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k2 = ω
√

(µ0ε2)

k3 = ω
√

(µ0ε3)

k4 = ω
√

(µ0ε̃4)

,�#>n ε̃4 = ε4 +jσ4/ω� ��#�?�#>�+ +�@-�% ,�! � *�#�!�� +C����-� ,�)� �)� �+=@)�

+@��! ejωt�
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I1(z) = I0
sin kL(h1 − z)

sin kLh1

0 � z � h1 P&�<S

I2(z) = I0
sin kL(h2 + z)

sin kLh2

− h2 � z � 0 P&�&S

,�#>

I0 =
V e

0

ZA
P&�(S
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|k4/k2|2 � 1 |k4/k2|2 � 1 (k2b)
2 � 1 (k3c)

2 � 1 P&�BS
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ZA =
Z1 + Z2

2
P&�FS
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Zc =
ωµ0kL

2πk 2
2

[
ln(b/a) + n 2

23 ln(c/b) + n 2
24 F

]
P&�AS

kL = k2

[
ln(c/a)

ln(b/a) + n 2
23 ln(c/b)

]1/2 [
ln(c/a) + F

ln(c/a) + n 2
24 F

]1/2

P&�GS
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,�#>n n 2
23 = k 2

2 /k 2
3 " n 2

24 = k 2
2 /k 2

4 ��! F = H
(1)
0 (k4c)/k4cH

(1)
1 (k4c)� �! ������0
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=!��+���!�, -��.�� ���@��% cn

kL = k2

[
ln(c/a)

ln(b/a) + n 2
23 ln(c/b)

]1/2

P&�HS

ε2e = ε2

[
ln(c/a)

ln(b/a) + n 2
23 ln(c/b)

]
P&�<'S
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Zc =
ωµ0kL

2πk 2
2e

[
ln(c/a) + n 2

2e4 F
]

P&�<<S

kL = k2e

[
ln(c/a) + F

ln(c/a) + n 2
24 F

]1/2

P&�<&S

,�#>n n 2
2e4 = k 2

2e /k 2
4 �

�# K#��@# ��� �#��=� ���#>% ���� ���#% ��% �+��@�% >�#�# @_+��! ��, ��� +C@0

-)-� ��% ->�?*+!�% )% +C�%n

q1(z) =
−jdI1(z)

ωdz
=

jkLI0 cos kL(h1 − z)

ω sin kLh1
, 0 � z � h1 P&�<(S

q2(z) =
−jdI2(z)

ωdz
=

−jkLI0 cos kL(h2 + z)

ω sin kLh2
, −h2 � z � 0 P&�<BS

�! �>�!�=�!�?% ->�!-�.-+% �#> ��+���#�� ���!�#$ �+=@#> -��� �+�!#*� �#> =!��+0

���!�#$ -��.���#% (α � r � c) ��#-+  @_#���! ��, �!% �������) +�K��-+!%n

H21φ(r, z)
.
=

I1(z)

2πr
=

I0 sin kL(h1 − z)

2πr sin kLh1
, 0 � z � h1 P&�<ES

H22φ(r, z)
.
=

I2(z)

2πr
=

I0 sin kL(h2 + z)

2πr sin kLh2
, −h2 � z � 0 P&�<FS

E21r(r, z)
.
=

q1(z)

2πε2er
=

jkLI0 cos kL(h1 − z)

2πε2erω sin kLh1

, 0 � z � h1 P&�<AS

E22r(r, z)
.
=

q2(z)

2πε2er
=

−jkLI0 cos kL(h2 + z)

2πε2erω sin kLh2
, −h2 � z � 0 P&�<GS

E21z(r, z)
.
=

∫ r

α

[
∂E21r(r, z)

∂z
− jωµ0H21φ(r, z)

]
dr

= −jωµ0I0

2π
ln(

r

α
)

(
1 − k 2

L

k 2
2e

)
sin kL(h1 − z)

sin kLh1
, 0 � z � h1

P&�<HS
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E22z(r, z)
.
=

∫ r

α

[
∂E22r(r, z)

∂z
− jωµ0H22φ(r, z)

]
dr

= −jωµ0I0

2π
ln(

r

α
)

(
1 − k 2

L

k 2
2e

)
sin kL(h2 + z)

sin kLh2
, −h2 � z � 0

P&�&'S
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�# ��+���!�, �+=@# -�# �+�!D���#� �?-# ��#�$��+! ��, �# ��+��#�� ���!�, �+=@#

-��� +�!K��+!� �#> =!��+���!�#$ -��.���#% �+ ��� ��,�#>�� #�#����)-�n

E4(r, z) =
1

4π

∫ h1

−h2

dz′
∫ π

−π

cdφ′
[
jωµ0H4φ(c, z

′)Ψαz′

− E4z(c, z
′)αφ′ ×∇′Ψ + E4r(c, z

′)∇′Ψ
] P&�&<S

,�#>n

Ψ =
ejk4R

R
P&�&&S

��!n

R =

[
(z − z′)2 + (r − r′)2 + 4rr′ sin2 φ′

2

]1/2
∣∣∣∣∣
r′=c

P&�&(S

���+!.�#>�+ ,�! #! ->�D#�?% ��, �� =$# ���� �#> =!�,�#> �����+@�#���! -���

P&�&<S� �! ��0�#�#$�+�+% �>�!�=�!�?% ->��+�� �?�+% ���K?�#���! -�# -��+@# ��0

������-�% P (r, φ, z)" +�. #! �#�#$�+�+% (r′, φ′, z′) +@��! �� -��+@� ��% �� �%� �

