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Abstract

The present paper deals with development of an optimal inventory policy for
deteriorating products with variable carrying cost.In this paper, the demand of
the product is a multivariate function which depends on the stock level and
selling price of the product. A permissible delay period is allowed to the retailer
to pay all his dues, but if the retailer doesn’t pay the entire amount at the end of
delay period, an interest will be charged on the remaining dues. The shortages
are allowed and partially backlogged. With the help of Mathematical
formulation, the total profit of the retailer per unit time and order quantity are
calculated numerically. A sensitivity analysis of the decision variables is also
carried out to check the effect of changes in the values of the parameters and
affect of these changes on the optimal policy of inventory.

Keywords: Inventory; Stock level and selling price dependent demand;
Deterioration; permissible delay period and Partial backlogging.

INTRODUCTION:

The usual EOQ model tacitly assumes that payment must be made to the supplier
immediately after the retailer receives the items. However, such an assumption is not
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necessarily what happens in the real world. In today’s business tractions, it is common
practice of suppliers to offer special incentives to retailers for a limited time period to
increase demand or decrease inventory which is quite prevalent in some trade. Recently,
many inventory practitioners have given considerable attention to the situation where
the retailers are allowed some grace period, i.e., a trade credit period to settle the
account with the supplier. This gives a very advantage to the retailers due to fact that
they does not have to pay the supplier immediately after receiving the product, but
instead, they can delay their payment until the end of the allowed period. The retailers
pay no interest during the fixed period they have to settle the account, but if the payment
is delayed beyond that period, interest will be charged.

Inventory policy with trade credit financing was formulated by Haley and
Higgins[1].They observed that in general, optimality of the total cost of an inventory
system requires order quantity and payment time decisions simultaneously. They
derived the conditions under which the standard solution reduces to optimal solution.
Kingsman [2] explored the influence of the credit term on the inventory cost. Goyal [3]
first derived an EOQ model under the conditions of permissible delay in payments. It
was assumed that the unit purchase cost is the same as the selling price per unit. In
practice, the unit selling price should be greater than the unit purchasing price. Chand
and Ward [4] analyzed Goyal’s problem under assumptions of the classical economic
order model, obtaining different results.Chung [5] presented an inventory
replenishment policy for deteriorating items under permissible delay in payments. Abad
[6] presented the pricing and lot sizing problem for a perishable good under finite
production, exponential decay, partial backordering and lost sale.

In the present age of globalization, one of the prominent tools of promotion for
increasing revenue is the displayed stock level. Many business practices show that the
presence of a larger quantity of goods displayed may attract more customers than that
with a smaller quantity of goods. This phenomenon implies that the demand may have
a positive correlation with stock level. Singh et al. [7] introduced an inventory model
for the decaying items with stock demand dependent to cover situation of inflation in a
supply chain.Singh et al.[8] also developed a policy for replenishment in relation to
non-instantaneous deteriorating items under partial backlogging and demand dependent
stock and with the facility of two storage under inflationary environment. An inventory
system with multi variate demand under volume flexibility and learning was presented
by Singhal and Singh[9].

Deterioration of an item is a realistic situation associated with an inventory system and
the effect of deterioration is very important natural phenomenon in many inventory
systems. When the items of the commodity are kept in stock as an inventory for
fulfilling the future demand, there may be the deterioration of items in the inventory
system, which may occur due to one or many factors i.e. storage conditions, weather



Development of an Optimal Inventory Policy for Deteriorating Items.. 4815

conditions or due to humidity. Deterioration or decay is defined as physical phenomena
which hinders an item from being used for its original purpose such as

» Spoilage, as in perishable foodstuffs, fruits and vegetables;

> Physical depletion, as in pilferage or evaporation of highly volatile liquids such
as gasoline, perfumes, alcohol, turpentine;

> Decay as in radioactive substances, degradation, as in electronic components or
loss of potency as in photographic films, pharmaceutical drugs, fertilizers etc.

The deteriorating inventory models have been frequently modified so as to accumulate
additional practical features of the actual inventory systems. The study of deteriorating
inventory was initially proposed by Ghare and Schrader [10] who developed the
traditional inventory model with a steady rate of deterioration without shortage. Teng
and Chang [11] extended a money making manufacture quantity model for decaying
products when the rate of demand depends on selling price per unit and display-level
of stock. Kumar and Singh [12] formulated an inventory model power demand for
decomposing items with lifetime factor and partially backordered. Chung et al [13]
investigated an inventory model for decaying items with stock dependent selling rate.
Author developed essential and sufficient situation of the existence and uniqueness of
the most favorable solutions of the profit per unit time functions without backordering
and with completely backordering.

