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Abstract: An inventory model for deteriorating items with linear demand rate is being developed. The depletion
of inventory is not due to demand but also due to deterioration, as there are almost all items that undergo
deterioration. So rate of deterioration is important to be considered, while analysing the inventory system. Some
items undergo deterioration with time as well as with some other factor such as illumldity, temperature etc. known
as random rate of deterioration.
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1. Introduction:
Inventory models for deteriorating items have being studied by many researchers. First of all Ghare and Schrader
were pointed out the effect of decay in inventory management. Decay or deterioration refers to damage, spoilage,
vaporization or obsolescence of the items. Almost all items will deteriorates, if stored for extended periods of
time. Some items such as metal parts undergoes corrosion and rusting. Spoilage and decay occurs in food products
\&> together with electronic components and fashion clothing. Hence deterioration factor has to be given importance
e while determining the optimal policy of an inventory model.
I Recently many researchers are analyzing the effect of deterioration and variation in the demand rate with time
™ taking different deterioration rate such as constant or time dependent or linear function of time or two parameter
\& Weibull function or random deterioration rate. Covert and Philip (1) developed inventory model for variable rate
() of deterioration by assuming two parameter Weibull distribution function. Some researchers like Deb and
<J* Chaudhari(2) and Mandal and Phaujdar(5) developed inventory model with time dependent demand. Further
€1 Mandal and De(6) developed an EOQ model taken parabolic demand rate and time varying selling price.
I Some authors like Gupta and Vart(4), Sharma and Chaudhary(8) and Su, Tong and Liao(11), who formulated
Z model with demand rate dependent on the initial stock level. Singh et al. developed inventory model for items
having linear demand and variable deterioration rate with trade credit. Sharma, Aggarwal and Khurana(7)
extended this model and gave an EOQ model for deteriorating items with ramp type demand with Weibull
mes distributed deterioration and shortages are allowed. Also Shikha, Kishan and Rani(9) developed an inventory
model of perishable products with displayed stock level dependent demand rate. Singh(10) established the
inventory model for perishable items having constant demand with time dependent holding cost.
In the present paper, attempts have been made to develop an inventory model with linear demand and deterioration
ofitems depends on time together with an another factor such as fluctuation of humidity, temperature etc. It would
be more reasonable and realistic, if we assume the deterioration function ‘0 ‘ to depend on another parameter ‘o,
in addition to time ‘#’ which ranges over a space ‘I’ and in which a probability density function 6 () is defined.
2. Assumptions and natations:
An inventory model for deteriorating product for finite time horizon is developed under following
assumptions and notations.
(D) A single inventory will be used.
(i1) Lead time is very-very small or zero.
giii) Shortages are allowed and are completely bacilklogged .

iv) The demand rate () =a+br.a=05s=0 at any time ‘¢’ i.e. follows
linear demand pattern.

(v) Replenishment rate is infinite but size is finite and is assumed to be
e

(vi) Time horizon is finite.

(vii) The second and higher powers of « are neglected in this analysis.

(viii) There is no repair of deteriorated items occurring during the cycle.
Let '7* be the duration of a cycle.

(ix) Let 'I'is the inventory at t=0.

(x) Let 7(r) be the on hand inventory level at any time ¢ s =0 .

(xi) Let the deterioration cost per unit item is, the holding cost per unit
item is '¢",'and shortage cost of the system cost per unitis "¢’ .

(xii) Deterioration function  &(r.e) s assumed in the form

)y =G (), 0=8(x)==<1, =0
I —
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3. MATHEMATICAL FORMULATION AND ANALYSIS FOR THE SYSTEM

Let 'Q' be the total amount of stock replenished in the beginning
of each cycle and after fulfilling backorders, let 'V be the level of initial
inventory. During the period (0,7,), the inventory level gradually decreases
due to market demand and deterioration. At time 7 =1,, the inventory level
reaches to zero and after that shortages occurs in [7,,7] which are fully
backlogged. Only the backlogging items are replaced by the next
replenishment. The behaviour of inventory is depicted in the following

inventory time diagram.

