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ABSTRACT:

A production inventory model for decaying itemstwiulti-variate demand and variable holding cost ha
been developed. Demand rate function depends ingoprésent inventory level and the selling price pe
unit during production phase, then during detetiora it is a decreasing quadratic function andrdyr
backlogging, it is a constant. Shortages are pechwith partial backlogging. The backlogging riste
waiting time for the next replenishment. Finallynmerical examples are presented to demonstrate the
developed model and solution procedure. The seigiéinalysis is applied on the effect of the major
parameters.
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1. INTRODUCTION

A new concept, but a common sense conclusionaligeneral observation that a In the maks
inventory models, the demand rate is regularly meslto be either constant or time-dependent okstoc
dependent but independent of the selling pricthdfgoal is to minimize the cost, then a stock-ddpat
demand rate causes a lower level of inventory thartiraditional EOQ model with a constant demanel. ra
It defeats the purpose of a stock-dependent demzedhat is desirable to maintain large invenfory

potential profits obtained from the increased desnan
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The dependence of the sale of any item on itsgglirice is not n increase in the selling pricéhef
commodity will deter its customer’s from opting th@m in future. However, a dip in the sellinggaj in
whatever form it may come, always notices a suddenm@ase in the demand rate, as a reduction iegpric
encourages the customers to buy more.

In many real-life situations, the practical expedes reveal that some but not all customers will wa
for backlogged items during a shortage period, stscfor fashionable commaodities or high-tech présluc
with short product life cycle. The longer the wagtitime is, the smaller the backlogging rate wdd
According to such phenomenon, taking the backloggate into account is necessary. However, motteof
inventory models unrealistically assume that dustggk out either all demand is backlogged orsalbst.

In reality often some customers are willing to waitil replenishment, especially if the wait wik Ishort,
while others are more impatient and go elsewhdre.backlogging rate depends on the time to
replenishment-the longer customers must wait, teatgr the fraction of lost sales.

2. ASSUMPTIONS AND NOTATIONS

Assumptions:

1. The demand rate is a known function and variesndtthie ordering cycle in the time interval as shown

below:

a(p)+pBI(t),0<t<t
D(t)=Jat®*+bt <t<t, (1)
D,t,<t<T

Where a(p)is a hon-negative function of the selling price goidp, a, b, D are non-negative

constants.
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2. To make the production cycle repeatable, we assbatehe initial and ending inventory level

during the production cycle are same, i.e. Q, (Q>0)

3. The replenishment occurs immediately at a veryelaege.
4, The deterioration rate is constant and there ieptacement of the deteriorated items.
5. Holding cost is linear increasing function of time.
6. Shortages are allowed with partial backlogging.
7. The backlogging rate is waiting time for the nesqplenishment.
Notations:
(2] The constant deterioration rae< <1
t, The productions run time (decision variable)
t, The time at which shortages starts
T The length of ordering cycle (it includes the kdagging duration after the production cycle)
K The production rate
I(t) The inventory level at time t, Q<I(t)<P
P The maximum inventory level during the productoycle
& :
T(T‘t) Backlogging rate
C, +nm Holding cost per unit per unit time
Cq Deterioration cost per unit per unit time
C, Shortages cost per unit per unit time
Cs Lost sale cost per unit per unit time
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3.MATHEMATICAL MODEL

With an initial inventory level ‘Q’, the productiostarts at t = O till t =;twhen the maximum
production level ‘P’ is reached. Here the produti®stopped and the inventory gradually deteresr &b
‘Q’ at t=t,. Then the inventory level further depletes to zswe to partial backlogging. The objective of the
inventory is to optimize the length of the cyclelahe shortages point to minimize the total costreH
shortages are allowed to occur during the timewialdt,, T]. During this interval, all the demands are
partially backlogged. The graphical representatibtine inventory system is shown in figure 1. Dgrin
inventory interval [0, a production rate starts where the inventoryllew@ins its maximum value P.

Hence the differential equation representing tivembory is:

d'(tt)+e| (t)dt = K =D(1 1), p) 0 )

Where 1(0) = Q
During deterioration phase of the inventory, ireinterval [t t], the inventory level decreases due to

constant deterioration as well as the demand Irece the differential equation is represented as:

%+9| (t)dt ==D(t) t<t<t, -(3)

Wherel (t,) =Q
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Fig 1: Graphical representation of the MathematicalModel

During shortages intervab[T] of the inventory, the demand rate at titig partially backlogged by

a fractionTé_t). Thus the differential equation representing tim@ant of demand backlogged is:
ae ___ & t<t<T .(4)
dt 1+0(T-1t)

Wherel (t,) =Q,1(T)=0
We solve these equations and the calculate thereift costs per cycle viz. holding cost,

deterioration cost, shortages cost, opportunity and finally minimize the average total cost peit aycle.

