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2.1 �
��
�
�������������	 
  
 ���������	��
�����	
���
��������� ���
����������������
	������������
������
 �
	�!�"#$"��� �����������"�� (Operations Research) &�'
 "��� ( &�	��� ( ���� �

 
�������
���)��	��  �* ��	�+$��� ����*��,�-&�	���	�
 �"�����������,-&'� �.������"/�����
�'�"���� 
&��������01	���"����������0����	�+$�������� (Allocating Resource) /������0����	�+$
��������
�� �
	
��� 
�!" �,����) �����"�� � �� ������� �"��,�� 	�+$� �
���� �
��
���
,
�" ( �01	�����������0���� ���������������#!2��
+�$���,�$"��������������������
�$��
������
��2"#��� ��2"���
�3 ���#$)�#,#$"���&'�"����+�$&	��������/�'�-��"���4!�"&������� ( #$"���
����#�01	���2�  �.�#$"/�����
�'�"�����������������&'�&��������#�01	���"����������0����
��������������
����53�� �
��
���.-#$"�0����,
�" ( ��������))�'�"���� /��
����
�
"	
����+�$
����01	����,�����&�&	�����6�,�
�� ��"����������"������������� (Optimum) �'
��������"��� 
�
�&'��
����$������� 	�+$�� ��"����������"��$+�����&	�6����/�'�-
��������,
$��))��2� ( /�����
�����3��"+�$��#	�+$#�$������������	�� /�����
�'�"��������$)���� � 2 �
 � ��"��2 
 1. 
��
������	����7�	
�� (Objective Function) �+$�
������"� �
��
���.-
#$",����� ����� ��+�$&	����	����7�	
����"���	�+$,������  
 2. 
��
������"#$)#
�� (Constraints) 4!�"���"#�$������,
�" ( #$"�0����	�+$         
��������&�����
���	�+$$�
���  
 /������
���,
�" ( ��2"	
������
����'�"�����
+�$����)��)�0���� ���	��)�������01	�
/�����
�'�"������
���������	��� �.� &������2����
� �!"  �.����8 ��� �.����#$"4�
���9�4- 
(Simplex) /����� ����� ��))#$"�01	���"���/�����
�'�"���� ��
��0����4!�"����$"�-����$)
#$"��))���� �
�����
�4�)4�$���" ��"��2����	�6����.-�!"
����&'��$
�� �,$�-'
 �&����
���� � $�
�"���9,�
����������,�$"���������!"���53�#$"�01	�&	��#��&�����#�2�,$� ��+�$� �

�#��&�&��������01	����4�)4�$�,
$�� ���	��)�01	����
�����" 2 �0����  �.����8���� �.�"
�� ( 4!�"
��
�����	����,$)��� �
 �#$"�01	����
�
��� 
� 2 �0����  �.��������01	���"/�����
�'�"
����
�	��� �.��,
������
&'����
���+$  �.�4�
���9�4- (Simplex Method)  
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  �.�4�
���9�4-��2
������<��
���� �.���"��'�3�,���$�*���=5>�#$"�
����4-�#���
 
&�
����������))�01	�&	�
���))���"#!2� '
 �&	���"��,� �
����������"�0�������"
�������
���
�#��&��� ��"����0�����,
��,� �����������$�
�"
��	,�
�6�  �.���"��
� ������
,�������������0����
,
�" ( &	�
�6�,
$�
������	����7�	
��/��
�6��� /��
��
��7�	
��&���"�����9 ������ /�����
����������
����#������,���"��� ����������,�
#�2�,$�������,�$"��,�$"���&	����6����.-,�

��7�	
��6����.-�����������4!�"$����
����	��� ( ���,$) 

  $�
�"���9,�
�������01	��� � �.������"/�����
�'�"������������))4�
���9�4-�9��"

�� �
��
"������4�)4�$�$��
 ��+�$"���,�$"$�*���=5>�#$"�
����4-�#���
 
&�����������))
�01	� ����	,�6����#�$��#$" �.�����))4�
���9�4- ��"��2��!"���
������<�����)���" �.����#$"
4�
���9�4-
��������53��))4��� ��4��� (Sequential Simplex) 4!�"����))#�2�,$�#$" �.�����9
��"�"������&����53�#$%&'()* +$& Spendley -./01/ (1962) 4$56%(78#9*:';<%(78=;6#>.?(=@ 
67AB5-C*';<%(78-D0C:#8%&. 9E7F8)GF.)((78>)H*7:&I7JKI:#*LM:J (Evolutionary Operation) 4 OMJ
>G'I7';<%(78=;6#>.?(=@6%P5:$%('I7';<%(78-D0C:#8%&.-GG$)QJ#$;6 2 R8/(78AFSI T 0L:  
 1. UE7*'*(78C$.:J9E7F8)G';<%(78=;6#>.?(=@0L: k+1 =OMJ6%UE7*'**5:&('I7';<%(78
-D0C:#8%&. =OMJ6%UE7*'*(78C$.:J#CI7()G 2k +$&C%M k 0L:UE7*'*RXUU)&A*(8/G'*(78Y.;K 

 2. ';<%(78=;6#>.?(=@AB5#>%&J-0I 1 (78C$.:JAF6I9E7F8)G(78#0.LM:*C%M4R9ZI>LQ*Y;' 
(Surface) AF6I -KI9E7F8)G';<%(78-D0C:#8%&.U/K5:J(78:&I7J*5:&9\$ 08OMJF*OMJP:JUE7*'*(78
C$.:J-D0C:#8%&. =OMJ';<%(78F7#JLM:*4PC%M#F67/96 (Optimum Condition) +$&';<%=;6#>.?(=@ U/
#8;M6K5*U7(8ZRC8J#8P701;K (Geometric) -./UE7*'*(78C$.:J#CI7()G k+1 +$& k U/#CI7()G
UE7*'*RXUU)&A*(8/G'*(78 
 

 
 

^7>C%M 2.1  
8ZRC8JP:J=;6#>.?(=@ (81% 2 RXUU)& 
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        U7(^7>C%M 2.1 -9$J8ZRC8JP:J=;6#>.?(=@ A*(81%C%M6% 2 RXUU)& U/R8/(:G$5'&U\$ 3 
U\$$)J*)Q* (78::(-GG=;6#>.?(=@ U/#8;M6U7((78C$.:J$5'& 3 ';<%R`;G)K; (Treatment) +$&A*-KI
./';<%R`;G)K; U/4$50I7P:JY..)><@P:J(78C$.:JA*-KI./08)QJ U7(*)Q*U/#8;M6(78C$.:J#Rb*.E7$)G
:&I7JKI:#*LM:J +$&U/6%(78#>;M6(78C$.:JAF6IC%./F*OMJ08)QJ U7(*)Q*U/CE7(7805*F7#JLM:*4PC%M
#F67/96 (Optimum Condition) P:JRXUU)& +$&U/9;Q*9\$#6LM: 97678cF7#JLM:*4PC%M#F67/96P:J
(8/G'*(78F8L:46I97678cC%MU/R8)GR8\J0I7Y.K:G9*:J4$5:%( =OMJ';<%(78P:J=;6#>.?(=@U7(8ZRC8J 
#8P701;K (Geometric) U/*%Q#:JU/*E767#Rb*K5*-GGA*(78CE7';U)&A*08)QJ*%Q  
  
 2.1.1 �
���
����������� �����
! (Modified Simplex Method) 

 ';<%=;6#>.?(=@-GGR8)GP*7$ (Modified Simplex Method, MSM) +$& Nelder -./ 
Mead (1965) #Rb*';<%(78C%MAB5>LQ*g7*#$%&'()*()G';<%(78=;6#>.?(=@ -KIU/6%(78R8)G8ZR8I7J-./
P*7$=OMJPOQ*:&ZI()GY.K:G9*:JA*-KI./P)Q*K:* =OMJ';<%(78*%Q97678c#8%&(:%(BLM:F*OMJ'I7 hVariable 
Size Simplex Methodk +$&P)Q*K:*C%M#>;M6#K;6U7(';<%(78#$;6 0L: 

 1. 97678cP&7&P*7$C;lC7JPOQ* (81%C%MC$.:J4RK76#95*C7JC%MA(.5U\$C%M$%C%M9\$ 
 2. 97678c.$P*7$C;lC7J.J(81%C%MC$.:J4RK76#95*C7JC%MFI7JU7(U\$C%M$%C%M9\$ =OMJ

P5:$%C)QJ9:J*%QU/CE7AF5';<%(7805*F7cOJU\$C%M#F67/96#8?'-./F70I7C%M#F67/96A(.5()GU\$C%M$%C%M9\$
67(('I7';<%R(K; 
 8/$)GP:J(78F$K)'P:J';<%=;6#>.?(=-GGR8)GP*7$U/POQ*:&ZI()G0'7646I#Rb*4RK76
0'7607$F67&P:JY.K:G9*:JC%M#(;$POQ* =OMJ.)(m1/(78#R.%M&*-R.JP:JU\$A*-KI./(81%-9$J
$)J^7>C%M 2.2  
 

B

Nw

PC+

PW

PB

PNw

PC-

PR
PE

Pave

 
 

^7>C%M 2.2  
';<%=;6#>.?(=@-GGR8)GP*7$ (Modified Simplex Method, MSM) 
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+$&8ZR-GP:J96(78C%MAB5A*(780E7*'1F70I7Y.K:G9*:JA*-KI./U\$-9$J4$5$)JKI:4R*%Q 

 )( waveaveR PPPP −+= α  
 )( waveaveE PPPP −+= γ  
 )( waveaveC PPPP −+= +

+ β  
 )( waveaveC PPPP −−= −

− β  
 
/�����  
 PW  �+$  �
������
��������������� (Rejected Trial) 
 PE  �+$ �
��������������#��� (Expansion Point) 
 PR  �+$ �
������������������$� (Reflection Point) 
 PC+ �+$  �
����	�,� ��"����) � (Positive Contraction Point) 
 PC-  �+$  �
����	�,� ��"�����) (Negative Contraction Point) 
 Pave �+$  �
��!�"���"#$"�+2�6�  (Centroid of the Remaining Face/Hyperface)  

 α  �+$  �
��
���
������.�#$"�������$� (Reflection Coefficient)  

 γ  �+$  �
���
������.�#$"���#���,�  (Expansion Coefficient) 

 β+ �+$  �
���
������.����	�,� ��"����) � (Positive Contraction Coefficient)  

 β- �+$  �
���
������.����	�,� ��"�����) (Negative Contraction Coefficient)  
 

 �������))������+�$��������
���#$" �.�4�
���9�4-�))���)#���&�#��",�� 
��
����#��������6�6�"����	����	��
�����	
���
�����"A����� 2.3  

 
 
 
 
 
 
 
 
 



 
 

 

12

 
 
 

A����� 2.3  
���) �������"��#$"';<%=;6#>.?(=@-GGR8)GP*7$ 
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 2.1.2 ��������	
���
12�	�34
5�������6!78�����
	 (Weighted Centroid Simplex 
Method) 

 Ryan  -./01/ (1980)  4$5*E7#9*:';<%=;6#>.?(=@-GGcI'J*QE7F*)(C%MU\$lZ*&@(.7J 
(Weighted Centroid Simplex Method, WSM)  +$&AB5';<%F7U\$(OMJ(.7JU7(0I7P:JY.K:G9*:J
A*-KI./U\$  U7(^7>C%M 2.4  U\$9667K8P:JU\$C%MAF50I7Y.K:G9*:JC%M*5:&C%M9\$U/.7(YI7*U\$C%M6%
#F.%M&6-./$57*K8J()*-./.7(U\$K)$U7($57*K8JP57JCE7AF5#(;$#95*K)$U\$lZ*&@(.7J +$&C%M0I7P:J
Y.K:G9*:JC%M$%C%M9\$C%M#(;$POQ**)Q*#Rb*U\$&:$P:J';<%=;6#>.?(=@  =OMJF.)(#(1u@P:J �.�4�
���9�4-cI'J
*QE7F*)(C%MU\$lZ*&@(.7J*)Q* U/#Rb*.)(m1/#$%&'()*()G';<%(78P:J=;6#>.?(=@-GGR8)GP*7$ 
(Modified Simplex Method, MSM) +$&C%MU/6%9I'*C%M-K(KI7J()*K8J(780E7*'1P:JU\$9/C5:* 
(Reflection Point)  

