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Solving Multiple Traveling Salesmen Problem with Minimal Maximum
YUAN Zhi y !

(South China Institute of Software Engineering, Guangzhou University, Guangzhou 510990, China)

Abstract: Research on one kind of multiple traveling salesmen problem requires minimizing the maximum length of the
cycles traveled by all the salesmen. A new local search operator is designed, this operator not only optimizes one cycle,
but also reorganizes and optimizes two cycles, its optimization ability is better than the existing local search operators
under the equivalent calculation cost. Based on this operator, an iterative strategy named “search—select—-mutate— search”
is proposed, according to this strategy, the Competitive Search Algorithm (CSA) is designed. Thg experiments on the
open data sets showed that CSA performs better than recent literatures. :
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VENKATESH 2 H 7 # Fh g B 51 1% (ABCFC.
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R.XEEVERH 2-opt fE AR RE T, 1 HACK
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DA J 5 45 2% MFRL R A B AR AR B 1 2% BRI [ B
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T2 18] 58 (5 B oK 5E BOE AR AL, 1R D25

JE R B RS T A 5 I R RE T IR R

TR E T B S0 A bR AL R ARG
PR AN BN (5 3 W
AL T - ABT R 2= 5T reverse/ move
(e B/ Bh), %S FREREMEAT — R IR BRI TRAL, Ak
HARACT R IARE, BI(EAE— 25 PR BT AL, AR
8 2 47T 2-opt; £ HT reverse/move B HF £ 3
fili b, & TR -E R R RS, Wt TS
2 (Competitive Search Algorithm, CSA), 7£ 3k
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J s T I VR 2 320 5 3 14 R 2% 320, RICR AN 2(a), 51
cycle=(0,1,2,3,4,5,6), c,=1, c3=5, reverse
(cycle)=(0,5,4,3,2,1,6); F55 c, B M = 4530 i =
%30, BCRWE 2(b), Bl cyele=(0,1,2,3,4,5,6), c,=1,
c3=5, move(cycle)=(0,2,3,4,1,5,6).

Yooy Fl o3 BT MBI 55 B ¢y Al 3 ZJH]
BRI, 45 PR 2630 6 EAT B AH, R W 3(a), f40:
$=(0,1,2,0,5,3,4,0,6,7,8,9,10), c,=1, c;=7,
reverse(S)=(0,7,6,0,4,3,5,0,2,1,8,9,10). ¥3)) c,, T
oy N (IR BR, N2 50— 2650 %, RCR
3(b), fl4n: $=(0,1,2,0,5,3,4,0,6,7,8,9,10), c,=1, c3=7,
move(s)=(0,2,0,5,3,4,0,6,1,7,8,9,10).

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

20184F 55274 57

http://www.c-s-a.org.cn

i H AR SN A

C, C
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(a) HeH (b) 3

K3 ESPIAMBINE RS

FM 422 3 TSP (9 AFFMREUE TSPLIB b HoA%
reverse/move 5 2:opt. £ 4L TSP [ @A T m=1 [
MTSP Ji] 8, H b It 45 SR aets Sl J&) 48 R 51
(AR 7. X REASIRA, 43 )7 A 800 ANBEALIKIH]

GAR, SR J5 25 H reverse/move 5 2-opt P R i 2t
Tk, 753 800 iR #. IPIASTT I BEAT LEAL: 1)

PES
N ﬁg

O SEEIRENEES

(b) FE—NHB

KB (length) HISE5ME, 2) Ko 25 AL B 2L (checked-
points) WISFYMH, 45 R a3 1.

* 1 reverse/move 5 2-opt KT & A8 /1 LU

length checked-points
TSPInstance
2-opt reverse/move  2-opt  reverse/move
EILS1 451 440 199 231
EIL101 680 661 570 609
A280 3041 2898 2774 2821
LIN318 50 023 48 224 4528 4406
Att532 102 744 97 770 8687 8887
Pr1002 339 131 318 357 "22 054 22 580

*1 Ezﬂ—?‘, F?‘Jiﬁ?/l\i)ﬂﬂiﬁ@ﬂ, PAFh R R A A
{2 1R, reverse/move T 25 [ B $ng kT 2-opt, 51t
[ B E 48 (145 5L 1, reverse/move [ B R8T 2-opt.