Ouyang et al. [14] presented an inventory model for non-instantaneous deteriorating
items under permissible delay in payments. Chang et al. [15] developed an inventory
model with non-instantaneous deteriorating items with permissible delay linked to
ordering quantity. Singh et al. [16] developed an economic order quantity model for
deteriorating products having stock dependent demand with trade credit period and
preservation technology. Khurana and Chaudhary [17] presented an Optimal pricing
and ordering policy for deteriorating items with price and stock dependent demand and
partial backlogging.

In the present article, we tried to merge all above mentioned factors into a single
problem. The realistic environment of business dealings has been assumed, which
conforms to the practical market situations. The supplier allows a permissible delay
period to the retailer to pay all the dues. In this model, demand for the product depends
on stock level and selling price. Shortages are allowed and partially backlogged. The
present model is discussed and solved analytically. The conditions for concavity of
optimality are established and also studied through numerical examples applying
sensitivity analysis. The graphical interpretation of results has also been shown.
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ASSUMPTIONS:

The Mathematical model is developed under the following assumptions.

1. The model is developed for a single product.

2. The time horizon of inventory system is infinite.

3. The product considered in this model is deteriorating in nature and there is no
repair or replacement of the deteriorated units.

4. Replenishment is instantaneous and lead time is zero.

5. The demand for the product is a multivariate function of stock level and selling
price. The demand rate D{(¢),s} is given by the following expression:

+bl(t)- At)=0
D{I(t),s}= a () as ()
a—cs ,I(t)< 0
Where 1(¢) is the inventory level at any time ¢ a(>0) and b(0<b<1) are
initial and stock-dependent consumption rate parameters and ¢ > 0.

6. Shortages are allowed and backlogged partially. The backlogging rate is
variable and is dependent on the length of the waiting time for the next
replenishment. Let the backlogging rate for negative inventory is

B(T—t)=e0),
Where ¢ is known as backlogging parameter with 0<d </ and (7 —¢)is the
waiting time up to the next replenishment. And the remaining fraction
{1-B(T-1)} s lost.

7. A permissible delay period of time M is allowed to the retailer to pay all his
dues, but if the retailer doesn’t pay all his dues at this time period, an interest
will be charged on the remaining dues.

8. Holding cost h(t)per item per time unit is assumed to be an increasing function
of time and considered as A(z)=h, + h,t Where h;,h, >0

NOTATIONS:

The Mathematical model is developed under the following notations.

ab,c

1(¢)

0

demand parameters
inventory level at any time ¢

deterioration parameter, where 0 <6 <</
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h],h2

0
0
p

!

holding cost parameters
backlogging parameter
ordering cost per order
purchasing cost per unit
selling price per unit
shortage cost per unit
lost sale cost per unit
deterioration cost per unit
initial inventory level
maximum backordered quantity
order quantity
the time at which inventory level becomes zero
cycle time
allowable trade credit period
rate of interest earned

rate of interest charged

unpaid amount at the time of payment

THE MATHEMATICAL MODEL AND ANALYSIS:

Figure.1 depicts the behavior of the inventory level over time. In this model the retailer
receive the stock at initial time ¢ = 0. During the time interval [0,v], the inventory level
depletes as a result of cumulative effects of demand and deterioration until it reduces
to zero. At ¢ =vthe inventory level becomes zero and there after shortages occur.
During the time interval [v,T] the inventory level is depends only demand and
unsatisfied demand is backlogged partially. At ¢ =T the retailer receive the new stock
and the process goes on.

