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ABSTRACT

The research object of this paper was a single perishable product that does not immediately deteriorate. The
emergency demand for the perishable goods was rarely studied, but it was practically significant. This article
firstly used the piece wise exponential metamorphism function to characterize the non-immediate
metamorphism. This paper also considered the emergency demand ignored previously. Then this paper
explored the retailer's inventory strategy after introducing the emergency demand influence factor into the
inventory level function and demand function. Finally, the impact of emergency demand factors on the retailer's
single inventory strategy was compared, analyzed and expanded. Therefore, the practical significance of this

paper is proved in theory.
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1. INTRODUCTION

With the progress of science and technology, people's
requirements on products' quality are higher and higher.
However, the deterioration and loss of products will
inevitably occur in each process of the supply chain. As
known, most fresh agricultural products are perishable.
From the perspective of retailers, considering the inventory
control of perishable products in the sales cycle will be
conducive to improving the accuracy of retailers' demand
prediction and promoting the development of fresh
agricultural products industry chain. Recently, many
scholars have studied and developed the replenishment
strategy of perishable goods [1-4].

The research on perishable products began in 1977. In
literature [1], it was assumed that the product was in
exponential decay form and the deterioration coefficient
was constant. However, the deterioration rate of perishable
goods is not constant in real life. Scholars at home and
abroad [5-7] introduced the concept of non-immediate
metamorphism, but there are not many studies on the
classification of the metamorphism rate of perishable
products by stages, which is exactly the point explored in
this paper. In addition, in the aspect of inventory control,
most literature [8-11] considered the factors affecting the
demand rate of perishable goods such as inventory level,
freshness, price discount and the delay of stock shortage.
But there are few studies on the factors affecting emergency
demand. Therefore, this paper makes the following
improvements and innovations based on the previous
research work of scholars [10-15].

2. PROBLEM DESCRIPTION AND
ASSUMPTIONS

This paper mainly studies the inventory system of the
retailer who sells a non-immediate perishable product and
the sales cycle of is [0, T] divided into four stages. And in

different stages of non-immediate deterioration, the impact
coefficient of inventory level on the demand rate Hi is

different. The following assumptions are made.

(1) The retailer's order for other products for sale is
relatively independent of the specific non-immediate
spoiled perishable products studied in this paper.

(2) The inventory has no upper limit.

(3) The metamorphism of the non-immediate
metamorphism is divided into two stages, and the decay
form is exponential form.

(4) The system allows the shortage of goods to be delayed.
But the delayed goods must to be delivered before the
beginning of the next cycle. Referring to Abad[11], the
delay rate of goods in shortage is expressed as

B(t)z e " while K>0 indicating the resistance

after the delay of goods in shortage and T —1 the waiting
time of customers in a single cycle.
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3. ESTABLISHMENT OF MODEL

3.1. The Model Not Considering Emergency
Demand

Figure 1 Schematic diagram of inventory level change
curve

Figure 1 shows a simplified inventory level for the

perishable product sales cycle [0, T] . The initial
inventory of the sales cycle is |0 . The first stage is [0, tl]
where the metamorphism coefficient is (91. The second
stage without price discount is [tl, tz ]while the coefficient

t3 ] and

is 92. The second stage with price discount is [tz,
the coefficient is still 92 . [ts, T ]is the out-of-stock phase

allowed by the system and the demand rate is no longer
affected by the inventory level. Therefore, the demand rate

function in the sales cycle[ y T]can be described as the

following.
D(V) =
Dy + (61 + a)I(t) 0<t<t
Dy + (65 + a)I() t,<t<t,

(1
Do+ (0, + () +1 tp<t<t, ~(D
DyB(t) t, <t<T
Then, the inventory system of the perishable product can be
characterized by the following.

are)
28 =
—Dy — (6, + 0)I(t) 0<st<t
=Dy — (62 + @)I(2) bhstst .,
Dy — O+ (D) -2 t<t<t, P
—DyB(t) ts<t<T

And the boundary condition is |(0)= l, . |(tl)=|

1(t,)=0.

