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Abstract - In this paper, we have developed a
deterministic inventory model for deteriorating items
in which demand rate and holding cost are
quadratic and linear function of time. During
deterioration period, deterioration rate can be
controlled using preservation technology (PT). An
exponential distribution is used to represent the
distribution of time to deterioration. The derived
model is illustrated by a numerical example.
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I. INTRODUCTION

Inventory may be considered as an accumulation
of a product that would be used to satisfy future
demands for that product. An optimal replenishment
policy is dependent on ordering cost, inventory
carrying cost and shortage cost. An important
problem confronting a supply manager in any
modern organization is the control and maintenance
of inventories of deteriorating items. Fortunately, the
rate of deterioration is too small for items like steel,
toys, glassware, hardware, etc. There is little
requirement for considering deterioration in the
determination of economic lot size. So in this paper,
an inventory model is developed for deteriorating
items by considering the fact that using the
preservation technology the retailer can reduce the
deterioration rate by which he can reduce the
economic losses, improve the customer service level
and increase business competitiveness.

In reality, the demand and holding cost for
physical goods may be time dependent. Time also
plays and important role in the inventory system. So,
in this paper we consider that demand and holding
cost are time dependent.

Recently, Mishra and Singh [9] developed a
deteriorating  inventory model with partial
backlogging when demand and deterioration rate is
constant. Vinod kumar Mishra [12] developed an
inventory model of instantaneous deteriorating items
with controllable deterioration rate for time
dependent demand and holding cost. Vinod kumar

Mishra [13] developed deteriorating inventory
model with controllable deterioration rate for time-
dependent demand and time-varying holding cost.
Parmar Kirtan and U. B. Gothi [10] developed EOQ
model with constant deterioration rate and time
dependent demand and IHC.

Leea and Dye [8] formulated a deteriorating
inventory model with stock-dependent demand by
allowing preservation technology cost as a decision
variable in conjunction with replacement policy.
Dye and Hsieh [2] presented an extended model of
Hsu et al. [4] by assuming that the preservation
technology cost is a function of the length of
replenishment cycle.

J. Jagadeeswari and P. K. Chenniappan [5]
developed an order level inventory model for
deteriorating items with time-quadratic demand and
partial backlogging. Sarala Pareek and Garima
Sharma [11] developed an inventory model with
Weibull distribution  deteriorating item  with
exponential ~ declining demand and partial
backlogging. R. Amutha and Dr. E. Chandrasekaran
[1] developed an inventory model for deteriorating
Products with Weibull Distribution Deterioration,
Time-Varying Demand and Partial Backlogging.
Kirtan Parmar and U. B. Gothi [6] developed a
deterministic inventory model for deteriorating items
where time to deterioration has Exponential
distribution and with time-dependent quadratic
demand. Also, U. B. Gothi and Kirtan Parmar [3]
have extended above deterministic inventory model
by taking two parameter Weibull distributions to
represent the distribution of time to deterioration and
shortages are allowed and partially backlogged.
Kirtan Parmar and U. B. Gothi [7] developed an
economic production model for deteriorating items
using three parameter Weibull distributions with
constant production rate and time varying holding
cost.

The consideration of PT is important due to rapid
social changes, and the fact that PT can reduce the
deterioration rate significantly. By the efforts of
investing in preservation technology, we can reduce
the deterioration rate. So in this paper, we made the
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model of Mishra and Singh [9] more realistic by
considering the fact that use of preservation
technology can reduce the deterioration rate
significantly, which help the retailers to reduce their
economic losses.

In this paper, we have analyzed an inventory
system for deteriorating items under quadratic
demand using preservation technology and time
dependent IHC. The assumptions and notations of
the model are introduced in the next section. The
mathematical model and Analysis is derived in
section 3, algorithm is derived in section 4 and
numerical illustration is presented in section 5. The
article ends with some concluding remarks and
scope of a future research.

1. ASSUMPTIONS AND NOTATIONS

The mathematical model is based on the
following notations and assumptions.

A. Notations

R(t) :Quadratic demand rate.

A : Ordering cost per order.

Cn . Inventory holding cost per unit per unit of
time.

