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Abstract

With the rapid development of the e-commerce industry and the continuous expansion of online
retail, the order volume of e-commerce warehouses is constantly increasing, and higher require-
ments are being placed on warehousing operation efficiency and space utilization. In the actual
warehouse renovation process, some functional areas are affected by factors such as equipment in-
stallation, facility configuration, and business needs, resulting in some functional areas being im-
movable or subject to limited adjustment, making traditional warehouse layout optimization meth-
ods difficult to apply directly. This paper addresses the warehouse layout optimization problem
under the constraint that some functional areas are fixed. With handling cost minimization as the
single objective and the flow-distance product as a performance indicator, a warehouse layout op-
timization model considering boundary constraints, non-overlapping constraints, functional area
spacing constraints, and fixed functional area coordinate constraints is constructed. An improved
adaptive large neighborhood search algorithm is designed to solve the problem. The algorithm uses
a two-layer encoding method to represent the adjustable functional area ordering relationship and
lateral spacing. Various destruction and repair operators are designed to search for layout schemes.
Furthermore, piecewise adaptive weights, simulated annealing acceptance criteria, dynamic de-
struction scale adjustment, and stagnation warming mechanism are combined to improve the algo-
rithm’s global search capability and convergence performance. A case study of an e-commerce ware-
house is used for verification. The results show that the improved algorithm can reasonably adjust
and optimize the remaining functional areas while keeping the positions of functional areas 1, 8, 10,
and 14 fixed. After optimization, the total logistics intensity of the warehouse decreased from
12,080,300 kg'm/week to 9,920,500 kg-m/week, a reduction of 2,159,800 kg-m/week, representing
a decrease of 17.88%. Weekly handling costs also decreased from RMB 5167.68 to RMB 4243.77, a
reduction of 17.88%. The research results indicate that the constructed model can effectively solve
the warehouse layout optimization problem under the constraint that some functional areas are
immovable. It reduces logistics handling costs and improves warehousing efficiency while meeting
actual renovation conditions, providing a theoretical basis and decision-making reference for ware-
house layout adjustment and optimization in e-commerce enterprises.
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Wit JR Bkl (Facility Layout Problem, FLP) & 7E4% & 25 JE WMt (M) 8 &« JEMIIL G R B 1A 75 K
SN AT G ERCE, DA SR SR I IR ARIS E AR . IR K ARV AL S R [ 203,
J& T AR A AL 8. Muther 32 H 1 &R GuAfi J5 MRl (Systematic Layout Planning, SLP) /5%, NG fifik
AR BT T RGN TTIE[1]. TESLIERE I, Hu 28805 BT RG4S G FEAR J= 108, ¥ SLP Jiik 5k
HEALE G, M T IR ST OG 28 F M AT R Y, S R 6 A SR ik et 1 i iR
#%[2]; Hidayatulloh 56 SLP J7vEHILZMEAARL &, XSl O EHATER AR, AR Tk
WoZ AR [3]; Rodriguez %86 SLP J5ik5 Tk 4.0 B LS G, whilis seit =46 R rirm i, 2
i A PR X IR AR R A SR & R [4]; Salins 558K SLP 77558 ti A = HAR &5 6 N A T8k Tk
JitiAR &y, L SRR S AN A A (R SR T RIS AT AR 5], PP X AR SRR I AT
JRlE R, SR SLP JEdt AT Wb ik, 401 BB T RS #ME[6]: £ AR EIQ i
5 SLP kg, S fE R s I B AL g AT AL [ 7], ERRRARAEIET T, Li SFEHHA B
LA R R, R IR A . AR5 R AR AU 2 B AR, IR FH ek e i o Ak S0 3k 47 3R
filt, Hm TATRTT RINEEG R [8]. Garcia SEEN AN AR BOEAT J&) )@, $2 th 2 H b5 28 B AR
WEE, R AR M 2 B AR SRAESRAL T BT 51£[9], Derakhshanasl % DA /MU EHR IS i A A1 A
S AR BT R BT B ARy B R iR, B, IR T — RO R B A Bk
KA IZIRRE[10]. Liv S8 T 2 B AR A S AR Wit An = ) B (UA-FLP), JF4eH T 2 BAskLF#E ik
(MOPSO)FVEHAT K[ 11]. Prayogo S5415%f A Jay MUK (0 BS #4817 — MR “al Rl B4
PHRG LA AV R HSOS-LO)” MHHIE, ZHEIESS T4 SOS FiEME AR =hLHI[12]. &
T 7 S DURBE AN S 1B B ZE R FE R B, A/ MRS BA Y B bR, AT R B A
FEFEA R RESEE BRI T SO SRR [13].

