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Abstract

In order to replenish stocks more scientifically, more and more companies try to forecast the de-
mand for goods, but due to the various possibilities of business activities, for example, the busi-

XEFIF: WRR, TR BRI T E MK EFAN T TTD]. B2 S T, 2022, 11(4): 565-581.
DOI: 10.12677/mse.2022.114070


http://www.hanspub.org/journal/mse
https://doi.org/10.12677/mse.2022.114070
https://doi.org/10.12677/mse.2022.114070
http://www.hanspub.org

VAR, TEIRER

ness behavior of competitors cannot be predicted by historical data, and the results of goods sales
forecasting often do not accurately match the real goods sales. How to establish a relationship
between demand forecasts and real demand and to guide the scientific stocking of each node in
the retail network has become a key concern for companies. With the rapid development of online
business, consumers’ needs are becoming more and more diversified and personalized, and they
are demanding more and more timely delivery of goods. In such a social context, it can be expected
that consumers will choose to abandon their purchases when faced with a product that is out of
stock and cannot be transferred as quickly as possible. For companies, this is not only a loss of
sales, but also a significant impact on brand loyalty. This paper builds a data-driven collaborative
inventory replenishment model for retail networks based on demand forecasting, considering
both horizontal replenishment and lateral transfer, explores the collaborative inventory reple-
nishment problem between regional distribution center and multiple offline shops, and designs an
improved PSO algorithm to solve for the maximum inventory level converted days for each offline
shop to minimize the sum of replenishment costs, out-of-stock costs, inventory holding costs and
lateral transfers costs.
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Figure 1. Inventory replenishment diagram
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TERLF R BEEIIEAR T, Wil 2 X NS A P AR R — A, MeiE EERIEAT, Hfh
AR,

4.2. HERE

MRPE EREVE R, ARSCRA PSR PR A B B AT P IR0 R -

Step 1: VIt

TEVIGRIE I N, BEL™ A 80— B AL BRI FE TR AR B 4 i A B BN AE Pbest, Kl
A Pbest AL MARIAL BAE T Ghest H1, HIXEIEARE =1,

Step 2: R IHE 57 B HH

Bt (16) E R MEAE, AR5 1R aRQ7) BB S R a3 (18) A (19) % ki F I fE 5 A B
AT

Step 3: &N T

MR G S R, THE R R B R B

Step 4: MAIAE 5 4 R ARAE 58T .

SHEANKLT, K IE N EE S SR AMANRE Pbest fEELEE, Z8UTF, K HAE AH AN (E Pbest.
L4 R BT A Pbest #1 Gbest (18, 553t Gbest.

Step 5: HATEFH T

BT SRR RL 1S A S G H A R AR A BE B A RE, T /N T AR S AR AR
T QLTSI R

Step 6:  FIWTFVE AR i R S o R SRR, 5 A AR At =t +1 FF N\ Step 2.

e LR IR, 33080 FE R SR AR E W E 2 Bs .
5. =B
5.1. EFEHRERSHIRE

N T BS R AR SR BN A W R A BB A R, A R S Al i A i 2 — 2R I sk TN =
A SR LS B AT RS . W E S E T TS WG LE E FEAR NS T A 77 SR P 2 FI ) 0.8 %, HIGRTEIE
FEAERAE, HREFARABT S HORYE L S5 L T G HWE, Wk 2 Fos.

