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Abstract

Considering the constraints of capacity and congestion, a two-stage hub-and-spoke network opti-
mization model was built to minimize the cost. Firstly, considering the capacity limit of the spokes,
a spokes location optimization model based on set coverage model is constructed, and updating
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strategies such as Tent chaos and T-distribution mutation operator are introduced to improve the
slime mold algorithm (SMA) and solve it, and the spokes location scheme and corresponding de-
mand points are obtained. Secondly, considering the capacity limitation and congestion of the hub,
the hub location optimization model based on the hybrid hub and spoke network was constructed,
and the coyote algorithm (COA) was used to solve the model to obtain the hub location scheme and
the corresponding spoke. Finally, the simulation experiment is carried out by taking the intra-city
express network of a Courier company in Shanghai as an example. The simulation results show
that the model and algorithm can improve the utilization rate of the hub and reduce the cost of the
intra-city express network, and has certain reference significance for the location of the intra-city
express hub.
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322t NHERET
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X*= X, (1) 4V, (W - X, (t) = X (t))-t(iter),r < p (22)

Hrxpif, IMABRALE S, KXW

X" = 2 (23)
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SAERECEY N, E N NARE, BEEA N AR, 58 p A5 ¢ MRIRTESS j 4ERIIRALE s, IF
THEAEAN SRR ) A 2238 B BEAH

5= (U,- —|,-)+|,- (24)
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FHANIRSAEHTH: ¢ = median(Aj) o o AN AT D BIRIAERE, R4l N, MR
M NS 4PIRER T median() ABCHALEL S RMSRCELIR) o MBEVLRT, NZES 6,5 4l
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o =a-s, (26)
0, =95, (27)
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Hrr, s, RAWH K RIIRBKIRG BHE:; ¢ M c, A0, 1A A I REHLEL .
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3.3.3. BIRNEST
HHNBIRAAST , 74— FOBT ISR, 2R IR A 52 AT LIZe 338 AC R AT AR 18 A% A A B3 K] 25 52 1)«
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pUp; =4Sy j, P 2 Py + P = | (29)
R;, HAth

Horr, pup NAIRIOE §AERE: p; N[04 WISI AT IEENLE: AN, RARBENLIIPIANERZ: RN
55§ AR AR AR PRV A BENL AR IR SR B pg AN p, 3 D 20 BB R AT ORI

P = B (30)

p.=(1-p.)/2 (31)

BEHAE— OB AR, St — AR, SBIRAESER AR 1) B A= AR 8 B BE T e 55
VST A SR ELIRUR s 2) AH A — FUBIR BB A SRR IE N FE A 22, 3 LR fBL A 22 RSB ARIRI s 3) AN A
2 OB ML FEAR PR AR SRR & S A 22, VRIR AR B R A AR

3.3.4. PIRMIRE SHEM
NPRIESEIRAL 2 18] (45 S S AR RE I 2 FEE, SBIRAGE Y JE A P PR Dy
p, =0.005*N2, N, <14 .

4. BHISH
4.1 BARFKIR

N IRIEASE Y (A 80, S E b i T s i I [ bR DX 2% 4 Ay 1 B0 o AR g T Gt R s
FLRN DA BT EAE NN 2487.09 . AR4E BT HEECE H R YR, BT 2021 4F 1~12 A [H
Il 5% B 82632.8 Jif .

— 4 365 RiTME, THE S H AR EIRPUSLE Y 0.09 F. Wl 1A 2 fos, EECEET
HHEX 466 km?® MFEATE T X8, EHR X4 P 2t 366 AN EAE AR N RS EA8], #5TRK AAKRE B
J T RE LR 1o ARYE N DR 56 H N3 B & R BV 24 75 SR A R s 75 oKk &

JEHY POI i, FRHXF IR X HE A w]ENY s (5 E A gk b s A (Y 'S FDO1-FD58), ik ik 4 s Ak br s
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Figure 1. Schematic diagram of the research area
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Figure 2. Distribution map of demand points
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42. BEEE

S HR[14] [15] [16FERIFR 4 R B S8 e B E A f, =100070/K ;R i 2846 5
FA PR B IS A ¢ =1.0TCMF IR AL s BE AL By R AR g; = 0.65TT/MR ¢ A e A 7S R PR A
FQ, =80001FKk/H ; fh st [l & 1 & BiAS £ =50007C/K 5 Gl i [0 A BE B i S A A
Com = 0.04TC/MFIR- A HL 5 Ji 53 Tl i IR) B PR B IS B AN ¢ = 0. LT/ - A B 3 R B) B e 4 (1) B 6
PRSI AR ¢ = 0.570/ K- A L o Bl AL LIS A £, = 051G/ IR 5 il Ab 7 B BR A
HQ, = 2500014/ H .

