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Solving traveling salesman problem(TSP) with
pseudo-parallel genetic algorithms

LIU Jun, WANG Jie-sheng
(School of Electronic and Information Engineering, Anshan University of Science and Technology,

Anshan Liaoning 114044, China)

Abstract: Traveling salesman problem (TSP) is a typical NP complete combinatorial optimum problem.An improved
pseudo-parallel genetic algorithms (IPPGA) is proposed with an asexual reproduction for avoiding crossover operators’
breach to nice gene patterns. The initial population is produced by greedy algorithm in order to enhance convergence ve-
locity. Information exchange between subgroups employs island model in IPPGA. These measures are of great significance
on reducing complexities and enhancing convergence velocity, as well as increasing global searching ability of the algo-
rithm. Finally, simulation study of IPPGA demonstrates its capability of strong global search and superiority to SGA and
high immunity against premature convergence.
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1 ÚÚÚóóó(Introduction)
À1û¯K(TSP)´$ÊÆ¥k�L5�|Ü

`z¯K, �´;.��(½5õ�ªNP(non-
deterministic polynomial)��¯K[1]. du¯K��
�|ÜA5, Ù¦)O�þ�X¢½5��O\

¥�ê'XO�. TSP¯K3¢SA^¥äk�
~;.�¿Â, X�^5)û©�!́ »!�ýN

Ý!�äÚ���¯K, ±9Ù3�{nØïÄþ
�d�,¤±��áÚX��+��ïÄ<
�ï
Ä#��{.
Cc5, <�l�)ÆÅn¥É�éu, J

ÑNõ^u¦)TSP¯K�Cq�{, X: ¢D
�{(genetic algorithm)!�[ò»�{(simulated

annealing algorithm)!<ó�¼�{(artificial im-
mune algorithm)!BR|¢(tabu search)!âf+
`z(particle swarm optimization)Ú¬+�{(ant
colony algorithm)�[1∼7]. Ù¥¢D�{´'�¤õ
�´É'5�õ��«?z�{.
�©Äu¢D�{¦)À1û¯K��ÕA

5,JÑ�«æ^Ã5����¿1¢D�{.&E
��æ^���.,f+N?zL§¥��
{ü
¢D�{(SGA)¥����f,��±=3���N
þö��ÄÏ­|�f.é3�ØÓ5��;.À1
û¯K?1�¢�(JL²,T�{U±�¯�Â
ñ�ÝÚ���ÅÇ¼�®��`),l
y²

T�{3¦)TSP¯Kþ´�1k��.

ÂvFÏ: 2005−06−28;Â?UvFÏ: 2006−05−18.
Ä7�8:I[g,�ÆÄ7]Ï�8(59977009).
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2 IPPGA���{{{���OOO(Designation of IPPGA)
¢D�{(genetic algorithm,{¡GA)´�a/�

)Ô.�?z5Æüz
5��Åz|¢�{,±
Ù�Û|¢Uå!+N|¢üÑ�5�p�5!�

8IFÝ&E�Ã'5±9{üÏ^53ÃXE,

¼ê`z!(��O!XÚ��!ÅìÆSÚã�?

n�¯õó§+�¥��2�A^[8].
2.1 ¢¢¢DDD???èèèÚÚÚ···AAAÝÝÝ¼¼¼êêê(Genetic encoding

and fitness function)
�©3æ^¢D�{¦)TSP¯K�,±H{¢

½�gSü�?1?è, �ù«?è´Ä¿©�
N
�^À§¥�¹�¢D&E´-<~¦�.~
XT1={1 3 4 2 5 6}ÚT2={6 1 3 4 2 5}ùü^�Ó´
»3«+¥�LØÓ��N,Ø�;��ü$
�
{|¢�Ç.éuN�¢½�TSP¯K,Ù)�m�
�¹N !/2N��1),
N�¢½?è�?¿ü�

kN !�N.�
~�|¢�m,Jp�{�Ç,�©
�âk��£ò�^��UÑy3�`´»¥�>

¤�9�ü�¢½�?è�½�NÚN − 1,ù�)
�mÒ��¹(N −2)!��N,T �Øë\ÄÏ­
|ö�.
�{IPPGA�·AÝ¼ê��

f(T ) = n/Length(T ). (1)

