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Abstract

With the intensification of competition in the logistics industry, the cross-docking distribution
model has gradually been promoted and has shown obvious advantages especially in the logistics
of perishable products. Perishable products are difficult to store and transport due to their perish-
able nature. Multiple handlings and long-term storage are likely to accelerate deterioration and in-
crease losses. The cross-docking model improves logistics efficiency and reduces transportation costs
by reducing the number of times goods are handled and inventory storage. This paper proposes to
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apply the cross-docking model to truck scheduling in the transshipment process of perishable prod-
ucts. Based on minimizing the total deteriorated quality, a mixed integer mathematical program-
ming model is constructed, and a genetic algorithm based on truck sequencing is designed for solu-
tion. Through numerical analysis, the models of minimizing the makespan and minimizing the total
deteriorated quality are compared, and the advantages and disadvantages of the two different mod-
els in the cross-docking transshipment process of perishable products are analyzed, which provides
guidance for the cross-docking practice of perishable goods logistics enterprises and has important
practical significance.
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Figure 1. Flowchart of perishable product transshipment
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Table 2. Algorithm decision variables and their meanings
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6. BERNIREHEZ
6.1. BE4RED
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Table 3. Chromosome encoding method

3. RBHERBEHN

R 5
PN 4 3 5 1 2
2R Gy 5 4 3 2 1

6.2. MiptLpaEs

VI EOE I FEHLHES A BN R R S FE P41 i, T 5 ANPEZE, BEMLA SIS, 1, 4,
2,5], BAEREEAD Gt A 2 e —PTEZI R

6.3. BERIE R
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K FH B b R B T ke T B 0&E B FE A

AR SCHIE TR B T8 it B0 R R () A, ) A S 1 B NS 28 R R e, AT R R AR 5
JE SRR IS I R I R R RE . R, BT AR T /N e A B RS B R, MR, R
N GNP S ER VRS A P X <18

T R R H A A L B G SR IR A B T, AR SCHE H R R LR 3R 13
ek, )R,

1 1

= =
AQD Z Z Z ank (QE - qgei[gkle(m'n'k)“gkztz (m,n,k)] )
m=1n=1k=1 (21)
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1
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6.4, TEIEIR(E

SRR RV R (73 MR (03 57 8 4 R T e B S A A . SR O 154
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oy (fra — )
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HPERIEE, oy, o, R (0,L) [ I FRO Y AT SHL 11 B e
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e 4 51 th e 42 51

Aefkr | 5113 (214141312 5
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Figure 2. Chromosome Crossover process
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Figure 3. Chromosome mutation process
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H T A SCRIF PR B 2 0 e P ) LA ] s v e A v R, A SRR S B 0 BE AL ™ A K R
SEIG R R IO F G N SR SRR A Rk . ARG R BE L R REEL RSB AN R 1 )
N R 3L, WA 4, BANEEIHET 10 LR

Yy BT HON AL A R 55 T i 2 0] AR PO A 22 5, ASCEL U B AT 50% RN 53 08 o s
AR AT s S5 0% 5y JE i M ARAR B e HORN RPN AR B LA 5.

SHUE 5T, LD =60, V =100, N, =1000, P, =09, 0, =0,=08, 0,=0,=0.05, N, =500,
q°=1.
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Table 4. Attribute values of the example
4. BfEREMHE

TG /N Hh PN
TR /N Hh N /N H PN /N Hh PN
RV 1 2 3 4 5 6 7 8 9
7= i RS 400 400 400 800 800 800 1200 1200 1200
T 2 2 2 4 4 4 6 6 6
NEEZEA 6 12 24 6 12 24 6 12 24
HHEE ZE A4 4 8 16 4 8 16 4 8 16
Table 5. Setting of deterioration rate parameter values
5. TREXRSHERE
PR X35 IR LI 22 il 1 A8 S 2 77 i
NP ZE AR A DX S A B AR B (1) 3% o 0.000005 0.00005
HH P ZE B 1 DX 3 BT I [ A o B 0.000005 0.00005
78R R0 B BT I ) A T 0.00001 0.0001

7.1. AQD Hyt=E!

NTREHET AQD HIBLALITERE, FRATHIH PRI PEAL IS AR a0 T

W L AFR bR ) & RIS A R AR AQD REAY . [ RT ASRA A LI R R B T

R 2. A —DIRISH-R AW R AT 5 58 TR (] (Maskespan) .