MAEKE, AT ORI KR SLP 775N H PAACE Ge A A B2 R 5 5 IS T BCA+
BIBCR, B —EANE . AU E A m G R, S s A B E . TGk
B R B IS 2 A R T AR B e /M R B — BRI PEAT R AR AY IR 0T et 1 3 R R 4
WA R FEATO, T SEELG FEVEL AT B . WD B AR A A I AR AL, AR R A R A
JR s S R 2R R A B i ORI HR S % .

2. |aJREfEIAR

PRI, ASCHE U A A R TR Dy R B NAE T, H KDY X, HRKERN v. €
FENE#HTAEEX, HEAGTRENN={1,2,,n}, WEEXEIANER, HEEX i MBERKEN
X (ieN), ARKENY (ieN). HFMUEXACENZL XS, BOERXKLSGERR
REFPAT, b bR g H S AL E . B DIREX Z [BAFAEDRIR &, s i IEASIEEREAT, SO
AR ISR B AUSEPRAT E R RS . DhRE XA MR A E RS M STHEES L. [BE X AR ELR
FAFE, M RE P AR RIF AR, W IR B X W] A 2 S R 2R I i B L EOR A E . RYEHE
i 2, (ERAT R AT RN, 2 DR X SRR (D REX) Z 18] (B N B ES . A3 AL — R ALK
ARG OLTS, RS THREX AL E,  AIMTIE BI0E BA S MU H xR

ASCAE H LR R

() BESIIREXBINETE, UIREXIAR 5 GELT-TIT, DIReXAER;

(2) FIhREXFIRSE S Wit EAoE J5 20— Uk A PR Fr A e s

(3) OB AR AT RIE BT 1), D RE DX A FR RS A oo s 2 M BT 2 20 5

(4) EEWADIIBEXAFES, FRRES PR,
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(5) ThReX 2y ylE € Dhe XM AT W BEThBEIX, [ %€ D RE XA R I R v AN T AT A2 3, Wl BE Th g

X ¥ 3h;

(6) ThEeX AR SR 2 HIAATE, DhREX A A A 175
(7) BENFKERSAT 70, HPIE AT DR X AL ARARTA o

3. 1RBIET
3.1. FFSiiE8

BEARRI AT S U A0 1 s

Table 1. Symbol descriptions
= 1. FFSULER

e X

EH

N DIEEX S, N={1,2,-,n}

M AR AL B I ThRE X e

L AR A E TR X A

H DR X AT A AT B 5, H ={1,2,--,h}

ZH

XSi TG A J R T RE X i P AR R AL

YSi WG A A Ja R T REIX i pC AR AR K AL b

X B R 1] KB

Y WEEYN K E

Xi ThReIX i (R e

Yi hReX i MK

Oy TIREX i (i e N)SIIREX j (j e N)Z IR ifiioe &

dy ThEEIX i (ie N)EIIREX j (j e N )Z IR fHHE PE ey

Xij DRelX i (ie N)SIIREX j (jeN)FEmEEE

Xi0 IHREIX i (ie N )56 B M i 2 B

Xmin DIREIX i (ie N)SIIREX j (j e N B RS 1A I /Nt ] B 25
Xmax ThRelX i (ie N)SIHEEIX j (j e N B 2 S A ) de R 1) #E 25
Vi DIRelX i (ie N)SIIREX j (j e NIRRT FEE

io IEEIX i (ie N )5 PRI m IR
Ymin DIREIX i (ie N)SIIREIX j (j e N B e B (N 1 B
Yimax HAEIX i (ie N)SIHRERX j (j e N B0 s i (1 5 K i 7R
G iz e Air B 7] 3

