3
&
T

T E LN A

BT ot HERT i3 45 H & iR 1T & ) =i 35

x| L iF
LIU Wentao
B E B A KT R VAR, SR T AESABGRITHRL, EHIENBIRRMLM, AT
RSk, R T —A R TG R 0 k. Hok e A A HER AL, (AP SRR AT
R EE S A, AR AL P R A R A B RR MR, T—R ML E SARHRMAER, B
AR, AR S AOMESE TR, BIMR G OMAS 2, FSRMMAN BRI, RE TR A, BT
5t B ASEAP 69 F I AR, 4R R R in H 0k A ARST 6 KA A B AT AR
X §EiE RAEH R, HEHR M, RITRRE; SBAMETRE
doi: 10.3969/j.issn.1672-9528.2025.11.005
03 = 1 BuHERE

Ji AT 7 7] @81 (travelling salesman problem, TSP) 7L1R £
SIIRAA B AR BCIE S HLas N BB T A
TSP [7] A ARy — AN R AT R AR B3 n AN e, BN
R G B C R, AT P — SR R 2, AR AR IRAT i
AN R RGE— R, I HLE R R, B TR R 2 R A
AL HACAARE XN

min Length:'i Ld,d, )+Ld,d) (1
Aot L(d, dy) FRFIAH 0 F) d, BB, W7
AFED = (1,2, -+, n} FRE—DFI {d,, &y, 4}, 7
SRR

TSP i {2 — A NP 584 i), 4 i) LY K,
TR A AR R K. SRAR TSP SR A IRZ, HllnA
OGN A7 N VF i 7 N Y (T EE S A O £ 7SN
BUIR K B N T AR O R REE
TR B BIERPIE P A T R AL Y 4
TE AR SR R TSP I RERT, 23 IR S B j, 7%
G PR S BRI R R AR T Ah, R R
— M R BERAESN—A B AR, T 2 AR TSP o &,
HIT ke, BTk, AN SHRFr L 5k, A
BEAE B AL 1 P2 A BE B AT SR, AR AN A BEAL H AN [
M/ NEEE X3, AT DL SR 2 A E B AR e, fi
RSN E TR, SRS ik s, AR T
HOR H AR, S m AR SRR .

1 AREBT RFHF 5 FAF L #4bX 430023

m 2025 FF55 11 Hi

1.1 HFsEsF

BAREEA, T EANYE SRR TS EE R e, Lh i
B R AD RE S X N, 6T TSP M@, 2 Mgmidi,
Bl T %R B R RS AR R U AR ISR %
BRI, AN gD, AN e R R R I
— 5k BRAT . TR TR ARG R, TR
B E I~ & S A, I8 3 K s R BN R . ot
/N W

fitness=— ! 2)

1

ZM%%J+M¢%)

BEPESET 1 H A I o I PR — 0 e a4 B
B 7SS eER N S X PSPy W R N E L K =W
gk, SIBRE ISRtk (HELRRF—ERIAEEZ A
P, b RSk, BrUARA s Rk B R AT e . —
Ji R P S A BRI AT I % . S T 1 R B
HENRE, HAFRRS T A, e 38 O
APASE ) FARMER . ASCEE I, SRR 2558 X T7 9
N T ORFEREEI 2R, fEB LI R, 2 etk
AFAR SRR M SO R B S TSI, BE AL R A
ARSI E R, ARG G AR (R Aoz B S S R AT S

1.2 BEMETEHE

N T AR SRR, AR TR T A R v B e R
BRI RMEE S R, fEREEH, [H— AR E A
A M E R AR g ek . SRR T

(1) PRAEIEFRI A G A I I A

() AERBEALALE &, BT A, el
BAERE 1 AMLE
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(3) Xt IS A 3 AT AL A5 B A e s B BE AT 52 4,
T =% 1) 101 i R

(4D 73 T S50 00 e I A A A0 R 3 A £ 3 7 P B
PRI I R AR, SR 0 s A N ALK, ol P BT B i
I AMA BRI A A, GG A TR A AL

1.3 HEHIBaES

fEHEF HE, TEAEWES P ERA R EEZ
) (R BE B AR, XA RE B — e FE B S AR LA, o T AR AL
IR I, RoR BRI EE B LN R B Tk
BOLFRUR, R TN GEAR AR, ST R R — L
HHh B, B PR EIG 1, BJE B S PE B AR R
AT Z g RS . AR
= [1Lif (C, (1) = C, (i
hmdlstance=2{0’if((cl((i)) . Cz((i)))) 3)

