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Abstract: Considering the problems that particle swarm optimization (PSO) algorithm and its
variants are easily to fall into local optimal solutions and convergence in the optimization process
of complex constrained multi-objective problem, a novel PSO based on dynamic learning strategy
and mutation factor (DSPSO) is proposed. First, through analyzing the learning mechanism of
particle swarm, DSPSO introduces the dynamic learning strategy, enabling particles to adaptively
adjust the weights of cognitive component and social component in the iteration renewal process
and guide themselves to explore in the optimal direction, hence effectively accelerating the
convergence rate. Second, by introducing the ladder mutation factor, when the particles are
trapped in a local optimum, they are enabled to break the limit of update-step size to make

tentative jumps in the two-dimensional spatial neighborhood of the velocity vector direction.
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When a better solution is found, the optimal solution would be updated. Finally, experiments are

conducted on the typical functions of BenchMark, and the results show that the accuracy and

convergence rate of DSPSO are better than the contrast algorithms. In the multi-objective vehicle

routing problem optimization, the acceptable and success rates of the DSPSO solutions are 0. 91

and 0. 66, respectively, far outperform the results of 0.16 and 0. 11 by comparison algorithm,

reflecting the superiority of DSPSO in the multi-objective vehicle routing problem.

Keywords: vehicle routing problem; multi-objective optimization; particle swarm optimization

BT REAAT 0 I B AR BRI i TAE 2 1 PR
4 Jry M A5 2 1T A D0 B PE L f HEXT Pareto 3F S G i 4R
T A AR A0 32 82 R R AN BURR J2 H A AT 5
B A BENLOC AR . BT B AL AL AR 1 35t
B3 WO FEvE 45 2 bR Sk M gs & ok 1
B TL Bl 2 o 2 S AL Al & R A R
H AR K i Pareto S i 4 h IR T RAFIORSCR .

KT HESE LR 1995 4R Kennedy %5 42 H #4915
KT ¥ 5 W) R ik e 12 2 gk 3 8] E i LAk In) it
BE S . 4 T B T B s ) kL O AR R (BP-
SO, IR HF 0-1 FLA Y 8 Bl A 1, Scik 7]
XFIESE PSO 1 2 B Hufk » 76 58T ok A2 b 547 3 L
B W ik g BPSO I H] T e 4 5 B0 R 1n) &, 15 2]
TR YRR B A . HAR D 7 AR B A R AR 1 1
. SCHRL8 ¥ PSO W T 2 H AR T’y (MOTSP)
B &, SCHRLO JH PSO FH T 22 0 % 42 [A] 8 (VRP)
AL S T R AR R as SR . toh kLT RE
FEAE A AARAL B A 2 B b Ak 55 S
FRIAT T Tz W BE T S 0 L B kL e H A e
BT ik T O 24 ) 00 53 EL AT W S5O AN 5 B A )
s B G B 1)

ZE A AR ) T MR Y 21 & O Ak TR AL 25 TR
B LI TA) A0 g A 45 22 H bR 29 R 2% 4F R B0 4 i
(EX IR ATy L= A 11 P NS QN i A Rt
A B B2 LA T 8 i 3 2855 2 7 AT
Y AR TR Lok B 3 N 9 TR o AR A A
Gy AL 23 o3 1Y B R O SR 98 28 AL A T R
S S D R BRI B O s DABK R R R LR . S
rh e BCHA 5 b g i kL B B R AR X F O
BenchMark JEE M i & £ F1 2 B 45 094 25 2 R il
[ 2259594 B 1) @ (CVRP) B0 1iE 1 A S el i 35 2k 1 A
RO

1 FRpuE PSO & s
25 A o PSO 8302 oh ok T 3 P R T 7%
L

http: / www. jdxb. cn  http: //zkxb. xjtu. edu. cn

Vg = wvy T ar (pu —xu) T core(pog — xi)
Ty = T + vy
@b
i HRMENERTY 5 poy R p oo 53590 KL T HE
A Jey T B A 42 Jry e AL 5 00 oo R ) T
Hirr AW 05 1 ZEIMBENLEG e (pu —
Zia )~ Cory (Pog — xia) 43 99 KL T B 2o A ep A A
WA> AL 22 153 s cory s eors TROE HE BRSSO A K
A2 R R EOEERE. X or 8RR
TR AT A RBAE 52 A AR AE 19 52 I 35K e 25 T
EA IR N RSl A R S I o A e Y SR B
BREITRAEN s 2 Y cory BERIRL T2 B n{E
A 24T 4 Ry B A 32 42 )R B U AE 52 i AR -4
o R U ER 8 AR TR T 4 R S #E Y
HEAT 3G 5R HAR R BE T - W] A ) T 3R i 8

