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ABSTRACT: An inventory model for deteriorating items with stock and price dependent demand is developed.
Holding cost is considered as function of time. Shortages are allowed and completely backlogged. Numerical
example is provided to illustrate the model and sensitivity analysis is also carried out for parameters.
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I. INTRODUCTION

In real life, deterioration of items is a general phenomenon for many inventory systems and therefore
deterioration effect cannot be ignored. Many researchers have studied EOQ models for deteriorating items in
past. Ghare and Schrader [2] considered no-shortage inventory model with constant rate of deterioration. The
model was extended by Covert and Philip [1] by considering variable rate of deterioration. By considering
shortages, the model was further extended by Shah and Jaiswal [14]. The related work are found in (Nahmias
[9], Raffat [12], Goyal and Giri [3], Ouyang et al. [10], Wu et al. [16]).

Hill [4] considered inventory model with ramp type demand rate. Mandal and Pal [6] developed
inventory model with ramp type demand with shortages. Hung [5] considered inventory model with arbitrary
demand and arbitrary deterioration rate. Salameh and Jaber [13] developed a model to determine the total profit
per unit of time and the economic order quantity for a product purchased from the supplier. Mukhopadhyay et
al. [8] developed an inventory model for deteriorating items with a price-dependent demand rate. The rate of
deterioration was taken to be time-proportional and a power law form of the price-dependence of demand was
considered. Teng and Chang [15] considered the economic production quantity model for deteriorating items
with stock level and selling price dependent demand. Mathew [7] developed an inventory model for
deteriorating items with mixture of Weibull rate of decay and demand as function of both selling price and time.
Patel and Parekh [11] 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. Shortages are allowed and completely backlogged. To illustrate
the model, numerical example is taken and sensitivity analysis for major parameters on the optimal solutions is
also carried out.

1. ASSUMPTIONS AND NOTATIONS
The following notations are used for the development of the model:

NOTATIONS:

D(t) : Demand rate is a linear function of price and inventory level (a + bl(t) - pp, a>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 time t, 0 <t<T

Q: : Order quantity intially
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Q. : Shortages of quantity

Q : Order quantity

0 : Deterioration rate during p; <t <p,, 0<0 <1
0t : Deterioration rate during , u, <t<T, 0<0 <1
C, :Shortage cost per unit item

n : Total relevant profit per unit time.

ASSUMPTIONS:

The following assumptions are considered for the development of the model.
The demand of the product is declining as a function of price and inventory level.
Replenishment rate is infinite and instantaneous.

Lead time is zero.
Shortages are permitted and completely backlogged.
Deteriorated units neither be repaired nor replaced during the cycle time.

I1l. THE MATHEMATICAL MODEL AND ANALYSIS
Let I(t) be the inventory at time t (0 <t < T) as shown in figure.

I

0

Figure 1

The differential equations which describes the instantaneous states of I(t) over the period (0, T) are given by :

%=-(a+bl(t)-pp), o<t<yu, (1)
d;% +01(t) = - (a + bI(t) - pp), mest<p, (9
% +0tI(t) = - (a + bI(t) - pp). wo<t<t, (3)
%L(“b.m.pp), L=t<T (4

with initial conditions 1(0) = Qq, I(uy) = Sy, I(tg) = 0, and I(T) = -Q..
Solutions of these equations are given by

l 2 1 2 2 2
I(t) = Q,(1-bt)-(at+ —bt -ppt- —pbpt" -abt” + pbpt"), (5)
2 2
l 2 2 l 2
e 1) - pp (e - 1) ¢ Sa(05b) (] -1) - Spp(0b)(u] - ) ]
= 2 2 |+sl[1+ (0+b) (1, - 1)] (6)
L a(0+b) -t)+ pp(0+b)t(pn, -t) -abet(u -t )+ ppbet J
r 2 1 2 2 1 3 3 3 3 —l
|a( t)-pp (t, t)+—ab( )——ppb(to—t )+—a6(to—t )——ppe(to—t )—abt(to-t)+bppt(t0—t) |
' = | 1 1 i 21 (?I. i 1 1 | (7)
lL " abot(t, - )+gpbp9t( 3)-;a6t2(t0-t)+;pp6t2(to-t)+Zpbpﬁtz(té-tz)—zabetz(t;-tz)JI
’— 1 2 2 1 2 2 —‘
I(t) = La -pp(t, -t) + —ab(t0 -t )- —ppb(tD -t ) -abt(t, -t) +bppt(t, -t)J. (8)
2 2
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(by neglecting higher powers of 0)
From equation (5), putting t = py, we have

