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Optimization of the ring topology of industrial Ethernet
based on genetic algorithm
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Abstract: To improve the network performance of switched industrial Ethernet, the design principles are given when
a ring topology is used. The design principles are equivalent to a network optimization problem with constraints. Then,
a genetic algorithm is designed to search solution for this optimization problem, and the chaotic migration-based pseudo-
parallel evolution strategy is employed to prevent the premature of genetic algorithm. Finally, a simulation is carried
out to compare the network performance before and after topology optimization, and the simulation result validates the
effectiveness of the proposed optimization method.
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1 ÚÚÚóóó(Introduction)
±��´8cA^��2��Û��Ï&Eâ,

DÚ�±��æ^CSMA/CD(carrier sense multiple
access with collision detection)��Ù0��¯��
�Æ,ØU�yó�Ï&�¢�5. ��ªEâ�
uÐ�±��|±¢�ó�Ï&Jø
#�êÅ,
±����Å�±r��Àâ�©�¤���Àâ

�,~�
êâu)-E��U5. �±��æ^�
Vó��ãÏ&�ª�,z�Ï&��Ñ�y©�
��Õá�Àâ�¥,êâ�uxÚ�ÂØ2É�
uCSMA/CD�Æ,4�U?
Ï&�¢�5.
�ä`z´Uõ�ä5U��å», �,®

kØ�ÆöJÑLæ^¢D�{��ä`z�

Y[1∼4]. �ó��ääkÙAÏ5, Ú��Ï&�
ä�', é�ä��5ÚÏ&ò´äk�p��
¦. Krommenacker��é��ªó�±���ä.

ÿÀ�O,JÑ
æ^¢D�{�`z�Y[5].�¦
�b�?¿ü���m�Ï&þ½ö�",½ö�
���½�, 3¢SA^¥É�é���. �/ÿ
ÀduÙûÐ�P{A5,3ó�|ÜA^��2
�.Ïd�©�é��ªó�±����/ÿÀ?
1`z,Ó�¦��m�Ï&þ�±�ØÓ���.

2 ¯̄̄KKK���ããã(Statement of the problem)
2.1 ���äää`̀̀zzz888III(Objects of network optimiza-

tion)
ã1¥£ã
I�?1ÿÀ`z���ªó�±

���.,Ù`z8I´r¤ky|��±Ü·�
�ªy©���f�¥. �~�êâ�DÑò´,Ó
�¼��p��ä��5,3f�y©���Ì±
eü��K:

1)r�p�mÏ&þ�����y©�Ó��
f�¥,~�Ø7��f�mÏ&6þ. Ó���¦
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þ~�êâ3��¥�=ugê.
2) ²ï��f��Ï&KÖ, ¦���ä�Ï

&þ¦�Uþ!/©Ù�¤kf�¥.

ã 1 æ^�/ÿÀ���ªó�±���.
Fig. 1 Model of switched industrial Ethernet

with ring topology

f�y©�Ì��â´?¿ü���m�Ï&

6þ,XJ^ i = {1, 2, · · · , n}�Ly|��,K�
±�ïÏ&Ý
�

A =




0 a12 · · · a1,n

a12 0 · · · a2,n

· · · · · · · · · · · ·
an,1 an,2 · · · 0


 . (1)

ª¥Ý
�� aij �d�� iu 8��� j �

Ï&þ��.

2.2 `̀̀zzz¯̄̄KKK½½½ÂÂÂ(Definition of the optimization
problem)
^k = {1, 2, · · · }�Lf�,½Â

xik =





1, �� i ∈f� k,

0, �� i /∈f� k.
(2)

XJ��iÚ��jÓáuf�k, Kxik(1 − kjk)�
u0; XJ��iÚ��j©OáuØÓ�f�kÚq,
Kxik(1−kjq)�u1. êâ3��¥�=ugê�u
��Ú8���¤3f��IÒ��,Ïdf�
m�oÏ&þ�±½Â�

C =
n∑

j=1

n∑
i=1

xik(1− xjq)aij|k − q|. (3)

f�k�Ï&KÖ�±½Â�

w(k) =
n∑

j=1

∑
i∈k

aij +
n∑

j=1

∑
j∈k

aij −
∑
j∈k

∑
i∈k

aij. (4)

?�Ú�±½Âf�m�Ï&KÖ�É��¨v

¼ê

I =
k∑

j=i+1

k−1∑
i=1

|w(i)− w(j)|. (5)

�ä`z�8I´¦ª(3)Úª(5)���¦�U

�,æ^\�¦Ú{òü�`z8I=��ü��
8I¼ê[6]

f =
n∑

j=1

n∑
i=1

xik(1− xjq)aij|k − q|+

β
k∑

j=i+1

k−1∑
i=1

|w(i)− w(j)|. (6)

ª¥β´\�Xê, �±3ü���z8I�m?

