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Abstract: Parcel lockers effectively resolve the mismatched handover times between customers and couriers. However,
with the widespread deployment of parcel lockers, selecting a locker convenient for customer handover has become one
of the key factors influencing satisfaction in last-mile delivery services. To address this challenge, this paper proposes a
multi-vehicle coverage delivery problem considering customer satisfaction. At the problem level, a questionnaire
survey approach was employed to model the customer satisfaction, thereby establishing the mathematical model for this
problem. At the methodological level, a reinforcement learning-driven evolutionary algorithm is proposed. Firstly, a
hybrid heuristic method is designed to generate a high-quality initial population. Secondly, nine neighbourhood
operators and a greedy repair heuristic are devised based on the problem's characteristics to efficiently search for
satisfactory feasible solutions. Subsequently, a reinforcement learning-driven search mechanism is proposed to
adaptively select suitable operators. Finally, a state representation method based on a monotonic descent benchmark
function is designed to guide the convergence process of the agent learning algorithm. Simulation results demonstrate
that the proposed algorithm achieves high-quality solutions across problems of varying scales, exhibiting superior
computational performance compared to benchmark algorithms and solvers. Ablation experiments reveal that the state

function-guided reinforcement learning search mechanism enhances algorithmic performance by an average of 5%.
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Stepl: K FIVR A W46 0 7 1542 i PSS A4 5
TS B EE AR

Step2: K FH 56 4 i TR Wi 3% N P AN SR AR AE XL
AR BUHT MR, 328 R BIAME AT T AR IE RN,
B AR C'1;

Step3: MAME M CTH BEHLILFEAAE, THEDIRES
(S1, S2), K Q% I WLHEI A & 158 7 571 I
17, BB AN B A A O2;

Step4: ot 5 1 B BB EL tHE
BT IR, WA (14) (15) T 5 & 55220
B, HEHQRE;

Step5: ¥ MM C15 C24 3F, Ik E 2 M,
TR AT L EAE AR AT PS AN, S8BT i AL A

Step6: #7 I fIt fift 3% = N AR A B8, SR W46 1k
T BAHLAE BN B U TR S 20% BN,

Step7: 5 A& VA& R Z 4, T 4 AT A
fift; T, #52 step2.

3 ERER
3.1 LBHE
3.1 WA

BT A EEITE M R IR 4T, DA R 45 R
(AT bl AN AT E . IR S B AL BN Intel(R)
Core(TM) i5-8265U CPU @ 1.60GHz 1.80 GHz 4t 3t
7%, 515Kk H Python 3.8 15 5 T &, F£7E PyCharm
2024.3.5 FF R R g s 4T, A IR
S BT IS 4T 20 WK, il RERR B, R
Z KA 0.05 1) Mann—Whitney U 45 56 51 1) Wi 55
BB MR BAAERE 2R, RS T QEA
s () bR
3.1.2 B

H T BT IF 7 100 R G A v R B A5, AR ST
TSPLIB Fr i 5451 £ Sk A4 & 1) & 55451, LA D7 vk
. RIREA] R IR —A BUONBCIE O, R SRR
4:6 I LLB 4 I BEE N PL A5 587 s, ARSI
FAUCGBAT IF 38 5 B8, 48] A 5 s B PR~ 2 B
55 0-1 A BEHL/INECHE 3 7= A=, 6 A8 [R] 55 42 BUAS ]
(I BEATLECRD 1 A2 BRAS R 545 56 DA 07 vk, AR S
BT = AN EBIER, 43 AR/ N R S(|V| <
100)- HFRBL LB 42 M(100 < |V] < 200) FIK HAR

FAI4E L(200 < |V] < 600), H 4y 4 FUA Tv_s,
HoAf Tove s 2 A ACR S B REE (SIM/L), 5 R
1, DAL AT H I BEALE 1.
313 SHRE

ST A SCHR AR TG SR AR AR ST HR B i) R M-
CDPCS [ &t 0 1 H vk, Wk @ I 5k 5
QEA JF J&xf LM, 145 GUROBI K fif & . 18t 1% 5
7% (Genetic Algorithm, GA). & [ % & (Memetic
Algorithm, MA). i 5 B2 B S BUK S R BE S5 R &
WE, HAth 505 S 50 K 0] S HE o TS 3e A Bk
&, B 3 pros.