4817
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Inventory level
A

0 \ T > Time

\ }: Lost Sales

Fig.1: The graphical representation of behaviour of inventory level over time

Therefore, the inventory level at any instant of time ¢ is described by the following
differential equations

dI(z)

7:_ez(z)—D{l(t),s} 0<t<v (1)
d;_(tf)z_g(f-f)g{z(t),s} vsi<T @

with the boundary condition 7(v)=0

The solutions of the above differential equations are given by

z(f)=(a_cs%(v_t)JHT”’)(v_ty} O<t<y @)

and z(t)=_(a_cs){(t_v)_a{T(z_v)_é(ﬂ_VZ)H vei<T @

With the help of equation (3) and (4), we get

The maximum positive inventory = Q, = 1(0) = (a —cs){v+(97+b)v2} (5)

The maximum backordered quantity= Q, =—1(T) = (a —cs){(T —v)—g(T - v)z} (6)

Hence, the order quantity per cycle is given by

(0+b)

Q=Q1+Q2=(a—cs){T+TV2—g(T_V)2} )
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The Total Retailer’s Profit per unit time of the system compromises the following
components:
T.R.P :%[Sales Revenue — Ordering Cost —Holding Cost —Deterioration Cost —
Shortage

Cost —Lost Sales Cost —Interest Charged +Interest Earned] (8)

I.  Sales Revenue: Since Q,is the initial ordering quantity and Q, is the backordered
quantity of the system, the Sales Revenue per cycle is

SR=(s—pXQ+0,)=(s- )0
SRI(S—p)(a—CS>{T+(QT+b)V2—%(T—V)z} 9)

ii.  Ordering Cost: The ordering cost per cycle is given by
OC=0 (10)
iii.  Holding Cost: Inventory holding cost per cycle is

HC= [ (h, +hyt) 1(¢)dt
0

HC:(a—cs){hl(§+(e%b)v3J+h{%+(e%4b)v4J} (11)

iv. Deterioration Cost: The cost associated with the deteriorated units is calculated as

DC= d{Q, —f(a+b1(z)—cs)dt}

DC:d(a—cs){gvz —@1;} (12)

v.  Shortage Cost: The shortage cost per cycle is

T

SC=af{-1(c)}dt

v

1 ; 0 2 0 (3 3 2
SC:a(a—cs){E(T—v) 51T -v) +E<T +2v3 -3y T)} (13)
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Lost Sales Cost: During the shortage, all the customers do not wait up to next
arrival. They make these purchases from any other place. So the cost associated
with the lost sales during shortages can be calculated as

LSC= zf (a—cs){1—B(T —1t)}dt

LSC— lé(a—cs)(

T—v) (14)
Since a permissible delay period is offered to the retailer by the vendor, then based on
the allowable time period, the following cases arises:

1. When allowed trade credit period M is greater than the time v ie. (M >v)
2. When allowed trade credit period M is less than the time v ie. (M <v)

Case.l: When M >v

In this case, the allowed trade credit period is greater than the time when the retailer
sold all the stock. So, at the time of payment, retailer will have enough money to pay
all the dues. Hence, the interest charged in this case will be zero.

Inventory level

A

0 i i | > Time

1C,=0 (15)

LE, = Sz{fp{z(t),s}t di+ (M —V)JV.D{](t),s}dt}

LE; = s]e(a—cs)[M{v+b{ﬁ+ (9+b)v3}}—ﬁ—b{ﬁ+ (9+b)v4H (16)
2 6 2 3 8
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In this case, the Total Retailer’s Profit per unit time of the system will be

T.RP =%[SR—OC—HC—DC—SC—LSC—I.C, +1E,|

O+b) , & hI[Z 6
(s_pgn ' VZ_E(T_V)Z}_

T.RP=

+

(a—Tcs) _d{gvz b(0+b)v3}_a 2

A7)

6 2
—g(T—v)ersle ,
AV 8+b)v4
3 8
Case.2: When M <v
Inventory level
0 I T I > Time
M \Y T
Fig.2: M <v

Now based on the total available capital at the time of payment two different cases
arises:

2.1.When sD[0, M |+ LE,[0,M]> pI(0)
2.2. When sD[0,M |+ LE,[0,M]< pI(0)
Case.2.1. When sD[0, M |+ LE,[0,M]> pI(0)

In this case the retailer has enough money to pay all the dues at z = M . Interest charged
in this case will be zero.