 
 

B

Nw

W
Pave

Pwc

R

PB

PNw

PW

PR

 
 

^7>C%M 2.4  
 �.�4�
���9�4-�))cI'J*QE7F*)(C%MU\$lZ*&@(.7J (Weighted Centroid Simplex Method, WSM) 

 
*;&76P:JU\$cI'J*QE7F*)( (Pwc) 97678c-9$J(780E7*'14$5$)JKI:4R*%Q 
 

∑ −

∑ −
=

)()(

)()(

wi

iwi
wc

PYPY

PPYPY
P  

 
+$&C%M 
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 Y(Pi) 0L:0I7Y.K:G9*:JC\(U\$P:J Pi +$&C%M i 0L:U\$ B, Nw -./ W P:J=;6#>.?(=@ 
-./  Y(Pw) 0L:0I7Y.K:G9*:JP:JU\$C%M-&IC%M9\$P:J Pw =OMJ0I7P:J Pwc U/cZ(*E74RAB5A*(78-C*C%M
P:J0I7 Pave A*8ZR-GGP:J';<%=;6#>.?(=@-GGR8)GP*7$ (MSM) A*96(78$)JKI:4R*%Q 
 

)( wwcwcR PPPP −+= α  
 

 �������))������+�$��������
���#$" �.�4�
���9�4-�))cI'J*QE7F*)(C%MU\$lZ*&@(.7J 
��
����#��������6�6�"����	����	��
�����	
���
�����"A����� 2.5  
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A����� 2.5  
���) �������"��#$" �.�4�
�))���9�4-cI'J*QE7F*)(C%MU\$lZ*&@(.7J  
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 2.1.3 ��������	
���
�����������	���� (Super Modified Simplex Method) 
 ���� �.����������������)#�2�&�������	����,$) �����<��#!2�
������ 
�   �.����	��
������

�������))�

�����'�"���� (Non-linear Optimization Method) &'�&��������01	��
�������

����
�'�"���� �
+�$�0����,
�" ( ���������)���"��+�$	����,$) �����2��9������"� �
�	
���
�������+$�
��*��"#$"���,$)����	
���
�����&	��
����������������#!2� *)(';B7(78F.7&0*4$5R8)GR8\J';<%(78
P:J=;6#>.?(=@ P:J Nelder -./ Mead (1965) C%M4$5CE7(78-C*C%MU\$C%M0I7Y.K:G9*:J*5:&C%M9\$
*)Q*$5'&9)$9I'*P:J8/&/C7JC%M67(POQ*A*C;lC7J#$;6#>LM:#>;M60'76#F67/96A*(78C$.:J'I78/&/
P:JC;lC7JC%M#>;M6POQ**)Q*6%Y.KI:Y.K:G9*:JC%M::(67F8L:46I +$&';<%(78*%QcZ(#8%&('I7 ';<%=;6#>.?(=@
R8)GP*7$ (Modified Simplex Method, MSM) -./U7(U\$#8;M6K5**%Q#:J ';<%=;6#>.?(=@R8)GP*7$ 
(MSM) (?cZ(R8)GR8\J:%(08)QJ+$&  Routh  -./01/ (1977) =OMJcZ(#8%&(AF6I'I7  ';<%=;6#>.?(=@R8)G
P*7$-GG>;#lm (Super  Modified  Simplex Method , SMS) +$&';<%(78*%Q#(;$U7((780E7*'1
0I7C%M$%C%M9\$+$&AB596(78CE7.)J9:J (Second { Order  Polynomial  Function)  670E7*'1YI7*
U\$C%M-&IC%M9\$  =OMJ0'76-K(KI7JC%M#(;$U7((78lO(m7#>;M6#K;6A*9I'*P:JK)'-R8:).D7 (α ) C%M#Rb*
0I79)6R8/9;C<;P:J(789/C5:* (Reflection Coefficient) P:J=;6#>.?(=@ U7(96(78P:J(78F7U\$
Y.K:G9*:JC%M#(;$POQ*C%M$%C%M9\$KI:4R   

 

)( waveaveR PPPP −+= α  
 

#*LM:JK)'-R80I79)6R8/9;C<;*%QU/#Rb*K)'(E7F*$KE7-F*IJC%MU/#(;$U\$c)$4R $)J*)Q*#>LM:AF5JI7&KI:0'76
#P57AUUOJ4$56%(78-C*0I7P:JK)'-R8:).D7(α ) AF6I$5'& β−1  CE7AF54$596(78P:J(789/C5:*A*
8ZR-GGAF6I0L: 

))1( waveR PPP ββ −+=  
 

-./#>LM:AF5JI7&KI:(78#P57AUUOJ4$5U)$8ZR96(78(78>&7(81@>;()$P:JU\$Y.K:G9*:JAF6I#Rb* 
 

))1( woptaveopt PPZ ββ −+=  
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 +$&C%M0I7 β  #Rb*0I7C%M4$567U7((780E7*'1YI7*96(78(E7.)J9:J (Second { Order 
Polynomial) P:JY.K:G9*:JA*-KI./U\$ =OMJA*8ZR-GGRXUU)& β  97678cF74$5U7((7896(78
(78>&7(81@-GG Polynomial $)JKI:96(784R*%Q 
  

)(2)(4)(2
)(3)(4)(

WaveR

WaveR
opt

PYPYPY

PYPYPY

⋅+⋅−⋅

⋅+⋅−
=β  

 
#*LM:J(78';#087/F@(78>&7(81@U\$P:J';<%=;6#>.?(=@R8)GP*7$-GG>;#lm (SMS) 4$567U7(96(78
(E7.)J9:JC%M#Rb*96(78>LQ*Y;'+05J $)J*)Q*A*(81%C%M 

opt
β K(:&ZIA*BI'JP:J Min -./ Max P:J

Y.K:G9*:J C%MU\$ PW -./U\$ PR K5:JCE7(78';#087/F@#>;M6#K;6$)J:<;G7&A*^7>C%M 2.6 +$&#6LM:$Z
.)(m1/0'76+05JP:J8ZR8I7J>G'I7.)(m1/P:J8ZR8I7J*)Q*-GIJ::(4$5#Rb* 2 8ZR-GG 
 
 

 
^7>C%M 2.6  

K)':&I7J^7>R8/(:G(780E7*'1';<%=;6#>.?(=@-GGR8)GP*7$-GG>;#lm 
C%M67 : Statistical Design Chemometrics 

 
 -GG-8(  #'57#P57P57JA* (Concave) -./-GGC%M9:J0L: *Z*::($57**:( (Convex) A*
C~m�%P:J';<%=;6#>.?(=@-GGR8)GP*7$-GG>;#lm (SMS) 4$5AB596(78A*(78';#087/F@U7(0I7
Y.K:G9*:JP:J 

aveP
+$& 



 
 

 

18

)(
2
1

WRave PPP +<          -./      )(
2
1

WRave PPP +>  

 
 c57  

aveP
 6%0I7*5:&('I7>LQ*Y;'C%M#(;$POQ*U/6%.)(m1/#'57#P5767$57*A*  -KIc57 

aveP
 C%M

#(;$POQ*6%0I767(('I7  F8L:#CI7()G  .)(m1/>LQ*Y;'C%M#(;$POQ*U/#Rb*A*.)(m1/C%M*Z*::($57**:($)J
^7>C%M 2.6 -./A*:%((81%F*OMJ(78';#087/F@0'76#F67/96P:J0I7  optβ  97678c-GIJ#Rb*(81%
KI7J T 4$5$)J*%Q 
 +$&A*(81%C%M0I7P:J optβ 6%0I7#Rb*:*)*K@ (Infinite) 0L:46I97678cF70E7K:G4$5+$&
0I7C%M::(67CE7AF546I97678cR8)G#R.%M&*4$5 $)J*)Q*A*(81%0I7P:J optβ  C%MK(:&ZIA*G7JBI'JC%M-9$J
$)J^7>C%M 2.7 U/cZ(U)$(78$5'&(�KI:4R*%Q 

PavePW PR

 
 

A����� 2.7  
#�$������#$"'
 " Interval value #$"�
� β  

 
 1. c57 optβ 6%0I7*5:&('I7 -1 (U\$C%MY.K:G9*:J*5:&C%M9\$) F8L:6%0I767(('I7 3 (U\$C%M
Y.K:G9*:J67(C%M9\$) CE7AF546I97678c9857J96(78(E7.)J9:J4$5UOJAF5(.)G4RAB5';<%=;6#>.?(=@
-GGR8)GP*7$ A*(78&L$ (Expansion) F8L:(78F$.J (Contraction) -C* 
 2. c57 optβ 6%0I7A(.5#0%&J 0 0'8F.%(#.%M&J#>87/'I7=;6#>.?(=@AF6IC%M#(;$POQ*U/6%0I7
A(.5#0%&J#$;667( UOJ6%(78(E7F*$0I78/&/R.:$^)&P:J β  (Safety Margin, Sp) A*(81%c570I7   

optβ  K(:&ZIA(.5BI'J (-Sp, Sp) =OMJC~m�%P:J SMS U/AB50I70JC%M-C* Sp F8L: - Sp +$&R(K;6%0I7
:&ZI8/F'I7J 0 cOJ 0.5 
 3. c570I7  optβ  6%0I7#CI7()G 1 8/GG=;6#>.?(=@U/46I6%C;lC7J96(78 Z C%M#(;$POQ*U/C)G

()*9*;C()GU\$ 
aveP
-./U/46I#(;$(789/C5:*#(;$POQ* optβ 6%0I7A(.5#0%&J 1 (?0'8F.%(#.%M&J#BI*()* 
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#>87/c57 )1()1( δββδβ +<<−
opt

 0I7 optβ = 1 F7(*E74R-C*0I7>G'I7 U/CE7AF5P:G#PK-0G

.JU*A(.5cOJ8/$)GC%M46I97678cR8)GR8\J0I7Y.K:G9*:J4$5 
 

 

 
A����� 2.8  

���) �������"��#$" �.�4�
���9�4-�))���)#����))���*5 
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 2.1.4 �
���
������������A� (Complex Simplex Method) 
 ';<%=;6#>.?(=@-GGY96 (Complex Simplex Method, CSM) +$& Box (1965) #Rb*
';<%(7805*F7-GGKI:#*LM:J=OMJYI7*(78C$9:G-./4$5Y.$%A*(78-(5RXSF7A*8ZR-GGP:J96(78C%M
46I#Rb*#B;J#95* +$&4$5*E7#:7';<%(78P:J=;6#>.?(=@-GG:LM* T 67>)H*7KI:=OMJ';<%=;6#>.?(=@-GGY96
U/9*AUC%MU/>)H*7';<%(78F70I7C%M$%C%M9\$U7(';<%=;6#>.?(=@A*#JLM:*4PC%MU\$#8;M6K5*C%MAB5K5:J#Rb*U\$C%M
9\I6POQ* 1 G8;#'1U\$C%McZ(#.L:(POQ*67 #>87/�/*)Q*8ZR-GGP:J(87DC%M#(;$POQ**%Q46I4$5:&ZIA*8ZR-GG
C7J#8P701;K +$&U\$C%MY.K:G9*:J*5:&C%M9\$U/cZ(-C*C%M$5'&U\$C%M6%#F.%M&6-./$57*K8J()*  
 ';<%=;6#>.?(=@-GGY96 U/#8;M6K5*U7((789857JU\$C%M#F67/96U7((789\I6 A*(81%C%M(78
9\I6#Rb*U\$C%M46I#F67/96 U\$AF6IU/cZ(9857JPOQ*67-C*+$&AB5U\$(I:*F*57*%Q#Rb*K)'(E7F*$U\$C%M
#F67/96 +$&R(K;U\$C%M46I#F67/96U/cZ(#0.LM:*4RC%M4RP57JF*57P:JU\$(OMJ(.7J(I:*F*57*%QC%M9\I6
67-.5'-./#F67/96 A*(81%C%MU\$C%M#F67/9608G-.5'U\$C%M-&IC%M9\$0L: U\$C%MU/CE7(789/C5:*
::(4R+$&YI7*U\$(OMJ(.7J#>LM:C%MU/F7U\$AF6Ic)$4R =OMJC)QJ*%QC)QJ*)Q*(?POQ*:&ZI()G0'76#F67/96P:J
0'769)6>)*<@C7J01;Kl79K8@C%M#(%M&'()GUE7*'*C%MPOQ*:&ZI()GUE7*'*:LM* T P:JU\$C%MU/#(;$POQ*AF6I
$5'& A*(78C%MU/&:68)GF8L:-(54PU\$A$ T U/6%P5:(E7F*$:&ZI'I7 c57U\$*)Q*K(:&ZI*:(P:G#PKP:J
P5:UE7()$U\$*)Q*K5:J-(54PAF5:&ZI^7&AK5P:G#PKP:JP5:UE7()$ F8L:c57#Rb*U\$C%M46I#F67/96(?AF5CE7
(789/C5:*4RP57JF*57P:JU\$C%M#F67/96 +$&B\$P:J0E79)MJ-./P)Q*K:*';<%P:J=;6#>.?(=@-GGY96
6%$)JKI:4R*%Q 

