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Abstract: Recently much work has reported regarding EOQ models for deteriorating items with delay in
payments. Most of these papers considered that there is no change of money value over time. But money value
changes due to inflation. Hence, in this paper we develop and analyze an EOQ model for deteriorating items
with the assumption that delay in payments is allowed under inflation. It is assumed that the life time of the
commaodity is random and follows a Weibull distribution. It is further assumed that the demand rate is time
dependent and follows power pattern, with different values of indexing parameter the demand rate may increase
or decrease or remains constant. Using the differential equations the instantaneous state of inventory at a given
time is obtained explicitly. With plausible cost considerations under inflation the total cost function over the
horizon is derived. The net profit rate function is also obtained. By maximizing the net profit rate function the
optimal ordering and price policies are obtained. It is observed through sensitivity analysis that the deterioration
distribution parameters, demand rate parameters and inflation rate have significant influence on the optimal
operating policies of the model. The permissible delay in payments affects the ordering quantity and cycle time.
This model also includes some of the earlier models as particular cases for specific values of the parameters.
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1 INTRODUCTION

Economic Order Quantity models play an
important role in planning several systems at
market yards, warehouses, production processes,
civil supply departments. The EOQ models for
deteriorating items are required for developing
optimal ordering and pricing policies of the
organizations dealing with the goods which are
subject to decay, perishable, damage, obsolete and
evaporation. The rate of deterioration has
significance influence on developing optimal
policies of the systems (Srinivasarao et al.,(2010)).
Much work has been reported in literature
regarding EOQ models for deteriorating items.
Nahmias. S(1978), Raafat (1991), Giri and
Goyal(2001), Ruxian and L.i, et al. (2010) Dhir
Singh and Singh(2018) have presented an elegant
review on inventory models for deteriorating items
Ghare and Scharder(1963), Shah and Jailwal
(1977), Cohen(1976), Aggarwal(1978), Dave and
Shah(1982), pal (1990), Giri and Chaudhari(1980),
Thadikulla(1978)  covert and  Philip(1973),
Philip(1974), Goyal and  Agarwal(1980),
Venkatasubbaiah (1999), Nirupama Devi et. al.
(2004) and others have assumed the variable rate of
deterioration. In all these models, it is assumed
that the payments must be made to the supplier
immediately after receiving the items.

However, in practice, the supplier allows a
certain fixed period for setting the account and does
not charge any interest to the retailer during this
period. Goyal (1985) developed an EOQ model
under permissible delay in payments. Aggarwal
and Jaggi (1995) extended Goyal’s(1985) model to
consider the deteriorating items. Jamal et. al.(1997)
further generalized Aggarwal and Jaggi’s (1995)
model to allow shortages. Other interesting and
relevant papers related to the delay in payments are
Sarkeret et al. (2001), Chung and Liao (2004),
Ouyang et. al., (2005). Ouyang et al. (2002)
extended Goyal’s(1985) model to consider cash
discount and delay in payments and established an
analytical closed form solution to the problem.
Liang, Yuh Ouyang, Kun-Shan Wu and Chih-
Teyang (2006), Jui-Jung Liao (2007), Chandra K.
Jaggi, S.K.Goel (2008) and Chao Kuei Huang
(2009), Horng-Jinh et al. (2002), R. Amutha et al.
(2013), H.S. Shukla et al. (2015), R.P. Tripathi et
al. (2016), Jyothi (2018) and others have also
studied inventory models with delay in payments.
In all these models they assumed that there is no
change of money value over time.

However, the purchaser may invest the
money on the stock market or to develop new
products, and get a return from the investment
which may be higher than interest changes. Thus,
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the purchaser may not pay the supplier at the end of
the credit period, instead, he or she will invest the
money until the interest payable to the supplier is
larger than the interest earned. Consequently, it is
more radical for the purchaser either to pay the
supplier at the end of the credit period or to incur
interest charges on the unpaid balance for the
overdue period. This consideration leads to
consider the current large scale inflation in world
economy and its impact on the optimal policies of
the inventory systems. From the financial point
inflation is generally associated with rapidly raising
prices which causes or caused by a decline in the
purchasing power of money which varies or rather
depends on time.

