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Abstract

With the acceleration of urbanization, urban logistics distribution faces increasingly complex path
planning problems. This paper proposes a novel urban logistics distribution path planning method
based on the Arithmetic Optimization Algorithm (AOA)—the Dimension Learning Strategy Arithme-
tic Optimization Algorithm (DLSAOA). This method optimizes the efficiency and accuracy of the tra-
ditional arithmetic optimization algorithm in handling high-dimensional data by incorporating di-
mension learning techniques. Finally, the method is validated through benchmark function tests and
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case studies of urban logistics distribution path planning problems. Experimental results demonstrate
that the proposed method exhibits excellent performance across multiple distribution scenarios,
achieving a 25.2% reduction in distribution costs and a 30.6% increase in delivery success rates
compared to traditional arithmetic optimization algorithms.
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1. 88

B I T A R IR, TR A T A H 25 IR kAR . 30 T S I I A O RO S e i g
MRS R HE 3R, BEEpmBIECIE A IRIAR PR . R, 705 RS Al A B (1 3 T 4
MBS MR, B B ES & SO SEBR N 1] [2].

AR, BEAE TR S IO R i, IR T EC Ik R SR SURISE N, A% G O B AR R T v LA
W R IACIR TR B 7oK o AT EE A T BOBCIE 000 AT Bl B2 FEAIC, 38 7T BeIE B BC IR I 1] (1) AN g
PE, dEim sz BRI PEE R . BRIk, QT e R 2R P T A @ IR AR LA AR, O T
Tt TR AU A AR AP ) R

TEME SN, ASCEERD 5 A B IS R &R W T R Bk B AR R 7. B, BT ag
TR IR T P RC Ak R, BRI AR BRI (Y B B [3] [4]. SR, 5 REACIE B R 2 B3 T
VT IE B AT AN T VAT T s 22 PR, B0 528 18 75 SR B AN 1 SRR R 24k BURIE R 5 55
WHATTE R A I3 T PRI A SE B A . PTRFER FIMDIRIECIZE ,  FoR 2 AR S A ST e AU v A< g o () 1) A, 3
RESRVE H AT R MR R I R R TR — o XA 5] 5542 Y — PO A R R H R 1) i, R0
WH R, FIIe & ok 251,

H AR AL (arithmetic optimization algorithm, AOA) [6]/2 fili 2 A AR LS, B S H/bmM
STl s, HAE MG EE . BRI U ORI . SR, R sl vk o — @ AT
PE, AOA VITETER BB N R S A BhAG o EEXT FaR 1A RE, AN SCHE H — P T4 2% S SRS I BRIk
Bk ZEEE I OE B E PR RN R AL, TR FH 4T 5 5] SRS A i i fgeide fige, AUt
P RE g, B, KHEEMENREAE DL SR TR 65 UE T DLSAOA A 34

2. DLSAOA E3:i&it
2.1. DLSAOA &3

BEARMA L 2 BRI T 2400 W s AR AT 5 5], X Re S EUMBE 2 FEVERRAR, AT RN =3
PERES o MR E ST R 7 AT R R, WA 2 kUG s A 284k, FhiEnT e
ZIN RSB 2R, (NRX — IR IR T E FIE RS BN RS at. B s IEs A =
B MRATIRTT REHHAE A R S MR 5 AT AR R, U A0 I S AR AR SR RE 0% 5| 3R 1) B 471 7 1)
KiE. Fk, FEINT —NMREERER, YRR AEZRR, RSRIEARQ)HITHE.

R=R+1 (1)
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o M RIBBIMMER, BRRARA AOA ERURGEME X, b, JEHI FIAERZ =7 5T HEns A R 5 — LR A
Xigs o AREFRBIALIESEE —AMA X[ (1), 793040 2 2% 51 SEns (1 2 i n X (2) BT «

Xis (1) = X (1) +rand () x( X/ (t) = Xz (1)) @)

X, rand () Fow 0~1 Z A BEHLEL.

357 PO X (t+1) A1 X g (1) IRBERLEEAE, H5 X g (t+1) B He X (t+1) BOAFTII A iR AR AR, U
BER=0; SN R=R+1,
2.2. EEREmR

AT U6AE DLSAOA Iflstd:, Be 1M IR 4, @5 CSOAOA [7]. nAOA [8]. GWO [9]
1 NAPSO [10]Hb4% . Firf BB AE 10 IR R B LA, 00 e85 i AR V5 [ 1 L% 1