XA IE RO J 6 N TR T TS R BE B W1 R 55 3 Fim o
5.2. RS

WA M =100, S KEHARELT =200, WIZEWHIEALE w,,, =0.9 , RABIENE w,,, =04,
b 2 ) R F ™ =25 =05, & &% HF "=05c"=25, &K KR Hl#EE
Vi =01(UM™ —UM™) . ZESBIfE 7 =001, R p, =005, LREHLMPELA=05, EYHELAK
A AR ARERME | =50, {§/H Python #HATREF 'S, FIFRLFREOLAL SRS AN FE A ) A 4R I Ah 1m)
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Figure 2. Algorithm flow diagram

B 2. EERIEE

Table 2. Model parameter setting

F2 BHESHRE

FT ] BEAT B 2 s I ISR 1 P [ BB | 36 T B 0 il R K S ) W [ b B A 2 3t
TSR, 3 N PR SR AL i 2 i 1] 3~5 T

ZH 5 1 15 2 15 3 15 4 1% 5 15 6

Ti 7 7 7 7 7 7

L; 3 3 3 3 3 3

u 300 300 300 300 300 300
0.01 0.01 0.01 0.01 0.01 0.01

h 1 1 1 1 1 1

p 25 25 25 25 25 25

w 100 100 100 100 100 100

q 0.03 0.03 0.03 0.03 0.03 0.03

a 0.2 0.2 0.2 0.2 0.2 0.2
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Table 3. Distance setting between regional distribution centers and offline stores
3. XEEEFORETIIEEERRE

BeE AL & 1 )& 2 )& 3 1) 4 )& 5 )& 6

fig 2t ity 0 236 218 227 214 239 223
(75 1 236 0 23 19 55 65 73
()5 2 218 23 0 20 63 42 69
)& 3 227 19 20 0 38 47 79
)5 4 214 55 63 38 0 32 26
(155 239 65 42 47 32 0 31
15 6 223 73 69 79 26 31 0

YhEFERIERY
290000
285000 -
280000 -
44 275000
12 270000 -
265000 -
260000 -
255000 4 , : , : : , , :
0 25 50 75 100 125 150 175 200
B R M

Figure 3. Horizontal replenishment model total cost convergence curve

Bl 3. YmAhEAREL D Al AU S 2

1) ANE FEREIR IR B R h B A Y

M3 HRL fE2IE 125 YOS AR A BT A S 2ol T-1 88, ANEABORIIEED, 154 200
U5 B A2 T TR I B i PEAF AT AT SR BON S RS R, SRAS AR b DA AL f) die DL i AR O 256,281
Tho SLE TN BB s AR A SR BN L 4 P
Table 4. Horizontal replenishment model the maximum inventory level converted days
F 4 PP ERBEESEFKEITERY

I 1 T 2 & 3 I 4 )& 5 1% 6
IHERE 8.09 7.71 13.75 8.24 8.87 7.84

2) HT AT E R R A 1 P R D BT SR A
M 4 TrER, fE2eid 150 OB A BT A S 2t T1 A2, A FRABORIBEh, 154X 200
DTSRI T TS (5 m PEAE AP I R BON L 4 2R, SRAT YN b SRR 1 B fIE s A 7y 238,319
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Figure 4. Maximum number of items available point strategy total cost convergence curve
4. TIEHR 8w % SRR B A AR A S R £
Table 5. Maximum number of items available point strategy the maximum inventory level converted days
#5 ARARERSREBRTESEFKENERY

[ 1 I1)E 2 )& 3 [1)E 4 )& 5 Ik 6
P RE 8.99 7.70 8.12 8.17 8.82 8.73

3) T R s SR A P ) SR TR SR i

BT BB &AL RBEHEINTHRE
270000

265000 -

260000 -

K
13 255000
0

250000 -

245000 -

240000 -
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IR R
Figure 5. Nearest point strategy total cost convergence curve

[ 5. BB RIS RS S R AU S 2%

M B ArER, fEZIE 110 ORI AP BT A S S 2l T1 A2, A FRABORIBEh, 154X 200
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DTS B A2 R T IR B PR AR KT AT SR BN SR A R SRAS A1 #h BT ) e e A BRA D 240330
TCo LTI s BEAF A3 SR BN EE 6 P

Table 6. The maximum inventory level converted days under the nearest point strategy
6. BERILAKRE TREERKIRERK