BuzaCott (1975), Bierman and Thomas
(1977) and Misra (1979) analyzed inventory
decision under inflation for the EOQ model,
Brahmhatt (1982) developed EOQ model under a
variable rate of inflation. Ravi Gor and Nita H Shah
(2006), ManusriBasu, Samiran Senpaati and
Kanailal Banergjee (2006), Jayanta Kumar Dey,
Shyamal Kumar Mondla Manoranjan Maiti(2008)
have developed EOQ models for deteriorating
items under permissible delay in payments under
inflation. They assumed that the rate of
deterioration is constant. But in may inventory
situations the rate of deterioration is a variable
depending on time. Raman Patel et al. (2017) have
studied an inventory model with different
deterioration rates with shortages, time and price
dependent demand under inflation and permissible
delay in payments. They considered that the rate of
deterioration is 6 during p; <t < u, and 6t when
u, <t<t, and 0<6<1. With the same
assumption on deterioration, Shital S Patel (2017)
has studied the inventory model under inflation and
permissible delay in payments for imperfect quality
items.

In  may practical situations the
deterioration is time dependent and variable. In
addition to this it is stochastic due to various
random factors influencing the life time. The
variable rate of deterioration can be well
characterized by Weibull distribution. The Weibull
decay can include increasing or decreasing or
constant rates of deterioration. Very little work has
been reported in literature regarding inventory
models under permissible delay in payments and
inflation having Weibull rate of decay except the
workless of Susheel Kumar et al. (2013) who
developed an inventory model for Weibull
deteriorating items with constant demand and under
permissible delay in payments. Sanjay Kumar and
Neeraj Kumar (2016) have studied an inventory
model with stock dependent demand and Weibull
rate of deterioration having permissible delay in

payments under inflation using genetic algorithm.
However, they assumed that the demand is either
constant or stock dependent.

But in many market yards it is observed
that the demand is time dependent and follows a
power pattern. Hence, in this paper we develop and
analyze an EOQ model for deteriorating items
under permissible delay in payments under
inflation with demand as function of time and
follows power pattern. The power pattern demand
can include increasing/ decreasing/ constant rates
of demand for different values of index parameter.
Using the differential equations the instantaneous
state of inventory at given time ‘t’ is obtained. With
suitable cost considerations, the total cost over the
horizon is derived. By maximizing the net profit
rate function the optimal ordering policies are
obtained. The behavior of the model with respect to
the change in parameters and costs is also analyzed.
The effect of inflation is studied. The model is
useful for developing the optimal ordering policies
of systems at vegetable markets and market yards.

2. ASSUMPTIONS:

Consider an inventory system with the following
assumptions for developing the EOQ model:

i)The life time of the commaodity is random and
follows a Weibull distribution. Hence, the
instantaneous rate of deterioration h(t) is

h(t) = aft® L, t>0 €Y
ii) The demand is time dependent and follows a
power pattern demand which is of the form

1,
R(t) =a—b, [‘“"1 ]
nTn
where, a is fixed demand, a > 0,b is a demand
parameter, b> 0 and a > b, 0 is the total demand
during the cycle period, n is the index parameter.
iii) Rate of inflation and its valuesisr, 0 <r < 1.

iv) Shortages are not allowed.

v) Lead time is zero.

iv) During the permissible delay period (M), the
account is not settled, the generated sales revenue
is deposited in an interest-bearing account. At the

end of the trade credit period, the customer pays
off for all the units ordered.

vii)There is no repair or replacement of the
deteriorated units during the cycle time (T).
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3 INVENTORY MODEL

Consider an inventory system in which the
inventory level is Q at time t=0. During (0,T) the
inventory level gradually decreases due to demand
and deterioration. Since no shortages are allowed at
time T as and when the inventory level reaches
zero the stock is replenished instantaneously. The
schematic diagram representing the inventory level
is shown in Figure-1

T
9]

X

0 M T M 2M M M

Figure -1 Schematic diagram representing the
inventory level.

Let I(t) is the inventory level at time t then the
differential equations governing the inventory level
at time ‘t’ is

%I(t) +h®)I(t)=—-R(T), 0<t<T 2

This implies

-1
i1(1:) + [aBteI(t) = — la — b, (9” >]
nTn

Solving the equation (3.1) we get

I(t) = e~At” fla—m( >] ePtedt
nTn

Therefore the inventory level I(t) at any time t’ is

T 1
I(t) = eﬁtaf [a — by <9tn >] ePtdt,0<t<T (3)
t

nTn

Using boundary condition 1(0) = Q, one can get
the ordering quantity as

Q= fla—m( )]eﬁf“dt,OStsT 4)
nTn

Since the length of time internals are all the same,
we have

A gen !
IGT +t) = e—ﬁf“f a—b, — || eft%t, (5)
) nTn

where 0</<n—-1, 0<t<T

4 OPTIMAL ORDERING AND PRICING
POLICIES OF THE MODEL.:

In this section, the total cost function is obtained as
a sum of cost of placing orders (OC), Cost of
deteriorated units (CD), cost of carrying
inventory(IHC), interest earned. Each cost
component is computed as follows:

The cost of placing orders (OC) is
0C = A(0) + A(T) + A(2T)
+ ABD+...... +A((n—1T)
Ae™ —1)
=y (6)
(e —1)
The cost of deteriorated units (CD) is

n-1 m 14
Ch = Z C erit [Q - f [a — by (915_1>] dt},
j=0 0 nTn
where, Q is as given in equation (4).

Therefore,

T

Bt%_l pra e™ — 1
f a—by T e dt —aT + b, 0 T =1 ()]
o nTn

The cost of carrying inventory (IHC) is

Ch=C

IHC = hz cGT) f IGT + 0 dt

j=0

Substituting the equation (3) in the IHC one can get

T t 1
IHC = Ch fel“" f a-b o6 eBrat dt i
0 0 ”T" _1

For computing the interest charged and earned.
There are two possibilities based on the customer’s
choice. Cost of inventory changes (IC) for unsold
items at the initial time or after the permissible
delay period ‘M’ and interest earned (IE) from the
sales revenue during the permissible delay period.

Case(i) Replenishment level ‘T’ is larger than or
equalto i.e., M<T

Interest Charged in (O, H) is

Ic, = ICZC(]T)fl(]TH) dt

el o

Interest earned in (O, H) is
IE, = I, 215 PG [ [a—b1 (et" 1>]tdt

nTn

1 f tdt—b ef o [em_ 1]
= ple a — D1 1
0 o nTn e 1
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[ M
Pel\27), "o\ Ti1) [lem-1
L n 0

[ 1
aM?  b;0 [ Mn*? [e”” - 1]
2 am\let)|leT1

n+1

aM? b;0[nM7 \[[e™ —1
2 Aln+1])||eT -1 an

The total cost per unit time cover (O, H) is
TC = OC + CD + IHC + IC; — IE;

1

ePt"dt — aT + bo

T

1 ot
TC(p,T):TA+C f a—b,

nTn»

0

+Ch f;e“”a [ftT [a—b1 ot 1” ﬁt"dt“

| nTn

[T 1
| " gt;—l <!
+Clc|fe‘ﬁt f eftedt||dt

lM nTn ] J

l'l_+1
aM? b;0M 7 |[e™ —1
B eT—1 1)

Tn(n+1)

The net profit rate function is the difference of
gross revenue and total cost per a unit time. The
gross revenue per a unit time at time ‘T’ is
b6
— rT _ rT -
- e o (a-2)
The net profit is

_ rT rT b6
NP(p,T) = (pe'™ = Ce™™) (a - 22)
T 1
1 otnt «
—=|A+cC f a—b, —||ef*“dt — aT + bo
T nTn

0

+Ch

[S—

eﬁf“dt] dt]

fOTe—ﬁ’f“ [ftT [a - by [—etn

nTn |

a—b [9” ] eﬁt“dt] dt]
nTn ]

e™ —1]

[erT -1

+CI,

e Ift

n+1
HMZ bleMT
T 1

Tr(n+1)

(12)

For obtaining the optimal pricing policies of the
model one has to maximize NP (p, T) with respect
to T and p. The conditions for obtaining optimality
are

dONP dNP
—@T)=0,—®T)=0
ap (1) o @1
d2NP(p,T) 9%*NP(p,T)
_ ap? dpadT
and D = 9*NP(p,T) 92NP(p,T) <0
ApoT aT?

where, D is determinant of the Hessian Matrix

INP(p,T) _
ap -
n+1
rT( b,0 ) I.[aM?  b,6M [er”—l] 0 (13)
e (a- |- =
ONP(p,T
and & = 0 implies

(pe™"r —Ce™r) (a - %) +(pe™ — Ce™) (%02)

1
+F A+C

%_1 a
fOT [a - b, [gt T ” eft®dt —aT + bo

nTn

f e [f [a— b, 1 ] ﬁt“dt] dt]

+ Ch

+Cl | et [f [ — b, 9” ] ﬁf“dt] dt]
nTn
fave bﬁM%'[Cm—lﬂ
—ple [ ——=
2 Tn(n+1) e’ —1
—zla+cl|f) [a—bl[ H Bt dt — aT + b, 0
nT'n
+Ch |[ e Ft* [f [ a—b |2 ]eﬁf“dt] dt]
‘nTn
+Cl [ [, e Pt [f [a —b, |2 ]eﬁf"‘dt] dt]
nTn
_ aM?  b,6M n | [re’T(e™-1)
ple Tn(n+1)][ (eTT—l)Z