 P)Q*K:*C%M 1. 966\K;P:G#PKP:J ),( )()( UL
xxx  +$&C%M )(L

x 0L:0I7P:G#PKC7J$57*KME7 

(Lower limit) -./ )(U
x  0L: 0I7P:G#PKC7J$57*9ZJ (Upper Limit) 0I79/C5:*(.)G (Reflection 

Parameter,α )  ����
����	��&����	��� (Termination Parameter, δε , ) 
 P)Q*K:*C%M 2. 9857J#=K#8;M6K5*P:J P (+$&C)M'4R#CI7()G 2N) =OMJ#Rb*U\$C%M#F67/-./
#Rb*4R4$5P:J-KI./U\$ 

1. F7U\$ )(P
ix  A*^7&AK5P:G#PK+$&(789\I6 N 08)QJ +$&C%M P 0L: U\$A$ T C%M

#(;$POQ* 
  2. c57 )(Px 0L:U\$C%M#Rb*46I4R4$5 (Infeasible point) AF50E7*'*0I7 x  (Centroid) 

P:J#=KRXUU\G)*-./CE7(78K)QJ0I7AF6I(Reset)  )(21
)()()( PPP

xxxx −+=                
  U*(8/C)QJ )(Px #Rb*0I7C%M#Rb*4R4$5-./#F67/96  c57(81%C%M )(Px  #Rb*4R4$5:&ZI

  -.5'(?AF5$E7#*;*(78KI:4RK76P5: 2.1 U*4$508GC\(U\$P:J P #=K  

  3. CE7(78C$9:G )( )(P
xf -C* P =0, 1, 2, 3,�,(P-1) 
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 P)Q*K:*C%M 3. CE79/C5:*U\$AF596GZ81@ +$& R
x  0L:U\$C%M#(;$U7((789/C5:* 

  1. #.L:(0I7 Rx $)J*%Q   max)(max)( )(
Fxfxf

PR ==  

  2. 0E7*'*U\$(OMJ(.7J x  (Centroid) (&(#'5*U\$ R
x ) -./U\$C%M#($;POQ*AF6I m

x

  U/ 4$5U7( )( Rm
xxxx −+= α  

  3. c57 mx  0L:U\$C%M#Rb*4R4$5-.5' -./ max)( Fxf
m ≥ AF5CE7(789/C5:*(.)G

  08OMJF*OMJP:JU\$(OMJ(.7JP:J x  (Centroid) U*(8/C)MJ max)( Fxf
m <  

  (81% c57 mx 0L:U\$C%M#Rb*4R4$5 -./ max)( Fxf
m < AF5P5764RP)Q*K:*C%M 5 

  (81% c57 mx &)J#Rb*U\$C%M&)J#Rb*4R46I4$5(?AF5CE7P)Q*K:*C%M 4  
 P)Q*K:*C%M 4. (78K8'U9:G0'76#Rb*4R4$5 (Feasibility check) 
  1. 9E7F8)GC\( T 0I7P:J i C%M6%(78K)QJ0I7P:G#PKAF6I 
        c57 m

ix  < )(L
ix   (E7F*$AF5 m

ix = )(L
ix  

         c57 m
ix  < )(U

ix (E7F*$AF5 m
ix  = )(U

ix    
  2. c57Y..)>C@P:J m

ix  &)J#Rb*4R46I4$5AF5CE7(789/C5:*U\$08OMJF*OMJP:J8/&/FI7J 

  U7(U\$(OMJ(.7J -./CE74RU*(8/C)MJ mx 6%0I7C%M#Rb*4R4$5 K76P)Q*K:*C%M 3 

 P)Q*K:*C%M 5. -C*C%M0I7 Rx $5'& mx -./K8'U9:GU\$9;Q*9\$P:J(78CE7J7* 
 

  1) 0E7*'* ∑=
p

p
xf

P
f )(

1 )( -./ ∑=
p

p
x

P
x

)(1
 

 

  2) c57 ε≤∑ −
p

p
fxf
2)( ))((  -./ δ≤∑ −

p

p
xx

2)( )  

 
�������))������+�$��������
���#$" �.�4�
���9�4-�))6�
 ��
����#��������6�6�"����	�
���	��
�����	
���
�����"A����� 2.9 
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A����� 2.9  
���) �������"��#$"';<%=;6#>.?(=@-GGY96 
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 2.1.5 �
�������
�
�C�D
��E�����
��F (Logarithm Harmony Search Algorithm) 
 #6K7�;'8;9K;( (Meta - Heuristic Algorithm) #Rb*(78F70E7K:G+$&(78#.%&*-GG
>~K;(886K76<886B7K;P:J9)K'@F8L:.)(m1/#�>7/P:J9;MJC%M9*AUlO(m7=OMJ';<%�78@+6*%#=;8@B
(Harmony Search Algorithm, HSA) +$& Kim -./01/ (2002) (?#Rb*:%(';<%F*OMJC%M#Rb*F7
0E7K:G#Rb*-GG#6K7�;'8;9K;( +$&AB5-*'C7J(78-(5RXSF7P:J*)($*K8%#>LM:05*F7.)(m1/P:J
(78R8/97*#9%&JP:J#08LM:J0*K8%C%M#F67/96C%M9\$ (Perfect  State  of  Harmony) A*C7J(78
R8/&\(K@AB5-(5RXSF7#>LM:F7(8/G'*(7805*F70E7K:GP:JRXSF7C%M$%C%M#F67/96C%M9\$ (Global 
Solution) ^7&AK5#R�7F67&P:J96(78')Kc\R8/9J0@ (Objective Function)    =OMJ(78(E7F*$8/$)G
P:J#08LM:J$*K8%#R8%&G#96L:*(78(E7F*$8/$)GP:JRXUU)&A*(78F70E7K:G #>LM:0\1^7>P:J#9%&J
C%M$%C%M9\$#96L:*()G(78F70E7K:GP:JRXUU)&::(67 +$&0I7P:JY..)><@P:J96(78')Kc\R8/9J0@ 
(Objective function) C%M4$567*)Q*#Rb*Y.0E7K:GC%M#(;$U7(#JLM:*4PC%M4$58)GU7(RXUU)&K)$9;*AU 
(Decisions Variable) $)J*)Q*.E7$)GP)Q*K:*C%MAB5A*(78-(5RXSF7P:J';<%�78@+6*%#=;8@B (Harmony 
Search Algorithm, HSA) UOJAB5F.)((78G*>LQ*g7*<886B7K;P:J*)($*K8%C%M6%(78R8)GR8\J-./
-(54PK)'+*�K #6LM:*)($*K8%97678cC%MU/F7K)'+*�KF8L:R8)GR8\J(78R8/97*#9%&JP:J#08LM:J$*K8% 
AF5$%POQ*(?U/(.7&#Rb*(78R8/97*#9%&J-GGAF6IC%M$%('I7  
 A*C7J';l'(886 (78R8/6710I7P:J0E7K:GC%M#(;$POQ**)Q*4$58)GY.67U7((78A9I0I7P:J
RXUU)&C%MAB5A*(78K)$9;*AU (Decision variable) A*96(78')Kc\R8/9J0@ (Objective function) F8L: 
96(78C%M#F67/96 (Fitness function) (78R8/#6;*0I7C%M4$5*)Q*6%F.7&6\66:J:)*4$5-(I K5*C\* 
(Cost) R8/9;C<;^7> (Efficiency) -./P5:Y;$>.7$KI7J T C%M97678c#(;$POQ*4$5 (Error) =OMJA*(78
*E74RR8/&\(K@AB5J7**)Q*6%0'769E7#8?U9ZJ67(A*8ZR-GGC%MF.7(F.7&P:JK)'RXSF7 :&I7J48(?K76
cOJ-65'I7U/6%R8/9;C<;^7>A*(78RXSF7C%M$%-KI(?&)J6%P5:G(>8I:J:&ZI $)J*)Q*#>LM:R8)GP5:$5:&F8L:C%M
G(>8I:J:&ZI Mahdavi -./01/ (2007) 4$5CE7(78>)H*7:%(08)QJ+$&4$5*E7#:796(78C7J
01;Kl79K8@#P5767R8/&\(K@A*(78R8)GR8\J0I7� �
�
�������&������+$����)����),� /�I, (Pitch 
Adjusting Rate, PAR) ��� '
 "� ��"#$"������"&�������)����) (Distance Band Width, 
Bw) UOJ#8%&(BLM:AF6I'I7.?:((78;CO6';<%�78@+6*%#=;8@B (Logarithm Harmony Search Algorithm, 
HSA) +$&C%M(78CE7J7*U/6% 5 P)Q*K:*F.)( =OMJR8/(:G$5'& 
 P)Q*K:*C%M 1 ';#087/F@RXSF7C%MAB5 >85:6C)QJ8/G\RXUU)&-./P:G#PKP:JRXUU)& 8/G\
RXSF7C%MK5:J(78 +$&')Kc\R8/9J0@P:J#R�7F67&0L: :/48 C%MAB5A*(78$E7#*;*(;U(886P:J(7805*F7
-(54PK)'96(78P:JRXSF7 #BI* 
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 f(x) : �
��� �,������"�- (Objective Function) 
 xi   :  ,� ���,�����&� (Decision Variable) 
 N  : ���� �#$",� ���,�����&� (Number of Decision Variables) 
 HMS : ���� �#$"'��#$",� /�I,&���������9) (Number of Solution Vectors in HM) 

 HMCR : � �
�
�������&������+$�,� /�I,���
�&���)) (HM Considering Rate) 
 PAR : � �
�
�������&������+$����)����),� /�I, (Pitch Adjusting Rate)  
 Bw : '
 "� ��"#$"������"&�������)����) (Distance Band Width) 
 NI : ���� ����2"#$"������	� (Number of Solution Vector Generations) 
 P)Q*K:*C%M 2 8/G\P*7$ HM (Harmony Memory) -./0E7K:G#8;M6K5*+$& HM (?0L:
UE7*'*P:JY.K:G9*:JC%MK5:J(78U)$#(?G (HM = Y1, Y2�Yi) -./0E7K:G#8;M6K5*#(;$U7((78
9857J#.P9\I6C%M6%.)(m1/#Rb*(78-U(-UJB*;$&Z*;D:8@6 (Uniform Random Number) 
 P)Q*K:*C%M 3 >)H*79857J New Harmony U7( HM (Harmony Memory) 
 P)Q*K:*C%M 4 ';#087/F@ R8)GR8\J New Harmony C%M#(;$POQ*  
 P)Q*K:*C%M 5 (8/CE7=QE7P)Q*K:*C%M 3 -./ P)Q*K:*C%M 4 ^7&AK5P:G#PKC%M(E7F*$4'5-./Y.
C%M4$5U7((780E7*'1U/9;Q*9\$#6LM:#(1u@C%MAB5A*(781@K)$9;*AU4$5Y.0E7K:GC%M*I7>:AU+$&97678c
-9$JP)Q*K:*(8/G'*(78F70I7C%M$%C%M9\$4$5$)JA����� 2.11 
 9E7F8)GA*-(5RXSF7P:J';<%�78@+6*%#=;8@B  0I7RXUU)&P:J Bw -./ PAR U/#Rb*RXUU)&
9E70)SC%MBI'&(78057F70I7C%M#F67/96P:J0E7K:G =OMJ9E7F8)G';<%�78@+6*%#=;8@BC)M' T 4RU/#Rb*0I70JC%M 
(E7F*$POQ*67 +$&0'769)6>)*<@0I7RXUU)&P:J Bw -./ PAR U/#Rb*4RA*8ZR-GG$)J*%Q c570I7P:J 
PAR 6%0I7*5:& T -./ Bw 6%0I7('57J T U/CE7AF50\196G)K;P:J8/GG6%R8/9;C<;^7>-&I.J -./
*E74R9ZI(78>;U7817(78#>;M68:GP:J(78CE7=QE7#>LM:AF54$50I7C%M#F67/96C%M9\$ -./A*K8J()*P576c57
0I7P:J PAR 6%0I767( T -./ Bw 6%0I7-0G T U/CE7AF5(78-(5RXSF74$5$%A*K:*C57& T P:J(78F7
0I7C%M#F67/96C%M$%C%M9\$ $)J*)Q*';<%(78=OMJ#R.%M&*-R.J4$5P:J0I7 PAR -./ Bw UOJ#Rb*';<%(78C%M*E74R9ZI
(78>)H*7#>LM:AF54$50I7C%M$%C%M9\$ =OMJ9)6>)*<@P:J0I7 PAR -./ Bw ()G Generation Number 
97678c-9$J4$5$)J^7>C%M 2.10 
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A����� 2.10  
� �
��
���.-#$"�
� PAR ��� Bw ��) Generation Number 

