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l. INTRODUCTION

Deteriorating items inventory model have been studies by many authors in past. Certain products such
as medicine, volatile liquids, food stuff decrease under deterioration during their normal storage period. Ghare
and Schrader [1963] first developed an EOQ model with constant rate of deterioration. The model was extended
by Covert and Philip [1973] by considering variable rate of deterioration. Shah and Jaiswal [1977] further
extended the model by considering shortages. The related work are found in (Nahmias [1982], Raffat [1991],
Goyal and Giri [2001], Ouyang et al. [2006], Wu et al. [2010]).

Aggarwal and Goel [1984] discussed an inventory model with weibull rate of decay with selling price
dependent demand. Patra et al. [2010] developed a deterministic inventory model when deterioration rate was
time proportional. Demand rate was taken as a nonlinear function of selling price, deterioration rate, inventory
holding cost and ordering cost were all functions of time. Tripathy and Mishra [2010] dealt with development of
an inventory model when the deterioration rate follows Weibull two parameter distribution, demand rate is a
function of selling price and holding cost is time dependent. Patel and Parekh [2014] developed an inventory
model with stock dependent demand under shortages and variable selling price.

Inventory models for non-instantaneous deteriorating items have been an object of study for a long
time. Generally the products are such that there is no deterioration initially. After certain time deterioration
starts and again after certain time the rate of deterioration increases with time. Here we have used such a
concept and developed the deteriorating items inventory models.

In this paper we have developed an inventory model with stock and price dependent demand with
different deterioration rates for the cycle time under time varying holding cost. Shortages are not allowed.
Numerical example is provided to illustrate the model. Sensitivity analysis of the optimal solutions for major
parameters is also carried out.

1. ASSUMPTIONS AND NOTATIONS
NOTATIONS:
The following notations are used for the development of the model:
D(t) : Demand rate is a linear function of price and inventory level (a + bi(t) - pp, >0, 0<b<1, p>0)
A :Replenishment cost per order
¢ : Purchasing cost per unit
p  : Selling price per unit
T : Length of inventory cycle
I(t) :Inventory level at any instant of timet,0 <t<T
Q : Order quantity
0 : Deterioration rate during p; £t < pp, 0< ;<1
6t : Deterioration rate during, g, <t < T, 0< 8,<1
m : Total relevant profit per unit time.

ASSUMPTIONS:

The following assumptions are considered for the development of two warehouse model.
e The demand of the product is declining as a function of price and inventory level.
e Replenishment rate is infinite and instantaneous.
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e Lead time is zero.
e  Shortages are not allowed.

I1l. THE MATHEMATICAL MODEL AND ANALYSIS
Let I(t) be the inventory at time t (0 <t < T) as shown in figure.
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Figure 1
The differential equations which describes the instantaneous states of I(t) over the period (0, T) is given by
—dé(tt) =-(a+blI(t) - pp), O<t<wy, (1)
di(t
—d(t) + 0I(t) = - (a + bI(t) - pp), pst<p, (2
_d(;(tt) + 6tI(t) = - (a+ bI(t) - pp), o <t<T  (3)

with initial conditions 1(0) = Q, I(yy) = S; and I(T) = 0.
Solutions of these equations are given by
I(t) = Q(L-bt)-(at+ %bt2 -ppt - %pbpt2 - abt® + pbpt?), 4)

l 2 2 1 + 2 _ 2
- a(p -1) -pp(w -t) + Sa(0+b)(uf -t*) - Zpp(0+b)(u] -t*) rs e @0 -]

-a(9+b)t(u1 _t)+ pp(9+b)t(pl —t) - ab0t (Hf -t2)+PPb9t(H12 'tz)

(T 1) -pp(T 1) + Jab(T* -7) - ~ppb(T* -7) + £a0(T° -¢') - <pp0(T° - ")

Ity = |-abt(T-t) +bppt(T-t) - %ab@t(Ts -t') +%pbp9t(T3 -€°) - %a@tz (T-t) : (6)

1 2 1 2 2 2 1 2 2 2
_+ Eppet (T-t) + Zpbpet (1% -1%)- Zabet (17 -¢%) |
(by neglecting higher powers of 6)

