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Research on distribution routing optimization of multi-center cold chain
logistics for replenishment along the way considering dynamic demand
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3. School of Transportation Engineering, Chang’an University, Xi’an 710064, China)

Abstract: To improve the efficiency of cold chain logistics distribution and reduce logistics cost, a cold
chain logistics distribution model is established to optimize both total distribution cost and customer sat-
isfaction on the premise of comprehensively considering multiple distribution centers, customers’ dynam-
ic demand and strategy of replenishment along the way. A principal objective method is used to deal with
the inverse relationship between customer satisfaction and cost, and the dynamic problem is decomposed
into a series of static scheduling sub-problems according to the time axis with five kinds of distribution
cost considered. An adaptive large neighborhood search algorithm is designed to solve the peoposed
model with three kinds of damage operators and three repair operators. Small, medium and large-scale
examples are calculated respectively, the results show that the algorithm performs well in terms of
speed, accuracy and stability, and moreover, is adaptable and accurate in solving such problems. Com-
pared with the dynamic distribution scheme without considering strategy of replenishment along the

way, the cost is reduced by 23. 06 % and the customer satisfaction is improved by 8. 69% by the strategy
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of replenishment along the way, this confirms the proposed distribution scheme can save distribution re-

sources, reduce distribution cost and enhance the competitiveness of enterprises.

Keywords: Logistics engineering; Cold chain logistics; Adaptive large neighborhood search algorithm;

Distribution routing optimization; Dynamic demand; Replenishment along the way
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{EAECO. D) Z IR 24 £=0 f PR XA E TG . 24
g=1 B A R BUE 58 2 P g, 2 0 <g <1
I ASCER A UL [ P 2% J& e an A 0 5t 2 A R B

(36)

3.5 BEPBREBESEEVNHMELLESYE

FERFIR AT W IR S5 45 A B R 2 W R T 22 8
FRIVE AR g, 27855 155K IR 1 3 A R
PRAALH A IE 3 2  7E R B R G S A mi vt
MR P ¢ T IR E T =R R AR [
BISEIERE @1 vq2 g s BBRE s BB AR
PG AR A2 Ak, 4585451 vh 25 7 R B
R U B ABise e B 5 v 14 % 7 RS R B30 L B S 4K
Hqu s WISERRBE BRI PR ¢ M :q=Uq.. %5 =Fh
RBRECR LB S B — DRI ACE 1, 5 AR
YRR B S E U R AR k. 5 epEpLIE B —
PR BR AR L IS E0 BBk A R S S4B bR
Bt L B S BT 23 I AR 48 40 BUE MOZ B BR B L
BISEIAE , R FEIR 8 5 37— 20y = Fh
T35 01102 w05 (01 =00 =>03) s FAIEMKIR R 4
AT e B =R B0 R T A T RS R R 1Y
PRl R, SR AR UL kU], I 0 00 338 ok 5%
R e R EARIRAEL, — BAE R R EGA B ik
AR EON L 1B 17

4 BB EERSH

3 AT = A [RS8 %o ) A5 A
P2 PSR AT AT D [ s X S48 2 SR iR A 7
G307, AR TEIE 1T 3 B8 2. 4 GHZ Intel
COREi5 CPU,NAE 4 GB i) Windows10 2% Dell
LI AT g RS T T MATLAB R2018a.
4.1 EESESW

VEREA I8 Mo HLI A B T A0E S AR RIUR
3T, X BRI B8 01 w02 w0 . C AT Y
M3 1 SR 10 138 21 A 2] E B0 UEAT B AR 1Y
RS AL L 0% & A 1 — L PE o AL R J5 22
=R ES S TR 7o i T S 1| s I a2 S v N UL
AR SR/ INFRASL SR 5] RN R AR 5], SRy TR e R
ZENTSRAGRAE TR 5 ), RN SR =k S 3R
/IR, B M FR7R TR 5], S-1 3R/
FRBLEE — R M-1 2R RS 5 — ol ik,
AR BEL /NS e RS 7] Pl a2 SR L% 2.