0 FRRARIS (i

Vo R RIS
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ik
R
xi THREIX i HOALBR R AL b
i THREIX i O AL BRI AL b
Dih 0-1 5. 1, DHEEX i WAECPEMEE hiT: BN 0

3.2. BEReR¥

AT A 39 3 4 A fee M 9 A AL AR -
MTAEBEYIR KRR G, je N, DIREX ol iy IEAC I E AL A0S BB E SONRE . IhARAR 22 /9 46 X
A, HRIEAN:

dz :|xi_x'|+|yi_yj| (1)
ST R P 8 SO R S s IR B e AR 2 A (RS B RY), HRIEAA:

BEN — RV IE R RS SRR R AR, Hh BT Rk #as i, BNy
FEGRE . WYIRRR L je N HOQREEEN dj ERICIRE T RWISHEE N v, EREIRE T HIET
N vo, HITEREGIRFEAISLEREEREAR ], U — K s 1R P 75 PRI () 0

t:ﬁ+ﬁ 3)

Voo,

IREX 2 [ M5 Rais B S i O, 5 IRIZBE ) O Z LUHiE . ASCRANESSIML, AXS
A BRI s R LG, HRIAAN:

o)
B=="L @)
0
PASALIN (] 4z il A3 LLE RIS I 1], 45 B IME A (1) H bR R 2
. (V0+V) Qz
C=c- =L 5
minC =c¢ i,jZE:N . 0 (5)
3.3. HFRE
AR R AR T
. d;(vo+v) O,
C=c. S 220/ =i 6
min c MZE:N - 0 (6)
X, +X,
PP (Tf+xij]§|xi—xj|, Vi,jeN,i# j,he H @)
r+Y o
5 +yl.j.S|yi—yj|, Vi,jeN,i# j ®)
> p, =L VieN ©)
heH
X2y, +% VieN (10)
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Y
YZyi+5’, VieN (11)
X,

Xoin Sx,—j’ﬁxmax, VieN (12)

Y, .
ymin Syi_ElSymax’ Vie N (13)
x,=XS,, VieM (14)
y,=YS, VieM 15)
x, 20 (16)
3,20 (17
D, e{O,l} (18)

H(6) Mz A /MU B bR R 3L DA @) R R IR A E BB . ()R RITE L
. RAOMARADEREGFEDRLH . A2 RA3)ERIIHEX 5 T RE X (554 i fe /N T BE B8 A
KRB EL R, RAHMRA5)ERIB O IIEEX AL EA A FLER ., R16)F| K (18RRI IKALEL K.

4. Buft BiENM KPR RE LT
4.1. Y05 K D

AR it B I K AR R B AT SR AR, WA BE X RGN N = (1, 2, -+, n}, XI7>
M E R BEE S . ASCRAXUZ g2, X N hBE X AT it . g A BT i B 1)
REX IVHCE x, 28— JRGMBSAI I AT B DhBEIX (04 5 BEAT i, gty SIARR T B DI RE X ) 5 Jm 24k
NG, FTEEE TR X g 5 B B I — K 58 R gmis R i P RS Y, A SCUERE T /)N TR B
AN K T PR, ) P R BEAE X 2 (R BEAT VR, B VG B N [Xnin, Ximax] o A5 77 30A0 I 1 BT

2.12 3.14 2.54 3.21 3.48 3.26 2.98 2.17

Figure 1. Encoding method
B 1. AR

RS I RE 7 EE R R i ey S E, PR

ARRO: ARG RATE b TE SATHALR, AREBATIEEEA Yi(h + 1);

L@ YR BL k=0, BHCE— RIS A B, SO R A SR A A ARl
Br 55 7 N B B BE AR B RR RS, IR ST O AR

DIRO): L RN AR AT BAEAL AL, AR N e s A AT AR,
BERATHREEAE, L hk=k+1;

BR@: AW kBN, AUNT, MRS ERE), BNBEELEO;

PRO: 2k, AR RAIRCE S, AR IS A
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4.2. WIFRIEEHT

TRB BA NPT B AR S ik R D RE X, [F e BB ARENAT TR BRI . 7 s AN R R 4,
FaALIESC eSS

(1) FENLRERR. BENLANDCE Tl X, T ORISR 2R

() mETTBER. HREBNTIHEX S 50 BA TR, RAeBBRITIBORIDIGEX, Rl fwE
WALt o B i 8 58 4 AR TR o

(3) WRKIKFE IR . BENLESE—DFFIIRE, FRERE EEMVR A 2 5 7 A BR B ORI RE v 1Y)
DRENX, Ht—BUEE L EE.