From equation (4), putting t = y;, we have
S

_ s o, 1
% Tom) (1-bu1)(

From equations (5) and (6), putting t = J,, we have

a(w -m,) -pp(y -p,) + %a(9+b)(uf -u3) - %pp(9+b)(uf -13)
-a(0+b)w, (1, - 1) +pp (0+4b)p, (1 -1y ) - abOu, (f - 3 )+ bpbpp, (uf - p13)
+S,[1+ (0+b) (-1, )]

1 1
a, - ppy +5buf - Ebppuf -abp + pbpuf} @)

I( 2) =
g ®)
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a(T-,) - pp(T- uz)%ab(Tz-ui)-%pbp(Tz -u§)+%ae(T3-u§)-%pep(Ta-ui)

1 1
1(42) = |- @i (T - 1) +bppi (T - ;) - =abOw, (T°-n3)+ gpb@puz(T3 -13) : 9)

1 1 1 1
- 58005 (T-1,) + Zp0pu; (T-1t,) + 7 pbOPIL (1% -13) - Zabeui(TZ -13)

So from e_quations (8) and (9), we get
1

RRERCI)

a(T-u,) -pp(T-p,) + %ab(Tz -u3) - %pbp(T2 -p3 )+ %ae(Ts -u3) - lpep(T3 -u3)

N o

1 1
-abp, (T-11;) +bppu, (T-11;) - Zabby, (T° -u3) + 5 PbopL, (T° -13) - S0y} (T-p,)

(10)

1 1 1
+ 2 p0pu; (T -1, +2pbOpi; (T° - w3 ) - Zabous (T7 -uf)-a (i -1 ) +pp (1 -,

1 1
- Sa(0rb) (k] - 1) + Epp(9+b)(uf -u3) +a(0+b)u, (1 -1, ) - pp(B+D) 1y (1y -1y

+abOp, (17 - 13 ) - bpOpy, (1] - p3)

Putt_ing value of S; from equation (10) into equation (7), we have
Q= -
(1- b )1+ (6+b) (1, - 1 )]

a(T-p,) -pp(T-u,) + %ab(Tz -u3) - %pbp(T2 -p )+ %aO(TS -u3) - %pep(Ts -3 ) -aby, (T-p,)

1 1 1 1
+bppu, (T-1,) - Zaboy, (T° -u3) + < PbopR, (T° -13) - 280 (T -1, ) + = pOpH3 (T - 1, )

1 1 1
+2 POOPIL; (1% -p3) - 2 3b0n3 (T -p3)-a(u, -py) +pp(y - 1y) - Ea(9+b)(uf -13)

1
+ Epp(9+b)(uf -p3) +a(0rb)p, (1 -1y) - pp(0+b) 1w, (1 - py) +ablp, (15 -3 ) - bpbpu, (uf - u3)

1 1
[aul - PPHy - by + - bppp; - abyy j

! (bm) ' 4y

Using (11) in (4), we have
I(t) = (1-bt)
(1- b“l)[” (0+0) (ks - 1, )]

a(T-p,) -pp(T-p,) + %ab(Tz -u3) - %pbp(T2 -u )+ %aG(T3 -u3) - %pep(T3 - 1) -abu, (T-p,)

1 1 1 1
+bppy, (T-n, ) - SabOu, (T° - 103) + ZpbOpi (T7 -4 ) - Sa05 (T - n, ) + 2 pOpH3 (T -1 )

1 1 1
+2:p00p; (T7 - 103) - Z-abbus (T° -1 )-a (s - 1,) +pp (s 1)~ S (0b)(uf - 153

1
+ Epp(9+b)(uf ~u3) +a(0+b)p, (1, - py) - pp(0+b)py (1y - 1,) +abOW, (1] -3 ) - bpBpp, (1] - u3)

1 1
(1-bt)| ay, - pppy +>by; + = bppy; - aby;
2 2 1 2 1 2 2
+ b ) -|lat+ Ebt - ppt + prpt + abt (12)
Y
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Based on the assumptions and descriptions of the model, the total annual relevant profit include the
following elements:

(i) Ordering cost (OC) = A

(13)
T [ Wy T
(i) HC = [ eyttt = j (x+yDI(t)dt + j (x+yDI(t)dt + j (x+yDI(t)dt
0 0 W Ha
1 1 1 1 1 (5 5
=x| aT - ppT +=abT? - =pbpT? +=a0T* - =pbpT® |T+ Zy| -—ab -— pbp |T°
X(a ppT+2a 5 POPT" 22 5 Pop j Gy(lza lprj
ay - ppy,
1
[1+ (O+b) (1, - 11,) ]
I _ 1 2 2 l 2 2 1 3 3 1 3 3 i
a(T-uy) -pp(T - ;) + Zab(T? -u3) - —pbp(T? - 17 ) + gaG(T -u3) - gpep(T -13)
- abu. (T - -t 3_8) 4 L 3_00) - Laou? (T -
Uz( Hz) +bppy, (T Hz) Gabel/lz (T Hz) + 6pbep”2 (T Hz) Zaeuz (T Hz)
Xl Lpopus (T + X bopu? (T2 - 12) - Labop? (12 - 12 - +
2 POPHG (T -1 ) +-2pbOPI (T7 - 43) - 2abOu3 (T* -n3)-a (i - 1p) +pp (s, -1t i,
1
- Sa(Orb)(uf -1 + Epp(9+b)(uf -u5) +a(0+b)p, (1, - 1,) - pp(B+D) 1, (i, - 11,)
+abby, (uf - 13 ) - bpOpy, (f - u3)
L 1 o 2 ]
(L (@+byw,) + S a®+bys - 2 pp(6+b)ui
ay - ppK,

1
[1+ (0+b) (1, -1, )]

[a(T-uz) -pp(T-p,) + %ab(Tz -u3) - %pbp(T2 -u )+ %aG(T3 -u3) - %pﬁp(Ta -ui)}

1 1
(1 + (6+b)p, + Ea(9+b)uf - Epp(9+b)ufju1

ay, - ppiy
1

" T (090) (o))

1 1 1 1
bpph, (T - 11, )- abit (T -, )~ < abB, (T7 -3 ) +-2pbbpu, (T° - 13 )-Sa0u3 (T - 11, )+ 2 p0pis; (T - ;)

1 1 1
+2P00pi (T% -3 ) - ZabOus (T° -u)-a (i -1y) +pp (ks -1, ) - -2 (64D) (1] -13)

+ Epp(9+b)(uf -p3) +a(0rb)p, (1 - 1y) - pp(0+b) 1, (1 - py) +abOp, (17 - p3) - bpbpu, (uf - u3)

1 1
(1 + (B+b)p, + Ea(9+b)uf - Epp(6+b)uf]u1
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1 1 1 1 1 1
X| - =pbp+ =pBpT + =pbOpT? + =ab- —adT - —ab0T?
(2”2plo AP TR 4 ja
M,

+ y(-a +pp + %pb@pT3 -abT + pbpT - %ab9T3j

1 1 1 1 1 1 1 1
X|=ab- =pbp | +y|-=pbp+ =pOpT + =pbBpT? + —ab- —adT - —abOT? | |us
(3 PP] Y( ZPP pr 4P P 23 5 1 )j“z

il
- 1(X —ab0 - prpj +y(% af - %pep)j T

-a+pp+ — pb@pT * -abT +pbpT - = L boT? j
1 6 ,
"2 1 T
+ y aT ppT + —asz ppr2 + ga9T3 - EpeT3j

|_\

1 1
=| x(ab - pbBp) +y| =a(6+b) - = pp(6+b
4 X (ab6 - pbbp) y(za( ) 2pp( )D

X (% a(0+b) - %pp (9+b))
1

-a+
[+ (0+0) (s - 1) ]
+ %ab(T2 —uﬁ) - %pbp(T2 —u§)+ %a@(

a(T-u,) -pp(T-1,)

1
Wl

T -3 - %pep(T3 -u3)

1 1 1
500K, (T° - 13) + 2 pbOpu, (T° -4 ) - Za0u3 (T-1,)

- abp, (T'“z) +bppy, (T'uz) B
1 1 1 t
+y| |+ 5 POpRE (T -4y ) +2pbOpi; (T7 -4 ) - - abOu (T° -1 )-a (s - 1tp) +pp (1 -1z
1 1
- Sa(040) (1 -n3) + S pp(04D) (15 - n) @ (0+0), (s - 1) - PP(O+D), (1 -1t )
+abp, (1 - 3 ) - bpOpp, (1] - 13 )
(-0-b)-a(6+b)p, +pp(6+b)p, -abbu; + pbbpu; + pp
1
-a+
[1"' (0+0) (ks - 1, )]
r 1 1 1 7
a(T-p,) -pp(T-p,) + —ab(T2 u) - prp(T2 -u )+ gaG(Ts -u3) - gpep(T3 -13)
1 3 3 1 3 3 l 2
- aby, (T - P-z) + bppp, (T - “2) - Eabeuz (T - “2) + gpbepuz (T - “2) : Eaeuz (T - uz)
1 1 1 1
- S| |+ POk (T -1 ) +2 pbOPH; (T -13) - % 200K (T -u3)-a(w -1y) +pp(my -1y)
- Ea(9+b)(uf uy) + —pp(9+b)( -u3) +a(0tb)w, (1, -1y ) - pp(0+b)p, (1, -1y
+abO, (1 - 13 ) - bpOpu, (1] - p3)
(-0 -b)-a(6+b)u, +pp(6+b)y, - abbuy + pbbppy + pp
5| Page
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1
_ (1 @) 0, -1 )]

