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ABSTRACT- In this work, we study the inventory replenishmeoticy over a fixed planning period for a
deteriorating item having a deterministic demantigoa with a linear trend and shortages. The madsblved
analytically by minimizing the total inventory cofthe model can be applied to optimize the totakmory
cost for the business enterprises where both thitrigocost and deterioration rate are constant.
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1. INTRODUCTION

In recent years, many researchers have studiechtonye models for perishable items such as eleatroni
components, food items, drugs and fashion goodsany real life situations such as failure of héteas they
age, spoilage of foodstuffs, and evaporation oatil@ liquids, the effect of determination on tleplenishment
policies should not be neglected. In fact the steekl of the inventoried item is continuously detpig due to
the combined effects of its demand and deterianatiothe last few years, considerable attentisdeen given
to inventory lot-sizing models with deterioration.

Inventory problems involving time variable demaraitprns have received the attention of severakrebers

in recent years. Silver and Meal [1] constructedapproximate solution procedure for the generaé a#sa
deterministic, time varying demand pattern. Thessilzal no-shortage inventory problem for a lingand in
demand over a finite time horizon was analyticaibived by Donaldson [2]. However, Donaldson’s sohut
procedure was computationally complicated. Sil&rderived a heuristic for the special case of fpasilinear
trend in demand and applied it to the problem Dds@h. Ritchie [4] obtained an exact solution, hgvine
simplicity of the EOQ formula, for Donaldson’s ptelm for linear, increasing demand. Mitra et al. [5]
presented a simple procedure for adjusting the @onorder quantity model for the cases of incragsr
decreasing linear trend in demand. In all these alspdhe possibilities of shortages and deteriomain
inventory were left out of consideration.

Harris [6] developed the first inventory model, Bomic Order Quantity, which was generalized by bfil$7]
who introduced a formula to obtain EOQ. Witin [&]nsidered the deterioration of the fashion goodhetend
of prescribed shortage period. Dave and Patel {9lied a deteriorating inventory with linear incseey
demand when shortages are not allowed. Ghare amédm [10] addressed the inventory lot-sizing feob
with constant demand and deterioration rate. Witk help of some mathematical approximations, they
developed a simple Economic Order Quantity, EOQdehdl hen, Covert and Philip [11] and Tadikamalla][
extended Ghare and Schrader’s work by consider@anigbie rate of deterioration. Shah [13] providefdirther
generalization of all these models by allowing shges and using a general distribution for the raetgion
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rate. Other authors [14-18] readjusting Ghare addr&ler's model by relaxing the assumption of itdin
replenishment rate.

All these inventory models were formulated in distanvironment where the demand is assumed t@bstant
and steady over a finite planning horizon. Howewr realistic product life cycle, demand is irasig with
time during the growth phase. Naddor [19] assumddmand function that increasing in linear promortivith
time during the growth phase and analyzed the pedbrmances of three inventory policies. Manddl][2
studied a EOQ model for Weibull distributed detsatng items under ramp-ype demand and shortages$ird/l
and Singh [21, 22] constructed an inventory modelrdmp-type demand, time dependent deterioratemgd
with salvage value and shortages and deterioratirentory model for time dependent demand and hgldbst
and with partial back logging. Hung [23] investigadtan inventory model with generalized type demand,
deterioration and back order rates. In this paper,made the work of Mishra et al. [24] more reaidty
considering time dependent demand and developednantory model for deteriorating items where
deterioration rate and holding cost are const&fiertages are allowed and partially backlogged.

