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Multi-depot Half-open Vehicle Routing Problem with Simultaneous Delivery-
pickup and Time Windows

Abstract

Abstract: To solve the multi-depot half-open vehicle routing problem with simultaneous delivery-pickup
and time windows, this paper builds a mathematical model of a multi-depot half-open vehicle routing
problem with simultaneous delivery-pickup and time windows by balancing the vehicle in and out of the
distribution center and minimizing vehicle delivery distance as the goal. According to the characteristics
of the problem, a brain storm algorithm based on chaotic mutation is designed to solve this problem,and
the sequential crossover strategy is adopted to increase the population diversity. Meanwhile, the
algorithm selects two chaotic maps for chaotic mutation operation, which employs the diversity,
ergodicity, and randomness of chaotic mutation to enhance the overall search capability of the algorithm.
Multipl numerical example comparison not only verifies the effectiveness and stability of the proposed
algorithm for solving various vehicle routing problems but also indicates the distribution mode of multi-
depot halfopen simultaneous delivery-pickup and time windows is superior to that of multi-depot
simultaneous delivery-pickup and time windows. The research results expand the vehicle routing problem
and provide a decision-making reference for related logistics enterprises.
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AT 5 uF (57 9 48 >K Y& :  http://neumann. hec. ca/

I R A S5
RIZAT 10 IR BB AR 5 SCER[16] H AR R FRHE R
(iterated local search, ILS) &y . SCHA[17] 1) P [H
1 1k (co-evolutionary algorithm based on evolution
strategies, CoES) 5 v LA [z SCHR[ 1811 H id 37 48 418
o fp (adaptive memetic algorithm and
variable neighborhood search, AMAVNS) 5. 4 1 Xt
b, @R WK 2. K BKS HEH i i,
Best NHEILIZAT 10 IR AL, Dev 3 i AL iR
I 22 -

chairedistributique/ data/mdvrp/old/),

Rl ZHWE
Table 1 Parameter setting
n N T J o D,.. P, P,
0<n<25 50 100~300 5~10 20 20~50 0.5~0.8 1-P,
25<n<50 100 100~300 5~10 20 20~50 0.5~0.8 1-P,
50<n <100 100 100~500 5~10 20 20~50 0.5~0.8 1-P,

R2 91 GERNTHE

Table 2 Result comparison of experiment 1

o B BKS ILS CoES AMAVNS CMBSO
FIA Best Dev/% Best Dev/% Best Dev/% Best Dev/%

P01 50 576.87 606.11 5.07 576.87 0.00 576.87 0.00 576.87 0.00
P02 50 473.53 496.45 4.84 475.06 0.32 473.53 0.00 474.53 0.21
P03 75 641.19 675.32 5.32 643.57 0.37 646.33 0.80 642.27 0.17
P04 100 1001.59 1 062.60 6.09 1011.42 0.98 1039.69 3.80 1001.59 0.00
P05 100 750.03 782.34 431 752.39 0.31 765.98 2.13 877.86 0.16
P06 100 876.50 910.13 3.84 877.86 0.16 902.27 2.94 882.88 0.72
Ave 719.95 755.49 491 722.86 0.36 734.11 1.61 742.67 0.21

FH 215, S Lo 4 PP RVE SRS S LA
¥, W E A % CMBSO(2)=AMAVNS(2)>
CoES(1)>ILS(0). s 4 F Sy 11 1 25 B P2 T 45 5
%A % CMBSO(742.67) < CoES(722.86) <
AMAVNS(732.61) < ILS(755.49), b 4 FhH 2 i
K Dev% 1] 1% 5 1% 52 52 £ CMBS0(0.72) <CoES
(0.98)<AMAVNS(3.80)<ILS(6.09). kb %5 & % 1 °F
) Dev% 7] 159 535 1) F2 %€ P CMBSO0(0.21)<CoES
(0.36)<AMAVNS(1.61)<ILS(4.91), i id kb 564
TARSCEVER MR Z o0 R AR R S R 5 AR
FEMES

3.2 VRPSDPTW &5 54F

VRPSDPTW 51| 1% FH| Wang 5 7E 2012 4 A AR
(1) A 1 540 (559 42 >R U hittp://oz. nthu. edu. tw/
~d933810/test.htm). 1% 51 # I AL 5 65 > F 4
I3 N 9 AN ARG RO 56 AN KRR B 431

SEE2: /NG RS E S, RN
B, R A SCER S SCER[3] 52 R O A Y
(discrete cuckoo search, DCS) &% 5 SRk [19] 42 H
()45 K] (memetic algorithm, MA)EIEVEXS L, 45 B
W3,
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Table 3 Result comparison of experiment 2