(4) FEXERER. BT Jrhes, RS U A B A T Ihae X, H TR R
7 [ o

TSI, oA N T BE X 10 J5 o7 B I P OR B, 38 s Sl 4 A\ B0 X3 o PR i 408 DX 3 — P 47 ) [
frE. WE=HKET:

(1) TRAEHEN . L TIREX IR L A B AL B, AR B H FRfE S/ MR AT AT AL

) JatHEiEN . THEREANMRE NI REX B S IR B 2=, UGBk i A B 5 Bk i
KEIREX

(3) WA N o AEFERIEANE I NERELISD, RIS S A B — R R 45 ) A A
43. BENETIE

WHET r FE— DG BN w0 RIS ©o AR RN, S AR DA LA
P MARCCE M, IR 8. 4 A 1 1. MrBEi iGN AT p SEFRCGE, JRRE 0.1 IR
PR, AEARALE R R B B R P2

w < max{0.1,(1- p)w, + p(7, /u, )} (19)

4.4. EPRAFEZEHTHEER

FAREMRC T LN B2 BN CHEE TAEAE & AZ e iER . ZVLH R RAT
FIHES R R RIS, RN T IR0 ) e ok
P(accept) =exp(—AZ/T),AZ >0 (20)
T «al 21
AR S BEIR I : B I BRI bR 2~4 DNIIREX, 1ESE 50 IRAR A4 ekt 5 -
PRIGZ 55 22 80 KIS AR I IR Mk B BIAMIK TG IR 1 35%. A&y KEMJEHE, FaEimskd R
HE AL MR, AN OO B E TR X 24 .
5. LBl 4
5.1. EflEiR
WA —K 112m. % 108 m MEREHIMHEGE, LH 15 DMK, GERARREWE 2 B,
FREX RS A WG AL E R 2 s, HPNEERIR X 2 A 607 BRI, 3 AT
il XA BE A A Wi, #EFh 45 X SHE LR w ks, HEEAIXZHER GRS, Mo 1. 8. 1041
14 SN EX . WREX S5AMERIFERE 2 B2 N 1 m, MARINREIX Kl A Dhae X S5 G AR ik )
(B EE I PRI AE 2~4 m, HARIIREX VR HEE .
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Figure 2. Initial warehouse layout

2. CEMRTEE

Table 2. Dimensions, attributes, and initial center coordinates of functional areas

2. RERXRY. BHSHIHEPOLIR

ETRS) ThRelx R /m [A/m? I HIgs L/m
1 NEEHER X 18 x 12 216 P (13,27)
2 Il EARERIX 18 x 12 216 5 (33,27)
3 BRI HX 14 x 10 140 ED (51,27)
4 P S A7 X 24 x 20 480 o (73,27)
5 R AR X 30 x 20 600 F (19, 54)
6 1B & TAEAGIX 20 % 18 360 o (98, 27)
7 KAFBFEAEAEX 18 x 16 288 F (45, 54)
8 ST A A X 16 x 14 224 & (64, 54)
9 PFrEHEX 20 % 16 320 i (84, 54)
10 &R HRIX 20 % 12 240 = (54, 81)
11 TR ZIX 14 x 10 140 o (11, 81)
12 X 18 x 12 216 o (31, 81)
13 FREMEFR X 12x8 96 F (102, 54)
14 HEEE X 24 x 14 336 = (80, 81)
15 S AR X 12x10 120 F (102, 81)
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HBIRE A G, AN kg, DhREX Z IR MR R AR 3 FR. BIRIRERE I 200 ke,

I F A 60 m/min,

ZFIREE A 45 m/min, FAZES R AN 2.20 JG/min.

