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M(ab) ==Pab) Y, (Y,=a)”  (20)
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2
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Table 1 The PDFs of the demand and supply capacity for product

B 1 2 3 4
ka(l \i0><x) ka(z \,‘0)(") f}",\(,% \io)(x) f,'A(4 \io)(x)
= AR Ayl? Aa? A x?
AR |7“’ x = 0; 2 o x=0; ’ o x = 0; 4 o x=0
=\ \r3)e ! =\r3)e?’ =\r3)e’ =\I3)e*
0, x <0 0, x <0 0, x <0 0, x <0
¢tr/k(1 \50)(7”) d’wk(z \io)(w) d’wk@ \10)(W) d)u’k(«t \10)(70)
Y 2w b% 2w y 2w Y. 2w
REREfiE ] 17;/"', w = 0; ziw, w=0; 377“" w = 0; 477“" w = 0;
={r@e"’ = \Tr(2)e? ={Ir@)e”’ ={r@2)e*
0, w < 0 0, w <0 0, w <0 0, w <0
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P L AT A AR R O3 345 0 22 G T
S IR B 1 < n < 2 I FUA AR, Bos R 07 1%
RS a = 2.

SE 3 LD S0 R BT RS A, Ay, (i
= 1,2,3,4) BB BRI, FOBCE S RE RN 52 B )
O T 7 T K T B B 2 o K RS R 3

S BA ARG X BRI i < jI A A, < A, Flly,
<Y
3.1 RBENEREERE
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BUE N 2 Bi7R, T ARIE SO (4) F1(5) Xl 158, EFE
RGTEAR R WA 0 AR BT EE R AT T 2 PR IL T 2%,

xR 2 FEAMBRSTERN SR
Table 2 The solutions of the model with the different initial states

TR AR fE — LR M S HALZH
o X,=0.030, y,=0.025 0.40  0.20 0.25  0.15 V,(1]ig)=10,V,(2] ig)=20,V,(3 | iy)=30,V,(4 ] iy)=40
o 4,=0.035, y,=0.035 0.25  0.40  0.25  0.10 Pu(1]i)=300,P,(2] iy)=260,P,(3] iy)=220,P (4] i;)=180
- A3=0.040, y;=0.045 0.30  0.15 0.40 0.15 C,(1]ig)=150,C, (2] ig)=130,C,(3 ]| iy)=110,C, (4] iy)=90
A4=0.045, y,=0.050 0.15 0.15 0.30  0.40 (1] i5)=0.90,m,(2] i5)=0.85,7,(3 | iy)=0.80,1,(4| iy)=0.75

AW or (D) BILQI Gy 1)] @2 EIQ Gl 2)] 07 (3)  EL(Q Gy I3)] ¢ (4)  E[N(Q Gy l4)]

1 59.42 4744.8 57.76 4547.5 55. 81 4325. 1 49.59 3579.9

2 56.71 4425.7 56. 87 4444, 5 56.25 4372.6 54.16 4123.3

3 56.25 4370.7 56. 40 4389.3 56. 17 4361.9 55.58 4291.5

4 56. 16 4360. 6 56.22 4368.2 56. 14 4358. 4 55.98 4339.7

5 56. 14 4358.5 56. 16 4361.0 56. 13 4357.5 56. 09 4352.3

6 56. 14 4357.9 56. 14 4358.7 56. 13 4357.6 56. 12 4355.7

7 56. 14 4358. 1 56. 14 4357.9 56. 13 4357.6 56. 13 4357.5
&3 396.96 30976. 3 395. 69 30827. 1 392.76 30490. 7 383. 65 29399. 9

RS’ (2, =i,i e S| MG (CFRBAR
HiREP,) T, ARYEZR 2 WEUEBIIM; B4R, TR LT
AT EEMWESME G .

