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ABSTRACT:

In this paper, an order level inventory model for increasing demand and variable deterioration. Demand rate has
been considered as linear function of time and deterioration rate of power pattern form. Cost minimization
technique has been used.
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1 INTRODUCTION:

Ghare & Schrader (1963), Aggrawal (1978) and Dave & Patel (1981) discussed the inventory models with
constant rate of deterioration. Covert & Philip (1973), Philip (1974), Chowdhury, Roy and Chaudhuri
(1983), Dave (1986) and Bahari-Kashani (1989) developed the inventory models with time dependent
deterioration and instantaneous replenishment. Mishra (1975), Mandal & Phaujdar (1989) and Dave &
Chaudhuri (1986) developed the .inventory models with finite rate of production and time dependent
deterioration.

Vandana Dixit & Shah (2006) developed the inventory model under the assumption of time dependent
deterioration with production rate proportional to demand which is decreasing function of time. But their
mathematical analysis is not correct. In.this paper, the mathematical incorrectness of Dixit & Shah (2006) has
been corrected with increasing demand rate in place of decreasing demand rate.

2 ASSUMPTIONS AND NOTATIONS:
The present inventory model has been developed under the following assumption and notations.
1. The demand rate d(t) =a+bt, aand b are positive constants, is an increasing function of time.
2.'The replenishment rate is r(t)=y d(t), where » >1 is a constant.
3. The deterioration rate is 6(t) =aA&”*,0<a <1,t<0,8>1.
4. The lead time is zero and shortages are not allowed
5. The deteriorated items are neither replaced nor repaired during the cycle time.
6. C is unit cost, C, Is the unit holding cost per time , A is the ordering cost which is fixed, T is the cycle
time and TC is the total cost per unit time.

3 MATHEMATICAL MODELS:
Let q(t) be the inventory level at any time t, 0<t <T. The stock level is zero initially at the beginning of
production time i.e. q(O): 0. It continues up to the time t =t, and stock with stock level S. Finally, the stock

level reduces to zero at t=T due to demand and deterioration. This completes one cycle. This model has been
represented in figure 1:
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Figure 1
The governing differential equations of inventory system in the interval [O,T]are given by.
z—?+6?(t)q=r(t)—d(t), 0<t<t, (1)
and 3—?+0(t)q=—d(t), t, <t<T (2

The objective is to obtain the optimal values of S and TC subject to the decision variables t, and T. By the
substitution of values of d(t), r(t) and @(t) the equation (1) and (2) become

Lrapriq=(-tharby)  O<tst, -3)
and z_?+aﬁtﬁ_lq=—(a+bt), tlﬁtST (4)

The solution of equation (3) (byneglecting the higher powers of & ) is given by
2 p+1 p+2
qe?’ =(y <1 at+bi+awlt Al *c,.
2 L+l p+2
Using the initial condition in the above equation, we get ¢, =0 and consequently the stock level is given by
bt> act’* obt”? |
q=(r-1

at+— + e 0<t<t, .05

+
2 B+l p+2 ]
Similarly the solution of equation (4) is given by.

qe‘ﬂﬁ __(ater_F act?t  bat”?

+ +C,.
2 g+l p+2

The condition q(t,)=S, we get.

bt2 ﬁ+1 b ﬂ+2
se® =_| at, +— ooy | baty +C,.
2 p+1 p+2

This gives

bt 2 a p+L tﬁ+2
c, :S(1+atlﬁ)+{atl+ L edh et )

+ +
2 p+1  p+2
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Therefore

2 S+l p+2
q(t)=— at 0L 3" AU
2 g+l p+2

2 [+l £+2
+ S(1+ otf )e‘“tﬁ +| at, +—- btl aot + bati et <t<T
2 ,B +1  p+2

Using the condition q(T)=o0 in (6) we get
aT?t ot ”J

1
S= aT-t+ -
L+at” i{ ( YUOB+l B+l

N b{Tz —t +O{EB] , (D
2 B+2

Now the average holding cost is given by
C1 7] T
HC =?qut+jth
t B+ B+2
j ){at SPU adtt | aht } h—ct” Jot
. 2 (ﬂ +1) pf+2

+j[s(1—atf)+ alt, —t)+g(tf —t?)