1Cy, =0 (18)
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IE,, - suewo{u(t),s}tdu fo{u(t),s}tdtJ

LE,, ZSIe(a—cs){§+b{§+@v4]} (19)
I.Eg[O,M]=sIe(a—cs){Aé : +b(ﬂé " (H;b)M4J} (20)

In this case, the Total Retailer’s Profit per unit time of the system will be

T.RP =%[SR—OC—HC—DC—SC—LSC—I.CZ,I +1E,,]

h,(§+wv3j

6

3
+hg(%+ (9+b)v4j

24

—
N
N—

—CS

T.RP= 9 + 5
d +E(T3 +2v = 3v77) (21)

Case.2.2. When sD[0, M |+ LE,[0,M]< pI(0)

In this case the retailer has not enough money to pay all the dues. Therefore, interest
will be charged on unpaid amount. We have

D)= [ DY) sl

Dlo.M]= (a—cs){M +b(M72+(0%b)M3J} (22)
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Unpaid amount=U = pl(0)- (sD[0, M |+ LE,[0,M])

o282 0]

U=(a—cs (23)
2 3
—s, M~ ) M +(9+b)M"
2 6 24
Interest charged on this unpaid amount will be
1C,,=(v=-M)IU
2
P{v+(9+b) }—s{MH{MT (0+b)M3J}
1Cy,=I1.(v—M)a—cs (24)
M? (M’ (0+b)
-5 b +
2 6 24
and interest earned is given by
2 3 (9 b)
v v +
LE,,=1E,,=sl(a—csh—+b| —+ 25
22 2.1 A ){2 (6 24 j} (25)
In this case, the Total Retailer’s Profit per unit time of the system will be
T.R.P:i[SR—OC—HC—DC—SC—LSC—I.CH+1.E22]
T : :
2 3
(s—p){T+(0+b)v2—5(T—v)2}—{h1[v+(e+b) ]+h2{v+<9+b)v4j}
2 2 2 6 6 24
—d{gvz—b(e-l_b)vj}—a{](T—v)z—éT(T—v) T3+2v 3v2T}
2 6 2 2
2 26
:Q+(a—cs) p(v+(9;b) j {M+b M 0+b } (26)
T

2 3
_Sle M7+b M7+MM4
2 6 24
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The goal of the present model is to maximize the total retailer’s profit per unit time.
The non-linearity of the objective functions in the equations (17), (21), and (26) does
not allow us to obtain the closed form solution. Therefore, we analyze the model with
numerical values for the inventory parameters.

NUMERICAL EXAMPLES

Case.1l: When M >v

The following input data of different parameter are used to illustrate the model.
a=1000, b=0.02, c=20, d=16,a=3, 0=0.001, 6=0.01, 1,=0.07, h, =10,
hy,=5 0=500,1=12, p=155=25 M =0.8 and T =11in appropriae units.
Corresponding to these input values, the optimal value of vis v=10.2965

Substitute these optimal value ofvin equations (5), (6), (7), and (17) we get
Q,=148.712,0,=350.13,0=499.225, and T.R.P = 5046.05

5000

T.R.B900

4800

4700 %

Fig.4: Concavity of the T.R.P function in case 1

Case.2.1. When M <v and sD[0,M |+ LE,[0,M]> pI(0)
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The following input data of different parameter are used to illustrate the model.
a=1000, b=0.02, c=20, d=16,a=3, 0=0.001, 6=0.01, I, =0.07, h; =10,
h,=5 0=500, =12, p=15s=25 M =0.2and T =1in appropriae units.
Corresponding to these input values, the optimal value ofvis v=0.2677 and
sD[0,M |+ LE,[0,M]- pI(0)= 2505.71—2013.39 = 492.32 > 0. Substitute these

optimal value ofvin equations (5), (6), (7), and (21) we get Q,=134.226,
0, =364.809,0=499.035,and T.R.P=4917.72

Fig.5: Concavity of the T.R.P function in case 2.1

Case.2.2. When M <v and sD[0,M |+ LE,[0,M]< pI(0)

The following input data of different parameter are used to illustrate the model.

a=1000, b=0.02, c=20, d=16,a=3, 0=0.001, 0=0.01, 1,=0.07, h, =10,
h,=5, 0=500,1=12, p=15s=25 M =0.1,1,=0.10and T = 1in appropriak units.
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Corresponding to these input values, the optimal value ofvis v=0.2417 and
sD[0,M |+ LE,[0,M]- pI(0)=1251.43—-1817.35 =—565.92 < 0. Substitute these
optimal value ofvin equations (5), (6), (7), and (26) we get Q,=121.157,
Q,=377.712 Q=498.869 , and T.R.P =4907.63