1

Solving Eq@.2, it can be obtained that EQ.3. Also,
|1(t1)= |2(t1) and |2(t2)= |3(t2) due to the continuity

of | (t) . Therefore, we can get
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I, =-D, (1—e " )/(6,+a)+e @
I, = |le-(01+a)(t1-t)

0

| A+D, [e—(HlJra)(tl—t) _1]
b, +a

—KT
|4 — D0|e< [eKts _eKl

(3)
I — —j’ + DO . e(02+a)(ts _tZ) _ e(02+a)(t2_tl) ]. e(01+(l)t1
0
0,+a
+ DO * e(91+a)tl []-_ ef(r9_|_+a)t1 ]
b +a

(4)
I, =
AFDy [t _g] gt (9)
0,+a
For the convenience of calculation, the following paper still
use |0 and |1to express the more complex formula. Based

on the above calculation, the following proposition can be

obtained.

Proposition 1: The maximum deferred delivery quantity
—-KT

D.e
within [0, T]is S =°T(eKT —") . and the

maximum order

KT
Q=1(0)+S=1,+ D°f<

quantity is

-(eKT —e* ) There is a

discussion of the retailer's cost. Let PC be the purchase and
ordering  costs, including  fixed costs, then

PC=A +WQ . Let SR be the sales revenue, then
SR = p.[OT D(t)dt where P is the selling price per unit.

Let HC be the total inventory holding expense.
Specifically, the inventory holding cost per unit is the

time-varying function Ch(t) and it increases with the

increase of storage time, i.e. dCh(t)/dtZO . Then
ty to ts

HC = [['C, (t).dt+[*C, ()1, dt + [*C, (t)1.dt.

There is a certain out-of-stock cost in the inventory system.

LetC, be the cost of shortage and SC be the total cost of
shortage. Then

D e—KT
sc=c,[ -I,(t)t=C,[ OT(eK‘ —e )t
For the quantity of shortage during the period of shortage,
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there is the opportunity cost caused by unit sales loss. Let
C, be the unit opportunity cost and OC be the total
opportunity cost of the system. Then

1 Kts—KT
0C =C, [  afl—e ™)t =aCO[(T —ts)—E+ ¢ < }
Then the total profit of the retailer is

TP =SR-(PC+HC+SC+0C).

By analyzing the profit function of the above retailers, the
following proposition can be obtained.
Proposition 2: On the premise of the above hypothesis, the

retailer has the optimal starting discount point t; in the sales

oTP
cycle [0, T] so that ot

t,=t;

Proof: Firstly, the continuity of TP is known and the
differentiability of TP with respect to t2 can be obtained

from its expression.
o°TP
—=
ot,

p(ﬂ 4+ D0 )[_ ets—tz _etrtl _ (02 + a)e(Hzﬂl)(ts—tz)
+(6,+ a)(l— g (el ) plo2+eltz-u)(h+a) rl] .

It can be judged that the second partial derivative is less than

zero. Then the profit function is convex with expect to t2 .So

there is an optimal discount starting time t; , and it satisfies

apP
at,

tr=t5

3.2. The Model Considering Emergency
Demand

Firstly, consider that the emergency demand occurs in the
first stage of the metamorphism period. The influence factor

of demand rate is /3, and the demand rate function can be
obtained. Correspondingly, the amount of inventory per unit
time is partially changed.
-D,- (0, +a)lt)-B, 0<t<t,
di(t) |-D,— (6, +a)i(t) L<t<t, ()
dt |-D,—(0,+a)l(t)-4 t <t<t
- D,B(t) t <t<T
Similar to the above analysis and discussion when

emergency demand not considered, the phased inventory
level during the sales period can be obtained as follows.

|1 — _D0 (1_e*(€1+a)t )/(01 + a)+e—(91+a)t|;
I, = g e)s-o

I3 — ﬂ [e*(gﬁa)(trt) _1]
0,+a
D e—KT .
I, :—OK [eKts —e~
(7)
T A+D,

(62+a)(ts—t2) (62+a)(t2-t)
e -1f-e , (8
0,+a [ ] ®)

I, =
A+ Dy [oorars ) _geatew ] ol
0,+a

Calaraly "
(D, +£1+)§ foe]
1

(9)
It can be seen that considering emergency demand occurs in
the first stage of the metamorphism stage, the impact on

I (t) is mainly reflected in the first stage. However, the

introduction of emergency demand has an impact on the
overall profit of the supply chain beyond the first stage.