ª¥: n�¢½5�, Length(T )L«Ñ£´�T�´

»�Ý.
2.2 «««+++ÐÐÐ©©©zzz(Population initialization)
DÚ¢D�{¦)TSP¯K��Ð©«+þ�

Å)¤,�nØ©ÛÚO�ÑL²,Ð�´»¥¢½
��ÑÚÙ�C¢½�ë�,é�Ñy�m�C¢
½��ÓÙ¦��¢½ë���¹.�©ò�8�
{^uÐ©«+)¤:=±z�¢½�å:,ÅÚÀ
J��C¢½�e�Õ
)¤�¯K5��Ó�Ð

©«+,2ò�½�ü¢½²L£ ö�£Ä�?
è"�.��{¢y
Ð©«+�/`)0,²wJ
p
Ð©«+�þ,ü$
|¢�m.
2.3 ���ÅÅÅ<<<IIImmmÀÀÀJJJ���fff(Stochastic tournament

selection operator)
�Å<ImÀJ´�«Äu�N·AÝ�m�

�'X�ÀJ�f. Ä�g�´zgÀ��½ê
8(¡�ém5�)�N�¥·AÝ�p�N¢D�
e��+N¥.�
��3?zL§¥»�K�c
+N¥·AÝ�Ð�N,�¦^
�`��üÑ.
2.4 ÃÃÃ555������(Asexual reproduction)
ÎÒ?è�{´l�?�?èuÐå5�, E

,±Äuk5������f��Ì�¢D�

f, �3g,.¥Ã5���´�~k��. 3

¦)TSP¯K�ÊÏ���/ÚN4k�UØ÷
vTSP¯K�å^�, 
7L¦^/?Ö0�{½
ö´Ü©����(PMX)!̂ S��(OX)ÚÌ��
�(CX)ùaAÏ���f,
ù
���f  é
ûÐÄÏ�ª»�é�, Ø�;��O\
�{
E,§Ý. Ïd�©æ^Ã5��: =�����
f,��±=3���Nþö��ÄÏ­|�f,{
z
¢Dö�L§,Jp
O��Ç,�Ø�¦Ð©
+Nõ�5,�Ø�3@ÙÂñ¯K[9].
2.5 ÄÄÄÏÏÏ­­­|||(Gene reconstruction)
��CÉ!�\CÉÚ� CÉ�N�ÎÒÄ

Ï3/ÚN¥�é ��¢D�fÚ¡�ÄÏ­

|�f.duæ^
Ã5��,K�N·AÝ¼ê�
O��{�?�Ú{z,=­|��N�·AÝ�
�­|c·AÝ��·AÝCz�4d�Ú.�éä
kn�¢½�TSP¯K,kXe¤ã��^Ñ£À1
´�:

TX = (1, 2, · · · , i− 1, i, i + 1, · · · , j − 1,

j, j + 1, · · · , n− 1, n).
2.5.1 ������CCCÉÉÉ(Swap mutation)
��CÉ´��p���N?èG¥ü��Å

ÀJÄÏ��m�ÄÏ�,l
�)�^#Ñ£´
�.~X

TX =

(1, 2, · · · , i− 1, i, i + 1, · · · , j − 1, j,

j + 1, · · · , n− 1, n) → (1, 2, · · · , i− 1, j,

i + 1, · · · , j − 1, i, j + 1, · · · , n− 1, n) = T ′X .