T n+i

T
1 b16 « 1 b, th «
——C[a——]e‘Bt —a+ | = eftde
n I aTw

T T

. b19 « o rhoe
+Ch e"gt a—— fem dt+fe'5t f 1—61“ dt|dt
S t nZTn

0

1 a T a T a |7 %_1
(a—ﬁ)eﬁt f e Pt dt+f eht & dt
nT M M n2Tn
e™ —1
1) = 0 (14)

Solving the equations (13) and (14) simultaneously,

+Cl,

n_+1
b,0M =
Tn(n + 1)

ple

using numerical methods one can get the optimum
cycle length T=T,; and selling price p=p;.

Substituting the optimal values of T, and p; in
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equation (12), the optimal value of the net profit is

obtained as

= riy riy _E
NP (p1,T1) = (pre™™ — Ce™™)(a —27)

—i A+C

nTn

%_1 a
f“[a—bl[“ ] ePtdt — aT, + bo

+Ch [le —Br“ Tl - 9“ H ﬁt“dt]dt]
Tn

n

« oe ]| ..
+CI. | | eBt f a—b; ePtédt | dt
nTn
H_1q

aMZ bleMT

+p1le >

1 (15)
Tyn(n + 1) [em - 1]
Case-2: In this case, there is no interest charged

M>T.

The interest earned per unit time is

1B, = plc [f§ R@) t de + REOIT(M — T)]][ = 1]

[aTZ

2

91_
— b, 0T+ |a—by [—

nTn

2 —_
=l [% — b,OT + [a - —] [T(M - T)]] [—_ﬂ

BTH

The total cost per unit time over (O,H)
TC=0C+CD+IHC-IE,

aT? b10 M
=pl,|aTM — — —

! 1
. 1] (16)

Using the equations (6), (7), (8) and (15), one can
get

TC = A+cf0 a—bl[ ” ePtdt —aT + b, 0
nTn
T
+Ch | [ e7Bt* f a— b1 eftedt|dt
t nTn
aT? b 1 n

The net profit is the dlfference of gross revenue and
total revenue cost. The gross revenue is

(pe'™ - ce' (a —27)

nT
Therefore, net profit is
NP(p,T) = (pe'™ — CerT)( - nT9>

T
1 ent “
—-=|A+cC f a—b, —||ef*“dt — aT + b,0
T 0 nTn

1

+Ch [ [} e Pt ftT a—b [9”‘ ePtUdt|dt

nTn |

T [ T . ]
+ClI, J-e‘ﬁta J. a— b1 —— || eft%ac||dt
3 E nTn

aT? b19M 1-n

where, TC(p,T) isas glven in equatlon (17)

] (18)

For obtaining the optimal pricing policies of the
model one has to maximize NP(p,T) with respect to
T and p. The conditions for obtaining optimality
are:

ONP(p,T) _ ONP(p,T)
ap - oT B
*NP(p,T) 3*NP(p,T)
_ ap? opoT
and D = aneen  atneen| <0
opdT aT?

where, D is determinant of the Hessian Matrix

ANP(P.T)

poe = 0 Implice

b.6 b,0
_ T - _ rT (2
o-ore|a= 2]+ 0 -0 ()

-1

foT [a —b [eﬁz

nTn

1
+F A+C

H ePtdt — aT + b, 0

+Ch

f _Bta[f [ a—b, etnl] pee dt]dt]

nTn

erT— 1

ePtdt —aT + b, 0
nTn

ot

n
! latm aT? b, HM 1 - n rerT(e’H -1)
Ple]d 2 n n (e —1)

T 1
1
__ _ 27| aBt* pte
TlC “a ] J’ _+1 e dt\
0
T T 1y
J’e’ﬁta J’ blH—thema dt|dt
3 t n2T7n

—ple [aM —aT + (%) blﬁ]] [Z:Z—:ﬂ =0 (19)

—pl, [aTM—a—TZ—bIEM ( b19T“

T
1
—-|a+cC f a—b1

T
+Ch e

T
b1 sia a
+Ch [a—L]eﬁ[ fe’ﬁf dt+
nT
0
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dNP(p, T
& =0 Implies
dp
2 —_ TH _
e'T [a—l:—,l? +I%[aTM —%— ble + (1 - n)bleT] [—ZTT — ﬂ =0