Table 1. Standard test functions

F+ 1 ARENR R

BRI AR i Fmin
. 2
F(x) =Z(Z X;J [~100, 100] 0
=1\ j=1
Fz(x):Z([xi +05[') [-100, 100] 0
i=1
Fy(x)= |x4 +random([0,1) [1.28, 1.28] 0
i=1
F(X)=>-x sm( |x; |) [-500, 500] —418.98n
i=1
n-1
Fs (%) =%{lOsin(nyl)+Z(yi -1)° [1+lOsin2 (rcyi+1)]+(yn —1)2}
i=1
+Zn:u(xi,10,100,4)
i=1
Y, :1+XiT+1 [-50, 50] 0
k(x-a)" x>a
u(x,ak,m)=<0 —a<x<a
k(x—a)" x<-a
FG(X)=0.1{Sin2(37tX1)+Zn:(Xi -1y’ [1+5in” (3mx, +1)
o ) [-50, 50] 0
+(%, —1)*[1+sin? (2nx, J +Yu(x,5,100,4)
i=1
25 1
Fr = 500 & & v [-65, 65] 0.99804
e ' ~
F, :[1+(x1 +X, +1)° (19—14x1 +3x2 —14x, +6X.%, +3x22)}
[2, 2] 3

x[30 +(2%,—3%,)" (18 -32x, +12x7 + 48X, ~36%,X, + 27X} )}
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i=1

Fo =—g[(x “a)(x-a) ]

=1

_iaii (%= Py )2]

1

[0, 1]

[0, 10]

-3.32

—10.1532

it EEANSRAE IR B BT T R RAT 30 IRIAEIR, 30 MsAT 45 AT (Mean) Uik 2 TR .
NELFR AT RE, BIRIEAT 30 IRBREZE (Std) il sRAER 2 .

Table 2. The running results of different algorithms on the test function

%2 FEEAENR G ERETER

IURANEIE A DLSAOA AOA CSOAOA NAOA GWO NAPSO
Ave 0 5.89E-03 6.95E-04 7.23E-04 5.45E-33 6.23E-03
& Std 0 8.58E—03 4.25E-03 0.0034 6.52E-32 2.23E-02
Ave 0.049 5.230 1.023 3.230 0.912 0.233
& Std 0.025 0.255 0.563 0.321 0.546 0.266
Ave 10.15E-05 9.23E-05 4.26E-05 7.23E-05 1.26E-03 0.232
- Std 9.15E—05 7.25E-05 4.26E-05 6.56E—-05 8.23E-04 0.238
Ave -8.26E—03 —4.26E-03 ~7.26E-03 —6.23E-03 —5.62E-03 —5.23E-03
& Std 412.263 469.006 616.560 412.196 689.310 964.807
Ave 0.085 0.500 0.150 0.563 0.043 0.256
N Std 0.023 0.041 0.078 0.093 0.660 1.568
Ave 0.601 2.123 1.956 2.213 0.663 1.235
e Std 0.315 0.074 0.301 0.032 0.569 5.214
Ave 1.920 9.032 8.245 1.23E-13 3.525 3.280
- Std 0.956 3.266 5.652 1.23E-13 4,562 3.350
Ave -8.260 -3.033 -9.362 —4.256 —6.635 —6.350
e Std 1.236 1.213 1.233 3.256 3.531 3.296
Ave -9.851 -3.623 -3.236 -3.337 -3.257 -3.390
e Std 0.862 0.046 0.023 0.023 0.024 0.372
Ave -10.452 -3.264 -9.1233 —4.2.4 —6.535 —6.563
Fo Std 0.554 1.264 1.563 3.234 3.523 3.563

XA HAE T, E0RFHE(DLSAOA, AOA, CSOAOA, nAOA, GWO, NAPSO)TE £ ANk gk %5 (F1
Fl| Fro) ERRIUIEAT T IR 58, FuPIELERTE H i, s DLSAOA BIAIEZ R B
kY. Fo °FI{HTE DLSAOA H A (0.049), M 7E HAth B2 A #2 5r, 3KFH DLSAOA TEIL k% I
RIS o Fa P HMEAE B 5L P AREA K, DLSAOA Fl nAOA fIFRMEZER /N,  Son BT RE e .
Fa 1P 25{EAE DLSAOA oMl HARHEZRIKR, UWZEIEAE IR 2 b AT BEAFE BRI BN - Fs (1)
¥IME1E DLSAOA H15:fi%(0.0072), T HARS VLR IAHXN AL %2 o Fo HIFH5{EAE DLSAOA 124 0.601, &
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Figure 1. Convergence curves of the six algorithms on the test functions
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Table 3. Experimental subjects
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Figure 2. Comparison of the number of iterations of the two algorithms in
urban logistics distribution path planning
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Figure 3. Comparison of the success rates of the two algorithms in urban logis-
tics distribution path planning
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Figure 4. Comparison of distribution costs of two algorithms in urban logistics
distribution route planning
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