�+�+-��% ∇′ #�@_+��! -+ -*?-� �+ �!% �#�#$�+�+% ->��+�� �?�+% )% +C�%n

∇′ = αr′
∂

∂r′
+ αφ′

1

r′
∂

∂φ′ + αz′
∂

∂z′

��, �!% P&�<ES^P&�&'S ��! +K���,_#���% �!% �������) #�!��?% ->����+%  !� r = c

��@��#>�+ �� �����@���� �+=@�  !� ��� P&�&<Sn

H4φ(c, z
′) = H2φ(c, z

′)

E4r(c, z
′) =

ε2e

ε̃4
E2r(c, z

′)

E4z(c, z
′) = E2z(c, z

′)

P&�&BS

,�#>n
ε2e

ε̃4
=

ω2µ0ε2e

ω2µ0ε̃4
=

k 2
2e

k 2
4

�, ) ��% �>��!��% ->��+��@�% ,�� �� �+=@� +@��! ��+C������ �#> φ� �>�+�.% �#

φ ?*+! �+�+@ @-# �+ �# ��=?� -��� P&�&<S�
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�$�K)�� �+ �� �������) ��, ��� P&�&<S ��@��#>�+ �!% ->�!-�.-+% �#> ��+���!�#$

�+=@#> -�# �+�!D���#� �?-#n

E4z(r, z) =
I0

4π2 sin kLh1

{
jωµ0

∫ h1

0

∫ π

0

sin kL(h1 − z′)
ejk4R

R
dφ′dz′

+ jωµ0c ln
( c

a

)(
1 − k 2

L

k 2
2e

) ∫ h1

0

∫ π

0

sin kL(h1 − z′)

ejk4R

R2

(
1

R
− jk4

)
(c − r cos φ′)dφ′dz′

+
jkL

ε̃4ω

∫ h1

0

∫ π

0

(z − z′) cos kL(h1 − z′)

ejk4R

R2

(
1

R
− jk4

)
dφ′dz′

}

+
I0

4π2 sin kLh2

{
jωµ0

∫ 0

−h2

∫ π

0

sin kL(h2 + z′)
ejk4R

R
dφ′dz′

+ jωµ0c ln
( c

a

)(
1 − k 2

L

k 2
2e

) ∫ 0

−h2

∫ π

0

sin kL(h2 + z′)

ejk4R

R2

(
1

R
− jk4

)
(c − r cos φ′)dφ′dz′

− jkL

ε̃4ω

∫ 0

−h2

∫ π

0

(z − z′) cos kL(h2 + z′)

ejk4R

R2

(
1

R
− jk4

)
dφ′dz′

}

P&�&ES
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E4r(r, z) =
I0

4π2 sin kLh1

{
jωµ0c ln

( c

a

)(
1 − k 2

L

k 2
2e

)
∫ h1

0

∫ π

0

sin kL(h1 − z′)
ejk4R

R2

(
1

R
− jk4

)

(z − z′) cos φ′dφ′dz′

− jkL

ε̃4ω

∫ h1

0

∫ π

0

cos kL(h1 − z′)
ejk4R

R2(
1

R
− jk4

)
(c cosφ′ − r)dφ′dz′

}

+
I0

4π2 sin kLh2

{
jωµ0c ln

( c

a

)(
1 − k 2

L

k 2
2e

)
∫ 0

−h2

∫ π

0

sin kL(h2 + z′)
ejk4R

R2

(
1

R
− jk4

)

(z − z′) cos φ′dφ′dz′

− jkL

ε̃4ω

∫ 0

−h2

∫ π

0

cos kL(h2 + z′)
ejk4R

R2(
1

R
− jk4

)
(c cosφ′ − r)dφ′dz′

}

P&�&FS

�� �������) #�#����.���� =+� >�#�# @_#���! ����>�!��" #�,�+ ��?�+! �� ����K$0

 #>�+ -+ ��#-?  !-� �#>% �+ ��!����!�� #�#����)-�� �  +�!�� �#�K� �)� =!��.�

#�#����)���)� +@��!
∫ b

a

∫ π

0
f(φ′, z′)dφ′dz′" ,�#> f(φ′, z′) +@��! �# ��� ���!�, � K�0

���-�!�, �?�#% �!�% �! �=!��% ->�����-�% �+ �,�# -�# (φ′, z′, r) = (0, z, c)� �!�

�#� >�#�# !-�, �#> +-)�+�!�#$ #�#����.���#% P)% ��#% φ′S *)�@_#>�+ �# =!�0

-���� -+ �#������ >�#=!�-������ ��!  !� ���+ ?�� ��, �>�� *��-!�#�#!#$�+ ��

���#>-!��� #�#����)-� &B -��+@)� P��������� �S� ��� ->�?*+!� ��#*)�#$�+

-��� #�#����)-� )% ��#% z′ �+ ��� @=!� �?�#=#� �!� �� ��#K$ #>�+ �� -K������

�, ) ��% ��,�#��% ��@-�% ��% >�# #�#����)-�% ->�����-�% )% ��#% z′ *��-!�#0
�#!#$�+ ?��� ��#-���#-�!�, �� ,�!��# �#> >�#=!�!�+@ ->�+*.% �� >�#=!�-������

-�#� �C#�� z′ �?*�! �� !���#�#!��+@ ���#!# ��!���!# -$ ��!-�%� ���� ���C� �

�������) �?�#=#% ?*+! ��#=+!*�+@ !=!�@�+�� ��#�+�+-���!��  !� ��� #�#����)-�

!=!�@�+�� ��,�#�)� ->�����-+)��
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(�/ 0���������	�	 �	� ������	�

�! =!���C+!% �)� =!�,�)� +@��! ���� �$�!# �, # �>��!�?% ��! ��#�+�#$���! ��, M

,�#!� ��! ��������� =@�#��" �� #�#@� �#�#�+�#$���! ���+�� -�# �#��, �>��!�,

+�@�+=#� ��� �������-��-#>�+ �!% ����+-!��?% ->��+�� �?�+% �)� -��+@)� ��#0

K#=#-@�% �#> ���+ =!�,�#> �+ (x0i, y0i, 0)" �+ i = 1, 2, . . . , M " �,�+ #! ->�#�!�?%

->�!-�.-+% �#> ��+���!�#$ �+=@#> ��% =!���C�% ��#�#$� �� >�#�# !-�#$� )% +C�%n

Ex =
M∑
i=0

x − x0i

Ri

Erie
jθi P&�&AS

Ey =
M∑
i=0

y − y0i

Ri

Erie
jθi P&�&GS

Ez =

M∑
i=0

Ezie
jθi P&�&HS

,�#>n θi +@��! #! *�#�!�?% K�-+!% ��% ��#K#=#-@�% ���+ =!�,�#> ��!

Ri =
√

(x − x0i)2 + (y − y0i)2.

�# �? +�#% �#> ->�=?+! �# ��+���!�, �+=@# ��! �� �+��,���� �#> ��#��#K���! ��,

�# �+�!D���#� �?-# +@��! # +!=!�,% �>��,% ��#��,K�-�% P8O9/4q/ M]8N3O74NZ 3M79 �

r1sS� � �$C�-� ��% �+��#���-@�% -�# D!#�# !�, �?-# +@��! ����# � �#> r1s" #

#�#@#% #�@_+��! )% � +�?� +!� �#> ��#��#K���! ��� �#��=� ��_�% ��! �+�����! -+

tug5� � r1s -*+�@_+��! �+ �# ��+���!�, �+=@# �+ ��� ��,�#>�� -*?-�n

SAR =
σ

2ρ
|E|2 =

σ

2ρ

(|Ex|2 + |Ey|2 + |Ez|2
)

P&�('S

,�#>n σ +@��! � ��+���!�� � ) !�,���� PruXS ��! ρ � �>��,���� Pg5um3S �#>

�?-#>� � >�#�# !-�,% �#> r1s ��% +�!��?�+! ��� ��,D�+j� ��% �����#��% ��%

�+��#���-@�% -�#� , �# �?-) ��������)� �+��!�.� +C#�#!.-+)��
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�! �+�+�!�#@ �� ,�!��#! +@��! ?��% +�+>���!�,% ���=#% ��% +C+�!��!��% >�#�# !-�!0