1 + 1
(-buy)  (-buyl
From equations (6) and (7), putting t = p,, we have

L=

1 1 |
ap, - ppu, +;buf - ;bppuf -abp; + pbpufJ- (9)

|ra(rl W, )Pp(ul-uz)+%a(%b)(uf-uﬁ)-%w(%b)( -u3) 1\
\

I(H )*| +Sl[1+(9+b)(pl-u2)] (10)
|2 (0+b)u, (ymwy ) +pp (050 )u, (nyok, ) -abOu, (ni-ug)+ bpOpy, (1) -n
r 1 ;. 1 ;a1 1 1
|a(te ~1a) = pp (o -1a) + Zab (g -my) - —pbp (o - pa )+ —a0 (g - ng) - —pop (Lo - my) |
\ |
1 a3 3 1 3 3 1 2 (11)
I(uz):} —abuz(to—u2)+bppu2(to—u2)—gabﬁuz(to—HZ)-*— gpbﬁpuZ(to—u2)—;aﬁuz(t0—u2)l.
‘ 1 1 1 !
‘L+ =pOpu; (t, - n,) + —pbOpu; (ty - n;) - —abOp; (to -pn}) J
2 4 4
So from equations (10) and (11), we get
_ 1
‘:1+ (0+b)(u1 _uz):l
r 1 1 1 1 1
ja(ty ~m,) -pp(ty -m,) + —ab(tg -ui) - —pbp(ty -n;)+ —ab(t; -n3)- —pop(t; -u;) |
| 2 2 6 ° I (12)
1 1 1
i mabp, (o -y ) bppr, (to - wy) - —ablu, (G -y )t —pbOpu, (1 - ky) - —atu, (G k) I
| |-
1 1 1 1
{ +399pu (t uz)+Zpb9pu§(t§-u§)-zab9u§(tﬁ-ui)-a(ufuz)*Pp(ul-uz)-;a(‘%*b)(uf-ui) }
| |
1
|L+Z PP (0+b) (ny-n3)+a (0+b ), (1y-n,)-pp (0+b)p, (ny-p, ) +abOpu, (n]-pj)-bpopu, (nf-n3) J'
Putting value of S; from equation (12) into equation (9), we have
B 1
(1- by, )[1+ (0+b)(ny - n,)]
r 1 1 1 1 7
2 (tomma)-pp (toony) = —ab (oo ) - —pbp (G )+ a0 (1gu5)-—p0p (53 ) -abu, (toh,) \
| |
| 1 3 3 1 3 3 1 2 1 2 ‘
| eprg (t -wg) - ZabOu, (Lo -y )+ —pbOpu, (G - wg ) - Zabug (Gou ) Ze0pk, (tok,) | (13)
| \
1 1 1 1
I+Zpbewﬁ(tﬁ-ui)-zabeui(ti-ui)-a(ul-uz)wp(ul-uz)-;a(9+b)(uf-u§)+;PP(‘“b)(uf-uﬁ)}
| |
|+ a(0sb)u, (uy -uy) -pp(0+b)u, (my -,) +ablu, (n; - ;) -bpopu, (u) - ;) ]
( 1 1 |
Laul - ppK, +;buf + ;bppuf -abufj
.
(1_ b“l)
Putting t = T in equation (8), we have
_ [ 1 2 2 1 2 2 1 14
Q, = La(T “ty) - pp(T -t,) + ;ab(T -ty) - ;ppb(T -ty )-abT (T -t )+ bppT (T -tO)J.. (14)

Using (13) in (5), we have
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o = (1-bt)
(1' b"ll)[lJr (9+b)(”1 _”2)]

’— l 2 2 l 2 2 1 3 3 l 3 3 —|

\a( 2)-pp(t°-u2)+;ab(to-uz)-;pbp(to—u2)+gae(to-uz)- gpep(to'uz)'abuz(to'uz) |

| |

‘ 1 3 3 1 3 3 1 2 1 2 |

| PPPR, (o -y ) - —abOk, (G - )t —pbOpi, (to -k, ) - —abk, (G -, )t p0pR, (G -k, )

| 6 6 2 2 | (15)

