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A position transform multitasking symbiotic organisms search algorithm
for vehicle routing problems in cold chain logistics

CHENG Mei-ying't, XU Jiang*, WANG Sheng-jun'

(1. School of Economics & Management, Huzhou University, Huzhou 313000, China; 2. School of Information
Engineering, Huzhou University, Huzhou 313000, China)

Abstract: With the enhancement of living standards and the rise in consumption levels, there has been a corresponding
surge in the demand for cold chain logistics distribution. In cold chain logistics companies, multiple transportation tasks
must be performed simultaneously. Optimizing the distribution route to reduce logistics costs while ensuring customer
satisfaction is an urgent concern that must be addressed. Therefore, a mathematical model of cold chain logistics
distribution is established firstly, which considers costs related to vehicle usage, fuel consumption, carbon emissions,
refrigeration, cargo damage, time window penalties, and the constraint of customer satisfaction. Then, a multifactoral
optimization sharing framework is combined with the symbiotic organism search algorithm, and a position
transformation strategy is introduced to promote the sharing of effective route information. Finally, the position
transform multitasking symbiotic organism search (PTMSOS) algorithm is proposed, which is applied to solve a set of
cold chain logistics distribution problems concurrently. Experimental results show that the PTMSOS can accelerate the
convergence speed of multiple cold chain logistics distribution problems and significantly reduce costs.

Keywords: cold chain logistics distribution; multitasking optimization; symbiotic organisms search; position
transform strategy
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BB AT A B DU AR R A AR 2 B ORRE BEE fi B5 %
FAL S 4 R . ok, A SCHE H A7 B AR 46 S g,
PR AT B e B, L AE B R 0 7 A AR AE
PR¥E—E Z FEYE R R, S AT BE 5T 3 B SR AR AT 55
1) $5 A0 B 3, A6 B0 S B T R . (Rl A
B RAEGNE BT, 5l ASCHR [18] 1 B & B i
HAE B2 H R BEH1 22 (random mutual parameter,
RMP) #E [, HART frs:

2.3.2

MPp, 7y, TMPpp, ... MNPy,

IMPyg, g, TMPg7 - - TPy
RMP =

rmpy. p TMPp g, - .. TMPp oo

(21)

RMP J&— N H x H [FIXFRFRE, Hor X0 4
rmpy, ,, = 1(h=1,2,..., H), BREN 0.95. 23K
FRAT 55 T, WA 2o, SR ARAT 55 T, Bk o AT A
BAZER, ek N RMP AR, £ RMP A B A v
S ¥rmp,, ., HFHH 5 [0, 1] 2 8 BEHL# rand( )
BEAT XS, 2 HA Hrand( ) < rmpy, ., B, SIAE
ARSI BUE BiE R, BRI ME T E
A NS S B B RO ARRS 4 T

¥k 2 HEE B EBAET B TR 1ERIEE
SEANTER

1 for Xt CP H TR AMAE do

2 ift 7, == 7; then

52Tt TR e, ¥, 5 M, 58 A A e

8 end

9 end

10 end

DA [i] BF 3K A P AT 55 TR0 Ty 2 i, A A A
x, M, RIS TAES T, AT, Hrand( ) < rmpy, o,
W, e, 5,02 R R, % 8 4 2B K
fr B AR M, B E 4 TR, MoK o, W5 2
T, 0 2410 4 R S R T AR5 M 5 2 2 HL ™
AR W S AT LA, oo fE - R LR
BT HIRSS BUES T, LRI U5 k4. BE, B
e P AR R S e A, B Sk o, 5 T 4R
IR ) ST LI S SR R M, FRH 22, 5 My, &
LA e, e s 4 B4R 3R, B, B
RERA T

