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����� ��������

���������������������������� �
! "����
#���������
"��$� ��	%�$& 4 ������� ����$� ��	%�$&�##(��#"��) ����$� ��	%�$&�##���������������
*)�+��&�	�� 
����$� ��	%�$&�##(��#"��)����� �	
����$� ��	%�$&�##,!  ��� ����(��#(�*����-�#.)����
��������������	��� ��	/�"/��-/� �������,! ��#����"��� -�0����!-�������������(���#����#-��
�(�"/������� .)��������(���#����#! ����
 "/�)�"/��!��"������$� ��	%�$&���� 4 ���� ��#����"��� 
-�0����!-���##	%�������� 0��&. ���$��&1����(2����-�#����(2�	���3
����4( (Global Solution) 
,������ �+(�##! ����3�-��!-�&-��� A $���4)/
�)���.(���� ���1���B����������
�&"������ 4 ���� 
�� ���������4((�
�*�-&���  (Hybrid) ��#����	%�������� 0��&. ���$��&1 �	
����#�!&��	������  
��
�����)"/��-/� 4)/�#�������
������(2� 7 "���-��)����� 

1. ��������)! �������,��-�#!������-/�����B1/B�������������� �
! ���!*) �����

��	���+(�##"��(HI���##-��� A �1�� ! �������,������.#	�� (Parabolic 
Surface) ! �������,��.��$%�#��� (Rosenbrock Curved Ridge Surface) �	

! �������,���1%���	 (Shekel Multi Peak Surface) �	
����	�� A ! ���.)�B�
�-�	
! ���

 ���������)
�����(H

�����

B1/B�����)	���
����� 2 ��� 3 
(H

�� 

2. ��������)!����#��� (Noise) $��� �	���3
�(2�����
��
��##(�-���� �����J	���
�(2��+��&�	
 �!����#�����#� �-�K��-����-� 0, 1, 2 �	
 3 �	
"�#�"-"��(H

��
B�! ���4�/��� -20 ��� 20 �������#�* ������B���������-�#"��! �������,�����
�����)4�/ 

3. �������##��Q��.(���� ���1���B����
��	���	
������
�&��������-�#"��
����$� ��	%�$& (Simplex Methods) �##-��� A .)�,������(��#(�*����-�#)/�� 
�������!����
-���(�B�	/����� (Variable Neighborhood Search) �	
����	%������
�� 0��&. ���$��&1 (Logarithm Harmony Search Algorithm) ���

��� ��(2�-��                       
����#��������-�#  

4. ����)!�#.(���� .)�,���! �������,��-�#!��� �	

�����(H

����������) 

��������%#"/� +	���4)/ 
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5. ���������
�&(HI��! �������3�-��!-�&�##4 � �������4""/�
����)�������� 
(Unconstrained Optimization Problems) 

6. ����	����������)����!*) �(�
�*�-&���  (Hybrid) ��#����#�!&��	������ �	
	%�������� 
0��&. ���$��&$ �	
������������
�&(HI��! �������3�-��!-�&��� �������4"
"/�
����) �������� (Constrained Optimization Problems) 

7. ���,-./01234567890,:;<=>3:8?0@A:;<=>.B0C9D.;C9DE:00FG2H62E0IB56
J10KLJM1H62,-N<9  

 
,+/��
��4)/)�����������
��B�/!�)�	/����#��-�*(�
!��&B�����������
�� -� 	��)�#"���-���������
)�����������
�� )��_����� 3.1 
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_����� 3.1  

�,�_���� "�����������	
��
���������� 
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3.1 ����������������������� !��
���"�����	���#$�������%�&�'�&����("  
 
 B�������

��� �4)/������-�#������-/�����B) A �������)�����������
��

������

��	���	
������
�&"/� +	"���
##���,	�-,������! �������,��-�#!��� (Response 
Surface Methodology) ����-�-������ �1�� ! �������,������.#	�� (Parabolic Surface) ! ���
����,��.��$%�#��� (Rosenbrock Curved Ridge Surfaces) �	
����	�� A ! ���$��� ���-*,	
�	���%��� -/�����B�/-���
##����.(���� �������##! !� ���-�#!���4)/�*� A "��(HI�����
��


���)"���
��� .)����	���3
"��(HI��������	��������)/��!��-��	
�3�-��!-�& �
(�
��#��� $����(2���� !� ����&�
�����(H

��B����,	�-�	
,	-�#!���������)"���
��
��
#�����,	�- .)�B�����)!�#

���� !����#��� (Noise) �"/�B��
## �����
��	��B�/
B�	/�������#�+(�##��
#�����,	�-
��� ���������� !� ����&�
�����(H

�����,	�- �	

,	-�#!���������)
����
#�����,	�- !�����#! ������ �
�����(H

�� (Independence 
Factors) ������# k �	
�����)"�#�"-"��(H

��B�! ���-���A 4�/��� -20 ��� 20 )����� 

 
 3.1.1 ����	
��
���
�	������ (Parabolic Surfaces) 
 

 
 

 /O1;CP.3:12E:;CPEI8QA>E:J10?R=G5-,?1017D6-/;CP:C/O1NS1G,GBTNN<9 (k) .;O1J<D 2 N2:C
/O1.;O1J<D 12 ;CP x1 = 0 H62 x2 = 0 VLP>HE8>?R=G5-,WADEGA>H62.E@G028<D (Contour Plot) X,@YG
_����� 3.2 

 
 

_����� 3.2  
����,��-�#!����	
�!/��
)�#"��! �������.#	����3� 2 (H

�� 

∑ −−=
=

k

j
j
xxf

1
2 ]100/)[(12)(
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 3.1.2 ����	
��
����	%&'
�	(� (Rosenbrock Curved Ridge Surfaces) 
 

 
  

 .)���� a1, a2, a3 �	
 a4 �(2� 6, -7, -2, 4 �	
 5 -� 	��)�# �	
�������� �
! ���!*)
"��! �������,��.��$%�#������:CNS1G,GBTNN<9 (k) .;O1J<D 2 

 ����������# 80 ��� x1 = 0 �	
 x2 = 
0 $����!)�?R=G5-,WADEGA>�	
�!/��
)�# (Contour Plot) 4�/B��+(��� 3.3 

 

 
 

_����� 3.3  
����,��-�#!����	
�!/��
)�#"��! ���.��$%�#�����3� 2 (H

�� 

 
 3.1.3 ����	
��
���%0'�%�� (Shekel Multi Peak Surfaces) 

 
 

 
 

 .)� � aij �	
 ci �(2���������-� �����������)4�/B�-������� 3.1 B���3���� i  ����-����-� 1 
��� 5 �	
 j  ����-����-� 1 ��� 5 (BTNN<9���B1/B�����)	��) -� 	��)�# �������� �
! ���!*)"��
! �������,���1%���	�## 5 
*)��) ���:C/O1NS1G,GBTNN<9 (n) .;O1J<D 2 �	
(H

�� (k) ������# 5  �
���������# 19 ��� x1 = 6 �	
 x2 = s7 $����!)�?R=G5-,WADEGA>�	
�!/��
)�# (Contour Plot) 4�/B�
_����� 3.4 
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_����� 3.4  
����,��-�#!����	
�!/��
)�# "��! ����1%���	 ��3� 2 (H

�� 

 
 

