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Abstract

This paper takes the vending machine of a brand in Shanghai Metro as the research object. Consi-
dering that vending machine is different from other traditional stores, each commodity has its
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own fixed aisle and its capacity is limited. Moreover, frequent out of stock will bring poor con-
sumption experience to customers, so the service will be provided. Considering the level and tak-
ing the demand distribution forecast as the input, a multi product newsboy replenishment model
based on the dual constraints of channel capacity and service level is constructed. Lagrange func-
tion and KKT multiplier are introduced to solve the model. The results show that: 1) Compared
with the original way of replenishing all the vending machines in each replenishment period, the
multi product newsboy replenishment model based on the dual constraints of channel capacity
and service level can bring more benefits. 2) Considering the service level constraint, with the in-
crease of service level, the cost increases faster and faster, so the operating enterprises need to
choose a reasonable service level to control the cost at a lower level.
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Figure 1. Algorithm flow chart of solving the optimal replenishment quantity
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Figure 2. Example of sales flow of a vending machine
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Table 1. Statistical example of daily sales volume of each commodity of a single vending machine

# 1 BAELN SRRl HEE 5T

i NN R o . . e i
I wr T Am K LB
R R e e _ , . e i Ff R#F T v
PP N Sy . iR K4 5% KK IR e eyt
1T NG K . BiR e e o oAl S G
e IR 600 ml %% %% 600 ml Lo
A S10ml gy 500 ml 500 ml aom % 500 500 mi
500 ml 500 m 250ml ml
2018/6/9 8 10 5 1 8 1 8 3 5 2 3 1
2018/6/10 4 3 3 3 8 8 3 1 2 2 1 2
2018/6/11 8 4 1 4 18 3 5 8 6 2 1 2
2018/6/12 3 7 5 2 14 4 4 8 3 3 6
2018/6/13 6 4 4 1 1 7 6 7 4 6 2
2018/6/14 3 4 2 7 27 6 5 12 3 3 6 1
2018/6/15 2 1 2 6 12 3 u 9 2 2 2 4
2018/6/16 10 12 8 1 16 6 3 5 3 7
2018/6/17 5 17 4 4 12 4 2 9 4 6 1 3

N T RAEA SRR, T sy uh 6 b — S G BB B S DT IR R . I R Dy 2018 £
6 1 HAE201847 H 7 Ho XEAHRKBIRIEATEY, SitEEH, %A & LR BOrE iy 3t
A 12 MR AR INEE 2. 3K 12 PR Ak SH E ST THIN e B A 3 P

Table 2. Description of sales characteristics of a certain cargo aircraft
%= 2. REERERNHEHSHFERER

piT v FR _— . e
mE wa o WE wm o R B B sy R
k4 X .iT s 12N IKZ = Wi ESHVN ER) e
. ek 600ml % Z  e00ml x
& STOmE gy K 500 ml 500 ml wom I sogm  S00M
500 m 500 ml m m ™ 250 mi m

count 37.00 37.00 37.00 37.00 37.00 37.00 37.00 37.00 37.00 37.00 37.00 37.00

mean 5.22 7.70 4.16 4.43 13.00 5.38 5.49 6.03 4.08 2.03 3.24 2.78
std 2.23 3.94 2.58 2.15 6.84 2.73 2.71 3.58 2.30 1.48 2.01 1.75
min 1.00 1.00 0.00 1.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
25% 3.00 5.00 2.00 3.00 8.00 3.00 3.00 3.00 2.00 1.00 2.00 2.00
50% 5.00 8.00 4.00 4.00 12.00 5.00 5.00 6.00 4.00 2.00 3.00 2.00
75% 6.00 9.00 6.00 6.00 18.00 8.00 7.00 9.00 6.00 3.00 4.00 3.00
max 11.00 19.00 10.00 10.00 31.00 11.00 11.00 13.00 10.00 6.00 8.00 7.00
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Figure 3. Sales statistics time series chart of a certain vending machine
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Figure 4. Box diagram of sales volume of a certain freighter
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W, = piui/i piy;

