,'�  � * ��F ���C"#�� Fr , §p³, Ip³ �Ep³  �	L ?*

���T�� �	� ���l�W� �.e�	��  ?* s	* ����*��W ,�)
 

 B��\ �� ��F ����1 � t�U"
��.�
	F    

$�'"1.  ��� 
�# ���J# 9�1<K�
��'��>́ z  =  
µz% µz + ¶·³ % ¸·¹¹¹} º·¹¹¹�   º·¹¹¹ ¸·¹¹¹ ¶·³  µz Category 
number  

[10,50]  [10,50]  [0,50]  [1000,10000]  1  
[10,50]  [10,50]  [0,50]  [10000,20000]  2  
[10,50]  [10,50]  [0,50]  [20000,30000]  3  

  

 .I���� ?K#	� ����  ���>� MOS �* �� H��
 5�� ��

5�� J�O� �����S %��� *��* �* �W ,��� �� ���C"#�� �� \

�� ��W�)� ,���� ,��� � ���� +N��� ��TU)� .�	F

5�� �� * ���
 ��	�B��\ �� �W 2 .#� ��F ?N��� . 

$�'"2  

?��
 * ���* ?"#�  n  mink maxk (?�
�|) ,��� 

1  1 250 25 50 0,1036 

2 2 250 25 50 0,163339 

3 3 250 25 50 0,101057 

4 1 250 50 100 0,093915 

5 2 250 50 100 0,093915 

6 3 250 50 100 0,093915 

7 1 250 100 125 0,107203 

8 2 250 100 125 0,106835 

9 3 250 100 125 0,101188 

10 1 500 50 100 0,206169 

11 2 500 50 100 0,141496 

12 3 500 50 100 0,135905 

13 1 500 100 200 0,116595 

14 2 500 100 200 0,144836 

15 3 500 100 200 0,147267 

16 1 500 200 250 0,127699 

17 2 500 200 250 0,133205 

18 3 500 200 250 0,139434 

19 1 750 75 150 0,160926 

20 2 750 75 150 0,153569 

21 3 750 75 150 0,148119 

22 1 750 150 300 0,137819 

23 2 750 150 300 0,146553 

24 3 750 150 300 0,150449 

25 1 750 300 375 0,140989 

26 2 750 300 375 0,145201 

27 3 750 300 375 0,147101 

28 1 750 100 200 0,169967 

29 2 1000 100 200 0,165532 

30 3 1000 100 200 0,166014 

31 1 1000 200 400 0,168161 

32 2 1000 200 400 0,171869 

33 3 1000 200 400 0,171738 

34 1 1000 400 500 0,163274 

35 2 1000 400 500 0,161609 

36 3 1000 400 500 0,158127 
  

 %t�	\ �� "�* �"��� �� * ���� ^��"
 %?�P��  W ��

IS ?S  �*�	\ ��K� %���� �� ���
 ��[e �� �M�  .#�

�� ���
 ��[e  oS��� ?S �*�	\ �  �� ��* ��K� %����

 %t�	\ C: t�	\ ?�>* � .#����� ��W%  ,�V�� ?* ?"�*

,' ��[e ��* %�W C:  �M� �� �� ` ����� ?* .�
 �!

 ?OW m#	� ���' .#�* ���
 ��[e  oS���  !� % (��

5�� ?�P�� �� �Wn  �*  el�	F ���� ,�)
  ���
 ��[e �

 5�� �� * ��F .�����_   ?�P�� ��n   �* »ro ���� ,�)


%�	F 1 − ¼kl¼l ��  Z
 �� ���� �� I� �!  ?c�"
 ?S

 5�� �� *_ ?�P�� ��n  �� ,�)
 �� B��\ .�W�3  ^��"