T 3 AR & B JLLH PR3 BRI/ N
LB B 75 21 () 25 SR AH 25 AN K S {EE: 2403 oA
A 22 BE R B, o [1,0. 4,0, 25,0. 25 ]3X
BRI T HA LA IR 5085, HE A i
FER )R, PR b 3 456 3k 21 2 B0 A7 I 2k 5080 43
BT % P S B H B S 8068 o DR AR 2, ¢
q2qs AR 1%.15%.30%.
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Tab. 2 Test results of operator scoring parameters

B [40,30,20,0.25]5)  [33,13,9,0.35]160  [1,0.4,0.25,0. 257 [100,20,10,0. 5]C18] [20,12,8,0. 819

S-1 707. 0328 707. 0328 707. 0050 707. 0050 707. 0050

S-2 707. 0328 707. 0328 707. 0328 707. 0050 707. 0328

S-3 707. 0328 707. 0328 707. 0050 707. 0328 707. 0328

M-1 2043. 5063 1968. 4041 1849. 3513 1950. 2792 1962. 1582

M-2 1943. 2669 1946. 5833 1821. 0512 2185. 4924 2049. 9244

M-3 1981. 5469 2055. 8368 1838. 0698 1960. 5840 1973.1582
e 1348. 2364 1348. 6538 1271. 5858 1369. 5664 1351. 0519

HUn[1,0.4.0. 25,0. 2514858 01 »02 03 » CIHUH.

4.2 BOIRBELSW
SCHER[20 145 R BU T Solomon %{ 445 v R102
Bl (HEBNEA X 0 s S MRS K P AR S
G BER b A TS B B o
DEFENAZ P Hod, NSRBI % P
FUHAR B ANER 3 PR B A AR SC S 3k 4

JIE7R s o R BB % P s B R VR A Sciik[ 21 1.
W 30 2 AR S TE0) - BB B P 6 A st I 1) B i A 1 /N
B % P 2 B fe MBSk 0. 7,9 2 00 J5 IF b Ak 3
[8:00~9 : 00 Z A NS F I EE. ODOF
RBCEHD ST, 1~5 RRFRERE P AT ,.6.7 £
NI

x3 BPER

Tab. 3 Cuscomer information

Y5 A pR Tk (kg) Al H3Z o [ 7 T AER ] JiR 55 [] /min RS [
) @ (10,35) 0 [8:00~17 : 00] [8:00~17: 00] 0 —
Fi 3% ey
@ (60,40) 0 [8:00~17 : 00] [8:00~17: 00] 0 —
1 (20,50) 150 [8:00~14: 40] [8:50~13:50] 10 —
2 (91,49 120 [8:00~14:50] [8:20~14: 10] 10 —
oy el 3 (5,55) 320 [8:00~14:10] [8:30~13:50] 10 —
4 (25,30) 120 [8:00~14: 40] [8:40~14: 10] 10 —
5 (80,35) 300 [8:00~14:50] [8:30~14: 20] 10 —
) 6 (40,45) 280 [9:00~15: 40] [9:40~15: 00] 10 8:30
PBKE
7 (10,43) 280 [10:00~15:50] [10:50~15¢10] 10 9:17

fii I LINGO 3K fifg g 3K figp /N AL SR 1] 35 A5
YR HER I » FEFIAS SC T ALNS 530K i 45
WRAEATX H, a3k 5 Fros. ALNS Bk 348 T/
LINGO #H[7] () Fe AL 17 2K A st [i] B k20 F LIN-
GO HR gt a]. Hh ARG 52 4>l Horp 2 4>
HBCE G AL 30 DR AL 20 DA K
LGS 130 NHSE P G5 31~50 HEhAK
FLBIARTERT 4 W EAQRERE S 200 IR, KHUAR
B 103 A5 . Hirp 3 AN Bk ot 4L 60 A4
K P AL A0 DN ERE L G 1~60 iR
B G 61~100 FEhAEK L ST 6 K, %
RRBRZ B R 200 YR, BIFP AL 725 R ANk 6 Jr
. RS PRI AR LAk B AR AN Bl A 4 RS S AL
RN 7 o, HrpO G (@ GH . @ kb 3
AN R | B i S S N

x4 BEEXSH

Tab. 4 Related parameters of the example

2R A
BN AR B A 1 /T 10
% v/ (km/h) 60
Bt g/ (I6/kgCOy) 0. 0528
A P L A T LR A 0. 0002
AR F T S AR o /T8 200
Tt 20 SR B B FE o/ (L/km) 1. 68
B A wa /(O /km) 2
e R E R Q" /ke 1200
THEBUH AL F B/ (kgCO2 /kg) 0. 025
FENIEST A 0,/ Gt /h) 2
W B AT AR 02/ (5T /D) 3
25 BRI BE B IFE a0/ (1L/km) 0. 56
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Tab. 5 Comparision results of ALNS algorithm and Lingo

for small scale examples

fabr ARSI BT/ s
LINGO
AR 525.2784

Fit % i 1%
@-5-4-2-1-6-D(#M)-7-3-©@
@-5-4-2-1-6-D (FM)-7-3-O

525. 278 38

7.0376

F6 HMEGIETHER

Tab. 6 Operation results of other examples

e RS RIS
S/ T 2246. 8821 4056. 1413
[#] 7 1A% /I8 800 1600
B A /o0 1390. 0751 2406, 9719
R HE A / 7T 46. 2884 80. 1421
il e 1. 6019 27.5156
P[] 2 A3 AR / 9T 8.9167 42. 8330
BV R 0. 9409 0. 9412
BETHE /s 363. 24 1751. 21