-������� 3.1 
���!� (�
!����v"��! ����1%���	 

 
aij 

Ci 
i 

j 

1 2 3 4 5 

1 4 6 -2 2 4 9 

2 0 0 -8 -5 6 20 

3 -8 3 4 1 5 14 

4 -8 -8 1 -7 -1 11 

5 6 -7 -2 4 2 6 
 

 

 3.1.4 ����	
��
����	�
�
 (Branin Surfaces) 
 

 
  

 �������� �
! ���!*)"��! �������,�� Branin ���:C/O1NS1G,GBTNN<9 (k) .;O1J<D 2  ����
������# 5.3977 ��� x1 = 15.7 �	
 x2 = 12.9 $����!)�?R=G5-,WADEGA>�	
�!/��
)�# (Contour 
Plot) 4�/B�_����� 3.5 

]10))cos(
4
5

10()6
5

4
1.5

[(log5)( 1
2

1
2
12210 +−+−+−−= xxxxxf

πππ
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_����� 3.5  
����,��-�#!����	
�!/��
)�# "��! ���#����� ��3� 2 (H

�� 

 
 3.1.5 ����	
��
�����%��6�� (Camelback Surfaces) 
 
 

 
  
 �������� �
! ���!*)"��! �������,�� Camelback ���:C/O1NS1G,GBTNN<9 (k) .;O1J<D 2  �
���������# 7.881 ���
*) x1 = -1.8 �	
 1.8 �	
 x2 = 0 $����!)�?R=G5-,WADEGA>�	
�!/��
)�# 
(Contour Plot) 4�/B�_����� 3.6 
 

 
 

_����� 3.6  
����,��-�#!����	
�!/��
)�# "��! ������ 	�#� ��3� 2 (H

�� 

 

)]1(4)
3
1

1.24([log10)( 2
2

2
221

4
1

2
1

2
110 ++++−−= xxxxxxxxf
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 3.1.6 ����	
��
������9:�;<
:-;
	&: (Goldstein-Price Surfaces) 
 

 
 
 
 �������� �
! ���!*)"��! �������,�� Goldstein-Price ���:C/O1NS1G,GBTNN<9 (k) .;O1J<D 
2  ����������# 9.5229 ���
*) x1 = 0 �	
 x2 = -1 $����!)�?R=G5-,WADEGA>�	
�!/��
)�# (Contour 
Plot) 4�/B�_����� 3.7 
 

 
 

_����� 3.7  
����,��-�#!����	
�!/��
)�# "��! ���.�	)&!4-�&-4��$& ��3� 2 (H

�� 

 
 3.1.7 ����	
��
���	��<	�@�
 (Rastrigin Surfaces) 
 

 
 
 �������� �
! ���!*)"��! �������,�� Rastrigin ���:C/O1NS1G,GBTNN<9 (k) .;O1J<D 2  ����
������# 100 ��� x1 = 0 �	
 x2 = 0 $����!)�?R=G5-,WADEGA>�	
�!/��
)�# (Contour Plot) 4�/B�
_����� 3.8 

)}]273648123218()32(30{

*)}361431419()1(1/{1[log10)(
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_����� 3.8  
����,��-�#!����	
�!/��
)�#"��! �����!-��
�� ��3� 2 (H

�� 

 
 

 3.1.8 ����	
��
����;<���
��� (Styblinski Surfaces) 
 
 

 
 �������� �
! ���!*)"��! �������,�� Styblinski ���:C/O1NS1G,GBTNN<9 (k) .;O1J<D 2  ����
������# 350 ��� x1 = -3 �	
 x2 = -3 $����!)�?R=G5-,WADEGA>�	
�!/��
)�# (Contour Plot) 4�/B�
_����� 3.9 

 
 

_����� 3.9  
����,��-�#!����	
�!/��
)�#"��! ���!4-#	��!�� ��3� 2 (H

�� 
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3.2 
���$������	�*�&%�+,
*-.������/��" (Modified Simplex Method) 
 

 
 

_����� 3.10  
0^BHDDJ10./6RPAG;CPQA>,-_CV-:.?6`JV4HDDB0<DQG18 

 
 1. JS13G8E:J10?R=G5-,WADEGA>;CPW@A>J10Ya@YGJ1031/O1;CP8C;CPEI8 YG;CPGC=/RAE:J10
?R=G5-,?1017D6-/ (Parabolic Surface) 789J1031/S1WADN2.BbGHDD/S1WAD;CP:1J;CPEI8 
(Maximization) 
 2. JS13G8NI8?-J<8.0-P:W@G 789:CNS1G,GNI8YGJ10;86A>.;O1J<D k+1 789;CP k /RA 
NS1G,GW<,HB0 .aOGJ0eC 2 W<,HB0 N2B02JAD8@,9NI8.0-P:W@G 3 NI8 
 3. ;S1J103156WADEGA>YGHWO62NI8J10;86A> N1JE:J10NI8:IO>3:19;CPJS13G8 
.aOG 
 - NI8?-J<8;CP1 x1 = -20, x2 = 11 56WADEGA>N1JE:J10?1017D6-/ .;O1J<D 6.59 
 - NI8?-J<8;CP2 x1 = -20, x2 = 22 56WADEGA>N1JE:J10?1017D6-/ .;O1J<D 3.18 
 - NI8?-J<8;CP3 x1 = -32, x2 = 15 56WADEGA>N1JE:J10?1017D6-/ .;O1J<D g0.85 
 4. ;S1J10.0C9>6S18<D56WADEGA>;CPX8@N1JJ10;86A> 
  PB = NI830RAJ10;86A>;CPY3@/O156WADEGA>E^>EI8 
  PNw = NI830RAJ10;86A>;CPY3@/O156WADEGA>E^>.BbGA<G8<DEA> 
  PW = NI830RAJ10;86A>;CPY3@/O156WADEGA>G@A9;CPEI8 
 5.;S1J10./6RPAG;CPXB9<>NI8;CP8C;CPEI8 (Optimum) 789;S1J10E2;A@GN1JNI8 ;CP;S1Y3@56
6<?_4 (Yield) GA@9;CPEI8XB9<>N8I Y3:O PR HE8>8<> m1?;CP 3.11 789 
3.  

4.    )( WaveaveR PPPP −+=  

B

Nw

PC+

PW

PB

PNw

PC-

PR
PE

Pave
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789 Pave /RA NI8JLP>J61> 023,O1>N8I PB H62 PNw e NI8?-J<8 x1 = -20, x2 = 16.5 8<>G<=G PR e NI8
?-J<8  
 x1 = -20+(-20-(-32)) =-8   
 x2 = 16.5+(16.5-15) =18   
H62:C/O156WADEGA>.;O1J<D 8.3 

 

 
_����� 3.11  

J10.0C9>6S18<D56WADEGA>QA>,-_CV-:.?6`JV4HDDB0<DQG18 
 
 - J0eC566<?_4;CP PR :1JJ,O1566<?_4;CPNI8 PNw HWOG@A9J,O1;CPNI8 PB Y3@;S1J10;86A>WOA
8@,9NI8E2;@AG;CP31X8@ PR 

 - J0eC566<?_4;CP PR :1JJ,O1566<?_4;CPNI8 PB Y3@;S1J10Q919 PRXBE^ONI8 PE 789 
 

)(2 waveaveE PPPP −+=  
 
8<>G<=G PE e NI8?-J<8  
 x1 = -20+2*(-20-(-32)) = 4 
 x2 = 16.5+2*(16.5-15) = 19.5 
H62:C/O156WADEGA>.;O1J<D 8.488 VLP>F@1566<?_4;CPNI8 PE :1JJ,O1566<?_4;CPNI8 PB Y3@;S1;86A>
WOA8@,9NI8Q919;CP31X8@ PE YG;1>J6<DJ<G F@1566<?_4;CPNI8 PE G@A9J,O1566<?_4;CPNI8 PB Y3@;S1J10
;86A>WOA8@,9NI8E2;A@G;CP31N1JX8@ PR 