Solving the equation (2) using equation (1) andabendary conditions, we get

)= —(Ke: f ép)—) [L-e "]+ Qe ™™ Osts<t, --(5)

Solving the equation (3) far <t <t,
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d:j(t)+e| (t)dt =—(a(t—1)* +b) hstst, )

Solving the differential equation and substitutthg boundary conditiom(t,) =Q , we get

at’ —at’ | 2at-2at
0 o

1t)=Q+ (D)

Similarly solving equation (4) using equation (hgahe boundary conditions, we get

D, 1+J0(T-t+t)
I(t)=—Io ...(8
()59[ 1400 2] (8)
Here, we havd+d(t,)>0. From Equation (5) and equation (7), hence,
(K=a(p)), _ epr @ - 8L —at’  2at-2ap
1- 1]+ 1 & ..(9
o+ 3 ——1-e 1+ Qe = Qt P P ©)
From equation (7) and equation (8), we hage) =Q , i.e.
Q3/D _
T8 o)~ ...(10)
o
We get the maximum amount of demand backloggedyme
= 1(t) = Q ..(12)
Inventory holding cost per cycle is as follows:
4 t
H.c.=[jo (q+yt)l(t)dt+jtl (G, +y) I(t) d ..(12)
Deterioration cost per cycle:
t
D.c.=cd[P—jo D(1) df
at’-at® 2at-2at, to
-c,[o+2k _ t 28, tz—jo Dy dt- [ D) o ..(13)

53



International journal of Engineering Research
&
Management Technology

[JERMT

ISSN:2348-4039
Volume-1,lIssue-1
January 2013

Shortages cost per cycle
T
SC=-CGlI, (i

Opportunity cost due to lost sale per cycle is

e 1
sc=Gdf @ o -ty O

Hence total average cost per unit cycle isy§ €T Cayg (ty, t2,T)
T.C.:%[H.C.+ DC+ SC+ LS( ...(16)
From equations (12), (13), (14) and (15), the tots is as follows:
SENR () dt+ [ (1) d
T.C=f (G HyY (0 de+["(G,+y 9 (D of

-at’ | 2ai-

+CU|[Q+at2 7 7

2k [“oga-[ oyt - g () o

T 1
+CLS[L (1_1+5(I'—t+t2)) Ddf] .(17)

_1 _ a(p)@-1)+K(B+1) K-a(p)-QE@+L8), sy _
T.c._T{(q C){ o4 {+ o+ 3 (e 1]

Gy - O =B (12 + 1)(--2) +(,- 1)(Q- B
38 3 1)

- 2at,
6 1

(T et (- 2+ 2y g Qe B oA, 28

Bl (YU el N A IR
6+ "2 @B @B @B

..(14)

...(15)
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il QL2 ) QL2 ) at’t? . at,’ . at14+ 2 atz?’_ 2 aif_ at23+ a;z%
2 2 20 6 4 K. . o 6

D(1+dt,)log(1+dt, )— D (1+ 8T ) log(#+ 5T ) D log(¥ Jt, JT-t, ?

—Csl- 5 5
D, t,
+Cs[D(T-1) +Elog ;]} ...(18)

4. Numerical Illustrations:
The following numerical data has been used to tivedoptimal solution of the total cost and other
parameters. The values of the parameters are:
a = 46,3 =3.4, K=1650=0.05,6=0.03,y=0.05, G=1.6, G=1.4, G=0.6, G=0.8, C=1.2, a=1.4, b=2.6,
Q=17, D=15, N=200, G=5, H=0.04

Using the above mentioned parameter values, thealpproduction length£0.1641 unit time, the
optimal shortages poing20.7283 unit time and the optimal length of theawialy cycle T=2.6574 unit time.

The minimum average total cost per unit time T.0.4213

5. CONCLUSION

An EPQ inventory model for decaying items with mu#iriate demand has been developed. The
demand rate depends upon the present inventorldadeselling price per unit and it is a decreasing
guadratic function during deterioration and consthnming shortages. Shortages are allowed withglart
backlogging. Backlogging rate is inversely propmmal to the waiting time for the next replenishment
Holding cost is linear increasing function of tinfk@nally numerical example and sensitivity analysis

given to validate the results of the productioneintory model. The system is solved using the madiieal
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softwareMATHMATICA 5.2. This way, the whole research caters to put forvgarde aspects of an
inventory model with some real world consideratiand market deliberations. Therefore, the presented
mathematical model is much more realistic and praict
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