®3 BSHRE

ZH GA  MA  QEA
A 1 1 1
0 0.4 0.4 0.4
FRERIAS 50 50 50
R RIERIREL 100 100 100
A X 0.8 0.6 0.6
AR A 0.1 / /
FEa, / / 0.01
AT / / 0.9
AMRTE R T7 ZE U T R B / / 0.9
AMAE N FE Ty ZE B UEAE T TR BR ALV / / 10
KA R G A R 1000 1000 1000
LA [ AR R f 300 300 300

Fa, £S5 K6 pRERT FHIEEN LK
UL E 5 BRI, &b v B R DLRD (s) M ER
BL. SRR N 2 Gap, TR TR (16) Fis.
Metricqey — Metric;

Metric;
Ho, Gap, %7 QEA 554 L B350 2 7] 1) 6 b 22,
Metricq, F1 Metric, 73 5l % 7v QEA F1% Lt 572 1
FRARE, W1 H bR R BUE BT R
3.2 XTHSER
321 /PHEEBIN R

4 NFFAENE GBI ERIERL R 1 /D
IS [ Y, GUROBI AXZE 1T f g /T 22 15
Bl R4S T IR AR AR, HLBEE GRS N, GUROBI
(T SRR ) 2 AR G K 6 T U R T 22 1)
54, GUROBI 1E 1 /NP R BESRAS AT AT . P38 1
%, QEA 1/ H #7185 GUROBI X AH % 3%. JF
H, QEA K3 T 4 NHEBI IS (T I ER).
T GAL MA, QEA 1£-F¥) B As A E 707l s 1
7.8% 2.4%. MAETHE N [A] b, =Fp & e tifb ik
RETE 24 B0 PN SRAG T =LA

Gap, = x 100%.  (16)



8 = # 5 & K Fxt
=4 INHEEGENRGER
GUROBI GA MA QEA % (Gap)

U R mm o T s TS R RME T B T s e
S11 3 3201.2 / 5.3 3331.8(*) 1.2 3328.6(*) 1.6 3201.2 32205 1.6 0.0% -3.3% 333% -32% 0.0%
S14 3 4474.6 / 57 4695.2(%) 1.1 4567.4 2.5 4474.6 45724 2.5 0.0% —2.6% 127.3% 0.1% 0.0%
S16 3 2916.6 / 151.5 3128.8(*) 1.4 3098.4(*) 23 2916.6 30704 29 0.0% -1.9% 107.1% -0.9% 0.0%
S16_4 6248.6 / 163.3 6549.7(*) 2.6 6518.6(*) 2.9 6248.6 06486.1 29 0.0% -1.0% 11.5% -0.5% 0.0%
S22 3 29472 / 1342.0 3262.1(*) 29 3237.2(*) 3.1 2978.1 3169.6 3.1 1.0% —2.8% 69% —2.1% 0.0%
S41 3 102347 2094.7 3600.0 12144.4(*) 6.8 12048.1(*) 10.6 10629.6 109922 11.5 3.9% -9.5% 69.1% —-8.8% 8.5%
S51 3 89539 1434.7 3600.0 9748.5(*) 11.6 9645.9(*) 123 9200.4 9571.5 13.1 2.8% -1.8% 12.9% -0.8% 6.5%
S75 3 15701.4 36859 3600.0 18691.3(*) 16.0 16519.4 18.7 16285.6 165499 19.1 3.7% -11.5% 194% 02% 2.1%
S75_4 13623.4 3500.5 3600.0 18630.0(*) 18.4 16101.3(*) 22.1 14299.2 15552.1 203 5.0% -16.5% 10.3% -3.4% -8.1%
S85 3 150158 1758.7 3600.0 16410.5(*) 21.2 16198.5(*) 22.7 15634.1 15899.5 234 4.1% -3.1% 104% -1.8% 3.1%
Ty 83317 / 1966.8 9649.0 8.3 9136.6 9.9 8586.8 89084 10.0 3.1% -7.8% 20.7% —2.4% 1.0%

w5 hIHEEGENRER
GA MA QEA % (Gap)