i=1

TR S AR BE N 0.9 I, R E ANt AR RS EAZRS KL

RZHOHE, EHKEIAN 522009 0.5 7o, BRREAT — AN TP 75 [ € A 10 76, MR 4 3 R

Table 3. Model parameters

= 3. RBSH

[GECEZE u o pi Ci R L w
JRBR %S 500 ml 4.889168 1.849454 5.0 3.333333 10 1 0.088978
577K 570 ml 9.280399 3.250295 5.0 3.571429 10 2 0.168893
2 F K ERIR 500 ml 5.262612 2.032626 4.0 2.857143 10 3 0.076619
RIREHH™ SR 7K 500 ml 3.672762 1.439371 4.0 2.857143 10 0 0.053472
A 4 600 ml 8.164888 5549118 4.0 2.857143 10 0 0.118874
HREVK L1 2% 500 ml 5.854491 2.226164 4.0 2.857143 10 3 0.085236
ToHE S %% 500 ml 5.973120 2.092590 42 3.000000 10 3 0.091312
KK 600 ml 5.914194 3.228664 3.0 1.875000 10 2 0.064579
FLER B X 420 ml 2.804960 1.602748 6.5 4642857 10 4 0.066361
HeFE I, mn]vk 250 ml 2.167938 1.160973 7.0 5.000000 10 2 0.055236
TeREK % 500 ml 3.641936 1.334000 5.0 3571429 10 5 0.066279
FehESEZE 500 ml 3.525503 1.448353 5.0 3571429 10 5 0.064160

THER B IR S KT H N 0.9 B, MBS EAREW TR 4 B, LG FIM RS K2R
i, N TIEBNRS KN, B—F0E 5 MAE =N T, W 5250 SR KR AT ] R 9 i o ) B A
FEMHCEIAR T RIERRKAE. R FRARRNE ) 42.39, S5AZMRS KL B Hb B8 5 2R
TH4 42.53 LG, HAEERLEFEC T 0.14.

Table 4. Optimal inventory of goods
=4 BRRRNEES

i JEU SIS W RK W EER R RK AT 5 600 ml iR e S
i 500 ml 570 ml 500 ml 500 ml - 500 ml
Q" 6.0818 10.0000 5.9364 4.1499 10.0000 6.5925
i ToHE G ek ¥k 600 ml AR MEEFFA AR ERRER TSR A
m 500 ml 420 ml 250 ml 500 ml 500 ml
Q" 6.7653 6.8133 4.0009 3.0981 4.3565 4.3013

K M 25 /KT £ 0.85~0.95, 43R 0.01 tHARAE—Fh s dh O S AN BB . AR 5 T A B, k55
m%%%awmﬁﬁ,%%ﬁﬁﬁ%%%ﬁ%%ﬁ@o#ﬁﬁ%%%%*%%ﬁ%ﬁﬂﬁﬁ%%%ﬁ%
I AR S5 K1, A 0.8787, FT EAFEAR 357K T2 RAK T 0.8787 IF, R AR e AN B2 B R 2 B FE R B L)
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W, AR
2 /KPR E] 0.9 iF, R AR AR 600 ml 52 Tt

SZTCERBL A MK ﬁi

EREELAR, BT RKE.

Table 5. The relationship between optimal inventory and S

=5 RIMEFES SHIXARRK

B AR S5 AT B v, R B AR AE A BTN, 4k

- % TohE AR - TohE .
S N, L ?A N N S e . \EI
mokm . Wz A& mn owk o 2F gk AW
e B 5RIK g IR GRS e o o FLaf e LR
St Ko som PEM U eom & R 600 A T S 500