A C M C, FoRPEA YL R

1.4 5L YRR

AN LN SEIUE R A R

(D WHAWAILEFIEE, BB AR R 7RI R

(2 THEMB RGN EE, IR EMEIEFESR, H
ARSI AR B POR PR &

(3) BENLAFhEE A L PR AS Gt ik, FFAEIL bR E 5
FPFR LI G R FEIAR G, PTG R TR Oy A
k.,

(4) MRHEZE SRR, X IX AN ARG (R kAT 28 X
THAE, RGO,

(5) MRAEA SRR, X WA BT I G AR R AT A2 7 55 T
Bl TR TG A

(6) XPAANFARGL Ak, #ATHAMEIZFEE. 8
PRARANE T = K e R AL B R — AR R

(7D R ASARA R 1 A AU 1 i W EE & d(p,,
) RHAARAE 1 FIFACAE 2 BIHE IR d(p), ), K
HAARAMA 2 FIFARAME 1 RREIIIEES d(p,, ¢)), RS
i 2 FIFARAME 2 W IIEE RS d(p,, ¢y), AR J5 MR Vi P ik
7MW, AR

if (d(p,, ¢,) +d(p,, ¢;,) <= d(p,, ¢,) + d(p,, ¢,)

then

if (f(c)) > c(p,) then p, =c, endif

if (flc,) > f(p,) then p,=c, endif
else then

if (flc,) > f(p))) then p;=c, endif

if (f(c)) > f(p,)) then p,=c, endif

endif

Hob, B TR G ORI R A . I LB
W PE B REAT HIIKT, WHE R TR OAER, SHERTROK
B S RG ik, WIRFZB R T RO, A% R TR

R H G k. P HES HAE, SRR ORI 2
AR, EREET ORI AR RILE, mAS
B R RIME— SRt X T oRAEA 2 AL (1 TSP i 7,
XA 2RI AR SR H 5 2 A [ 1 e A A -

(8) FHHI GO T IR et fh

(9) PERHAT (3D ~ (8) , EFIFMEFHHIpr A et ik
HEFE .

(10) EHHAT (2 ~ (9, ELEINIE A7 2 i e 1 3t
P AHL. MREE N R AU, K e A A s IU i, B
SEINAEZEECI=R S SN IS SR N R e I Cib ey VAR =N SRR C )
AR E AR -

2 SEER

2.1 HHliEE

RNT TR 2 A AR AR TSP MRS, 75 Zx
S (B BE B AT A3 . AN b 2 ] (1 R B A R R
TSP S5 T A His Ron e A0 :

{d.d,,L(d,d,)}
Dam_{d‘e{OJ;~gn—1Ld1e{OJ;-;n—lLdi<d/ (4)

XEAAH S ANE BSOS S, EFEH S B i
MG SRR R s, DRI AN L TS
YRR L .

1

{0,1,29}, {0,2,32}, {0,3,32}, {0,4,32}, {0,5,32}, {1,2,29},
(1,3,29}, {1,431}, {1,531}, {2,3,32}, {2,4,32}, {2,5,32},
{3,4,29}, {3,529}, {4,5,29}

H 1A 6 ML, BOMIEEEZ 180, A 20 i
s .

HAH 2:

{0,1,63}, {0,2,61}, {0,3,62}, {0,4,65}, {0,5,63}, {0,6,64},
{0,7,65}, {1,2,63}, {1,3,63}, {1,4,64}, {1,565}, {1,6,64},
(1,7,63}, {2,3,61}, {2,4,65}, {2,562}, {2.6,64}, {2,7.61},
(3,4,62}, {3,5,65},{3.,6,64},{3,7,64}, {4,5,63}, {4,6,63},
{4,763}, {5,6,65}, {5,7,63}, {6,7,62}

HA 2 A 8 MR, EALMIEEESE 499, A 22 A
Hef .

