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Collaborative optimization of door-to-door transport routes and drayage
truck scheduling in container intermodal transport

HE Wei, HE Shi-wei', CHI Ju-shang, ZHAO Zi-qi, ZHAO Ri-xin, CAI Jin-jin

(Key Laboratory of Transport Industry of Big Data Application Technologies for Comprehensive Transport, Beijing
Jiaotong University, Beijing 100044, China)

Abstract: With the growing demand for door-to-door transportation services and the heightened sensitivity to logistics
costs, intermodal transport operators urgently need to provide efficient and economical container transportation
services. Given that the entire container transportation chain involves multiple transport resources and links, these
operators face the challenge of how to reasonably allocate transport resources and achieve effective coordination among
various links. This study addresses the integrated optimization of container transportation routes and drayage truck
scheduling, considering both trunk-line transportation and first/last-mile drayage services. Based on the spatiotemporal
network for container transportation, we develop a mixed-integer linear programming model with the objective of
minimizing total operational costs. A logic-based Benders decomposition algorithm framework is adopted to design an
exact algorithm capable of effectively solving real-world scale problems. The experimental scenario is selected from a
partial transportation network of the new western land-sea corridor. The results show that compared to Gurobi, the
proposed algorithm has better solution efficiency in various-sized instances. Compared with traditional independent
decision-making methods, the collaborative optimization model can reduce total operating costs by 5% to 7.5%.

Keywords: intermodal transport; door to door transportation; route optimization; container drayage; collaborative

optimization; logic-based Benders decomposition algorithm
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Horp: R (37) Fom AL AL B bR o T2z i 2
5mum B 3 R S b 3K (38) Kon il Bh AR
SHCE VG L 2 (39) R 7 I K i 2 S TN
Benders #, J5 8244 X HFEAIER IR,
32 FHE
MR = )@ SR e 25 2R, W15 21 8% 17 3 7E & I B
E‘J%Eﬁ&%ﬁz‘ﬁﬂﬁ%ﬁﬂ = (gz,t>n€NT,teT,c€Cn~ fE Ik
Fenith b, 7R B — D R UAT S5 S 4 ) A AT 55
HeJ7 im) . K S P, , (9) e AE 0l n 5 K B e B i) 7
W] @, BT 1) 58 30t n A2 I B¢ P9 20 B0 B 0 B2 AT 5%
et {ceC, g, = 1} LS/ HAHNAE S
P %, SP, (g) %t R AR AL TR fioR:

min Z cb -1 ,. (40)
ceCy,
s.t. Yoo 2 =y, VeeCy o (41)
¢'€Cn U{0N\{e}
> Er=g, VeeCy @)

c’€Cpn U{0}\{c}

K (21) ~ A (28)F1:K(33) ~ i (36).
BFHAEX
bR T2 ) R 5 4 RSB R T i) R A% A, X AT
e FEUE T AN K. nld i AE 3 b g
ANABAZFEARIN R LW T, WA BT A i
T A R BRI SIOR B Y. s S5 7 A SR
RIS E N AR AR GI N Z F w7l G2
0 B IE AR IR B T 4 o SR AR I T 5 SO 878
T, R n AR RAE I Bt 58 IR S5 2 D
FEAER B A ) R R s A AR, R
HrR:

3.3

min

del,, oo) - YS
ceCp Ufop\{e}  ° ) Ve

Tue>cb Y (del, .+
eCyp,

Vne NT, teT, (43)

min

det dety o) - ys , <mt-
Z ( € n,c+0/€0n U{O}\{L} C n,c,c ) ynyt\m Qn?

ceCp

Vne NT, teT;

D IPIL

(0
Horr: 50 43) @ LR A A BATH S R 5 5
AT B BLFR B SRR R IR il AR -RAERS Bre N )
NMERIEE P, X B AT I AR AT &
AE55 AT Bl B 5 A /M 55 1) 2 48 B2 ) RN 3R
3 (44) 7o MR 7R Syl n o AR R 58 BN B ¢ 9 4 i %
URAT 25 1 22 /D32 78 I [, 38 &4 55 B AT I 1) 5 A
/I 55 (A1 B2 I T8] PR AN R 7 20 (44) B SE T 3
sin A £ R RKIZERE; X 45 RATAY
SR BT A I B ) e /N B IE S B R 3 ) R
R R A R .