Table 3. Weekly logistics flow between functional areas (kg/week)
= 3. IEEX B AR = g(kg/”)

Frs P LY 9=t Wi ke A
1 1 NEEHR X 2 RS REREAEIX 24,000
2 1 N X 3R BTALREX 4000
3 23S R X 4 P ARG X 7000
4 23S R X WA X 8400
5 2 B FRREAFIX 6 18I 5% LT G X 3000
6 2 s FAREAEIX 7 RAFREFAFAE X 2400
7 28 E FRREAFX 8 W P A X 1800
8 25l FRE X 5 S AL X 1400
9 3IRTRALHEX 4 P A X 900
10 3IRTTALIE X 5 E A X 1300
11 3B S AR EEX 7 RAFFEREA7AE X 300
12 3ABBEAL X 8 W P A X 200
13 3IRTGEALIIX 15 58 S AL 3 X 900
14 4 PUR AR X 9 PFRFAHEKX 14,400
15 5 WA X 9 PFrEHILX 10,000
16 6 185 % B ArfE X 9 HEHIEIX 3200
17 T RUEEFAAAEX 9 PFrEAHikIX 2600
18 8 IR mE A X 9 FEHILX 1800
19 9 PFFFHRikIX 10 FEM A 451X 32,000
20 10 M X 1 ATREZX 31,000
21 10 M X 15 S8 S AL 3 X 1000
22 1 ATRE X 12 X 29,900
23 1 ITHRE XX 15 S8 S AL 3R X 1100
24 12 %X 13 FREMitR X 29,400
25 12 3k X 15 S8 S AL 3 X 500
26 13 R E bR X 14 HEEHFX 29,000
27 13 FRE bR X 15 S i Ab 3 X 400
28 15 5 AL E X JIRTRALHX 400
29 14 HEELEX 1 NEEEIX 2400

5.2. SKREER

A3 Fpython [ pycharmBEAT R 7 88 5 MISLiG, FHESHOE IR : R KIEARECN500, BEHLF
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WE EAKT0.35To
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Figure 3. Optimized warehouse layout and main logistics flows

E3. BN eERRREEMRISR

DAL B A Rk B AT rp Lo AR BR IR A T 7R

Table 4. Coordinates of each work unit after algorithm optimization

4. BERU BRI B AR ER

ETRe] ThREX FRAEAT Hly X (m) F0 Y (m)
1 NEEERX 1 13 27
2 S REEEX 1 34 27
3 BB AL R X 1 102 27
4 P A7 X 1 79 27
5 AL AR X 2 18 54
6 MRS & AT IX 3 13 81
7 KA BEFEAF A IX 2 100 54
8 AR S A X 2 64 54
9 PREAREX 1 55 27
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10 X 3 54 81
11 RS RZIX 3 34 81
12 AREX 2 44 54
13 FREMEFR X 2 81 54
14 HEEAF X 3 80 81
15 S AL B X 3 102 81

HE 3 FI% 4 ATAT, 76 1. 8. 10 Al 14 SIIREX AR IR FEA AT, HRThie s Ed s
SEATREBIR AR . 1011, 1213 M 13—14 FORE s B B 45 0, M R A E BB,
A TT Rl R W B EIL . AES. 17RO EEL R . Nt — PR, %k 3 1
JANRE A2 2. 32 4 O ARARTH RO D RE XN B B AR, 453K S,

Table 5. Comparison of load-distance products of key functional areas before and after optimization

5. KEEEXIHMALETERIEBIRELE
Wi MACRTEE S fRb)ERaes AL RTEREA AL/ EERA BB P i

DREbRS (kg/ ) (m) (m) (kg-m/J&) (kg'm/f&) (kg'm/f&) %
1-2 24,000 20 21 480,000 504,000 +24,000 +5.00
49 14,400 38 24 547,200 345,600 —201,600 -36.84
559 10,000 65 64 650,000 640,000 -10,000 -1.54