��CÉ�fk|u�{����&¢.Ù·A
ÝCz��

4d = (d(Ci−1, Ci) + d(Ci, Ci+1) +

d(Cj−1, Cj) + d(Cj, Cj+1))−
(d(Ci−1, Cj) + d(Cj, Ci+1) +

d(Cj−1, Ci) + d(Ci, Cj+1)).
2.5.2 ���\\\CCCÉÉÉ(Insert mutation)
�\CÉ´�k3�N?èG¥�ÅÀJü�

ÄÏ�,,�2òÙ¥��ÄÏ�þ�ÄÏ�\�
,��ÄÏ���.~X

TX = (1, 2, · · · , i− 1, i, i + 1, · · · ,

j − 1, j, j + 1, · · · , n− 1, n) →
(1, 2, · · · , i− 1, i, j, i + 1, · · · ,

j − 1, j + 1, · · · , n− 1, n) = T ′X .

Ù·AÝCz��

4d = (d(Ci−1, Ci) + d(Ci, Cj)+
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d(Cj, Ci+1))− (d(Ci−1, Ci) +

d(Cj−1, Cj) + d(Cj, Cj+1)).
2.5.3 ���   CCCÉÉÉ(Invert mutation)

� CÉ´ò�N?èG¥�ÅÀJü�ÄÏ

��m�ÄÏ_Sü�, l
�)�^#Ñ£´
�.~X

TX = (1, 2, · · · , i− 1, i, i + 1, · · · ,

j − 1, j, j + 1, · · · , n− 1, n) →
(1, 2, · · · , i− 1, j, j − 1, · · · ,

i + 1, i, j + 1, · · · , n− 1, n) = T ′X .

� CÉ�fKk|u�{����[£.Ù·A
ÝCz��

4d = (d(Ci−1, Ci) + d(Cj, Cj+1))−
(d(Ci−1, Cj) + d(Ci, Cj+1)).

2.6 ���������...(Island model)
�¿1¢D�{(pseudo-parallel genetic algo-

rithms,{¡PPGA)´�3��?nìþ$1õ«
+¿1¢D�{[8].�©¥òÐ©+NE�¤3�f
+N,z�f+NU�½�ªÕá?z,3·���
ÿ, f+N�m����
&E. ù��±�±+
N�õ�5, �±ØÓ�?z��, l
��³�
@Ùy���J.���.��oâÝ�.(coarse-
grained model),ÄuT�.�¢D�{�¡�©Ù
ª¢D�{(distributed genetic algorithm, DGA). [
£üÑ(migration)´3f+N�m��&E��
f,ÏL[£�±\¯Ð�N3+N¥�DÂ,Jp
Âñ�Ý.�©[£�ªæ^���äÿÀ.=z�
f+N¥�Ð�Nþ[£�Ù¦f+N¥.

2.7 ���{{{666§§§(Algorithm procedure)
U?�¿1¢D�{(IPPGA)6§£ãXe:

Step 1 ¢D�êOêìÐ©z: t ← 0.
Step 2 Äu�8{�)Ð©+NP (t),éP (t)

?1ý?n¿O��N·AÝ.
Step 3 òP (t)E�¤3��Óf+N: P (t) =

{P1(t), P2(t), P3(t)},©O¢1��CÉ!�\CÉ
Ú� CÉ3«ØÓ�ÄÏ­|�f.

Step 4 Pi(t)(i = 1, 2, 3)©|?1Õá?z:d
ÀJ�f?1E�ö�:P ′

i (t)←Selection[Pi(t)](i=
1, 2, 3); dÄÏ­|�f?1CÉö�: P ′′

i (t) ←
Mutation[P ′

i (t)](i = 1, 2, 3).
Step 5 ©|O��P ′′

i (t)(i = 1, 2, 3)¥�N�
·AÝ.