2. NOTATION AND ASSUMPTION
The fundamental assumption and notation used $npiduper are given as below:
a. The demand rate is time dependent and linearD(tg=a+bt; a, b>0 and are constant.
b. The replenishment arte is infinite, thus replenishiis instantaneous.
c. I(t)is the level of inventory at time @<t <T .
d. Tis the length of the cycle.

e. @ is the constant deteriorating ra®2< 8 <1.

f. 1 is the time when the inventory level reaches zero.
g. t; is the optimal point.

h. Q is the ordering quantity per cycle.

i.  Ayis the fixed ordering cost per order.

j.  Cjis the cost of each deteriorated item.

k. C,is the inventory holding cost per unit per unitiofe.
. C,is the shortage cost per unit per unit of time.

m. Sis the maximum inventory level for the ordering leysuch thas=1(0).
n. C,(t,)is the average total cost per unit time under thelitiont, <T .

3. MATHEMATICAL FORMULATION

Here we consider the deteriorating inventory madi¢h linearly time dependent demand rate. Replenéstit
occurs at timé=0 when the inventory level attains its maximunorit=0 to t, the inventory level reduces due
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to demand and deterioration. At the inventory level achieves zero, then shoriagdlowed to occur during
the time intervaltg, T) is completely backlogged. The total number ofii@gged items is replaced by the next
replenishment. According to the notations and agsioms mentioned above, the behavior of inventgstesm

at any time can be described by the following défgial equations:

a0 - pm-a),o<tst, )
dt
d'd(tt) D(t), t, <t<T )

With boundary conditiong0)=S, I(t;)=0

The solutions of equations (1) and (2) with bougaamditions are as follows.

atbt, b . atht b
I(t) = ( 5 ?jee(“)—7+—2,0ststl ®)

b
I(t):a(tl—T)+§(t12 -T?), t, <t<T (4)
The beginning inventory level can be computed as

S=1(0)= (H sz(e 1)+%t1e5‘1 (5)

The total number of items which perish in the in&(0, t], sayDr, is

t t
—jD(t)dt = s—j(a+bt)dt
0 0
(3 ;Zj(eﬁl 1)+%t e* —at, ——bt2 (6)

The total number of inventory carried during thieimal [0,t;], sayHy, is

ty

= j | (t)dt

— j (a + bt jeg(tl_t) _ a-t+ bt b2 dt
7] 9

a+bt b ad-b b
( ezl‘ﬁj‘ea“l)‘—ez bogt )
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The total shortage quantity during the intentglT], sayBr, is

B, = —] | (t)dt

__T _ E 2 _ 42
= ﬂa(tl 0+ t)}dt

a 3 b
=§(T2+§t12_2tlT)+E(T3+2tls_3t12T) (8)

Then, the average total cost per unit time underctimditiont; <T can be given by
_1
Cl(tl)_?[p\)-i-ClDT +C2HT +CaBT] ©)

The first order derivative dE,(t;) with respect ta, is as follows:

dC,(t,) _ 1 C\a _
d—tl = HCI + 5 j(e 1)+ C,(t, T)}(a+ bt,) 109

The necessary condition f@;(t;) in (9) to be minimized is

M =0, thatis
dt,
C, \(.a _
Kcl +7j(e 1 —1)+ C,(t, —T)}(a+ bt,) =0 (11)

Let g(t,) = Hcl +%j(e‘"l —1)+ N —T)}

Sinceg(0)=-C;T<0, g(T) = (C, +%)(egr -1 >0 for e” >1

and g'(t,) = (€C, + Cz)eﬁ1 +C, >0, it implies thatg(t,) is a strictly monotonic increasing
function and equation (11) has unique solution afor t'1¢(0, T)
Therefore, we have
Property-1

The deteriorating inventory model under the conditd <t, < T , Cy(t;) obtains its minimum
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att;=t';, whereg(t 1)=0 if t ,<T.
4. CONCLUSION

In this paper, we study the inventory model foredierating items with linear time dependent demeaid. We
proposed an inventory replenishment policy for tigjge of inventory model. Of course, the paper jges an
interesting topic for the further study of suchdiof important inventory models, the following tyaooblems
can be considered in our future research. (1) Tisene set up cost in this inventory model. Whdt tappen,
if we add set up cost in to this inventory mod@How about the inventory model starting with shges?
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