C%M67 : Mahdavi -./01/ (2007) Applied Mathematics and Computation  
 

=OMJ0I7 PAR -./ Bw C%M6%(78#R.%M&*-R.JA*-KI./8\I*P:J(78>)H*7 (Generation Number) -9$J
4'5$)JKI:4R*%Q 

  gn
NI

PARPAR
PARgnPAR ×

−
+=

)(
)( minmax

min  

#6LM: 
 PAR: :)K87(78R8)G8/$)G#9%&J9E7F8)G-KI./8\I* (Pitch Adjusting Rate for each  
 Generation) 
 PARmin: :)K87(78R8)G8/$)G#9%&JKME79\$ (Minimum Pitch Adjusting Rate) 
 PARmax: :)K87(78R8)G8/$)G#9%&J9ZJ9\$ (Maximum Pitch Adjusting Rate) 
 NI: UE7*'*(789857J#'(#K:8@+=.ZB)M* (Number of Solution Vector Generation) 
 gn : UE7*'*F67&#.P8\I* (Generation Number) 
-./ 

  )exp()( max gncBwgnBw ⋅=    /��       
NI

Bw

Bw
Ln

c

)(
max

min

=  

#6LM:  
 Bw (gn) : -G*$@';<9E7F8)G-KI./8\I* (Bandwidth for each Generation) 
 Bwmin :     -G*$@';$<@KME79\$ (Minimum Bandwidth) 
 Bwmax :    -G*$@';$<@9ZJ9\$ (Maximum Bandwidth) 
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Step.1 Initialize parameters

f(x): Objective Function

x: Decision variables

N: Number of decision variables

HMS: Number of solution vectors in HM

HMCR: HM Considering Rate

PAR: Pitch Adjusting Rate

Bw: Distance bound wide

NI: Number of solution vector generations

Step.2 Initialize HM

for i = 1 to HMS do

Randomly generate the solution 

vector

Calculate f(x)

Step.3 Improvise New Harmony

for i = 1 to N do

PAR = PAR(gn)

Bw = Bw(gn)

ran < HMCR
NHV(i) = 

randval(PVBlower(i),PVBupper(i))

NHV(i) = D3

ran <PAR ran < 0.5 D3=NHV(i) - ran*Bw

PVBlower(i)≤D3

NHC(i)=D3PVBlower(i)≥D3

D3=NHV(i) + ran*Bw

D1=Int(ran*HMS)+1

D2=HM(D1,i)

NHV(i)=D2

Step.5 Check Stopping Criteria

NI

Terminate computation
Repeat

step.3 and 4

Step.4 Update HM

Calculate f(x)

is better ?

Include new harmony and 

Exclude worst harmony

PAR(gn) : Pitch adjusting for each generation

Bw(gn) : Bandwidth for each generation

HM (*,*) : Hamony memory matrix

ran : Random number in range 0.0~1.0

randval(lower,upper ) : Random real number

in the range lower ~ upper

PVB(*) : Possible value bound for Xi

NHV(*) : A new hamony vector improvised

in step 3

 
 

A����� 2.11  
���) �������"��#$"';<%.?:((78;CO6�78@+6*%#=;8@B  

C%M67 : Mahdavi -./01/ (2007) Applied Mathematics and Computation  
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 2.1.6 �
����A�������
�C� (The Bees Algorithm) 
 ';<%G%9@:).(:8;CO6 (Bees Algorithm) 4$5cZ(*E7#9*:+$& Pham -./01/ (2006) +$&

';<%G%9@:).(:8;CO6#Rb*PG'*(78A*(78F70I7C%M#F67/96C%M9\$C%M#.%&*-GG67U7(>~K;(886A*(78F7
:7F78P:J�ZJYOQJ -./#Rb*:).(:8;CO6B*;$F*OMJC%M:&ZIA*(.\I6P:J:).(:8OCO6C%M6%-*'0;$67U7((78
#.%&*-GG>~K;(886P:J�ZJ-6.J (Swarm Based Optimization Algorithm) +$&.)(m1/#$I*P:J
:).(:8;CO6A*(.\I6*%Q U/AB5F.)((78A*(789\I60I7K)'-R8$5'&UE7*'*R8/B7(8UE7*'*F*OMJ#P574R -.5'
*E7Y..)><@67CE7(780E7*'1 0)$#.L:(-./R8)G0I7 -.5'0E7*'1'*8:G=QE74R#8LM:& T U*(8/C)MJ4$5
0I7C%M#F67/96A*C%M9\$  
 .)(m1/P:J�ZJYOQJA*<886B7K; YOQJA*<886B7K;U/G;*::(4RF7:7F78A*8/&/C7J4(.
67(('I7 14 (;+.#6K8A*F.7& T C;lC7J>85:6 T ()*#>LM:C%MU/9E78'UF7-F.IJ:7F78 #>LM:AF54$5
:7F78UE7*'*67(�ZJYOQJU/cZ(9IJAF54R9E78'UF7-F.IJ:7F78C%M6%:7F78:\$696GZ81@  K76C~m�%
-F.IJC%M6%$:(465=OMJAF5R8;671*QE7F'7*U7(#(989ZJ-./6%0\1^7>$% (?U/6%YOQJUE7*'*67(('I7C%M
G8;#'1:LM* #BI*#$%&'()*()GG8;#'1C%M6%-F.IJ:7F78*5:&('I7-./0\1^7>KME7('I7 (?U/6%YOQJUE7*'*C%M
*5:&('I7A*G8;#'1*)Q* 

 PG'*(78A*(78F7:7F78P:JYOQJ#8;M6K5*U7((789IJYOQJ9)J#(K(781@ (Scout Bees) 4R
9E78'UF7-F.IJ$:(465 YOQJ9)J#(K(781@U/G;*9\I64R&)JC%MF*OMJ-./9\I6&57&4R&)JC%M:LM* T A*BI'J~$Z#(?G
#(%M&':7F78 �ZJYOQJU/9\I69E78'UF7-F.IJ:7F784R#8LM:& T #6LM:YOQJ9)J#(K(781@G;*(.)G67C%M8)J YOQJK)'
C%M>G-F.IJ:7F78C%M6%0\1^7>9ZJ('I767K8g7* #BI* 6%9I'*R8/(:GP:J*QE7K7.9ZJ U/*E7*QE7F'7*
67#(?G-.5'4R&)J.7*#K5* (Dance Floor) #>LM:CE7(78#K5*C%M#8%&('I7 h#K5*-('IJ�k (Waggle Dance) 
 (78#K5**)Q*6%0'769E70)S9E7F8)G(789LM:978P:J�ZJYOQJ#Rb*:&I7J67( #*LM:JU7(YOQJU/AB5
(78BI'J8/F'I7J(78#K5*9LM:978P5:6Z.976B\$C%M#(%M&'()G-F.IJP:J$:(465*)M*0L: C;lC7JP:J$:(465 
8/&/C7JC%MFI7JU7(8)J-./8/$)G0\1^7>P:J*QE7F'7* =OMJP5:6Z.#F.I7*%Q U/CE7AF5YOQJK)':LM*G;*::(4R
F7-F.IJ$:(4654$5:&I7J-6I*&E7+$&46IK5:J6%-Y*C%M �ZJYOQJU/*E7P5:6Z.C%M4$5U7((789E78'U^7&*:(
-KI./B\$679LM:9788/F'I7J()*A*BI'JC%MCE7(78#K5*-('IJ -.5'#R8%&G#C%&GC)QJA*$57*P:J0\1^7>
P:J:7F78-./>.)JJ7*C%MU/K5:JAB5A*(78::(4RF7:7F78 F.)JU7((78#K5*-('IJA*.7*#K5* YOQJ
9)J#(K(781@(?U/(.)G4R&)J-F.IJ$:(465 8I'6()GYOQJK)':LM* T =OMJ:&ZIA*8)J YOQJUE7*'*67(('I7U/cZ(
9IJ4R&)JG8;#'1C%M#BLM:'I7U/6%:7F78C%M6%0\1^7>9ZJ('I7 -./#BI*#$%&'()* YOQJUE7*'**5:&('I7(?U/cZ(
9IJ4R&)J>LQ*C%M T #BLM:'I76%:7F780\1^7>KME7('I7 =OMJU7(';<%(78*%Q U/CE7AF5�ZJYOQJF7:7F784$5:&I7J
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8'$#8?'-./6%R8/9;C<;^7> =OMJ(78#K5*-('IJ#>LM:9LM:978P5:6Z.P:J-F.IJ:7F78P:JYOQJ-9$J4$5$)J
^7>C%M 2.12 

 

 
 

A����� 2.12 
 (78#K5*-('IJP:JYOQJ#>LM:9LM:978P5:6Z.P:J-F.IJ:7F78  

C%M67 : Guney -./ Onay / Expert Systems with Applications  
 

 F.)JU7(C%MF7:7F78(.)G67 YOQJ(?U/$Z8/$)GR8;671:7F78P:J-F.IJ$:(465 =OMJ9E70)S
9E7F8)G(78K)$9;*AUA*(78#K5*-('IJ08)QJKI:4R#6LM:(.)G67C%M8)J c57-F.IJ$:(465&)J$%>:C%MU/AB5#Rb*
-F.IJ:7F78 YOQJ(?U/&)J#P574R9LM:978P5:6Z.P:J-F.IJ*%QA*BI'J#K5*-('IJ -./(?U/6%YOQJUE7*'*67(
POQ*cZ(9IJ4R&)J-F.IJ:7F78*%Q:%( ';<%G%9@:).(:8;CO6#Rb*:).(:8;CO6C%MAB5A*(78F70I7C%M#F67/96C%M9\$
+$&4$5-8JG)*$7.AU67U7(>~K;(886A*(78F7:7F78K76<886B7K;P:J�ZJYOQJ*)Q* :).(:8;CO6U/
R8/(:G4R$5'&(.\I6P:J>7876;#K:8@ C%MK5:J(78=OMJ(E7F*$BLM:#>LM:AB5A*(780E7*'1*)M*0L:  

 1. UE7*'*P:JYOQJ9)J#(K(781@ (Number of Scout Bees, n) 
 2. UE7*'*>LQ*C%M T #.L:(U7( n >LQ*C%M T YOQJ9E78'U (Number of Sites Selected out of n 
       Visited Sites, m) 
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 3. UE7*'*>LQ*C%M T $%C%M9\$U7( m >LQ*C%M T #.L:( (Number of Best Sites out of m 
      Selected Sites, e) 
 4. UE7*'*YOQJC%M9IJ4RC%M>LQ*C%M e >LQ*=OMJ$%C%M9\$ (Number of Bees Recruited for Best e 