o 2[5[4]3[1]6]7]8 4[3[1]6 8[s[4[3[1]6[2]7]M,.
x, [e[8[52F7 8[5[2]7

El4 (ETHIEREM,, ~EREE

X B51412|3HH6 5121718

Bl5 BETHRBETHRIER M., mEH M mEE

3 ViEEZRMERSHT

ARATIEI X A BE A FAE 3 ADNAFHLIX & P 1
N FERE B, R PTMSOS 55032 [7] I 3K A A 7] F A5
A EEYD G IE S T IR, YR AN IR M X %
J S AT O B i 44 SR 4R, 23 Sl CSLD22.
CSLD26. CSLD30. PL CSLD22 A, 55 0 5 ~20 5
FORK TR, 5 21 SRRSO, X B CSLD22.
CSLD26 1 CSLD30 % 4 FE MK B 4 % 2 A 24T
% #H.: (CSLD22, CSLD26) F1 (CSLD26, CSLD30).
H, (CSLD22,CSLD26) % 7~ [A] B 3K fi CSLD22 #l
CSLD26, (CSLD22, None) 3K/~ Sl R i CSLD22.
CSLD22. CSLD26. CSLD30 %5 F* i 48 2 & Al b
o H R SR, SRS R A s R TR A 4
JEE e 4 il P P T AR AR, 25 I R IR M =80 %,
&P A R AR [0, 6] = [0.006,0.02], & F 7
SR AR R 45 B 11 £E 0.1, 2.0] 118 : 00, 18 : 0078
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FREXRA G ATLEETHRRARG LS54 A M & H 5 RA B IREE P A 771

BRI N SREN. HAh A S E L 1 fizs. Maxiter = 500,
mPER m =2 (max{D,} + 1), SA FHiLKEY]
SR JE 100, F 206 )5 0.001. P&IE & %0 0.99. SA &%
RIEAR AL 20.
F1  AEMERECE Q@R AEXS B E

el HufH 24 i
v 50 km/h C, 50 kg
Vs 3.6t/h e 150 JC/4%
Q 5t 1% 60 G/h
P, 500075/t Ps 6.68 TC/L
Po 0.16 L/km o 10 7G/h
P 0.25 L/km P 15 7t/h
B 1L/ 0, 0.001
B, 1.5L/M 0, 0.002

2.61 kg/L We 20 JG/h
Pe 250 JE/t w 30 Ji/h

3.1 PTMSOS HERME 2 AE %A H YT B i &R
SEW AR
PTMSOS % % [F] i} =K fi# (CSLD22, CSLD26),

(CSLD26, CSLD30) sk il A | b 1R 25\ I [ | g
FHA RS R HECE 18 5 A a3k 2 Fiow. [RIA,
Jy i — 2B 4 Hr PTMSOS £ 2 3K fi# (CSLD22,
CSLD26) f1 (CSLD26, CSLD30) i}, 74§ A F % &
LN, AR B OIS B AR 1 518 A 2R 2
BFE (R 3 ~ K 6 Fion). R 3 0] 0L, fE 2 (L5
BE WA EC 3% 92 9] (CSLD22, CSLD26) H, CSLD22
BAACIE B AR REE R0 1 ~ ZE00 4 25 30RAE 90 %
DA b, AHBRNES 5 AR S — A% P, B DA R
K. 3% 4 AT WL, 241559245 (CSLD22, CSLD26) H
CSLD26 i {IL BT 18 % 42 3 455 10 42 2 OR S 7E 90 %
DA b, Horb 225 4 e R 2k B 100 %. R 5 7]
PLE H, Z4E 555241 (CSLD26, CSLD30) H' CSLD26
I UL IR B A e A A A0 42 R BRI TE 90 % A b,
HZEA 3 R R T R IAF] 100 %. HEE 6 AT LA H,
ZAT %5 52 4] (CSLD26, CSLD30) 41 CSLD30 At fic
16 PR AR AE R R R BRI AE 90 % UL b, o F A
1 FIZEAH 4 230335153 100 %.

%2 PTMSOS EEK#B%{E% (CSLD22, CSLD26) 5 (CSLD26, CSLD30) R 117

LALLM BEHRA/TT S km

SR [)/h LB TR AR kg AT AT

(CSLD22, CSLD26) (2621.8841,3498.1582) (295.3932, 567.6403)

(CSLD26, CSLD30)  (3480.0570, 3169.2818)  (566.436 1, 333.0987)

(17.5812,20.9749)  (5,5)

(20.1868,20.5482) (5, 6)

(206.7382, 358.9324)  (119.0223, 58.5541)

(363.1785,238.5291)  (44.5294, 118.2810)

3 (CSLD22, CSLD26) 1 CSLD22 S {fiigsk

LR HCi K47 W B %
1 21-6-20-2-7-4-8-21 4.5 90
2 21-14-16-17-15-21 4.7 94
3 21-18-19-1-3-5-21 4.8 96
4 21-9-12-11-10-13-21 4.7 94
5 21-0-21 1.9 38