Fig.6: Concavity of the T.R.P function in case 2.2

SENSITIVITY ANALYSIS

We will now perform the sensitivity analysis to examine the effects of changes in the
input parametersa, b, ¢, d, 1, O,6,0, h,, h,, and o.0n the optimal results obtained in the
model. Sensitivity analysis will be performed by changing each of parameters by -
40%,-20%,20% and 40%, and taking one parameter at a time and keeping the remaining

parameters unchanged. The results are shown in Table.1, Table.2, and Table3. for
case.l, Case.2.1, and Case.2.2 respectively.
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Table.1 For Case.1:Sensitivity analysis of Parameters a,b,c, d, [, O,0,0, h;, h,, and o
Parameter | % change in | Change | Change in | Change | Change | Change
Parameter | inv Q,=10) |inQ, in Q in Z.R.P
a -40 0.2965 | 29.742 70.102 99.844 | 1409.21
-20 0.2965 | 89.226 210.308 | 299.534 | 3227.63
+20 0.2965 | 208.196 490.718 | 698.914 | 6864.47
+40 0.2965 | 267.681 630.923 | 898.914 | 8682.90
b -40 0.2951 | 147.833 351.208 | 499.041 | 5044.29
-20 0.2958 | 148.272 350.860 | 499.132 | 5045.17
+20 0.2971 149.102 350.215 | 499.317 | 5046.94
+40 0.2978 149.543 349.867 | 499.410 | 5047.84
c -40 0.2965 | 208.196 490.718 | 698.914 | 6864.47
-20 0.2965 | 178.454 420.615 | 599.069 | 5955.26
+20 0.2965 | 118.969 280.410 | 399.379 | 4136.84
+40 0.2965 | 89.226 210.308 | 299.534 | 3227.63
d -40 0.2966 | 148.762 350.463 | 499.225 | 5046.19
-20 0.2965 148.712 350.513 | 499.225 | 5046.12
+20 0.2964 148.661 350.562 | 499.223 | 5045.92
+40 0.2963 148.611 350.612 | 499.223 | 5045.92
) -40 0.2944 147.655 351.555 |499.210 | 5052.01
-20 0.2954 148.158 351.059 | 499.217 | 5049.03
+20 0.2975 149.215 350.016 | 499.231 | 5043.09
+40 0.2985 149.718 349.520 | 499.238 | 5040.13
@) -40 0.2965 148.712 350.513 | 499.225 | 4846.05
-20 0.2965 148.712 350.513 | 499.225 | 4946.05
+20 0.2965 148.712 350.513 | 499.225 | 5146.05
+40 0.2965 148.712 350.513 | 499.225 | 5246.05
0 -40 0.2965 148.703 350.513 | 499.216 | 5046.11
-20 0.2965 | 148.707 350.513 | 499.220 | 5046.08
+20 0.2964 | 148.666 350.562 | 499.228 | 5046.02
+40 0.2964 | 148.670 350.562 | 499.232 | 5045.99
0 -40 0.2930 146.951 352.750 | 499.701 | 5056.29
-20 0.2947 147.806 351.655 |499.461 | 5051.16
+20 0.2982 149.567 349.422 | 498.989 | 5040.97
+40 0.2999 150.422 348.335 | 498.757 | 5035.91
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h, -40 0.3916 196.605 303.275 | 499.880 | 5162.65
-20 0.3379 169.549 329.954 | 499.503 | 5096.27
+20 0.2638 132.265 366.745 | 499.010 | 5006.86
+40 0.2374 118.996 379.846 | 498.842 | 4975.48
h, -40 0.3021 151.529 347.732 | 499.261 | 5050.53
-20 0.2992 150.070 349.172 | 499.242 | 5048.26
+20 0.2938 147.353 351.853 | 499.206 | 5043.91
+40 0.2912 146.045 353.144 | 499.189 | 5041.82
a -40 0.2404 120.503 378.358 | 498.861 | 5205.54
-20 0.2696 135.182 363.866 | 499.048 | 5122.75
+20 0.3212 161.142 338.248 | 499.390 | 4974.76
+40 0.3414 172.672 326.874 | 499.546 | 4908.29
Table.2 For Case.2.1:Sensitivity analysis of Parameters
abcd [0,00 h;,h, and o
Parameter | % change in | Change | Change in | Change | Change | Change
Parameter | inv 0,=10) |inQ, in Q in T.R.P
a -40 0.2677 26.845 72.961 99.806 1383.54
-20 0.2677 80.535 218.886 | 299.421 | 3150.63
+20 0.2677 187.917 510.733 | 698.650 | 6684.81
+40 0.2677 241.607 656.657 | 898.264 | 8451.90
b -40 0.2662 133.330 365.554 | 498.884 | 4916.38
-20 0.2670 133.803 365.157 | 498.960 | 4917.05
+20 0.2685 134.701 364.412 | 499.113 | 4918.40
+40 0.2693 135.176 364.015 | 499.191 | 4919.09
c -40 0.2677 187.917 510.733 | 698.650 | 6684.81
-20 0.2677 161.071 437.771 | 598.842 | 5801.27
+20 0.2677 107.381 291.847 | 399.228 | 4034.18
+40 0.2677 80.535 218.886 | 299.421 | 3150.63
d -40 0.2679 134.327 364.710 | 499.037 | 4917.83
-20 0.2678 134.277 364.760 | 499.037 | 4917.78
+20 0.2677 134.226 364.809 | 499.035 | 4917.67
+40 0.2676 134.176 364.859 | 499.035 | 4917.61
) -40 0.2649 132.818 366.199 | 499.017 | 4924.18