C;  : Deterioration cost per unit per unit time.

m(§) : Reduced deterioration rate due to use of

preservation technology.

0 : Deterioration rate.

T,  :Resultant deterioration rate,
7, = (6 —m($)).

Q : Order quantity in one cycle.

P.  :Purchase cost per unit.

tg  :Thetime from which the deterioration start
in the inventory.

t;  :Length of cycle time (decision variable).

TC :Total cost per unit time.

Q(t): The instantaneous state of the positive
inventory level at time t.

B. Assumptions

The model is derived under the following
assumptions.

1. The inventory system deals with single
item.

2. The annual demand rate is a function of
time and it is R(t)=a+bt+
ct?(a,b,c > 0).

3. Preservation technology is used for
controlling the deterioration rate.

4. Holding cost is linear function of time and
itisCp, = h+7rt (h,r > 0).

The lead time is zero.
Time horizon is finite.

The deterioration rate is constant.

© N o v

No repair or replacement of the deteriorated
items takes place during a given cycle.

9. Total inventory cost is a real, continuous
function which is convex to the origin.

11l. MATHEMATICAL MODEL AND ANALYSIS

Here, the replenishment policy of a deteriorating
item with partial backlogging is considered. The
objective of the inventory problem is to determine
the optimal order quantity and the length of ordering
cycle so as to keep the total relevant cost as low as
possible, where the preservation technology is used
to control the deterioration rate. The behaviour of
inventory system at any time is shown in Fig. 1.

Replenishment is made at time t =0 and the
inventory level is at its maximum level Q. During
the period [0, ty] the inventory level is decreasing
and at time t; the inventory reaches zero level.

The pictorial representation is shown in the Fig.
1.
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Fig. 1 Graphical representation of the inventory system

As described above, the inventory level decreases owing to demand rate as well as deterioration during [0, t,].

Hence, the differential equation representing the inventory status is given by
() _
dt

aQ(t)
dt

The boundary conditions are Q(0) = Q and Q(t;) =0

—(a + bt + ct?) 0<st<ty)

+1,Q(t) = —(a + bt + ct?) (tg<t<ty)

Using the boundary condition Q (0) = Q the solution of the equation (1) is
:Q(t)=Q—(at+th2+63£) O0<t<t,

Similarly, the solution of equation (2) is given by

e(@-mE)1Q(t) = — [(a + bt + ct?)e@-mO)dt

= @) = {k — [at + @8 + DS+ B8 + S+ 05 —m@ {al + b+ L]}

2 3 4 2 3 4
Neglecting higher powers of 0) (where k = at, + (ab + b) L b0+0)2+c02 —m@{aL+pL+cl
2 3 4 2 3 4

which is obtained using Q(t;) = 0

o)
@)
@)

4)

QD) =k — k(6 —m(©)t + a(6 —m©) S+ b(6 ~m(©)E + (6~ m©O) S +c(6 ~m@) & —at -

e~ et —m© {a(20 - m©) % +b(20 - m©) 5 +c(20 -m@©)S} tast<ty)
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In equations (4) and (5) values of Q(t) and Q(t) should coincide at = t, , which implies that
bt: ct3
Q- (atd + T + T
ta

= [k — k(60 —m(®))ty + a6 - m(f))%d+ b(6 - m(f))%d +c(0 -m(@) 73

tq ti _ ta
+c(6 —m(f))z—atd _b?_ c3

t3 th t
—m(§) {a(ZH —m(§)) -+ b(26 — m(§)) 3+ c(26 —m(®)) Z}]

¢ =M= [k = k(0 = m(©)ta + a(0 = m©) L+ b(0 —m©) L+ ¢(0 —~ m(D) L+ c(0—m(©) 4 -
m(@ fa(26 ~ @)+ b(26 ~m) %+

(20 -m() 4] o

The total cost comprises of following costs

1) The ordering cost 0C = A (7
2) The deterioration cost during the period [tg, t1]

DC=C, {Q - fttle(t)dt}

=Cafo - [alty —t) +2(tF — D) + (7 - )]} ®
3) The inventory holding cost during the period [0, t,]

IHC = [}*(h + D) Q)dt + [} (h +716)Q(6)dt

—fd (h+71t)|Q — at+b—t2+£ dt
B 2 3
0

fa 2 3 4
+ f {(h +rt) [k — k(6 —m(@))t+a(6 - m(E))%+ b(6 - m(E))%+ c(6 - m({))%

ta
2 3

t> t
+c(6 —m(f))z—at—bg—C?