910 32,000 57 55 1,824,000 1,760,000 —64,000 -3.51
10—11 31,000 43 20 1,333,000 620,000 —713,000 —53.49
1112 29,900 20 37 598,000 1,106,300 +508,300 +85.00
12—13 29,400 98 37 2,881,200 1,087,800  —1,793,400 —62.24
13—14 29,000 49 28 1,421,000 812,000 -609,000 ~42.86
1-3 4000 38 89 152,000 356,000 +204,000 +134.21
6—9 3200 41 96 131,200 307,200 +176,000 +134.15
HRKAR — — — 2,062,700 2,381,600 +318,900 +15.46
AR R — — — 12,080,300 9,920,500 -2,159,800 -17.88

RALGE AR, BSOS 1A 5 A PR T O R RS oA . JRIE AR 5167.68 J0l% %8 4243.77
JG, 9> 92391 g6, PEMRN 17.88%, A EEEFH 12,080,300 kg'm/fH 4% 9,920,500 kgm/J&, 8>
2,159,800 kg'm/Ji . FELRFF [ € Dy RE X AL B AL . R BEE R LRI, s B n # 5 Ty RE X
B SHEGRKR, I SeIl BN R R A S, R T A B BEA G B fas R g e
MOREEIHREIX Z (B DRI 2R, A s 2 e vh s . FREE WA B2 Hh P A e 55 i i i A L 2R
o B[ EThRE XA B K A R L R EEIA, 5> DhRE X 2 (Al 08 BE B A BT in . SR,  MEEARAR AR
F, SUERRW R EEAED RSN 3,487,000 kgem/JH, & T HAMSC R INA 1,327,200 kgm/
A, S PlE R AR 2,159,800 kgm/JA . X UL, PR ZIEL LR A AR ThREIX 2 B 14
TR, KA BRI A = T8 5 2 [A) B ot S ROA S M K ML G &, TSR 73 B AR 08 oA 1
B o B4 SLIIE T BITAe) A Y 5 SR TE 0 43 Th R IX 8] 58 26 A o538 6 P A = i Rt
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5.3. g

AR DIREX N RSB E I 5EFE AT, HASRVEIes,, (8T A2 E it 5 = 10l
209, (EANBEZNE AR DX, T REHERRIE L e F IR IR T 5. BERSR A L R 2SI, R
BABRMANOME., BESATIEERE, RIS RA S SEhR IR AT REAEAE N 22, AR 77 221K
HHF WA RERZ BIFEM . ASCEE RIEM T LR TS T IIT7 SR LR, SEFR S A 47 75 45 45 18 18 Y 4%
SRS -

6. &t

ASCHRFL T 3050 T RE X A7 B ] 5 261 00 R O P A S A i R, DA IS AR B /M H A, 35T
THEECEDT . REXANE S J0IE A5 R [E 4 B 2R AR, R sk S N R AR IS &R
SR HAT KA

LS 15 DNIREX IR G NG, TELRFE 4 AN DR XA BRI T, ka1 B #bs
A 5167.68 JUREZE 4243.77 JC, FHAEK 17.88%, s mERAE/D 2,159,800 kgm/fH . & HR Wi < R
(RE B FTHEIn,  SCBEAELIR T (0 S A  H A i ia AR B R R . BFFEER I, TR ShRE X ke
BIMBEA G FE, @RI R IR IX AL E KA E R, A DAEIUA 25 (A 46 B2 A

SE K

[11 Muther, R. (1973) Systematic Layout Planning. Cahners Books.

[2] Hu, X. and Chuang, Y. (2022) E-Commerce Warchouse Layout Optimization: Systematic Layout Planning Using a
Genetic Algorithm. Electronic Commerce Research, 23, 97-114. https://doi.org/10.1007/s10660-021-09521-9

[3] Hidayatulloh, R. and Cahyana, A.S. (2024) Re-Layout Gudang Cat Jadi Menggunakan Metode SLP dan Shared Storage
Untuk Meminimalkan Ongkos Material Handling. Procedia of Engineering and Life Science, 7, 198-206.
https://doi.org/10.21070/pels.v7i0.1440