YR 3 EF b1 B Y S B8 A SR A 2 T o8 T TR AR Y P e T TR A b 2
(Makespan Percentage Deviation, MPD) Il & 7= 57 3 (P 3% 2 (158 T [A] 25 R 53088 3 45 R IR (N 2 5,
MPD H A (24)1H 5
Makespan (2 #%2) — Makespan (2 %%3)

Makespan (2 9%3)

SRIGEE R WA 6, FRAMFRNT =ALHI{L, 2,43, EAESE =D =R T AR R 52 T R] (B A 578 T
). 76 9 N, Ak MPD A 7.25%, “F-¥ MPD 1A 3.21%. XEMKE LT AQD MIMALA L At
A AR AQD, IS REHR AL A N5 = I 5E T[]

MPD (%) =

x100% (25)

Table 6. The MPD of ADRV-based model
52 6. #F APD #E! T MPD

HABIZA Maskespan (35 1% 2) Maskespan (35 1% 3) MPD
1 730 730 0
2 1090 1090 0
3 1880 1810 3.87%
4 1285 1285 0
5 1570 1495 5.02%
6 2003 1886 6.20%
7 1789 1695 5.55%
8 2027 1890 7.25%
9 2714 2686 1.04%
FME 3.21%
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[FIRE, FATXS 3T 58 T IE) A A 1R = AN D IBORIR R AL AQD Jy T 4 RE

W L RSO I E & S35 A BE SR AR T 58 TR, FRATIERAG FOAE LR 25 BE
o SHFRANRTE TR R, REREFIIARME I, XEWRE R T B AT g &= AR
FIRREWRET I 2L 7 4, BATEL 9 ANl b BEHL— A SEB 6], U6 T Bt fif A ARG AT g
FF 5o W RN B R 2R 4% 2-1-3-4-6-5 BN, PR R 4244 4-3-2-1 I e 2, Mg e 5 LI 18] 2 1695.
WRIRATA R I FE 5 — AP A 4-3-1-2, FATESAFHIR A 56 LI EEAF K AQD. fEA S H, &
e T 9 ANFEBI At 52 IS TAR S 1 BT A nl RE T FE 7 31

B 2. HHNE—BIREBNRERET S, BATTEIARSCH) AQD. FATTH S AEA S 1) BT A
R T /N KRS AQD.

R 3. KEFELT AQD A . F AQD 4y bt 72 (APD) I & 72 S 26 (P IR 2 ¥ AQD 255 55 0% 3
LR 2 A2 5) . APD HAR(25)iH5
APD (1 852) - APD (25 #%3)

APD (£ 3%3)

BB 3 13 AQD LML RIER 8 M —4, BT 1 FARMATA RTINS, P
A/ AQD ICSRAESS 3. 4 M5 HiHh, APD G A57E5E 6. 7 18 Filrh. 9 ANSEHI) APD [ oK. ~FI4#1
/M5 54 50.05%. 34.15%F1 18.16%. #et)ifiif, JET Makespan HIBAY SR AL IRIfR TR TT S22 AL i 25
K1 AQD.

APD(%) = x100% (26)

Table 7. Different truck scheduling sequences of the Makespan-based model

7. BT RIMNERENAREFEREFT

CRUE Maskespan (FAL1E) JF 5 NEEZEF 5 HEEZE 751
2-1-3-4-6-5 4-3-2-1
2-1-3-4-6-5 4-3-1-2
2-1-3-4-5-6 4-3-2-1
2-1-3-4-5-6 4-3-1-2

7 1695 8
1-2-3-4-6-5 4-3-2-1
1-2-3-4-6-5 4-3-1-2
1-2-3-4-5-6 4-3-2-1
1-2-3-4-5-6 4-3-1-2

Table 8. APDs of Makespan-based model
5% 8. T Makespan #E! Y APDs

Sy &t AQD K AQD T AQD  H/MAQD  HKAPD T APD /)N APD

1 3.36 461 3.99 3.36 37.20% 18.75% 0
2 3.35 6.04 4.70 3.35 80.30% 40.30% 0
3 4.57 7.77 7.35 6.93 70.02% 60.83% 51.64%
4 11.33 14.81 13.07 11.33 30.71% 15.36% 0
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5 12.66 16.13 15.91 15.68 27.41% 25.67% 23.85%
6 15.19 19.43 18.06 16.68 27.91% 18.89% 9.81%
7 29.70 47.26 42.40 37.54 59.12% 42.76% 26.40%
8 24.37 39.15 34.40 29.64 60.65% 41.16% 21.62%
9 30.06 47.22 43.17 39.12 57.09% 43.61% 30.14%
FH{E 50.05% 34.15% 18.16%