��% �+)�@�%� ��#�+�#$� +$�)-�+%" -�#*�-�!�?% �+�,=#>% ���_���-�%" #! #�#@+%

+@��! �#��+�#�#!��?�+% ���) -�!% ��*?% ��% K>-!��% +�!�# �% ��! +C?�!C�% �)�

+!=.� �#> ��#������� ��, �# 
��D@�#� �! �+�+�!�#@ �� ,�!��#! +@��! �#�$ ��#�+0

�+-���!�#@ D+��!-�#�#!��?%  !� �+�@��#�� ��! ->�=>�-�!�� ��#D������� � !-*$%

�#>% K�@�+��! ,��� # -�,*#% ��% +@��! � +$�+-� +�,% #�!�#$ �+ @-�#> P� +��*@-�#>S

-+ �+�@��#�+% ->�����-+!% �#��.� �+��D���.� �+ -*+=,� D?��!-�# ��,�#� ���?��%

�)� �+�+�!�.� �� #�@��)� �+)�+@��! # iN22MZ; lGm" �#> �#>% ��,�+!�+  !� ��.��

K#�� -�� �?-� ��% =+��+�@�% �#> <HF'" ���� -�����!�� +@��! ��! � ->�+!-K#�� �#>

������ �#> LN2;]935 lHm" �#> ��?��>C+ �!% �+*�!�?% �#> +@��!  �)-�?% -��+���

��#>% �+�+�!�#$% �� #�@��#>% �@� #��=� �!���.� �$-+)� P��*!�� �>*�@)�S �����	


���
 ��#% �@� #�!�� D?��!-�� �$-�� � +C?�!C� �>�� ���D��+! *.�� )% ��#�?�+-��

��% �@+-�% �#> �-�+@ �@� =!�=!��-@� +�!�# �% P�+ �� *��-� �!�% ->�����-�%0D��#>%S

��! � +C+�+$��-�  $�) ��, �# *.�# ��% �$-�% ��� ���#�#!+@��! �+ ->�+*+@% ->�0

=>�-�#$% ��! �+�����C+!% �)� +��-�#�+ �!���.� �$-+)��

�! �+�+�!�#@ �� ,�!��#!" �� ��! -*+�!�� �?#! )% !=?�" ?*#>� D�+@ �#��?% +K���# ?%

-+ �#��#$% +�!-���#�!�#$% ���=#>% P#!�#�#�@�" D!#�# @�" ����#K#�!�� ����S� ���

�+�+>��@�" �>�@)%" =+��+�@� ?*#>� =+ +!-*)��-+! -+ �+ ��# D���, -�#� �#�?� �#>

��+���#�� ���!-�#$� ��������!-�!�� ���K?�#>�+ �+�!�?% +K���# ?%n -$��+-�

-�#!*+!#�+��!.� ��! D+��!-�#�#@�-� �)� =!� ������)� ���!�#D#�@�% �#>%" -*+=@�0

-� �-$����)� =!��$)�" �>���#=� .� ��! K��.� ���.% ��! +�@�>-� ��#D�����)�

(<
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��! +C� #$���! #! �, #!  !� �#>% #�#@#>% =!��?C��+ �#>% �+�+�!�#$% �� #�@��#>%

 !� �# ��,D���� ��%� ��!% +�,�+�+% +�,���+% ���#>-!�_+��! -$��#�� � �+)�@� �)�

�+�+�!�.� �� #�@��)��

-�( 1����� ��� ����� 2����������	�	

��!� �-*#���#$�+ �+ �#>% �+�+�!�#$% �� #�@��#>%" +@��! *��-!�# �� -> ��@�#>�+

�� -> �+��!�?�� �?�#=# D+��!-�#�#@�-�% �+ �!% ���--!�,�+�+% ��! �� +C� �-#>0

�+ �#>% �, #>%  !� �#>% #�#@#>% =!��?C��+ �#>% �+�+�!�#$% �� #�@��#>%  !� �#

��,D���� ��%� ��!% �#�!�?% �+�,=#>% ->��+�!���D��#���! #! �?�#=#! ��@-�%" #!

�?�#=#! vcM840w9e7NZ ��� ��!%  +�!�?% +��,% ��, �#>% �+�+�!�#$% �� #�@��#>%

->��+�!���D��#���! � �>*�@� ���_���-� ��! � r4Xc2M79; 1ZZ9M24Z5� �+�!�?% ��,

�>�?% K�@�#���! -�# -*��� (�<�

�*��� (�<n I�-!�?% �?�#=#! D+��!-�#�#@�-�%�

� =!�K#�� �+��C$ �#�!�.� ��! #�!�.� �+�,=)� D+��!-�#�#@�-�% ? �+!��! -�# ,�! #!

�#�!�?% �?�#=#! ���� #>� ��#�+�?-���� �#> +C���.���! -+ �+ ��# D���, ��, ���

+�!�# � �)� ��*!�.� -��+@)� � ��#D�?j+)�" +�. #! #�!�?% +@��! ��+C�����+% ��,

��*!�?% ->����+%� ��!��?#�" #! �#�!�?% �?�#=#! �+@�#>� �� -*+�@_#���! -�+�� �+

�# *.�# ��% �$-�%� ��# �� �@� �>�, +�!��?�+! -+ �>�?% �!% �+�,=#>% �� +��+���0

�+$#���! �� *�������!-�!�� �#> *.�#> ��% �$-�%" �+ ��#�?�+-�� �� -> ��@�#>�
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+@��! =$-�#�# )% �=$���# �� ���!�+�)�!-�#$� -��� ���C��

�! #�!�?% �?�#=#! +@��! ��+C�����+% ��, �# *.�# �$-�% ��! ���!�+�)�@_#>� +��0

*!-�#>% �+�!#�!-�#$%� �>�, -���@�+! ,�! #!  +�!�?% �?�#=#! +@��! ��#�+�+-���!�,0

�+�+% �+ x���#$%x *.�#>% �$-+)�" =���=� *.�#>% �#> ?*#>� �->�?*+!+%" �+�!#�!0
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��% =>�=!��% �)=!�#�#@�-�%S� ��� p > pcross +�!�? +��! ?�� �>*�@# -��+@# -��

*�)�#-.���� �)�  #�?)�� �# ��.�# �#����! �#> ��.�#>  #�?� �,�+ ��! �# =+$0

�+�# �#����! �#> =+$�+�#>  #�?� =��!#>� #$� �# ��.�# ��!=@ ��! ���@-��#K� �#

=+$�+�#� ��� p < pcross �� =$# ��!=!� +@��! #! @=!#! #!  #�+@% �#>%� �>�!�?% �!�?%

 !� �# pcross +@��! '�F^'�G�
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�*��� (�Bn �>�=>�-�,% +�,% -��+@#>�

$��"����� FJ;K:KLBMI= � �+�+-��% ��% �+�����C�% +�!��?�+! ��� +C+�+$��-�

�#����!.� �#> *.�#> �)� �$-+)� �#> =+� ���!��#-)�+$#���! ��, �# ���,�  +0

�+�!�, >�!�, � �#> �, ) ��% �>�!��*@�% +�,% -> �+��!�?�#> *�)�#-.���#% -+

��#*)���?��  +�!� =+� ��,�+!��! �� ��� ���#�#!��+@ �#�?� ���� �+�@��)-� ��%

=>�=!��% �)=!�#�#@�-�%" �� p > pmut �,�+ ?�� -�#!*+@# �#> *�)�#-.���#% +�!�?0

 +��! �>*�@� ��! ����_+!� �# ]47 �#> +�!�? +��! ��@��+! �� ->�����)���!�� �!��

�#> PD�?�+ -*��� (�ES� ���� �+�@��)-� ��% ��� ���!��% �)=!�#�#@�-�% �@� �$-�

+@��! �� ��#-�@�+��! -��� +�!�+ �?�� �����+��# �@� �>*�@� �!�� �#> �� ����+! -+

 ��#>-!��� �����#�� �+ �?���# ��� ���#$-� �!�� ��% �����?��#>� �+�!�� ?*+!

��#���+@ � �+�����C� �� ��� ���#�#!+@��! �+ �!��� �!���,���� P�>�!�?% �!�?%  !�

pmut +@��! '�'<^'�<S� � �+�����C� �+ �+ ��$�+�� �!���,���� ->���)% =!�����--+!

�� -$ ��!-� ��#% �!� D?��!-�� �$-��
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� ->�����-� ��������,����% Pq7Z988 N3 N]z9/74:9 \cZ/74NZS *��-!�#�#!+@��!  !�

�� ->�=?-+! �# K>-!�, ��,D���� ��! �# �+�+�!�, �� ,�!��#� �! �+�!#�!-�#@ �#>

�@�+���! -+ �>�� �� ->�����-� +@��! ,�! ��?�+! �� +�!-��?K+! -�� ��#�?�+-�� ?��

�+�!�, ��!��, ��! �>�,% ��?�+! �� +@��! �+ ��$�+�#% ,-# ��������,�+�� +@��! �

�$-�� k�-! +�!�$#���! �� ��#D������ �#> ���!�#$� ��� +$�+-� +�,% �+ @-�#>� �!�
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��#D������ �#> ���!�#$� +��*!-�# ���+@ �� #�@-#>�+ )% ��������,���� ��� +C�%

����-��-�n

fitness = Max − f(x[n])

,�#> Max +@��! ?��% �+�!�,% �+ ��$�+�#% ��, �� �+ ��$�+�� ��#D�+�,�+�� �!��

��% f(x[n])�
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�#��?% D+��!.-+!% ?*#>� �����>*�+@ -�#� ���, �+�+�!�, �� ,�!��#" ���� #! �>0

�!,�+�+% +@��! #! +C+@%n
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��& �4�*�*! �� �@� -�����!�� ���� � +@��! � ��`+>�+@�% �+��K#�� �#>

���$�+�#> *�)�#-.���#% ��% +��-�#�+  +�!�% -��� +�,�+��� �>�# +C�-K�0

�@_+! ,�! � +�,�+��  +�!� �� ?*+! ?�� �#>��*!-�# *�)�,-)�� �+ ��� ���$�+��

��������,���� ��% �)�!��%  +�!�%" -+ �+�@��)-� �#> ,�#! #! ��, #�#! +@��!

*+!�,�+�#! ��, �>�,� �>���)% +�!�? #>�+ ��� ���!����-��-� �#> �! ,�+�#>

���#$ *�)�#-.���#% ��% �?�%  +�!�% �+ �>�,� I?D�!� # +�!�!-�,% =+� +@��!