[4] Rodriguez, L., Loyo, J. and Silva, U. (2023) Layout Evaluation with the Industry 4.0 Approach for a Manufacturing
Laboratory. International Journal of Simulation Modelling, 22, 551-561. https://doi.org/10.2507/ijsimm22-4-642

[5]1 Salins, S.S., Zaidi, S.A.R., Deepak, D. and Sachidananda, H.K. (2024) Design of an Improved Layout for a Steel Pro-

cessing Facility Using SLP and Lean Manufacturing Techniques. International Journal on Interactive Design and Man-
ufacturing (IJIDeM), 18, 3827-3848. https://doi.org/10.1007/s12008-024-01828-9

(6] WFHFY, BREsE. FET SLP fAESEYIRECIE O RAOLIT]. PDIRER, 2023, 42(1): 91-94

(71 EFgHF. FT EIQ BRLA SLP J7riki) A AR GAE LT FR[I]. Y TAE S5 HE, 2022, 44(9): 34-38.

[8] Li,J. and Zhou, Q. (2024) Cold Chain Logistics Center Layout Optimization Based on Improved Dung Beetle Algorithm.
Symmetry, 16, Article 805. https://doi.org/10.3390/sym16070805

[9] Garcia-Hernandez, L., Salas-Morera, L., Carmona-Mufioz, C., Abraham, A. and Salcedo-Sanz, S. (2020) A Novel Multi-
Objective Interactive Coral Reefs Optimization Algorithm for the Unequal Area Facility Layout Problem. Swarm and
Evolutionary Computation, 55, Article 100688. https://doi.org/10.1016/j.swevo0.2020.100688

[10] Derakhshan Asl, A. and Wong, K.Y. (2017) Solving Unequal-Area Static and Dynamic Facility Layout Problems Using
Modified Particle Swarm Optimization. Journal of Intelligent Manufacturing, 28, 1317-1336.
https://doi.org/10.1007/s10845-015-1053-5

[11] Liu, J., Zhang, H., He, K. and Jiang, S. (2018) Multi-Objective Particle Swarm Optimization Algorithm Based on Ob-
jective Space Division for the Unequal-Area Facility Layout Problem. Expert Systems with Applications, 102, 179-192.
https://doi.org/10.1016/j.eswa.2018.02.035

[12] Prayogo, D., Cheng, M., Wu, Y., Redi, A.AN.P., Yu, V.F., Persada, S.F., ef al. (2020) A Novel Hybrid Metaheuristic
Algorithm for Optimization of Construction Management Site Layout Planning. Algorithms, 13, Article 117.
https://doi.org/10.3390/a13050117

[13] k&, KN, B, 5T DMPSO kM R BYMASN 78Rk A2 = ZE [l A /AR AL [J]. o WL A%, 2020, 31(3):
344-351.

DOI: 10.12677/m0s.2026.1510150 135 5 1 A


https://doi.org/10.12677/mos.2026.1510150
https://doi.org/10.1007/s10660-021-09521-9
https://doi.org/10.21070/pels.v7i0.1440
https://doi.org/10.2507/ijsimm22-4-642
https://doi.org/10.1007/s12008-024-01828-9
https://doi.org/10.3390/sym16070805
https://doi.org/10.1016/j.swevo.2020.100688
https://doi.org/10.1007/s10845-015-1053-5
https://doi.org/10.1016/j.eswa.2018.02.035
https://doi.org/10.3390/a13050117

	基于改进自适应大邻域搜索算法的电商仓库布局优化研究
	摘  要
	关键词
	Research on E-Commerce Warehouse Layout Optimization Based on an Improved Adaptive Large Neighborhood Search Algorithm
	Abstract
	Keywords
	1. 引言
	2. 问题描述
	3. 模型建立
	3.1. 符号说明
	3.2. 目标函数
	3.3. 数学模型

	4. 改进自适应大邻域搜索算法设计
	4.1. 编码及解码
	4.2. 破坏及修复算子
	4.3. 自适应算子权重
	4.4. 模拟退火接受与动态搜索

	5. 实例分析
	5.1. 算例描述
	5.2. 实验结果
	5.3. 讨论

	6. 结论
	参考文献