Proposition 3: In the case that emergency demand occurs in
the first stage of the metamorphism period, when

W < (1—e’(‘gl+“)‘1)~j;lCh(t)dt, the difference value of
sales revenue of the retailer in the sales cycle [0, T]

increases with the increase of the influence factor /3, .
Proof: Similar  to  the  above  discussion,

TP' =SR'—(PC'+ HC'+SC+0C) is the new
sales revenue. Let ATP =TP'—TP be the change in
sales revenue. Similarly, the difference of kinds of costs can
be presented such as APC=PC'—PC . Then
ATP =ASR—-APC—-AHC.

In order to explore the relationship between the change in
sales revenue and the impact factor of emergency demand

ﬂl , then,
OATP
= t1 —
op,
e(01+a)(1_ e-(91+a)t1 )[W_ (1_ e—(01+a)t1 )2 . .[;1 Ch (t)dt]
0 +a .
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OATP
op,

>0 if

As can be seen,

w<(L—e ). [ C, (t)dt.
That is the difference value of sales revenue of the retailer in
the sales cycle[O, T], ATP increases with the increase

of 181- In other words, the greater the impact factor of

emergency demand ﬁlis, the greater the profit difference

value between the supply chain of the two models ATP is.
It is also consistent with real life. Therefore, it is necessary
to consider the emergency demand. In addition, the
introduction of the impact factor of emergency demand ,Bl
increases the maximum the order quantity of retailers.
Specifically, the impact of inventory control on retailers can
be seen from the following.

Proposition 4: In the sales cycle [O, T], considering the

emergency impact factor ﬂl, the maximum delayed

D —-KT
) LS = o€ KT Kt
delivery quantity is© = T € —€ ") and the
maximum order quantity is
Doe—KT

Q=1(0)+S=1;+

given by the Eq.9.

In reality, the occurrence time of emergency demand may
not be able to strictly defined in the specific metamorphism
stage. So the logic function is introduced.

| = 0, Emergencydemand do not occursat i.
'|  1,Emergencydemand occursat i.

-(eKT —e't )where I is

Meantime, let B, 3, , and /3, be the emergency impact
factors in different metamorphism stages. Therefore, the
demand rate function D(t) and dI(t)/dt is partially
changed. Combined with the boundary conditions, the
phased expression of | (t) can be obtained.

-D,-(6,+a)l(t)-15,

di(t) _|-D, (6, +a)l(t)-1.5, )
dt  |-D, - (6, +a)i(t)-2-LA,
—-D,B(t)
_(DO +I1ﬂ1)(1 e ek ) (9 +a)+e (‘gﬁa)t'()2
| — |Ze—(91+a)(tl t)
|3 M[ (6+a)(ty-t) 1]
0,+a
|4 :DL[eK‘s _eKt
K
(11)
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Meantime, since the continuity of | (t) , it can be obtained
that 12(t, )= 12(t, ) and 12(t,) = 12(t,). Similar to the
case of emergency demand factors in the first stage of the

metamorphism stage mentioned above, the same discussion
can be carried out.

4. CONCLUSIONS AND PROSPECTS

By assuming the consumption of items modification
treatment costs, the cost of maintaining inventory cost
items, the discount coefficient and so on, this paper built the
metamorphic immediately inventory model. Then, the
inventory strategy was explored. It is worth mentioning that
this article used the piece wise exponential metamorphism
function to characterize the non-immediate metamorphism.
In addition, this paper considered the emergency demand.
The conclusions also proved its practical significance.
However, in the second stage of the non-immediate
deterioration period, the linear addition hypothesis is
adopted for the effect of retailer discount rate on demand
rate and the effect of emergency demand factor on demand
rate in different stages. But in real life, there may be other
more complex forms of influence, which can be further
analyzed and extended. And it is more suitable to apply
time-varying effects in reality.
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