B g)j BKS Best

P DCS MA  CMBSO
Redpl001 10 349.98 34998 34998 34998
Redpl004 10 216.69 216.69 216.69  216.69
Redpl007 10 310.81 310.81 310.81  310.81
Redp2501 25 551.05 551.05 551.05 551.05
Redp2504 25 473.46 473.46 473.46  473.46
Redp2507 25 540.87 540.87 540.87  540.87
Redp5001 50 994.18 994.18 994.18  994.18
Redp5004 50 725.59 72559 72559  725.59
Redp5007 50 809.72  809.72 809.72  809.72

R 4R 51, ASCEVEKRHE VRPSDPTW [
W N R SR Y BUAS T B R, BOE T AR SRR
SRty B T i P[] IR 226 B B 22 200 8 A i) R e /N R
B 1) L ) A R

LI 3. ik — BINK ARSI RE, 1EH6
AN KB BEAT IO, EREAIR: SR 4. ¥

TR, S AT E) & 2 02 IR VRPSDP [ T 5T

Vol. 35 No. 11
Nov. 2023

15 7 e f#; Xt Redpl01 BB ISR, A CHE %
551 DCS 532 5 BSA 5%, 5T VNS-BSTS &
% X Rdp201 SR AR, A SCEVELES T VNS-
BSTS 575, 5 T DCS % % 5 BSA H ik Xt
Rdpl101 & . Cdplol & ], A CH %5 VNS-
BSTS &k Kk fie M A, 3598 T DCS Hik 5
BSA 5y 5t T Redp201 H A7), A SC B R Al 45
RN T HASF L 546, 8K Dev 51
Dev XF EL A &1, CMBSO(7.34)<VNS-BSTS(8.39)<
BSA(12.94) <DCS(14.66), CMBSO(2.59) <VNS-
BSTS(3.20)<BSA(4.26)<DCS(4.54), LT 1%L
Al 15 CMBSO(1 259.99) <VNS-BSTS(1 269.78) <
BSA(1 280.72)<DCS(1 284.17), MM AE T 4 X
SRV SRR Mg A I 1) T 14D [ s 326 B 2 0 B 4 vl v
RIS 7 I R A 5 S5 A e 1

R RPEE B

Table 4 Characteristics of large-scale examples

ARSCHEF S SCER[315E I DCS 535 STHR[414 T T S T
) [5] ) #% 2% 4f 4L (bachtracking search optimization Rdp101 100 Zon:id L33
algorithm, BSA)H5y%: DL K SCHR[20]42 Hi A2 4153 XY Cdp101 100 A BE
4t }) 2% = & (variable neighborhood search and bi- Redpl01 100 HECSRERS B%
stracture based tatu seach, VNS-BSTS) & L /EXT L, Rdp201 100 IrHx e
HEEES, Cdp201 100 R L5
2% S A&, % Cdp201 5541, 4 Fh 5y 2 B Redp201 100 S RERE L&
5O 3LE RN
Table 5 Result comparison of experiment 3
sl BKS DCS BSA VNS-BSTS CMBSO
Best Dev/% Best Dev/% Best Dev/% Best Dev/%
Rdp101 1 650.20 1 658.65 0.51 1 659.77 0.58 1 650.80 0.04 1 650.80 0.04
Cdpl101 963.96 998.29 3.56 992.88 3.00 976.04 1.25 976.04 1.25
Redp101 1 652.90 1654.32 0.08 1 655.77 0.17 1708.21 3.35 1 666.12 0.80
Rdp201 1181.73 1281.63 8.45 1286.55 8.87 1254.57 6.16 1268.52 7.34
Cdp201 591.56 591.56 0.005 591.56 0.00 591.56 0.00 591.56 0.00
Redp201 1326.19 1 520.56 14.66 1497.80 12.94 1437.48 8.39 1 406.94 6.09
Ave 1227.81 1284.17 4.54 1280.72 4.26 1269.78 3.20 1259.99 2.59
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3.3 MDHOVRPSDPTW & 45| 5&1F

Sz 4: MDHOVRPSDPTW [i] 5 AH 56 £ o #¢
%, HuTBA@EHER, A8 30k bs )
MDVRPTW % 5] prO1-prO2( & 451 45 K Y5 :  http://
It ¥
MDHOVRPSDPTW [1] i [ 45 s % 2 J5 347 38 40F
prO1 F 745 48 1N P (54 1~48), 4 PMLIE
HOL (950N 49~52), AR BN 2000 prO2 H A
FLHE 96 AN 55 (S5 N 1~96), 4 NECIE A0 (Y
5997~100), FHHFE TR 195, K S HIIEI T
SR SCHR[21]38 I 5 SR 2 B = A x, N
B RIAKR, d, p, N RIEDE . R K,
g, NE P BRI FER, r=min(x,/y,.y,/x,) 55
NE PR, Hﬂdi:qirﬁﬂpi:qi(l—ri), 15
HEAE T SEERGTR K .