                     Sites, nep) 
 5. UE7*'*YOQJC%M9IJ4RC%M>LQ*C%M m-e C%M#F.L:U7((.\I6C%M$%C%M9\$ (Number of Bees 
       Recruited for the other m-e Selected Sites, nsp) 
 6. P*7$K)QJK5*P:J-F.IJ:7F78=OMJR8/(:G$5'&-F.IJ:7F78-./>LQ*C%MA(.5#0%&J (Initial  
         Size of Patches, ngh) 
 7. #(1u@A*(78F&\$ (Stopping Criteria) 
 

 

 
 
 

A����� 2.13  
K)':&I7J(78F70I7C%M#F67/96C%M9\$+$&G%9@:).(:8;CO6 (n=10, m=5, e=2, nep=3, nsp=1) 

C%M67: Ozbakir -./01/ (2010) 
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 2.1.7 �
��A4
���R��� ���
	�S��	 (Variable Neighborhood Search) 
 Mladenovic -./ Hansen (1997) 4$5*E7#9*:';<%9E78'UK)'-R8P57J#0%&J (Variable 
Neighborhood Search, VNS) =OMJ#Rb*';<%(78-(5RXSF7-./(78::(-GG8'6cOJ(78R8/&\(K@ AB5
';<%(78C7J Heuristic 9E7F8)GRXSF7C%M6%0'76F.7(F.7&C7J$57*RXUU)& P5:(E7F*$RXSF7KI7J T 
C%M=)G=5:*  -./RXSF7C%M46I6%C;lC7JA*(78F70I7C%M$%C%M9\$4$5$5'&';<%C7J Heuristic F8L: Meta 
Heuristic C)M'4R #BI* Simulated  Annealing, Tabu  Search, Genetic  Search -./:LM* T +$&U/
>)H*7RXSF7U7(0I7#8;M6K5*C%M$%C%M9\$  (Local Optimum) -./>)H*7R8)GR8\JU*(8/C)MJ4$50I7C%M
A(.5#0%&J0I7C%M$%C%M9\$-./67(C%M9\$  -KI:&I7J48(?K76(78:57J#FK\Y.C%MAB5U7(0I7RXUU)&9\I6#8;M6K5**)Q* 
#Rb*(78&7(C%MU/F7U\$#$I*C%M4$5Y. C%MU/*E74R9ZI(78F70I7C%M-C5U8;J4$5  $)J*)Q*UOJ4$50;$05*';<%9857J
0'769)6>)*<@C%M&)J46I6%#FK\Y.POQ*67 0L:(78#R.%M&*0I7A*8/F'I7JK)'A(.5 T ()*A*(7805*F70E7K:G  
=OMJ#Rb*RXUU)&#8;M6K5*A*(780;$05*';<%*%Q 
 (78F70I7#8;M6K5*P:J96(78F.7&RXUU)&A*(78F70I7C%M$%C%M9\$*)Q*(78#R.%M&*-R.JC%M
#(;$POQ*:&I7J-8((?0L:  (78#R.%M&*.E7$)GP:J0I7RXUU)&A*Y.0E7K:G#8;M6K5*(78R8)GR8\JA*-KI./08)QJ
KI:4R+$&$ZU7(0I7Y..)><@P:J96(78#R�7F67&  =OMJ4$5U7(0I7C%M$%C%M9\$#8;M6K5*  *)M*0L:A*(�-./08)QJ
C%MCE7(78R8)GR8\J0E7K:GP:J X A*(.\I6P:J#08L:S7K; Ncx C%M0I7 X *)Q*:&ZI c5746I6%(7805*>G';<%(78
R8)GR8\JC%M$%POQ* A*R�KI: T 67 ';<%(78 �;'8;9K;( (Heuristics) -GGKI7J T F8L:';<%#6K7�;'8;9K;( 
(Meta-Heuristic) 4$5>&7&76-(54P.)(m1/ -./C;lC7JP:J0E7K:GAF56%C7J#.L:(67(POQ*A*(78
F70E7K:G -./(789857J+:(79A*(78#.L:(0E7K:G67(POQ* 
 A*C%M*%Q4$5*E7#9*:';<%(78>LQ*g7*-./#Rb*';<%#6K7�;'8;9K;( (Meta Heuristic) C%M6%
R8/9;C<;Y.+$&*E7#9*:8/GGU)$(78#R.%M&*-R.J0I7RXUU)&P57J#0%&J  A*P)Q*K:*P:J(78F70I7
#8;M6K5*+$&';<%9E78'UK)'-R8P57J#0%&J 46I4$5#R.%M&*-R.J4RA*C;lC7JC%M#Rb*';<%F8L:#Rb*'J+0U8-KI
#Rb*(78(8/U7&8/&/C7JC%M#>;M6POQ*A*(78F70I7RXUU)&A*8/GG#08L:S7K;P:J0E7K:G -./6%(78
(8/+$&U7(U\$#$;64RU\$AF6I  =OMJU/6%(78R8)GR8\J0E7K:GAF5$%POQ*   A*C;lC7JP:J0E7K:G-./
.)(m1/P:J0E7K:GC%M#(;$POQ*  &(K)':&I7J#BI* UE7*'*RXUU)&C)QJF6$A*0E7K:GP:J0I7C%M$%C%M9\$U/cZ(
U)$#(?G-./cZ(AB5A*0E7K:GP:J8/GG(789)G#R.%M&*A*8/GGP57J#0%&J  -KI:&I7J48(?K760E7K:GC%M
::(67A*-KI./8:GU/cZ(R8/&\(K@  -./CE7=QE7U7(8/GGP57J#0%&J#>LM:AF54$50E7K:GC%M$%POQ* 
 R� 2001 Mladenovic -./ Hansen 4$5CE7(7898\RC~m�%P:J';<%9E78'UK)'-R8P57J#0%&J 
67CE7(78R8/&\(K@A*8ZR-GGKI7J T #>LM:-(5RXSF7A*8ZR-GGC%M-K(KI7J()*:)*4$5-(I Variable 
Neighborhood Decomposition Search (VNWS), Skew Variable Neighborhood Search 
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(SVNS), Reduce Variable Neighborhood Search (RVNS) -./ Fast Interchange Algorithm 
(FIA) =OMJ#Rb*(78-(5RXSF7-GG$)QJ#$;6A*(78-(5RXSF7C%M6%P*7$AFSI  *E767R8/&\(K@()G';<%9E78'U
K)'-R8P57J#0%&JA*P)Q*K:*(78F7 Local Search #>LM:AB5A*(78-(5RXSF7 5 8ZR-GG:)*4$5-(I 

1. Traveling  Salesman  Problem  (TSP) 
2. The  P-median  Problem (PM) 
3. The  Multi { source  Weber  Problem (MW) 
4. The  Minimum  sum { of { squares  Clustering  Co partitioning  Problem  
 (MSSC) 
5. The  Bilinear  Programming  Problem  with  Bilinear  Constraints (BBLP) 

 U7((78C$.:JA*8ZR-GGP:JRXSF7KI7J T $)JC%M(.I7'67 97678c-9$J#F?*cOJ
9688c*/-./R8/9;C<;^7>P:J';<%9E78'UK)'-R8P57J#0%&J-./(78R8/&\(K@A*8ZR-GG:LM* 
#R8%&G#C%&G()* C~m�%P:J';<%9E78'UK)'-R8P57J#0%&JC%M#Rb*(7805*F7+$&(78#R.%M&*RXUU)&
P57J#0%&J:&I7J#Rb*8/GG U/>G'I7';<%9E78'UK)'-R8P57J#0%&J#Rb*8/GGC%M#P57AU4$5JI7&  -./6%
(8/G'*(78C%M-K(KI7JU7(F.7&';<%(78:LM* T C7J�;'8;9K;( (Heuristics) F8L:6%0'76-K(KI7J()*
G57JA*K)'P:JF.)((781@(7805*F70E7K:GC%M6%0'76F.7(F.7& -./G7J08)QJC%M6%AB5RXUU)&P57J#0%&J  
=OMJ(8/G'*(78#F.I7*)Q*#Rb*9I'*F*OMJP:JC~m�%>LQ*g7*  &(K)':&I7J#BI*  (78Y96Y97*';<%(78F7
0E7K:G()G';<%9E78'UK)'-R8P57J#0%&J A*(78C$.:J()GRXSF7 PM -./ WM >G'I7 6%9688c^7>C%M
U/-(5RXSF7C%M6%RXUU)&UE7*'*67( -./AF5Y.P:J0E7K:GA(.5#0%&J()G0I7C%M$%C%M9\$ $)J*)Q**)(';B7(78
UE7*'*67(UOJ4$5*E7';<%9E78'UK)'-R8P57J#0%&J 4R>)H*7#>LM:-(5RXSF7A*8/GG:LM* T :%(67(67&
=OMJ>G'I7  6%R8/9;C<;^7>A*(78F70E7K:GA*8/GG+$&AB5#'.7A*(78R8/6'.Y.*5:&('I7';<%:LM* T  
 ';<%9E78'UK)'-R8P57J#0%&J-./(78R8/&\(K@ 6%';<%(78F70E7K:G+$&AB5F.)((78>LQ*g7*
=OMJ#P57AU4$5JI7& -./6%8ZR-GGC%M46IUE7#Rb*K5:JAB5RXUU)&CE7AF5C~m�%6%0'76&L$F&\I*9ZJC%MU/
R8/&\(K@AB5A*0E7K:GF8L:8ZR-GGP:JRXSF7KI7J T A*(78-(5RXSF7 PM, MW, MSSC -./RXSF7
:LM* T +$&97678c9857J8/GG(78F70I7 -./6%#9c%&8^7>A*(78U)$(78()GRXSF7#F.I7*)Q*4$5$% 
-./&)J97678c*E74RAB5A*(78-(5RXSF7A*$57* Graph Theory 4$5$5'& 
 (78>)H*7P:J';<%9E78'UK)'-R8P57J#0%&JU7(*;&76>LQ*g7*CE7AF5#(;$(78Y96-./
R8)GR8\JAF5';<%(78KI7J T F70E7K:G4$5$%&;MJPOQ* -./A(.5#0%&J0E7K:GC%M$%C%M9\$#>LM:9857J0'768'$#8?'
A*(78-(5RXSF7 
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U2.2 ���W���� �
��7��������������	 
 
 Matsumoto, Du -./ Lindsey (2002) ���*!�5�-./*E7=;6#>.?(=@�)) �.����$����


��������
������.�A��� �
��
���&����&'���+�$������	��"+�$��#���)���"���	��)�J�������
��"��
� ��������<������))#$"=;6#>.?(=@�����))$�,/�
�,����&'���)� ��-���,'��$����3-�����"
���$"��"��
���+�$����
������.�A�� /����������<������������$)����/
������	��)������	�
#$"4�
���9�4-&�����))#��� (Parallel Simplex Search) /��4�
���9�4-���	��))#��� (PSS) 
��
�/
���#$"4�
���9�4-�������$)�� �	���	��� ( �
 � ���������	�������������&�
���53�������"���
 
��� �����3���53����� 
�#���� �������#$" �$"/�����
���&	�4�
���9�4-
��
������	���������#$"������	�&��+2����	�!�" ( ��"��2��!"���&	�������	��))#���
�����

������.�A�����	��)������$" ���&'�4�
���9�4-���	�����
���	������&��+2�������	������ �

���������#$"�
�����

&'
���,$)����������"���$"����� ��)��
�������&'�&�������	��+�$��������
�
����,� ��+$�/
���#$" �.�����))#��� (PSS) ���	��)&'����	���"+�$��##$" �.����4�
���9�4-&�
������+�$��������,�$�����)��������
,��&�������	��+2���������3K-�����2����#$"�,
��4�

���9�4- 
 Fan -./ Zahara (2007) 4$5CE7(78lO(m7(78*E74RAB5J7*P:J';<%=;6#>.?(=@ (Simplex) 
C%M*E7#9*:+$&*;.#$:8@ (Nelder) -./6%C (Mead) 67Y96()G';<%(78P:J Particle Swarm 
Optimization, PSO 9E7F8)G(7805*F7C%M46I6%#JLM:*4PP:JP5:UE7()$ =OMJ(78Y96()*97678cCE74$5JI7&
A*C7JR�;G)K;-./����
������.�A��� �
� ���9 ����

�������"#!2�&�����������
#P579ZI0I7C%M$%C%M9\$ 
+$&Y..)>C@C%M4$5U7((78C$.:JYI7*0:6>;'#K:8@';<%-GGY96P:J NM { PSO AF5Y..)>C@C%M$%('I7
';<%P:J=;6#>.?(=@ ��� PSO ,��L)�)&�����/4��'������
���3A�����$�,�������
 ��������)����)6�
���"���
 �&	1
��"�"��������$
��) 
� NM-PSO 
�������.�A��&����	��
����������	
���

������#$"/4��'����������
������.�A�����	��)����
��01	��))�


�#�$�������������� 
(Unconstrained) :%($5'& 
 Zi-Wu -./01/ (2007) 4$5*E7#9*::%(8ZRF*OMJP:J*E7#:7';<%P:J=;6#>.?(=@ (Simplex) 
67Y96()G';<%P:J(78���)���"�������.����
 (Genetic Algorithm, GA) �������� 
� Hybrid 
Simplex-improved Genetic Algorithm, HSIGA #>LM:�������
������.�A��&�-(5RXSF7P:J 
Global Numerical +$&CE7(78C$.:JF70E7K:GC%M#Rb*�
����������	
���
������U7( 10 96(78P:J
RXSF7-./#U:'I7';<%P:J(78Y9697678cF70I7#F67/96F8L:4$50I7C%MA(.5#0%&J()G0I7C%M$%C%M9\$P:J
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C\( T 96(78C%M*E767C$9:G C)QJ*%Q(78Y96&)JCE7AF5(.4(P:(78CE7J7*#Rb*4RA*.)(m1/C%M6)MJ0J46I
6%0'76-R8R8'* -./Y.U7((78#R8%&G#C%&G()G';<%(7805*F7-GG:LM* T ';<%P:J HSIGA &)J4$5Y.
C%M('I7:%(F.7& T ';<%C%M*E767lO(m7(I:*F*57*%Q 
 Olsson -./01/ (1975) 4$5CE7(78lO(m7(78*E74RAB5J7*P:J';<%=;6#>.?(=@ (Simplex) 
C%M*E7#9*:+$&*;.#$:8@ (Nelder) -./6%C (Mead) #>LM:U/-9$JAF5#F?*cOJK)':&I7J(78*E74RAB5J7*
9E7F8)G(78F70E7K:G-GG0I7C%M*5:&C%M9\$C%MAB5()*:&I7J->8IF.7&A*8ZR-GGP:J96(78 6 8ZR-GGC%M
-K(KI7J()* 4$5-(I 96(78.:(78;CO6C%M67(C%M9\$P:JDXJ(@B)*4.0@.;�Z$ (Maximization of Logarithm 
of a Likelihood Function) 96(78C%M46I#Rb*#95*K8J (Non-Linear simultaneous equation) 
96(78C%M67(C%M9\$C%MPOQ*:&ZI()GP5:UE7()$ (Maximization subject to constrain) 96(78#95*K8J(E7.)J
9:J*5:&9\$$5'&0'76Y;$>.7$^7&A*RXUU)&0ZI (Linear Least-Square with error in both 
variable) 96(78#95*K8J(E7.)J9:J*5:&9\$ (Non-Linear Least Square) -./P5:6Z.D�KK;JC7GZ.7 
(Fitting Tabular Data) +$&U\$F.)(P:J(78*E74RAB5J7**%Q 0L: ';<%P:J';<%=;6#>.?(=@ (Simplex) C%M
*E7#9*:+$&*;.#$:8@ (Nelder) -./6%C (Mead) 6%0'76-6I*&E7 -./JI7&()G(78R�:*P5:6Z.9E7F8)G
R8/&\(K@AB5A*0:6>;'#K:8@ :%(C)QJ';<%(78*%Q6%0'7697678cC%MU/*E74RAB5A*-(5RXSF7(78F70I7
0E7K:GC%M#F67/96C%M9\$ (Optimization problem) C%MF.7(F.7&+$&46IK5:J*E74RR8)G#R.%M&*#6LM:
U/AB5()GRXSF7*)Q* T -KI:&I7J48(?K76(78R�:*0I7C%M67(#(;*4RA*96(78U\$6\IJF67&97678cCE7
AF5#(;$(78#0.LM:*C%M T 46IcZ(K5:J-./*E74R9ZI(78F&\$C%M46I#F67/96A*(78#0.LM:*C%M08)QJKI:4R4$5 
C)QJ*%QYZ5#P%&*&)J4$5-*/*E7'I7';<%(78*%Q46I#F67/9E7F8)GRXSF7C%M6%P:G#PK67( +$&c576%RXUU)&A*(78
C$.:J9E7F8)GRXSF7*5:&('I7 18 RXUU)& ';<%(78*%Q97678cAB5J7*4$5$% 
 Hedlund -./ Gustavsson (1999) (.I7'cOJ (78F70I7C%M$%C%M9\$P:J(78P&7&K)' 
(Expansion) (789/C5:* (Reflection) (78F$K)' (Contraction) -./ >7876;#K:8@ A min / Amax 
K5:JAB5';<%=;6#>.?(=@ 2 ';<%A*(78C$9:GR8/(:G$5'&';<%-GG*:( (Outer Method) -./';<%-GGA* 
(Inner Method) +$&U\$&:$P:J';<%=;6#>.?(=@-GG*:(U/cZ(AB5#>LM:(E7F*$#Rb*0I7>7876;#K:8@P:J
';<%-GGA* +$&0I7R(K;C%MAB5(E7F*$0I7(78P&7&K)'(789/C5:*-./(78P&7&K)'U/cZ((E7F*$4'5C%M 
(2, 1 -./ 0.5) K76.E7$)G 9I'*>7876;#K:8@ Amin / Amax C%M-K(KI7J()*F.7&0I7U/cZ(*E74RAB5
#Rb*K)'(E7F*$U\$lZ*&@(.7J (Center of Gravity) A*K:*#8;M6K5*P:J(78CE7J7*P:J';<%=;6#>.?(=@
-GG*:( >7876;#K:8@U/cZ(CE7AF5$%C%M9\$$5'&';<%';<%=;6#>.?(=@-GGA*C%M-K(KI7J2 ';<%0L:-GG A C%M
0'76c$c:&4$5cZ(0'G0\6 -./-GG B C%M-R.J-.5' (B / Translation) C%M0'76c$c:&4$5cZ(
0'G0\6#BI*()*#(1u@C%MAB5A*(78>;U7817#>LM:#R8%&G#C%&GU/R8/(:G4R$5'& 4 F)'P5:F.)(0L: (78
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R8/#6;*U7((78P&7&K)'-F$K)'C%M-K(KI7J (78R8/#6;*U7((78')$0I70'76c$c:&C%M-K(KI7JC7J
l)(&^7>P:J=;6#>.?(=@#6LM:#(1u@ Amin / Amax #96L:*#Rb*P5:UE7()$A*(78')$0'76c$c:& (78
R8/#6;*>7876;#K:8@9E7F8)G(78F70E7K:GC%M$%C%M9\$ -./(78F70I7C%M$%C%M9\$U/#98?U9;Q*(?KI:#6LM:
0I7>7876;#K:8@-KI./K)'A*';<%=;6#>.?(=@-GG*:(6%0I79I'*#G%M&J#G*67K8g7*9)6>)*<@ (Relative 
Standard Deviation) *5:&('I70I7C%M(E7F*$4'5C%M 0.1% U7((78C$.:JU/>G'I746I97678cAB5(78
P&7&=QE7A*(78>)H*70'7697678c-./C;lC7J(78F70E7K:GP:J';<%=;6#>.?(=@4$5 &(#'5*(78
P&7&=QE7C%McZ(8'6()G';<%=;6#>.?(=@-GG B C%M-R.J-.5'*)Q*97678c*E74RAB5()G96(78>LQ*Y;'
K:G9*:JC%M6%8ZR-GG:&I7JJI7& T #BI* 96(78>LQ*Y;'>787+G.;04$59I'*P5:UE7()$$57*0'76c$c:&
:7UU/AB5A*(78R8)GR8\JC;lC7J(78F70E7K:G4$59I'*>7876;#K:8@ Amin / Amax #96L:*'I7#Rb*
K)'#.L:(C%M$%C%M9\$9E7F8)G(78#Rb*P5:UE7()$A*$57*0'76c$c:&c57(E7F*$0I74'5KME767( T -./
97678c*E74RAB5#Rb*P5:UE7()$9E7F8)G96(78C)QJ 4 -GG4$5-./#6LM:CE7(78#R8%&G#C%&G';<%-GG A 
-./-GG B C%M-R.J-.5'-9$JAF5#F?*'I7';<%-GG A 6%0'76#9c%&8-./6%0'76*I7#BLM:cL:A*(78F7
>LQ*C%MC%M$%C%M9\$4$5 9I'*';<%-GG B C%M-R.J-.5' #96L:*'I7#Rb*';<%R(K;C%M97678cAF50I7(78P&7&K)' 0I7
(78F$K)' -./07 (789/C5:*C%MA(.5#0%&J()G0I7R(K;C%M4$5K)QJ4'5A*K:*-8( 
 Pulgarin -./01/ (2002) 4$5*E7';<%=;6#>.?(=@-GGR8)GP*7$ (Modified Simplex 
Method, MSM) =OMJ#Rb**')K(886A*(78F70E7K:GC%M#F67/96C%M9\$9E7F8)GJ7*C%M#(%M&'P5:J()G
#06%^)1u@$57*#C0*;0(789I:J9'I7J (Luminescence Technique) J';<%(78U/$E7#*;*:&ZIG*
>LQ*g7*P:J(78F70E7K:GC%M$%C%M9\$C7JJ7*#06%';U)&-./0I70'76Y)*-R8P:J#08LM:J6L:')$C%MU/9IJY.
(8/CGKI:(78')$0I79)SS71-9JD:D:8)9 Phosphorescence) =OMJ';<%=;6#>.?(=@-GGR8)GP*7$
*)Q*#Rb*';<%C%M';#087/F@4$5JI7&-./8'$#8?'KI:(78-(54PRXSF7A*J7*$57**%Q67(C%M9\$ +$&A*(78
C$.:JU/AB5';<%=6#>.?(=@-GG8ZRC8J#8P701;K (Geometric Simplex) A*9:J-./976C;lC7J
P:J>LQ*C%M#>LM:AB505*F70E7K:G-./4$5(E7F*$978C%MAB5A*(78C$.:J#Rb*K)'&7-:*K;4�#R:8@#C*=%D 
(Novel Antihypertensive Drug) 0'76#P56P5*P:J*7D+C>;$;. (Naftopidil Concentration) -./ 
&Z8%*-./#=8\I6 (Urine and Serum) +$&U/#8;M6(8/K\5*8/GG9)SS71-9JD:9D:8)9A*F5:JC%M6%(78
0'G0\6:\1F^Z6;=OMJ(78(8/K\5*8/GG$)J(.I7'*%QU/CE7AF597678c';#087/F@cOJ#6K8;(=@=OMJ#Rb*
+08J9857JC%M=)G=5:*^7&A*8/GGP:J4F.B%'';C&74$5 +$&C%M';<%(7846I-K(KI7JU7((8/G'*(78
';#087/F@-GG$)J#$;6  9I'*(78C$9:GU/(8/CE7+$&K8J()G*7D+C>;$;. (Naftopidil) A*P:J4F.
B% ' '; C & 7 =OM J U / -9$J Y. A* 8Z R P: J0I 7 0 ' 76F*7 -*I * P : J 9)SS71-9JD:D: 8) 9 
(Phosphorescence Intensity) C%M0I7(78(8/U7&P:J0.LM*0'76&7' (Emission Wavelength) :&ZI
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A*BI'J0'76&7'P:J0.LM*C%M(E7F*$4'5C%M 287 -./ 525 *7+*#6K8-./$5'&';<%(78C$.:JC%M(.I7'67
9IJY.AF50I79)SS71 (Signal) F8L:0'76&7'0.LM*P:J9)SS71-9JD:D:8)9-9$J0I767(C%M9\$
C57&9\$A*J7*';U)&*%Q4$5*E7';<%(78F70I7c$c:&(E7.)J9:J*5:&C%M9\$ (Least Square  Regression) 
67AB5A*(78';#087/F@P5:6Z.#>LM:F7#95*K8J (Straight Line) -./ (E7F*$P5:6Z.P:J(78C$.:J 
(Fitted the Experimental Data) 9I'*0I7(78')$=QE7 (Repeatability) -./0I79I'*#G%M&J#G*
67K8g7*9E7F8)G(78')$=QE74$5cZ(*E767AB5>;U7817R8/(:G(78C$.:J$5'&#BI*()* =OMJY.P:J#95*
0I7c$c:& (Regression) C%M4$5-9$JAF5#F?*cOJ0'76#Rb*+�+6=;$79C;0=;K%Q (Homocedasticity) =OMJ
GIJG:(#Rb**)&'I70'769)6>)*<@8/F'I7J0'76#P56P5*P:J*7D+C>;$;. -./0I70'76F*7-*I*P:J 
9)SS71-9JD:D:8)9 6%0'769)6>)*<@()*#Rb*4RK76')Kc\R8/9J0@C%M4$5K)QJ4'5 
 Tomas Oberg (1998) 4$5(.I7'cOJ ';<%=;6#>.?(=@-GGKI:#*LM:J (Sequential Simplex 
Method) #Rb*#C0*;0(78F70E7K:G6%R8/9;C<;^7> -./#Rb*';<%C%M*;&6*E74RAB5A*(78-(5RXSF7
C7J$57*#06%-./';l'(886#06% +$&';<%(78P:J=;6#>.?(=@U/cZ(*E74RAB5#>LM:(78C$.:JF79^7>C%M$%
C%M9\$ (Optimum Condition) #>LM:R8)GR8\JR8/9;C<;^7>P:J(8/G'*(78#06% (Improve Process 
Efficiency) 0\1^7>P:JK)'Y.;K^)1u@ (Product Quality) -./9E7F8)GJ7*';U)&*%QU/-9'JF7cOJ
:;C<;>.P:J8ZR-GG#6K8;(9@.E7$)GC%MF*OMJ (First Design Matrix) ^7&AK59^7>(78C$.:JUE7.:J
(Simulated Experimental Condition) +$&8'64RcOJ9;MJ8G('* (Noise) -./Y.(8/CG8I'6
8/F'I7JRXUU)& (Interaction Effects) A*(78C$.:JU/#8;M6U7((78#.L:(96(78>LQ*Y;'K:G9*:J 2 
96(78=OMJ#Rb*96(78-GG+>.;+*#6%&. (Polynomials Response) +$&C)QJ9:J-GGR8/(:G$5'&
96(78C%M6%RXUU)&C%MK5:J0'G0\6 4 K)'-./-GGC%M6%RXUU)&0'G0\6 7 K)' +$&-KI./96(78U/R�:*0I7
9;MJ8G('*8ZR-GG(78(8/U7&-GGR(K;C%M 1% -./ 5% -./#>LM:#Rb*(78#R8%&G#C%&GY..)><@C%M4$5
J7*';U)&U/*E7';<%(78C$.:J 2 ';<%0L: ';<%#D.?C#B:8@ -:*$@ >7#8. #�.;0:. ').#.&@ -GG67K8g7* 
(Fletcher and Parallel�s Helical Valley Standard Test) -./';<%#6?007*;9K;0-GG46I#Rb*#95*K8J
9E7F8)G(78UE7.:J(78('*978#06%:&I7JKI:#*LM:JA*c)JY96 (Mechanistic Nonlinear Model 
Simulating a Continuous Stirred Tank Reactor) +$&C)QJ9:J';<%$)J(.I7'U/6%(78A9I0I79;MJ8G('*
-./6%RXUU)&0'G0\6 3 K)' 0L: :)K87(784F. (Flow Rate) 0'76#P56P5*P:JK)'#8IJ-./:\1F^Z6; 
(Catalyst Concentration & Temperature) -./ RXUU)&K:G9*:J (Response Variable) 9I'*
(78R8/#6;*Y.U/>;U7817U7(8ZR8I7JP:J8ZR-GG#6K8;(9@.E7$)GC%MF*OMJA* 3 .)(m1/C%M#(;$U7((78
K)QJ0I7C%M-K(KI7J()*0L:-GG0:8@*#*:8@ (Cornered) -GG4C#C;. (Title) -./-GG:�:>K;6:. 
(Optimal) +$&U7(Y.(78C$.:J>G'I78ZR-GGC%M9857J#6K8;(9@.E7$)GC%MF*OMJ*)Q* (C)QJ-GG0:8@*#*:8@
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4C#C;. -./:�:>K;6:.) 46I6%:;C<;>.KI:(78CE7J7*P:J';<%#D.?C#B:8@ -:*$@ >7#8. #.&=OMJ:7UU/
#(;$U7(UE7*'*(78C$.:JC%M*5:&#(;*4R -KI(.)G9857J:;C<;>.C%M0.57&0.OJ()*67(9E7F8)G';<%=;6
#>.?(=-GGKI:#*LM:J -./';<%#6?007*;9K;0-GG46I#Rb*#95*K8JA*C;lC7JC%M>)H*70E7K:G4$5$%POQ*
C57&C%M9\$J7*';U)&4$5-*/*E7'I7Y.(78C$.:JC)QJF6$U/POQ*:&ZI()G(78#.L:(AB596(78>LQ*Y;'K:G 
9*:JF.7& T -GGA*(78C$9:G#>LM:0'76-K(KI7J8'6cOJ(78*E79;MJ8G('*#P574R8'6-./UE7*'*
8:GA*(78C$9:G(?#Rb*RXUU)&C%M9E70)S 
  :*;97 B.7&*#$B/ (2003) 4$5lO(m7(78UE7.:J';<%(78-(54PRXSF7$5'& ';<%(78=;6
#>.?(=@-GGR8)GP*7$ (Modified Simplex Algorithm) -./';<%(789K%>#>9-:9#=*C@ (Steepest 
Ascent Method) $5'&0:6>;'#K:8@ +$&AB5-GGUE7.:JRXSF7-GG(.';<%>LQ*Y;'K:G9*:J #Rb*
96(78C7J01;Kl79K8@ #BI* 96(78>787+G.;0 96(78#B?0#(. -./96(78+8#=?*G8:0 =OMJ96(78
C%MAB5R8/(:G$5'&RXUU)& 2 cOJ 4 RXUU)& *:(U7(*)Q*&)JR8/(:G$5'&0I70'76Y;$>.7$ F8L:
9;MJ8G('* C%M6%9I'*#G%M&J#G*67K8g7*K)QJ-KI 0 cOJ 3 Y.(78lO(m7>G'I7';<%(78=;6#>.?(=@-GGR8)G
P*7$ -./';<%(789K%>#>9-:9#=*C@ 97678cF70E7K:GP:JY.K:G9*:JC%M#F67/96C%M9\$^7&AK5
8/GGC%M46I6%9;MJ8G('* A*(81%8/GGC%M6%9;MJ8G('* 1 cOJ 3 ';<%(78=;6#>.?(=@-GGR8)GP*7$97678c
F70E7K:G C%M0I7#�.%M&P:J0E7K:G46I-K(KI7J()*67( -9$JAF5#F?*cOJ0'7697678cA*(78C*KI:
9;MJ8G('*4$50I:*P57J$% -KIK5:J#>;M6UE7*'*08)QJA*(78C$.:JPOQ*#6LM:9;MJ8G('*9ZJPOQ* 9IJY.#9%&A*
-JIP:J#'.7C%MAB5 +$&C%M46ICE7AF5Y.K:G9*:JC%M4$56%0I79ZJPOQ* 9I'*';<%(789K%>#>9-:9#=*C@ (.)G>G
RXSF7U7((78F&\$(78C$9:G #*LM:JU7(Y.(8/CGU7(>LQ*Y;'P:J96(78(E7.)J9:J (Quadratic 
Effect)  