2 Btk PSO 33k ke VRP [a] i gl

2.1 it PSO &%
2.1.1 #HAFIAFHIIN HELMARYE PSO K
I SO AR S 42V Y AV LI ST R T e 3 LR N 15
R BRERAZEN., AXGIASSEINTF
<0150, > KL F1E d 4E75 [0 3 R, s B v, =[ o},
O s o JRIEE oy =[xl s xf s 2l JI BT AN
vl =wv! t om0 (Pl —a!) F om0, (gl —1‘7)1‘
x4 =xf +od J
(2)

FH 2 Pl @lhew 2390 R KL T 14 A A S5 A0 A A 4 J) I
TCAETE d 48 W i . 2% > B A HUE i 2 )
W Py Al o e Rl P . o S id ik Bl HL R 0™ A Y
L0 1K M PN I REAILER . Py, T o 1 R 20N

0 =1.0.=0:. ¢>P)

0, =0,.0, =1, ¢o<P,|
0, € [0, 11 —H 5. MBENLE o KT Py, B, 36 %
R 25 B0 7F B B B A v ) L B R 32 A A
AR B 51 T 38K s 2z W) gk 2 A 00 43 8 B B
L E R 2 e R R EE . Py AR

3




%o

£ PR A= R B U e I Ei R A R T R S RER 99

B
P,(i+1) = mChy + hy) +nl

L = fit(gbvsl)
] fit(x,) + exp(—10) { (4)

T—1
T
T o 5350 S o i R 6 AR U 0D 24 i i AR
B AE AT A X 2 2T W 235 e A A A5 R T
1] 1) 42 SRy de I o > 5 AR RS B3, AR 2 )
AR 23 1) 52 M 328 BT U /0N 5 - B 2 1) N AR AR B 2% L iX
A F T FPRE 2R A PR R 5 fit (o) S Y HT A o 7Y 3
N BE TR PR A by R Y A B NS A R
DG AL B 07 B ) ST AR 88 5 By Ay AR ) 0 28 )
2 S BESR B0 5 m on 43 0 BUE R 0. 15 A1 0. 300,
AR A BenchMark 3 v o8 500 328 £ w9 g
B pR BOR I 10 H 5 0, 19 B D0 HBUEL DX ] B Sphere,
Rosenbrock W4~ Bl 5 %1 J Restrigin, Schwefel 7
A2 U PR B2 ) R R 0, FEIXELO0, 1]y
ST ZHAH L 43 BIHRAT 100 U, 75 21 4 A4S i ek 2R
LA AR A LR .

10° 80

h2:

10°% 60
o
® 1074 = 40
10*60 1 1

1 1 1 J 2 1 1 1 J
0.0 02 04 06 0.8 1.0 8.0 02 04 06 08 1.0
90 90

(a)Sphere FR%L (b)Rosenbrock K%K

2550 L

1 1 1 J
00 02 04 06 0.8 1.0
6,

6,
() Griewank PR %Y
BT g2 ST IR A R O 2 7 4

(d)Schwefel pR%k

2.1.2 B TEN By RAL M B ALE R
BER 2 AR AR ML AT 0 B A AT — R R L Y
HAN Y R BB IS AR O T AR E % A e
PR S 1R AR B AR 5 D032 e Xof R A A
1R HE 4K TC 80 R A DA R B il b R R AT
— TR, R B A R EB s UL R DL A TR
R DL A2 S 38 B A it LA AR 1 42 J e A A%
ARSCR B 222 AL 51 AR A F o, TR
TR S Y S R AL BRI e Ty . YRR A A