N T T O T R PN TR B S R ALY
M100 3 20086.3(*) 21062.3(*) 11.5 21718.0(*) 22627.0(*) 25.8 19934.3 20320.8 254 —0.8% —-82% -3.5% -102% 120.9% -1.6%
MI100_4 18685.7(*) 19694.3(*) 12.3  18546.1(*) 19158.1(*) 25.8 17359.6 17631.6 25.8 -7.1% -64% -10.5% -8.0% 109.8% 0.0%
MI105_2 25206.9(*) 26130.3(*) 13.6 26808.6(*) 27724.4(*) 353 23165.8 24526.3 30.6 —-8.1% —13.6% —6.1% -11.5% 125.0% —-13.3%
MI105 3 29344.7(*) 29945.4(*) 15.1 30698.6(*) 31294.1(*) 36.4 27634.2 28192.2 30.4 -5.8% —10.0% -59% -9.9% 101.3% —16.5%
M120 2 30056.4(*) 31208.9(*) 17.7 30752.3(*) 31294.2(*) 53.6 27535.2 279723 52.8 —8.4% -10.5% —10.4% -10.6% 198.3% -1.5%
M120 3 27483.6(*) 28641.3(*) 20.8 27813.3(*) 28773.7(*) 543 25661.1 26376.7 51.4 —6.6% —7.7% -79% -83% 147.1% -5.3%
M130_2 24326.9(*) 26017.5(*) 24.0 23136.2(*) 24657.7(*) 67.5 21418.9 21998.8 59.9 —12.0% -7.4% -15.4% —10.8% 149.6% —11.3%
M130_3 24588.9(*) 25927.4(*) 24.5 23931.8(*) 24782.3(*) 66.3 22312.3 22638.9 58.9 -9.3% —-68% —12.7% -8.6% 140.4% —11.2%
M150 2 29661.7(*) 31404.7(*) 36.7 31393.3(*) 32266.2(*) 87.8 27683.3 282584 79.6 —-6.7% —11.8% —10.0% -12.4% 116.9% —9.3%
M150 3 32802.3(*) 33912.1(*) 31.5 31597.4(*) 32634.9(*) 88.8 27873.0 28586.7 76.3 —15.0% —11.8% —15.7% —12.4% 142.2% —14.1%
M160 2 54012.1(*) 56364.9(*) 42.4 56463.8(*) 57756.0(*) 98.8 50535.3 50946.1 88.3 —-6.4% —10.5% —9.6% —11.8% 108.3% —10.6%
MI160 3 62082.6(*) 63872.8(*) 41.2 65233.2(*) 66314.7(*) 90.3 58467.1 58997.0 86.7 -5.8% -104% -7.6% -11.0% 110.4% —4.0%
MI180 2 46936.3(*) 48334.4(*) 50.4 45216.8(*) 47942.7(*) 117.9 41023.5 415239 1149 -12.6% -9.3% —14.1% —13.4% 128.0% —2.5%
MI180_3 33588.5(*) 34600.3(*) 53.3 33262.2(*) 34515.1(*) 121.7 30163.8 30705.0 119.6 -10.2% -9.3% -11.3% —11.0% 124.4% -1.7%
M200 2 47392.3(*) 49048.3(*) 54.5 48304.1(*) 49274.0(*) 136.5 40370.8 40902.0 1244 —14.8% —16.4% —16.6% —17.0% 128.3% —8.9%
M200 3 42574.2(*) 44021.0(*) 59.9 41711.0(*) 42637.4(*) 138.2 37907.1 38668.6 1255 —11.0% -9.1% —122% -9.3% 109.5% -9.2%

T8 34301.8 35636.6 31.8 34786.7 35853.3 77.8 31190.3 31765.3 71.9 -9.1% -10.3% —-10.9% -11.4% 125.9% -7.6%

=6  KIEBHEGEMXER
GA MA QEA i % (Gap)