 - J0eC566<?_4;CP PR :1JJ,O1566<?_4;CPNI8 PW HWOG@A9J,O1;CPNI8 PNw Y3@;S1J1038NI8 PR 
XBE^ONI8 PC+ 789  

)(5.0 WaveaveC PPPP −+=+  

PW(-0.85)

PNW (3.18)

PB (6.59)

PR(8.3)Pave
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VLP>F@1566<?_4;CPNI8 PC+ :1JJ,O1566<?_4;CPNI8 PR Y3@;S1J10;86A>WOA8@,9NI8;CP38G<=G PC+ YG;1>
J6<DJ<G F@1566<?_4;CPNI8 PC+ G@A9J,O1566<?_4;CPNI8 PR Y3@;S1H;G;CP PpWH62 PpNw8@,9NI8;CP 
./6RPAG.Q@1E^ONI8 PB 789 

P�W = (PW+ PB)/2 

P�Nw = (PNw+ PB)/2 
 

N1JG<=GY3@;S1;86A>WOA8@,9NI8;CP./6RPAG.Q@1E^ONI8 PB 
 - J0eC566<?_4;CP PR GA@9J,O1566<?_4;CNIO8 PW H62G@A9J,O1;CPNI8 PNw Y3@;S1J1038NI8 
PWXBE^ONI8 PC- 789 

)(5.0 Waveave PPPP
C

−−=−  

 
VLP>F@1566<?_4;CPNI8 PC- :1JJ,O1566<?_4;CPNI8 PW Y3@;S1;86A>WOA8@,9NI8;CP38G<=G PC- YG;1>J6<DJ<G 
F@1566<?_4;CPNI8 PC- G@A9J,O1566<?_4;CPNI8 PW Y3@;S1H;G;CP PpRH62 PpNw8@,9NI8;CP./6RPAG.Q@1E^ONI8 PB 
789 

P�R = (PR+PB)/2 
P�Nw = (PNw+ PB)/2 

 
N1JG<=GY3@;S1J10;86A>WOA 8@,9NI8;CP./6RPAG;CP.Q@1E^ONI8 PB ;S1J1031/O1EO,G.DCP9>.DG:1W0q1G 
(Standard Deviation) QA>566<?_4YGHWO62NI8?-J<8QA>V-:.?6`JV4H62/O102923O1> (Range) 
023,O1>NI8?-J<8YGV-:.?6`JV4EI8;@19 789HE8>8<>_����� 3.12 H62J10/S1G,e8<>GC= 
5.  

 
 

_����� 3.12  
/O102923O1>QA>,-_CV-:.?6`JV4HDDB0<DQG18 

PNW 

PW

PB

02923O1> 
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EO,G.DCP9>.DG:1W0q1G (Standard Deviation =  Std (PB, PNw, PW) 
 

02923O1> 2
1

2
1 )()()( iiii xxyyMinRange −+−= ++  

 
789 xi, yi  /RANI8?-J<8QA>56WADEGA>YGHWO62NI8 (PB, PNw , PW) .aOG 

 - NI8 PB ;CP x1 = -20 x2 = 11 56WADEGA>N1JE:J10?1017D61 .;O1J<D 6.59 
 - NI8 PNw ;CP x1 = -20 x2 = 22 56WADEGA>N1JE:J10?1017D61 .;O1J<D 3.18 
 - NI8 PW ;CP x1 = -32 x2 = 15 56WADEGA>N1JE:J10?1017D61 .;O1J<D -0.85 
E1:10F/S1G,e/O1EO,G.DCP9>.DG:1W0q1GH62/O102923O1> X8@8<>GC= 

- EO,G.DCP9>.DG:1W0q1G = Std (6.59, 3.18, 2.18) = 3.724 
- �
�
���� = 

))2032()1115(,)2032()2215(,)2020()1122(( 222222 +−+−−−+−+−+−Min  
        = Min (11, 13.89, 12.65) 
        = 11 
J0eC;CP/O1EO,G.DCP9>.DG:1W0q1G 30RA/O102923O1> (Range) G@A9J,O1/O1;CPJS13G8Y3@;S1J1039I8 
789/O1;CP8C;CPEI8 N231N1J56WADEGA>E^>EI8 (PB) YGV-:.?6`JV4EI8;@19 H62;S1V=S1YGQ<=GWAG;CP 4-6 
789J02D,GJ10;S1>1G;CP.BbG 03<E.;C9: (Pseudo Code) HE8>X8@8<>_����� 3.13 
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_����� 3.13  
03<E.;C9: (Pseudo Code) "�� ����$� ��	%�$&�##(��#"��) 

 
3.3 
���$������	�*�&%�+,
*-.��CD�E
�F�G
H�IJK@L9MN
O:���E (Weight Centroid Simplex 
Method) 
 

 
 

_����� 3.14  
0^BHDDJ10./6RPAG;CPQA>,-_CV-:.?6`JV4HDD���������������
*)�+��&�	�� 

 

PW 

PB 

PNw

PE 
PR PC+ Pwc PC- 

 
Procedure of MSM 
Begin; 
While (termination criterion not satisfied) – (line 1) 

 Schedule activities 
Compute centroid Pave 
Reflection of least yield PW is processed; 
Compute PR and f(PR); 
Compare response function; 
If f(PR) is highest then 

 Extension PE will be processed;  
Else 

 If PR and f(PR) continue to be the least then     
  Reflect backward to prior point;   
  Recalculate PW and f(PW); 

   or 
    Contraction PC+ or shrinking PC- will be processed; 
    Recalculate f(PC+) or f(PC-); 

 Else 
Go to line 3; 

         End if; 
End if;  

End schedule activities; 
End while; 
End procedure; 
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 1. JS13G8E:J10?R=G5-,WADEGA>;CPW@A>J10Ya@YGJ1031/O1;CP8C;CPEI8 YG;CPGC=/RAE:J10
?R=G5-,?1017D6-/ (Parabolic Surface) 789J1031/S1WADN2.BbGHDD/S1WAD;CP:1J;CPEI8 
(Maximization) 
 2. JS13G8NI8?-J<8.0-P:W@G 789:CNS1G,GNI8YGJ10;86A>.;O1J<D k+1 789;CP k /RA 
NS1G,GW<,HB0 .aOGJ0eC 2 W<,HB0 N2B02JAD8@,9NI8.0-P:W@G 3 NI8 8<>0^B;CP 3.14 
 3. ;S1J103156WADEGA>YGHWO62NI8J10;86A> N1JE:J10NI8:IO>3:19;CPJS13G8 
.aOG 

