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Discrete chimp optimization algorithm based on neighbour traction
operator

SHEN Xiao-kai*2, ZHANG Ji-huit%t, GUO Yi—yun?’, ZHANG Bao-hua®

(1. School of Automation, Qingdao University, Qingdao 266071, China; 2. Shandong Key Laboratory of Industrial
Control Technology, Qingdao 266071, China; 3. Qingdao Port International Company Co., Ltd, Qingdao 266011,
China)

Abstract: According to the characteristics of the traveling salesman problem, a discrete chimp optimization algorithm
based on a nearest neighbour traction operator is proposed. Firstly, we introduce the concept of high-quality fragment,
and design a retrieval method combining with the optimal individuals of each group to improve the efficiency of the
learning strategy with intra-group, and discretize the hunting process of chimpanzee groups in combination with the
characteristics of combinatorial optimization problems. Then, through an inter-group communication mechanism to
eliminate path crossing of some individuals. Finally, in order to overcome the shortcomings of slow convergence and
low search efficiency of the traditional neighborhood search operators, a new neighborhood search method, the
neighbour traction operator, is proposed, which has clearer search purpose and more efficient convergence, and an
adaptive probabilistic disturbance control strategy is designed to effectively balance the exploitation and exploration of
the algorithm. Experiments are conducted on 30 instances from the TSP standard datasets. The experimental results
show that the designed discrete chimp optimization algorithm has high solution quality and fast convergence speed, and
can be applied to the solution of combinatorial optimization problems.

Keywords: discrete chimp optimization algorithm; high-quality fragment; neighbour traction operator; adaptive

probabilistic disturbance control; traveling salesman problem
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step4: 4%2.3.2°15 % I WL W B — & 5 I %0,
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swap insertion reversion traction DChOA
RitE 867 734 687 682 675
st70 P 98215 82750 71953  713.62  686.55
br#EZE  63.09 47.94 19.93 17.50 5.11
B 13722 11392 8636 7339 6715
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&8 B0 A N Pl 1 92 SR A A5 SV A A SR A
IR FEE ARG RE 1y T B BT 3.

e SWAP
------------ insertion
-- reversion
- - traction
—— DChOA
0 2 4 6 8 10
ERE/10°
(a) st70 BRI SICICR AT E
4
e SWAP
........... insertion
3 \\ -- reversion
i - - - traction
—— DChOA

PEAEEE R/ 10°

EARIREL/10°
(c) tsp225 T4 USSR R X B

5()~ (b)~ (0) A& &N H T 3R A 3 A ST 1)k AR
AR H bR AL S X B B 5(d) B T /%A
TAE SR AFE TSP S5 B (1P 3548 -5 O 50 e e A i Ak
FEPE TRt LG, o

_ optimal (14)
average
optimal > TSPLIB J& # ) %1 ] TSP 5E 1] # I 1H,
average NHEIERIGHIF- (A,
H11& 5(a)~ (b)s (c) FT LA Hi: 3L 4B 2% 5] 57 fE 1
A fe A S RO I 8, 4R 22 51 527+ 5 DChOA R
ShCih 28 JU-F B, 1 W S0 SR o A v, R A R AR
PR R 3 AR A 5 551 1 38 I ME 2 110 50 1 47 S A
SRR AT DLEE— D3R R R SR ARG 15, — e RS
AR T B RN R AL, I 5(d) H T )
Xf HEAT A Y, B & B AR P s i B R AR 4
55 B e AB AT AR R de v, A AR A2 B STk 2. I8
A SERG IR 1 P I AR A 51 5 R E E SR
PLah 4 S A R

x 100 %,

e SWAP

insertion
-- reversion
- - traction

—— DChOA

0 2 4 6 8 10
RS0
(b) ch 50 S WS N b

1.0
0.8
- 0.6
0.4
0.2
0

st70 ch150 tsp225
‘ swap[___linsertion I reversion [__Jtraction -DChOA‘

(d) ST SRAF A TAERT EE

B 5 ARIETFKHETSPSLFIBBEI R I {EXTEE

32 IEMRFESIETFHIRAMN
B b 3R 256 AR T I EI SA S, SA
15 M6 34 B B N 1000, 78 34 04 500, B IR & BN
0.99; M Ko K I _E 3 526 (¥ TSP S5, 18] 6 /2 4 55
TR 3 A S H e BB AL T DU B

w1 &1 6 7T AW B Y, 3 4R 2 5| 557 AH BE A 1
TR, AR AR P2 v, T EL AL S0k FEE W R, 7 50
A3 wT DU & S e AR 45 2R U W AT 2 5| 55