-20 0.2663 133.522 365.504 | 499.026 | 4920.95
+20 0.2691 134.930 364.114 | 499.044 | 491451
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+40 0.2705 135.634 363.420 | 499.054 | 4911.31
(0] -40 0.2677 134.226 364.809 | 499.035 | 4717.72
-20 0.2677 134.226 364.809 | 499.035 | 4817.72
+20 0.2677 134.226 364.809 | 499.035 | 5017.72
+40 0.2677 134.226 364.809 | 499.035 | 5117.72
6 -40 0.2678 134.269 364.760 | 499.029 | 4917.77
-20 0.2678 134.273 364.760 | 499.033 | 4917.75
+20 0.2677 134.230 364.809 | 499.039 | 4917.70
+40 0.2677 134.233 364.809 | 499.042 | 4917.67
0 -40 0.2631 131.913 367.635 | 499.548 | 4928.80
-20 0.2654 133.070 366.221 | 499.291 | 4923.25
+20 0.2700 135.383 363.401 | 498.784 | 4912.24
+40 0.2723 136.539 361.997 | 498.536 | 4906.78
h, -40 0.3885 195.042 304.815 | 499.857 | 5022.36
-20 0.3178 159.430 339.937 | 499.367 | 4960.39
+20 0.2308 115.680 383.121 | 498.801 | 4886.76
+40 0.2025 101.465 397.160 | 498.625 | 4863.34
h, -40 0.2737 137.243 361.831 | 499.074 | 4921.04
-20 0.2706 135.684 363.370 | 499.054 | 4919.35
+20 0.2649 132.818 366.199 | 499.017 | 4916.15
+40 0.2623 131.511 367.489 | 499.000 | 4911.74
o -40 0.1900 95.189 403.360 | 498.549 | 5094.62
-20 0.2312 115.881 382.922 | 498.803 | 5001.73
+20 0.3006 150.774 348.477 | 499.251 | 4841.28
+40 0.3302 165.672 333.778 | 499.450 | 4771.35
Table.3 For Case.2.2:Sensitivity analysis of Parameters
ab.cd 10,00 h;, h, and o
Parameter | % change in | Change | Change in | Change | Change | Change
Parameter | in v Q,=10) |inQ, in Q in TR.P
a -40 0.2417 24.231 75.542 99.773 1381.53
-20 0.2417 72.694 226.627 | 299.321 | 3144.58
+20 0.2417 169.619 528.797 | 698.416 | 6670.68
+40 0.2417 218.082 679.882 | 897.964 | 8433.73
b -40 0.2406 120.488 378.258 | 498.746 | 4906.54
-20 0.2412 120.847 377.961 | 498.808 | 4907.08
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+20 0.2423 121.517 377.415 | 498.932 | 4908.18
+40 0.2428 121.827 377.167 | 498.994 | 4908.73
c -40 0.2417 169.619 528.797 | 698.416 | 6670.68
-20 0.2417 145.388 453.255 | 598.643 | 5789.15
+20 0.2417 96.925 302.170 | 399.095 | 4026.10
+40 0.2417 72.694 226.627 | 299.321 | 3144.58
d -40 0.2418 121.207 377.663 | 498.870 | 4907.72
-20 0.2418 121.207 377.663 | 498.870 | 4907.67
+20 0.2417 121.157 377.712 | 498.869 | 4907.58
+40 0.2416 121.106 377.762 | 498.868 | 4907.54
/ -40 0.2394 120.001 378.854 | 498.855 | 4914.55
-20 0.2406 120.604 378.258 | 498.862 | 4911.08
+20 0.2429 121.760 377.117 | 498.877 | 4904.18
+40 0.2441 122.363 376.522 | 498.885 | 4900.75
@) -40 0.2417 121.157 377.712 | 498.869 | 4707.63
-20 0.2417 121.157 377.712 | 498.869 | 4807.63
+20 0.2417 121.157 377.712 | 498.869 | 5007.63
+40 0.2417 121.157 377.712 | 498.869 | 5107.63
0 -40 0.2418 121.201 377.663 | 498.864 | 4907.67
-20 0.2418 121.204 377.663 | 498.867 | 4907.65
+20 0.2417 121.160 377.712 | 498.872 | 4907.61
+40 0.2417 121.163 377.712 | 498.875 | 4907.59
0 -40 0.2378 119.197 380.229 | 499.426 | 4919.46
-20 0.2398 119.197 378.944 | 498.141 | 4913.53
+20 0.2437 122.162 376.434 | 498.596 | 4901.75
+40 0.2456 123.117 375.208 | 498.325 | 4895.91
h, -40 0.3247 162.904 336.510 | 499.414 | 4986.41
-20 0.2774 139.104 359.995 | 499.099 | 4941.24
+20 0.2139 107.190 391.505 | 498.695 | 4881.72
+40 0.1917 96.043 402.517 | 498.560 | 4861.17
h, -40 0.2456 123.117 375.777 | 498.894 | 4910.04
-20 0.2436 122.112 376.770 | 498.882 | 4908.82
+20 0.2399 120.252 378.606 | 498.858 | 4906.46
+40 0.2381 119.348 379.499 | 498.847 | 4905.32
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a -40 0.1779 89.116 409.361 | 498.477 | 5093.58
-20 0.2113 105.884 392.795 | 498.679 | 4996.86
+20 0.2697 135.232 363.817 | 499.049 | 4824.99
+40 0.2954 148.158 351.059 | 499.217 | 4748.18
Fig.7: Variation in Q, with respect to the inventory parameters for Case.1
Fig.8: Variation in Q, with respect to the inventory parameters for Case.1
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Fig.9: Variation in Q with respect to the inventory parameters for Case.1