 - NI8?-J<8;CP 1 x1 = -20, x2 = 11 56WADEGA>N1JE:J10?1017D6-/ .;O1J<D 6.59 
 - NI8?-J<8;CP 2 x1 = -20, x2 = 22 56WADEGA>N1JE:J10?1017D6-/ .;O1J<D 3.18 
 - NI8?-J<8;CP 3 x1 = -32, x2 = 15 56WADEGA>N1JE:J10?1017D6-/ .;O1J<D g0.85 
 4. ;S1J10.0C9>6S18<D56WADEGA>;CPX8@N1JJ10;86A> 
  PB = NI830RAJ10;86A>;CPY3@/O156WADEGA>E^>EI8 
  PNw = NI830RAJ10;86A>;CPY3@/O156WADEGA>E^>.BbGA<G8<DEA> 
  PW = NI830RAJ10;86A>;CPY3@/O156WADEGA>G@A9;CPEI8 
 5. ;S1J10./6RPAG;CPXB9<>NI8;CP8C;CPEI8 (Optimum) 789;S1J10E2;@AGN1JNI8 ;CP;S1Y3@56
6<?_4 (Yield) G@A9;CPEI8XB9<>NI8 Y3:O PR HE8>8<>m1?;CP 3.15 789 

 

)( wwcwcR PPPP −+=  
 
789 PWC /RA NI8 FO,>G=S13G<J 023,O1>NI8 PB H62 PNw /RA e NI8?-J<8 x1 = -20, x2 = 15.38 VLP>.BbG
/O1;CPX8@:1N1JE:J10QA> Pwc 8<>Q@1>6O1> 
 

∑
∑

−

−
=

)()(

)()(

wi

iwi

wc
PYPY

PPYPY
P

 

 
8<>G<=GN2X8@,O1 PR e NI8?-J<8  
 x1 = -20+(-20 - (-32)) =-8.00  
 x2 = 15.38+(15.38 -15) =15.76   
H62:C/O156WADEGA>.;O1J<D 8.876 
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_����� 3.15  
J10.0C9>6S18<D56WADEGA>QA>,-_CV-:.?6`JV4HDD���������������
*)�+��&�	�� 

 
 - J0eC566<?_4;CP PR :1JJ,O1566<?_4;CPNI8 PNw HWOG@A9J,O1;CPNI8 PB Y3@;S1J10;86A>WOA
8@,9NI8E2;@AG;CP31X8@ PR  
 - J0eC566<?_4;CP PR :1JJ,O1566<?_4;CPNI8 PB Y3@;S1J10Q919 PRXBE^ONI8 PE 789 

)(2 wwcwcE PcPPP −+=  

8<>G<=G PE e NI8?-J<8  
 x1 = -20+2*(-20-(-32)) = 4 

 x2 = 15.38+2*(15.38 -15) = 16.14 
H62:C/O156WADEGA>.;O1J<D 9.23 VLP>F@1566<?_4;CPNI8 PE :1JJ,O1566<?_4;CPNI8 PB Y3@;S1;86A>
WOA8@,9NI8Q919;CP31X8@ PE YG;1>J6<DJ<G F@1566<?_4;CPNI8 PE G@A9J,O1566<?_4;CPNI8 PB Y3@;S1J10
;86A>WOA8,@9NI8E2;A@G;CP31X8@ PR 

 - J0eC566<?_4;CP PR :1JJ,O1566<?_4;CPNI8 PW HWOG@A9J,O1;CPNI8 PNw Y3@;S1J1038NI8 PR 
XBE^ONI8 PC+ 789  

)(5.0 wwcwcC PPPP −+=+  
 

VLP>F@1566<?_4;CPNI8 PC+ :1JJ,O1566<?_4;CPNI8 PR Y3@;S1J10;86A>WOA8@,9NI8;CP38G<=G PC+ YG;1>
J6<DJ<G F@1566<?_4;CPNI8 PC+ G@A9J,O1566<?_4;CPNI8 PR Y3@;S1J10H;G;CP PpWH62 PpNw8@,9NI8;CP 
./6RPAG.Q@1E^ONI8 PB 789 

P�W = (PW+ PB)/2   H62    P�Nw = (PNw+ PB)/2 
 

N1JG<=GY3@;S1;86A>WOA8@,9NI8;CP./6RPAG.Q@1E^ONI8 PB 

PW(-0.85)

PB(6.59)

PR(8.876)

PNW(3.18)
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 - J0eC566<?_4;CP PR GA@9J,O1566<?_4;CNIO8 PW H62G@A9J,O1;CPNI8 PNw Y3@;S1J1038NI8 
PWXBE^ONI8 PC- 789 

)(5.0 wwcwcC PPPP −−=−  
 

VLP>F@1566<?_4;CPNI8 PC- :1JJ,O1566<?_4;CPNI8 PW Y3@;S1;86A>WOA8@,9NI8;CP38G<=G PC- YG;1>J6<DJ<G 
F@1566<?_4;CPNI8 PC- G@A9J,O1566<?_4;CPNI8 PW Y3@;S1H;G;CP PpRH62 PpNw8@,9NI8;CP 
./6RPAG.Q@1E^ONI8 PB 789 

P�R = (PR+ PB)/2      H62    P�NW = (PNW+ PB)/2 
 

N1JG<=GY3@;S1J10;86A>WOA 8@,9NI8;CP./6RPAG;CP.Q@1E^ONI8 PB 
 6. ;S1J1031/O1EO,G.DCP9>.DG:1W0q1G (Standard Deviation) QA>566<?_4YGHWO62
NI8?-J<8QA>V-:.?6`JV4H62/O102923O1> (Range) 023,O1>NI8?-J<8YGV-:.?6`JV4EI8;@19 H62;S1V=S1
YGQ<=GWAG;CP 4-6 789J02D,GJ10;S1>1G;CP.BbG 03<E.;C9: (Pseudo Code) HE8>X8@8<>_����� 3.16 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
_����� 3.16 

���!����  (Pseudo Code) "�� ����$� ��	%�$&�##���������������
*)�+��&�	�� 

 
Procedure of WCM 
Begin; 
While (termination criterion not satisfied) – (line 1) 

 Schedule activities 
Compute the weight centroid PWC ; 
Reflection of least yield PW is processed; 
Compute PR and f(PR); 
Compare response function; 
If f(PR) is highest then 

 Extension PE will be processed;  
Else 

 If PR and f(PR) continue to be the least then     
  Reflect backward to prior point;   
  Recalculate PW and f(PW); 

   or 
    Contraction PC+ or shrinking PC- will be processed; 
    Recalculate f(PC+) or f(PC-); 

 Else 
Go to line 3; 

         End if; 
End if;  

End schedule activities; 
End while; 
End procedure; 
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3.4 
���$������	�*�&%�+,
*-.������/��"��%EF (Super Modified Simplex Method) 

 
 

_����� 3.17  
�+(�##�����	�������"������ $� ��	%�$&�##(��#"��)?-.KM 

  
 1. �����)! �������,��-�#!������-/�����B1/B������������)����!*) B����������! ���
����,������.#	�� (Parabolic Surface) .)���������-�#

�(2��##���-�#��� �����!*) 
(Maximization) 
 2. �����)
*)����)���� -/� .)� �
�����
*)B�����)	��������# k+1 .)���� k ���

�����-���(� �1����3� 2 -���(� 

(�
��#)/��
*)���� -/� 3 
*) )���+(��� 3.17 
 3. ��������,	-�#!���B��-�	

*)����)	�� 
��! ���
*) *��� ����������) 
�1�� 
 - 
*)����)��� 1 x1 = -20, x2 = 11 ,	-�#!���
��! �������.#	�� ������# 6.59 
 - 
*)����)��� 2 x1 = -20, x2 = 22 ,	-�#!���
��! �������.#	�� ������# 3.18 
 - 
*)����)��� 3 x1 = -32, x2 = 15 ,	-�#!���
��! �������.#	�� ������# s0.85 
 4. �����������	��)�#,	-�#!������4)/
������)	�� 
       PB = 
*)��������)	�����B�/���,	-�#!���!+�!*) 
        PNw = 
*)��������)	�����B�/���,	-�#!���!+��(2����)�#!�� 
         PW = 
*)��������)	�����B�/���,	-�#!����/�����!*) 
 5.��������	�������4(���
*)���)����!*) (Optimum) .)�������!
�/��,		���& (Yield) .)�
��������3!�/��! ������	��!�� (Second s Order Polynomial) B��+(�##-���(�

opt
β $������)


�����! ��� 
 

PW

PB

PNw

PR

 ββββOPT

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

waveR

waveR

PYPYPY

PYPYPY
opt ⋅+⋅−⋅

⋅+⋅−
=β  

 
789;CP Pave /RA NI8JLP>J61> 023,O1>N8I PB H62 PNw e NI8?-J<8 x1 = -20, x2 = 16.5 $��� ����������# 
5.27 �	
/O1 PR e NI8?-J<8 x1, x2:C/O156WADEGA>.;O1J<D 8.3 
 x1 = -20+(-20-(-32)) =-8   
 x2 = 16.5+(16.5-15) =18   
 ������������ PR, PW �	
 Pave 	�B�! ���"�� opt

β  

4)/���������# 2.48 ������
��
���"�� 

opt
β  ���� ������J,O1NI8;CP56WADEGA>G@A9;CPEI8H62:C/O1G@A9J,O1NI8;CP56WADEGA>:1J

;CPEI8
�����4(!+��������� Z 
 6. �����������3&����)
*)B� �.)�������

opt
β , aveP �	
 wP  ����B�! ���

�����3&
*) 
  ))1( Woptaveopt PPZ ββ −+=  

  )32(*)48.21())20(*48.2()( 1 −−+−=xZ  
  24.2)( 1 −=xZ  
  )15(*)48.21()5.16*48.2()( 2 −+=xZ  
  16.25)( 2 =xZ  
  )16.25,24.2(),( 21 −=xxZ   
 
 ���,	���4(�(2���������3!�����#����/����������
*)��)4(-��4(.)����B�! ���
����,������.#	��

4)/���,	-�#!������
*) Z ������# 0.6524 $��� ���� ������
*)����/�����!*) 
)������B�/���������
*)����/�����!*))/�����B� ��	/� �%���� ��
*)��)4( 
 ES130<DYGJ0eC;CP 

opt
β :C/O1G@A9J,O1NI8;CP56WADEGA>G@A9;CPEI8 30RA:C/O1:1JJ,O1NI8;CP

56WADEGA>:1J;CPEI8;S1Y3@X:OE1:10FE0@1>E:J10JS16<>EA>X8@ NL>Y3@J6<DXBYa@,-_CV-:.?6`JV4HDD
B0<DQG18 (Modified Simplex Method) YGJ109R8 (Expansion) 30RAJ10386> (Contraction) 
H;GYGJ10/S1G,eJ10./6RPAGW<,QA>V-:.?6`JV4WOAXB 789J02D,GJ10;S1>1G;CP.BbG 03<E.;C9: 
(Pseudo Code) HE8>X8@8<>_����� 3.18 
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_����� 3.18  
03<E.;C9: (Pseudo Code) "�� ����$� ��	%�$&�##(��#"��)?-.KM 

 
3.5 
���$������	�*�&%�+,
*-.����& (Complex Simplex Method) 

 
 Q<=GJ10,-_CJ10/@G31/O1;CP.3:12QA>,-_CV-:.?6`JV4HDD5E: E1:10FHE8>Q<=GWAGJ10
;S1>1GX8@8<>WOAXBGC= 
 ?-N10e1N1JQ@AQS1J<8 Constrained "��~H��&1��� Himmelblau ��� 0 ≤ x1 �	
 x2 ≤ 5  
 Minimize         f(x) = (x1

2+x2-11)2 + (x1+x2
2-7)2 

 Subject to 

                                g1(x) = 26 - (x1 - 5)2 g x2
2 ≥ 0  

                                g2(x) = 20 - 4x1 - x2 ≥ 0  

         x1 , x2 ≥ 0 
 "���-����� 1 �����)���!+�!*)�	
���-���!*)"��"�#�"--���(��(2� 0 �	
 5, ���

!� (�
!����v"�����!
�/�� α = 1.3 �	
���!� (�
!����vB������*) ε = δ = 10-3 

 "���-����� 2 JS13G8.VW.0-P:W@G P 789Y3@ N = 2 VLP>N2;S1Y3@X8@NI8;CP.BbGXBX8@ (feasible 
point) 4 NI88@,9J<G ��������� !�/��
*)B�/������!*� ��� �!����� 
 

 
Procedure of SMS 
Begin; 
While (termination criterion not satisfied) – (line 1) 

 Schedule activities 
Reflection of least yield PW is processed; 
Compute the centroid Pave ; 

Compute the βopt 
Compute PR and f(PR); 
Compute Z optimize; 
Compare response function; 

If βopt could not met condition then 
Return to MSM method; 

Else 
 If f(Z) is highest then 

      Z will be processed;  
        Else 

       Go to line 3; 
                    End if; 

End if;  
End schedule activities; 

End while; 
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   xi
p = x1 + ri(x2 g x1) 

   xi   = 0 + ri(5 g 0) 
Y3@ r1 = 0.10 H62 r2 = 0.15 H;G/O1N2X8@ x(1) = (0.5,0.75)T H62;S1J10W0,NEAD/O1;CP.BbGXBX8@
W1:E:J10vT>J4a<PGQA>Q@ANS1J<830RAX:O 
                                g1(x

(1)) = 5.19 > 0 

                                g2(x
(1)) = 17.25 > 0 

$��������%� ����� ���
*) x1  ��������(2�4(4)/ (Feasible point) 
�������%������!*� ���"��� �B� �
��������

��
*)��)4(���!����� r1 = 0.4, r2 = 0.7 

���"��
*)���!�� x2 = (2.0, 3.5)T $����!)�4)/
)��_����� 3.21 
 !�/��
*)��)4(.)�!*� ������!����� r1 = 0.9, r2 = 0.8 

���"��
*)���!�  x3 = (4.5, 
4.0)T !�����#
*)���� ���������-��
!�#��#! ���~H��&1����#������  g1(x

(3)) = 0.75 > 0 �	
 g2(x
(3)) 

= -2.0 < 0 VLP>.BbG.;`N789:CWO1A9̂OGAJQAD.QWQA>Q@ANS1J<8FRA,O1.BbGNI8;CPYa@X:OX8@ 8<>G<=GW@A>
E0@1>Y3:O 7895O1GJ10./6RPAG;CPXBQ@1>3G@1NI8JLP>J61>QA>EA>NI8H0J /O1NI8JLP>J61>;CP/S1G,GX8@
/RA 

Tx )125.2,250.1(=  
 

$���

4)/
*)B� ��(2� x3 = (2.875, 3.062)T 

 






































































=−+= 062.3

875.2
000.4
500.4

125.2
250.1

2
1

000.4
500.4)3(x  

 
!�/��
*)��)4(.)�!*� ������!����� r1 = 0.6, r2 = 0.1 

���"��
*)���!�� x3 = (3.0, 0.5)T � ���4)/
*)
��#����!��
*)�	/��%������-��
!�#! ���~H��&1��"���-�	

*)

4)/ f(x(1)) = 135.25, f(x(2)) = 
64.812, f(x(3)) = 27.711 �	
 f(x(4)) = 16.312  
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_����� 3.19  
����	�������"������$� ��	%�$&�##,!   

