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Abstract

In view of the Travel Salema Problem with cluster distribution, an improved Artificial Bee Colony
algorithm is proposed. According to the density characteristics of node distribution in and outside
the cluster, the role transformation mechanism and search strategy of leading bee, following bee
and detection bee are adjusted accordingly. The change of the role of bee colony is based on the
size of the density value. The searching strategy of the leading bee search is based on the principle
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of domain priority, the searching strategy of the detection bee search has the mechanism of jump-
ing out of the domain constraints when it falls into the local optimal value, and strategy of the fol-
lowing bee search improves the operation speed in the domain according to the corresponding
following principle. Finally, the simulation results show that the improved ABC algorithm can find
a satisfactory solution to the TSP problem with cluster characteristics in a short time, and has ob-
vious advantages over the classical bionic algorithm in time and accuracy.
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1. 51§

TSP (Traveling Salesman Problem) & — N B ARAL R, F RN “IRATHER L n &~ , 248 —4
HERY 03 BEFEVT 2 AN b AU, AT R B TEFE U R A s — IR T [ B A B R A . RN ERAR T B, (1
BEAE T BRI 2, X HAREEAT SR AR n) AR S 2ROk,  CAIERT 2 —> NP-hard [0/, #fF5% TSP
[l AT SRR, TEAR ZAUEE T 2 RN, Bt A8 ARt VLS & ity M. 4
PR N AR [1] [2]. SKRAE TSP B, BEETT ARG 2, X RARZS A A 5gub K, tHE RN, Tk,
VF 2 ARG AT 7 1) AR 1) oo s R AR SRE R R, T2 B4 #4245 (Neural Network) . #545118 /K (Simulated
Annealing, SA). 1% 57%(Genetic Algorithms, GA). B 1L 5% (Ant Colony Optimization, ACO). i ¥
B AL 5% (Particle Swarm Optimization, PSO) A1 T 4 F 5% (Artificial Bee Colony Algorithm, ABC)%—
ROV BREIE[3]. W HF R — PO BB R e S, A B AR R I AR B AT N . [4]5 Wik
F TN TR RE Je 3 PR ARSI R DL K = Fh 5] SR 7 BE T 5RmE, HiR TR 1 3h A& T A AR
SR A, JFIE AT TSP SEBIHEAT 707 B8, 45 RRNZFE LGS W IRF B ER, ERKED,
WSl TR, YRR, EURRHESCRE SRR R — @M. TRHEMELEFE N 7 — M A S s
TR, AR A 1) R R R R, N A R e AT e A R A L T A R R 3
17T EHE S, WM AT UGS LR 7, IR~ 7 SRR R T Rae 11, 1ZH
VRSS2 SR A U I TR) R B AED T AR, B T TSP BRI RCRE[S]. LA g FL gtk TSP
SCRR 32 B B0 H T S ATRAE R, X B RIR I ATRAAE R TSP WA B ITHIBEFE . ILSER i, —L
B AU 20 AT S0 — 8 BRI, X EGRRAE O] A 2 [B) 5 K, SCHR[6]% G im) /L gEAT T 4R . AR IE
s&HFHA TSP (19737 s /AR AFAE, WS — A~ TSPl KT S AT FF A RRIRRRAE 04 % oL P e 2 [ 1)
VO 4, 1XH X TSP [ @) OGS AR o RS e T, A E AR EM IR, RERFE
A1) TSP ik — 0 R AR AR BIOLA, NI SR T EE IR . AR SO B Y SRR 0 AR ¥ TSP
FEER, R ABC I eSSV gE AT AR SL I e EARAL AT K i o

2. ABC BUREERMERER TSP AR

N T AR TSP Al A b5 s i 73 AR, W] AR AR A P (R S BT RN 10 i (K 7 A4 Ak
AT 20 o QRS E R R IR B — MR R, IS 25 5 IR b R Oy R, AR L XA 1 s
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X I IR B BB A 25 P2 (6] % T 8 H AR 1 TSP R, 5 s 0 A vl B AR AE R — DN AME, BN
B R OB R ICAS ] B 0 TSP FIBCE FR I R - — DMBAIRRFAE Y TSP 1@ i A B G = (V,
EyRFER, KAV ={v, v, v} A n=NV| DM HNES, E Ru R afmungEs. 8%
A —ZFBUE G, ), d(i, J)FRR TR A R ZEE . ABV SHARI IR HAR 2 TR 2 & G
FITH T A B AR o tp— BRI AR, H AR R B a8 Q) s :

n-1
min f (ﬂ') =d (V”(N),V,[(l) ) + Zld (sz'(i) ! Vﬂ(i+l)) (1)

ABC HiEH A =Fh BB . 5| 0. DUsigMERpERE . ] Shs /25 BIRINAE R, JHE
RE G E R s BB A EEERNE R, HBESEWIRRNEEMS . 15005 2 0% 5 I
T FRET B DR s R e S A e L B T R d e 5] A A SAE BAR B IR 7]

ABC HIEMIHALH BLi% 2) RBEHLI 4L SN / 24 DAERIATAT AR X, (X, %001 X ) » (i=1,2,-++,SN),
SN AR T e dE

X; = X +rand (0,1)*(x§“’ - x'.") )

J
Horp x® HOA R BAL, ) HOM R T 5.