(DY E = 1B FEAFRGEHERE, = 1
S, AR I B 5 O 00 B T O ek A0S0 S A 250k Q) (1) =
59.42 R E[IL,(Q,; (j, |1))] = 4744.8, Wi 4 Q' (1) =

) Giy) A ELTL(Q; (G, [1))] = E[IL(Q; Gy i) 1 (i =
2,3,4), MR E = 20 FERGHMRE i, = 2 1, A
0; (2) =, Giy) MELTL(Q; (i, [2))] = E[T1,(0; G, lig)] (i
= 1,3,4), Bk, ol WHIHRIRES i) fE— R, X AT &
G 1 e 0T T W A B R e AT T R

(2) FE_ LR B PR IO G LA AR R 40 LA BLAT
(e, B, JEi8 TR AR IR 75 1 %, 20 22 )3
75 55 R AN R RS | N5 0 03 220 5T W i o ) 22

FIIE R (AL 43 0 R 56. 1 Fl 4358, 552 |- AR —
EEROMERIEE P, B T i R Z, = i, e St P
AN RASERZ T3 1Y, B 2 B AL Ao A O AS T 24938 107 I £
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FRU R G5 2 R RS AR @ RAS, Btk rl I, 24
J ik B LA S R ELAT N T 2P M T e S T 5 R
T i TT A WS 7T SRR XA M 25 7K .
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H— AW SEAL S, B R0 TP a4 F T iy — 2,
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E[TI(Q; (1))] =30976.3 > E[TI(Q; (1)) ] (i = 2,3,
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H1 REEBRERAITHRORR
Figure 1 The ripple effect of quality impacts on the optimal
order quantity
Hi Chapman-Kolmogorov il P, = P‘f , AR AR
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Figure 2 The ripple effect of quality impacts on the
optimal expected profit
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THEME X R A 2R e D SEAIL I 04 3 e B A e M P
Yo B ARG G Ee U HLER , PR ANEAE R G R E S
3.3 ERREHXE S

3R A BRI A B AT 0 O 2 AR AR R R 1T AR AR
RAZIW A RGBS PE . R, o T R s fe e ik R
AT RIA R0HE , X ORI B SR 5 AR I8 R AE R B g s
LI, BoE BARAIE X B (a, b)= (4400, 4600) ., T
MK = 100Kk 10 A48 B, R B sc Y (19-23)
X AR R IR R PRSP TER 3) .

HH 3 3 T BB SE B SR T A AR R R R i RS T A5
FEAELR R - SRR A TN, LN SR RGN
GRRAS 1 RN, AR R - AR RN
N = (My(a,b) ,My(a,b) My(a,b),Qo(a,b),Ay(a,b)!

= {128.40, 0.00, 128.40, 160.00, 288.40}
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TSR R

— 7T MR RGENIRIRE 1 52 BN, ZRS
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FIE X [E] (4400, 4600) T, JooA 52 i B A5 FI 9 XU 44
MR EFRE EEE WIS 1 TG A(a,b)
= 288.40, LWITHARFE 2 FHRESE Ay(a,b) = 186.23
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Table 3 Risk analysis of inventory system in different initial states

F R fiE — PR MR HAb S K
g A,=0.030, y,=0.025 0.45  0.25 0.30  0.00 V,(1]ip)=10,V,(2]i5)=20,V,(3]iy)=30,V,(4]iy)=40
2 A,=0.035,y,=0.035 0.25 0.45 0.25 0.05 Pu(1]iy)=300,P, (2] iy)=260,P, (3] iy)=220,P,(4] iy)=180
- A3=0.040,y;=0.045 0.20  0.25  0.45  0.10 C.(1]iy)=150,C, (2] iy)=130,C,(3] iy)=110,C,(4 ] ij)=90
A, =0.045,y,=0.050 0. 00 0.25 0.30 0.45 m,(1]i5)=0.90,7,(2 | ix)=0.85,7,(3 ] iy)=0.80,7,(4] iy)=0.75
BIRIR A I;m(a,b) Pyy(a,b) Py(a,b) ﬂ?m(a,b) Myo(a,b) My(a,b) Qy9(a,b) Ajo(a,b)
1 0.20 0.00 0. 80 128. 40 0.00 128. 40 160. 00 288. 40
2 0.10 0.00 0.90 6.23 0.00 6.23 180. 00 186.23
3 0.00 0.20 0. 80 0.00 -52. 14 -52.14 160. 00 107. 86
4 0.00 0. 40 0. 60 0.00 -890. 44 -890. 44 120. 00 -770. 44
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Multi-period risk-averse inventory system with quality ripple effect

