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ABSTRACT

We study a two type of demand situations inventaglel for deteriorating items. First type the dehgattern
follows linearly increase with time and secondlfoitow exponential increase with time and finalyortage are allowed.
Numerical example is used to illustrate the devetbmodel. Sensitivity analysis of the optimal sotutvith respect to

major parameter is carried out.
KEYWORDS: Inventory, Deterioration, Demand, Shortage
INTRODUCTION

In real life, the harvest of food grains like paddseat, and fruit like mango etc. is periodic.thAere are a large
number of landless people in the rural areas aflrttiere will be a constant demand for these fg@ihs throughout the
year. Due to various reasons, some of the farmersfaaced to sell some part of their food graingl @s a result,
they buy the food grains from the market towardsehd of the production cycle. Therefore, the oditdemand for food

grains remains partly constant and increases paitiytime.

The demand pattern assumed here occurs not onlyeftsonal product, but also for fashion apparehpeer
chips of the advanced computer, spare parts, &ee.nature of demand for seasonal and fashionabBupts increasing
then steady then decreasing and finally vanishbes. @&mand of the item increases with time and #tehilizers after
some time and ultimately becomes constant. Thusddmeand rate is deterministic when any new braratiymt is

launched in the markets, the demand rate lineaedds on time, and later it gets stabilized imtlagket.

Deterioration is defined as decay, damage, spqilaggporation, or drying out of products. Thus, itheal case
envisioned by the classical model remains an ideal The effects of deterioration are significantmiany inventories
systems, making the problem of how to control araintain inventories of deteriorating items a magsue for decision
makers in modern organizations. In addressing idgse, Ghare and Schrader (1963) first proposedodeifor an
exponentially decaying inventory. Sahu et al.(208éthi and Sahu (2007),Sahu et al. (2007),Samedl.£2008),
Kalam et al.(2008),Sahu and Sukla(2008), Beguml,et2809) developed a model with exponential deméordfinite
production rate and shortagd$here exist several inventory models that take attcount the constant deterioration rate,
Weibull deterioration rate, and linear time fluding demand. These inventory models were develdgyedoswami and
Chaudhuri (1991), Chakrabarti and Chaudhuri (19&4)i et al. (2000),Singh et al.(2012), Yang (2018kouri et al.
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(2011), Begum et al.(2009),Samal et al.(2009),S(2015), Taleizadeh et al.(2016). Jalan and Chaud{i#99),
Sahu and Dash (2006) developed inventory modelb wdinstant deterioration, constant demand, andhritesbteous
replenishment. The inventory models with a fixetederating rate and an exponential time fluctugtittmand and these
were considered by Wee (1995), and Hariga and Bsokii (1994). The situation of deterioration andnpesible
shortages is developed by Jamal et al. (1997) dvah@gand Dye (2001). Hsu et al. (2010) built a migtation inventory
model considering constant demand, deterioration rate] preservation technology investment that reduttes
deterioration rate of producté. numerous number of researchers have investigateohventory models with constant
demand rate or time-varying demand patterns. A fefwthe researchers like Barbosa and Friedman (1978)
Data and Pal (1988, 1990), Urban (1992), UrbanBaker (1997), Ray et al.(1998),.Donaldson (1978} fieveloped an

exact solution procedure for items with a lineanlgreasing demand rate over a finite planning toriz

In this paper, we study a two type of demand sihaatinventory model for deteriorating items. Thstftype the
demand pattern follows linearly increase with tiaved secondly it follow an exponential increase withe and finally
shortage occurred. The demand of a product magaser with time due to the incoming of a new prodiketvegetables
and fruits, which may be technically good and ative than old one, and also the demand of the pesduct may
increase, decrease with time. In a real markeasitn, demand is unlikely increases at a rate, vtgavery high as linear

and exponential.
NOTATION & ASSUMPTION
6 Deterioration rate
h Inventory holding cost per item per unit time
S Shortage cost per item per unit time
A Set-up cost per cycle
p Purchasing cost per unit item
C Time horizon
d Deteriorating cost per unit time
I Revenue cost per unit time
0 Ordering cost per unit time
The inventory system is based on the following ag#ions
e Asingle item is considered in the inventory system
* Replenishment rate is finite
* Leadtime is zero

» Shortages are allowed

« The demand rate at the first time period folloveinD(t) =a + ft, a, 3 >0 Secondly the
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« demandD(t) = Se’' , a,8=0

* The deterioration rate of items is constant.