3 g REL

3 reverse/move H 47 ILAE RIS, XF Frfs 31 1 fig
S, EFEH R —AN B B BT, SRS BT reverse/
move, A EFF 2 EAR AR, LA 4 A1, ] 4(a) /& reverse/
move 13 B — Ak, B 4(b) 2 —IRFEEE SR,
4(c) F1E 4(d) & FIRIAT reverse/move HH [E] T FEFN
é:]:

-0

(c) FX T%?H’JEPIEW* (d) TR AL 4 R

Kl 4 %E#Aﬁﬁﬁ):ﬁ(}\%ﬁ‘ reverse/move

FI— BT 5 (Cyare Cend) FATIE S HRII—AFFEBE,
ERERIIEA (ntm)x (ntm-1)/2°4>, 4 B S Wi 6 %
. HBEALIT ARG P, 1o 8 T AR AT 0 B,
SR JG FHRIAT reverselmove, Al AEH = Fhgs 3 1) 1531
SRR, 2) R B B ATIE, 3) 13 31 E .
BRI —XHTT, AN S B I AR ok LN B, B3
fE i xR 2

4 reverse/move B LA FARE L, FRATHE Hh— P
MIEARH N : A R -8R, HE 5wl &
5 R AL R A R (), DAL R A R 3G RLAE. SR —
Hfifp 2 I R A FR A B AH 5] 1 = 50 S O, DK ax 4
fif B TR AE — AN X3, 12 X 30 3 A /)N ) e 2 4%
DX 32 ) Jr 8 dm IR e 9 e e () A e S e A e, xof

ﬁl&ﬁ@?# (FEHLE P BLEE ), 15 21— 8 73T )
R IR H K X3, 28 FHXIE 2 AT BUH K R S R A .
BEIEAR, B0 5 v R A e DU PO S B, B SR e PR T
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Bk 1. CSA Bk

1) W E AR p FUESE LB 00 B ilE 0.2), BENLAE B p M1
fift, XHEEAMAEAT reverse/move.

2) Xof T Al BB N ERHER, TREE 0xp AN HES SERT B R A2

3) SR AR, B X AR P BE N (1-0)/6 DT X, JF ik
Yo B PN o O B AR, 3 ) K A B A R

4) LEHT IR _EIAT reverse/move, SR IIAFPEE.

5) AT 2) F 4), B EFTH R REIRIESE 7.

6) i AR P B AR A

CSA Bk 5Ok BRE 92 1)t A% SR AR, FORR e
FET: R % 3R reverse/move HURZRAZ#H: A, FH &AL
HH R 5 T AR R SR, SRR i+,
] 7 /N RS S (R — N Br) BRI 1R e

4 SEE

PATTH SCHR41 7 12 A IHAg AT R [6 169 3 >0
B S50 SO SCIRTAT M 12 4 T 41 e e 4
MO 2 4 T AR, 1% MTSP-51 19 3 A il i
(m=3, m=5, m=10),.MTSP-100 1 4 AN AR (m=3, m=5,
m=10, m=20) A MTSP-150 ] 5 4~ @ (m=3,m=5,
m=10, m=20, m=30), F 55— IR 1E A O3 T . SOk
[61F 3 AR B R B A2 128 AN TT (22 4 B RN B
BAERE, 035 sgb128(m=10, m=15,m=30), 55—/
TE R R IR

FALE 2.8 GHz, 2 Core, 4 G RAM ] Windows
8.1 R4 LSBT CSA, fEL¥ AR IR p X BN
50. & 2 45 T CSA TE 15 AN 15 21 /0 B/ 1)
KM IR L (best max) IERIREL (iterations) Flit
FLI (8] (time).