20
Solving the equations (19) and EZ(;)
simultaneously using numerical methods for given
values of parameters, one can get the optimum
cycle length T=T, and selling price p=p..
Substituting the optimal value of T, and p, in
equation (18), one can get the optimal value of the
net profit as
NP"(py, T2) = (poe™™ — Ce™™) [a— 27|

nT,

i,
_i A+C sz a_b1 bn T e‘gtadt_aT2+b19
Tz 0 n Tyn
( A
a tn a
+Ch fe"” f a—— —|eft de|dt
m t n Tyn
2 n+1 TH
am b;6m n e’'-1
e -
L2 pamen)|le 1

5 NUMERICAL ILLUSTRATION:

Consider the case of deriving the economic
order quantity and other optimal ordering policies
for markets dealing with deteriorating products.
From the records the values of the parameters can
be estimated. The deteriorating parameters «, 8
are estimated to vary from 0.6 to 0.68 and 0.061 to
0.068 respectively. The values of other parameters
are a = 2100 units, b; = 20 units, C = Rs.2.0, h =
Rs.0.15, 1.=Rs.0.1, I, = Rs.0.16, H =12 months, M
= 0.5 months, r = 0.08, A = Rs.2500, n = 0.6, 6 =
50. The optimal value of selling price (p) and cycle
length (T) are obtained by using the equation (13)
and (14) or (19) and (20). The optimal values of T
are taken as T =T, if M <T,and T =T, if
M > T;. By substituting these values of cycle time
T and selling price p the optimal values of Order
quality Q and net profit NP are obtained and
presented in Table-1.

From Table-1, it is observed that when the
parameter ‘a’ increases from 2100 units to 2400
units then the optimal order quantity ‘Q’ is
increasing from 451.75 units to 603.84 units, the
net profit ‘NP’ per unit time is increasing from
Rs.1607 to Rs.1962 and the optimal selling price
‘p’ is increasing from Rs.93.45 to 94.51 and the
optimal cycle length ‘T’ is decreasing from 0.56 to
0.54 when other parameters and cost are fixed. If
the parameter ‘b, is increasing from 21 to 23 then
the optimal order quantity ‘Q’ is increasing from
451.75 units to 582.89 units, the net profit ‘NP’ per
unit time is increasing from Rs.1607 to Rs.1962

and the optimal selling price is increasing from
Rs.87.46 to Rs.88.96 are increasing and the optimal
cycle length ‘T’ is increasing from 0.55 to 0.56
when other parameters cost are fixed.

As the deterioration parameter ‘o’ s
increasing from 0.62 to 0.68 then the optimal order
quantity ‘Q’ is decreasing from 506.76 units to
494.82 units, the selling price ‘p’ is decreasing
from Rs.92.32 to Rs.91.52, the net profit ‘NP’ per
unit time is increasing from Rs.1648 to Rs.1667
and no change in the optimal cycle length ‘T’.
When the parameters ‘S’ is increasing from 0.64 to
0.68 then the optimal order quantity ‘Q’ is
increasing from 501.90 units to 508.63 units, the
net profit ‘NP’ per unit time is increasing from
Rs.1652 to Rs.1680 and the selling price ‘p’ is
decreasing from Rs.92.90 to Rs.92.52 and the
optimal cycle length ‘T’ is increasing from 0.57 to
0.59 for fixed values of other parameters and costs.
When the unit cost ‘C’ is increasing from Rs.2.0 to
Rs.2.4 then the optimal order quantity ‘Q’ is
decreasing from 513.64 units to 513.34 units, the
net profit ‘NP’ per unit time is increasing from
Rs.1641 to Rs.1675 and the selling price ‘p’ is
increasing form Rs.91.22 to Rs.92.76 and the
optimal cycle length ‘T’ is increasing from 0.56 to
0.57 when other parameters and costs are fixed.