->�+�, �� *��-!�#�#!+@��! ,��� >���*#>� >�#j@+%  !� ��,)�� -$ ��!-��
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�+,�
# ,�����#���#��& �/*���!! !5��*�6�� �>���)% � ��!���)-� ��%

��������,����% *��-!�#�#!+@��!  !� ��� ���� �+!�#>� @� �)� �+�,=)� +�!�#0

 �%" �>�@)% -+ ��#*)���?�+%  +�!?%" ,�#> #! �!�?% ��% ��������,����% =+�

��?*#>� �#�$ �+��C$ �#>%� � D�-!�� �+!�#>� @� ��% ��!���)-�% +@��! ��

�+��D��+! �!% �!�?% ��������,����% ���D��#���% >�`,j�� �� �?-� �!�� ,�#>

�#> ����>-�#$� �=. +�K��@_+��! # =!�*)�!-�,% -��� #�#���#�# @�" ,�#> )%

N]z9/74:9 :M2c9 #�@_+��! �# ��#�?�+-�� ��% ->�����-�% ��������,����% ��!

)% q7Z988 :M2c9 � �!�� �>�� �+�� ��� ��!���)-��

�  ����!�� ��!���)-� P24Z9M3 8/M224Z5S +@��! � �!# ->*�� ��! #�@_+��! )% �

��!���)-� -��� #�#@� � �?� �!�� ��% �!��% ��������,����% -+ -*?-� �+ ���

���#�!�� �!�� f =@�+��! ��, �#� �$�#

f ′ = a · f + b

�+ a ��! b -���+�?% �#> >�#�# @_#���!  !� ���+  +�!� .-�+ �# �+=@# �!�.�

(fmin, favg, fmax) �� ��+!�#�@_+��! -�# (f ′
min, favg, 2favg)� ��@-�% �+��!�?�)

�>��@-+!%  @�#���! ,��� f ′
min < 0�
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• �� ��!=!� ����#�#�#$� !=!,���+% ��, �#>%  #�+@% �#>%
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���#=# �#> *�,�#> �� >���*+! +C?�!C� -��  +�+�!�� -$��+-� �)� *�)�#-)0
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�! �#�?% �>�?% !=?+%  @�#���! �!# K#����!-�?�+% �+ ��� !=?� �)� -*����)� P8/69XM0

7MS� �% -*��� #�@_#>�+ �,-# ��� >�##��=� ,�)� �)� �!���.� *�)�#-)���)� �+

@=!+% �!�?% -+ -> �+��!�?�� -��+@� ,-# ��! �# ��,�>�# #�#!,����% �#> *��-!0

�#�#!+@��!  !� �� ��� �+�! ��j+!� �!� ����=+! �� -�� =>�=!�� �)=!�#�#@�-� �#

��K�D��# �#> *��-!�#�#!+@��!  !� ��� �+�! ��K� �)� -*����)� +@��! �# {0, 1, �}"
�+ �# `�` �� ->�D#�@_+! ��� �=!�K#�� ����-��-�� k�-! �� *�)�#-.���� �#> �+�!0

 ��K#���! ��, �# -*��� <'�<< +@��! �� <''<< ��! <'<<<� �% ��C� PN3;93S -*����#%

��7� #�@_#>�+ �#� ��!��, �)� ��0�=!�K#�)� �?-+)�� �% #�@_#� ���#% P;9qZ4Z5

29Z576S -*����#% ��8� #�@_#>�+ �� =!�K#�� �+��C$ ��% ��.��% ��! ��% �+�+>��@�%

��0�=!�K#��% �?-�%� ��# -*��� H = �1�0� ?*#>�+ o(H) = 2 ��! δ(H) = 2� �?�#%

)% ��������,���� Pq7Z988S -*����#% f(H) -+ ?�� ����>-�, P (t) P�+ t �+����+

��  +�!�S #�@_#>�+ �� �?-� ��������,���� �)� ���!��#-.�)� �#> ����>-�#$n

f(H) =

∑
i,ci∈P∩H f(ci)

mP (H, t)

,�#> mP (H, t) +@��! # ��!��,% �)� ���!��#-.�)� �#> -*����#% � �+ ���#% L

PmP (H, t) = 2L−o(H)S�

��, �#>% �������) #�!-�#$% ?*+! ��#=+!*�+@ lHm ,�!n

mP (H, t + 1) � mP (H, t)
f(H)

f

[
1 − pcross

δ(H)

L − 1
− pmuto(H)

]
P(�<S

� �������) -*?-� +@��!  �)-�� )% �# 9�:�#�� ��� ;<#�+��� � �� $����
:	

��& $�:�#�� ��� �����
,:� =�2���$���� ���� ���C� -���@�+! ,�!" ��#>-@� �#>

->�=>�-�#$ ��! ��% �+�����C�%" �� *�)�#-.���� �+ ��������,���� ���) ��, ��

�?-� ��������,���� =@�#>� ���!��#-.�#>% �#> �>C��#>� +��+�!�� -�!% +�,�+�+%

 +�!?%� ���`+�?���-� P+!-� #���% ��! �#>% =$# �+�+-�?%S ��, �� �+.���� +C� +��!