1ò©. β�����rN��zf�m�oÏ&

þ,��β�����KrN��zf�m�Ï&K

Ö�É.�Ä���ÅM�^����,T`z¯K

�I÷v±e�å^�:

1)©��z�f�����êØU�L��Å

�à�êþ;

2)f��þ1Úe1oÏ&�ÇØU�L��

Å�Aà���Ç;

3)�f��Ï&oKÖØU�Lf���Å�

=uUå.

3 ¢¢¢DDD���{{{���OOO(Design of the genetic algo-
rithm)
¢D�{��g,.“·ö)�”�?zL§,§

l���ÅÐ©z�«+m©,ÏL���E�S

�L§5?1?z. 3z��?z¥,¢D�{/�

)ÔÆ¥�ÀJ!,�ÚCÉ�ö��f5Uõ«

+¥�N�·AÝ.3eZ�?z��,äk�p·

AÝ��N(�Óu�½¯K�`�))ò¬Ñy.

3.1 ???èèè���YYY(Encoding scheme)
f�y©¯K�)�?è¤���ê�

þ, XJ���N�1i���k, K3Ùé

A�)¥��i�y©�f�k¥. ~X: yk

��n = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12} , �

ò§�y©�3�f�¥, ���U��N

�[1 2 2 3 1 2 2 3 1 1 3 2], KéA�f�y©
�{1, 5, 9, 10},{2, 3, 6, 7, 12}Ú{4, 8, 11}.

3.2 ···AAAÝÝÝ¼¼¼êêê(Fitness function)
·AÝ¼ê^5µd���N,¿�£���L

Ù��ÿÀ)�5U�.T5U��ÀJ�f^5

û½=
�N#N?\e�Ó?z,=
I�l«

+¥GØ.�
Bu3¢D�{¥?1ÀJö�,�

�ò���`z¯K=�����`z¯K,ÏL

éª(6)?1C�,�±��e¡�·AÝ¼ê

F = U − f. (7)

ª¥UATÀJ��Ü·�ê, ¦�¤k�N�·

AÝÑ���.
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3.3 «««+++ÐÐÐ©©©zzz(Population initialization)
3f�y©¯K¥,ÏLò¤k���Å/y©

���f�5�)Ð©�N.é#�)��N�u
�Ù´Ä÷v`z¯K��å^�,XJk�å^
��»�KòÙ�ï. f��ê��½�, �±Ï
Lòo�y|��êØ±�?��Å�à�êþ5

�O.
3.4 ¢¢¢DDD���fff(Genetic operators)
¢D�{¦^ÀJ�f?1`���. ùpæ

^Ó�{5ÀJ�N?1E�,���N�E�g
ê�Ï"��'uÙ�é·AÝ.'X,�N��
é·AÝ´,	���N�ü�, K§�E��g
ê3VÇ¿Âþ�´,	���N�ü�. Ó�æ
^�`�3üÑräk�p·AÝ��ND4�e

��.
¢D�{¦^,��f���éI��N�Ü

©/ÚN, 5�)#���. ùpæ^V:,�{:
3ü��é�I��N¥�Å�)ü�,�:, ,
���ü�,�:¥mÜ©�/ÚN.3zg,�
$��á=u�f��N�Ü{5, XJk�å^
��»�, Kò�)�f��ï, #é�é�I
�?1,�$�.3Á�½gê�XJE,Ã{
¼�Ü{�f��N,K�ïéT�éI��,�
$�.
¢D�{¦^CÉ�fO\«+�õ�5. �

éf�y©¯K,3d,�$��)�z��N¥,
±�½�VÇ�Å/ÀJeZ�CÉ , ¿±�Å
��ªr§�y©�ØÓu�5�Ù¦f�¥. 3
éz�N?1CÉ��á=u�ÙÜ{5, XJ»
�
�å^�,KéT�N#?1CÉ.
3.5 ÄÄÄuuu···bbb[[[£££������¿¿¿111???zzz(Chaotic

migration-based pseudo-parallel evolution)
�
��?zL§@Ù,3¢D�{?zL§

¥,æ^
Äu·b[£��¿1?z�Y[7]. §�
Ä�g�´3ü�O�Åþ�Eõ�Õá�«+,
©O?1?z,dd��·AØÓ�¸�f«+. ,
�z�eZ�?z��, �E·b[£S�Ú�«
+¥��N?1p�[£,,�2Õá/?1?z.
XdÌ�?1,��é��½¯K`�).

4 ���ýýýïïïÄÄÄ(Simulation research)
�Ä��äN�~f, Lò40�y|��y©

�4�f�¥, z���Åk16�à�. Ï&Ý

d1�10m��ê��5�Å�). Äk�Ä�«
�Åy©: ��1∼10,11∼20, 21∼30Ú31∼40�y©
�4�ØÓf�¥. ÏLª(3)Úª(4)�±O�Tf
�y©éA�f�moÏ&þÚ��f��Ï&K

Ö,P\L1¥.

L 1 Äu¢D�{`zc��f�y©
Table 1 Network partitions before and after the

optimization based on genetic algorithm

f � `zc `z�

1 1∼10 7,8,14,15,16,23,
24,33,36

2 11∼20 4,5,6,19,20,21,
29,37,38,39

3 21∼30 1,2,3,11,17,18,25,
26,27,30,32,40

4 31∼40 9,10,12,13,22,28,
31,34,35

f�mÏ&þ 2070 858
�f��KÖ 638,624,614,606 379,553,542,370

æ^¢D�{5`zf�y©,«+5��120,
òÙ©)¤4���5��Õá«+©O?1?
z. ,�VÇ�0.08,CÉVÇ�0.01,��?z�ê
�1200, z�50�?z�3«+�m?1�g·b
[£.¢D�{§S�120g,zg��Xêβ��

��ØÓ��,dd�±��20|Pareto�`). d
ù
Pareto�`)�±O�ÑÙ�A�f�moÏ
&þSÚf�KÖ���ÉM§Xã2¤«.

ã 2 �ØÓ�Xê����õ�Pareto�`)

Fig. 2 Pareto solutions with different weight coefficients

�ÀJf�y©¯K��ª)�,I�3f�m
�oÏ&þÚf�KÖ���É�m?1ò©. Ï
L*	ã2¥�Pareto�`)�©Ù, ØJÀJ��
Ó��Ð/÷vü�`z8I�Pareto)���ª
). �ªÀJ)éA�f�y©!f�mÏ&þ±
9�f��KÖ�P\L1¥. é'`zc���ä
5U�±wÑ,Äu¢D�{`zf�y©�,f�
m�Ï&þü$
�60%, �f��Ï&KÖ�²
wü$.
ã3w«
ÀJ)éA�?zL§. �`�Né

A�8I¼ê�B�?zL§G¥üNeüª³,
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«+�²þ·AÝF3?zm©�k��¯�þ

,L§, ,�ÅìªuÂñ.�`�NéA�f�
mÏ&þCÚf�KÖ���ÉM¿Ø´üN4~

�,§��Nþ�,�?zL§¥eüª³,�3�

?z���U¬k¤O\, ù´ü�`z8I�
p¿�Úþ��(J.

ã 3 ÀJ)éA�?zL§

Fig. 3 Evolutionary process of the selected solution

5 (((ØØØ(Conclusion)
�©�Ñ
��ªó�±���/ÿÀ��O

�K,Ó��Ä���Å�M��å,ò§��d�
����å^��`z¯K.,�ÏL�O¢D�
{5ÏéT`z¯K�), ��ÏL�ýÁ��y

T`z�{�k�5. �©=�Ä
��ªó�
±��æ^ü?�/ÿÀ��`z¯K,�æ^õ
?�/ÿÀ�,�±æ^geþ��O^S.3�
Op��ä��±r.�f��Óu���Ü
Ù

Ï&6þ���5�Ä.
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