http: / www. jdxb. cn  http: //zkxb. xjtu. edu. cn

Jr ¥ Fe DG B 36 3 A R R 1Y) S A KRR 1
LRL - 7E 5 A7 S O A 3 5 £ 5 ) b AT B A
AR . A SR I A - 1 ) 2 58 Bz 22 22 Bl
il o 20 e B R B A S 38 S5 0 B > 2k AR Rk ) R
fitlh b A K w0 BRI B
w=wtk, k=1,2,3,,n (5)
K o R RAFR T, R LR AR A TR AR R A 2
AR ARECT WL 0K sk WA s n BT I
FR. Yk ARl s LS . RAZB A & N 1 FF 4R
HUE AT 52748, B ALEE P 43 00l i#F 47— UK IE 1] A
B 1) B 548, FF AT — IR i B L  — IR R AR 5 AT
ANHE A BT DL A o D)5 K 5 A8 B B AL a4 B PR 1
A Bifi 2 7 A T R B ) 98 A8 R B 2 Bk 1) JEUAR GE
B HURTALE b BTN W RE AT E B0 47 AT SO0 A
TER R R AR R A vh % PR LU X i o UG A B A A A A5
127 A DUk Y i g A e L AT i B 5
AR E A AR S TR . AR AR IS B L FRAE
n JE AT AS RE K >4 H R T B LA 2R i R A A
I SRR PR 21 58 AR 1R S L K AR B BB & HL
1 gk s de kA R A kAR B R L A5 Az S
2.2 SHENFEHRKRZEA
2 H bR A n] 380n] 438 Sy
X = [11 s Ty st ,AT,,:IT 1
miny = g(x) = {g,(2),g:(x) g, ()}
x€eEM={x|[x) <035 =1,2,,p} J
(6)
Krpax HREAR Gy S Hbrm s M AR &
ARG Btk e 1Y AL AT i
PR AR In) R 8 G ek R R L — R
FIBC % AUBCE G2 L 38 A L HE TG 0 PR AR 8 B i
PEHC 6 Y B By, [ A R IR
AL B A K AR E 4, R4
AN e (k=1,2,-+ K) A L HEC% G ZOR A%
T AR R TR R e, ((=1,2,--, L),
H max e, <<max h, , K /& 75 5K 09 B UL BC % B4k
Ze 5 % A2 ) B CVRP) He £ ik 47 75 (MTSP) i)
R L R R A R A A AT SRR X
o A0 C 326 J2 48 O 3% % 4 109 o D0 Ak Gn B 88 A R 55 L AR
SCRH 22 B bR Sk b P A 0 A 0] 8, 25 R 4 A
Fic 326 S 2k v ) R B L B JR) B R A 2R R D 3 A
SRl =R 7 -G 51 I ¢ = /N W
S=>)S. = >, > L., (7

i=1 j=1




H.
s
4

7 4Rk 9550 3%

K
L.,

K H
T=XT, =22 (8)
i=1 ' i=1 j=1 VO,/
K K T
Q=>Q = > DL, (w, +uw (D
i=1

Kbd BEWHS S, FEW R EAEFS Y8
PEAR 57 A S TC 3K R TA) B B g s HOOh B
LK i R OB T, e %
PR ] sV o % G BR B b P AT b
BE 5w, R g % B R R 1 U S AR s w0 S ER
fLEE AR 2 .

A SCHENT 1 22 H b R B R

miny = f(x) = {g, (). g, (x) g, ()} (10)

g (@) =8S; g¢() =T; g,(x) =Q (1)

R AT R D S T R AR AR A A AR L TE
TH B d5 2 TE 36 % 2 10 A0 A R B I SR A T AR o A
RN G — 46 bR &2 40

G iwi<g,(.r)*g,-(1)x )1

o gt - A
N
Ew, — 19 w; 6 [091] J
i=1

A GO B R B R B TR 5 g0 (o) " R i A
FIFRTE SR FAR 295 Fe 0TI 326 B 2k 9 BRAR(E s 00 O
FLEARET A N O BAR SR G R Ok
AU AL SR DSPSO 3k /9 22 B AR 4% 40 42 1)
it () =G o) TSR il R r .