%4 (CSLD22, CSLD26) F CSLD26 S {fii&sk

E= (e e W RHE %
1 25-11-7-13-14-6-25 4.8 96
2 25-20-1-22-9-16-15-25 4.8 96
3 25-12-10-21-8-18-17-25 4.9 98
4 25-24-23-19-3-2-25 5.0 100
5 25-5-0-4-25 4.6 92

%5 (CSLD26, CSLD30) & CSLD26 R Lg%k

TR Aok B A2 BE B
1 25-11-7-13-14-6-25 4.8 96
2 25-5-0-4-25 4.6 92
3 25-20-9-1-19-23-24-25 5.0 100
4 25-12-10-21-8-18-17-25 4.9 98
5 25-15-16-22-3-2-25 4.8 96

%6 (CSLD26, CSLD30) §1 CSLD30 S1fiigsk

LR PiCi% PR A% RE HRE %
1 29-1-5-14-27-3-29 5.0 100
2 29-4-6-11-19-29 4.7 94
3 29-13-8-28-21-9-29 4.5 90
4 29-15-22-17-25-26-12-16-29 5.0 100
5 29-23-18-10-24-29 4.7 94
6 29-20-7-2-0-29 4.8 96

3.2 B{FEZS SOSSA EikM £ 4£4: PTMSOS Hik

SRARABEYDIRBCIS i) R SIS 45 RN

NAE B PTMSOS 535 b (145 5 72 AL R &2
AR S A B IR LA AT 55 B AR, 3R 7 4B 45 H
KAINAE BT 1AL 5% SOSSA B (R SOS
HiEY SA BIEM S G K AT S, fEiFR SOSSA)
M2 AT 55 PTMSOS 55325 3K Al AN [ B0 A5 4 8 4 i 1
6 ) RS 25 B 3R 7 B B S A R A ST 3 A
AR 43 53 R Bk OUIZ AT 20 IR R IR B A 45 R
20 IERAEECEY). AR 7 ATAL SRR Z 5%
PTMSOS 5% i 15 55 A0 B B A A0 2 5 i A 241410
T SOSSA & k. Hoh, X4 PTMSOS & v [F] i) 3K fift
(CSLD22, CSLD26) Itf, CSLD22 153 fe it & il A Lt



772 = % 5

AT 45 SOSSA 5k /> 95.1443; CSLD26 £ i 41
ZAF55 524 (CSLD22, CSLD26). (CSLD26, CSLD30)
o, TSRS A7 5 B SOSSA Fidil 226.614 5
H1 244.715 7; #£ 2 4F 55 5L 45] (CSLD26, CSLD30) 1,
CSLD30 flf 3 f I & i A% b SOSSA 5 i Jik /b
122.810 8. iX % B K Fl PTMSOS ik [Al i >R fil 2 4
VA B ) I T 3 1) R A R D2 TG 36 8 AR, A
Gikie S PNl

£7T  B{ESH SOSSA B X% {ES PTMSOS EiE KRS
RS A EYRECE Q) B SR 45 R

EZE DN

LA/ 7T SRS T

(CSLD22, None) (2717.028 4, —) (2 760.206 6, —)

(CSLD26, None) (37247727, —) (3849.286 8, —)

(CSLD30, None) (3 292.092 6, —) (3332.9872,—)
(CSLD22, CSLD26) (2 621.884 1,3 498.158 2) (2 685.661 4, 3 544.224 3)

(CSLD26, CSLD30) (3 480.057 0, 3 169.281 8) (3 578.060 4, 3 198.934 8)

P 6 4k 4 45 i HiAT 45 SOSSA Hik 5 £ (T %
PTMSOS FAELE R AREA R RUAR 2 AT 5514 BEV I Bl 1%
SIA IS FRSF- 200 87 FEE AL S it k..

H & 6 A5, SR PTMSOS 532 3R it 22 AF 55 4
& Sz ] (CSLD22, CSLD26) #1 (CSLD26, CSLD30)
RE % W 25 I T8 22 AT 55 S SIOH .