3 4 5
—m(§) {a(ZQ - m(f)) % + b(26 - m(f)) % + c(29 - m(f)) tz}]} dt
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h ot (‘”d+btd+“d)]+r Q—té—(“—ta+ﬁ+ﬁ)
d 12 2 3 8 15

+hk(t, — tg) + [rk — hk(6 — m(f))[ td]+ha(9 m(.s))[ td]+hb(9

] m(é) ! +bh(26 — m(?))
+ch(26 — m(é’))
+ra(0 m(f)) [ td] + rb(@ m(é’)) [ ]

+he(6 — m(f))[ td]

= [HC = {

+re(6 - m(;))[ td]+rc(9 m(f))[ ] m(f)l+rb(29—m(€))
k+rc(29 —m(§))

( ah(260 — m(®) [ -

ra(29 - m(¢)) [tir’_t‘si

m(©) [

ti-tq] )

i
)

10
[ff-tg]
18

=)

Thus, the order size during total interval [0, t{] is given by
Q=IM
4) Purchase cost per cycle
PC =P.Q
PC =P, {[k — k(6 —m(®)ty +a(6 - m(E))% +b(6 —m(§)) ? +c(6 -m(®) % +c(0
m(©){a(20 - m©) 4+ b(20 —m(©) %+ c(20 - m)) 4}

Hence the total cost per unit time is given by

TC =ti(oc+Dc +IHC + PC)
1
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1 +4
TC = —¢
ty
(
{ha
\
[k — k(6
+P,

Our objective is to determine optimum value of
t; to minimize TC. The values of t; for which

% = 0 satisfying the condition
1

2
(£19)> 0
dt2

A+C, {Q — [a(t1 —tg) +g(t12 -t + %(tf - tﬁ)]}

[Q td <atd + ?

+hk(t, — tg) + [rk — hk(6 — m(f))][

2 3 4
—m(&))ty +a(0 — m(E))%d+ b(6 - m(E))%d+ c(6 - m(f))%
5 3 4 5
“d@—m@”%}ﬂd@%@w—mgn%+b@@—m@ﬂ%+c@9—m@ﬂ%h

+

cth Qt: [at3 bti
ﬁﬂ%%? ERC
5

— i 5 g
0 ]+hc(6—m(§’)) 52

bt3

ct]
15

+hb(6 — m(.f))

¢5
+hc(9 — m({)) [ !

( ah(29 — m({)) [tf _ té] )

—t
q>
1_d

—m(§) 4

+bh(26 — m(§)) [

|

]+m@—m@ﬂ[281

+ra(6 - m@ﬂ

+mw—mGD[

-m($) {

t? —t2
2

~~

+rc(26 — m(E))[ ]
ti —tg 1 - tg
+hb( G )+hc< v +ra
t—tg £ —tg
+rb <T +rc 15

(“353)\}

(11

The optimal solution of the equation (11) is
obtained by using Mathematica software. This has
been illustrated by the following numerical example.

IV. NUMERICAL EXAMPLE
We consider the following parametric values for
A=300,a=10,b=8¢c=5 h=1, r= 05,
tg =1, 6= 127, m(§) = 0.05, C4 =5, P. =15.
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We obtain the optimal value of t; = 1.13636 units,
Q = 2.81 and minimum total cost (TC) = 214.001.

V. CONCLUSIONS

The products with high deterioration rate are
always crucible to the retailer’s business. In real
markets, the retailer can reduce the deterioration rate
of a product by making effective capital investment
in storehouse equipment. In this study, to reduce the
deterioration rate during deterioration period of
deteriorating items, we use the preservation
technology. A solution procedure is given to find an
optimal replenishment cycle and order quantity so
that the total inventory cost per unit time is
minimum. A numerical example has been presented
to illustrate the model. This model can further be
extended by taking more realistic assumptions such
as probabilistic demand rate, a model allowing
shortages etc.
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