THi6

9. HHSKR T pre JIEHMUE G5

10. if G'>G

1. FEr 2Rl ..t EH G.G=G";
12. else if G=G’

13. For j=1 ton

14, BT — BB 2 T w, EH G
15. if G'>G

16, FH Pres s Zhewt 1 G G=C

17, W)F w BN AR E . K 1L R

18. end if

19, G R R AR EGE F5 R AL Bk 8 35 5
20.  end loop

P

3 SR 54T

3.1 Benchmark Uiz e& £}

TR AR SCR R A B R Benchmark
M oRESCIN AR v i i Y R B AT I KL R R 4
LG ) 0 oK BN 4 A 22 06 [R) BRI B, TR 1 TR
SIS REE A AMD Athlon ZbHEZS , 45 2. 70 GHz,
2.0 GB A7, Win7 $5% F#5 4 Microsoft VS 2013,

SIS w SR SCHR (12 ] 0 28 B 4R PR A, 36 AR
DCIE] R 0. 4, 0. 9], KL F A ARECH 40, bR B R
30, B I TR R EUE 0.2, & K& H
10 000, Jf & W7 158 M A & 0y kL 1 #F 55 B PSO-
w' ' ARfE PSO B3k SPSOM™ i 8L H 1 19 PSO

L. WG w, VLR R &R 1Y of (x5 Bk PSO-2 (4l &% 2 Jmg PSO Bk CPSOM™ |
2. WIS AL B N T A B PSO 8 0  AVGPSO 5 ok 7
3. I pren gue IFHIE 2 B IRAMMUE G5 A RSRE AT L8 . b 5 R 5 AR SO
4. loop ESHOBCE — B A TR A B R R )
5. HEAIMR P IBAT 60 WL GEIT & A 45 Hh v o B s AT iR
6.  BE BTN TR <0.0. > {E(BR) | A5 #E 22 (SD) | 3k £ 7T 2 52 A 19 18 2 %
7. HURRLF R EE of FIALE 2 (SN) B ie M) 38 (SRO 45, 3k 2 o
8. TR T AR E I 5
% 1 8 /N4 30 89 Benchmark 2 4 ) 3% & #
PRI 2L L% SR A X35 A A 4% 5 fif
Sphere [0,0,++,0] [100,100] 0 1Xx10 %
Schwefel’s P2. 22 [0,0,:+,0] [—10,10] 0 10
Rosenbrock [1,1,--,1] [—10.10] 0 70
Noise [0,0,++,0] [—1.28.,1.28] 0 0.5
Schwefel [420. 96 ,++,420. 96 ] [—500,500]] 0 3 000
Rastrigin [0,0,:+,0] [—5.12,5.12] 0 2
Ackley [0,0,++,0] [—32,32] 0 1X10°1%
Griewank [0,0,++,0] [—600,600] 0 0.01

