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ABSTRACT. This paper derives an inventory model is develdjoe items that deteriorates at a generalized Wkib
distributed rate when demand for the items is dépenon the selling price. Shortages are not altbared price inflation
is taken into consideration over finite planningikhon. A brief analysis of the cost involved is riad out by theoretical

analysis.
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INTRODUCTION

Harris-Wilson's [1915] classical inventory
model assumes that the depletion of inventory
is due to a constant demand rate. However in
real-life situations, there is inventory loss by
deterioration. Certain products like food items,
drugs, pharmaceuticals, radioactive substances
deteriorate during their normal storage period
and therefore how to control and maintain
inventories of deteriorating items becomes an
important problem for decision makers. In this
connection, studies of many researchers like
Ghare and Schrader [1963], Covert and Philip
[1973], Shah and Jaiswal [1977], Cohen
[Cohen 1973], Giri and Goyal [1985] are very
important.

In the traditional inventory EOQ model,
the purchaser must pay for the items as soon as
the items are received. However in practice,
the supplier may provide a permissible delay to
their customers. Thus the delay payment to the

supplier is a kind of price discount. Since
paying later indirectly reduces the purchase
cost, it can motivate customers to increase their
order quantity. Goyal [1985] derived an EOQ
model under the condition of permissible delay
in payments. Aggrawal and Jaggi [1995]
extended Goyal's model to allow for
deteriorating items. In this connection several
papers such as Davis and Gaither [1985], Liao
et al. [2006], Teng [2002] are very important.
These models were developed with the
assumption that the inflation does not have
significant role to play on the inventory model.
However an inventory represents a capital
investment and must complete with other
assets for a firm's limited capital funds. Thus,
it is important to consider the effects of
inflation on inventory system. Buzacott [1975]
has considered the effects of inflation on the
inventory system by assuming a constant
inflation rate. Mishra [1979] derived an
inflation model for the EOQ in which the time
value of money and different inflation rates
were considered. In this connection the studies
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of many researchers like Brahmbhatt [1982],
Chandra and Bahner [1985], Uthayakumar and
Geetha [2009], Kyo-Lung Hou [2006] are very
important. We have also studied the
researchers like Mishra [2012], Prandhan
[2012], Panda [2013] to develop this paper.

In the present paper, we drive an EOQ
model for inventory of items that deteriorate at
a generalized Weibull distributed rate with
price dependent demand and permissible delay
in payments under inflation.

NOTATIONS OF INVENTORY
MODEL

The fundamental notations used in this paper
are given as follows:
(@) Lu = Length of finite planning horizon.
(b) DIp(t)] : selling price dependent demand
per unit time

=A-uplt)

Wherel is fixed demandy, > 0, u >0

andi >> .

p (t)=pé€'selling price per unit at time

(d) c (t) = c& : unit purchase cost at time t,

where p is unit selling price att =0

(e) A(t) = Ae": ordering cost per order at time
t, where A is ordering cost at t=0,

(f) The deterioration rate function follows a
two parameter generalized Weibull
distribution given as

6(t)= AptP e t>0
(9) h = Inventory holding cost per unit per
year excluding interest charges.
(h) r: Constant rate of inflation per unit time.
() Q: Optimum order quantity.
() T :Optimum cycle time.

(c)

(k) IC : Interest charged per annum by the
supplier
(h IE : Interest earned per annum by the

retailer (IC > IE)

(m) Mpp : Permissible delay period for setting
accounts.

(n) I(t) : Instantaneous level of inventory

(o) TRC (p, T) : Total relevant cost over [0,
Ln]

(p) NRP (p, T) : Total relevant profit over
finite planning horizon

The components of total relevant cost (TRC)

consists of

(i) Cost of placing order (CPO)

(i) Cost of deterioration (COD)

(i) Cost of carrying inventory excluding

interest charges (CCl)

(iv) Cost of Interest charged (IC) for unsold
items at the initial time or after permissible
delay period Mp

Interest earned (IE) from sales revenue
during the permissible delay period [0, M]

Hence,

TRC=CPO+COD +CCI+IC-IE

The net profit is the difference of Gross
revenue and total relevant cost, where, Gross
Revenue