‘ 1 2.2 2 1 2 2 1 2 2y |

‘+Zpb9w s (to-ns )-Zabeuz(to-uz)-a(ul-uz)wp(ul-uz)-;a(9+b)(u1-uz)+;Pp(9+b)(u1-uz)|

‘ 2 2 2 2 |

|+ a(0eb)u, (wy -uy) - pp (040 ), (1, -, )+ abOu, (1, -n, ) - bpOpu, (1, - u,) |

( l 2 1 2 2\
(1-bt)Lau1 -ppu, +—bu, + —bppu, - abmJ
2 2 ( 1, 1 2 2 )
+ -|at+ —bt" - ppt+ —pbpt” + abt
(1-bw,) S 2 J

Based on the assumptions and descriptions of the model, the total relevant profit (x), include the following
elements:
(i) Ordering cost (OC) = A (16)

to ny o t

(i) HC = _[(x+yt)|(t)dt = _|'(x+yt)l(t)dt + J'(x+yt I(t)dt + J'(x+yt)|(t)dt

X|a

+ X
+

’
M
(a
|
\
\
\
\
\
\
\
\
\
\
\
\
l

[ ",

l 2 1 2 l 3 1 3\ 1 (5 5 6
t, - ppt, + —abt, - —pbpt, + —abt - —pethJtO + —yL—abO -—ppr o
2 2 6 6 12 12

B, - PDH, \‘
( 1 I
(24 040) (1, - 1,)] | }

I |
l 2 2 1 2 2 l 3 3 l 3 3 —‘ ‘
I‘a( ) pp( Ky )+;ab(to'uz)';pbp(to'“z)+gae(to'uz)'gpep(to'uz)'abuz(to-l’lz) ‘} ‘
\ \ \
| 1 1 1 1 .
| } +bppu, (t, -n,) - gabeuz(tﬁ-u2)+gpb9puz(t2 -ui)-;aeui(to-uzﬁzpepui(to-uz) } o
I | 1 1 1 | }uz }

2 2 2 2 2 2 2

|}+Z bep“ ( '“2)'Zabep‘z(to'uz)'a(ul'uz)erp(P%'“z)';a(eer)(ul _uz) }‘ ‘

[} 1 \
|‘L+; p(0+b)(n; u§)+a(9+b)uz(ul-uz)-PP(9+b)uz(ul-uz)ﬂbeuz(Mf-ui)-bpewz(uf-ui)J\ }
I 1 , 1 , } \
L (1+ (0+b)p,) + —a(0+b)u’ - —pp(0+b)p’ J

2 2 J

‘(aul -pph, \I
1
|+ |
} |:1+ (9+b)(u1 '“2)} I
"V 1 2 2 1 2 2 1 3 3 1 3 3 —||
‘\a(to'uz)'pp(to'uz)+;ab(to'uz)';pbp(to'uz)JrEae(to'uz)'gpep(to'uz)'abuz(to'uz) |
|| [ |
H 1 3 3 1 3 3 1 2 1 2 ||
'XH +bppu, (t, -n,) - gabeuz(to '”2)Jr gprpuz(to '“2)' ;aeuz(to'“2)+zpepp‘2(tu'uz) |
|| [ |
H i 20,2 2 i 20,2 2 i 2 2 i 2 2 ||
IR (to-uz)-4 abeuz(tu-uz)-a(ul-uz)wp(ul-uz)-2 a(0+b)(n,-n,)+ ZPP(‘“b)(Hl-uz) 1
I [ |
[+ a(0b)u, (ny - ny) - pp (040 ), (1, -1, ) + abOu, (n] - ) - bpOpu, (ny - ) |1
\ |
( 1 1 3
Ml + (0+b)p, + —a(0+b)p’ - —pp(9+b)uf}u1 J
2 2
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(1 1 1 ) 1 1 1 2
X| - —pbp + —pOpt, + —pbOpt, + —ab - —abt, - —abbt
L 2 2 4 2 4 J