EHE 1 20 (43) At v 3 AR I 2 FH I
A
3.4 Benders 8|4

BRI L R AR B 22 R 55 2 30 T s

(44)

(45)

LB =CT" + > Y« (46)
neNT he H
UB" — LB"
GAP" = ——— (47)
UB

PRI KR, BT T S AT AT, D% A
RSB CT" + ) > CD! 4%t /N

neNT heH

T A8 SRR [ R L, M B UB" =
CT"+ 3 S CD: . w, UBH RS T b ik

neNT heH

UG AR B AL R
UB"<CT"+ ) > CD!,.
341 B L&
EIERE KT, Biin € NTHN Bt € T
S F I REAE AT 25 56 S, R BIRTAT, 1) 3 ) AR N LA R
AL E:
Tt 2 CDZ,t : [1 + Z (yfb,t - 1)}7

CESZJ

Vne NT, teT. (48)

B 2 3 (48) BEMEHE B 24 AT IS AR M ) A
(EEANNEIS S4rw 7
EHE 3 i 48) AaBkra R,
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Bt g By 1n) B AE 3 i) ey B AT 55 4R S0, AT
A7, W75 B 1) 3 () AR I 0 R BT s (AT AT, AT £
IR SR A ZIlinEN Bty IEHAE S S
S A
do(l-y) >
cesh
3.5 LBBD HEiHHRE
£ LBBD BVAHELL ALY SR A= W R
step 1: MR 4 N 25, #4983 1) @8 MP, Y145 I
Benders EI4E %, BEBEIERIKER = 0, BB A
B S UB" = oo, AN [ M 46 F A LB" =
0, BB RIS PR T FN Vi 22 GAP, 7 & step 7.
step 2: 3K fif 3 10 @, A3l n AE I Bt 4y B AT 5%
S, EH FRLB =CT" + > > ah

neENT he H

step 3: HRAE Il n 1L % N Bt oy FC AR S5 2R ST,
43 Fey e H £ T 1A,

step 4: SRR T i B, Y0 I6F - i R 75 44 7T 4,
FAAET AT 4T, MUB" = UB"', % step 5;
T TR B AT AT, W UB" B3 A UB RICT" +
SN wh Wi A M, T F GAP” = (UB" —

neNT heH

LB")/UB", # 2% step 6.

step 5: M4 AN AT AT 7 10 R, A= AH B AT AT 1
(49) I ] 8 MP 1, #5 2 step 2.

step 6: & GAP" > GAP, H. 2471 R filt iv 8] A
ao SRAREIRE PR T, D) A R AH L ) e AL R (48) TN 3
] MP 1, #£ 45 step 7; 75, B35 1k

step 7: IEARIKELh < h + 1, ¥ % step 2.

4 EB5HT

(49)

K. Z KIS IR 15 AR BEER IR SRR /)
B AN 15 5 B 28 A 32 2 Tl b X s i
bl [X . SRR IE A 25 AN B 2 s,

&
|
R BRI AR B oy
R AR
~IRIE R

1)
£
Bkt " n M
PRATERE | & /1
\:$EJEEE7%//’L/ //

& /7
\ y S
L@ R v
CEde S
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S gt