When holding cost ‘h’ is increasing from
Rs.0.51 to Rs.0.53 then the optimal order quantity
‘Q’ is remains the same, the selling price ‘p’ is
decreasing from Rs.92.20 to Rs.92.17, the net profit
‘NP’ per unit time is increasing from Rs.1794 to
Rs.1796 and no change in the optimal cycle length
‘T°. The interest changed °I.’ increases from
Rs.0.611 to Rs.0.613 then the optimal order
quantity ‘Q’ is remains the same, the selling price
‘p’ is increasing from Rs.91.30 to Rs.91.50, the net
profit ‘NP’ per unit time is decreasing from
Rs.1805 to Rs.1802 and the optimal cycle length
‘T’ is increasing from 0.54 to 0.56 when other
parameters and costs are fixed. The unit earned
‘I, ’increases from Rs.0.161 to Rs.0.163 then the
optimal order quantity ‘Q’ is increasing from
526.34 8units to 526.68 units and the net profit
‘NP’ per unit time is increasing from Rs.1810 to
Rs.1825, the selling price ‘p’ is decreasing from
Rs.90.51 to Rs.88.60 and no change in the optimal
cycle length ‘T’. When the time horizon ‘H’
increases from 12.5 months to 13.5 months then the
optimal order quantity ‘Q’ is increasing from
520.37 units to 524.76 units , the net profit ‘NP’
per unit time is increasing from Rs.1608 to
Rs.1665, the unit selling price ‘p’ is decreasing
from Rs.92.86 to Rs.92.64 and the optimal cycle
length ‘T’ is increasing from 0.54 to 0.57.
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Table-1
Values of T, p, Q and NP for different values of parameters
a b C| « B r h Ie le A H n M e[ T p Q NP
2100 | 20 | 2.0 0.6 0.02 0.08 0.1 0.15 0.12 | 2500 12 0.6 0.5 50 | 0.56 | 93.45 | 451.75 1607
2200 0.55 | 93.56 | 518.40 1791
2300 0.54 | 94.09 | 582.89 1709
2400 0.54 | 94.51 | 603.84 | 1962
21 0.55 | 87.46 | 451.75 | 1607
22 0.55 | 88.51 | 525.43 1861
23 0.56 | 88.96 | 582.89 1962
2.2 0.56 | 91.22 | 513.64 1641
2.4 0.57 | 92.76 | 513.34 | 1675
0.62 0.56 | 92.32 | 506.76 | 1648
0.64 0.56 | 91.93 | 500.97 | 1654
0.66 0.56 | 91.59 | 499.61 | 1660
0.68 0.56 | 91.52 | 494.82 | 1667
0.021 0.57 | 92.90 | 501.90 | 1652
0.022 0.58 | 92.52 | 506.51 | 1661
0.023 0.59 | 92.07 | 508.63 | 1680
0.082 0.56 | 92.86 | 520.37 | 1608
0.084 0.56 | 92.64 | 523.07 | 1736
0.086 0.56 | 92.43 | 524.76 | 1765
0.088 0.56 | 92.21 | 528.41 | 1794
0.11 0.56 | 92.20 | 528.41 1794
0.12 0.56 | 92.18 | 528.41 1794
0.13 0.56 | 92.17 | 528.41 | 1796
0.16 0.54 | 91.30 | 525.51 | 1805
0.17 0.55 | 91.40 | 525.51 | 1804
0.18 0.56 | 91.50 | 525.51 | 1802
0.13 0.56 | 90.51 | 526.34 | 1810
0.14 0.56 | 89.54 | 526.51 | 1818
0.15 0.56 | 88.60 | 526.68 | 1825
2600 0.57 | 93.23 | 534.20 | 1879
2650 0.58 | 94.86 | 525.73 | 1933
13 0.54 | 92.86 | 520.37 | 1608
14 0.57 | 92.64 | 524.76 | 1665
0.61 0.59 | 92.26 | 524.48 | 1811
0.62 0.53 | 9237 | 514.37 | 1826
0.63 0.49 | 92.51 | 498.14 | 1837
0.64 046 | 92.73 | 475.86 | 1891
0.51 0.55 | 92.14 | 582.16 | 1964
0.52 0.55 | 92.36 | 582.21 | 1927
0.53 0.56 | 92.82 | 582.37 | 1832
51 | 055 | 93.52 | 525.34 | 1689
52 | 056 | 92.83 | 525.81 | 1824
53 | 056 | 92.76 | 526.83 | 1937

The permissible delay period ‘M’
increases from 0.52 months to 0.54 months then
the optimal order quantity ‘Q’ is increasing from
582.16 units to 582.37 units, the net profit ‘NP’ per
unit time is decreasing from Rs.1964 to Rs.1832,
the optimal selling price ‘p’ is increasing from
Rs.91.47 to Rs.92.82 and the optimal cycle length
“T” is increasing from 0.55 to 0.56.If the inflation
rate ‘r’ increases from Rs.0.082 to Rs.0.088 then
the optimal order quantity ‘Q’ is increasing from
520.37 units to 528.41 units, the net profit ‘NP’ per
unit time is increasing from Rs.1608 to Rs.1694,
the unit selling price ‘p’ is decreasing from
Rs.92.86 to Rs.92.21 and the optimal cycle length

‘T’ is also increasing from 0.56 to 0.56 when other
parameter and costs are fixed.