3.3 MEZHRFIRANEREBX LRI BEFA
WD BCIE ) R 2 R AT W 43 H
UERTE ZAT S5 PR BT b, 5] N A7 B AR i 5 R Rt

A AN [F B RE R - B A 1A B S 28 4 ) e e A P 00

B2 E R E B AT, 1X B A IR T B AR 3R

W& 1) 24T %% PTMSOS 532, S51E 2114 SOS Hikh

SINBEHE B BT (RESAR R AMA B e

[Al AR [R] BCAS AR [F] B, 34540 2.3.1 5 Frs B2 HAS

BXBERZER N “HERE BT ZT% SOS

592" (direct information transfer multitasking SOS,

DITMSOS)). DITMSOS il PTMSOS 1 & SOS %

VAR MFO S 2 AT 554k, HYRH SA S 73

R, TS G B A2 RIS AN [F]. % DITMSOS

A1 PTMSOS ¥ J B HH R 2 85, Wy — 3. 13X BLK

DITMSOS 553K f# (CSLD22,CSLD26) A1 (CSLD26,

CSLD30) fiff 47 $5  lii A 5 PTMSOS BV 147 %t

b, g5 Rk 8 Arn. 3k 8 WA, 5 DITMSOS 5

TER EG, A3 PTMSOS HVETE SR il 24T 55 3 55V

fiti% i) @ (CSLD22, CSLD26) 1 (CSLD26, CSLD30)

i, P34 AL T DITMSOS 532, 715 5 A

B A R 114.437 3.

xR $40%
3.0p
I — CSLD22,None
. - ! - - CSLD22,CSLD26
(e}
— N 1
i \
= 2.8k
b ‘\‘
B 27t TTNemoeoo o ____
B
2.6 . : - :
0 100 200 300 400 500
IEARIKEL
(a) SCLD22(CSLD26)
4.5 | — CSLD26,None
. ! - - CSLD26,CSLD22
(e}
— 1
i '.
g 4.0 '\‘
35 e ettt
0 100 200 300 400 500
IEARIKEL
(b) SCLD26(CSLD22)
4o — CSLD26,None
- 39! - - CSLD26,CSLD30
— 1
a 381
2‘ 1
SN S
H_ . N @ e e e e e e e e e e e e o2
3.5 . : - :
100 200 300 400 500
IEARIKEL
(c) CSLD26(CSLD30)
4.0 — CSLD30,None
o 3.8 - - CSLD30,CSLD26
— 1
a 3.6
2‘ 1
w | e
B 3.2
3.0

100 200 300 400 500
HER UK
(d) CSLD30(CSLD26)
El6 EH{ES SOSSA EAME{TSE PTMSOS BEAKER
[ AR A S B 2% 2] REL S P U St i %
%8 DITMSOS B £ M PTMSOS B AR SR K44
SHRED 3% 5] B 215 S B AR KT EE

AT S DITMSOS P&~ PTMSOS V-3 Wil

(CSLD22, CSLD26) (2692.8989, 3596.2068) (2685.6614, 3544.2243)

(CSLD26, CSLD30) (3692.4977,3265.9612) (3578.0604,3198.9348)

34 AFEMEBIFERELEX BAEF A Y RACE ] &
ISY5%:S -2 by iy
ik — 3B E ITE SOS #15] N MFO Ji 14 se
T MPE, ¥ MPE 5 SOS #H25 & [RI 0] 3R fif: 2 A~ ¥4 B
Y L2 v # S 5 AR SC PTMSOS 592 i 15 45 3 i3t
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ALE R F: AT E TR G SAE 5L A A VI & Bk KA sk iR BLiZ 9 - 773

ITXFLG. BAR Sy 5 NPASFEE P AL P, 43 ) 3K i
AN [R) Vo B P TG 3% ) 8, PR Pyt AT AL,
P 3 10 AR, ¥4 Py AMAIZ IR 2.3.2 95
P B AR RGP, TSR AR A8 LY A B e
R G, F 5 P AMSE B IR O AN, 28RS
LA AR F R A, MIEAR 2, BA Y Bh 45 i Pl 8 Py 3
1. AR P, ST Rt 10 R, (5 B2 BT
25 FR AR, X BRI E 82 M2 AT 4 SOS
(multi-population multitasking SOS, MPMSOS) #.7%.
¥4 Z 4155 MPMSOS 5% K AN [ IR 22 4T 55 14 B
ViR LI 1] 78, K BT A3 P38 iR 5 PTMSOS &
PAREAT AT B, S5 R NE 9 Fiok. R 9O W dn: HF
MPE {5 & 3t 2 HE 42 ) MPMSOS 5 7% AN 15 3R fi#
(CSLD22, CSLD26) i}, CSLD22 ~F- ¥4 s sl A Fi i
PTMSOS 5 #) 1.8925, 1fii (CSLD22, CSLD26) H
f) CSLD26, LA}z (CSLD26, CSLD30) | FT5f°F- 1
SR AR T PTMSOS 532, iX ik — 5 R W, 7
SOS 15| N\ MFO {5 B 3L S HE SR 46 281 B A i A
KA IG5, e & K2 AE S W BE i il i
7] RS 34 ek AR