http: / www. jdxb. cn

http: // zkxb. xjtu. edu. cn




%59 4 SRR A 22 B AR A I AR 1) R R T R O AR ST R A O 101
% 2 6 Arxrrb A kA Benchmark X &% Leys 74 R
E3Re it PSO-w UPSO PSO-= CPSO AVGPSO DSPSO
BR 4. 94 1.07X10 % 7.47X10°% 7.46 X104 1.75X10 1.09 X103
Sphere SD 79 1. 88X 10 % 2.96X10 " 7.43X10 0. 00 1.21 X101
SN, SR 0,0.00 50,83. 33 60,100. 00 60,10. 00 60,100. 00 60,100. 00
BR 455 11.7 83 45.6 26.7 4.24X10°
Rosen- SD 309 18.2 31.8 32.8 0.974 17. 11
brock SN, SR 0,0.00 53,88.33 0,0.00 15,25.00 60,100. 00 58,96.67
BR 10. 8 9.63 21 34.9 8.20X10 0.113
Schwefel’s SD 18.9 19.8 15.6 18.2 5.87x10°7 1. 90
P2.22 SN, SR 0,0.00 1,1.67 0,0.00 0,0.00 60,100. 00 58,96.67
BR 0.175 0.299 0.171 0.198 5.62X107° 0. 160
Noise SD 0. 341 0. 35 0. 325 0.312 0.699 0. 325
SN.SR 11.18. 33 11.18.33 11.18. 33 11.,18. 33 29,48. 33 11.18. 33
BR 126 8. 96 94. 5 14.9 0. 00 0. 00
Rastrigin SD 159 5.45 67.7 13 0. 00 8.55
SN.,SR 0,0.00 33,55. 00 0,0.00 8.13.33 60,100. 00 54,90. 00
BR 2.99 7.55x10° " 7.55X10° " 7.55X10° " 4.00x10° " 7.55X10° "
Ackley SD 0. 104 3.28X10° " 0. 85 2.87xX10° " 0. 00 2.87x10° "
SN, SR 0,0.00 60,100. 00 20,33. 33 60,100. 00 60,100. 00 60,100. 00
BR 0.165 0. 00 0. 00 0. 00 0. 00 0. 000
Grieramk SD 2.88X10 * 1.01X10 * 0.419 8.77X107° 0. 00 1.2X107°
SN, SR 0,0.00 39,65. 00 5,8.33 37,61.67 60,100. 00 41,68. 33
BR 4 500 1620 2 750 1 780 9 080 1190
Schwefel SD 596 383 756 617 1090 3 810
SN, SR 0,0.00 54,90. 00 1,1.67 31,51.67 0,0.00 58,96.67
H 2 2 A1 145, B pR 2 Noise pRELH T H ¢ sop Z?é’g%? 23 - PSO-wifi
S5 30 R A SC B0 T o 918 LA 6 I T Sy Nt
AVGPSO 5% 162 I BT IF B3t 31 AT 2515 2. i S\ Avorsomm F, | . Norogn
A SCEE 30 2 5 51 S S — A5 R 0 NS S
Ve RS B 1 L AR A IF) 25 ARBCF AVGPSO ] T 4 R T e ST R
SR SRR HERURE PE A SO ) 4R et () Rosenbrock 5 52
TR H
N ; PSO-wifi $t
TR TR A SR Ok Shsom i
Wt SRR RO Bt TR R T R R R ST psowmk 'S Creomd
e SR F FE CPU B 157 A 10 50, XF 56 i KR CRoum 12 DwhomE
S5 S R I 2 AR 200 R 00 0 Ak - WorSonn =0
I 2 FCBOH 4 000, 28 B KB 500 Y 1R B — B
Yo A 8 ik 1 2 B 10 000, AR 4T 60 I R I T
CH P 955 SR  f MATLAB |79 4 Wi 8 i N
- (c)Schwefel P2. 22 pR %L (d) Noise PR

PEX LLANTE 2.3 Froi .

TP 2.3 Al B e R K rb oA (R AR B A f A
fift o AR EE A P B0 AR ORI R B A 3
G 5 REAE iR 78 B 2 AR N SR AT B 4 1 A A
figt » BIVASEA 5 0 R T R AT SR B (. 22 0 pR A
BAZ A AR R i PR A Wi S PR D B 28 T R 1

http: / www. jdxb. cn

http: // zkxb. xjtu. edu. cn

2 4 A B pR 2 4 8 H Bk I W SR X e

B AR A e A0 B Bk o 4 ) i DG 7 e A SR AR AL
AT R R B 22 R B L R B AR T A
DL 2% 25 42 R AR AR BE J1 o 76 DR L B R Wi 84 A9 Al 32 T
REAR R AR AT T 4f 1 2 Jey B DL