If the ordering cost ‘A’ increases from
Rs.2600 to Rs.2650 then the optimal order quality
‘Q’ is increasing from 526.20 units to 527.73 units,
the net ‘NP’ per unit time iS decreasing from
Rs.1779 to Rs.1608, and the unit selling price ‘p’ is
increasing from Rs.91.23 to Rs.93.86 and the
optimal cycle length ‘T’ is increasing from 0.57 to
0.58 when other parameter and cost are fixed. If the
total demand during the cycle period ‘6 increases
from 51 to 53 then the optimal order quantity ‘Q’ is
increasing from 589.41 units to 598.34 units, the
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net profit ‘NP’ per unit time iS increasing from
Rs.1689 to Rs.1937, and the unit selling price ‘p’ is
decreasing from Rs.93.52 to Rs.92.76 and the
optimal cycle length ‘T’ is increasing from 0.54 to
0.59 when other parameters and costs are fixed.

[

If the demand index parameter ‘n
increases from 0.61 to 0.64, then the optimal order
quantity ‘Q’ is decreasing from 524.48 units to
475.86 units, the net profit ‘NP’ per unit time is
increasing from Rs.1811 to Rs.1891, and the unit
selling price ‘p’ is increasing from Rs.92.26 to
Rs.92.73 and the optimal cycle length ‘T’ is
decreasing from Rs.0.59 to Rs.0.46 when other
parameters and costs are fixed.

6. SENSITIVITY ANALYSIS:

To study the effect of changes in the
model parameters and costs on the optimal values
of the cycle length and selling price, the sensitivity
analysis is carried. The following data on
parameters and costs is used: a =2100 units,
b, =20 wunits, C = Rs.2.0, h = Rs.0.15, I, =
Rs.0.1, I, = Rs.0.16, H =12 months, M =0.5
months, r =0.08, A = Rs.2500, n = 0.6, 8 = 50.
Sensitivity analysis of the model is performed with
respect to cost A, unit cost C, holding cost h,
carrier function, demand parameters a and b.
Inflation parameter r and all parameter together on
ordering quantity, selling price, cycle length and
net profit. Table 2 and 3 summarize the variations
inT, p, Q, NP for —15%, —10%, —5%, 5%, 10%,
15% variation of the parameter and costs. The
relationship between the parameter and the optimal
values are shown Figure-2.

The performance measure of the model is
highly affected by demand parameters, ‘a’ and ‘b’.
As ‘a’ increases the optimal order quantity ‘Q’ is
decreasing, the net profit ‘NP’ and the optimal
selling price ‘p’ are increasing. Similarly, the
parameter ‘b’ is increasing the selling price ‘p’, the
net profit ‘NP’ are decreasing, and the optimal
order quantity ‘Q’ is increasing.

It is further observed that there is a
moderate influence of the unit cost ‘C’ on the
optimal values of ‘T” and ‘p’. As ‘C’ increases the
optimal order quantity ‘Q’ is remains the same, the
selling price ‘p’ and the net profit ‘NP’ are
increasing. Similarly, the rate of inflation ‘r’ is
increasing the optimal order quantity ‘Q’, the net
profit ‘NP’ and the selling price ‘p’ are increasing.
It is further observed that there is moderate
influence of the interest changed ‘.’ and interest
earned ‘I, the optimal values of ‘T’ and ‘p’. As
‘1.’ increases the optimal order quantity ‘Q’ is
remains the same, the selling price ‘p’ is
decreasing, and the net profit ‘NP’ is increasing,

the net profit ‘NP’ and the selling price ‘p’ are

decreasing.
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Figure-2 Graphical