%9 MPMSOS &350 PTMSOS EE KRR L1544
SRECIE 8] B2 15 B B A X EE
ZAT4% 9451

MPMSOS -4  liA /7t PTMSOS -3 2 il A/ 7t

(CSLD22, CSLD26) (2683.7689,3545.4551) (2685.6614,3544.2243)

(CSLD26, CSLD30) (3579.4281,3225.5345) (3578.0604,3198.9348)

3.5 AEWREKFT PTMSOS HiERFEZIEFH

VR IRBC I o) R A 2R Ak

R R FEAN R B KR, Ak e A B
VIR BCIET FE A N IR AR, & B E 4 FlOR
() P36 255 FE AR, 4 i) DR I o B 240 O A R o S
IKF 23 IAE 80 %. 85 Y%- 90 % LA L. LI PTMSOS
R R 2 AT 5 % 8 W) A I & W 8 (CSLD22,
CSLD26) A, SEis b B anz 10 FE 11 Fros.

HHEE 10 BI A1, 7E 241455541 (CSLD22, CSLD26)
R YE FE VA BE Y AL BC % 1) @ CSLD22 71 A A &
#F10 TREBEFPHEEKFETZES (CSLD22, CSLD26)

1 CSLD22 B ATk

Wi LR IR SSA T B %
Toli e BRI R 5 2621.884 1 —
>80 % 5 2621.884 1 84.95
>85% 5 2701.462 1 87.24
>90 % 5 2738.640 4 90.10

Fz11 ATREBFHEEKTITEES (CSLD22, CSLD26)
1 CSLD26 2R AZE (L

LR AR KRG Y%
Toil = LR 5 3494.967 3 —
>80 % 5 3498.158 2 82.28
>85% 6 3785.027 1 85.23
>90% 6 4105.9819 90.09

FEFK A% VA i 4 B s 3 0 5. [RIIN, 72 TG
J5E 29 FRORN SR 2 P i i FE 7K AE 80 % LA, Bk
KRARFE—E; 5 IR E LR R A L, 2 2
KRB PR R T4 T 85 % AR T45T 90 %
INF, BURASZ) 2 BN 3.03 % F1 4.45 %, ks 11
AJ KN, £E ZAT 555241 (CSLD22, CSLD26) 1, 24 4b B
PR H AR 2 ) VA BE W) TG 2% ) 8 CSLD26
i, BEE % i R A e i, 75 A R A
S 1. R, 5 T R 2 R ) S A A T
MEORE R EEAKERTET 80 % B, A
T 0.09 %; 4 EK % i R B K AE 85 % LAk
B, AL RCAR I3 8.30 Yo; 1 4R & ;I = KF
KFZET 90 % I, S RALI N 17.48 %.

B R o A el 45, & R R B e —
SEFERE B3N T AT 55 1A BEP IR IC 128 1) R0 1 SR A
B, RHAR S EHRZN ARRHAARCZAES
PTMSOS i it 1544 5 1) T 125 26 42 7 PRAE B0
fif FEE TR AT INF , AiMb ik AR ERRA G 1S, H s A 58
MEREA K.

4 % ®

ARSI B AP0 4 F AR A 7 E RN AL 2 A
A YD EC 3% B 42, K MFO {35 B L = HE 28 g N
SOS ik, £ A7 B A8 e 5 mg g 330 4E 45 11 45
PEARAE BRI 8, $ 2R T 07 B AR 4 S 1 2T
3 A: 4 R (PTMSOS) B3k, 5K H B A
T 2[R R A HE VD LR AT 55 AR [T, 3
Tk B S 3 — DR S B A R R
PEm, B EEMIIC IR AT 45 S A 26 BT, 5%
KL AT 45 PTMSOS 51% 15 i 28 15 AR 38 i i
FEAK AT SR TAES, Bk sn % 215
PTMSOS 52 8 FH 3, 1 H N T B A A2k
55K DL HA A LI PO IR A BE Y R B2 1)
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