HH 3

{0,1,10}, {0,2,15}, {0,3,20}, {0,4,25}, {0,5,31}, {0,6,351},
{0,7,40}, {0,8,45}, {0,9,502}, {1,2,35}, {1,3,25}, {1,4,30},
(1,5,352}, {1,6,40}, {1,7,45}, {1,8.50}, {1,9,55}, {2,3,302},
(2,435}, {2,5,402}, {2,6,45}, {2,7,50}, {2.8,55}, {2,9,60},
(3,4,403}, {3,5,45}, {3,6,501}, {3,7,55}, {3.8,60}, {3,9,65!,
{45,502}, {4,6,55}, {4,7,602}, {4,8,651}, {4,9,70}, {5,6,603},
{5,7,45}, {5,8,701}, {5,9,75}, {6,7,702}, {6,8,753}, {6,9,80},
{7,845}, {7,9,90}, {8,9,95}

T 347 10 ANHb AT, B AR AR EE SR 445, JEAT 198 4

2025 FF55 11 H H
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AT i«

H 4.

{0,1,12}, {0,2,16}, {0,3,16}, {0,4,17}, {0,5,12}, {0,6,12},
{0,7,12}, {0,8,17}, {0,9,12}, {1,2,16}, {1,3,16}, {1,4,12},
(1,5,12}, {1,6,12}, {1,7,17}, {1.8,12}, {1,9,12}, {2,3,17},
{2,416}, {2,5,16}, {2,6,16}, {2,7,12}, {2,8,12}, {2,9,12},
(3,4,16}, {3,517}, {3.6,16}, {3,7,17}, {3,8,17}, {3,9.17},
(4,517}, {4,6,12}, {4,7,12}, {4.8,17}, {4,9,12}, {5.6,16},
(5,7,16}, {5.,8,12}, {5,9,16}, {6,7,12}, {6,8,16}, {6,9,12},
(7,8,12}, {7.9,12}, {8.9,17}

HH 4 10 el mREREER R 128, LA 408 A4
AR -

HBl 5

{0,1,18}, {0,2,18}, {0,3,20}, {0,4,18}, {0,5,18},{0,6,21},
{0,7,18}, {0,8,20}, {0,9,18}, {0,10,21}, {1,2,20}, {1,3,18},
{1,4,18}, {1,519}, {1,6,19}, {1,7,18}, {1,8,18}, {1,9.21},
{1,10,20}, {2,3,21}, {2,4,21}, {2,5,18}, {2,6,18}, {2,7,20},
{2,8,20}, {2,9,19}, {2,10,18}, {3,4,20}, {3,5,21}, {3.6,18},
{3,7,18}, {3,8,18}, {3,9,21}, {3,10,18}, {4,5,20}, {4.6,18},
{4,7,20}, {4,8,18}, {4,9,18}, {4,10,19}, {5,6,18}, {5,7,18},
{5,8,20}, {5,9,20}, {5,10,19}, {6,7,21}, {6,8,20}, {6,9,18},
6,10,21}, {7,8,21}, {7,9,20}, {7,10,18}, {8,9,20}, {8,10,20},
{9,10,18}

S 1A, SRR EE R 198, A 410 4
ARAR -

2.2 Mk R

S8 BT FH A4 Intel CPU 1.80 GHz, W7 32 GB, #%
£ Windows10 1 R 48, C++ T RIET . Hikxt 561
2 Wit Ringk 1 fion, Hp R SR TS 0 Bt s
AT DA HAS SCBD R B0 1 A 2 AT AR 4 iR A AL iR, IE
T 100%, STH/NUBR TSP B, A%k BA B0
R

k1 HBIL 289 He R

S 1 S 2
{0,1,2,3,4,5} {0,1,3,2,7,6,4,5}
{0,1,2,3,5,4} {0,1,3,4,6,7,2,5}
{0,1,2,4,3,5} {0,1,3,4,6,7,5,2}
{0,1,2,4,5,3} {0,1,6,7,2,3,4,5}
{0,1,2,5,3,4} {0,1,6,7,2,5,4,3}
{0,1,2,5,4,3} {0,1,6,7,5,4,3,2}
{0,1,3,4,5,2} {0,1,7,6,4,3,2,5}
{0,1,3,5,4,2} {0,1,7,6,4,5,2,3}
{0,2,1,3,4,5} {0,2,3,1,7,6,4,5}
{0,2,1,3,5,4} {0,2,3,4,5,7,6,1}

{0,2,4,5,3,1}
{0,2,5,4,3,1}

E 2025 FF55 11 Hi

{0,2,5,4,6,7,1,3}
{0,2,5,7,6,4,3,1}

104
1 g 2

{0,3,4,52,1} {0,2,7,6,1,3,4,5}
{0,3,5,4,2,1} {0,3,1,7,6,4,5,2}
{0,4,3,52,1} {0,3,2,5,4,6,7,1}
{0,4,5,3,1,2} {0,3,4,5,2,7,6,1}
{0,4,53.2,1} {0,5,2,3,4,6,7,1}
{0,5,3,4,2,1} {0,5,2,7,6,4,3,1}
{0,5,4,3,1,2} {0,5,4,3,1,6,7,2}
{0,5,4,3.2,1} {0,5,4,3,2,7,6,1}