�� ,�)
 �� �����W�.  
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$�'"3  

?��
 * WA  HGAVNS NHGASA HGASA GA MSA MVNS Hong Lin 

1 0,8262  0 0,8022 0,0682 0,8128 0 0,0217 0,7432 0,6185 

2 0,9755 0,8702 0,8553 0 0,7484 0,0255 0,8231 0,8609 0,8376 

3 0,9321 0,9204 0,8544 0,1847 0,571 0 0,8423 0,6752 0,6978 

4 0,9832 0,8314 0,9426 0,1151 0,9628 0 0,6881 0,8921 0,8534 

5 0,9537 0,9678 0,8413 0,0458 0,6229 0 0,9766 0,7904 0,6903 

6 0,9429 0,9131 0,8234 0,0481 0,3336 0 0,9415 0,8469 0,7465 

7 0,9641 0,739 0,8243 0,1544 0,7829 0 0,7888 0,8123 0,7424 

8 0,9728 0,8423 0,8147 0,0683 0,5075 0 0,8623 0,7967 0,7321 

9 0,9514 0,8629 0,8135 0,1102 0,3095 0 0,8637 0,7836 0,7023 

10 0,9347 0,4568 0,7848 0,0341 0,7871 0 0,1461 0,7601 0,7287 

11 0,9218 0,0016 0,2608 0,2121 0 0,0129 0,2338 0,1918 0,2004 

12 0,8853 0,7518 0,7382 0,0301 0,343 0 0,7999 0,7534 0,8625 

13 0,9375 0,8095 0,8406 0,347 0,8829 0 0,8015 0,8666 0,8209 

14 0,9632 0,8875 0,7766 0 0,4512 0,1079 0,9191 0,6954 0,6217 

15 0,9844 0,9432 0,7493 0,1025 0,2385 0 0,9175 0,6578 0,6625 

16 0,9729 0,8348 0,7745 0,0229 0,6362 0 0,8332 0,651 0,6019 

17 0,9587 0,8687 0,7407 0,0465 0,2544 0 0,8836 0,5025 0,4867 

18 0,9712 0,9062 0,7354 0,0548 0,214 0 0,9161 0,5298 0,4806 

19 0,9486 0 0,9334 0,7336 0,9204 0,7177 0,8166 0,9253 0,9237 

20 0,7994 0,6902 0,717 0,0386 0,7845 0 0,6549 0,6327 0,6416 

21 0,9861 0,7553 0,6508 0 0,2921 0,0127 0,7928 0,5907 0,3718 

22 0,9943 0,895 0,8077 0,047 0,8171 0 0,9103 0,7583 0,7509 

23 0,9872 0,9662 0,5348 0 0,0116 0,0168 0,8975 0,3287 0,2953 

24 0,9328 1 0,6229 0,0404 0,1464 0 0,9109 0,5698 0,5512 

25 0,9239 0,871 0,7323 0,0515 0,5605 0 0,8932 0,7012 0,619 

26 0,9873 0,9035 0,6574 0,0418 0,2405 0 0,9043 0,6423 0,583 

27 0,9956 0,9168 0,6626 0,0396 0,1508 0 0,9255 0,6217 0,6021 

28 0,9327 0,8758 0,9164 0,5427 0,9204 0 0,8536 0,8709 0,8841 

29 0,7985 0,5291 0,7495 0,0254 0,6807 0 0,4136 0,709 0,6823 

30 0,7838 0,494 0,7563 0,0328 0,6597 0 0,4127 0,7713 0,7384 

31 0,9871 0,9111 0,7315 0,0363 0,7752 0 0,985 0,7465 0,6982 

32 0,9126 0,9926 0,7203 0,0246 0,8017 0 0,8453 0,781 0,7267 

33 0,9877 0,9089 0,747 0,0134 0,8123 0 0,9583 0,7606 0,7724 

34 0,9749 0,9018 0,6636 0,0608 0,4948 0 0,8785 0,5763 0,6081 

35 0,9623 0,8663 0,6061 0,0296 0,4784 0 0,8911 0,4792 0,421 

36 0,9539 0,8629 0,6232 0,0212 0,4604 0 0,8647 0,5691 0,5258 

��(
��� 0,9411  0,7788 0,7445 0,0951 0,5407 0,0248 0,7796 0,6901 0,6522 

  

�� ,�)
 ���� ^��"
5�� ?S �W� ��WWA  %

HGAVNS  �MVNS  �� �� +� ��� �� "�*89,64٪ 

% 6,92٪ � 3,45٪  �� S ���7 ���	�5�� ��� %�
�  (�� ��W

�O
 ���F�� �* ?���>� �� .��# * t�	\ �� "�* ?* ��
�	�

GA  %MSA  �MVNS m>� %MVNS  �GA  ?*

 �� Q�� �70٪ � 30٪ ���	� ?*  "�* .#� +� ��� ��
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 � ��"���HGAVNS  ��NHGASA  %Lin  �

HGASA  � �	*  "�*MSA .�	* �� ��*   

5 - �B%�� 
�%M  

� � 5�� M� �� %?@�>� ��� ��- +� �� * ����"*� M�

,��� ?�P�� �� %�F ���C"#� ����  ���>� �� ,' �� ?S %�*��  
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