[ 1 1) 2 )& 3 [1)E 4 )& 5 Ik 6
PR 9.35 8.17 7.65 9.75 9.02 9.26

4) JEA T A

AN M EEAF AR ) B TR A A AP PG AY | JT mT R 4R i 22 RO R W ()M SRR . R TR
25 BT S SRS () P ) b SR TR IEAT A T, DABSHIE AR ST Hh ) 3 Ao 500 X sl £ [ e B AR P 28
Horr, AR B A O AB N T AN BT AT SRETBAAN FEAE AT AT, Pl R b B AR B A A b B
Ay BREUEA . AT AN [ AT, =AY ) 2% TURA G5 a3 7 o

Table 7. Cost comparison of different models

® 7. BEBRAGITR
Al TRRERD RKE  ERERIARE BRI EEERAZRER

AR 256,281 238,319 240,330 ~7.01% (~6.22%)
hIA HN BT A 78,406 80,337 78,862 2.46% (0.58%)
BRER A 83,425 72,100 70,875 —13.58% (—15.04%)
AR AR 94,450 81,925 84,382 —13.26% (—10.66%)
LA ENEE IR %N — 3956 6210 —

N2 7 fros, BN R B R AR AR A 2R B iR D R T T R AR B B 2 AR 1 AT B RIS B AR
) B R AR AR AR, S5 (55 )y 2k T 0 B ST e SRS 11 P A7 W (R ASE B T 2 1) A B B AR Rl A AR
.

BT T R R i f 2 ASUSRE (1 A [ A R 5 T P 8 AT SRS 1) R A B RS R P S AR 4 il
238,319 Ju Al 240,330 7, KT YA kb B AL ¥ S A 256,281 76, H R FEIRFESSA 2] 5%LL F, v LLIE
BF A SR H PR 199 A W R TR R A 8 Tl DU R B AR A R I8 78 A o s X ARl 15 247 20 AT, T DLR B4
AR P 1) 3 2 Ji DR B 0% BROAS S AT R AR T B, BRIRISIA 2T 10%LA b = AR 1 2 B R R E W
7] D B AT P 85z v R AT /KSR R OB S /N TG T kb SRS TRY (10 g o A R B, XA R T Al mT BT
ANRTEAE, NN AT B, T AR A RO . A I R SR A BE AR, 2R R T T TR
1) VR R T LA R ARG IR 1 B0 P A7 3 A RN TS B B BAS o AN J2E A7 b RIS 7R () 0 1 B2
FRAII N A BRI i BT, AR ) 2 R P R SR A e kb S AT I I L R T 2 R
IR, TS A a0 B3 [ 58 A B m] A8 AR A B 39

AR N AER e S

AINTTHG I EEAF R AL PPN R BT 8 1) PR R R BRI 50 A B X A B A . STl Ik R 2 A
S (1) p )R DAY | T R B ARl A S () Wb (R M BB AT 23 A, DASR R AR SR H 1R P o 5040 Bk 5
P ) A D BB PR A R

SR PR AL T IR 8. % 9 Fun. BT REILA R AR AR B A R T A
Ah T 63 K, FLilkh It 25,808 FLA R s T AT VR IR AR 2 S SR (1 P R RN BB AL Sk B 70 IR, SR
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*h BT 26,099 LR dhs T B S SR NS I W R A BB RIE AN BT 66 Yk, HkitAh BT 25,980 FLALET i o
b TR SRR AR PR 1] A B CEORI A B R TS A AN SRR, B IS i R 2 5 R D ) b B A
R R v A KO AT SR B s A PR e R B, L eh Tl R0 D BB AR T D o A 1 1 44 P A7 )
P sn SRR TS, 15 B B PEAF KT SR PR FT B . P RIAN SRR A B B A 2 10 R (AL d i
BRI, AR R E 2 FER, R HEN RIS E LR