��� �: Optimization for Engineering Design 
 
 "���-����� 3 ��
*)���������!*)�	
������!
�/��,���
*)�����	��"��
*)�����	�� $���B�������

*)���������!*)��� f(x(1)) = 135.25 )������ xR = x(1) 4)/  Fmax = 135.25  .)����
*)�����	��"��
*)��� 2,3

�	
 4 ��� Tx )354.2,635.2(= 
*)B� ����4)/
�����!
�/����� 
 






































































=−+= 439.4

387.5
750.0
500.0

354.2
625.2

3.1354.2
625.2)(mx  

 

*)B� �
����������3-���+����"�#�"-"��"/�
����) ���B�/
*) xm �(2�
*)���B1/4 �4)/)������
��-/��
 ����(��#(�*� .)�-��
!�#���
*)�����+�B�	/���"�#�"-"��-���(�����4 ������4� 
 "���-����� 4 ���-��
!�#��� �(2�4(4)/"��
*) xm 

 - ������
�� x1
m > x1

 (u) = 5 ��������)B�/ x1
 m = 5 $���

���B�/
*)B� ����4)/ x1

 m = (5.00, 
4.439)T 
��������B�/ x1= 5 �%������B�/
*)������)"���B� �4 ��� �
! ��+� 
 - �������)�
�
���	�����������
��
*)�����	�� Centriod .)����������J	���"��
*) 
x  �	
 xm 

 

( ) ( )Tmxxmx 397.3,813.32/ =+=  
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*)B� ����4)/�(2�
*)$����� �
!  .)����4(�(2�
*) x(5) �	
����� Fmax "�� f(x(5) = 117.874 .)�
 ��������/������ Fmax = 135.250 

 "���-����� 5 
�)�+($� ��	%�$&�	
-��
!�#J<D.>RPAGXQJ1039I830RAX:O 
 - 
�)�+($� ��	%�$&B� �.)���������� x(1) )/�� xm  �	
�����3����J	���"��~H��&1��� 

02.61=f �	
  Tx )953.1,094.2(=  
 

 - ����� ε≤∑ −
p

fpxf 2)))(((  �	
 ε≤∑ −
p

xpx
2
))(  

4)/��� 9.8685=f   

 
$��� ���� ������ ��� ε2 �	
 δ2 �(2����!���!*)������������� �
B��������#"������/��� 
(iteration)  
 - ;S1V=S1YGQ<=GWAG;CP 3-5 
�4)/�������� �
! ���!*) 
789J02D,GJ10;S1>1G;CP.BbG 03<E.;C9: (Pseudo Code) HE8>X8@8<>m1?;CP 3.20 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
m1?;CP 3.20  

03<E.;C9: (Pseudo Code) "������V-:.?6`JV4HDD5E: 

 
Procedure of CSM 
Begin; 
Initialize the problem and parameters 
While (termination criterion not satisfied) – (line 1) 

 Schedule activities 
   Calculate complex points and check against constraints 
   Reflection of least yield PW is processed; 

Compute PR and f(PR); 
Compare response function; 
If f(PR) is highest then 

 Replace PR into PW will be processed;  
Else 

 If PR and f(PR) continue to be the least then     
  Reflect backward to prior point;   

     Recompute PR and f(PR) and check against constraints; 
 Recalculate PW and f(PW); 

    Else 
Go to line 3; 

                End if; 
Check the termination criteria; 

End if;  
End schedule activities; 

End while; 
End procedure; 
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3.6 ��	IF�E�
��PJ�'(���	�IQ�R�	:��
J%&�	:& (Logarithm Harmony Search Algorithm) 
 

J10,-./01234BT{31N2.0-P:N1JJ1002DIW<,HB0;CPES1/<{A<GB02JAD8@,9 HMCR, PAR, 
HM, QAD.QWQA>/O1 x H62 iteration (0ADYGJ10/@G31) 36<>N1JG<=GN2E0@1>56WADEGA>.0-P:W@G 
H628S1.G-GJ10YG02DDQA> Harmony .?RPA/@G31/S1WAD;CPY3@/O156WADEGA>;CP8C;CPEI8 (y) ?0@A:
J<D/O1BTNN<9 (x) ;CPEO>56Y3@X8@/O1;CP.3:12E:;CPEI88@,9.aOGJ<G 789,-_CJ10;S1>1G.BbG8<>GC= 
 1. JS13G8/O1QA>W<,?101:-.WA04H62E:J100^BHDDQA>BT{31;CPN2;S1J10,-./01234 
A<GX8@HJO 
 f(x) : E:J10,<WFIB02E>/4 (Objective Function) 
 xi   :  W<,HB0W<8E-GYN (Decision Variable) 
 N  : NS1G,GQA>W<,HB0W<8E-GYN (Number of Decision Variables) 
 HMS : NS1G,GQA>aI8QA>W<,7G|WYGJ10N<8.J̀D (Number of Solution Vectors in HM) 

 HMCR : .BbG/O1/,1:GO1N2.BbGYGJ10.6RAJW<,7G|W;CP:CYG02DD (HM Considering 
 Rate) 

 PAR : /,1:GO1N2.BbGYGJ10.6RAJB0<D028<DW<,7G|W (Pitch Adjusting Rate)  
 Bw : aO,>J,@1>QA>0292;1>YGJ10B0<D028<D (Distance Band Width) 
 NI : NS1G,G/0<=>QA>J10/@G31 (Number of Solution Vector Generations) 
 2. EIO:W<,.6Q.0-P:W@G 1 aI8NS1G,G n W<, H6@,GS1:1H;G/O1BTNN<9 Xi YGE:J10?R=G5-,
WADEGA> (Response Surface) W1:6S18<D N1JG<=G/S1G,e 31/O1566<?_4 Yi (Yield) QA>E:J10
.?RPA.BbG/O1W<=>W@GW1:NS1G,G;CP02DIX,@YG HM 
   
               { }mxim

xxi
i
xHM ,1,....,2,1 −=    789;CP i = 1, 2, 3, �, HMS 

 
 3. .0C9>6S18<D56WADEGA>N1J8C;CPEI8XBNGFL>H9O;CPEI8 7898̂N1J/O1 Yi (Yield) 

 4. /S1G,e7B0HJ0:W1:Q@A:^6;CPJS13G8YG/O1W<,HB0 .aOG HM (QG18QA>J10N<8.J̀D
aI8W<,7G|W) :C/O1.;O1J<D 10, HMCR (A<W01J10.6RAJW<,7G|WN1J HM) :C/O1.;O1J<D 0.95 , PAR  
(A<W01J10.B6CP9GHB6>028<DQA>W<,7G|W), Bw (Distance bound wide) 7895O1GE:J10;CPJS13G8
X,@ 

  gn
NI

PARPAR
PARgnPAR ×

−
+=

)(
)( minmax

min  
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� ��� 
 PAR: ��-�����(��#�
)�#�!���!�����#�-�	
�*�� (Pitch Adjusting Rate for each  
 Generation) 
 PARmin: ��-�����(��#�
)�#�!���-���!*) (Minimum Pitch Adjusting Rate) 
 PARmax: ��-�����(��#�
)�#�!���!+�!*) (Maximum Pitch Adjusting Rate) 
 NI:        
��������!�/������-��&.$	+1��� (Number of Solution Vector Generation) 
 gn :      
������ ���	"�*�� (Generation Number) 
�	
 
  gn)exp(cBwBw(gn) max ⋅=  

 

