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Abstract

Affected by the intensification of trade conflicts and the impact of the COVID-19, liner companies
began to form alliances to enhance supply chain resilience, and shippers became more sensitive
when choosing ocean transport services. Motivated by the market situation, we investigate the lin-
er alliance shipping network design problem considering the sensitivity of the shippers (i.e., choice
inertia) and a mixed integer programming model is established. The model maximizes the profit
of the alliance and optimizes the alliance shipping network, fleet design scheme and the slot allo-
cation scheme. To ensure the sustainability of alliance operations, a profit distribution mechanism

SCEF| PR BB R PR BT I B IS M 4% B ). ELRRES TR, 2023, 12(2): 100-111.
DOI: 10.12677/mse.2023.122011


https://www.hanspub.org/journal/mse
https://doi.org/10.12677/mse.2023.122011
https://doi.org/10.12677/mse.2023.122011
https://www.hanspub.org/

Wit ]

is developed. A genetic-based heuristic is developed to solve the models. Based on the real shipping
data between Asia and Western Europe, numerical experiments are carried out. The model and al-
gorithms can provide decision-making reference for the daily operations of a liner alliance.
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PEECEREE . BEACTRC A 00 oA Bh TR A AR AR R 28, 5 48 58 = i T S 0 B0 T O 48 5k (6] 31 2020
F£3H, A=K CM B . OCEAN BEE AT The Bk B) 12 71 5 2Bk 37 2028 J1 8938 80% (7],
T J7 T, B 5T B S R S N R T AN A B A2 RS B T IR IR PR AR . 7R IX R
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EIERESTEZHUR, (A5 e Mg RS .
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W B E G R RIRNE ABC T &, R 4ERFB AR e MEI L TR . [RIRE, SZIERRIR VRN, B
ML IS 25 DA - — NS 2B . Bk, ASCHEFL T 25 B8 07 S R0 14 (Y DEAC B BR s Y 45 14
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Table 1. The notations used in this paper
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Figure 1. An alliance shipping network design scheme (SNDS) (a) and a shipping route (b)
[ 1. B BRAIE L%~ 5 (a) AR 2 7~ 151 (b)

AT ETEB ORI e E, AN T MBS, K2 f, BEesikRonsebrini, 4
EFEL R R ERE . EREGDEHEMNHFEED 1 8450 8 HiEgiie, TR RED 8 3
W1 B SEBRISHn

— BT R
e BT AT () #0o
==sap Virtual link

Figure 2. Virtual link
B 2. EmER

2.4. BXEBEFASECALF

B & B AAE 7 BEHLE], BRERATCIETE . i T BB R T AEAE 7 T, 0k B B B AT A P A
JR G E A IE s A RS TR . AT AT NFONAEAI AL ST . bt A SRR B (1 BUS il
—AARAERT, WIFRE R A B SO — MR HER RO S, FROMABRLAH BTN AR o R AAZ P9 2% v B 2R LB
e=(i, ) ¥EA X R AL RGN, p, o [F—SFMBAEAFF IR FTBEA R, H p, Fom. 97 i RF

DOI: 10.12677/mse.2023.122011 104 RS T


https://doi.org/10.12677/mse.2023.122011

Wit ]

TR AT, FAIZE [ (6], X PR RALEIZE R R FET 1 UL F R

1) FE/Nk B R SR AR 4 S

PrfEOLN I T E AR R RN BBUE Z S A%, & T T it o 2) ZE T AR AL AL ST 4
18, AR A SEEL A BN fi i KA R 2 BCATL A 3 A2 K B R 5 K PRI S 2 BEATL A

3. {RBIET
FEZEST LASND FERL 2 {if, 3 AH K SCEREAT LA TR R [10]:
1) BRI R R S A ) — b A 1 B
2) BREMIBALRE B — BB R I E
3) BAST RIS T R &M ER, ST R/
4) TR HEE 18 NN,

I,=Y > f(;jt’ r) G eB el

ieC (o,d,f)el'lr,(d,o)eMkr

kat = Z f((do,,od);i)rt(n’d’i) + Z Z pet |: Z et(] “ / kelt Z feto d[ (

(0.d.i)eT;.(d.0)eMy teT ecEy, (0.d.j)er\T; (0.d.i)er;

T dis

kite

¢ +18 VieC,teTl,G, eEeck,

e

. T. .
ship _ —kite _ VieC,iteT,G, €&
kit (ZE; 24><7f—| g

oo = |Vk{t|(1.95U +5200) VieC,teT,G, €&

kit

cy = aﬂf\/U[vef VieC,tel,G, €EecE,

kite it

oo _}/IUVZ V{EC,tET’Gk eE,eeEk

kite it

Coper Cfuelehlp
Cl:tveek _ Z[C]Z(:n Z ( kite kite = 7 kit ) kite VGk c E,t c T

ieC ecEy;, 24

YEFE IR 2 (1 AR 7 DM SR A« AT A ATIZ 8 plAs =38 0 R

(6)
8.)| VG, eEteT (7)
®)

(€))

(10)
(11)
(12)

(13)

FRPERIRERAE ST, o 1 B 53 DR IREMR B R RURHN S . 5, > 0 RIERE R ABAREL 7, €(0,1]

SEHEFC AR 22 57 RN A S S 5L
LASND IR 0] L3/~ A LSANDM:

[LASNDM]:
———a _F]zc;;eek 5 (14)
(FP)  Goez| ter T lier
s.t. (6)~(13)
1, Ifnetwork design scheme G, is selected _
. = ] L €S (15)
0, Otherwise
e (16)
GreE
o.d.,i o,d.,i
Z f&E‘,.s)t ) - Z /iE',r)t ) S O
(r.s)eEzUM G, (s:1)eEq UM
DOI: 10.12677/mse.2023.122011 105 EHA S T


https://doi.org/10.12677/mse.2023.122011

ViRast]