P mam i e R e s h wg sr OhHROEPRECPIE Wi e
1220 2 57217.7(*) 59190.2(*) 62.9 54171.4(*) 55663.1(*) 110.4 44799.4 464279 100.1 —21.7% —17.3% —21.6% —16.6% 59.1% —9.3%
L1220 3 57738.7(*) 59431.2(*) 79.4 51210.3(*) 54057.3(*) 1163 45821.4 464259 1057 —20.6% —10.5% —21.9% —14.1% 33.1% -9.1%
L1235 2 84568.1(*) 87167.4(*) 100.4 83121.7(*) 85212.3(*) 120.1 77808.0 78532.1 1104 —8.0% —6.4% -99% -7.8% 10.0% —8.1%
L1235 3 72710.8(*) 74421.4(*) 76.1 67667.9(*) 69826.5(*) 110.1 55983.9 56590.6 101.3 -23.0% —17.3% —24.0% —19.0% 33.1% —8.0%
L285 2 101141.9(*) 104980.8(*) 123.7 101037.0(*) 102883.7(*) 142.4 91418.8 92266.4 127.5 -9.6% —9.5% -12.1% —10.3% 3.1% -10.5%
L285_3 103082.6(*) 104999.3(*) 128.9 102120.7(*) 104496.1(*) 150.3 92891.0 93466.2 1363 —9.9% -9.0% -11.0% —10.6% 5.7% —9.3%
L320 2 108375.6(*) 110471.7(*) 161.6  103662.5(*) 105328.1(*) 200.2 93298.1 93805.3 1724 -13.9% —10.0% —15.1% —-10.9% 6.7% —13.9%
1320 3 102430.0(*) 104806.7(*) 159.7 97131.3(*) 99750.3(*) 209.6 87772.1 88222.0 180.3 -14.3% —9.6% —15.8% —11.6% 12.9% —14.0%
L1435 2 142903.6(*) 145317.3(*) 341.6  135750.5(*) 137395.1(*) 391.6 119611.1 120474.4 361.7 —16.3% —11.9% —17.1% —12.3% 5.9% —7.6%
L4353 139840.8(*) 142584.8(*) 330.9 134396.9(*) 136648.4(*) 400.8 117306.6 118694.9 371.7 —16.1% —12.7% —16.8% —13.1% 12.3% -7.3%
L530 2 159756.5(*) 163 085.0(*) 522.5 144792.5(*) 146590.1(*) 622.5 129833.3 131045.5 571.8 —18.7% —10.3% —19.6% —10.6% 9.4% —8.1%

15 102706.0 105132.3 189.8 97733.0 99804.6 234.0 86958.5 87813.7 212.7 —-15.3% —11.0% —16.5% —12.0% 12.0% —9.1%
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10 ¥ % 5 & K FxH
T, 5N Q F AWK FA R T IE H, LR ®8 HIEEGISEERMIINER

B4R _E RS T MA. i QEAI QEA fi%(Gap)
3.3 ﬂ%migﬁ 5/ ME FEME mME O CFME mOME CFME

N e N L MI00 3 21285.8(*) 21772.4(*) 199343 203208 —63% —6.7%

33— MR &S B & 1) 55 23]

HitE B AR %Igmﬁ%JﬂQ?/‘ngEﬂﬁ% MI100 4 18395.9(*) 18824.8(*) 17359.6 17631.6 —5.6% —6.3%
SRVE SR AR RUCR B2, T R A0 R B SR 06 B B MI05 2 26996.3(%) 27472.7(*) 231658 245263 —142% —-10.7%
STHEPIRZ 5] S ML, SUNTHE IR T2 7T S PR M105_3 29696.4(*) 30389.3(*) 276342 281922 —6.9% —7.2%
ﬁ/]\,ﬁ:ﬁmgﬁﬁagﬁﬂsfﬁ %ﬁ%itjﬂ SlE’X"‘I'" M120_2 29382.5(*) 30255.1(*) 275352 279723 —63% —7.5%
A %ﬁ“iﬁﬂ’]ﬁy”’ﬂﬁ %%%& 5 ; M120 3 26393.7(*) 27273.3(*) 25661.1 263767 —-2.8% —3.3%
A", R R FA I e R B S S HAE, K MI130 2 22286.2(*%) 23305.9(*) 214189 219988 —3.9% —5.6%
DL ESVEIE N QEAL, FRAE/N H L K =Rl HUR S 1] MI30 3 22936.2(*) 23832.1(%) 22312.3 226389 -2.7% —5.0%
£ b AT MI50 2 29249.2(*) 29964.6(*) 276833 282584 —54% —5.7%

_ " MI50 3 28283.1(*) 29300.9(*) 27873.0 285867 —14% —-2.5%
7. 8.9 Ees BH: 72/ Wy R=F0K