E2 LWEFIERE TS REE

4.2 HEFRMERE

%R A Python 1 5 4w %, FI A Gurobi 10.0.3
PSR AR 2 SR SR AR JEURBE TR L 32 ] RBUR 7 ) 7L, S B 3
1% /9 Intel(R) Core(TM) i7-14700K CPU@ 3.40 GHz
LEFRZE. 32 GB RAM 1 Windows 11 #:4/F &%, N T
B AUE SR 0 R, BEMLA: R 9 dHia % 75 R EUE
10 ~ 170 FI5BI. ¥ Gurobi BL8E R A JE A7 15 By 2
B SR i AL RS (%) SR g 4 SR SR g 2 R gk AT XT
bk, SR A R %52 4 2 h, VR 2 GAP R
0.1%. MRS A2, BANFHHIYE L THE 10 1K, EHL
& OISR e &5 51 B AT 43 B b A, W 25

4.1 HEpHHR MR VPR, Ko “T{REET NisHir 2o
DA VG 350 il v i 0 0 R o SR S RIS I I 25 AR SE 4, “Oby” “LB” Al “Time” 4373 v B b b& B0E . #5278
F1 ATREFRHE=E TR LBBD EAS Gurobi KAEEEHIR fRLE R AR MR XTLL

et Gurobi LBBD

RAL 0bj/$ LB/S GAP/%  Time/s Obj/$ LB/S GAP/%  Time/s  %MP/%  %SP/%
10 40377 40337 0.0 23 40377 40377 0.0 1 90.94 9.06
30 133226 133226 0.0 25 133226 133226 0.0 9 81.31 18.69
50 212963 212730 0.1 3010 212963 212963 0.0 37 73.26 26.74
70 366911 366501 0.1 7200 366911 366549 0.1 1471 65.87 34.13
90 433271 428098 12 7200 433271 432854 0.1 1919 58.89 4111
110 516654 498837 3.5 7200 511298 505759 1.1 7200 50.27 49.73
130 661920 642897 2.9 7200 656099 650518 0.9 7200 46.95 53.05
150 679302 660305 2.8 7200 673439 666045 11 7200 46.38 53.62
170 789810 762475 3.5 7200 781028 766708 18 7200 46.44 53.56
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NSRRI S A R O A, “GAP” Sy H b bR A
5 RZ TR 2, “%MP” Fl “%SP” 435 8 &
v B0 I 0 SR AT ) 7 A T SR ) 1 1 4 L

HH % 1 7] ).: Gurobi 3K fi# #% F1 LBBD &£ 6E
WS AE 25 52 SRAA I PR I IR1S 75 SR BE N 10 ~ 50171
FIAS 451 1 e A0 AL, {HL A, LBBD 55925 5K figd A ] 1 4
/T Gurobi; 7E18 %i 7 KR E &4 70 F1 90 (154,
PSR A 77 X B b R BUE A F], {H 2, LBBD Bk E
P SRR AR R SR I RE T, RIS R TH A
B[R] B, o T2 i SRR N 110 ~ 17089 KHFL
LA A, T b B 2 e DAAE SR AR BN PR Y SR A5
wMufR, 1H 52, LBBD H% AR 1S 1) H xR ZUE B /),
BN Fag I O R A, R, B ARk B S T
Z AP 354 22 BEAIR. 454 LA _Exd E 4 #r, LBBD 5492
E SR g /N FRUASE S5 A5 ) B A B 5 PR B ) A R A, 7E SR
i v RSN R AR A5 B, FEH B B A

I 57 i) RS o, ] RS A T ) 7 S5 5K i
B[] R o bR b, I B AR e R4 53%, R
A I 5 1) R e, SR AR M FBE TR 185 7 7 il
TWoREE. BT REERT 110 5, 28 REEM
FHL A B PR PR 1), 3= i 2504 366 25 1 [l 0 42 B AT
FHEI B TRR0E, BT In) R5K AR R T
Pz
43 FREVHMMERAE

N T B8 UE Bl R A A AR Y A R, R B AT
) 55 b A7 e 5% 5 SR SR AR 4 L. T v s 7 R 1)
LT LI RE I REA S H IS E
v A H 5 I A BR AR A T Zis fan kA%, AT AR
b A N B B AT 55 oy B 45 R K B AT 4%