Fig.10: Variation in 7.R.P with respect to the inventory parameters for Case.1
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Fig.11: Variation in Q, with respect to the inventory parameters for Case.2.1

Fig.12: Variation in Q, with respect to the inventory parameters for Case.2.1

Fig.13: Variation in Q with respect to the inventory parameters for Case.2.1

Fig.14: Variation in T.R. P with respect to the inventory parameters for Case.2.1
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Fig.15: Variation in O, with respect to the inventory parameters for Case.2.2
Fig.16: Variation in O, with respect to the inventory parameters for Case.2.2
Fig.17: Variation in O with respect to the inventory parameters for Case.2.2

Fig.18: Variation in T.R.P with respect to the inventory parameters for Case.2.2
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From Tablel,2& 3, Figures.7,8,9,10,11,12,13,14,15,16,17 &18, it is observed that:
1) 0,,0,,0and T.R P are highely sensitive to changes in the parameters a &c.

2) 0O,,0,,and T.R.P are moderately sensitive to changes in the parameters 4, & a.
3) T.R.P isalso slightly sensitive to changes in the parameter O.

4) 0,,0,,Qand T.R.Pare almost insensitive to changes in the parameters
b,d,1,0,6,&h, .

5) 0,,0,,and Q are almost insensitive to changes in the parameter O.

6) QO is almost insensitive to changes in the parameters /4, & o.

CONCLUSION:

In this paper, we have developed an inventory policy for deteriorating items with
multivariate demand, permissible delay period, and allowable shortages. The model is
Mathematically derived for three different and realistic conditions of permissible delay
in payments. The demand rate is assumed to be a multi variate function of stock level
and selling price of the product.Whenever shortages are allowed and they are partially
backlogged and holding cost is assumed here to be time varying. With the help of
Mathematical formulation the total retailer’s profit per unit time and order quantity per
cycle are calculated numerically. The concavity of the resuts are shown graphically in
figurers. 4, 5, & 6 which shows that the optimal results not only exist but also unique.
A sensitivity analysis is also carried out to check the stability of the existing optimal
resuts.
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