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Research on Multi-Level Distribution Location-Reute of Urban Subway
Based on Bilateral Matching

SHU Da, LIANG Chengji* . WANG Yu, SUN"Miaomiao
(Institute of Logistics Science and Engineering, Shanghai Matitime University, Shanghai 201306, China)

[ Abstract] Urbanization advancement has promoted the rapid development of urban logistics, and multi-level new
features have emerged in urban distribution. Howevér, problems such as traffic congestion and environmental
pollution, have also arisen. This study discusses theslocation-path problem of urban multi-level distribution based
on subway freight transportation. The bilateral ‘méatching theory is introduced into the allocation problem of
logistics nodes and demand points, and a muli-objective 0-1 integer programming model is constructed to minimize
operating costs and maximize matching satisfaction. "A matching preference index based on the centrality of subway
stations, delivery distance, and freight®volume is designed, and a calculation method for the matching satisfaction
between demand points and urban transfer stations is established. Additionally, a hybrid algorithm combining the
NSGA-II and the Gale-Shapley algotithm matching mechanism is proposed to solve the problem. Finally, based on
data from some subway lines in\Shanghai, a case study is constructed for analysis, and the Pareto optimal solution
set is obtained. The entropy Wweight TOPSIS method is used to determine the target weight and optimal solution,
and the maximum serviceéncapacity of urban transfer stations is analyzed for sensitivity. The results show that
considering both matching satisfaction and operating costs can achieve a location-path scheme that balances
"stability” and "satisfaction.” In addition, the study findings provide important reference significance for establishing
a logistics distribution system in metropolitan areas, alleviating urban traffic pressure, and enhancing urban
logistics distribution capabilities.

[Key words]) integrated transportation; location-path problem; subway freight; multi-level distribution; Gale-
Shapley bilateral matching algorithm
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Fig.1 Schematic drawing of multilevel distribution and traditional logistics distribution,based on urban subway
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Fig.2 Schematic diagram of bilateral matching decision
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Table 1 Model parameters and symbols
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Table 3 The centrality values and the subway lines
they pass through of some subway stations

on Shanghai metro line 1 and 2
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Table 4 Indicator weight calculation results
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Table 5 Calculation results of TOPSIS evaluation method
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Table 6 Choose the renovated subway station
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Fig.6 Multi-level distribution route based on Shanghai metro line 1 and 2

A X3z B R AR DG 6 B RS R . T R
N B KIS BE T Q, DA 300 LA 50 iy B fsf 3
JNE] 500, 153 B K8 N5 Y1z 8 A DG e i &
B N A BUE B 205 4T 10 WO I I . 45 34
B 7 Bis s B AR T KR 55 8 Q, B
T8/, UG P s R B B A e KR 558 1 Q, B3R
(108 NS N A 5 B SRR N R S N &
Q, —EME LRI T bk /Y 25 3, 18 1o b 2k ok 3k
TT0R18 75 L8 18 4 1 fie KR 55 68 77, ik fo R o
K55 B8 7 R e 5 B 2 7 A 3 Jn R DG i v R
JE A

22 2.75
2.1 o~ JLHCIH = FE

e
"

.
e
o

16 2.35
300 320 340 360 380 400 420 440 460 480 500
P R J K5 e

7 BERASEEFSEHETL

Fig.7 Changes in operating costs and matching satisfaction



378 £50% £ 11 H1/2024 5 11 B/HBENIRE
. and Information Technology, 2018, 18 (5). 88-94. (in
4 %*1% Chinese)

AR SC R T AR 3 T b Ak 2 R I 6 3 - A (]
R TR A2 R AR T 55 T SR S A DG T s
T2 B T SR 3 P R i A 43 R ) AR A R
VERCHRE M 2 H AR 0-1 BB iR, Hak,
FE ST R 5 30PN R A AR B R B R I
11 NSGA- 11 5 GS B3k A 456 1Y 1R G 5303 %t 7]
WEATSRME . B s DAL U T A o0 ik 2 B A 1 1
LA TR AT » B BRI, A o PR R AR A 27
B (B B 5 T A M Ak i A 7 B DA B A K S AR ) e
AR s X308 P v e sl 5 IR 55 T T A 7 B8R 43
Bro SR AS SCHY T vk BB [] B SHfe o 28 U 8 25
L8035 TR AR AR T MR A B L T, 42
o LA 2 e % ) PO DA B A5 75 5 A R DT 3 7
JE 3T MR B 2 R34 B 1R 518 E A KR
Wi, 7] )32 T BE bk - AR 1 B L1k » Sk 3T 4 %
P06 [ U PRARE 1B KL . BRI o A SCHR S 19 B K

P St

RS VP2 R T . IF AR BBk it 18

TEA R 32 M Bk IZ T3 A [R] i B 725 it e M
JAS S R 2R ] £ S 30 S B 0 B 25 A T
K25 T B PR A0 O B A0 O S TR Y
PRFTTEZE T — PRI E A

&% 3k

[1] DAMPIER A, MARINOV M. A study of. the feasibility and

potential implementation of metro-based freight
transportation in Newcastle upon ‘Tyme [J ]. Urban Rail
Transit, 2015, 1(3): 164-182,

[ 2] SANCHEZ-DIAZ 1L

study of commercial establisShments' freight needs [ J].