® HHY ”%% H CJ E':Lj( ﬂ]f):t% MI60 2 52880.6(*) 53123.9(*) 505353 50946.1 —4.5% —4.1%
HFIE B4 I, QEA 1 H A5 B /MEE QEAL 4351 M160_3 60168.3(%) 61155.5(*) 58467.1 58997.0 -2.8% —3.5%
23 2.6%. 5.1%. 5.6%, H i3 ok #7318 5 Bl 20E MI80_2 42621.8(*) 43687.3(*) 410235 415239 -3.7% -5.0%
1 7% 5.6%. 7.7%. Ak, H4E A 25 1 s 1 4 MI80 3 31980.4(*) 32928.9(*) 30163.8 307050 —57% —6.8%

N M200 2 43562.1(*) 44317.3(*) 40370.8 40902.0 -73% —7.7%

AN SN R 1 7 AL |
FERFI NSNS BT RS L, QEA M200 3 39917.9(*%) 40784.8(*) 37907.1 38668.6 —5.0% —52%
MR LT QEAL Bk T 51 S AL YA AL, Y 328778 336499 311903 317653 —5.1% —5.6%
JC LI AR R RO RS ) JE L mT 0L, QEA A H

5 A S 0
T MR 7 2% 2 R B BT it 51 S fe & AABAKERIIEER
, . \ s g (G
et BRI PR & B AR, T A A RIS o m@“ym J;Mﬁﬁ ?ff%
N i /IMH FE ROME CFBE RAME PRE
2L ST PR 2 L 6 ] B I A E | =
WA ST RIR R e /), A I LBEIER, 51 5 L 1220 2 49837.2(*) 50590.2(*) 44799.4 46427.9 —10.1% —11.4%
~ J &l ~ 2
TR I e PR BN R 1220 3 48609.2(*) 51314.6(*) 458214 464259 —5.7% —9.5%
~ L1235 2 81259.4(*) 83411.6(*) 77808.0 78532.1 —42% -5.8%
w1 PAREIEERIIER L2353 60184.9(%) 61497.2(*) 55983.9 56590.6 —7.0% —8.0%
QEAI QEA % (Gap) L285 2 96489.2(*) 98669.9(*) O91418.8 922664 -53% —6.5%
5o B/AME ST BOME E¥ME AME PRI L2853 97843.5(*) 102319.9(*) 92891.0 93466.2 —5.1% -8.7%
S11 3 3201.2 3410.3(%) 32012 32205 0.0% —5.6% L1320 2 97874.3(*) 99307.8(*) 93298.1 938053 —4.7% —5.5%
S14 3 44746 45086 44746 45724  00%  10% L1320 3 93410.3(*) 964352(*) 87772.1 88222.0 —6.0% -8.5%
SI63 20074(%) 30958(%) 29166 30704 —~04% —0.8% L435 2 122690.5(*) 129362.8(*) 119611.1 1204744 —2.5% —6.9%
SI6 4 64359(%) 65007(*) 62486 64861 —2.9% —02% L435 3 126899.4(*) 130319.4(*) 117306.6 1186949 —7.6% —8.9%
$223 31026() 3I855(%) 20781 31696 —40% —0.5% L530 2 138498.4(*) 141290.2(*) 129833.3 1310455 —6.3% —7.3%
S41.3 11073.8(*) 11945.1(*) 10629.6 109922 —4.0% —-8.0% PHJ 921451 949563 86958.5 876657 —5.6% —7.7%
S51.3 94189(*) 9600.9(*) 92004 95715 —23% —0.3%
S75.3 16464.5(*) 16582.9(*) 16285.6 165499 —1.1% —~0.2% S2+4) LA IR ME 2 15 vy, 2% BH L Sife L ot 4 5
S75. 4 151244(%) 15667.4(*) 142992 15552.1 —5.5% —0.7% BRI LRI RE /. AR BB, BARS Tk
S85 3 15924.4(*) 16067.4(*) 15634.1 15899.5 —1.8% —1.0% s -
3 © © b 52 B2 S, (Lo Hhy B 30 58 g, 3P 4% 5
Y 881477 905846 85868 89084 -2.6% -1.7%

N HTIRES 51 AL 551 i e,
WWRFEFEAL R P &R R ETEAFIRES T ik
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