T AAEDChOA FEA M, 5 IHARE et 5%
(1 SA) FH EL, >R i TSP It B A 5 25 3R
3.3 UEFTiR Y AISRES

TE SR BT b — 2 SR HUIZ A5 38 i 5% s f LL 1)
773, B DA 18 KA J5 #9531t DChOA, DA 2 2y A
AR sh FZH N 2= ST PLHT ) DChOA, DA3 N B A
ZH 18] A2 AL i DChOA; —F2& 4 1 5 fF Hufidox L, B
KIEARIRELHL 500, 7 3B B E AR X E R 100. £ HL 4
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35

s SWAP
—————— insertion
- - - reversion
— traction

B/10°

AR

SR/ 10°
(a) st705:45

50

e SWAP

R B insertion

40+ v, - - - reversion
it — traction

FEAREEES /107

R IREL/10°
(b) ch 150524
40

s SWAP
o R insertion
- - - reversion
30 A -

Y — traction

FRAREEES /107

EARHE/10°
(c) tsp2255L4
&6 AREETFSA KR TSP BRI EEIRATEE
ANEE R TSP S5, W58 5L AE 500 kAR H 11
W SICIR A, FF 8 i DRI 3 17 N B0 1 i B SR A5 s AR A
F| T S 06 i %) Bl BEAS T WS 1) S B ST 32 4T 20 Ik, B
A FRMEAF I E W 2= R GR(15) #EAT T AR,
SRS 25 AR 4 k.
%= 4 DChOA fER A EIRI SR EE K % TSP SLBIATEL L

" S pr264  lin318 att 532 rat 783
MK

HipEME 49135 42029 86729 8806

SEHME 54404.05 47496.10 112365.20 13451.30
DA 1 wIRME 53298 46513 109 583 13198
PHamZEZ /% 10.73 13.01 29.56 52.76

FHME 54278.45 47370.50 11094620 13163.10
DA2 wARAE 52870 46130 108 023 12770
WIEMZER /% 1047 12.71 27.92 49.48

SFEIAE 53685.23 44908.36 9221470 11652.10

DA3 wBALME 51556 43913 95969 11208
BHaRZR /% 9.26 6.85 6.33 3232

RAER 4 I 45 R, WK B, =& 7 241

pr264 1) 3R fif 45 FL 0 BA 5 2% BE, {5 Bl 5 1n) 80 RIAE 1)
K, o 1R =2 f MBI 2 1 54 I 22 %6, DA 3 # 3%
I B S (RO . % EE DA 1R DA 2 ) S 56 45 1 AT
S, 2HL PN 2 5T SR AR — B R b AT DA B R
S0 DA 3 (ISEIG R T DA 2, i B 41 18] 22 37t 75 20l
TV B 8 A A ) B A2 28 XOAT LU SR U SO R
T SR AR B, T 3E— 2B 36IE 7 gt 2 9 2 2T f
2 1) 22 It SR s [0 2R 1k
34 RERARBEENBNME

N T SRR PR A AR B A2 A A )
(1 B U 7 B R, 5 BN B S R i BOsEAT
N2 ST VRO B, BPRDA 2 N7 RN BEAL 2
A S AR G o b BEALEI — v B AT 20 N % )
(75 3K, T R L K PR AT R L R SRS S 0
() B KAEAR IR B B A 500, J5 F P sk AR ik &
9 10, 346 U3 AN A [F] FUASE 1) TSP SEA, Ff: 10 5% 5 Fb 7
A — ORI S 2 BE 5. @ RDA 2 F1DA 2 3K
fift TSP S48 (R e SACRCR %) L AT LU HE, DA 2 [ 82 44
WSS BT RDA 2, Ge % 70 AH R 4 b 54K
BT BB A, B R BRI Bk & J7 7 DA 2 W]
DA 2t /b B B M v BOS B 8D, 5 s A I
SRARE . 31 X6} kroA 100 F att 532 S5 SR g AT LL K
I, DA 2 7E WSt SiCHir B A K i B2 B IS PR T RDA 2, Tt
AR A AR TG B F 7V 2 B b IRAE —
SEFERE AT DL s R R SGE . kT L, BT
BT LT R Bk & 7 15 2 A 3.
3.5 DChOAE{k{faE

N T A TH B AE DChOA [P BE, 1% 5L 30 /N AN [F] 34,
T RIS (1 24510 32 47 UK, AN 2491 SI2 56 4 37 38 4T 30
W, AC S T A B ZEAH S “F3MH v 22 | B e i
72 %% (PDbest) 11 35 SR fife i 8], e w7 25048 i 22 2
AR AE s 2 Z T A XA

average — optimal

PDavg = x 100%,  (15)

optimal

best — optimal

PDbest = x 100 %. (16)

optimal
average N S8 P Y51, optimal ¥ TSPLIB & /1 L4
(11 TSP 545 e AR, best 5240 e AR
U6 45 SR A W) DChOA SR fi# TSP R AT R AT 9 1k
R ISR AFRE B K E, A 33 % B SEH sk B 210 fR AR
16, 56 %o [ S5 S5 D O 22 R R AE 1% LAY, I 76 %
P S5 SR A5 45 SR o U0 Al 22 2 TE 2 % LA ; K A )
WRAEZERTE, BEARTR 2B, Sk B B i Aa €
s IR PAT I TR] SR T, K 22 S B SR A 22 7T A 4
I 1) A 8 A LA
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xR ¥39%

3.6 SLHBRMEHEELE

N TR 56 BT B B M e, B DChOA 5%
5 SO IR A X 7 8 4% % (GA-CX2)P0 . i
L (ACO). i T I0 B B B9 S0k () hr 1 B vk
(IMRGHPSO)! [ 3 W FH il A5 40U K B (SA)P2
ST b, R S H0R B S A JE 4R SR, N
VEAE 5 AN [RI3 T RUBE ST AZ AT 20 R, 4
RN 5 BT R (AR SCEEI SRR ER B IR IR).