K MATLAB R2016a #1440 5 , 52363445 5 Windows 11, #bFE 2% 4 Intel Core i5-12500H CPU @ 2.50
GHz i1 16GB RAM. SMA ByEF 4y 90, & XKE N 500, COA HiLMiEsiE " 80, KINLA LLH
N 0.7, FIR4N 10, EARRECN 200.

4.3. HE%SR

BBt EYEH] SMA SRR AR T AR o 5 RO I, R AR R IR R IS LR
AT R, RPN ABR14] p=JN, & HABUEEL, %4 p =20 ME RS 366 A~ R
Ko SMA Bik SMA B0 LA RN 1 R, d N BB St 2 an 4] 3 s : SMA FELTESR
250 YIRS, P 110 s; BUERT SMA SELESE 110 YOS AUk, PRI 89 s. Mt i) SMA
SN SAOH FE N BR HL A MG 4%

Table 1. Comparison of SMA algorithm results
& 1. SMA BIREE RIS

HiEAK A Fo/ ot FHS/s b xt e
SMA Fik 196696 110
4.0%
M) SMA i 188808 89
5
2.15 X10 ! . :
—— SMAS:
—— EHHISMAR A
2.1
2.05
=
It
L}é
junng
2 |-
1.95
1 9 1 1 1 1
0 100 200 300 400 500
ERIREL

Figure 3. Convergence curve of SMA algorithm fitness function
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P’ =20 5 B R B AOFE 5 . WSS (R )W 2 A1 4 fR.

Table 2. Selected spokes and corresponding service volume

2 EFENERURNARSE

B G 55 R IF B 1G5 M5 &R
FDOL 3811 FD34 3553
FDO3 2781 FD35 2080
FDO05 3904 FD36 3991
FDO7 3165 FD40 724
FDO09 2507 FD44 3195
FD14 1387 FD46 5832
FD20 4689 FD52 2154
FD22 3349 FD53 2517
FD23 2868 FD55 3350
FD29 4317 FD58 5310

N
0
(21 D54
\\ E
0
: FD33
FD13 ﬁgpzs 0
¢ FD2()58 FDAT S
0

FD24 D28 oJFDOL g

FO0S I3
FD30

oFDg ¢ Fp37, D43 o o™
01004 FD4F@DEG 020 D41 0
FD32
FD40  rmoz  oFPO% 0, S, D38
i D36~
oo Fp29e 034 0" §P0msn 0

FD22 FD45
% 0

FD20 FD48
o

FD09
0FD50 0

5]
0 RIS
0 CLBHROR

e e—— s Kilometers [ | wrxs
0 25 5 10 15 20

Figure 4. Distribution map of spoke location
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St )= S S N2 G E UL YR W D VA € R ¥ ¢ DN LI i A7 SRR S il L (B
T R AR, AR A e ] RS RIS S B AR M 1 2% 3. SR COA SR T R & R M 2% 1
i AR Y, R AL R R AR DU, RO RS A R EEB A AR . Wi 4, XA
S AR SRR AL, B R S NN, S R AR TR A G R, I8N R, b R A B A
N, p=7 W EET S Al R0 2% R A R RCAE B BRI, WSOt A LK 5, 1Bl g 5y ZDO08.
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ZD11. ZD13. ZD18. ZD23. ZD27. ZD35 N&%4 %, H HiEi It dm's FD44 & FD29. FD29 % FD54
1 FDO1 & FD52 =2k ELIABERE, W13 5 58 6. XM i ht 7 2 A B30 % 5 = A N 6.

Table 3. Number of intra-city express packages between spokes

3. BoELRERRNRESREY

95 FDO1 FDO3 FDO5 FDO7 FDO09 FD14 FD20 FD22 FD23 FD29
FDO1 0 350 37 9 352 47 319 69 15 187
FDO3 57 0 13 98 81 236 179 101 146 160
FDO5 252 461 0 106 48 192 197 446 73 232
FDO7 6 56 298 0 147 62 82 107 128 99
FDO09 89 267 54 22 0 123 143 128 7 245
FD14 91 79 82 95 72 0 73 70 18 49
FD20 426 378 157 377 154 330 0 106 473 343
FD22 110 201 71 291 169 213 45 0 272 201
FD23 109 162 272 178 62 268 51 127 0 260
FD29 382 422 240 266 325 123 52 200 300 0
Table 4. Comparison of results for different number hub
4 FEINBHYH R L5 R EE
AN SEALTT BT HBE AT AP AR T TE AT
P=6 171,468 72,960 2430 68,507 30,000
P=7 165,901 63,221 1141 67,680 35,000
P=8 170,887 60,710 877 70,177 40,000
P=9 175,594 58,967 730 71,627 45,000
P=10 179,194 58,647 1032 70,546 50,000
Table 5. Hub location scheme when p=7
=5 p=7HEEEIES R
FFs Hagrhohhmg s X I R 55 L
1 ZD08 FDO5/FD0O7/FD24/FD41
2 ZD11 FD45/FD47
3 ZD13 FD54/FD59
4 ZD18 FD30/FD35
5 ZD23 FD09/FD14/FD20
6 ZD27 FD23/FD37
7 ZD35 FD03/FD36/FD53/FD59
Table 6. Spoke direct connection scheme
6 BMREREERR
5 (15 )4 £3550 5 (15 )4 35505
1 FD44 FD29
2 FD29 FD34
3 FDO1 FD52
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Figure 5. Convergence curve of COA algorithm fitness function
[E] 5. COA BIEIE ML FE iR B YT S h 2

