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Abstract: In most of the deteriorating items inventory model, demand rate has considered as a constant
function. But in realistic situation these cost varying according to time. So in this paper, we developed a
deterministic deteriorating inventory model with inflation in which demand rate are quadratic function of time,
deterioration rate is constant, backlogging rate is variable and depend on the length of the next replenishment,
shortages are allowed and partially backlogged. The model is solved numerically by minimizing the total
inventory cost for cycle.
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I.  Introduction

Buzacott (1975) developed the first EOQ model taking inflationary effects into account. In this model,
a uniform inflation is assumed for all the associated costs and an expression for the EOQ is derived by
minimizing the average annual cost. At most the same time Misra (1975) developed an economic order quantity
model taking inflationary effects on inventory systems into account. In this model, a uniform inflation rate for
all the costs is assumed and an expression for the EOQ is derived by minimizing the average annual cost. Misra
(1979) then extended the EOQ model with different inflation rates for various associated costs. Today, inflation
has become a permanent feature of the economy. Many researchers have shown the inflationary effect on
inventory policy. Chang (2004) study EOQ model with deteriorating items under inflation when supplier credits
linked to order quantity.Misra (1979) given a note on optimal inventory management under inflation. Yang
(2004) work on inventory models for deteriorating items with shortages under inflation .Yang (2006) given
Two-warehouse partial backlogging inventory models for deteriorating items under inflation

Deterioration is a term now commonly used in health care, to describe worsening of a patient's
condition. It is often used as a shortened form of 'deterioration not recognized or not acted upon'. Much work to
reduce harm from deterioration has been undertaken by the National Patient Safety Agency. It is the process in
which an item loses its utility and become useless. Inventory in deteriorating items is a general phenomenon in
daily life. The items like milk, fruit, vegetables, fashion goods, electronic components, eggs, medicines, wine
and gasoline etc. are called deteriorating items. So deterioration of physical goods in stock is a very realistic
factor and there is a big need to consider this in inventory model.

Harris (1915) developed first inventory model, Economic Order Quantity, which has generalized by
Wilson (1934) and he gave a formula to obtain economic order quantity. Inventory of deteriorating items first
studied by Whit-in (1957), he considered the deterioration of fashion goods at the end of prescribed storage
period. Ghare and Schrader (1963) extended the classical EOQ formula with exponential decay of inventory due
to deterioration and gave a mathematical model of inventory of deteriorating items. Dave and Patel (1981)
developed the first deteriorating inventory model with linear trend in demand. He considered demand as a linear
function of time. Chang and Dye (1999) developed an inventory model with time varying demand and partial
backlogging. Goyal and Giri (2001) gave recent trends of modeling in deteriorating items inventory .They
classified inventory models on the basis of demand variations and various other conditions or constraints. Ouyan
get al. (2005) developed an inventory model for deteriorating items with exponential declining demand and
partial backlogging. Dye et al.(2007). Find an optimal selling price and lot size with a varying rate of
deterioration and exponential partial backlogging. They assume that a fraction of customers who backlog their
orders increases exponentially as the waiting time for the next replenishment decreases. Alamri and Balkhi
(2007) studied the effects of learning and forgetting on the optimal production lot size for deteriorating items
with time varying demand and deterioration rates. Dye (2007) gave an inventory model to determining optimal
selling price and lot size with a varying rate of deterioration and exponential partial backlogging and
deterministic  inventory model for deteriorating items with capacity constraint and time-
proportional backlogging rate. Teng et al. (2007) gave a comparison between two pricing and lot sizing models
with partial backlogging and deteriorated items. Roy (2008) developed an inventory model for deteriorating
items with time varying holding cost and demand is price dependent. Liao (2008) aver an EOQ model with non
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instantaneous receipt and exponential deteriorating item under two level trade credits. Pareek and Kumar (2009)
developed a deterministic inventory model for deteriorating items with salvage value and shortages. S.kouri et
al. (2009) developed an Inventory models with ramp type demand rate, partial backlogging and Weibell’s
deterioration rate. Shah and Shukla (2009) developed a deteriorating inventory model for waiting time partial
backlogging when demand and deterioration rate is constant. They made Abad (1996, 2001) more realistic and
applicable in practice. He et al. (2010) gave an optimal production inventory model for deteriorating item with
multiple market demand. Biswaranjan-Mandal (2010) gave an EOQ inventory model for Weibull distributed
deteriorating items under ramp type demand and shortages. Yadav and Devi (2013).Develop of an inventory
model with volume flexibility, random deterioration and increasing demand exponentially. Yadav and Yadav,
(2013).work on Volume flexibility in production model with cubic demand rate and weibull deterioration with
partial backlogging .Yadav, and Trivedi,(2013) study on a multi —echolen inventory models for deteriorating
with partial backlogging.