,�! �� -*����� *�����% ��C�% ��! �!��.� #�!_,��)� ���.� �� +�!D!.-#>� ��! ��
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�+�� ,��� -*����� ,�)% �� �������) ?*#>� ��� >j��,�+�� ��������,����� �#

�������) �,�!-�� ?*+! �+ ��� -���-@� -��� ?�+>�� �)� �+�+�!�.� �� #�@��)�

��! -��� +��+����+>-� �#>  !� ��� �$C�-� ��% ��,=#-�% �#>% -��� ���C��

��,��#!� �)� �������) +@��! =!�K#�+% �?�#=#! ��! ��#*)���?�#! �+�+-�?% �#>
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����!�� �+)���!�� ?�+>�� ��! �+�+�@)-� �)� ��*.� �)� �!���.� ���!��#-.�)�"

��#�#$�+ �� #�@-#>�+ �#>% �+�+>��@#>% )% �>�,�#�+% #��,���+% �# !-�!�#$ �#>

��#�#$� �� �+����-�+$#>� ����+-� -+ K>-!�?% >�#�# !-�!�?% �#�#�+-@+% �?-)

�#> =!��$#>� � !=?� �#> =!?�+! �� *��-� �#>% +@��! �# ,�! #! �!���#@ ���!��,-)�#!

+��+����+$#���! ��� �#�!�� +�!�#!�)�@� ���@ ��� ��#����>-�?�� �����+�@=��-�"

�+ ��#�?�+-�� �� +C#!�#�#�#$� =!��>��#$% �,�#>%�

��� ->�?*+!� �� �����>*�#$� #! �$�!+% ?��#!+% �#> �K#�#$� �,-# �#>% �!���#$%

���!��#-.�#>%  +�!�� ,-# ��! #! -> �+��!�?�+% !=!,���+% ��% ����K,���% ���!��#0

-.�)� �#> *��-!�#�#!�-��+ PL3M886NOO93S�

/�( 9��	��� 5�����������

��, �!% +��*!-�+% �+)���!�?% +� �-@+% �#> D�����+ l<<m ������C��+ ,�! #! �!���#@

���!��,-)�#! #K+@�#>� �� ?*#>� �!% �������) !=!,���+%n

• 	� +@��! �>�,�#�#!" =���=� �� �+�>*�@�#>� �# -�#�, �#>% �,�#! �#>%�
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• 	� ?*#>� �� =>���,���� �� +�!�#!�)�#$� �+ ���#>% ���!��#-.�#>%�

• 	� ?*#>� D���@=+% +C?�!C�% P9:N2c74NZ 87M798S  !� �� ���� ��K#>� ��� >�#0

�# !-�!�� ��,#=, �#>%�

�!# �����!�� #! �!���#@ ���!��,-)�#! +�K��@_#���! -�!% -$ *�#�+% +K���# ?% )%
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Complex

re : double
im : double

Complex()
Complex(one : double)
Complex(one : double, two : double)
add(one : Complex, two : Complex) : Complex
add(one : Complex, two : double) : Complex
add(one : double, two : Complex) : Complex
sub(one : Complex, two : Complex) : Complex
sub(one : Complex, two : double) : Complex
sub(one : double, two : Complex) : Complex
mult(one : Complex, two : Complex) : Complex
mult(one : Complex, two : double) : Complex
mult(one : double, two : Complex) : Complex
div(one : Complex, two : Complex) : Complex
div(one : Complex, two : double) : Complex
div(one : double, two : Complex) : Complex
exp(com : Complex) : Complex
sin(com : Complex) : Complex
cos(com : Complex) : Complex
sqrt(com : Complex) : Complex
conj() : Complex
neg() : Complex
multj() : Complex
amp() : double
amp2() : double
arg() : double
println() : void

(from GenAlgUtil)
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GenAlgProblem

paramNum : int
paramLength : int
encoding : int
selection : int
popSize : int
overlap : int
needFile : boolean
BINARY : int = 1
REAL : int = 2
WHEEL : int = 1
DECIMATION : int = 2
TOURNAMENT : int = 3

decode()
objfunc()
getClasses()
returnTitle()
returnBrief()
loadValues()
getParamNum()
getParamLength()
getPopSize()
getEncoding()
getSelection()
getOverlapPerc()
getNeedFile()
writeToOutputFile()

Individual

chromosome[] : boolean
value[] : double
objective : double
fitness : double
strRep : String

Individual()
toString()
mutate()

GenAlg

MAXGEN : int = 1
CONV : int = 2
TOURN_N : int = 2
MAX_NUM_OF_GEN : int = 100
popSize : int
chromLength : int
geneLength : int
genes : int
encoding : int
selection : int
overlap : double
mutcount : int
newcount : int
gen : int
maxgen : int
stopMethod : int
conv : double
pcross : double
pmutation : double
eliticism : boolean
nmutation : int
ncross : int
sumfitness : double
scalea : double
scaleb : double
fmult : double
avg : double
max : double
min : double
maximums[] : double

GenAlg()
select_wheel()
select_tournament()
select_decimation()
sort()
crossover()
getMutationCounter()
generation()
statistics()
prescale()
scalepop()
report()
GARun()

-oldpop[]

-newpop

-startingpop[]
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ProblemSelectionDialog

problems[] : String
isProblemSelected : boolean

actionPerformed()
valueChanged()
isProblemSelected()
ProblemSelectionDialog()