P51
o TLEFRHNA
o DTN

- e s Kilometers [ ] wraxs
0 25 5 10 15 20

Figure 6. Hub location and spoke direct link scheme when p=7
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Table 7. Different hub location scheme comparison

F 7. NE Rk RITEE

AL & TR A b 50 4 il i bk Dy 5 Tl e ) 4% B s e ik R AL B
AT S AN 7 8
SUEAITS 165901 173995 4.4%
B AN TT 63221 62963 —0.4%
i 5 I 8 AT 35000 40000 12.5%
B A A B A T 67680 72137 6.2%
o A5 I LA 3
A R R 74.8% 65.5% 9.3%
5. &ip

R E AR, T tREy 5K, FIRPGERE RS H AR, SRR PREIX A R O N E
[, H T HRIEAK T R A A R IR AT— 8 (R, 6 B 2% FE T I8 8 o 18] ELIA B I AR MK A
AT OL . X, ASCENL 7RG AR I BURDR PGSR AL PR, 15 7250 [RI30 PR AX 41 i 41k $2
FEEHEEW BB, BEE “HRAT MR, BIERE A EEMBEEBT A, DR/ AT AR
N B bR, FE T A7 o 1) U SR B I, NN tent YRV, t 234138 7 55 1S5 Ak SRS 250 SMA
FOEIFHEATRIA, 132058 Rk hE 77 R R R A BB, B Ak AR, FEHAA
BREEIBAT A, VR R0 B HOER:, DisNairT A vt B ds, 2T 2 & hm i 2
AR IEHERER, SR COA SIRBEATRAE, 452 ni e hik- 75 AN REAR koSBT OB ), DAL
PR A B, AR RRAS 4%, $ il ntF IR FH 2 9.3%, JIE T BLAR BRI A otk . JEab,
WETAFAE — SR R 2 kb FERY S il s QP B RIS bR e b AR I, 75 SR A B R 85 R bk
BOREYEHENOBEETURE, B BERIFRAFERINEIL . RAREIHE TR DU 7k id %
BOEREAT HORTN, B 5 FE AN E T >RGO0 T (R bR i ) 2 X AL i ik ) 7

ELWMB
E 5K H AR 5 4:(72174121) .

SE 3w
[1] O’Kelly, M.E. and Lao, Y. (1991) Mode Choice in a Hub-and-Spoke Network: A Zero-One Linear Programming Ap-
proach. Geographical Analysis, 23, 283-297. https://doi.org/10.1111/j.1538-4632.1991.tb00240.x

[2] Abdinnour-Helm, S. (2001) Using Simulated Annealing to Solve the p-Hub Median Problem. International Journal of
Physical Distribution & Logistics Management, 31, 203-220. https://doi.org/10.1108/09600030110389532

[3] Correia, I., Nickel, S. and Saldanha-da-Gama, F. (2010) The Capacitated Single-Allocation Hub Location Problem Re-
visited: A Note on a Classical Formulation. European Journal of Operational Research, 207, 92-96.

m

DOI: 10.12677/mos.2024.132108 1158 e RSE TR


https://doi.org/10.12677/mos.2024.132108
https://doi.org/10.1111/j.1538-4632.1991.tb00240.x
https://doi.org/10.1108/09600030110389532

FRA, i

(4]
[5]
(6]
[7]
(8]

[°]
[10]
[11]

[12]

[13]

[14]

[15]

[16]

https://doi.org/10.1016/j.ejor.2010.04.015

de Camargo, R.S., Miranda Jr., G., Ferreira, R.P.M., et al. (2009) Multiple Allocation Hub-and-Spoke Network Design
under Hub Congestion. Computers & Operations Research, 36, 3097-3106. https://doi.org/10.1016/j.cor.2008.10.004

X, KT, A SRV LA AR G Rl SO R g LRI 5 AR FU[]. TP S BERL, 2016, 24(11):
58-65.