In this paper, we developed a deterministic deteriorating inventory model with inflation in which
demand rate are quadratic function of time, deterioration rate is constant, backlogging rate is variable and
depend on the length of the next replenishment, shortages are allowed and partially backlogged. The model is
solved numerically by minimizing the total inventory cost for cycle.

I1.  Notation and Assumptions
The mathematical model is based on the following notations and assumptions. Following notation are used in
paper.

Co the ordering cost per order;

Cr the purchase cost per unit;

0 the deterioration rate;

Cu(®) the inventory holding cost per unit per time unit;

Cs the backordered cost per unit short per time unit;

CL the cost of lost sales per unit;

fy the time at which the inventory level reaches zero t; > 0.

t the length of period during which shortages are allowed, t,> 0;
T the length of cycle time;

| max the maximum inventory level during [0, T];

IB max  the maximum inventory level during shortage period;

Qo (Imax* 1B max) the order quantity during a cycle of length T;
Ip(t) the positive inventory level at time t;

In(t) the negative inventory level at time t;

Tc(ty, tp) the total cost per time unit.

Assumptions

The model is based on the following assumptions

1. The demand rate is time dependent that is if ‘a’ is fix fraction of demand and b> and ‘¢’ are that
fraction of demand which is vary with time then demand functionis D (t) = a + bt + ct?, where a>0,b>0, ¢
>0.

The inflation rate is r(t)=e™ 'r>0.

Holding cost is constant h(t) = h.

Shortages are allowed and partially backlogged.

The lead time is zero.

The replenishment rate is infinite.

The planning horizon is finite.

The deterioration rate is constant.

During stock out period, the backlogging rate is variable and is dependent on the length of the waiting

time for next replenishment.So that the backlogging rate for negative inventory is, Rg(t) = where & is

©oOoNoGA~WDN

1468(T—t)
backlogging parameter and (T-t) waiting time (t;<t<t,).

I1l.  Mathematical Formulation of Model
The rate of change of inventory during positive stock period [0, t;] and shortage period [t;, T] is governed by the
differential equations.

dlp

;+91P=-(a+bt+ct2), 0<t<t (D)
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dIN
dt 1+6(T t)

(a + bt + ct?), t;<t<T ....(2

With boundary conditions Ip(t) = In(t) =0 at t = t;and Ip(t) = lnaxat t = 0. ....(3)

1 Inventory level I(t)

I max|

t=0 y ] I(B max Time

f

Figurel of inventory system

IV.  Analytical Solution
Case.1.The Inventory level have not shortages:
In this period [ 0, t{], the inventory depletes due to the deterioration and demand. So the inventory level at the
time during [0, t;] form the differential equation:

L2+l =-(a+bt+ct), 0<t<t,
With boundary conditions Ip(t)=0att =t

The system gives the solution:

_ _ b(6t1-1) (6t 1) +1] b(6t-1) (6t— 1)2+1
Ip = efta t){%+ 912 G } { + 20 gl ]}

where 0 <t<t; ....(4)

Case.2.The inventory level having shortage:
In this period [t; T], the inventory level depends on demand and a fraction of demand is backlogged . The state
of inventory during [t; T] form the differential equation:

dal -1
N+91N— m (a + bt + Ctz) t1<t<t2 (WhereT—t1+t2)

...(5)
With boundary conditions Iy(t) =0 att =t;.
The solution of this system:

=1 24b e 2T 1+8@-0H] 1 _ St — — 25—
IN—5(a + bT + cT =+ 5t 5)log [1+5(T—t1)] +5 [b+2c+2T]|(t—t) + 5 [t—t){6(t+1t)—26
2}]

...(6)
Inventory holding cost
IC (1) = [, h()e ™ Ip (t)dt
= [ he™" I (t)dt,
. pa, b(Bt—1)  c(6t1-1)?+1] 4 (1—e D) (1-e” D)
ICH (t) - h{g+ 912 ! 193 }[ (r+86) ]_{ [f]
+ 2 [0t — 1)e‘”1- L1y %
c f1 26 Tt 20(t16-1)e” Tt 20e7 T
+9_3 (1_‘ Tz + ) {(tl - 1)2 + 1} - - r2 + r3 ]

. (7)

Backordered cost

Ce= f:;(_IN)e_” dt
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1+68(T—t)

_(r 1 24b €, 2T
Cg- ftl 6(a+bT+cT S+ st 5)log[1+5(T_t1)

t){6(t +t;) — 26T — 2}e "] dt
:é(a +bT + CT2+§ + 2+ %) {I1+28(T —t)]log[1+ 8T —t)]}+ %[b +2c+  2TI(T -
c c r b c 2T t T
ty)? +25 [(T = t)HS(T + ) = 26T = 2}] = - (T —t,)° — Z(a+bT+ T2+ -+ D) {5 +5+
1 T 2T 1 r rc
ol (? +o+ E) logl1+8(T =t} —[b+2c+ 2TI(t,® —2T° +3T%t;) — 5{5(3%4 — 4Tt —
11T* + 12¢, T3) +12¢,2—  12T?}

et + % [b+2c+2TIE—t)e™ +  S[(t-

(8

Lost sales cost

C.= ftTl[l - 1+6(1T—t)](a + bt + ct?)e "t dt

Jle "t bt +[1 -

- _ -rt _ 1 2y -7t
ft {[ 1+6(T t)] e + [ 1+6(T-t) 1+6(T—t)] ct )e }dt

=a[(T = t,) —5log {1 +6(T — t,)} - {(T )41 (T -t )——(T+ )log{1+ 8(T —

t)N]+ b [(TZ —6)+3(1 -t )=3(T+3)log (1+8(T — 1)} -

T3—t,3 1
%4‘5(7‘2 - tlz) +

2 3_+.3
%(T+§)(T—t1)—§(T+§) log {1+6(T—t1)}}] + c[%+%(T2—t12)+%(T+§)(T—
t)) —%(T+%)zlog {1+68(T-1t)}— r{“‘f}%‘t%%(ﬂ —t,3) +%(T+%) (T? — t,2) +
2
)

%(T+ %)SIog {1+6(T—t1)}}]

. (9)
Purchase cost
PC = (Purchase cost per unit) * (Order quantity in one cycle)
= *
When t=0, thecigve?oof inventory is maximum and it is denoted by I [ Ip (O) ] then using equation (@)
T {§+b(9;12—1) + c[(et1 Dy ¢ _ﬁ % ... (10)

The maximum backordered inventory is obtained at t = t; + t,, using equatlon (6)
IB max = —Iy(t; + t3)
= {(a+bT+cT2 42454 )log[l +8(T = t)] = (b + 2c + 2T(T — ;) — (T — £;,)(8(T —

t,) +2)} (11)
Thus the ordered size during total time interval [0,T]
Qo = Imax + 1B max
Now using the equations (10) and (11) we get
Qo= eet1 {%+ b(eélz_l) + [(€t1 1) +1]} {_ _b +93}
1
+E{(a + bT +cT? + g + g + ?) log[1+ 6(T —t)]
—(b+2c+2T(T —t))) — c(T — t)(6(T — t,) + 2)},
.. (12)
Thus
ot b(9t1 1) . c[(0t1—-1)%+1] a b | 2
PC=C,*e 1{ + + =3 }—{9 92+93}
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+= {(a+bT+cT2+ + + )log[1+5(T—t1) —(b+2c+ 2T(T-t))— o(T—-
t)(6(T —t) +2),