a(T-w,) -pp(T-p,) + %ab(TZ -u3) - %pbp(T2 -up)+ %ae(T3 -u3) -
3 -

ap, - ppiy +

1 1
by, (T-1,) +bppi; (T- ;) - = abOk, (T°-p3) + & Pbopi, (T°-n3) -

1
N |~
<

1
- Ea(@-irb)(pf

+ab0y, (uf - 13 ) - bpbp, (1] - 13)

1
—a

1
(l+ (0+b)p, + 5 (6+b)ps - Epp((%b)ufj

1 1 1 1.1 1
x| - =pbp + =pOpT + =pbOpT? + =ab - =a0T - =abOT?
( PP T PP T PRI T o ab s o at e j

+

12

T + 1 x(iabe—
5 12 3

1

3 1 . 1.
+y|-a+pp+ gpbOpT —abT+ppr—éab9T
1 1 1 1 1 1 1 1 1

+ = x| =a0- =pbp | +y| -=pbp + =pbpT + =pbOpT? + =ab - =adT - —aboT? | [T*
4[(3 3ppj y[zpp QPIPE T PP TR Ty jj

1
(2-byy )1+ (0+0) (1 - ) |

a(T'Hz)‘pp(T'“z)+%ab(T2 -ui)-%pbp(T2 -u§)+%a9(T3 -13)-

6

Nl O

3

pop (T° - 113)

aby; (T-n,)

1 1 1
+ 2 p0pu; (T -1y ) +2:pbOpg (T7 - 13) - Z-abOus (T° -4 )-a (s -mz) +pp(n; - 1)

1
-pp) + Epp(9+b)(uf -u3) +a(0+b)p, (1 - 1y) - pp(0+b)p, (i - 1,)

ipbepj + y(lae - 1p@pj)Ts

1
ZpOp(T® - 13 )-aby, (T -, ) + bppy, (T - p1,)

Hy

1 1 1 1 1 1
+ x| | -G a0, (T7 -4 )+ < pbbpi, (T7 - 13 )-2a0u3 (T - )+ 5 p0pus (T - )+ 5 pbOpu3 (T7 - 1) abous (T7 -3 )-a (i - 1,) i
1 1
+pp (s - 1y)-2a(00b) (s -1 )+ Zpp(0+0)(1f -1 )+a (0+b)my (ks - 0z )-pD(O+b)ay (1 - b ) abOW, (1 - 17)-bpOPH, (1] - 1)
1 1
ay, - ppy + Ebuf + prpuf- abp
+
(1-by,)
1 (1,1 1 1 1 1 1 (1 1
+ Zy[- Eb- prp+ab)pf + gy(abe - pbbp)p; + Z[x(abe - pbop) +y(§a(9+b) —Epp(9+b)]jp; + 5(X[Ea(eer) —Epp(6+b)jj
1
N
[+ (0+0) (uy - 1, ) ]
i 1 1 1 1 ]
a(T-u,) -pp(T-p,) + Eab(Tz -1 - prlo(Tz -p )+ gaG(Ta -u3) - gpﬂp(T3 -13) - aby, (T - p,) +bppy, (T - p,)
1 1 1 1 1 1 2
- ZabOy, (T° - 3 ) + ZpbOpy, (T° - 3 ) - Zabp3 (T -y, ) + =pOpp3 (T -, )+ pbOpp3 (T2 - u3) - ~abbu3 (T? - ) 2
+y|| 6 6 2 2 4 4
1 1
-a(py - 1y ) tpp (1 - uz)-Ea(9+b)(uf - u§)+§pp(9+b)(uf -13)+a (0+b) 1, (1 - 1,)-pp (0+b) 1, (1, -, ) +abOu, (pf - 13)
|- bpOpu, (f - 15) |
(-6-b) -a(6+b)y, + pp(6+b)p, - abbp; + pbOpu; + pp
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+
N |-