PERCREFAERG TSP IR, P G X RIS SAE RV = (v Vy, ooV, ) KTy, (i =1.2,,n)
RO BB v, (%, v,) KR Xy, 5 BIFR P E OB AR AL AT . 4 X = MaX (X, %,) »
Xpio = M (X7, X, ) MaXQFIRHU k-, %, IR AL B B, min() R X, -+, x, W IMA B 4 [,
2 Yoo =X (Yo Yo )+ Yoo = MU0 (Vo1 Yo )+ VAL A AT 5 R0 KR S — AR T L 75 01(3)
AFR:

sqw[o«xm”+xmwy2ym{w%wy%w] ©)

Hefr O Aty 1 = maxX((Xoe = Xoin )/22 (Ve = Yinin )/2) <
A DS R S I8 g R 1 3 R T A S (4) T«
Prmax = n/sqrt(4rn§ax ) = n/zrmax 4

3. R R E

X G BRI, ik BEALN r BRI R, 4 =int(r,, /C), C FRPHERE,
A, int()RRBUE R P R P E R N, Dk R AT DUARAR 07 SIS 1 A5 AT
W, T RAE TR R, R, N B E R R B R
ZNEERETTOpuR =]l ey (1S

T B L, BT A B B KA : SDma[O((0,0)), 1001, AR 19 A 2%, MIHIEA 4438, SD,
AR 15 = M2 = 100/2 = 50, EFEDHE R EL C =10, WP & re = int(100/10) = 10. 1 F T UG,
W B KIE T A TSR e N ATV G, SRS [ S KA, AR Tl 1) A4 g i A0 g £ o
MRS, — B BRI A ORI AL E S, W TR R . BE IR AT
i, B8 AT T AR (O, r)BA(O, 10), i F M TR S MR S, SR 5 kSR m 44,
BEHEATHEMIIRE, WE 1R, ERO A NE A AT — e AR B, W
RE A FEA AT 5 — 47 58 R AT A 0 7 B, 4 A g R R A B = AT AR — IR I 4 I
Frabihi e . v LAHE S S L T ER R IR Spum 10 A (B FT7R :

Soum =(int((2rmax—2r5)/rc)+1)z (5)
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Figure 1. The domain and step increment during scanning

E 1 SmdiETREmSHEE

FEF O R AT AR R, RRCER T R AL B R E R, P, B R
FEMEEE 0,0 Mg o ARIETBRSAL,  Bo5E — DEEEBME py, » 5L BRI R /INGE FEAR S 17 ) AN AR AT
17 HSEB R BT E o WR o, >= pyr 1=10,2,++, S » WA T8 FEE XTI R P19 R4 A ) AR
AL, ZIPROBRRIE: I, A RRERRRE . R —ANETE, B AR — AN LR R A5 L
MBI B RN, HEE LR, DU E R 1 I SR A AR A . R
TR R B IME A R AG ANRE R BRI, 84 FT LB J /N S sk A AR 4R s L b3k 4 i
Feo WERAEFFERE S, ML UL BRSO T RE RO, WA DO R AR, MR Bk
R FEREAT I . R AR AR, R BT (0 AR 2, 0 R ) P AR B 1 v K 8 B
FRCL R T B S TR B, GRS R R T A, LR B R A A A b A DL s A
T B .

4. ABC B EERTE

WILEIT %, %0 DAyt A e 1) 77 sRAE BEA LI AR N 4 2R . A R T DL R A I0 AR v, T
PLsE BNl it —3MiEE, A EERI IR, R HEAR G R R0 E GBI aR
o UL, EERRFCON CBI8E” o IR YRR E S R 2 HLE N g, AR A IR — 2
T IR RO AR AR R B RR IR N AT N SRR S 2 B, RS R B E R R
SRS EYIEREMAREATHSE. X TARRMEE N TR — RN AR R
BT IR, IR LRI AR e ] PAsE Bl R MR e RRIE B LU, BRI N
PREENE, TFURTE 20 N YIRS IR . DRI IE B — AR, BB p A (6)
Fi7R:

fit,
Q—EEEE (6)
Horb, ity FOR TTRERR T TR X, (X, %00+ %o ) FRBERAE, SN A B R

51 AT RN 1 ST S e L, AU LU AR R TS T el v, T 5] AU T IR I P 11

ERRAE, SRS AR ARG R EIR, JEERIA0E X, o 51480 X BN Th5 5 /MR S+
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AT R BE AL — R IR A R, AR R R B AT T A & 26 R A B RORE R AR 2 U (6) R AT 5, I
IR RN AN — T mle T RE)E, JIUEAEATIER) R — 9 s R 3R e R
MR, FEGEFE T W R RE R, SR 2 P BT AR W SR S AL T R A, X
PR R LA J LR RIS 0. — & P AL T Al — NRRIE Y, 51 T x4 22 3(6) T 53 SR g
BRI, DR AT RIS N IR AR T P R T U e B R, MR R A T I
R B8 AR DA Q2R S BT UL T AT, TR W R AL T AR, AR 1
AT AR A 2 A RBOEF T R, IR A RO L MIBENLE R A — MR OE T =8 T —
T, RJEERE MO EGE . B =M DU AR AT AL T A ATARIRI A, T T A
TR A AR, 51 DR Y R 2 AT AR N 2 T RPGEFET 5, WERBA RO 1, 54
R T SRR 2 5 (6) T 5

X N BRI AN, B EBCRAE T RE, JFEEGT. BURE 0.3 TR, (HiZM
AR SEAIERT, X2 B R SC, AR AT DUNRAE T 00 18 24 8 o H 5 A BL L, DRSS

NRFEM, PRERAXF TR FHE RS PELHIRE, PN FEENEE.

5. hR&ERSHH

T MEASK AR EA FERRFIER TSP (1 ABC BERIPERE, TS A ABC BIEMH A IR, kXt
LT O B AN 25 o, TR M FE HOR [R5 4T AS (Ant System). MMAS (Max-Min Ant System).
ABC FIZASC 1) ABC Buidk % (ABC-P) 1 AR LW 4T, AT 4 R 2 7E— & B 16 G RAM
ARG FHH 3.80 GHZ 17 Intel PURZAN A PC (BRAEJE K M415) FEAT ), ik DUk By g FAR I i 4% A AH
& o A ELRA FE 7 s 5 2 e — AN B 200 A5 EBURFERFIER TSP [ 81L& — /4~ EA 600
AN BREUHAERFER 2% TSP /@, s 2 fE 3 Froasfias, & 2 FE 3 A AL br 547 # b vk
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Figure 2. Single cluster graph of 200 nodes
[ 2. 200 M5 R HY R AR

TEVE] 2 v, 843745 s A B v ] 52 30 2 B AROIR 20, ARAE B 1 o2, mT DA 25 5 B 0.13.
AR R, AT RS BE g =0.21, p, =0.23, p3=0.19, p, =0.22, ps=0.16. A LLIANZEIE
HAFAREFAE, $2IEAR(6) AT IOMERIERE T80, BJaxtE 2 i 5as R wlE 4 fros.
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Figure 4. Result of experiment for single cluster graph of 200 nodes
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Figure 5. Result of experiment for multiple clusters graph of 600 nodes
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TEE 3 Hr, A STE R AN X ) R I R R A, ARYE R RIYERT, BT DAA e R R E N
0.16. 7EHHIERE, T LASRER R A3l p = 0.23, p, =025, p;=0.20, p;=0.24, ps=0.19. ALLIA
NZETE AR, %IR8 A R (6) AT MR E B N1, B e xd & 3 I e sl 5 Fiow

FEE 4 FNE 5, BEARRR R IR EVERAT IR I, AR AR AER BE RS S . NI T DU
B ABC 5%k ABC-P K I SR AE I TR FIUS SIUE E HBCH B R34 . MEIHE W LA Y, ABC-P
AT oAl B9 47 A2 5920 AS. MMAS 7848 &1t BE bt B 2 A 34

6. it

X R R B BRI TSP, FERRIR DX P W] ORI IR % 42 30T AT 18 4 (T
M SIPLAER AR 1 H (10 A ORI 8 RO AR AL AT 1 i, JFAE SRRt Xt TSP B 11 =
BEAT A9, AT S 0T PRI S 75 K R AR AE IR o BT BRI AE R TSP Rl A, of 51 4000 | T e A R e
(BRI PR SRS BEAT MBS, ITTIA B MR F Ko AESKBRIO B I RE T, A7 AR5 5 T B TGV H
AR E ISR L, TRIIREAE AR AR 0T s 2 8] (R B e I DAL B A A AR i, A A DR I A B 5 (1 B 7
SRR AR, XL A 1 5 8ad— BT .
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