(GR) = (p&’ — c€" ).D[p(t)]
= (pe" — cé™ ) A-upe’

(v)

ASSUMPTIONS OF INVENTORY
MODEL

The fundamental assumptions used in this
paper are given as follows:

a. Shortages are not allowed,

b. The Lead time is zero,

c. Inflation rate is constant,

d.The account is not settled during the
permissible delay period,

e.During the permissible delay period the
generated sales revenue is deposited in an
interest bearing account,

f. At the end of credit period, the customer
pay off all the unit ordered and starts paying
for the interest charged on the items in
stock,

g. There is no repair or replacement of the
deteriorated units during the given cycle,

h. Deterioration rate follows  Weibull
distributed with two parameterandp.

MATHEMATICAL FORMULATION

Let the length of planning horizon is
divided into n parts, where n is the nhumber of
replenishments occur during the periodile.

Ly =nT.

Due to reasons of market demand and
deterioration of the items, the inventory level
gradually diminishes during the period [0, T].
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The differential equation that governs the variai inventory with respect to time is

d'd(t) FOM ()= gpe" -4 0<t<T (1)

with boundary conditions
[(0)=Qand I(T)=0

The solution under boundary condition is given by

B T Tk+p’+1 ok (2)
0= L+ 1( ] 'upzkl(ﬁ+k+1)[ t ]

Since the lengths of time intervals are all theesane have
I(jT+t)=1(t) ;0sj<n-1 0<t<T

A Tﬂ+1 -I—k+/?+l ke 3
( j upzk'(ﬁ+k+1)( t J ¥

OI(jT +t) =——
The total relevant costs in [Oxll consists of the following elements

B+l

B£+1

1. COST OF PLACING ORDERS (CPO)
CPO= A(Q)+A(M+AQ@T) +........ A{(n-T)}

-1
—A( o _:J where Iy = nT (4)

2. COST OF DETERIORATED UNITS (COD)
cop ={C(0) +C(T) +C(2T) +............ + c[(n ~DTRI(T +1)

B+1 k+8+1 Ly
_¢ A T,; ,UDZ T _ ket erT 1 5)
L+1 t kl(,8+k+1) e -1

3. COST OF CARRYING INVENTORY (CCl)

CCl= hZC(JT)jl (jT +t)dt

_ wo |[ € -1
=hC {2( ) /Jpz . /3)(k+2) il }(—e” _J ®)

There are two possibilities based on the custontedschoices.

A
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Case|l: T>Mpp
Since, optimal cycle length T is greater than tkeemissible delay time b, the interest charged
during the period [Mp, T] is given by

n-1 T
IC, =1 Y C(jT) jl(jT +t)dt
j=0 Mpp
A LS V' TPIMES

20-5)  2AB+Y T W-p%) o 1
Icl = ICC o rk I‘k M k+2 TK+B+1M 1-8 (erT_l] (7)
_'upz{ T2 4 [ DP _ DP J}

(k+2)1-BK (k+B+DK| k+2 1-8

k=0
Now Interest earned in [O4lis

IE, = |Z: p(iT) [ (A - ppe™) et
E

2 by _
= Ie p |:A M2DP _/:_2p{(rMDP _:I')erMDP +1}:|(erT 1} (8)

e -1
Now, the total average cost per unit over [k given by
TRC,(p,T) = TE(CPO +COD +CCl +IC, -1 E,)

So using the equations (4), (5), (6), (7) and i&@bove equation, we have

B o0 k k+p8+1 B+l
A+C{up ' ger T AT
S (B+k+Dk t? B+1 t#°

P R rk Ki2
+hc{Z(l—ﬁf PZ - pk+2Kk }

A 2, A M2 — A TAAM LA e -1
20-p 2AB+D) T @-p7) o e -1 ©)

+1.C
) _ﬂpi rkiTkJr2 + r MDPk+2 _Tk+ﬁ+lMDP1_E
S\ (k+2)a-pK (K+B+DK| k+2 1-8

2
- p|e|:/] M —%{(FM DP _-‘]-)erMDP +1}:|

1
TRC,(p,T) = T

2

and net profit is given

NRP; (pT) = GR — TRG(p,T) = (pe€" — C&") (A\—up€e™) -TRG(p,T) (10)
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Casell: T<Mpp
In this case there is no interest charged.