 Pham-./01/ (2006) 4$5*E7#9*::).(:8;CO6B*;$C%MAB5R8/B7(89\I605*F7C%M#8%&('I7G%9@
:).(:8;CO6 (The Bees Algorithm) =OMJ:).(:8;CO6B*;$*%Q4$5-*'0;$67U7(>~K;(886(78F7:7F78
K76<886B7K;P:JYOQJ =OMJ:).(:8;CO66%.)(m1/#$I*A*$57*(7805*F7>LQ*C%MP57J#0%&J (Neighborhood 
Search) C%MAF50'769E70)S9ZJA*>LQ*C%M T 6%+:(79>G0E7K:GC%M$%C%M9\$9ZJ -./KME7A*>LQ*C%M T 6%+:(79
*5:&('I7-./&)J6%(78AB5(789\I605*F78I'6$5'&#>LM:+:(79A*(78>G0'76*I7U/#Rb*A*C%M:LM* T  

 Pham-./01/ (2009) 4$5CE7(78AB5G%9@:).(:8;CO6A*(78R8)G0I7>7876;#K:8@P:JB\$
0'G0\6DX==%M.:U;(B\$0'G0\6cZ(>)H*7AF5(780'G0\6F\I*&*K@:/+08#GK;( AF56%0'76#9c%&8^7>
-./96$\.A*A*KE7-F*IJC%McZ(K5:J Y.(78UE7.:J-9$JAF5#F?*'I7(78AB5G%9@:).(:8;CO6R8)GR8\J
DXJ(@B)M*P:JDX==%M.:U;(CE7AF5B\$0'G0\66%0\196G)K;$%POQ*+$&6%R8/9;C<;^7>0JC%M-./6%0I70'76
-R8R8'*C%M0I:*P57J*5:&67(A*(78R8)G-KIJ0I7P:JB\$0'G0\6 
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 Horng (2010) 4$5CE7(78lO(m7(78*E7#:7G%9@:).(:8;CO667AB5A*(78F70I7C%M$%C%M9\$
9E7F8)G(8/G'*(780E7*'*(78R8)G8/$)G0I7 Threshold P:J^7> =OMJ#Rb*(8/G'*(78C%M9E70)S
67(A*F*I'&P:J(78R8/6'.Y.P:J^7> +$&(78lO(m7*%Q4$5*E7#:7';<%(78:LM* T 67#Rb*K)'
#R8%&G#C%&GcOJY.C%M4$5U7((78C$.:J$5'& 4$5-(I ';<% Particle Swarm Optimization (PSO) -./ 
Fast Otsu�s method =OMJY.C%M4$5U7(lO(m7>G'I7 ';<%P:JG%9@:).(:8;CO697678cF70I78/$)GP:J 
Threshold C%M#F67/96#P57A(.50I7C%M$%C%M9\$$%'I7-GG:LM* T -./#'.7C%MAB5A*(78R8/6'.Y.(?KME7('I7 

 Guney -./ Onay (2010) 4$5*E7#:7G%9@:).(:8;CO667lO(m7A*(78AB59E7F8)G#>LM:(78
R�:J()*(788G('*P:J-YJ#97:7(7l#B;J#95*+$&(780'G0\6#D9 (Phase) :&I7J#$%&'-./0'G0\6
C)QJ0'76('57J (Amplitude) -./#D9 (Phase) 9E7F8)GY.(78UE7.:J8ZR-GG Chebyshev AF5Y.C%M
$%+$&>G'I79)SS7*C%M4$56%0I7A(.5#0%&J()G9)SS7*K)QJK5*.$(788G('* Noise 4$5 