LGS FAE R T I BN S, SR ) @45 H gk
SRFEFRTRERAE LR, BT EREREE
Wyuk A RECE R, o R AFE I 4R < B A
JECLTE I 73 BAT 55 (G 0. ik, dE— P 3N
TR TE RO A B AT 55 2 /0 T BN 4E R AR

RS RN CIRY R E VR Sl e = g P i =
& 3 w1 LRI, B A ok S AE A B 3 re e
RO 5% ~ T.5% W8 E B . ik — B o A
F, B[R] R SR A T 263 4 o o7 B AR R g, %
Baa i o A o5 B AR, s 1 P AR AR Y 3=
B D H B O R SR SIS B R AIC. b4,
XA AL R 5 77 2, 7R R SR EE Y 70, 90 F1 170 1y
B, A AR ESE I 11 A AR 9 AR R R
SERT PRI ER AT 45 Rk, PR SR 3 4 2Rz
Ty BE AR A R A R O &R, AR B AR 5% ~
7.5% M isE T A, 6 R S S R ECE AN 20T T B
S i) L
4.4 REFEST

RPRAE T SR BUE N 30, 90 A1 150 (&G R, X}
EE A3 BT 4 B R R 1R B 2 BLAT gk 9 SR AE AN [ HUE T
XA H A bR A A2 [ e A AR R o A 2
5, LA 1.60 $/km AR, B AR R B A BAT R 9%
SRRV A A R R HEMEL 1 0.25 ~ 2.54%, BRI
BOLK TN 0.25 5. 01 4 Fro: BE#E AL BAT
g R K 3 AN EIEE Y R T
P, R R 2G-SR EFKREERN 30
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1 40,0 8
pid} 0.4 1.2 2.0 2.8 3.6 i}
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(b) RHE0
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i 04 12 20 28 3.6
ERPALABATHZRZ/ ($/km)
(c) FERE=30

Eld4 SERBAQNBITRERIYPEIMER

ARG 2 B ph 1 4 TR AT B BRAT 45 O 4T i LR >
P % T 847 B B R B BRAT S5 AT 7 S o B
8, BT DA 4 AT B LRI R B IR AT 45 30T
HO D 31 .

T i 4 HLAT B A R, TR AR5 i
I/ BEBRAT 55 BT SR B R B 5 9 A, AT 422 1
I E PRI ZEREREIL R, A T SCBL e A
VIEIIT B, BT BRI T A i T kig
0 25K R AR B R 5. 12 7 SRR 90 S,
eI B P TEAT B 9 A S 4 S/ IS HR B 3,
T E 75 SR EORN 150 (95000 R R BLE BB %, X
F A UL LT I e AR B B SR R T2
SE 77 S PRI SR 2, LN UBEFR SRt 7 5
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5 &4 #®

ARSI e 5 A0 P R, L3S P
AL HRR, K T SR 4 T s i i 1 O B R
VR 6 D R R AR, PR S5 R b, it T
HEF LBBD SV MESE (0 B B3 S50 76 75 b g
PO 4 A ROE I %, TR T 2 g
FIEH T, S AR 1) P R AR AR
B R RS T 5% ~ 7.5% 1 12 2 W, H e 5%
R BRAT L, B 4 B BRAT 55 72 AR ) i A
o BB P 5 B4 i 2) T 1k 7 T 2 2 )

PSR AR T B SRR o B R T T S FE I T
HLT Gurobi LK AR A HITERE; 3) LRI B A
HAT I 2 AR IA B — € BHER, 2B R BAT 55 AT
o, (LR R AT It 77 U 2 UK IS 5 1) A B L
BB A, 4 A 3 i 7 SR R BN, AT B B A
fik.

ARSK T FE 23 A6 B3 U5 BRAFG B0 T 1 25 AR 1 )
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