7.3. APD 5 Makespan & &4 gEx+EE

BT L 6 HET AQD B R H Y MPD 55& 8 BT Makespan B R ¥4 APD i 7L 5
9. HH#E 9 A[H1, T AQD HIBLAY[) MPD EH /)N, 1MAET Makespan B[] APD 2 R152 . iX—45
SRR, W F M G UL ME AQD N AR ZHERZE 741, 56 LI (PRI & T 845 T 5 fi Makespan.
JITA 9 A5 1)~ 35 MPD XA 3.21% . #RTT , L SR8k 2 0>k H $5e /M Makespan 2 H bR < 427411,
P35 APD 4 HE N E| 34.15%, It HAERASLE T HRIH MPD 2zt /NT- APD. IX 4848 o ik il 1
FT AQD MR RYALE 5y J55 7= R 25 U B ) i ARG T2 T Makespan (AR 2R AT B

Table 9. Comparison between MPD and APD
%% 9. MPD 5 APD xftt

RIS MPD (AQD #%%) APD (Makespan ##:7) #{H(MPD 5 APD)
1 0 18.75% 18.75%
2 0 40.30% 40.30%
3 3.87% 60.83% 56.96%
4 0 15.36% 15.36%
5 5.02% 25.67% 20.65%
6 6.20% 18.89% 12.69%
7 5.55% 42.76% 37.21%
8 7.25% 41.16% 33.91%
9 1.04% 43.61% 42.57%

P 3.21% 34.15% 30.94%

7.4. TRUERGURIE ST

NG UE AR TR AR S R S A i i, SR 3 AT S BUB IR . e DLR P A R AR T R
T E R PR RO AR ST R, IR R 2 7 i FE S [ R A X3 T R s 26 5 55 5 fRFF— 3K

A 1: EZE AR RIS A 0.00012, HNEERIE RAR AL (E AT 5.

A1 2: AR FUE S AR A 0.00008,  HI N AR HRIE R AR AR (KA i 5 -

I 10 XWEAFRIZHA i MPD 5 APD B4k, FRDLIFR 5 MBHRME NEEEA, 45 RRITEARTL
BE RIS T MPD B APD 5 548 o7 8 38 7 i 78 128 00 )R T SR A7 AR IEAH DR R R
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Table 10. Sensitivity analysis results for deterioration rate
2 10. TRIREHRME TR

2 5 MPD (AQD #i%) APD (Makespan 5 %!) A4k AH (MPD) A5 4k 8 (APD)
FEiA 3.87% 60.83%
1 4.14% 79.38% 0.27% 18.55%
2 1.66% 50.93% —2.21% -9.9%
8. &t

AT 252 BRI AN 5G BEA 1 58T QBRI SOHE I HES)), X Se RO AE T VR 2 BT RS 12 B . I
ARSI E R R A LR, AR A I A IR %S o BRI IR 251 & IO RO AR
HXAF R KEE,

ERRIBERS T EH R T, TAVED GBI N T ARSI S BT
5RO 2 5 2 AR A U R G o FEARAE S5 AR NS BRI R A B B LR, X
JEH B3 . TRATER R LAl I R R B T X R, ORI N, HAE s R —RAIA
A IR AR A R (1 Ab R 1 I A2

FRATHE T & S (38 SE A BB 9 AN S (0 5 S R BEAT M, 20 BT AN RSS2 F ) MPD
5 APD. 253K, FETZ4 M1 Makespan BRI 5ES S8 KM AQD, TMi%ET AQD HIREAI AT LATE
B n— 55 Makespan [ R IR1F BRI AQD fH. XK, A ERAE o (AR 5 I8 i AE AR i R A7 AE
ZESI, FT AQD IR I T 4T .

XFFARRMETL, Frieth sy DAY e B HE 2 AN N FERTHH RS Sk o 59— J5 TR ] AR BB &
RUE R AN TC R B 3T VR R R BT B2 v ) 1)

EEWH
BT A S AA T RIEILI H (23PIC074);  [H 5 H SRR 23 4:(72202137).
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