+
N

Wl

+
N |-

+
N

1
2 1 (000) (e -]

a(T-p,) -pp(T-p,) + %ab(Tz -3 - %pbp(T2 )+ %ae(T3 -u3) -

1
gpep(T3 -13) -aby, (T -, ) +bppu, (T - p,)

1 1 1 1 1 1
- 5 ab0m, (T°-13)+ 5 PbopR, (T°-13) - 2803 (T - 1,) + = pOpH3 (T - b, +Zpb9pu§(T2 1) - 200K (17 -u3)

“a(iy - 1) +pp(y 1) = (0+b)(uf -n3) + %pp(9+b)(uf -u) +a(0+b)p, (1 - 1,) - pp(0+b)u, (g - 11,)

—a
2
| +abOp, (1 - 13) - bpOpu, (kf - 4f)

(-0 -b)-a(0+b)p, + pp(6+b)p, - abby; + pbOpps + pp

1
_ .-
T T (000 0, )
[ 1 1 1 1 1
a(T-,) -pp(T-p,) + Eab(Tz -u3) - prp(T2 -p)+ gae(T3 1) - gpep(T3 -13) - aby, (T -p,) +bppy, (T - p,)
1 1 1 1 1 1
- 50w, (T°-p3)+ 5 PbOPH; (T°-13) - 52003 (T - 11;) + 2 p0pug (T -1 )+ pbOpu; (1% -3) - 2200 (T° -u3)

1 1
-a(py -1,) (i - 1y)- Ea(9+b)(uf -p) + Epp(9+b)(uf -13) +a(0+b), (1, -1, ) - pp(O+b)u, (1y - 1)

2

| +abby, (k] - 13) - bpdpu, (] - 13)

1 1
(1+a(6+b)p,) +Ea(6+b)uf - Epp(e+b)pf
1, 1
X(- Eb - prp-*—ab)

1
) (1'b”1)|:1+ (e+b)(u1 - My )]

1 1 1 1
a(T-uz) -pp(T-1ty) + 2ab(T* -u3) - —pbp(T? -u )+ Sab(T* -13) - =p0p(T° - 143) - abuy (T~ k,) + bppaty (T - 1,)

1 1 1 1 1 1
+y|| bl -5 abu, (T° -u§)+gpb9puz (T -13)- 2005 (T - 1y )+ pOPIG (T - 14, )+ pbOpHG (T° - 13 ) - abOws (T7 -4 )-a - )

1
+pp (1, 'l’-z)'Ea

1
(0+b) (u? - u§)+§pp(9+b)(uf -3 )+ (0+b)p, (1 - 11, )-pp(0+D) 1, (1, - 1, ) +abOp, (pf - 3 ) -bpOpy, (s - u3)
1 2 1 2 2
b a|-11 - PPH,y + Eb}h +prpl-l1 'ab“1

- -a+pp
(1'blh )

1
(b, )[1+ (04D) (1, -1,)]

1 1 1 1
a(T-1p) -pp(T-1ty) + Sab(T% -3) - —pbp(T? -u )+ <ab(T* - 153 ) - =pbp(T° - 155 ) - abu, (T - ;) + bppy, (T -1,

1 1 1 1 1 1
X| | b| -Zab0 (T° - 143 ) +-Z pbOpi (T° - 143 )-2:a0u3 (T - g )+ 5 p0pus (T - 1)+ pbOPIG (T7 - 145 )-2-ab0E (T° - 13)-a (-1
1 1
+pp (i, - uz)-aa(9+b)(uf - u§)+§pp(9+b)(uf -13)+a (0+b) 1, (1 - 1,)-pp(0+b) 1, (1 - 1, ) +abO, (1 - 5 )-bpdpp, (uf - 13)
l 2 1 2 2
b(aul - ppyy Ebul +prpu1 -abm]
- -a+pp
(1-bu1)
1
(:L'bh)[lJr (e+b)(“'1 -l ):I
1 1 1 1
a(T-n) - pp(T-p) + 2ab(T? -4 ) - —pbp(T? -3 )+ 2ad(T" - 1i3) - =pOp(T* -13) -abu, (T - 1) +bpphy (T - hy)
1 1 1 1 1 1
a| -5 abow, (T° -u§)+gpb9puz (T -13) - 2005 (T - 1ty )+ pOpi (T - 4y )+ pbOpHG (T° -3 ) - abOws (T7 -4 )-a (b, - ;)