R 6 Al LLA . B0 5 ] i 5 AR R
2246. 8821 I, % F I 2 B i M 0. 9409, 11
AT A 363. 24 s5 KHUAR B 1Y BB AR R
4056. 1413 J0.. & P = B 9 SE (8 0. 9412, 1
BB ATINE] A 1751, 21 s, af LR IR, Bl ZE Y A
B, BB R ECE I, TR AR FE FE AR R SR A
S U SR AR 2%, T ARSI [R) 3G n o {E 78 AT 42
Z AU .

4.3 Xftbodr

R TR BT ) A T SR ) 2 Bk O T s R
GLHYREE D) T LR T R AR ARSI TR
A FSVFRIE AN 5 IR B TR K Z ik tho )
TRACIE 7 A TX L. BT A SR R i AT
MEPRS T 1% ERERERL. K 1
oK HURE H P A rh oAt 17 48050 2 ELW R T 40
2 I ZE AR IR 55 B BC 6 LB UR R S R
RSB S X BB UL X U B3R L 25 T
IRANOT A BCIR T ZE R 25 SR R AN BT A e 3k 5 58
BAT AN 8 Fis.

% 8 rILLE i AR 25 1 BB N AN TE T
IEAMT WS L% 7 S0 8 P IR 5 I AR 2215 T
BT AT RGN IR S A, il T
23.06%. [AlAF, 7E R Pl R L, A% VR R AR
TR L AR 2 P G R A b R iR A R
I T 06 A 11 %0 7 Wl o B A1 8. 6900, T AN
FEVH IR A0 TR A 1 1 32 2 i PR 2 2 A Y

s SR BCIE G e T2 A T IR 5
{ELIR 28 7 AR 78 B AT TR L g S TR 2% S T
AN HCIA T SR R

xR7 BFEEERE
Tab. 7 Specific distribution route

HHUE S 1

D-19-8-11-12-20-9-D
X ©-13-27-22-23-24-5-26-25-30-Q)
I g

@-4-10-21-2-28-1-29-Q)

D-18-17-15-16-3-14-7-6-D

D-19-8-11-31-33-12-32-2-34-Q2) ( #p )-29-1-28-49-20-

50-37-48-47- (%) -46-D

2-13-27-22-23-24-5-40-26-25-Q) ( #h )-42-43-44-39-
REME  45-38-11-0)

©@-4-10-21-36-35-30-2)

D-18-17-15-16-3-14-7-6-D (¥M-9-D

KIS A1

3-29-54-14-7-1-28-37-2-Q)
(3)-10-39-36-43-44-4-42-51-Q)
@-45-13-22-41-40-5-55-25-30-Q2)
YIRS ©-27-59-3-58-16-23-24-57-26-56-2)
(3)-52-21-34-35-50-20-12-33-11-38-Q)
D-31-6-60-15-17-32-18-46-D
D-19-53-8-49-48-47-9-D

@-29-54-14-1-28-7-D ( 4b )-9-70-50-35-12-85-84-D
(%M)-89-94-100-97-90-37-91-3)
@-10-39-36-43-65-66-64-Q) ( £ )-51-@ (#p)-11-33-
20-88-86-87-83-(D (¥M)-81-92-93-98-96-95-3)
@-45-13-22-41-40-23-57-5-55-Q) ( %} )-73-76-78-75-
74-77-3-Q) Cfh)-82-44-4-42-(D

D-99-71-79-80-72-D
@-27-59-3-58-16-24-68-26-56-25-2) (4})-30-69-2)
®-52-21-34-63-67-61-38-62-2-
D-31-6-60-15-17-32-18-D
D-19-53-8-49-48-47-46-D

il
l\ NN
=
ER

xS XLEAMMIEITER

Tab. 8 Operation results of comparative analysis

ik RFIBUTEAT BT RS0
SsA/ T 2920. 3178 2246. 8821
[ % Jli AR /78 1400 800

B A /70 1460. 6826 1390. 0751
AR AS /T 48. 6203 46. 2884
HepiliA /oo 1. 6311 1.6019
P[] 8 285 3 WA / T8 9. 3837 8.9167
& PO 0. 8657 0. 9409

DA ESSR UL T 25 BT AN T SR B TC 1% 5
FHEA —E . A SCRYICIR I 5 m] DL &
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B D Al A BC R AR R B R S
) R