F 2  CSA BIEREER ., IEAWREU R )

instances m best max. iterations time(s)
3 159 g 8 4 0.23
MTSP-51 5 . 118 5 0.36
107 112 8 0.81
3 8507 13 2.7
MTSP-100 6772 50 10.8
10 6358 14 6.8
20 6358 9 7.0
3 13 039 36 25.3
5 8416 32 24.7
MTSP-150 10 5593 15 21.6
20 5246 26 343
30 5246 15 24.5
10 2748 28 12.8
Sgb128 15 2273 32 13.5
30 2082 24 104
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%2 UiPH, CSA BELE R 0] Py 281k, 36 2 SE PR B
K.

XFFSCHR[4100 12 ARG, CSA BT {31 best
max 5 3CHR[6-9] 145 B LL i Nk 3.

F£3 JURMEIRAE SCRR[4]1I0R ) _L ) best max HLE
Hik m TCX ACO GGA-SS IWO CSA

3203 160 161 160 160
MSTP-51 5 154 118 119 118 118
10 113 112 112 112 112

3 12726 8817 8542 "\i‘ 8509 8507
10086 6964 6852 © 6767 6767

10 7064 © 6363 = 6370 6358 6358
20 ‘6402 2116356 6359 6358 6358

* 3 18019+ 13885 13268 13168 13038

MTSP-100

|
- 5 12619 9270 8660 8479 8417
MTSP-150 10 8054 6132 5875 5594 5594
20 5673 5250 5252 5246 5246

30 6402 5246 5247 5246 5246

HH% 3, X SCHR[4]00 12 AN, 72T Hikh,
CSA &5 R #AR T 355 T I Fik i g 3, Hop
AN MTSP-150 (m=3, m=5) HIfiEt fé~rE R 6 .

)

(a) MTSP-150, m=3, max=13038

(b) MTSP-150, m=5, max=8417

6 CSA FESCHR[6]1] B _E A ik

X FSCHER[6]11 3 AN, CSA BT 311 best
max 5 3CHR[6-9111 45 B LL i Nk 4.

HHE 4, XF SCHR[6] 3 /MR, CSA M4 5RA K
MR B2 icide . BT SCHR[6 1R AL 1Y 128 3k 1T ) Ak bs FH 2 26
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JERFOR, £ 4P IBERR, T4 m=10,
max=2748 HIfift, e & —XHE S5 A5 12 — 2RI

F 4 JUMEEAE CHER[61M 35 HY best max FLA

m=10 m=15 m=30

TCX 5912 5295 4003
ABC(FC) 5172 3819 3456
ABC(VC) 4660 3958 3811
WO 4450 3665 3494
CSA 2748 2273 2082

eyclel: (0,95,65,22,81,44,78,23,61,122,101,46,82,
107,4,93)

cycle2: (0,89,127,111,74,114,126,80,8,98,7,15,14)

eycle: (0,73,59,109,39,60,116,92,3,76,35,105,40,
66,62,17,53)

cycled: (0,21,16,52,77,28,10,11,34,125,106,
102,30,90) Y Rl

cycles: (0,88,108,544118,112,25,85,97,87,27,
42,86,41) ‘

eycle6: (0,100,13,83,36,67,1,75,9)

cycle7: (0,47,70,68,120,50,99,84,31,55,63,123,
12,58,32)

cycle8: (0,57,48,49,2,56,96,117,124,113,104)

cycle9: (0,26,18,45,115,94,64,43,91,29,37)

eyelel0: (0,130,71,69,79,33,72,103,51,20,110,
19,24,121,6,38,5,119)

5 4

TSR dw K dme /Iy H AR A 22 iR AT 7 ) A, A X B

5 SO 4T 9T B R T b BT 3 4 ek i
(CSA), SFHEIISCR e ey L, ) AR T AR AR it
HI R E TR TR CSA Bt piA Xt g
T A1 KA SRR BT, a4 BB
— AT, BENUEEE A B BERLEE B A A
F B DA S R B2 2, TRATILEE R, AR R 028
BT, TR SR R AR B LA B R,
B B A B A8 7 W A T A T v B
HEAS ROk, TRt — B HR R CSA FLkTEAE.
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