Vg AT IR [) 6 1 22 7o 2 F T8 [] B 3k B B i 1%
B 5 77 I 8] (1 22 mpoCe P 2K ) R 2% B 0% T8 A5

neumann. hec. ca/chairedistributique/data/),

RGN AR
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XAEXTIE, HREGRfE, 4RINEK6, Best,
Avg, Num, Cpu NNV-IIfEFT- 35 Z 550 K 735 5
EIBATIN [A]

H2 6 1T LAF Y, CMBSO 5092 3R it i K i ik
2 A A A M 22 B MEL R 1.01%, R ME N
6.54% , REMEA ISR H A A0 AR LS g ok FE AP
TEZEAW AT B0 P 8577 TH, MDHOVRPSDPTW fitli%
# Lk MDVRPSDPTW Flié = 4 AL 7 8.3%
56.7%.

i 5 AL iis AR EIE 1, CMBSO 5Lk AERS
PABUD R AR g Ui S, R B0R M -0 Rk
71, HETALLEH, M MDVRPSDPTW At i 5
3 ] MDHOVRPSDPTW [t i 45 5, i i H 0 o
P QA8 B, BT A5 T 3% rp s 18] 42 4
=, RWEEIAD T R EAT IR 6] — AT is e
PR 2 R AR, R B AR A U A M i B ik
JEAR o

F6 LI A4LERNT

Table 6 Result comparison of experiment 4

) MDHOVRPSDPTW MDVRPSDPTW
e R
Num Best Avg Cpuls  Dev/% Num Best Avg Cpuls  Dev/%
pr01 48 5 1201.26 128531 43 6.54 5 131031 135147 3.7 3.05
pr02 96 9 197752 2073.01 13.6 461 9 2118.88 2140.52 204 1.01
2600 5500
2 400 5000
2200 4500
g £
=< 2000 =< 4000
2 00 o 3500
N MU
1600 F ¥ 3000
B o
" 1400 2500
1200 - 2000
| Il 1 Il 1 J | 1 1 L 1 ]
10005350 100 150 200 250 300 1500 6™ 700 200 300 400 500 600
BRI ACTREL
(a) prO 1 AffiE (b) prO2 AL

K5 MDHOVRPSDPTW 55X N e flt ik AR &
Fig. 5 Optimal solution iteration under MDHOVRPSDPTW mode
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Table 7 Optimal solution paths of experiment 4

A 8 ZEAWAT B 2 FLFR S
49-42-46-39-2-15-25-26-23-36-32-49
51-33-13-8-29-20-4-19-22-50
prO1 50-9-47-24-12-30-40-38-21-43-52 1201.26
52-44-31-41-7-37-28-14-1-5-17-18-16-51
49-35-34-10-45-6-27-3-48-11-50
100-95-65-42-85-66-80-48-6-10-24-18-14-22-1-47-98
97-43-63-77-90-31-45-70-59-84-97
MDHOVRPSDPTW 100-11-79-21-15-75-40-34-49-4-61-52-100
97-86-19-55-93-38-68-27-13-97
pr02 97-81-62-73-37-69-9-17-64-16-74-97 1977.52
99-96-67-2-51-50-76-3-12-53-36-56-71-83-82-35-100
97-41-89-54-29-57-46-30-23-91-26-28-58-99
97-8-92-20-39-7-5-44-97
98-25-60-72-33-88-78-94-32-87-97
49-42-46-12-24-15-25-23-30-40-38-21-43-49
51-33-13-8-29-20-4-19-22-51
prO1 49-44-31-41-7-37-49 1310.31
49-9-47-39-2-26-36-28-14-1-5-17-18-16-32-49
49-35-34-10-45-6-27-3-48-11-49
97-19-55-20-64-17-9-72-87-1-47-32-97
97-62-73-37-69-65-33-88-78-22-46-91-28-52-58-97
97-25-96-67-51-76-3-12-50-6-24-15-18-10-94-97
100-63-8-13-100
pr02 97-43-41-70-59-84-97 2118.88
97-86-92-93-38-68-39-27-74-97
97-81-60-42-85-66-2-80-48-7-5-16-44-97
100-95-29-57-21-79-11-54-89-45-31-90-77-4-49-82-35-61-100
100-15-75-40-34-26-23-30-53-36-56-71-83-100

MDVRPSDPTW

4 i iU IR R R R, MDHOVRPSDPTW
We 328 A5 AT B 4 i A2 %5 T O C IR 5 5K, TR 7
ASCHIE I MDHOVRPSDPTW LR gt g it s 2 25 2 77 T
HEAT T VRBE ST, OMBEME I FWAMRE s gpmaenn
P e /M A I TR 2 0 22 Pt B T IR R IR P
BUSR AR  OE BAR. QBIHRIER R LR © '
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