representation  of

the

sensitivity analysis of the inventory model with

dependent demand.
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Variation Percentage Change in Parameters
Parameters -15 -10 -5 0 5 10 15
T 0.68 0.64 0.6 0.56 0.53 0.5 0.47
a P 112.08 104.86 100 93.86 90.33 85.15 80.51
Q 578.25 562.23 545.36 525.73 510.45 490.02 471.45
NP 1398 1534 1707 1833 1962 2092 2261
T 0.44 0.48 0.52 0.56 0.61 0.66 0.71
b P 105 100.25 98.54 93.86 92.33 89.15 89.51
Q 621.14 591.26 561.07 525.73 492.18 462.75 420
NP 2302 2155 1994 1833 1679 1509 1335
T 0.56 0.56 0.56 0.56 0.56 0.56 0.56
o P 99.42 98.04 97.23 93.86 94.9 94.28 93.66
Q 526.23 526.06 525.89 525.73 525.56 525.4 525.23
NP 1766 1788 1733 1833 1855 1877 1900
T 0.56 0.56 0.56 0.56 0.56 0.56 0.56
B P 92.67 93.63 93.7 93.86 96.96 98.47 99.91
Q 401.65 439.33 478.05 525.73 573.82 618.53 661.47
NP 1948 1919 1902 1833 1854 1841 1829
T 0.56 0.56 0.56 0.56 0.56 0.57 0.58
P 91.11 92.03 92.95 93.86 94.77 95.68 96.59
c Q 442.18 462.75 489.65 525.73 560.3 587.77 620.3
NP 1833 1833 1833 1833 1833 1833 1833
T 0.56 0.56 0.56 0.56 0.56 0.56 0.56
r P 97.15 96.7 96.33 93.86 95.67 95.66 95.76
Q 536.98 534.32 528.06 525.73 525.34 524.97 524.45
NP 1666 1738 1797 1833 1906 1957 2020
T 0.56 0.56 0.56 0.56 0.56 0.56 0.56
P 95.98 95.94 95.9 93.86 95.83 95.79 95.03
h Q 522.06 523.16 524.61 525.73 526.08 527.09 528.02
NP 1833 1833 1833 1833 1833 1833 1833
T 0.56 0.56 0.56 0.56 0.56 0.56 0.57
P 90.34 92.31 93.86 93.86 94.31 94.1 95.64
le Q 521.64 524 525.94 525.73 528.93 530.1 531.11
NP 2398 2191 1997 1833 1704 1575 1433
T 0.56 0.56 0.56 0.56 0.56 0.57 0.57
P 109 103.36 96.33 93.86 85.99 79.61 74.09
le Q 529.56 528.9 528.23 525.73 526.89 526.23 525.57
NP 1498 1601 1686 1833 1915 2050 2199
T 0.58 0.57 0.56 0.56 0.56 0.56 0.56
A P 82.55 86.15 89.81 93.86 97.11 100.74 104.36
Q 488.99 501.25 513.77 525.73 545.05 568.94 590.77
NP 1498 1601 1723 1833 1935 2155 2359
T 0.56 0.56 0.56 0.56 0.56 0.56 0.57
H P 92.67 93.63 94.7 93.86 96.96 98.47 99.91
Q 525.73 525.73 525.73 525.73 525.73 525.73 525.73
NP 1541 1651 1753 1833 1898 1997 2074
T 0.71 0.66 0.61 0.56 0.51 0.46 0.41
P 91.11 92.03 92.95 93.86 94.77 95.68 96.59
n Q 653.88 614.26 572.61 525.73 472.08 432.33 390.69
NP 1265 1465 1639 1833 1998 2201 2409
T 0.56 0.56 0.56 0.56 0.56 0.56 0.56
M P 80.04 83.25 87.62 93.86 99.9 104 109.65
Q 633.14 599.26 558.07 528.73 486.18 442.75 401.65
NP 2048 1979 1902 1833 1780 1688 1589
T 0.42 0.46 051 0.56 0.59 0.63 0.67
o P 98.42 97.04 96.23 93.86 93.10 92.28 91.66
Q 530.06 529.06 527.07 525.73 525.08 524.09 524.02
NP 1468 1621 1713 1833 1935 2256 2332
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7. CONCLUSIONS

In this paper an economic order level inventory
model under delay in payments and inflation for
deteriorating items with power pattern demand is
developed and analyzed. It is assumed that the life
time of the commodity is random and follows a
Weibull distribution. Here it is assumed that the
money value changes over time. The power pattern
demand includes several forms of demand for
different values of the index parameter. The
deterioration rate includes increasing /decreasing/
constant rates of deterioration. The optimal
ordering and pricing of model are derived by
maximizing the profit rate function. The sensitivity
analysis of the model reveals that the deterioration
and demand parameter have influence on optimal
ordering quantities. The rate of inflation is having
significant influence on ordering and pricing
policies of the model. It is observed that this model
serves the purpose of scheduling the orders in
market yards dealing with deteriorating items and
time dependent demand. It is possible to extend this
model for multi commodity EOQ system which
will be considered later.
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