( (1 h )
\ xL—a(e+b) - —pp<9+b)J |
| \2 |
Ly 1 N
| -a+ | |
‘ | |:1+ (9+b)(p_1 '“z):l ||
\ | | |
r 1 1 1 1 ]
} }\a(to-uz)-Pp(to-uz)+;ab(t§-u§)-;Pbp(ti-uiﬁgae(ti-ui)-gpep(ti-ui)-abru(to-uz) \H
I ; ) 1 i
3 3 3 3 2 2
3} } |t bepr, (- k) - S abon (to -my)+ gpbepuz(to -u,) - ;a"uz(%-m)*;vepuz(to-uz) | H
+y
| \
} ‘\_'_i bopu’ (t2-u’ i bou? (t2-u’ . i 0+b 2 2 +£ 0+b 2 2 \'I
| }‘ " puz(o-uz)-4a o (to-py)-a(m,-n,) PP(Her)'Za( )(ws-ns) 2PP( )(Hl'“z)‘ll
| |
} }L+a(e+b)“2(”1'”z)'pp(e+b)“z(”1'”2)+abe“z(”f'”i)'bpep“z(“f'ui) JH
| }(-9—b)—a(9+b)p1+pp(9+b)u1-abepf+pb9puf+pp i|
L \ )J

1

[1+ (e+b)(ul - u2)]

1 1 1
a(to-uz)—pp(to-p2)+;ab(té—uz)—;pbp(té-pz)Jrgae(t ) gp@p(t - )abu (to-n,)

1 3 3 1 3 3 l 2 1 2
+bppu, (L kg - ek, (1 g )+ =pbOpu, (toon, ) Talug (Gowy )+ —pOpk (1 - )

2

1 1 1 1
+Zpb9w§(t§-u§)-zab9u§ (ti-uﬁ)-a(ul-uz)wp(ul-uz)-;a(9+b)(uf-u§)+;Pp("*b)(uf-uz)

2

+a(0+b)u, (wy - wy) - pp (040 ), (uy - n,) +abu, (g - ug) - bpOpu, (u) - u;)

-
~— -

-0 -b)-a(0+b)p, + pp(6+b)y, - abepf + pbepul2 + pp

~~
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1

|:1+ (6+b)(”1 - “2)]

1 1 1 1
3(tyia)-pp (to-my )+ b (tgohy )= —pbp (to-tg )+ —ab (tg-n,)-—p0p (15 - 13 )-abu, (15-1,)
3

1 3 1 3 3 1 2 1 2
#Dop, (t - ky) - ZabOu, (1w )+ ZebOPR, (Lo -y )~k (thu, )+ 0P, (toon,)

1 1 1 1
+ Zpbepui (ti-ui)-zabeui (tg-u;)-a (y-wz) P (1y0y)- o (0+b) (k) -n3)+ PP (0+b)(n;-n3)

+a(0+b)u, (1, - 1,) - pp(0+b)u, (my - 1,) +abbu, (1) -ny) -bpOpu, (k] - n;)

1 1 1 11 2) )
X| - —pbp+—pOpt, +—pb9pt +—ab-—abt ——ab@tOJ ‘
2 2 4 22 | s 1( (5 5 Y o1 1 A
t, + — xL—abe - —pb6pJ+yL—ae-—pepJ ty
( 1 . 1 O 5( 12 12 3 3 )
+ yL—a +pp + —pbOpT~ - abt, + pbpt, - —abOT J J
6 6