MODEL FORMULATION

At the start of the cycle, the inventory level isaximum units of items at timé¢ =0. During the time

interval[0, @] inventory depletes due to mainly demand and nerideaition. At tim¢ = a, the inventory depletes due to

exponential demand and tiMle=b the inventory level is zero. The change in inventat any time t is governed by the
following differential equations:

dift
—[]:—a—,@t O<t<a 1)
dt
With boundary condition [0] = Q
It
ﬂw?l[t]:—ﬁeﬁt a<t<b )
dt
Where 0 < 8 <1,with boundary conditior[ b] = 0
F 9
A Q
T
=%
-
4~ | < >
0 a bN
Time —————P
Figure 1: The System of Inventory with Linear Demaul, Exponential Demand Pattern and Shortage
dift
M-, pet<c ®)
dt

With boundary conditionl[b] = 0

The solution of equation (1),(2) & (3) are

I[t] :%(ZQ—Zta—tzﬁ) Ost<a

e t? (eb(ﬁ+€) —gl(5+9) ),3
B+0

I[t] =

a<t<b
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I[t]=ba —at, b<t<c (6)

b
Holding Cost(HC)= hj [ (t)dt
0

= h{aQ

~ a.20, _ aSﬁ . e—a,9+b(ﬂ+9) + %aﬂ _ (ﬁ+ g)ebﬁ:|

2 6 B6(S +6)

C
Shortage Cost (SCF SI [(t)dt
b

_ | pa c’a
=s ——bca+—
2 2
ag (_ bB (1 _
Deteriorating Cost (DC) %[— az+b?+ Z(e (-1+ aﬁ};‘ e’ (@ bﬁ))j

Ordering Cost (OCF A

Purchasing Cost (PGF p(Q -ba + ca)
a’pB
Sales Revenue (SR)= r(aa + — e” +e” —pa +ca

Total average profit G =

SR-(OC+HC +SC+ PC+DC)
C

G p.abc,hrsp,Q,e0,Ad)=

2 2 3
:r[aa+—a2’8—e”ﬁ+ebﬁ—ba+caj+h[aQ—a a_ap,

2 6
eI 6 —(B+O)e” ) (DA O (o ba+ca)
BO(B+0) 2
_%(_ . Gl a,[S”)8+ e (1 bﬂ))j on

The necessary condition for optimality & & £ a ,b,c,h,r,s,p,Q,e0,Ad) is
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EXAMPLE
We consider the parameter lues=10, 5 =01,h=02,r =5,s=2,p=3,Q =100,
0=03,e~ 28, A=100, 0= 4,d =1 then
G =-300+ 2999a + 125a” + 0.0033a% - 10b” + 20c —10c? - 166e™ ***** + 1166e°"
+20b(c—1)-10e**?
0s, =15-+225a+ 0005a” - 0.1(a-10)e** - 125 **"*" =0 (j)
0, =-21-21b-20c - 067e **"** + 0.1(b + 82)e** = 0 (i)
9 =20+20b~-20c =0 (ii)

By solving the equation (i),(ii) & (iii) using Ma#matica 9, we get

a=674,b=954,c=1003,G = 48167

Figure 2: Total Inventory Cost for the Above Exampk

SENSITIVITY ANALYSIS

Effect on G by changing of % value of parameters
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Table 1: Change

of Value of a'

Original Value | % of Changes| Changed Value | Ratio of Changed Values to Original Values G
a =10 +50 15 +2.394
a =10 +25 12.5 +1.698
a =10 -25 07.5 +0.302
a =10 -50 05 -0.395