 Sumrat -./01/ (2009) 4$5*E7#9*:(78R8/&\(K@AB5#C0*;0P:JG%9@:).(:8;CO6 9E7F8)G
(78-(5RXSF7A*:\K97F(886(78Y.;K:\R(81@#=6;0:*$)(#K:8@ (MESFET) A*(78.$C:*
9)SS7*#.?( T A*'JU8#96L:*P:J:\R(81@ MESFET +$&lO(m708)QJ*%Q4$5*E7Y.C%M4$567#R8%&G#C%&G
()G';<%(78P:J PSO +$&#R8%&G#C%&G#(%M&'()G(780E7*'1#'.7-./0\1^7>P:J+=.ZB)M* =OMJY.C%M4$5
>G'I7(78.$C:*9)SS7*+$&G%9@:).(:8;CO6AF5Y.C%M$%('I7 8/GG6%0'76#9c%&8-./0I70'76
Y;$>.7$C%M*5:&('I7 8'6cOJ#'.7C%MA*(8/G'*(78$5'&#6LM:*E74R#R8%&G#C%&G()G';<%P:J PSO 
 Qinghua -./01/ (2006) 4$5*E7#9*:';<%(788'6';<%�78@+6*%#=;8@B ';<%(78Y96Y97*#U
#*K;( (Hybrid  Genetic  Algorithm, HGA) ';<%=;6#>.?(=@-./';<%C7GZ +$&(78*E7#:7';<%(78
Y96Y97*#U#*K;(67#Rb*';<%#8;M6K5*A*(78-(5RXSF7C%M6%#JLM:*4P (Constrained  Function) -./AB5 
';<%�78@+6*%#=;8@B67#Rb*9I'*R8/(:GA*(78#.L:(P*7$P:J(.\I60E7K:G -./(789\I6F70I70E7K:G
+$&AB5 K)'-R8K)$9;*AU (HMCR) #Rb*0'76*I7U/#Rb*A*(78#.L:(0E7K:GU7(P*7$P:J0'76UE7 
-./U7(*)Q*(?*E70I7C%M4$567CE7(786Z#KB)* (Mutation) -./(7808:9+:#':8@ (Crossover) #>LM:CE7
(789.)GKE7-F*IJ#>LM:F70E7K:G+$&CE7(789857JK)'-R8R8)G8/$)G (PAR) #>LM:9857J+:(79A*(78
>)H*70E7K:GAF56%0I7C%M$%&;MJPOQ*  F.)JU7((78>)H*7+08+6+=6#98?U9;Q*(?4$5#.L:(0I7P:J+08+6+=6C%M
$%C%M9\$67CE7(78F70I7Y.K:G9*:J+$&AB5';<%=;6#>.?(=@A*(78R8)GR8\J0E7K:GAF5$%&;MJPOQ*-./AB5';<%
C7GZ  67Y96Y97*#>LM:9857J0'76F.7(F.7&A*(78CE7=QE7C%MU\$#>LM:9857J0E7K:GC%M$%C%M9\$ +$&(78
C$.:JA*96(78C%M#Rb*#JLM:*4P >G'I7A*(788'6U\$-P?JP:J-KI./';<%9857J';<%C%MY96Y97*POQ*67CE7
AF5(78F70I7C%M$%C%M9\$C)QJ0E7K:G#8;M6K5* (Local Search) -./0E7K:GC%M$%C%M9\$ (Global  Search) $%
67(POQ* -./97678c-(5RXSF7K)':&I7JC%M*E767C$.:J4$5C)QJR8/9;C<;^7>-./R8/9;C<;Y. 
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 Lee -./ Geem (2004) 4$5CE7(78R8/&\(K@';<%�78@+6*%#=;8@B67CE7(78';#087/F@RXSF7
96(78#(%M&'()G+08J9857JC%MK)'-R867( T #>LM:K5:J(78F70I7C%M$%C%M9\$A*(78::(-GG +$&(78F7
^78/J7*C%M*5:&C%M9\$A*U\$C%M8)G-8J67(C%M9\$A*+08J9857J #>LM:C%MU/AF5(78::(-GGK8JK760'76
K5:J(78 -./R8/F&)$C%M9\$+$&6%RXUU)&:)*R8/(:G$5'&0I70'76$)* (Stress) (789.)G-C*C%M 
(Model  Display Cement) UE7*'*9I'*R8/(:GKI7J T #Rb*K5*+$&CE7(78#R8%&G#C%&G ';<%�78@+6*%
#=;8@B ()G';<%#(8#$%&* (Gradient { Based  Mathematical Optimization  Algorithm) +$&>G'I7 
';<%�78@+6*%#=;8@B*)Q* 97678c-(5RXSF74$56%R8/9;C<;^7>0E7K:GC%M::(67AF50I7C%M$%('I7';<%#(8#$%&* 
F.)JU7(*)Q*4$5*E7';<%�78@+6*%#=;8@B#R8%&G#C%&G()G';<%#U#*K;(>G'I7 (78C%M';<%�78@+6*%#=;8@B6%.)(m1/
+08J9857JC%M#Rb*RXUU)&F.)(0L: K)'-R8K)$9;*AU (HMCR)  -./K)'-R8R8)G8/$)G ( PAR ) 6%0'76
4$5#R8%&G('I7';<%#U#*K;(C%M6%(789.)G()*-0I9:J(.\I6A*F6ZI#08L:S7K;#CI7*)Q* UOJ4$5*E7C)QJ 2 ';<%67
';#087/F@A*96(78+08J9857JC%M6%#JLM:*4PF576#R.%M&*8ZR8I7JP:J+08J9857J*)Q* T (Fixed Geometry) 
+$&';<%>LQ*g7*P:JC)QJ';<%�78@+6*%#=;8@B -./';<%#U#*K;(>G'I7 ';<%�78@+6*%#=;8@B97678c-(5RXSF74$5
:&I7J6%R8/9;C<;^7>-./97678cF70I7C%M$%C%M9\$P:J96(78')Kc\R8/9J0@4$5$%('I7 ';<%#U#*K;( 
 Mahdavi -./01/  (2007)  4$5CE7(78R8)GR8\J>LQ*g7*P:J';<%�78@+6*%#=;8@B+$&(78
';#087/F@F7U\$:I:*P:J';<%�78@+6*%#=;8@B*)M*0L: (78(E7F*$0I70'76*I7U/#Rb*C%M#Rb*K)'-R8F.)(P:J
C~m�%C%M#Rb*0I70JC%M*)M*0L:  K)'-R8K)$9;*AU (HMCR)  -./K)'-R8R8)G8/$)G (PAR) 8'6cOJ BI'J
(78R8)G8/$)G (Distance  Band Width) C%M6%0I7:&ZI8/F'I7J [ -1,1 ] +$&CE7(789857JC~m�%A*(78
R8)G0I7P:JK)'-R8R8)G8/$)G-./BI'JP:J(78R8)G8/$)G #>87/#Rb*0I7K)'-R8C%M#Rb*0I70JC%MA*(78
R8)G#R.%M&*9c7*/P:J(78R8)GR8\J�78@+6*%AF6I (New Harmony) #Rb*96(78C%M6%(78R8)G#Rb*
#R.%M&*-GG>.')K8 (Dynamic) K768:GP:J(7805*F70E7K:G +$&CE7(78C$9:G';<%()G96(78C%M
6%P5:UE7()$C7JC8)>&7(8-./46I6%P5:UE7()$C7JC8)>&7(8>G'I7 (78R8)G#R.%M&**%QCE7AF5(7805*F7
0E7K:G97678cCE74$5('57JPOQ*-./97678c05*F70E7K:G4$5./#:%&$67(POQ*  -./&)J97678c05*F7
0E7K:GA*96(784$5:&I7J6%R8/9;C<;^7>-./6%0'76F.7(F.7&97678c-(54P96(78K)':&I7J4$5
C\(8ZR-GG 
 Chenga -./01/ (2008) 4$5*E7';<%�78@+6*%#=;8@B-(5RXSF7>LQ*Y;' +$&AB5(78';#087/F@
0'76.7$B)* (Slip  Surface  Generation  Methods For  Slope  Stability  Analysis ) +$&CE7
(78R8)GR8\JU7(';<%�78@+6*%#=;8@B +$&0'7607$F')J 2 R8/(78 :&I7J-8(0L: 0'76-K(KI7JP:J
0'76*I7U/#Rb*A*-KI./�78@+6*% (Harmony) (.I7'0L: 0I7Y.K:G9*:JU7(96(78')Kc\R8/9J0@ 
c570'76*I7U/#Rb*C%M9\I6POQ*676%0I79ZJ('I70I7C%MK)QJ4'5(?U/CE7(789857J�78@+6*%AF6IKI:4R +$&�78@+6*%
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A*P*7$P:J0'76UE7U/cZ(U)$.E7$)GU7(67(4R*5:&F8L:U7(*5:&4R67(+$&67U7(96(78
')Kc\R8/9J0@'I7K5:J(780I79ZJC%M9\$ (Maximization)  F8L:0I7KME7C%M9\$ (Minimization)  -./0'76
*I7U/#Rb*C%M#(;$POQ*(?U/#Rb*K)'#.L:(A*(789857J�78@+6*%AF6IKI:4R :&I7JC%M9:J6%(78R8)GR8\JA*(78
05*F7�78@+6*%AF6IC\( T 08)QJC%M6%(78CE7=QE7 +$&U/6%0'76-K(KI7JU7(';<%�78@+6*%#=;8@B C%MU/CE7=QE7
c57#.P9\I6C%M#(;$POQ*6%0I7*5:&('I7 K)'-R8K)$9;*AU (HMCR) U7((78C$.:J()GRXSF7P57JK5*>G'I7 
';<%�78@+6*%#=;8@B#Rb*';<%C%MF70E7K:G4$58'$#8?'9E7F8)GRXSF7P*7$46IAFSI67($5'&UE7*'*K)'-R846I
#(;* 25 K)'-R8 -KI';<%�78@+6*%#=;8@BB*;$R8)GR8\J (MHS) 97678cF70E7K:G9E7F8)GRXSF7C%M6%
P*7$AFSI67(4$5:&I7J6%R8/9;C<;^7> -./6%0'76*I7#BLM:cL:9ZJ>85:6C)QJ&)JAB5UE7*'*K)':&I7JA*
(78C$.:J*5:&('I7   
 Mahamed -./01/ (2008) 4$5*E7';<%�78@+6*%#=;8@B67R8)GR8\JAF5#Rb*B*;$+(.G:. 
(Global { Best  Harmony  Search, GHS ) +$&AB5-*'0;$P:J  0'7697678cP:J-6.J (Swarm  
Intelligence)  67CE7(78R8)GR8\JR8/9;C<;^7>P:J';<%�78@+6*%#=;8@B +$&(78*E7#:7.)(m1/#�>7/
P:J8/GG:*\^70 (PSO System) 0L: .)(m1/#�>7/P:J(78G;*P:J�ZJ-6.JA*>LQ*C%M T K5:J(78
05*F7 (Particles) A*-KI./08)QJ(?U/4$50E7K:GPOQ*67F*OMJ0E7K:G U\$*)Q* T (?U/6%Y.KI:U\$:LM* T 'I7
#Rb*U\$C%M$%C%M9\$F8L:#R.I7  $)J*)Q*';<%�78@+6*%#=;8@BB*;$+(.G:.U/CE7(78R8)GR8\J(78R8)G8/$)GP:J
K)'-R8 (PAR) P:J';<%�78@+6*%#=;8@B #6LM:�78@+6*%AF6I6%0I7Y.K:G9*:JC%M$%C%M9\$A* �78@+6*%P:J
P*7$0'76UE7 +$&-C*0I7K)'-R8BI'J(78R8)G8/$)G (Bw) C)QJ 2 0I7 -./#>;M6P*7$UE7*'*C%MU)$#(?G
.JA*�78@+6*% +$&(78R8)GR8\J*%QCE7AF5';<%�78@+6*%#=;8@BB*;$+(.G:.97678cF70E7K:GC%M6%
R8/9;C<;^7>4$567(POQ* C)QJA*96(78C%M6%P5:UE7()$-./46I6%P5:UE7()$P:JC8)>&7(88'6cOJ96(78#B;J
#95*$5'& 4$5CE7(78C$.:J()G96(78>LQ*Y;'>G'I797678cF70I74$5C\(96(78 -KI(?6%Y.(8/CGU7(
0I7K)'-R8 2 K)'0L:  K)'-R8K)$9;*AU (HMCR) -./P*7$P:J0'76UE7 (HMS) c57K)'-R8K)$9;*AU
(HMCR) 6%0I767( T CE7AF5P*7$P:J0'76UE7 (HMS) 46I0I:&#R.%M&*-R.J -KIc57K)'-R8K)$9;*AU
(HMCR) 6%0I7*5:&97678cC%MU/9857J�78@+6*%AF6I4$5$%('I7-./P*7$P:J0'76UE7 (HMS) 6%P*7$
#.?(#Rb*C7J#.L:(C%M$%('I7 A*(81%P:JK)'-R8R8)G8/$)G (PAR) 0'8U/6%0I7*5:& T #>LM:CE7AF5(78
R8)GR8\J P:J';<%�78@+6*%#=;8@BB*;$+(.G:.$%POQ* 

 
 