102 i T " S ' I = SO 3 50 %
~- PSO-w 280
----- SPSO
6 -— PSO-x 14 — PSO-w 260
— CPSO o 240
5 e AVGPSO 1.2 SPSO N
4 —— DSPSO 1.0 :Pi(s)g 220
‘lﬁ NN e 0.8 . x('iVGPSO 200 B i L ! '
B 0.6 —— DSPSO 180 s 180l "1 aetomm
04 Fx-—-———----——— - ———— 120 130 140 150 160 170 120 130 140 150 160 170
| NN VU 02f,>
I e M L T (m%ﬁgiﬁﬁﬂi <Mﬁﬁgiﬁﬁﬁ@
AW H10° =R K H10°
(a) Ackley %L (b)Griewank pf%{ 280 280
PSO 260
- R— -W
,,,,, o — SPSO | 20
—_— PSO—x - PSO-X 220
300 — CPSO 14 — CPSO 200
250[ —— AVGPSO 1 _:SXSSPSO 180
200 S~ T DSPSO w10 120 130 140 150 160 170 120 130 140 150 160 170
%150 = X x
100 Co) IS ) £ 5 %9030 1A (d) 3% H L8k
50 B4 8RR A 5 O 0 i 1
0 4
HRH10° %R B0
(c)Rastrigin PR (d)Schwefle P %L %3 BBiESEALFRLEREEERK
3 4 A0 pRET I 4% R EE B 1 W SLE X AW = AR R TSR
3.2 Eiﬁﬂ :,_ﬁurh-mi 1 (145,215) 0
T B UE A SC R R TE 2 bR 4 G A% 1) S 2 (151,264 1100
AR EE L A SC R HC VRP B FE Y E-n22- 3 (159,261 700
k4 S %S AT 22 AN R A — AN M % 4 (130,254) 800
(B2 1) AR R TR 5 & 5 A b o 8 R I g (128,252 1 400
ﬁ%ﬁu% 3 iR 6 (163.247) 2100
YR C9 T SR A LA, 75 0 B 1 £ A ik 7 (146,246) 400
mﬁﬁ%&N@Tﬂ%m%oﬁT@%mw& § (161,242) 800
S8 AT A T 6 A5 16 Sy B — 8K BE . 3 2% 0 5 ] () Bk ) (142,239 100
FCHE B0 R I B K B A B B A I S, . ARR R 10 (163,236) 500
5 H AN % 150 AR AR O TR AT REA LT B B 1 (148,232) 600
B B LA B 010 2525 R W 5 4 L R SO 12 (1e8.230) L0
F A i WAL B B Vo W, R U, B 7 2 B 4 13 (156210 1300
SR S, i e B 10 AT B S B A H (120210 b
m%%mﬁﬁﬁw)@>w)umﬁ%mﬁ%% 1o (146,208) 300
11 4% 20 A (0 5 50T (D) 16 (164.208) 900
SEH P VAL T w SR JH SOk (127 9 28 g 2% Pk 17 (141.206) 2 100
™ \ 18 (147,193) 1 000
KRR, B 2525 > T3 B BUE 0. 2, B /Nl
60, 1k S AN 200, Bl 36 40 K — 4, 875 B 4% 25 4k 1 (164,193) 900
20 (129,189) 2 500
6 000 , i FH A 325 3 % 4% B H b7 47 2 46 20 H AR K 7
ﬂﬁ ﬁﬂrﬁl 4@?3‘ 21 (155,185) 1 800
— 8 [TS “ N 22 (139,182) 700
5 B AR B A0 A8 S fo PR T % B R T F
FEEB S.394. 433 [5fE] T.5.702
1. 1>12—>5—>4—>2—>3—>8—>1 41 B .1>6—>7>2>3>8>10—>15—1
2. 1>17>20—>14—>1 X2 R4 .1>16—>19—>21>22—>18—1
$ Ik .1>13>10>6—>7>9—>11—>1 3K . 1>17>20>14—>1
T4 PR . 1>16—>19>21>22—>18—>15—>1 % 4 R4 . 1>4—>5—>9—>12—>11—>13—>1

http: / www. jdxb. cn

http: // zkxb. xjtu. edu. cn




%o

£ PR A= R B U e I Ei R A R T R S RER 103

W Q:356. 271
K1 g 1>13>15—>18—>19—>21>22—>1
X2 PR 1>17>20—>14—1
% 3Lk 1>12—>3>2>5—>4—>1
4 PR 1>16>7>9>6—>8—>10—>11—1
R B bR R LE A 2 B AR LA R 94 5 H bR

FRAE  6F bb 5 B AR Bk B 59k 5 A SO Bk
1E 2 HARAL S b i 38R . S0 ok 7 Al K
/N 60, EARELR 200, BL ik R ECR 4. R AR
R 6 000, FEANE S AT 70 W HE AR KT
0.5 A ZE R Al $2 32 ik . KT 0.6 S I
I3 M TS B AR AR T 2 A 5 S A 1 OB M
e, AT H2 52 2/ WD) A0 Ry /R, S LA AL BEE 32
RS Fe A AR AR BE fife X N 0% 2% B H bR A GRS/ 15 ] /
WHDICH B, 45 RNk 4 iR,

R A BT Ak R Leyia T R

Bk R, /R, S B

PSO-w 0.03/0 0.548  596.28/7.80/533.73
UPSO 0.04/0. 04 0.686  553.22/7.27/451.48
PSO-x 0.16/0. 11 0.837 453.39/6.65/421.03
CPSO 0.10/0.04 0.774  491.42/6.38/467. 22
AVGPSO 0/0 0.148 670.26/10.43/727. 67
DSPSO 0.91/0. 66 0.887 470.48/6.08/385. 97