®5 EEMRERIEE

S HiE RAUE T EME
GA-CX2 695 717.8
ACO 705 719.0
st70 IMRGHPSO 679 686.2
SA 677 681.0
DChOA 675 680.3
GA-CX2 27861 28564.4
ACO 28717 29448.6
KroA 150 IMRGHPSO 28024 28231.2
SA 27063 27284.5
DChOA 26979 272713
GA-CX2 53613 56419.8
ACO 53833 54161.5
pr264 IMRGHPSO 55162 55440.6
SA 51107 52839.3
DChOA 50357 52238.8
GA-CX2 60643 62345.5
ACO 47229 47701.0
lin318 IMRGHPSO 47834 48042.8
SA 44395 44786.5
DChOA 44136 44276.5
GA-CX2 155135 168264.0
ACO 99269 99901.2
att 532 IMRGHPSO 106212 107023.8
SA 92540 94251.0
DChOA 91502 92712.8

R 5L HHE R W, Lk m A E L 2T E,
DChOA ¥t T HoAth 4 b 503, FLATRLUF ISR A A 15

A e . MWCSIE Gl mT LUE H, 76 A8 [R] 35 AR 7]
W, HHXE T GA-CX2 FISA T &, 15 2 TIr 4R 2 51 -+
1 I, DChOA 3% K £ 30 18 A Py sl e U8k 21 5 e
B BRI T GA-CX2 H A T ) CX2 &8 X T R AF
fE—EME B SATES R T B EA —EM
M AR A AL 22 BE WL 31, TE32 %60 i 2 B 14T 1 AL
R, W B K EEA A REI 8. IMRGHPSO HiE M
RE R R4, FE R FNEIEF I T 2-opt #13-opt
Py, 43 S B & R AR R RE 0, (A R 5 BT K
RE JIAN 2, T B0 VR 4K 31 S AR . 7E pr264 Al att 532
SEA R, ACO 5 ChOA 53 B 4R Wi St ] #H 3T, 12
DChOA 3R fift i K 5 2 v, H ACO BH L [ N R il e At
fifk, SR fife 45 A 22 0K B K 7, DChOA K fif TSP
BB W Sss B AR e

3.7 SHBBEERMAEELR

bR T 52 BT LA, AR SRR 5 A L
BB Be B (RS B HUIR R SRk DSMOP3) | Y
B 2 gk SRR 24 B AL A [ 5% 4 SRR ICANO A Y
HESR 25 55 1 85 e S35 VPBA-TIRSN) i 1 %o b Sz 56, 45
R 6 (R SLEIVER R AR IR I R R). 25 R &
7N 0 T eil 76 Flrat 99 52491 1M &5, R 5 DChOA L3 1
B AR 5 T Hodth S2491), DChOA K ffhs i AL T Hodtl
KEZHEE. X tnT BLE tH, DChOA K fif TSP (1)
RCRAR T I K 2 BOCHR T H H 10 50925, 100 I g
FEPRACACSRE SRR TRAT S I A2 T AT ().

4 4 @

RCHEH T — P T 482 5] Sk oR i TSP
EUHUCERR AL B, R T R A A B K
AP A ) A R 8 I AR R R B R
5, GINZH P 2 20 SR R S IR B A, B

F6 ARIEEKMBLERIILL

S (T AR AR AR ik ik S (B AR AL AR Bk AR L%
DSMO 558.68 DSMO 3048135
DSSA 55931 DSSA 29666
¢il 76 (538) ICA 544.37 kroA 200 (29 368) ICA 29430.88
VPBA-II 552 VPBA-II 31473
DChOA 538 DChOA 29565
DSMO 1225.56 DSMO 45460.25
DSSA 1221 DSSA 42 686
rat99 (1211) ICA 1219.24 lin 318 (42 029) ICA 42307.53
VPBA-II 1243 VPBA-II 44980
DChOA 1211 DChOA 43913
DSMO 27591.44 DSMO 112105.2
DSSA 27027 DSSA 111450
kroA 150 (26 524) ICA — prd39(107217) ICA 107917.10
VPBA-II 27336 VPBA-II —
DChOA 27231 DChOA 111262
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BN BRI B 2H 1F) 52 IR S A 4R A 5] B
¥, DRAIE AP RN R i 1 4 R R A
73, I BT I R AR P 1 5 SR T T T R
)R 5 REHER. L a8 /R WA 5 H 7t
& G182 ST I3 B v R DChOA 7E SR A i B AT
SHCH FEE T T A Y A U g R A A N T
KAl TSP A& v 47 BAT R, N — 8 B0 58 07 1) 2 K
H AT 2 HAE A .
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