Modeling “urban“freight generation: a

Transportation Research'Part A Policy and Practice, 2017,

102. 3-17.
[3] PANY, LIANG C J, DONG L. A two-stage model for an
urban underground container transportation plan problem[ J].
Computers & Industrial Engineering, 2019, 138. 106113.
AL, R, Ph4 B R T Bk iy b 1 st T PH 2 0 0 T
AR ]. AARZCE R A7), 2022, 39(1): 89-98.
ZHENG C J, CHEN Y H. SHEN J X. Distribution routing

closed-loop

L4]

optimization of ground-underground logistics
based on metro network[ J]. Journal of East China Jiaotong
University, 2022, 39(1): 89-98. (in Chinese)

[5] ZHAOLJ, LIHY, LI MC, et al. Location selection of
intra-city distribution hubs in the metro-integrated logistics
system[J]. Tunnelling and Underground Space Technology
Incorporating Trenchless Technology Research, 2018, 80:
246-256.

L6 1 JASIT.okes, FIELE. H I A 6 i 2k i 2% W) 45 4 42 O 4
)], sSlisi ARG TR SEE. 2018, 18(5): 88-94.
ZHOU F T, ZHANG J, ZHOU G H. Subway-based
distribution network routing optimization problem with time

windows[J]. Journal of Transportation Systems Engineering

L7]

L8]

[9]

[10]

[11]

(12]

(18]

(4]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

XUY X, DONG J J, REN R, et al. The impact of metro-

based underground logistics system on city logistics

performance under COVID-19 epidemic: a case study of
Wuhan, China[J]. Transport Policy, 2022, 116. 81-95.
SUNX L, HU W J, XUE X L, et al

optimization model for planning metro-based underground

Multi-objective

logistics system network: Nanjing case study[]J]. Journal of
Industrial and Management Optimization, 2023, 19(1); 170.
LI1Z J, SHALABY A, ROORDA M ], et al. Urban rail
service design for collaborative passenger and freight
transport[ ] |. Transportation Research Part E; Logistics and
Transportation Review, 2021, 147, 102205.

LENG K J, LI S H.
intelligent logistics vehicles of urban railitransportation using
VRP optimization model [ J.]. “IEEE
Intelligent Transportation Systems, 2022, 23 (2):
1669.

SHAN M, HWANG'B G, WONG K S N. A preliminary

investigationss, of

Distribution path eptimization for

Transactions on

1661-

underground  residential  buildings:
advantages, disadvantages, and critical risks[ J]. Tunnelling
and Underground Space Technology Incorporating Trenchless
Technology Research, 2017, 70. 19-29.

CHENZ L, DONG J J, REN R. Urban underground
logisties system in China: opportunities or challenges? [J].
Underground Space, 2017, 2(3): 195-208.

CUIJ Q. DODSON J, HALL P V. Planning for urban
freight transport: an overview [ J ]. Transport Reviews,
2015, 35(5): 583-598.

ROTH A E. Common and conflicting interests in two-sided
matching markets[ ] ]. European Economic Review, 1985,
27(1): 75-96.

ZRERVE R, W, SR BRI ECRE M 2 PEXGA T
Bl i) ]. &4 TR, 2017, 35(11); 153-158.

LIM Y, LI B, CAO P P, et al. Method for multiple
attribute two-sided matching decision making considering the
stability of matching problem [ ]J]. Systems Engineering,
2017, 35(11) . 153-158.

JEZFIT R AR, sedR. kT bk T R I T i i 1) 6 A5 AR
IR, 5P, 2018, 33(7). 1247-1254.

ZHOUF T, ZHOU G H, ZHANG ]J. Point-routing problem
of urban distribution based on subway [ ] ].

Decision, 2018, 33(7): 1247-1254. (in Chinese)
BADER D A, KINTALI S, MADDURI K, et al

Approximating centrality [ M .

Control and

betweenness Berlin,
Germany: Springer, 2007.

BORGATTI S P, EVERETT M G. A Graph-theoretic
perspective on centrality[ J]. Social Networks, 2006, 28(4):
466-484.

NEWMAN M E J. Mathematics of networks{ M]. London,
UK Palgrave Macmillan, 2008.

VAN BINSBERGEN A, BOVY P. Underground urban goods
distribution networks[ J ]. Innovation: the European Journal
of Social Science Research, 2000, 13(1);: 111-128.

XSS R F R, FRIRU T 3 N Wy i 2 2 M 25 Ak
WF5E)]. AL TR, 2023,49(12) :311-320.

LIUB Y, LIANG C J, WANG Y. Research on multi-level
network optimization of urban underground logistics in the
megalopolis [J]. Computer Engineering, 2023, 49(12); 311-
320. (in Chinese)

W, RN sEhl AR Ak BOR A e A USRS



E50% F 11 H1/2024 £ 11 A/AHENTIRE

379

(23]

[24]

[J0. HEEHUM RS, 2017, 34(8) . 2349-2354.

DAI Z. Study on optimization and hybrid heuristic algorithm
for location-routing of three-layer logistics network [ ] ].
Application Research of Computers. 2017, 34 (8). 2349-
2354, (in Chinese)

GALE D, SHAPLEY L S. College admissions and the
stability of marriage [ ] ]. The American Mathematical
Monthly, 2013, 120(5);: 386.

JERAR RN, Sk, 4. FET Gale-Shapley Bk RELHL

JEa AR VEECHLE [T ). W RS A k. 2022,
46(18): 65-73.

TANG J J, WU X G, ZHANG S, et al. Matching
mechanism for virtual power plants and distributed energy
resources based on Gale-Shapley algorithm[]J]. Automation
of Electric Power Systems, 2022, 46 (18): 65-73. (in
Chinese)