1 1
+pp(py - uz)-aa(9+b)(uf - u§)+app(9+b)(uf -13)+a (001, (y - 1, )-pp(0+0) 1, (1 - 1, ) +abOp, (f - 13 ) -bpOpy, (f - p3)

1 1
3y - PPy + S bHY + 2 pbppy - abp]

' (o)

My

H,

Hy

Ih
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1 (5 5 1 1 1 1
- Zy| —ab® - —pbOp |pS -x| aT - ppT + =abT? - =pbpT? + —a0T® - = 6T3)
sy(lz 2" p]uz X( ppT+ 2 5 Pbp 5 PO Jre (14)

1 1 1 1 1 1 1 1
- E(X(-a+pp+gpb9pT3—abT +ppr—gab9T3)+y (aT—ppT+§abT2-prpT2+ga9T3—6p9T3 D ug—gy(abe - pblp)u;
(by neglecting higher powers of 6)
Ko T
(iii) DC = c{ [orwde + | BtI(t)dt]

Hy H2

1 1 1 1 1 1
a(uluz - Euij -pp(uluz - Eui] + Ea(9+b)[ufuz - guij - Epp(6+b)[ufuz - guij

1 1 1 1 1 1 1 1
-a(9+b)(§u1u§ - guij +pp(6+b)(§u1u§ - guij -abe(aufui - Zu;‘j +ppb9(§ufu§ - Zu;‘j
1
+
1+ (e+b)(“1'uz)

=00| | a(T-u,) -pp(T-p,) + %ab(Tz -u3) - %pbp(T2 -u3) + %aG(T3 -u3) - %pep(T3 -u3) - abp, (T-u,)

1 1 1 1
+bppu, (T-4,) - Zaboy, (T°-p3)+ 5 PbopR, (T -15) - Sa0u5 (T-,) + Zp6put (T-n,)

1 1 1 1
+ 2 pbOpug (T - 03) - :abbus (T° - 13) -a(T-pg) + pp(T-ity) - —a (640) (1 - 13) + —pp(6+0) (w7 - 17

+a(0+b) py (1,11, ) - pp (0D ) 1y (1, -, ) +abOp, (17 - 3 ) - pbOpp, (17 - 13 )
1
[uﬁ (9+b)[u1u2 - Sk D

1 1 1 1 1 1
Eauf - Eppuf +5a(9+b)uf - EPP(GJFb)Hf - Zabeuf + Zpbepuf

1
1+ (9+b)(lll-llz)

1 1 1 1
<’:1(T-u2)-pp(T-uz)JFEab(T2 -ui)-5pb1>(T2 - )+ gaO(T3 -ui)-gpep(T3 - 13 ) -aby, (i, -41,)
1 1 1 1

+bpph, (1, -4,) - Zabow, (T° -u3)+ & PbopH, (T - 1) - 5005 (T-w,) + 2 pOpis (T-h,)

1 1 1 1
+2pbOpu; (T7 -3 )-2-abBug (T7 - 103 ) - alht ) + pP(hs -ty )- 5 2 (0+D) (k] - 15 )+ pp (Bb) (] - 1)

+a(0+b) L, (1,11, ) - pp (6+D) py (1,11, ) + @b, (] - 13 ) - pbOpy, (1] - 3)

(pl+%(9+b)ufj

1(5 5 1/1 1 1/ 1 1 1 1 1 1

=| —=ab0-—pbOp [T°+=| Zab-=pOp |T°+=| -=pbp+=pOpT+=pbOpT>+=ab-—adT-=abOT> |T*

oo 6[12 12° pj 5(3al 3" pj 4( o PP PO POEP T ey

1 (-a+pp+l pbOpT3-abT+pbpT- 1 abE)Te‘JT?’+1 (aT-ppTJr Lopre-t pbpT?+ Laor2.t pOpT? J T?
3 6 6 2 2 2 6 6 (15)