{0,5,4,6,7,1,3,2}

{0,5,4,6,7,2,3,1}

B 3~5 it E A R R 2 R, Hob SGA 2
6] 538 A5 B, BCGA J2 2 R HEHY 8t 4% 7%, ICGA & A&
SRR HERT B AL S, EN ROR BT s TA ROoR SR
Z%; UTILD R ) 2 FE1; AVERD RR T35 2 FE1E;
NOOS FIR AN AOPS Fon it & M AR S A AR IEH
APOSA TR V¥R AR TR

k2 HB13, 4. Seyit 4R

EN TA UTILD AVERD NOOS APOSA AOPS
SGA 0.87 0.88 5 0.02 0.03
3 BCGA 0.89 0.90 174 0.60 0.88
ICGA 0.86 0.88 190 0.87 0.96
SGA 0.95 0.94 1 0.01 0.00
4  BCGA 0.87 0.89 313 0.54 0.77
ICGA 0.85 0.87 351 0.78 0.86
SGA 0.93 0.94 1 0.00 0.00
5 BCGA 0.91 0.92 209 0.28 0.51
ICGA 0.89 0.90 344 0.65 0.84

F2ALAFEH, Bid TSP W EMEAR K, FiaHERIE
MHZE A K. BT IRIBFEG], ICGA IEMZEHALL SGA Al
BCGA 55, Tib2R/G M IEMZIL 2 T IEFZ. SGA [
TEfZ AR, PN EZ RS T R sk, SGA %
FEVEZAT IS, (HICGA I 2 FEIHEER L BCGA W2 FEVEZLAL,
F U ICGA FREFSEINAE S, ZR& T LA H ICGA B 3 =)

SOVE X S 3 SR Ak ) B A E T e AR L th 28 an 1 B
AN, RTEB 3 SRV E R A 2 BRI 3 K%
MM 2 A 2 3 B W L T RLE L, SGA
HERIEH R, By BB AT A R i fg, ik
EJ5 TH (8 AR R PR R T 2 A E 1 B AR f# . BCGA 5% T
NIRAEHEBT AR, (75 P R 0% 5 4 B A [+) 1 s D0 8 [X 3
AT LLSRAGHE 2 (R . 1B BCGA IR ARE LR, 7%
20— 8 M ARBOA R0 I8 BSRARREFE, 1 72 LU %1%
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Al LLE H ICGA SEI L Ze i, 1M LRS00 AL AR
BN USRI R IERI 2, BE L BCGA HIsRwm, ik
BCGA (ISR IERI R M. ME 2 nLUEH, 5k SGA 1iE
PR AR, 1 LR BT, BCGA [3E B & 2218 T,
THEERE, 1M ICGA et Pus b Fh, 78 1 AR ECT #t
LA SRS G R E . B 3 LA H, SGA HIZ R
SR E, P E . BCGA fIl ICGA M2 k42218
NFE, RSP E AR R 18 R A B AR, T
ICGA [t BCGA R IR, Jf H#BLL BCGA K, &
ICGA i sEmdEh B i fit. ATLl, M 3 sk EHar LLE H
ICGA BEA TE S SR ARRE R, OB BRI SRAR R .

80 120 160 200
HE 6 AR %

B 1 H) 3 e EREEAE

40

F 33 T

40 80 120 160 200
HE A

B2 H45) 3 03 B

0.8
0

40 80 120 160 200
AR

B3 H03 69 %450

A FVLAE K AR TSP 1)) —Fis & U8k, HILEATY
o RS A, TR T 2 AN AR TSP [
A SOR AR A% SRR T B AR I WU AL 2R, it T —
P AL B . e HEB B AR A /D A B HES i8A% J5 2K,
e AL I RE P e L L R REEAE AR X, AT A 3R

B RIMIORE S . FT B AR O E P AL B A5 AR A% 1L
FEAR e SN DU I T R R A, R T EIENORERGE . N
KA RRTE, ZFIEX TAEAE 2 S AU TSP H R, H
AT B B SR PR SR AR

SE R
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