The interest earned is

£, = ol S p(n)ﬂtdt (M, —T)}
— _ t _T_2 (erLH -1
= pl{(ﬁ Hpe {T M e > H—(eﬁ )

Thus the total Relevant cost TR, T) per unit time is

TRC,(p,t) == (CPO+COD +CCl - 1E,)

I « TS ) (TP ]
A+C L tk+1_ —t

+ {upZ Ig+k+1)kl( 7 j+,8+1( th j}

1 r et -1
=—|+hC - Tk*2 =

T {2(1 ) ,upz o (- ﬁ)(k+2) k! } e’ —1) (11)

- pl {(/1 - ,upe”)(T M, —T—;j}

and the net profit is given by
NRP: (p, T) = (p€' — c€") A—pe™) — TRG (p,T) 12)

THEORETICAL RESULT OF THE MODEL

To obtain the optimum values the first order cdondifor NRR (p,T) to be maximum is given by
0 NRP, (p,T) _o ONRP, (p,T) _o

and
op oT
Now
ONRP(pT
INRA(p T) =0 gives
oT
a-gf_cl =Arpe" —ACre"" -2rup®e® +2rupCe*”’
ONRC(PT) _ 0 dives
op
aTRCl :/]erT _Zﬂpeer +#Ce2rT

Which on solving gives the solution say T

*NRR(PT) _

It maximizes the net profit becau >
T
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Similarly
ONRP,(pT)
op

=0 can be solved for T say this solution to be T

The cycle time T =T obtained by solving equation NR@@,T)

Also it maximizes the net profit because
2
0°NRp,(PT) _
oT?

Hence,

The Optimum Cycle time

T= T, if Mpp<T
T, if Mgp>T
So,
0= Q(Ty) if Mpp<T
Q) if Mpp >T
And the net profit of the inventory system is giumn
NR if Mgp<T
NRP={ Pt L
NRp, if Mg >T

CONCLUSIONS

The paper studies an inventory model for
deteriorating items. The demand for the item is
dependent on the selling price. The
replenishment source allows the inventory
manager a certain fixed period of time to settle
his accounts. No interest is charged during this
period, but beyond it the manager has to pay an
interest. The effect of inflation on various costs
is also taken into consideration. The optimum
ordering policy is determined by maximizing
the profit over the planning horizon.
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MODEL ZARZ ADZANIA ZAPASEM WEIBULLA DLA POPYTU

ZALEZNEGO OD CEN ORAZ
W WARUNKACH INFLACJI

OPOZNIEN W PLATNOSCI

STRESZCZENIE. Praca przedstawia opracowanie modelugzkramia zapasem dla towaréw, ktére ulegajzyciu
zgodnie z modelem Weibulla, i ktérych popyt zalg jest od ceny sprzegha Braki nie § dozwolone. Czynnik inflaciji
zostat uwzgldniony dla okrélonego horyzontu czasowego. Zostata przeprowadiaiika teoretyczna analiza kosztow.

Stowa kluczowe:zapasy, inflacja, dystrybucja Weibulla, popyt zaleod ceny zbytu, opgdienie w ptatnéci
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MODELL DES MANAGEMENTS FUR DIE  WEIBULL-
VORRATSHALTUNG FUR DIE DURCH PREISE BEDINGTE
NACHFRAGE UND ZAHLUNGSVERZOGERUNG BEI INFLATION

ZUSAMMENFASSUNG. Die Arbeit projiziert die Erstellung eines Modeflg das Management von Vorraten an den
Waren, die gemal dem Weibull-Modell verbraucht wardind deren Nachfrage durch ihren Preis bedingt is
Fehimengen sind nicht zulassig. Der Inflations-Bakturde fiir einen bestimmten Zeithorizont bericksgt. Es wurde
auch eine kurze theoretische Kostenanalyse durghdef

Codewdrter: Vorrate, Inflation, Weibull-Distribution, die dunaen Verkaufspreis bedingte Nachfrage, Zahlungswer
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