(from GenAlgGUI)

AboutDialog

actionPerformed()
AboutDialog()

(from GenAlgGUI)

ErrorDialog

actionPerformed()
ErrorDialog()

(from GenAlgGUI)

GAConfigurationDialog

overlapPerc : int = 100
pcross : int = 100
pmut : double
selMethod : int
encoding : int
popSize : int
isOK : boolean
eliticism : boolean

actionPerformed()
itemStateChanged()
stateChanged()
getOverlapPerc()
getEncoding()
getSelection()
getPop()
getPCross()
getPMut()
isOK()
getEliticism()
GAConfigurationDialog()

(from GenAlgGUI)

GenAlgMainMenu

GenAlgMainMenu()
addActionListener()

(from GenAlgGUI)

HelpDialog

actionPerformed()
HelpDialog()

(from GenAlgGUI)

MessagePanel

MessagePanel()

(from GenAlgGUI)

OutputPanel

OutputPanel()

(from GenAlgGUI)

MainScreen

MainScreen()

(from GenAlgGUI)

+mp

+op

ParConfigurationDialog

parLength : int
stopMethod : int
stopValue : double
isOK : boolean

actionPerformed()
getLength()
getStopValue()
getStopMethod()
isOK()
ParConfigurationDialog()

(from GenAlgGUI)
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AboutDialog
(from GenAlgGUI)

GAConfigurationDialog
(from GenAlgGUI)

GenAlgMainMenu
(from GenAlgGUI)

HelpDialog
(from GenAlgGUI)

MainScreen
(from GenAlgGUI)

ParConfigurationDialog
(from GenAlgGUI)

ProblemSelectionDialog
(from GenAlgGUI)

GenAlgProblem

GenAlg

GenAlgPlatform

parameters[] : Object
problemSelected : boolean = false
gacdexists : boolean = false
pcdexists : boolean = false
gapselexists : boolean = false
helpexists : boolean = false
aboutexists : boolean = false

GenAlgPlatform()
actionPerformed()

ad

gacd

mainMenu

hd

mainScreen

pcd psd

gap

ga
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GenAlgProblemAgent

paramNum : int
paramLength : int
encoding : int
selection : int
popSize : int
overlap : int
title : String
location : String
agentName : String
state : int
needFile : boolean
BINARY : int = 1
REAL : int = 2
WHEEL : int = 1
DECIMATION : int = 2
TOURNAMENT : int = 3

decode()
objfunc()
getClasses()
loadValues()
getParamNum()
getParamLength()
getPopSize()
getEncoding()
getSelection()
getOverlapPerc()
getNeedFile()
getName()
sendResult()
live()
beforeMove()
init()
afterMove()
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h1[1] = 0.0405 h1[2] = 0.0312 h1[3] = 0.0238 h1[4] = 0.0395

h2[1] = 0.0267 h2[2] = 0.0267 h2[3] = 0.0442 h2[4] = 0.0185

θ1 = 101.5◦ θ2 = 107.7◦ θ3 = 114.4◦ θ4 = 126.2◦
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k�K�-� -�# �+��!�, -*��� �+�!K?�+!�

�>*�,���� �+!�#>� @�% 915MHz

�*+�!�� +�!��+��,���� �+�!D���#��#% E<

� ) !�,���� �+�!D���#��#% 1.28S/m

�>��,���� �+�!D���#��#% 970Kg/m3

���@D+!�  ��#>-!���% #�#����)-�% 1%

��!��,%  ��#>-!��.� >�#=!�!�?-+)� <'

��!��,% =!�,�)� B

���) ��! ��) ,�!# h1 '�''E" '�'E

���) ��! ��) ,�!# h2 '�''E" '�'E

���) ��! ��) ,�!# θi 0◦" 180◦

 ����� ,� �� �� 0

�-)�+�!�� ���@�� α '�BAE XX

��!��,% =!��+���!�.� -��)���)� &

�C)�+�!�� ���@�� ��.�#> -��.���#% '�EGB XX

�C)�+�!�� ���@�� =+$�+�#> -��.���#% '�G'E XX

�*+�!�� +�!��+��,���� ��.�#> -��.���#% <

�*+�!�� +�!��+��,���� =+$�+�#> -��.���#% &�EE

�>�����!��,% 53.37 − j11.48

�$��+�� ���@-��-� +!-,=#> 62.98 − j14.012

 ����� ,

(x0, y0) (1.0, 1.0)

 ����� �

(x0, y0) (1.0,−1.0)

 ����� �

(x0, y0) (−1.0, 1.0)

 ����� 0

(x0, y0) (−1.0,−1.0)

��!��,% -��+@)� -�#� �C#�� Y A

��!��,% -��+@)� -�#� �C#�� f A

��!��,% -��+@)� -�#� �C#�� d (

���+@� -�#� �C#�� Y [−0.015, 0.015]

���+@� -�#� �C#�� f [−0.015, 0.015]

���+@� -�#� �C#�� d [−0.01, 0.01]
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