  NI

)
Bw
Bw

Ln(
c max

min

=  

� ���  
 Bw (gn) : �#�)&���!�����#�-�	
�*�� (Bandwidth for each Generation) 
 Bwmin :     �#�)&��)�&-���!*) (Minimum Band Width) 
 Bwmax :    �#�)&��)�&!+�!*) (Maximum Band Width) 
 
 5. /S1G,e/O1;CPX8@N1J02DDY3:O.B0C9D.;C9DJ<D/O1;CPN<8.J̀DX,@YG HM 789J10H;G/O1
BTNN<9 Xi 6>YGE:J10?R=G5-,WADEGA> (Response Surface) W1:6S18<D N1JG<=GGS1:1/S1G,e31
/O1566<?_4 Yi (Yield) QA>E:J10.?RPA;S1J10.B0C9D.;C9D/O1QA>56WADEGA> 
 6. N<86S18<D56WADEGA>N1J/O1566<?_4;CP8C;CPEI8XBH9O;CPEI8 36<>N1JG<=G;S1J10JS1N<8
56WADEGA>;CPH9O;CPEI8G<=GAAJXBN1J HM .?RPAB0<D028<DH62NS1G,GQA> HMS Y3@:CQG18.;O1.8-: 
 7. .B0C9D.;C9D/O1WOAXB.0RPA9 � NG/0DW1:NS1G,GV=S1;CPJS13G8 
 8. ,-./01234/O1;CPX8@YG HMS 39I8J02D,GJ10 
789J02D,GJ10;S1>1G;CP.BbG03<E.;C9: (Pseudo Code) HE8>X8@8<>m1?;CP 3.21 
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m1?;CP 3.21  
03<E.;C9: (Pseudo Code) "������	%�������� 0��&. ���$��&$ 

 
 
 
 
 
 
 
 

    
Procedure LOGARITHM HARMONY SEARCH, HSA Meta-heuristic () 
Begin; 

Initialise algorithm parameters:  
IM: the preset number of improvisations 
HMS:   the size of the harmony memory  
Bw:  the 'distance bandwidth' or the amount of maximal change for pitch 

adjustment between two neighbouring values in discrete candidate set 
PHMCR: the rate of considering from the harmony memory  
PPAR: the 'pitch adjustment rate  

Initialise the HMS harmony memories; 
Evaluate the fitness values for all HMS;  
For j = 1 to IM  

Randomly select a position of [1, 2, …, HMS] to improvise;  
Generate a random number in the range [0, 1] or RN1; 
Check RN1 with PHMCR; 

If   RN1 < PHMCR better, then pick the component from memory; 
Generate a random number in the range [0, 1] or RN2; 
If RN2 < PPAR better, then adjust the harmony by a small amount Bw; 

Generate a random number in the range [0, 1] or RN3; 
If RN3 > 0.5 
  Pitch Adjustment Harmony vector increase; 
Else 
  Pitch Adjustment Harmony vector decrease; 
End if; 

Else  
 Do nothing; 

           End if; 
Else  

Pick a new random value in the allowed range;  
       End if; 

Replace a new harmony if better; 
End for; 

End; 
End procedure; 
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3.7 ��	IF�E�
��PJ��	�J�:(H��(	�IQ� (The Bees Algorithm) 
 

 ��	������� 

(�
��#4()/���	*� "������ ��-��& ���-/�����$��������)1��������B1/B�
��������3������� 

 1. 
�����"��,���!����-���3& (Number of Scout Bees, n) 
 2. 
������������ A �	���
�� n ������� A ,���!����
 (Number of Sites Selected out of n 

 Visited Sites, m) 
 3. 
������������ A )����!*)
�� m ������� A �	��� (Number of Best Sites out of m 

 Selected Sites, e) 
 4. 
�����,������!��4(���������� e ����$���)����!*) (Number of Bees Recruited for Best e 

 Sites, nep) 
 5. 
�����,������!��4(���������� m-e �����	��
���	*� ���)����!*) (Number of Bees 

 Recruited for the other m-e Selected Sites, nsp) 
 6. "��)-���-/�"����	�������$���(�
��#)/����	��������	
�������B�	/����� (Initial 

 Size of Patches, ngh) 
 7. ��3�&B������*) (Stopping Criteria) 
 ���!����  (Pseudo Code) "��#�!&��	������ )��_����� 3.22 .)� �"���-�����������

)�����   
 "���-����� ��	������ 

���� -/����,���!����-���3&�*�-�� (
����� n -��) �"/�4(!*� ��

���B������������� )�����+�B�"�#�"-  
 "���-�����!�� ������(�
� ����� �� �
! "��,		���&���)����!*)��� 4)/
��,���

!����-���3&  
 "���-�����!�  �/�,		���&�(2������B
�	/��%B�/��*)������ �/����-/�����������)�����B�/

��������-��  
 "���-�����!�� B�/�	*� "��,������ �,		���&B�1���!+�!*) (
����� m -��) �(2��,�������+��	���� 

(Selected Bees) �	
������� A ,�����	�����4(�#

�+��	���B�/!����
�������B�	/����� 
������B� 
 "���-������/��	
�� ��	������ 

������!����
�������B�	/����� (Neighborhood 

Search) "���	*� ,�������+��	��� .)�B1/,���
����� ������	�4(!����
B�������� A )����� (
����� e 
�������) �	

������/������	�B�������� A ��	�� (
����� m-e �������) �	
�	���������)����!*)B����
!����
����(2�-�����"��,���B����������� 
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 ���!����
�������B�	/�����"��������� e ���)����!*)��� �+��!������(2�������� A ���

 �,		���&
���)����� 
�� ����!��,���
����� ��	�4(!����
����  (
����� nep) !���������� A ��	��

 ����!��,���

������/������	�4(!����
����  (
����� nsp) �����4��%-�  B�"���-������� 

�������	���
�J��
,������ �,		���&!+�!*)"������������������-���)����(2�-����� �-�B���� 1�-�

4 � �"/�#����#��� 
"/�#����#����+������)"����������#�* 
��������!����
  

 "���-������
%) ,��������	���%

�+�!��4(���������� A �����!*� ��������� A ��
 �,		���&���)�B� � 
"#��������

�+����$�������#4(������ A 
�������#-� ������4" �1��4)/�����������B
����4 �
!� ���4)/������)�"��� � ���
#���!����
B��-�	
��# �+�,���

 �(�
1����	*� B� ����)"���!��!��� 
�������!���������)
��,���-�����)����!*)"���-�	
��������	
!���������)
�����!*� !����
B� �    

 
 
 
 
 
 
 
 
 
 
 
 

 
_����� 3.22 

���!����  (Pseudo Code) "��#�!&��	������  
 
 
 
 
 

 
Procedure Bees Meta-heuristic () 
  Begin; 