If 7(r) be the on hand inventory at time 7 >0, then at time 7+ Ar, the on

hand inventory in the interval [0,7,] will be
It + At = 1) - 8, (1, ) I(1) Al — D(1)At
or,  I(t+A0)—I(t)+6,(t,a)(1)At = —D(1)At

Dividing by Ar and taking limitAr — 0, we get

lim
At—0

I(t + At
A

#} +8,(t.a) (1) = ~D(1)

any) _
— 0, (L)1 (0) = ~D(1)

%+90(t,a)l(t)=—(a+bt) 0<r<1 (1)

For the next interval [7,,7], we have

I(t + Aty = I(1) - D(1)At
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[I(I+At)—](t)
At

lim J=-00)

Ar—0

%—(aﬂn) L <t<T (2)

On solving equation (1) and (2) with boundary condition, we have

B, ()t

I(t)y=e ? |:.:J'(t1 —1)+

M(;ﬁ-ﬁh@(ﬁ—ﬂ)} 0<r<t, (3)

I0=a, -0+ 20 =) <i<T

(4) E
. : . =
Using 7(0) =7 in equation (3), we have 9
=
V =at +—m9°(0t)f13 +étl3 +—b9° (a)t4 (5) g
6 2 8 R
o
The total amount of deteriorated unitsin 0 <7 <7, is given by Q
~
" E
[0,y 11t
0
0@ St A iy g 4 PO B
2 8 3 8 15 48
Holding cost per cycle is given by
ANGY
= C{th —Etf —étf _bu(@) [+ 6, (@) 1+ b0(@) tf} (7)
2 3 6 12 40

Deterioration cost per cycle is
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C, [ 6y(@) 1) di
V a,(a)V a b af,(a) bl (a)
_Ca'go( )|:_f12 _UTZ? __t13 _gtf + i)s tls + 40:8 tlﬁ (8)
Shortage cost per cycle is
T
C, j I(1) dt
- ,.s[atngTz yopr by _ap étﬁ} (9)
2 2 6 2 3
£
Total average cost of the system is given by 8
%
1 =
TCW 1,,a) = ?[HC+DC— SC] )
=
"
b 6V . ab,(@) . b, =
-1 C, th—gtf——tf— ¢ 1+ —— =2 Q
T 2 3 6 12 40 -
~
=
+6,(a)C, {th (@) ) —Etf —étf - a0,(@) 1+ b0,(@) tf’}
2 8 3 8 15 48
- ,s{mlT—ET2 +2th—éT3 . —étfH (10)
2 2 6 2 3

Eliminating 7 from equation (10), we have

1CG, @) =1 6,(@)C, | L arp + 298D s Ba  D66(@) 6
T 2 5

8

_6,(a) {MS + ab,(a)

5 : b s beo(a)tls}_gtls_bt4_a90(a)tls+b90(a)tls}

1]+t + 1
2 15 48
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i+

—1 +
2! g ! 6

6 ' 2' 8

1

+C;,{at12 +@t4+2 3 bgﬂ(a)ti_go(a){affl_'_ago(aJts+b

5 bgo(a)l.?J

_Etlz_ét: aé (a) 4 bGU(a)[ls _(\'s aflT—ETz +2[12T_ET3_Et12
2 3 12 40 2 2 6 2

%,;H (11)

Hence Mean cost < C(¢,) > is obtained by the integral

<C(1))>=[Ct,.a) pla)da

/

and substituting A for jﬁo (o) pla)da 8
T [ ]

=

1 L1 ad s b bA A b a b &

< C(1)) >?{[A(.d{5(atf + ol +5f14 +?tf’]—§[aff +5th}—?‘3 —gtf =
o

S~

o
+%tl } Cq{atl’l‘—ﬁif'z +étfjl’—é1"3 Sy —Erfﬂ (12) o
40 ‘ 2 2 6 2 3 ~N
~

=

Neglecting higher power of 6,(«) i.e. two or more than two power of 6,(«).

For optimum minimum value of 7,, minimize equation (12)

d
Put —<C(,)>=0
7l (1)

AC, SaAd , 3bA 5Aa , 3bA | b, ad , bA ;
3at] +——t' +2bt] + —1 p 4} — 1 —at] ——1] ——t} +—1;
6 8 2 3 8
+C, 2at1+%t3+&l‘f+ﬁtl"——2flatﬁ——SAbt —bi} +—At +%t
3 2 8 3 12 3 8
—C laT +bT1, —at, b1} |=0 (13)
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Solving equation (13) by suitable method 0f theory of equations or by using Matlab software to determine
optimal and hence the optimal mean cost by equation (12). Also initial inventory level can be calculated using
and total amount of replenishment in the beginning of each cycle can be determined. *1¢ ><)(1¢C *V *Q

4. CONCLUDING REMARKS:-

Here, we develop an inventory model for deteriorating items with linear demand, considering random rate of
deterioration. The model is studied for minimization of total average cost.
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