1( (1 1 3 (1 1 1 , 1 1 1 )
+ — XL—a@ - —pGpJ + yL——pbp + —pOpt, + —pbOpt,+ —ab - —abt - —abetUJ t,
4 3 3 2 2 4 2 2 4
( 3
\ 1 \
\ \
‘(l'b”1)|:1+ (e+b)(“1'“z)] |
‘l_ l 2 2 l 2 2 3 3 1 3 ~|‘
}|a(tu'Flz)'pp(to'p'z)Jr;ab(to'l’lz)'_pbp(to'”z)Jr Eae(to'!’lz)' gpep(to'uz)'abuz(to'uz)w
| |
\| 3 3 1 ) |\
| oepmy (o ) - —abOu, (1 - ug )+ —pbOpu, (b, -y ) - —abuy (1 - wy) + —pOPR, (1, - ;) 1
+x\| |\p1
I 1 \
\}j bOpR;(ty -y ) - —abOul(ts - ni)-a(u, -n,) +pp(n, - u,)- —a(0+b)(u] -u}) :\
N ||
1
[ 5op e o) (] wD) = w000 (s =) PP (00 ) (- )+ @00, (] - w]) - op0pu, (] -wl) ||
} 1 2 1 2 2 }
ap, - ppu, + ;bul + ;pbpm-abul
+
L (1-by,) J
1 (1 1 Vo, o1
—yL- ;b- —pbp + abJp1+ g (ab6 - pbep)
4
1( (1 1 N 1( (1 1 N
_L (abo - pbop) + yL_ (0+b) —pp(e+b)Up‘; + —th—a(eer) -—pp(9+b)U
4 2 3 2 2
1
-a +
|:l+ (9+b)(“1 '”2)]
1 1 1 1 3
a(ty-n,)-pp (1, )+;ab(t§-u§)-;Pbp(tﬁ-u§)+gae(ti-ui)-Epep(ti-ui)-abuz(to-uz)+bppuz(to-uz) "

1
|
1 1 1 1 1 |

——abeuz(t -1, )+—pb9pp ( -1, )——aepi(to-p2)+—pepuz(to—pz)+—pbepuz(té—ui)——abeuz(ti—pz) |
6 6 2 2 4 4 |

|
l 2 2 1 2 2 |

'a(”fuz)+pp(”1'”z)';a(e+b)(”1'uz)+ ;pp(9+b)(“1 - p'2) + a(e+b)“z(“1 - “2) - pp(e+b)u2(p1 '”z)l
|

]

\F
\
\
\
\
\
\
‘L +abop, (] -nl) -bpopu,(n; -uj)
(

B
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

-0 -b) -a(0+b)u, + pp(6+b)u, -abbu, + pbépu’ + pp J

3
|
|
|
|
|
|
|
|
|
i
|

J
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1

[1+ (8+b)(m, - 1,)]