1

ﬁo‘bz(tﬂ+2 —t72 (L= at” ]
C,

~ 2af(y -2 Ay =Dt

—T{E{O’_l)tlz y (B+1(B+2) (B+17

p+2
PAT -T2 o2 428 [ypap T[N
L+1 (B+2) (p+2

+9{(7—1)tf Sy - 20y -1
2| 3 (B+2)(p+3) (B+2)B+3)

tZT—T—3—zt3— 2a AT _ T/ (,B"'Z) ﬂ+3)
3 (B+2) B+3 (B+3)"

(21 +1 +1
S(l—atf{T—tl—IB—Jrl(Tﬂ —t/ )ﬂ .(8)

The average deterioration cost per unit time is given by

DC = %Ug rtyt - | d(t)dt}
:g[yﬁ(amt)dt—ﬂ(amt)dt}

aal (tﬁ+1 tﬂ+1)+

B+
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C b
:?{a(ytl—THE(ytf—Tz)] .9
The average cost of the inventory system is given by

TC=HC+DC+A. ...(10)
N at? bt  aqAl? baf/

=S f-1) T 2 -

T 2 6 (B+1B+2) 2(B+2)B+3)
ac’t?? ot

B 1, .
25+ 1) _(ﬂ+2)(ﬂ+3)]+3(1‘“t1 XT—t1)+a{tlT—§(T 1 )}

3 p+2
WOl T 2900, 82 fypap T g0 Bl
2 3 3 (B+1) (5+2) B+2

3 p+3
i ﬁafz(tﬁ+2T o tmj]

' p+3  (B+3)
o a1+ 2t 1)

_Clafe gy 208007 (-t
TG (e
+2tT —T2_t12+2_0‘ T — T/ (Bl e
B+l (B+2) (p+2
D=8 aply - 20’ (p -1
2l 3 (p+2)p+3) (B+2)B+3)

2 _T_g_g 3 2a p+2 _Tﬁ+3_(ﬂ+2) p+3 L BYT L
T -t (ﬂ+2)£t1 T s Gt +S0—atf )T -1)]

C b(., 2
e | -

Now for the optimal values of TC, we have to differentiate TC w.r.t. t, and T partially and put them equal to
zero. Thus we have

Col Sy @B =D (=t @ g
= [a{(}/ l)t1 (,3+1) (,B+1) +T t1+ﬂ+1(t1T t )
bl . afly-D? 22°(28+3)y -1t
e e
+24,T —2t2 =24t/ T —t72 )+ S(a(B+ 1N — g/ T —1).
+—C(a: o . ..(12)

B+UB+2)  (B+1)

T2

2

C {a{(;/—l)tf 1 20f(y -1)  (y -1t
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D=8 aply - 20t (y -1
2| 3 (B+2)B+3) (B+2)\B+3)

3
G2 2 2a (T/’” —('B—Jrz)tf*3J}+ S-at! ).

www.ijermt.org

3 3° (B+2) (5+3)
C b bC
—T—2|:a7tl+§]/t12:|—720. (13)
The values of t, and T obtained from (12) and (13) will be optimal provided they satisfy the inequalities
2 2
FTC_, ETC
ot} oT
o?TC o°TC (o*TCY
and ey >0.
oty oT ot,oT

These values of t, and T will minimize the total average cost. Equations (12) and (13) can be solved with the
help of software like mathematical or mat lab.

4 NUMERICAL EXAMPLES:
For the illustration of the procedure the following numerical problem is considered:

Leta =0.0001; g =2; C,=Rs. 10 per unit per unit time; C=Rs. 50 per unit; A=Rs.1000 per order; a=100;
b=50.

The solution for optimal values of t, and T is given by t;.and T *which gives the minimum total costTC".
Putting the above values in equations (12) and (13), we get

3 -845
%r_o {100{% B o.oo?i)4t1 B 2.1(\33 R, 0.03?01 T )}

0.0004t/* <7x0.0001°t**?

A 5
+21,T — 2t2 —0.0002(t24T — /2 )} $(0.0003t/ ~40.0002t,T —1)).
, 22500 _

=0 ...(14)

+ 25{2t12 -~

B+l —842+2
B 1_2 50 2t12_o.ooozt1  2x10°¢
T 3 9
4
ST g +&001(_T__§tﬂ+2]
3
Lo { 2t 0.0001t/?  0.0001°t}"*

3 5 5

3
+ 2; —%tf —%OOI(T pi3 —gtf*3)}+ s{1—0.0001t },|.
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- ?—2 [300t, +75t2 |- 1250=0. ...(15)

The value of S is given by
L {100(T—t1)+%001(ﬂ—tf)

S =
[L+0.0001t,%)

2 _ 2 4 44
450 =Y 00001 8|, ...(16)
2 4

Using the value of S from (16) into the equations (14) and (15) and solving them with the help of mathematical
software, we may obtain the values of t;andT*. Consequently, we may obtain the optimal value of minimum
total cost.

5 CONCLUSIONS:

In this paper, an order level inventory model with increasing demand and variable deterioration has presented.
The demand rate has been taken as linearly increasing with time and the deterioration rate has been considered
of the power pattern form. The expression for total cost has been obtained and cost minimization technique has
been used to obtain the optimal values of the parameters.
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