AR SC AL B Bk BN
1B 1>4—>5>9>7>2>3>8>15—>1
2 B 1>12>14—>20—>22—>1
%3 R 1>6>10>11>16—>13—>1
A BRE . 1>18>21>19>17—>1

TEM R SE IS BTN L 2 S8R & R R iR/
60, EAE R 100, FLik B 4, FH A &S
6 000, Hf 5 it Lo 58wk KA SC el ik 54k DSPSO 43
BT Z LB A2 4T 400 W, SR KB 17 T A3 e &
T ALEE , WE 5~7 iR,

400 ) 400—3 .

3sof § T 350r%

300[ ¢ T 300—§ - )
2 2501 & ;- ©og250rE T )
izoo : T ' j’i 200—% .
1 150 . Nogsol§ .

100-% o 100 % .

sof § 50—%
0

0 1 ‘I 1 1 J
00 02 04 06 08 10
FEALBE FALEE

() PSO-w 81745 (b)SPSO 84745 R

K5 PSO-w il SPSO X L8 1232 1745

ht L | 1 I. 1 J
00 02 04 06 08 10

http: / www. jdxb. cn

http: // zkxb. xjtu. edu. cn

400 ¢ 4001y
. 3
35013 350} ;
303 - 300} §

2501 ' 250+ & -
2t i H
=200 3 & 2001 &
M50l § M 1501 8
ook - 100§
. ¥
50} . 501 4
2 L

J

0 1 1. 1 1 1 0 1 1 NI
00 02 04 06 08 1.0 00 02 04 06 08 1.0

AEALBE ABALBE
(a)PSO-x iz 1745 5 (b)CPSO iz {14537

Kl 6 PSO-x fil CPSO X W34 38 1745

4001 400 -
3501 350+,
300} 300F ¥
ﬁ 250 § 2501
& 2001 - & 200
9 1501 W g5~
100 100F, °
s0f sof & 4
0 I 1 1 0 .~ P L'-":..'l )
005 0.5 025 035 00 02 04 06 08 1.0
AL AL
() AVGPSO iz 1745 53 (b)DSPSO iz 17 45 5

E 7  AVGPSO F1 DSPSO )iz 1745

HI 4 AT L AR SR B 0 A8 AT 2 32 R AR )
R T A He SRk s L e U0 AR ARLRE L G A T
bt A . XFEGIE] 5~7 n 45,5 ot b B i A AR
JER AR A 0. 1. T AR 3C ok Bk 57k W B & o A A
[0.45.0. 85 DX ] N - BEHIA SC RS L 7R 2 H AR AR
Ak [ 550 v B 42 3T B 5K Pareto i1 L R B T £ £ H b
DAL IR AR L A bk

4zt B

B XL B AR b B85k B B A\ Jmy % e A1 R
SR T 8, A SCHRE Y R T Bl 25 2 2 SR W R B O
2o WU 7R o i 2 ACECRRL A AR 5 4 R
A 8 30 RL B A 45 45 2l 25 TR A 23 W43 R IA A
S3FE T B LU EE , 51 Sk R I A AR
ik L& € i P T N N 1 Rl S R i i A
TG 1 SR AP K 1Y BE T A RIGEE S kL B AR
B L » 3G 9 4 Jmy 2O 1Y g

i F Benchmark K& i ] 32 ok 25042 v iy i A0 PR
W 1 2 0 R RS0 3 485 R 3 W) AR S i B vk A LA
X VS0 A B G 1) SR iR RE AR R A, L T A AR IE
WS T4 T R B ISR B . 2 H AR i




104 [ S NI S 5550 %
A2 IR L ) S0 5 I, AR SC B s H A o L B BE B [10] DUAN Peibo, ZHANG Changsheng, ZHANG Bin. A

PeAF EIL R I IL B L, AL T 78 CVRP 4L ) |
(Y R A PERE

S % Uk

(1]

(2]

(3]

[4]

(5]

(6]

7]

[8]

[9]

YUSUF I, BABA M S, IKSAN N. Applied genetic
algorithm for solving rich VRP [J]. Applied Artificial
Intelligence, 2014, 28(10): 957-991.