500 ml 500 ml 500 500 m 420 500
500 ml 250 ml

mi mi nll mi

ml

0.85 58 1000 558 390 904 620 641 637 379 295 416 408
0.86 58 1000 558 390 904 620 641 637 379 295 416 408
0.87 586 1000 558 390 904 620 641 637 379 295 416 408
0.88 587 1000 560 391 909 623 643 639 380 296 417 410
0.89 597 1000 576 403 953 640 659 659 390 303 426 419
0.9 608 1000 594 415 1000 659 677 68L 400 310 436 430
091 625 1000  6.19 433 1000 687 702 716 416 321 451 446
0.92 646 1000 649 454 1000 719 732 756 434 334 468 465
0.93 671 1000 683 478 1000 757 766 806 457 350 483 487
0.94 705 1000 727 509 1000 805 811 871 48 371 515 516
0.95 756 1000 791 555 1000 875 876 970 531 402 554 559

Xf 45 /K250 0.85 £ 0.95 BEAT T S50AH R ) H B2 ) 4] 5.

Lk %5 KT 0.8787 I, AEFRR

st AR B A B R AR 55 AP AN BB A R OO L R, G IR 55 /KPR i, ST R T ook Pl oR

R,

7E TSL M 0.85~0.90 APAL I A2, HAEFER T AR, MRS /KT &1 0.9 B HIEEFIE T %

%ﬂﬁﬁ:ﬁ?%%%?%?ﬁ%%%ﬂﬁimﬁﬁﬁbw%ﬁﬁ%%%“%*%%ﬁ&%&ﬁAﬁm,
FIT A 7 SOR UL % 538 MR S5 AU N B 2. R R W ER AL AN BUA Ty 0.5 JEiIfROL T, BUE iR ARk

FIKFAE 0.9 BN EIE.
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s
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ZEIAR N
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Figure 5. Schematic diagram of the relationship between optimal profit and service level
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[} RavA &
i A5

Mg MR35 K BEE N 0.95, 47 wb B ALHh B2 B S R AEARARIN, T it R SR DL AP B G R 3 6 PR

ARG ACFAR BAL R AF AR, £ SN 05 0.1 WAFREAEAHR, L HEEL

Ao 2 S AETFURIERIS, 7 A 32 BRI R IE 73 B2, I 7 224 B3 22 FRO 7 it R R A IR
FACFIE BT B2 BIRS K PFARE, 78 iR BCE A7 P ORF AL, BT DL 7 i 8%
DA BT U AN B2 I it B2 BT 5% OS2

Table 6. The change of optimal inventory with S
6. MmRMEFEM S HTLIFR

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

IEUS
P
500 ml
10.000
7.765
7.590
7.573
7.564
7.559
7.556
7.553
7.552
7.550
7.549

K
570 ml

10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000

2
Rk
500 ml
10.000
8.019
7.884
7.898
7.905
7.909
7.912
7.914
7.916
7.917
7.918

R/
IR
K
500 ml

10.000
5.625
5.529
5.539
5.544
5.547
5.549
5.550
5.552
5.552
5.553

CIPER
600 ml

10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000

vk
AR S

500 ml
10.000
8.874
8.726
8.741
8.748
8.753
8.756
8.759
8.760
8.762
8.763

THES
500 ml
10.000
8.867
8.730
8.743
8.751
8.755
8.758
8.760
8.762
8.763
8.764

KK
600 ml
10.000
10.000
9.845
9.767
9.727
9.703
9.687
9.675
9.666
9.659
9.654

FLERTE
R i

420 ml
10.000
5.383
5.288
5.298
5.303
5.306
5.308
5.309
5.310
5.311
5.312

ZFFLA]
CIES
250 ml
10.000
4.078
4.010
4.017
4.020
4.022
4.024
4.025
4.026
4.026
4.027

THER
E=
500 ml
10.000
5.611
5.527
5.535
5.539
5.542
5.544
5.545
5.546
5.547
5.548

S
500 ml
10.000
5.663
5.572
5.581
5.586
5.589
5.591
5.592
5.593
5.594
5.595

6 & SRR GO i K2 B LR SR AR B L, rTRLE B2 S M08 0.2 IR A A ST R 3 TR
Z KPR BRI 25 B L, AN RS 7K P 2 SRR 7 ot 32 21 A7 3 il b B2 2 AR5, B b B2 2
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Figure 6. The optimal inventory under TSL constraint
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Figure 7. The relationship between model profit and S
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