Table 8. Horizontal replenishment times of different models
= 8. HIEBBIN @A ERE

)& 1 1) 2 )& 3 I1)E 4 &5 Ik 6

Y[l T AR 11 12 7 11 12 10
EINEr R E RN 12 12 12 11 12 11
P B A U R RS 12 12 10 10 12 10

Table 9. Horizontal replenishment quantity of different models

F 0. HRAPEIEITERE

I 1 T 2 T8 3 1% 4 )& 5 )& 6

NEIEN Y it 5143 3776 4245 4045 4809 3790
AR R R 2 SRS 5806 3774 4064 4039 4824 3592
PR B I AR S 6115 3950 3301 4234 4868 3512

I SRAE, TTLAS BIPA P E AN SRR R L T TS AR A2 10 FI5E 11 B . vk R
% USRS T IR I 30 IR, TRTREH 686 FLALE M E B A R E T IR IRECH 47 Ik, IR
O 1373 B o E B T A SR R IR SR A TR PR B R OR T R R R R R 2 SR R 1R R L
i . W A AR RN RS AL, AT RURIRA RIS 3 FIZE T 1M 5 B AZE ZE BT
AL FIIE, JEFRGEF N TG 3 FIZE RIS 5 75 SR sl AE X5 /N T30 AF X6 A o

Table 10. Lateral transfers quantity under maximum number of items available point strategy

# 10 TAKERS SR TERE
115 1 115 2 )& 3 1) 4 I 1)E 5 )& 6 EH BT

T 1 — 0 58 15 67 50 190
1 2 0 — 11 0 0 0 11
15 3 89 5 — 128 0 88 310
T 4 0 13 35 — 0 0 48
[T 5 48 8 0 0 — 18 74
[THE 6 0 0 11 42 0 — 53
WA BT 137 26 115 185 67 156 686

i LA 2T T MNP AN B S A I R Ak B, ) DAAS 22 11 A9 v b B 0 K1 )
PR, X ERE TR B EAREE S TN AN BRI AL, BRI IR A R AE AR TG SR BT
#hFE
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Table 11. Lateral transfers quantity under nearest point strategy
# 11 EEmER R TIFRE

I 1 I 2 )& 3 )& 4 )& 5 )& 6 WH BT

5 1 — 15 286 58 61 60 480
[T 2 60 — 75 0 6 0 141
1) 3 9 56 — 136 0 25 226
I1JE 4 94 0 65 — 0 150 309
ITME 5 44 0 27 0 — 0 71
156 0 0 38 108 0 — 146
WA 207 71 491 302 67 235 1373
6. B

AL VAR RS A SR A0 1) 225 X 2% D B 1R UM R R, BT X EAE AN R IA T T e 7T o 4 — AN XIS
LA AT TS LR AT R GEAF T 7o G, AP D Sl o B Aol A0 g s SE B S cdie RIS
B AN GLANR [E R9R,  PAS N TS s EAF AT I SR B R A&, AT T AT R 3k A
BONAR, KRR SR B (10 A X 288 20 A7 P [P b SRR R BT bR TR AL R AT SR . BbAh, %
JER S T M A AR PEAE AT AL FRRAPRSE R, Wit 1 AT RSR AT e 2 m SRS AT B B A
A 3 SRS PR ARG i A R SRS o ) SROE S B A B AR AN BT SN T A b B R R — 2.

HZ AR, A EERTTERA LA T LA 1) 42 7P R AR I R R s, SR T AT IR
JE A Bt 2 s AT B A0 s P R A A [ R AR RS, A P A7 N ) AP BB R PO it |, 25 8 B A A6 1 1
TRAEATAE TR IR AT O, AT T PR 5 AT RS 2% AR I P A7 K B0 Wi S 2% I 40 R B
28T T HEAT A ) AR R SR, AN TAHSRIEFE RIS o 2) M T Bdls SR B I 45 100 2% A W [R] kb B A
B, BT B B T R 22 RIAE P AR PR, BT BB R A DAL . FE —REH ML LT,
BB PR SREAT I B RS, AR S RRAS /N E AR R DL T (0 e s A /KT 3
FRBOVRFAL R, e SR T FE AT SRR
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