ZHANG Changsheng, YIN Hao, ZHANG Bin. A no-
vel ant colony optimization algorithm for large scale
QoS-based service selection problem [J]. Discrete Dy-
namics in Nature and Society, 2013(6); 1104-1116.
KENNEDY J, EBERHART R C. Particle swarm op-
timization [ M]. Berlin, Germany: Springer, 2010
760-766.

CHATTERJEE S, SARKAR S, HORE S, et al. Par-
ticle swarm optimization trained neural network for
structural failure prediction of multistoried RC build-
ings[ M/OL] // Neural Computing &. Applications.
[2015-12-127]. http: // link. springer. com/article/
10. 1007/s00521-016-2190-2.

VERE, RIR, W0, 5. A& DR T T Bl 4 W 4% 32
BRI AL A [J]. 75 % 3838 K% R, 2015, 49
(10): 103-108.

XU Rong, ZHOU Dong, JIANG Shizheng, et al. A
traffic forecasting model using adaptive particle swarm
optimization trained neural network [J]. Journal of
Xi’an Jiaotong University, 2015, 49(10); 103-108.
KENNEDY J, EBERHART R C. A discrete binary
version of the particle swarm algorithm [C]//IEEE In-
ternational Conference on Systems, Man, and Cyber-
netics. Piscataway, NJ, USA. IEEE, 1997. 4104-
4108.

PARSOPOULOS K E, VRAHATIS M N. Recent ap-
proaches to global optimization problems through par-
ticle swarm optimization [ J]. Natural Computing,
2002, 1(2). 235-306.

WANG Zutong, GUO Jiansheng, ZHENG Mingfa, et
al. Uncertain multiobjective traveling salesman prob-
lem [J]. European Journal of Operational Research,
2015, 241(2) . 478-489.

LI Ning, ZOU Tong, SUN Debao. Particle swarm op-
timization for vehicle routing problem [J]. Journal of

Systems Engineering, 2005, 19(6): 596-600.

http: / www. jdxb. cn

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

http: // zkxb. xjtu. edu. cn

local stability supported parallel distributed constraint
optimization algorithm [ J/OL]. The Scientific World
Journal. [2015-12-10]. http: // www. hindawi. com/
journals/tswj/2014/734975/abs/.

YIN Hao, ZHANG Changsheng, ZHANG Bin, et al.
A hybrid multi-objective discrete particle swarm opti-
mization algorithm for a SLA-aware service composi-
tion problem [J]. Mathematical Problems in Engineer-
ing, 2014, 89(1). 112-121.

SHI Yuhui. EBERHART R C. Empirical study of
particle swarm optimization [ C] // Proceedings of the
1999 Congress on Evolutionary Computation. Piscat-
away, NJ, USA: IEEE, 1999: 1945-1950

TAN Guanzheng, BAO Kun, RIMIRU R. A compos-
ite particle swarm algorithm for global optimization of
multimodal functions [ J]. Journal of Central South
University., 2014, 21(5). 1871-1880.

LI Jun, SUN Qirui, ZHOU Mengchu, et al. A new
multiple traveling salesman problem and its genetic al-
gorithm-based solution [C]// The 2013 IEEE Interna-
tional Conference on Systems, Man, and Cybernetics.
Piscataway, NJ, USA: IEEE, 2013; 627-632.
TANG Yaoping, YU Hong, WANG Wenmu, et al.
Application of TSP model based multi-objective in
Yongzhou city’s tourist routes [J]. Journal of Central
South University of Forestry &. Technology, 2011
(10): 154-157.

SHI Yuhui, EBERHART R C. A modified particle
swarm optimizer [ C]// The IEEE International Confer-
ence on Evolutionary Computation. Piscataway, NJ,
USA: IEEE, 1998: 69-73.

CLERC M. The swarm and the queen: towards a de-
terministic and adaptive particle swarm optimization

[C1// Proceedings of the 1999 Congress on Evolution-

ary Computation. Piscataway, NJ, USA. IEEE,
1999. 1951-1957.
L1 Zhuangkuo, MA Yannan, LIU Liang. Particle

swarm optimization based on the average optimal infor-
mation for vehicle routing problem [C]// The 6th In-
ternational Symposium on Computational Intelligence
and Design. Piscataway, NJ, USA. IEEE, 2013. 51-
54.

(ihl A