1/ 5 5 1/1 1 1( 1 1 1 1 1 1

Z| =ab0-—pbOp |uS+=| =a0-=pbp |u>+=| -= pbp+=pOpT+=pbOpT?+=ab -=adT -=abOT? |ui

6[12 lZp pjl’-z 5(321 SP pjl’-z 4( 2p p 29 Y 4P Y 23 Za 4 jl»’-z

+ % (-a+pp+ % pbOpT*-abT+pbpT- % aboT® j uo+ % (aT- ppT+ % abT? - % pbpT? + % afT?- % pOpT? J wl
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(v) SR = p[}(amm) : p)dtj

+p

=P

ap, +b

ay, b

{T (a+bl(t) - p)dt + T(a+b|(t) - p)dt + JT'(a+b|(t) - p)dt]

51 Ha
1
(b, ) (1+ (0+b) (1 -11,))

a(T-p, )-pp (T-u, )+%ab(T2-u§ )-%pbp(Tz-ui )+%a9 (T°-u3 )-%pep(T3-u§)

1 1 1
-abp, (T4, +bppit, (T-h, )- £ abOk, (T°-u3)+ & PbopI, (T-13) -2 20w (T-1,)

1 1 1
+2p0pi (T4, ) + 2 pbOPH; (T?-13)- 200K (T%-13 ) -a(u,-11,) + pp(p, -1, )

1 1
-5a(0+b) (1f 113 )+§pp (0+b) (f 113 ) +a (0+b) 1, (py 11, )-pp (0+b) 1, (11, -11,)

+abop, (uf - ug) - pbbpy, (le - ”g)

1 1 1 1
+ ay, - + =bp’ + =pb Z-asz( -—sz
(1'b|vl1)( Ny - PPYYy > Ly 2P PLy My By 5 Ly

1 1 1 1 1
- Eauf - gbuf + Eppuf - gpbpuf + gabuf

1 1 1 1 1 1
a(uluz - Euij-pp(uluz - Eui}r ia(9+b)(ufuz - guij- Epp(9+b)(ufu2 - §u§j

1,1 1,1 1 1 1 1
-a(9+b)(5ului-guij+pp(9+b)(§u1u§-§uiJ-abe(zufui-Zu§j+ppb9(§ufu§-zu§)
1

+
1+ (e+b)(|~11'u2)

a(T-u,) - pp(T-p,) + %ab(Tz ) - %pbp(T2 -uy) + %ae(T3 -Mi)-%pep(T3-ui)

1 1 1
~abH, (T, ) bppi, (T-4t,)- 2 b0, (T7-u3 )+ 2 pbopu, (T7-41 )2 03 (T-w,)
1 1 1
+2P0pu; (T4, )+ pbOpuG (T7-45 ) abOu3 (T° 13 )-a(T-u, Ypp(T-1;)

1 1
-52(08D) (45 ) +-Zpp(0+0) (1 - 1) +a (040 ) (y-tt,)-pp (64D )z (by-1)

+abOp, (1] - 13 - pbOpy, (7 - p3)

(uz+(9+b)(u1uz - %ui D

- PPy

“PPH,

www.irjes.com
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1
> THE Eppuf +

1
T+ (00) ()

1 1
5? (6+b)p; - 5PP (6+b)ps

1 1
- Zabeuf + ZPbGPHf

a(T-uz)-pp(T-uz)+1ab(T2-u§)-%pbp(T2-u§) +

%ae(T3

ap, +b

-ui)-%pep(T3-

T )'abuz (T-p,)

“PPHy

1 1
+ bpp, (T-4,) - abeuz(T3 ) L pbopu, (T° - ) - 200 (T-at,) + 2 pOpG (T, )

-uz)-zabeuz (T?-u3)-a(T-p, ) +pp(T —uz)—%a(mb)(uf-uﬁ)+%pp(9+b)(uf-u§)

+a(0+b) 1, (y-11,) - pp (0+b) p, (1,41, ) + abBy, (1 - -u3)

+Zpb9puz (T?