...(13)
Ordering cost Co= A
Total Cost
Therefore the total cost per time unit is given by
Tc(t, T) = % [ Ordering cost + carring cost + backordering cost
+lost sale cost + purchase cost |
=%[co +1ICy + Cy +C, + PC],
1 b(Ot;—-1) . c(Bt;-1)%+1] 4 (1—e D) (1- ”1))
Te(t, T) =+ {{§+ e e R
b _ 6 _ 1 2] c 1 26 260
+-5 (0t — De™"1- ?e T-—+ 2] :‘9_3[(;—t§+r—3)
et 20(t10-1)e” "1 20e7Tl1
—{(t - 12+ 1} - R B
+55(@+ BT + cT2+5 + S+ Z{[1 + 28(T — t)]log[ 1 + (T — )]} + —[b+2c+
2TI(T — t1)2 + S [(T = 6)X8(T + t;) — 26T — 2}] - S(T—t,)3 —L(a+bT + cT?+2 +
6 §2 )
2
e +( +2+ =) logl1+8(T =)} =S [b+2c+  2TI(t,% - 2T° +
3T2t1) - 128{8(31:1 —4Tt,® — 11T* + 12¢t; T3) +12t,2 — 12T?}+
(r2-
al(T —t;) = log {1+ 8(T — t,)} - r{r— ) 41 2T -ty )—3(T+3)log {1+ 5(T —
T3-t,3 1
O]+ b [(TZ ) +2(T -t ) —E(T +5) log {1+8(T —t)} - r{(371)+5(T2 -
1 1 1 1)\2 T3-¢,3 1
tlz) +E(T+E) (T - tl) _E(T-I_E) lOg {1 +6(T— tl)}}] + C[%'F%(TZ - t12) +
L+ DT — )= LT+ 1) N — =) L L ops _ 3y (4L (2 —
S(T+3) @ =) —3(T+3) log {1+6(T —t)} r{ (13— +5(T+3) T
1 1\2 1 1\3 b(6t;—1
62 +(T+3) (T —t) - Hr+3) log{1+6(T—t1)}}]+ Co et {d $204D
n [(9t1 1) +1] }7
{2 -2 4+2342 {(a+bT+cT2+2+£+£) log[1+6(T —t)]- (b+ 2c +
0 63 5§ &' 6 g 1
2T(T —ty)) — C(T —t)(O(T —ty) +2),
. (14)
The necessary condition for the total cost per time unit to be minimize is
aT, GE _
a—tl—Oand TS =0. ....(15)
Provided,
92T, 3T, 3T,
(6t% ) (a tzz) B (atltz) >0
4. Alogrithm

To find out the solution following algorithm used

. .. 0T, aT¢ %1, 9%T, 8°T,
1 Fin rivative —£=0,—=0, =%, ==
Step d de ative atq ! oty ! azt1, aztz ’ dtqty

Step2 Solve (15) for t;and t, where T =f+t
Step3 Find total cost from equation (14)

V.  Conclusion
In this paper, we developed a model for deteriorating item with inflation, quadratic demand and partial
backlogging and give analytical solution of the model that minimize the total inventory cost. The deterioration
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factor taken into consideration in the present model, as almost all items undergo either direct spoilage or
physical decay in the course time, deterioration is natural feature in the inventory system. The model is very
practical for the industries in which the demand rate is depending upon the time and holding cost is constant
with inflation. This model can further be extended by taking more realistic assumptions such as finite
replenishment rate, probabilistic demand rate, variable deterioration rate etc.

VI.  Numerical Solution
Consider an inventory system with the following parameter in proper unit A = 2500, h = 0.5, C =
4,Cg=12,C =15, § =8, a =25, b =40, c =40, 6= 0.005 and parameter r=.005. The computer out put of the
program by using maple mathematical software is t; =4.12, t, =0.03 and TC = 1179. i.e. the value of t; at which
the inventory level become zero is 4.12 unit and shortage period is 0.03 unit. The effect of changes in the
parameter of the inventory model also can be study.
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