Hwang, J., Lee, J.S., Kho, S.Y., et al. (2018) Hierarchical Hub Location Problem for Freight Network Design. IET In-
telligent Transport Systems, 12, 1062-1070. https://doi.org/10.1049/iet-its.2018.5289

A7k, IO, BT ZUREIE I 7R s =B Bk R4 P (3] 45 TR, 2023, 30(9): 1648-1657.
https://doi.org/10.14107/j.cnki.kzgc.20210638

Zhao, L., Zhou, J., Li, H., et al. (2021) Optimizing the Design of an Intra-City Metro Logistics System Based on a
Hub-and-Spoke Network Model. Tunnelling and Underground Space Technology, 116, Article ID: 104086.
https://doi.org/10.1016/].tust.2021.104086

Alumur, S.A., Nickel, S., Rohrbeck, B., et al. (2018) Modeling Congestion and Service Time in Hub Location Prob-
lems. Applied Mathematical Modelling, 55, 13-32. https://doi.org/10.1016/j.apm.2017.10.033

Li, S., Chen, H., Wang, M., et al. (2020) Slime Mould Algorithm: A New Method for Stochastic Optimization. Future
Generation Computer Systems, 111, 300-323. https://doi.org/10.1016/j.future.2020.03.055

XFHS, KT+, TodEvaA% S f 5] 5 AU M B e Sk e AR R[], THENUR 9T, 2022, 3909): 2709-2716.
https://doi.org/10.19734/j.issn.1001-3695.2022.02.0055

Mostafa, M., Rezk, H., Aly, M., et al. (2020) A New Strategy Based on Slime Mould Algorithm to Extract the Optimal

Model Parameters of Solar PV Panel. Sustainable Energy Technologies and Assessments, 42, Article 1D: 100849.
https://doi.org/10.1016/j.seta.2020.100849

Pierezan, J. and Coelho, L.D.S. (2018) Coyote Optimization Algorithm: A New Metaheuristic for Global Optimization
Problems. 2018 IEEE Congress on Evolutionary Computation (CEC), Rio de Janeiro, 8-13 July 2018, 1-8.
https://doi.org/10.1109/CEC.2018.8477769

JEVE. S A w) [E S P 25 BT S [D]: [ A8 S0]. EER: E KK, 2022
https://doi.org/10.27670/d.cnki.gcqdu.2021.002501

XIF. 52 i Wa T 55 i st IR 25 P 48 AR A0 ¥t [D] [B A Ari 3], Ri%E: RIERE Tk 2%, 2021.
https://doi.org/10.26991/d.cnki.gdllu.2020.002804

HER. FET 2 Mhiakin s AU RIS I 2440 1R AU FE[D]: [ 22 A28 3], dbst: JEAtlis K27, 2019.

DOI: 10.12677/mos.2024.132108 1159 jé

S K

[


https://doi.org/10.12677/mos.2024.132108
https://doi.org/10.1016/j.ejor.2010.04.015
https://doi.org/10.1016/j.cor.2008.10.004
https://doi.org/10.1049/iet-its.2018.5289
https://doi.org/10.14107/j.cnki.kzgc.20210638
https://doi.org/10.1016/j.tust.2021.104086
https://doi.org/10.1016/j.apm.2017.10.033
https://doi.org/10.1016/j.future.2020.03.055
https://doi.org/10.19734/j.issn.1001-3695.2022.02.0055
https://doi.org/10.1016/j.seta.2020.100849
https://doi.org/10.1109/CEC.2018.8477769
https://doi.org/10.27670/d.cnki.gcqdu.2021.002501
https://doi.org/10.26991/d.cnki.gdllu.2020.002804

FRA, M

MR 1
g 1S g TR B IR
1 121.6397 31.1494 238
2 121.6383 31.1860 156
3 121.6322 31.1645 37
4 121.6270 31.2610 97
5 121.6220 31.1272 84
6 121.6210 31.2078 77
7 121.6200 31.1989 321
8 121.6157 31.2530 181
9 121.6139 31.1498 160
10 121.6138 31.2082 221
11 121.6109 31.2775 107
12 121.6104 31.1880 92
13 121.6096 31.1998 165
14 121.6073 31.2716 106
15 121.6053 31.2539 154
16 121.6052 31.2121 96
17 121.6032 31.1945 47
18 121.6030 31.2897 109
19 121.6013 31.2184 128
20 121.6000 31.2991 128
21 121.5993 31.2007 167
22 121.5974 31.2504 144
23 121.5972 31.1357 37
24 121.5960 31.2636 239
25 121.5943 31.1563 111
26 121.5936 31.2413 172
27 121.5933 31.1475 156
28 121.5923 31.2845 97
29 121.5912 31.1796 133
30 121.5911 31.2775 159
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