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ABSTRACT

In this paper, we have developed an inventory mémtetleteriorating items with time-
dependent demand considering the inflation effecthe system. Shortages if any are
allowed and partially backlogged with a variablerdependent on the duration of waiting
time up to the arrival of the next lot. The corrasging problem has been formulated as a
nonlinear constrained optimization problem, all dost parameters are crisp valued and
solved. A numerical example has been considerildstrate the model and the significant
features of the results are discussed. Finallyedbas these examples, sensitivity analyses
have been studied by taking one parameter at akiéeyging the other parameters as same.

Keywords: Inventory, deterioration, variable demand, pagtibticklogged shortage,
credit policy

Mathematical Subject Classification (2010): 90B05

1. Introduction

Due to high competition in marketing policy pernitiés delay in payment is one of the
important factors to increase their business. Asesult, wholesalers/suppliers offer
different types of facilities to their retailers fwromote their business. In that case,
wholesalers/suppliers offer a certain credit periodtheir retailers. In this period, no
interest is charged by the supplier to their retatHowever, after this period, a low rate of
interest is charged by the supplier to the nexditperiod and after this time period, a high
rate of interest is charged by the supplier undeta terms and conditions. This is known
as an inventory problem with permissible delaypagments. It is also known as the trade
credit financing inventory problem. This type otalwas first introduced by Haley and
Higgins [3]. Thereafter, Goyal [2] formulated an @0nodel under the conditions of
permissible delay in payments. Then, Aggarwal autjiJ[1] extended Goyal's model for
deteriorating items. Shortages are not considerdueir model. Jamal et al. [4] developed
the general EOQ model, considering fully backloggkdrtages. After Jamal et al. [4], a
number of works have been done by several resaartthéheir research.

2. Assumptions and notations
2.1. Assumptions
The following assumptions and notations are useatkbt@lop the proposed model:
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(i)

(ii)
(iii)
(iv)
V)

(vi)
(vii)

Permissible Delay in Payment Under Inflation

The entire lot is delivered in one batch.
Inflation effect of the system.
The demand rat®(t) is dependent on time. It is denoted by

The deteriorated units were neither repaired noinced.

The inventory system involves only one item and staeking point and the
inventory planning horizon is infinite.

Replenishments are instantaneous and lead tintngant.

The replenishment cost (ordering cost) is constadttransportation cost does not
include for replenishing the item.

(viii) Inflation effect of the system.

2.2. Notations
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3. Inventory model with shortages
In this model, it is assumed that after fulfillinge back order quantity, the on-hand

inventory level isSatt=0 and it declines continuously up to the titne t, when it reaches

the zero level. The decline in inventory during thesed time intervaD<t <t, occurs

due to the customer’s demand and deterioratioheoftem. After the time=1t; shortage

occurs and it accumulates at the r[at& J(T —t)]_1 ,(0>0) up to the timet =T when
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the next lot arrives. Attimé=T, the maximum shortage levelRs This entire cycle then
repeats itself after the cycle length

Let q(t) be the instantaneous inventory level at any tiem®. Then the

inventory Ievelq(t) at any time satisfies the differential equations as follows:

%+9q(t):—D(t), osts<ty (1)
da) __ =D _iet (2)

dt  [L+S(T-t) *
with the boundary conditions
q(t)=Satt=0, q(t) =0 att=t,. ®3)
andq(t)=-Ratt=T. (4)

Also,q(t) is continuous att =t .
Using the conditions (3) and (4), the solutionthefdifferential equations (1)-.2) are given
by

a t 1 a b g-
=L 4plo—— L2 = g8t o<st<t
av=y {9 92} {9 02} '
ad+b(1+ 5T )} log|1+ 5 (T —t
{ ( 22 g+o(r 1+E_(R+%TJ, f<t<T

Using continuity condition we have
s={3_-b {1-eM 5)
6 62

From the continuity condition, we have

{ad+b(1+4T )} log|1+5 (T -1 ) +m_(b_Tj
52 o o

The total number of deteriorated units is given by

Now the total inventory holding cost for the entisele is given by

(6)

il
Chol = Ch.[ e_”q (t) dt
0

Again, the total shortage co€lg,, over the entire cycle is given by
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Ceo =C, [{-€a(t)} c

Cost of lost sale OCLS over the entire cycle iegiby
1

°
OCLS=C, [e" {1——
{ 1+ (T -t)

}D(t)dt

Interest earned and interest charged depends bapoderigth of the cycle and allowable
credits timeM. The flowing two cases arise:

Casel: O<M <t
Case2: t, <M <T
Now, we shall discuss all the cases in details.

Casel: M <t
In this scenario, the total interest earned duﬂhaagperiod[O,M] is given by

tt

IE1= pl, | [ Ddudt +pRI, (T ~t,)
00

Again, the interest paid during the periEM ,tl] is given by

IP1:CpIp{i|l.q(t)dt}

Hence, in this case, the average Zft,, T )is given by

X
Z,(t,.7) =?

where X=<setup cost> + <production cost> + <inventory holding cost> + <deterioration
cost>+<Interest paid>-<Interest Earn>

=Cye T +Cy + PC+CD +IP1-IEL

Case2: t, <M <T
In this scenario, the total interest earned duﬂhaagperiod[O,M] is given by

ot
IE1= pl, | [ Ddudt +pRI (T ~t,)
00

In this case, there is no interest charge
Hence, in this case, the average ng(ltl,T) is given by
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X
Zz(tl,T)=?

where X=<setup cost> + <production cost> + <inventory holding cost> + <deterioration
cost>-<Interest Earn>
=C,e " +Cyy +PC+CD-IEL

4. Numerical example
To illustrate the model with partially backloggdtbgages, a numerical example with the
following data has been considered.

Ch, =$1.5per unit per unit timeCy=$15 per unit per unit tim& , = 30per unit,
C, = 400per orderd=0.05,a= 50,b = 5,M=120/365,p=45,
0=151,=0091,=012C, =15,=0.06.

According to the solution procedure, the optingdilison has been obtained with the help
of LINGO software for different examples. The optim values of t;, T, SandR along
with minimum average cost are displayed able 4.1.

Table 4.1: Optimal solution for different cases

Cases S R t T Z
Case-1 3941 29.21 0.502 1.3181 2075.562
Case2 50.9: 31.733¢ 0.328: 1.263¢ 2064.38

5. Result and discussion

For the given example mentioned earlier, sensjtitalysis has been performed to study
the effect of changes (under or over estimationfliferent parameters like demand,
deterioration, inventory cost parameters. This ysiglhas been carried out by changing
(increasing and decreasing) the parameters frori% @ + 20%, taken one or more
parameters at a time making the other parametdteatmore parameters at a time and
making the other parameters at their original v&lUde results of this analysis are shown
in Figures.
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Figure 5.2: %change of paramet€x, with respect tdR,Z
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6. Conclusion
This paper deals with a deterministic inventory elddr deteriorating items with variable
demand dependent on time inflation effect of theteay.

The present model is also applicable to the problemmere the selling prices of
the items as well as the advertisement of itemscafthe demand. It is applicable for
fashionable goods, two level and single level d¢nediicy approach also.
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