u3) - pbOpy, (17

(u1+1(9+b)ufj
b

p(aT+ ( aT? - ;ppT2+%abT3

- prpTS

6

12 12

aGT4 ——pGpT4 - —ab6T5+prGpT5j - ppTJ

1 1 1 1 1 1 1 1
a[Tuz-Euij-pp[Tuz-Eui]+§ab[T2uz-§u§j-gpbp(T2u2-§u§)+gae[TSHZ-ZHQJ (16)
1 1 1 1 1 1 1
Lawse - EPGP(T3H2 - Zu‘z‘j -ab(ETui guij%pp(zmi - guz) - gabe(ZTsuz - guij
-p| ap, “PPH,
1 1 1 1 (1 1 1 1 1 1 1 1
+=pbo Tu2-Zpd |-=a0| ZTud-Zpul [+=pop| ZTpd-Zps [+=pbop| =T2u3-Zpu
6p p(z 2 5“2) 2a (3 Ha 4H2J 2p p[3 Hz 4“2j 4D p(s M 5“2]
1 1
- 7ab9[ T?u 3 gpg]
The total profit during a cycle, Trconsisted of the following:
1
= ?[SR—OC—HC—DC] (17)

Substituting values from equations (13) to (16) in equation (17), we get total profit per unit. Putting p,= v, T and
M=V, T in equation (17), we get profit in terms of T and p. Differentiating equation (17) with respect to T and p
and equate it to zero, we have

e on(T,p) on(T,p)

=0, =0 (18)
oT op
provided it satisfies the condition
2 2 2 2 2 2
0 n(Tz,p) <0, 9 n(Tz,p) <0 and |27@P) || O°n(Tp) || Oa(Tp) | (19)
oT op oT? op® opoT

IV. NUMERICAL EXAMPLE
Considering A= Rs.100, a = 500, b=0.05, c=Rs. 25, p= 5, 6=0.05, x = Rs. 5, y=0.05, v, = 0.30, v, =
0.50, in appropriate units. The optimal values of T* =0.5156, p* = 50.6966, Profit*= Rs. 12118.9833 and
optimum order quantity Q* = 128.9945.
The second order conditions given in equation (19) are also satisfied. The graphical representation of
the concavity of the profit function is also given.

T and Profit p and Profit T, p and Profit
S 12100 ST
12,1183 / \
/ % 12000
12,1126 y \
12,118.4 // _\\ 11000 /
Y
12,1182 / \ e / \
1/ \ / \

proprr 115/ A PROFIT /

12,1178 117004

12,1176 116004 ‘

12,117.44 \ Y

\ 11500 \
12,1172 \
12117 \ 11400 \
043049 050 051 052 053 054 055 036 057 = = F =
T
2 Graph 3
Graph 1 Graph 2 P
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V. SENSITIVITY ANALYSIS
On the basis of the data given in example above we have studied the sensitivity analysis by changing
the following parameters one at a time and keeping the rest fixed.

Table 1 Sensitivity Analysis

Parameter % T p Profit Q
a +20% 0.5152 60.6956 17620.0982 155.0084
+10% 0.5132 55.6932 14742.9178 141.4137
-10% 0.5223 45.7060 9748.3399 117.4179
-20% 0.5341 40.7223 7631.1214 106.4905
0 +20% 0.5071 50.6956 12113.7200 126.9412
+10% 0.5113 50.6960 12116.3381 127.9562
-10% 0.5200 50.6972 12121.6565 130.0564
-20% 0.5246 50.6978 12124.3588 131.1674
X +20% 0.4488 50.7170 12059.3196 112.0074
+10% 0.4788 50.7058 12088.1061 119.6306
-10% 0.5620 50.6904 12152.4632 140.5975
-20% 0.6229 50.6893 12189.2984 156.3844
A +20% 0.5629 50.7619 12081.9071 140.8471
+10% 0.5398 50.7300 12100.0385 135.0580
-10% 0.4900 50.6614 12138.8670 122.5813
-20% 0.4629 50.6241 12159.8509 115.7940
P +20% 0.4847 42.3209 10009.8496 120.9312
+10% 0.4980 46.1270 10968.3300 124.4147
-10% 0.5399 56.2855 13526.1189 135.2842
-20% 0.5778 63.2821 15286.3701 145.0437

From the table we observe that as parameter a increases/ decreases average total profit and optimum
order quantity also increases/ decreases.

Also, we observe that with increase and decrease in the value of 6, x and p, there is corresponding
decrease/ increase in total profit and optimum order quantity.

From the table we observe that as parameter A increases/ decreases average total profit decreases/
increases and optimum order quantity increases/ decreases.

VI. CONCLUSION
In this paper, we have developed an inventory model for deteriorating items with price and inventory
dependent demand with different deterioration rates. Sensitivity with respect to parameters have been carried
out. The results show that with the increase/ decrease in the parameter values there is corresponding increase/
decrease in the value of profit.
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