Table 2: Change

of Value of '

Original Value | % of Changes| Changed Value| Ratio of Changed Values to Original Values G
£=01 +50 0.05 +0.982
=01 +25 0.025 +0.989
£=01 -25 0.125 +1.004
£=01 -50 0.15 +1.008

Table 3: Change

of Value of &'

Original Value | % of Changes| Changed Value | Ratio of Changed Values to Original Values G
=03 +50 0.45 +0.998
6=03 +25 0.375 +0.999
6=03 -25 0.225 +1.001
=03 -50 0.15 +1.002

Table 4: Change

of Value of' h'

Original Value | % of Changes| Changed Value| Ratio of Changed Values to Original Values G
h=02 +50 0.3 +0.905
h=02 +25 0.25 +0.949
h=0.2 -25 0.15 +1.046
h=02 -50 0.1 +1.095

Table 5: Change

of Value Of'r'

Original Value | % of Changes| Changed Value| Ratio of Changed Values to Original Values G
r=5 +50 7.50 +2.357
r=5 +25 6.25 +1.678
r=5 -25 3.75 +0.321
r=5 -50 2.50 -0.357

Table 6: Change of Value of S

Original Value | % of Changes| Changed Value| Ratio of Changed Values to Original Values G
s=2 +50 3 +0.997
s=2 +25 2.5 +0.998
s=2 -25 15 +1.001
s=2 -50 1 +1.003
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Table 7: Change of Value of p'

Original Value | % of Changes| Changed Value | Ratio of Changed Values to Original Values G
p=3 +50 4.5 +0.673
p=3 +25 3.75 +0.837
p=3 -25 2.25 +1.163
p=3 -50 1.5 +1.327

Table 8: Change of Value of 0'

Original Value | % of Changes| Changed Value| Ratio of Changed Values to Original Values G
o=4 +50 6 +0.584
o=4 +25 5 +0.792
0=4 -25 3 +1.207
o=4 -50 2 +1.415

Table 9: Change of Value of A'

Original Value | % of Changes| Changed Value| Ratio of Changed Values to Original Values G
A=100 +50 150 +0.584
A=100 +25 125 +0.792
A=100 -25 75 +1.207
A=100 -50 50 +1.415

Table 10: Change of Value of d'

Original Value | % of Changes| Changed Value | Ratio of Changed Values to Original Values G
d=1 +50 1.5 +0.981
d=1 +25 1.25 +0.991
d=1 -25 0.75 +1.009
d=1 -50 0.50 +1.018

Table 11: Change of Value of Q'

Original Value | % of Changes| Changed Value | Ratio of Changed Values to Original Values G

Q =100 +50 150 +0.548
Q=100 +25 125 +0.774
Q=100 -25 75 +1.225
Q=100 -50 50 +1.451

By increasing the value ofd@ " by 50%,25%, the optimum value "G" changed by 3,3%98 times respectively
from its original values. Similarly by decreasingetvalue of ‘r " by 25%, 50%, the optimum value "G" changed by
0.302,-0.395 times respectively from its originalues. Finally, we conclude that by increasinguéleie of "a “, a value

of "G" increasing and by decreasing the value®f", a value of "G" decreasing.
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By increasing the value of8" by 50%,25%, the optimum value "G" changed by 2,0889 times respectively
from its original values. Similarly by decreasimhg tvalue of 3" by 25%, 50%, the optimum value "G" changed by4,00
1.008 times respectively from its original valugSinally, we conclude that by increasing the value "3,

value of "G" decreasing and by decreasing the valtigl “, value of "G" increasing.

By increasing the value of@" by 50%,25%, the optimum value "G" changed by 8,9R999 times respectively
from its original values. Similarly by decreasirfietvalue of ‘8" by 25%,50%,the optimum value "G" changed by
1.001,1.002 times respectively from its originalues. Finally, we conclude that by increasing ttug of "6,

value of "G" decreasing and by decreasing the valti&“, value of "G" increasing.