CHEN Jie', XING Lingbo' ", LI Weisheng', CHEN Zhixiang’, CHEN Chongping’
(1. School of Science, Hainan Tropical Ocean University, Sanya 572022, China; 2. School of Business,
Sun Yat-sen University, Guangzhou 510275, Chinaj 3. School of Politics and Public Administration

South China Normal University, Guangzhou 510006, China)

Abstract: In the actual operation of the supply chain, the ripple effect induced by the quality imperfection not only affects the supply
and demand sides of the inventory system, but also has an important ripple effect on the price, residual value, risk preference and other
factors. However, in the case of risk aversion, quality imperfection and multi-period, etc, no one has incorporated the decision concept
of “quality ripple effect” into the theoretical framework of inventory decision model with CVaR criterion to carry out the corresponding
subject research. Meanwhile, as for the risk decision-making problem of inventory system, although some scholars have studied the
reliability of inventory system based on stochastic process, no one has proposed a multi-indicator-based risk-assessment mechanism from
the perspective of stochastic process. Therefore, under the assumption that supply and demand, purchase price, wholesale price,
residual value, risk preference and other factors all dependent on the quality level, using Markov theory to describe the statistical
regularity of quality process, and then a multi-period inventory system decision model with CVaR criterion is proposed. To analyze and
assess the level of operational risk in the inventory-management system, based on the concepts of up-crossing/down-crossing expected
amplitude, up-crossing/down-crossing dominance, internal or external revenue levels, up-crossing/down-crossing equilibrium, and the
coupling degree of revenue level, a multi-indicator-based Ji assessment mechanism is established. Based on the theory of the new model
and the experimental results of numerical examples, the following important conclusions and management insights can be obtained ;

First, the initial state of the quality level has an important impact on the ordering strategy and expected profit of the inventory
system. When the quality level is in a relatively dominant state, the corresponding optimal order quantity and expected profit of the
system are also in a relatively dominant level. In the initial state of any quality level, however, when the quality process meets
irreducibility and ergodicity, the optimal order quantity and expected profit of the inventory system will gradually stabilize as the number
of cycle increases. It shows that the robustness of decision-making mechanism is related to the attributes of statistical structure of
quality process. Additionally, the “quality” of the product plays a pivotal role in the inventory-management system.

Second, in the case that supply and demand, purchase price, wholesale price, residual value, risk preference and other factors all
depend on quality level, the ripple effect of quality on decision-making mechanism has nonlinear structure characteristics, and has the
following objective laws, this is, in the process of inventory system operation, when the probability of transition from non-dominant state
to relatively dominant state increases gradually, the decision-making mechanism has a positive impact on the system performance level.
At this point, the larger the value of transition probability is, the higher the economic benefit of the inventory system will be;
otherwise, it will be vice versa.

Third, under the condition of given target profit, relative to the down-crossing, when the expected amplitude of up-crossing is
larger, the up-crossing dominance of the inventory system is more significant, and the coupling degree of the revenue level is higher. At
this point, the risk of the system failing to achieve the target profit is lower; otherwise, the risk is greater. When the system reaches the

up-down equilibrium, the higher the internal revenue level is, the coupling degree of the revenue level has a rising trend. In this
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situation, the inventory-management system becomes more likely to achieve its target profit.

From the above conclusions, it shows that the correlations between supply and demand, purchase price, wholesale price, residual
value, risk preference and decision-making mechanism can be characterized by the statistical regularity of the Markov-derived quality
process. Furthermore, the conductivity mechanism between the quality ripple effect and the control strategy of the inventory system is
revealed. It is shown that the potential risk of the inventory system can be measured by the multi-indicator-based M assessment
mechanism which derives from the theoretical framework of the new model, and fully reflect the influence of multiple random factors on
the decision-making mechanism of the inventory system, and the influence of multiple random factors on the decision-making
mechanism of inventory system is fully demonstrated theoretically. Therefore, “quality ripple effect” is taken as the guidance of
decision-making concept and construct an inventory model with risk aversion is contribute to further improve and expand the existing
theories and methods of the decision-making mechanism.

Key words: Quality ripple effect; CVaR criterion; Multi-period inventory system; Markov chain; Optimal ordering policy
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