Step 6 d[£üÑ?1�P ′′
i (t)(i = 1, 2, 3)�

m�&E��, ��e��+N: Pi(t + 1) ←
Exchange[P ′′

1 (t), P ′′
2 (t), P ′′

3 t)].
Step 7 ª�^��ä: eØ÷vª�^�, K

t ← t + 1,=�Step 4.e÷vª�^�,KÑÑ�`
(J,�{(å.

3 ���ýýýïïïÄÄÄ(Simulation)
�©�é¢½5�©O�10,30Ú50�;.TSP

¯K, ò��{�{ü¢D�{(SGA)?1
é'
�ýïÄ. {ü¢D�{�Ð©«+zg¢�þ
�Å�),«+��©O�30,90Ú150;���f�
ÅlÜ©����(PMX)!̂ S��(OX)ÚÌ��
�(CX)¥À�, ��VÇ�0.6; CÉ�f�d��
CÉ!�\CÉÚ� CÉ¥�ÅÀ�, CÉVÇ
�0.05. ü«�{�ÀJ�fþ��Å<ImÀJ
�f, ¿�Ñ¦^
�`��üÑ. �é3«5�
�TSP¯K,�{�S�gê©O�50,300Ú2000.

L 1 ¢½5�N=10,30,50��ý(J
Table 1 Simulation results of N=10,30,50

�{ IPPGA SGA
¢½5� 10 30 50 10 30 50
®��`) 15.17 423.74 427.86 15.17 423.74 427.86
�`)�·AÝ 15.17 423.74 427.86 15.17 423.74 430.24
��)�·AÝ 15.17 425.27 433.43 16.71 470.25 447.38
)�²þ·AÝ 15.17 424.35 430.74 15.66 439.03 439.26
·¥�`)�gê 10 8 2 6 1 0
��)��é � 0 0.36% 1.30% 10.18% 10.98% 3.98%
²þ)��é � 0 0.27% 0.67% 3.25% 3.61% 2.10%
²þ`zÇ 0.62 0.32 0.26 0.64 0.33 0.27

z|¢�þ?110g,�ýÚO(J�L1.Ù
¥: ��)�é �= (¤���)–¤��`
))/¤��`); ²þ)�é �=(¤�²þ)-

¤��`))/¤��`);²þ`zÇ=¤�²þ
�`)/²þ´»�: ²þ´»�L�z�¢½�

Ù¦N − 1�¢½²þål�\¤��ål,=
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L =
N∑

i=1

N∑
j=1

di,j/(N − 1). (2)

lL1�wÑ, �{IPPGA3k��S�Úê
¥é3«5��TSP¯K3���I¥Ñ`u�
{SGA. IPPGA�X¯K5��O\,���Iþ
k¤eü, �O\S�gê7ò���Ð��
J. SGA3N=50������)��é �Ú²
þ)��é �ü��I`uN=10, 30����
I´Ï�¦^
���«+5�.
ã1�N
¢½5�N = 30�ü«�{3S

�L§¥´»�Ý�Âñ�¹, duæ^�8�
{�)Ð©«+,¦�IPPGA?z�å:p,N´
é��`). ã2�¢½5�N=50��IPPGA�
`zL§, 3^­�©O�LS�L§¥�`·A
Ý!²þ·AÝÚ��·AÝ�Cz�¹,���
�{Uk�;�«+/@ÙÂñ0.

ã 1 ¢½5�N = 30��`zL§

Fig. 1 Optimization course of N=30

ã 2 ¢½5�N = 50��`zL§

Fig. 2 Optimization course of N=50

4 (((ØØØ(Conclusion)
�,À1û¯K�.{ü²
,%´��O�

E,5�NP�|Ü`zJK.�©Äu¢D�{

3¦)À1û¯K��ÕA5, JÑ�«æ^Ã
5����¿1¢D�{. �{��ª8�´{
z§S�E,§Ý!;�/@ÙÂñ0y�ÚJ

pO��Ç,�ý¢�L²T�{´k��.éu
�5��TSP¯K,K�æ^©ÙªO��ª5?
1)û.
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