By increasing the value off" by 50%,25%, the optimum value "G" changed by B,9D949 times respectively
from its original values. Similarly by decreasitng tvalue of 'h" by 25%, 50%, the optimum value "G" changed by6,0
1.095 times respectively from its original valuEmally, we conclude that by increasing the val@ié b", value of "G"
decreasing and by decreasing the valuetdf,'value of "G" increasing.

By increasing the value ofr"" by 50%,25%, the optimum value "G" changed by 2,3%78 times respectively
from its original values. Similarly by decreasitg tvalue of 't "by 25%, 50%,the optimum value "G" changed by 0,321
0.357 times respectively from its original valuEmally, we conclude that by increasing the val@ié b", value of "G"

increasing and by decreasing the valuelof,"value of "G" decreasing.

By increasing the value ofs™ by 50%,25%, the optimum value "G" changed by @,98998 times respectively
from its original values. Similarly by decreasiing tvalue of 'S " by 25%, 50%, the optimum value "G" changed by01,0
1.003 times respectively from its original valuEmally, we conclude that by increasing the val@ié ", value of "G"

decreasing and by decreasing the valuesof, ‘value of "G" increasing.

By increasing the value of 3 " by 50%,25%, the optimum value "G" changed by 8,8¥.837 times respectively
from its original values. Similarly by decreasimg tvalue of "p "by 25%, 50%, the optimum value "G" changed by 3,16

1.327 times respectively from its original valuEsally, we conclude that by increasing the valfi¢ @ ", value of "G"

decreasing and by decreasing the valuepf,'value of "G" increasing.

By increasing the value ofd™ by 50%,25%,the optimum value "G" changed by 0,38492 times respectively
from its original values. Similarly by decreasitng tvalue of ‘0" by 25%, 50%, the optimum value "G" changed by0Z,2
1.415 times respectively from its original valuE@ally, we conclude that by increasing the valié @", value of "G"

decreasing and by decreasing the valueaf,'value of "G" increasing.

By increasing the value of A" by 50%,25%,the optimum value "G" changed by 0,98492 times respectively
from its original values. Similarly by decreasirwetvalue of "A" by 25%, 50%, the optimum value "G" changed by
1.207, 1.415 times respectively from its originalues. Finally, we conclude that by increasingvwhleie of "A", value of

"G" decreasing and by decreasing the valueAf'value of "G" increasing.
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By increasing the value ofd " by 50%, 25%, the optimum value "G" changed by8Q,9.991times respectively
from its original values. Similarly by decreasitng tvalue of ' "by 25%, 50%, the optimum value "G" changed by ,00
1.018 times respectively from its original valuEmally, we conclude that by increasing the val@ié d ", value of "G"

decreasing and by decreasing the valuetbf,"value of "G" increasing.

By increasing the value ofQ" by 50%,25%,the optimum value "G" changed by 0,5874 times respectively from
its original values. Similarly by decreasing thdueaof "Q "by 25%, 50%, the optimum value "G" changed by %,22

1.451 times respectively from its original valuEmally, we conclude that by increasing the valfi¢ @", value of "G"

decreasing and by decreasing the valueQf'value of "G" increasing

CONCLUSIONS

The demand of a product may increase with timetdube incoming of a new product like vegetabled fits
which may be technically good and attractive thish ane, and also the demand of the new product mengase,
decrease with time. In a real market situation, aleinis increases at a rate, which is very highreat and exponential.
Whenever some new attractive products launchetlarstiper market or some seasonal items happee inefinning of
season like winter, the demand of that producttemiis increasing depending upon the rate of pgeh@his type of
demand is quite appropriate for products like wintegetables, fruits in the city of Himachal Prdgetammu-Kashmir
and summer vegetables, fruits in the city of OdigkeaBerhampur especially mango market, Rourketaiket etc. As the

season progress, the demand rate goes on increasirgradually approaching a saturation level amdHed.
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