4.4 REFEDW

4.4.1 SHhAEEHeTIHESN T ohEFR
SR BCE R R U, B TR R P T Bk Y B i
P Bl TR R A R S e T AR X B A
& FIRSS (AR [R) RN B A 2 HE  th 2 AR B AR S 4 1Y
BC ik BAR. R T B R BUR 22 1 KIS A6 1 4 7
D3, T2 1 DUl T s ], I X8 W0 A 5 3 Bk ]
I P AR AR AL A AT ) ] AR A AR X EE 43 #T
OB ] s AT ek A 9 Bk,

9 DEEFHMERFESHER
Tab. 9 Analysis results of the sensitivity of dynamic up-

date time

ER ] /min ERE DO e HIRERT

/78 o mEl/s

30 12 4374.2519  0.9544  2013.68

60 (A= SCHUIED 6 4056. 1413 0.9412  1751.21
120 3 3752.6647  0.9071  1524.93

180 2 3526.3065  0.8863  1412.39

M2 9 AT, Bl A 2l A8 BB G, e 1%
) S A 2R ST A TN o Sl 2 BB B n s Bk i v
SIA AT AN 1. 32 PR A R s ) [ B 4
I o 22 50 0BT % 2k B B I S A% P RS 3 #5
AT 2 S isf w7, TG 7 B8R B — i B 5 A b
i, RGBS BN 32 5 AR
e B SAR G I, Ak F B B ) e Bl 2 3G . AR B
25 B s ] ] o 47 2 e SO A B (LS 2% 7 1 °F-
P75 7 B A 5025 TR B B N T RS . X R
DR A Bh A 5 7 T 2R AS 2 JL IR 5 P 14 S5 s i)
AR, DR T R R . A BE U Ak T LUAR B A
CL I SEBR T oK A 8 75 TG 7 B R AS X Sl
1) 5% W) o 2 25 9] % 07 i 1] () B LA 5k 3 R g 0
KAk
4.4.2 HEFPEAZBEIN BRI
SN B AT SR BLE A AR K B2 . oAb 24T
AR PR X Ak AR S . SR ShAS R R
NSRRI EGE. SRR TR A K P
BCEBR L ATRE PR h SR B ER L, &
JE R, TR RS B R A 7 4 A rh AR AR £51)
20 MEhAEF P30 MERAK P IS AN
0. 4. s RS v (1) B AR % P B0 AN 3
BB BT R M  i2 T A5 R ANEE 10 Fios.

F10 HBEBPEHRBELSN
Tab. 10 Analysis results of the sensitivity of the number

of customers

B S AR /I8 HEIZTTE]/s
0(HIA) 1742. 5483 284. 74
0.2 1959, 2954 329,72
0. 4 CASCHUED 2246. 8821 363. 24
0.6 2452. 3561 412.51
473. 46 LCGE2EED 2877.5813

H13% 10 AT, BEA ShAS 20 Bom . ey
SABCIR ARG R SR A B A I 2 AR Y
FOHTLRIREON 2. BRItk 2 5b . shas % m 80e 4
T2 il A A b T BRI A AR R . TRk
P K A s A AN T S 43 K. TRl I L Bh 2% 7 4
SIS SR A TS AT I 1] B 2 M X 2
PURAE SIS P DI A R AR 235
SR AESSEH Z AT C 242 1B Eg s
. I BB R BHTINABAR I B4 1 22
FARTAE A S T B2 2 7 RO AR 22 1 AR 14 BT IR
BOWEE 5 ZEH AT 18] A RE SIS BB A ) JE 8T
A

5 & i

AT BB R R AT IR AT ) 2 ek
G VR B I R AR, T RE N L Y ST & PR
VA FC % SR B I 0 T oK. SR 32 B AR X £
H bR 7] LA T A 3G A0k B H AR [ AR UE R P 1Y)
G R A 1 13 T N TG AS 2 — BB SR AR AR
AR A B T Al 9 0 & R, 38 4l 19 3
77,

BT A A T8 R A0 A 2 Ak W] SR i Fir A 2
R, P 3 O 43 B A P e A3 X AR S [ B R
ff ey, /N i R SRR A GGG UE T A S
DA . LR USSRy 451X LU 43 BT 5 R i
AT TR 0 FIAS 25 R 345 4D 6% SR W 114 79 o 3%
2RI R 1 AN O ORI TC 6 B AR AT s b
23. 060, & AR /b 3 5. W R 8. 69%.
UL B AT R R T 2 B R A DTSR Mg 1 7 %
HA 5 g, Xt sl 45 58 e (a] (Rl B A sh A8 %
B R UL T SR A & R SE e dhAs
H P A BCE BAS L L T T R A S K P
FITC L AR 25 24 65. 14 % , it s Tt el &
H 24 66. 28 %0 5 24 2 25 BB I [0] a) B 46 4 B, s 3S
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