VG, €k, feC,teT,(o,d,f)eF;,seV}“ (17)
S > f<B %, VeeE,teT,G, e (18)
ieC (a,d,f)ef;

f((o,d,z’)< (o,d,f)st(o,d)

do)y — 1t
V(d,0)eM,,,(0.d.i)eT;,ieC,tel,G €& (19)

f((a,d,i‘) (0 (o) -0

do)t t 1+
V(d,0)eM,, . (0.d.i)eT;,ieC,te[LN-1],G, €& (20)

OSS( 9 < f )<s0 9)

Vte[LN-1],(d,0)eM,,ieC,teT,G €& 2D
F ) ~0 Vee M \(d,0),teT,(0,d,7)eT;, i €C,G, €= (22)
F420 VeeE, UM, teT,(0,d,i)eT:,i €C,G, eE (23)

D S

teT (o,d,f)el"; ,(d,a)eMk;r

F = (.ﬁ(toyd’i)) =argmax{ Y. x,
[ Z eto @ , kett Z f;?ta @ (

foralli eC} (24)
kelt )J

o GreE
Z pet vA
(o,d,i )el"\l" o d z el"

teT ,ecEy,

SR AT, FARIL, REHULR NP AR, X TR 4L X = (x ) FA=(5,,)
AT VST LA S4BT AL O TE 6 5 0 R R LA S KB 0 P = (p, ) FTF o 48T, SN G2 MR e 2
B STRATMRAR E bR 52 MR . R, FRAIRE IR F ORIk, 45 R o FE 1
FIRL SRR, PRI ISR R, 2y =), ¢=(&,). o=(a))me=("")

Syl UL (17-20) 9% EAS . s 3 g ﬁfio«w%% Rz R B 7 R R

o TR BT L ALASNDMT],
[LASNDM-T]: *H{E®ieC,

o) _yloti)  pfoat) , gloai) _gloaiglaai) 5 odi) ploaiT g 25)

o) o) ofe) . fosd) _gload) pfedd) _yloai) ot} g (26)

yot) _ylodid) y lodd) y glodd) _glodd) glod) 5 ¢ Vf(g’;’)’”* eT @7)

Pt o) o) | glodi) _gloagfodd) o yplead] e, (28)

P ) s 25 p, 20 VAT cu (29)

P o) L 25 =0 T v, (30)

D gD g 4 (1-6, ), 20 VAT € 31

DOI: 10.12677/mse.2023.122011 106 RS T


https://doi.org/10.12677/mse.2023.122011

Wit

Pt ) s g 1 (1-6,,) Py =0 AT €Y, (32)
y(Od')>O Vrer,teT(odz)eF ieC (33)
£,20 VeeE, teT (34)
(0d1)>0 ‘v’(odz)eF;,feC,teT (35)
XH,
R 4715 0. 9(0..7) T (d.0) €Myt < ] (36)
R+ z{fisio,’od)tl) fi(dg;d);l) >0’ V(O,d,;) (d O)EMk~t’t<N} (37)
] oad| oad) _ -
= aoy” g =0 ¥(0.d.j) €T \I;.(d.0) e M, \M,;.t <N (38)
T f(a,d/)” f<a,d,;>">0 V(0.d,j)eT\T;,(d,0)e M, \M,;,t<N 39
+ 7V (do) | (d0) > 4.J)€ r(d.o)e M, \ Mgt < (39)
U::{fao,d,z’) fe(to,df) =0, v(o,dj)eri’e:(r’s)eEkt,tET} (40)
v, ::{ﬁ(tad:) 74 5, v(o,d,,’)er;,e:(r,s)eEkt,teT} (41)
={ (todj Odj _0 V(Odj)er\r e= (r’S)EEkt’teT} (42)
{ (0.7) et"d’ >0, ‘v’(od])eF\F e= (r,s)eEkt,teT} (43)
HERE st | ... BEEHKER s, | ... HERER sty
{_I
— 54, mi | 5d,0 i
1 3 V5 _|"
- )
| 35
CEE |54, (11001000
T .
125 _r © mzsn
45382716—— 5 2 1 L

Sisqg, [61728354]iisg,/00010111

, @
¥
4 678 @
T ¥
s 7 8 a
— isq,,soo11o1oo 0
¥ @

34 6 © w0

¥
-— -—

LB

45382516— 4 3

Figure 3. Methods of encoding and decoding
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Table 2. Calculation results under various shipping demands

# 2. FRGHER THHEER

FILER P 5

T o BE i SN SR oy ayilbid
5775 SN : BB R p -
& ikt ‘g: gggj’%g (TEU/week)  (x10°USD/week)  (x10*USD/week)  (x10*USD/week)
A: 1-4-3-7-4-8-1 12,624 1870 589
1 1459
B: 3-2-9-5-10-11-5-6-3 28,000 3347 870
A: 1-7-10-5-8-9-2-1 15,258 2554 1045
DI 2 2697
B: 4-8-6-5-10-11-5-3-4 32,742 4137 1652
A: 5-11-10-2-1-3-4-5 18,653 2739 1087
3 2785
B: 11-7-3-8-6-4-3-7-11 38,162 4832 1698
A:4-5-10-11-7-11-1-3-4 15,909 2319 803
1 2039
B: 8-2-4-5-11-10-4-9-6-8 33,425 4118 1236
A: 1-6-9-7-11-5-4-8-3-2-1 18,635 2864 956
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