Initialise algorithm parameters:  
          Number of Scout Bees, n 
          Number of Sites Selected out of n Visited Sites, m 
          Number of Best Sites out of m Selected Sites), e 
          Number of Bees Recruited for Best e Sites, nep 
          Number of Bees Recruited for the other m-e Selected Site),nsp 
          Initial Size of Patches ,ngh 
     Initialize population with random solutions. 
     Evaluate fitness of the population. 
           While (stopping criterion not met) //Forming new population. 
                Select sites for neighborhood search. 
               Recruit bees for selected sites (more bees for best e sites) and evaluate 
fitnesses. 
               Select the fittest bee from each patch. 
               Assign remaining bees to search randomly and evaluate their fitnesses. 
.          End While until a termination condition is met. 
End procedure 
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3.8 6
�I�E��	W	XOL�<:Y0ZE�
[(E��PJ&��%
�'�&: 
 

 �����)���

B1/����,! ,!������0����!-����� ���+��"/�)/����� ������

�/�������0����!-��B�
�##��� ��)B� � A ���������/���,		���&����� �
! ���!*)  4)/�+��	����������� ��B�(H

*#��
������
��!� ���	)�
�
��	�B������4)/�(2������)� )���������������)����������)	�����
�� �
��-�*(�
!��&�����,! ,!��.)��������������"��$� ��	%�$&$���(H

*#��4 ��(2������� B������� �B1/
B������/(HI���������������-�#����� �
! ��������� �
���*3! #�-��J��
-��"��$� ��	%�$&
����	
���&(�
��#���)/��"��-��(HI��B�(H

*#�������� $�#$/�� ��"��� �-������4��%-� ����
$� ��	%�$&�%��� �"/�)���+��	
�����B�/�(2���������������	���B� � A !�����#����/������-�#B�/4)/
 �(�
!����_�� ��"��� )������������ ��)���������$� ��	%�$& �(�
�*�-&��� ��#����0����!-���"/�
)/������%�(2�!���������!�B
������
������0����!-���-�	
���� �"���-���	
��� !� ���B�����/���
,		���&����-�-���������4( �	
�����)��� !� ���! ����
"�����,! ,!������0����!-��B�
�+(�##�##-��� A B���������B��-�	
����"�����,! ,!��

 �-��1����) 3 1��)��� ����J	���,		���&���
�� �
! ���!*) ������ �#�����#� �-�K��    �	
��-��!�����!-����%� (S/N Ratio, Signal-to-
Noise Ratio) )�����������)�������,! ,!��"������$� ��	%�$&��#����0����!-��"��#�!&��	������ 
�	
	%�������� 0��&.����$��&$ .)�����!����
���-�#B�	/�����B�����/���-���(�B�	/�����B�
�
���������/������-���(�B��-�	
��#������(2�������� "�)��� !� ���! ����
B�����/���
���-�#B�/ �(�
!����_�� ������"������� 4)/����!�������������##��
#�����(��#(�*�4�/
)��-��4(���  

 B����(�
�*�-&����/������-�#

����������$� ��	%�$&�##(��#"��) (Modified 
Simplex Method, MSM)  �������(�
�*�-&B����1��������-�#.)�.���!�/��"�����(�
�*�-&
�!)�4)/)��_����� 3.23 �	
���!����  (Pseudo Code) � ���������(�
�*�-&��� ����"��� -�0����
!-���##����#�!&��	������  �	
����	%�������� 0��&. ���$��&$)���!)�B�_����� 3.24s 3.25 
� ��������)B�/ 
 VL ��� 
*)����)��� ����,	-�#!����/�����!*)B� "��)"����� 
��"��1*)���-�#��� �
���
�)��%#4�/�	/�B��-�	

*)"�����-�#!��� 
 VS  ��� 
*)����)��� ����,	-�#!����/�����!*)�����+�-���	��"��)"��"��1*)���-�#���
 ����
�)��%#4�/�	/�B��-�	

*)"�����-�#!��� 
 V H ��� 
*)����)��� ����,	-�#!��� �����!*)"��)"��"��1*)���-�#��� ����
�)��%#4�/
�	/�B��-�	

*)"�����-�#!��� 
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_����� 3.23  
�������!�/��-�������"�����(�
�*�-&B1/$� ��	%�$&B���������-�#���)����!*) 

 
 -����������!����  (Pseudo Code) ��3�"�����(�
�*�-&B1/����$� ��	%�$&�##(��#
"��)��� ��#����#�!&��	������  ��+(�##)��_����� 3.24 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

_����� 3.24 
���!����  (Pseudo Code) "�����(�
�*�-&B1/����$� ��	%�$&�##(��#"��)��� ��##�!&��	������  

 

  
Procedure Bees Meta-heuristic () 
Begin; 

Initialise algorithm parameters:  
          Number of Scout Bees, n 
          Number of Sites Selected out of n Visited Sites, m 
          Number of Best Sites out of m Selected Sites), e 
          Number of Bees Recruited for Best e Sites, nep 
          Number of Bees Recruited for the other m-e Selected Site, nsp 
          Initial Size of Patches, ngh 
     Initialize population with random solutions. 
     Evaluate fitness of the population. 
           While (stopping criterion not met) //Forming new population. 
                Select sites for neighborhood search. 
               Recruit bees for selected sites (more bees for best e sites) and evaluate fitnesses. 
               Select the fittest bee from each patch. 
               Assign remaining bees to search randomly and evaluate their fitnesses. 
               Select points from the population based on rank-based fitness to generate the initial 
               simplex. 

            Appling Simplex operators (reflection, expansion, contraction and shrinkage 
              Replace the selected points in the population based   
.          End While until a termination condition is met. 
End procedure  
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-����������!����  (Pseudo Code) "�����(�
�*�-&B1/����$� ��	%�$&�##(��#"��)
��� ��#	%������0��&. ���$��&$ ��+(�##)��_����� 3.25 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

_����� 3.25 
���!����  (Pseudo Code) "�����(�
�*�-&B1/����$� ��	%�$&�##(��#"��)��� ��#	%�������� 

0��&. ���$��&$ 
 

 
Procedure LOGARITHM HARMONY SEARCH, HSA Meta-heuristic () 
Begin; 

Initialise algorithm parameters:  
IM: the preset number of improvisations 
HMS:   the size of the harmony memory  
Bw:  the 'distance bandwidth' or the amount of maximal change for pitch adjustment 

between two neighbouring values in discrete candidate set 
PHMCR: the rate of considering from the harmony memory  
PPAR: the 'pitch adjustment rate  

 Initialise the HMS harmony memories; 
Evaluate the fitness values for all HMS;  
For j = 1 to IM  

Randomly select a position of [1, 2, …, HMS] to improvise;  
Generate a random number in the range [0, 1] or RN1; 
Check RN1 with PHMCR; 

If   RN1 < PHMCR better, then pick the component from memory; 
Generate a random number in the range [0, 1] or RN2; 
If RN2 < PPAR better, then adjust the harmony by a small amount Bw; 

Generate a random number in the range [0, 1] or RN3; 
If RN3 > 0.5 
  Pitch Adjustment Harmony vector increase; 
Else 
  Pitch Adjustment Harmony vector decrease; 
End if; 

Else  
 Do nothing; 

           End if; 
Else  

Pick a new random value in the allowed range;  
       End if; 

Replace a new harmony if better; 
Select points from the population based on rank-based fitness to generate the initial  
 simplex. 
Appling Simplex operators (reflection, expansion, contraction and shrinkage 
Replace a new harmony if better in the population based   

End for; 
End; 
End procedure; 

 