{f AR
(. |
. |
I'r 1 1 1 1 71
I }\a(tu-u )PP (to - z)+ —ab (tgony)-—pbp (toopy )+ —a0 (toouy)- —pOp (to-ny)-abu, (to-h,) |I }
\ |
[ 1 1 1 1 |1
] } +bppu, (t, -m,) - —abOu, (tg -pj)+ —pbOpu, (tg-p3)-—a0u; (t, - u,) + —pOpu; (o - n,) I |
ilx‘\ 6 6 2 2 e
2] 1 1 1 | ?
| H+1Pb9pu§(l§-u§)-Zabeui(ti-»i)-a(ulwlz)+Pp(ul>uz)-;a(%b)(uf-ui) II \
|1 1N
1
I }L‘f;vp(e*b)(uf-ui)*a(9+b)uz(u1-u2)-pp(9+b)u2(ul-m)*abem(uf-ui)-bpepuz(uf-ui) J: }
[ |
| ‘L(9-b)-a(9+b)ul+pp(9+b)ul-ab9pf+pb9ppf+pp J |
([ 1 N
| |an, -ppy |
| I 1 1 [1+ (9+b)(u1—uz)} Il
| Ip I
1 1 1 1 ]
} l|a(to-uz)-PP(to-m)*;ab(ti-ui)-;Pbp(tﬁ-uiﬁgae(ti-ua) gpep(t -ny )-abu, (to-n,) \H
| \
1 1 s sy 1 A 1 , |1
1] ||+bpwz(to-Hz)-gabeuz(to-uz)+ gpb"puz(to-uz)-;aeuz(tu-uzﬁ Froeme(to-m) 1,
Y [ M2
2 | \
I n 1 1 1 I
| I+Zpbepuz(to-uz)-Zabeui(tﬁ-ui)-a(ul-uz)wp(ul-uz)-;a(%b)(uf-uﬁ)+;pp(9+b)(uf-u§) } i
| N
} I|L+a(9+b)uz(u1*uz)-Pp(e+b)uz(u1-uz)+ab9u2(uf-u§)>bpepuz(uf-ui) JH
‘L 'L(1+a(e+b> )+ Za(05b )l - —pp (04’ U
[ ( )
| xL— —b - —pbp+abJ |
\ |
| ( 3
\ \ |l
1
\ | - |l
} } (1-bu [1+ 0+b)( pz)] H
| ‘( [ 1 2 2y 1 2 2 1 T 3 3 -H||
‘ H |a(t0'”2)'pp(to'uz)+;ab(to'Hz)';pbp(to'uz)+gae(tn'uz)'gpep(to_uz)'abuz(to'uz) \|||
il L,
= 1 1 1 1 [11n
3| ‘} | +bppi, (151, )-Tabli, (151 )+ —pbOpi, (1] - n}) - —a0w (1, -n,) ¢ —pOpui(, ow,)
\+y\‘b: 6 6 2 2 }lll
} “ | 1 2,2 2 1 2,2 2 1 2 2 1 2 2 ‘||I
‘ }‘ |+Zpbepuz(to'uz)'zabeuz(to'uz)'a(ul'uz)+pp(”1'“2)';a(e+b)(u1'”2)+pr(e+b)(ul’”2)‘|I|
} H |L+a(9+b)uz(u1-uz)-PP(9+b)uz(H1-uz)*abeuz(uf-ui)-bpepuz(uf-Hﬁ) UH
\ \ |l
1 1 \
I b(au ~ppu, + —bu; + —pbpu; -abp; I
‘ L 1 1 2 1 2 1 1 |
L (1-b,) o J
by, J
(( N
[ N
1
|- |l
} } (1'b”1)[1+ (9+b)(“1 '”2)] H
‘ \( ’— 1 2 2 1 2 2 1 3 3 1 3 3 —‘\H
| ‘| \a(to'”z)'pp(to'uz)+;ab(to'“z)';pbp(to'uz)+ Eae(to'p‘z)' gpep(to"’l2)'ab”z(to'uz)\‘u
| L
| 1 1 1 1 \
o } +bppu, (o - 1,) - ZabOu, (g )+ —pbOpu, (oo} )-~a0u (o, )+ =pOpu (€, - u,) }H'
+ =l xllp 6 6 2 2 I
21y N ST 1 N ,
} H }+Zpbepuz(to'uz)'Zabe}’Lz(to'uz)'a(ul'uz)+pp(}’t1'”2)';a(e+b)(”1'u2)+pr(e+b)(u1_uz)}Hl
} M (000D, (i, 1) - o (04B), (u, - 1,) *+ b0, (] -n) - bpopu, (u] - ul) UH
[ N
1 1
} \ b{aul - ppu, + ;buf +;pbpuf -abuf\ \l
L ‘L' (1 b ) -at+ pp J
-by, J
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( 1
|
| (1_b”1)[l+ (9+b)(“1 - "12)]
oy
1 1 1 1
I\ 2 (tmts )PP (to-ty) ¥ —ab(tons)-—pbp Loy )+ (b - wz)- —pOP(ty -u3) - abuy (1 - by)
]
L 1 1
.l I +0ppu; (b - 1y) - —abBuy (g - y) PO, (L) —abuy (thy) —pOPK; (t5-,)
2yl
+ =yl
2 |‘ | 1 2/,2 2 1 2,2 2 1 2 2 1 2 2
|‘ I+Zpbepuz(to'“z)'Zabeuz(to'“z)'a(“f”z)+pp(u1'”2)’;a(e"'b)(”l’uz)+;pp(e+b)(”1'uz
N
: \ lL +a(0rb ), (my - 1y) - pp(04b)u, (uy - n,) +abOu, () -uj) -bppu, (n - u;)
\
1 1
H ap, - ppu, + ;buf +;pbpuf -abp;
| +
{ (1-bk,)
1 (s 5 1 1 1 1
- —y{—abe - —pb()p}ui —x[atD -ppt, + —abti - —pbpti + —aetz - —petijpz
6|12 12 2 2 6 6

=

([ 1 ] 1 8
——LXL—a+pp+—pbeptc—abt0+pbpt0——ab6t0
6 6

N

My T

)

')

1 b2 1 bot? 1 ot 1 0
at -ppt, +—abt -—pbpt +—abt -—p0Ot
0 0 2 0 2 0 6 0 6

V.
)7\

(17)

2 l 5
Juz-gy(abe-pbep)ul

(by neglecting higher powers of 0)

)
(iii) oc = CU pI(t)dt + jetl(t)dtJ
Hy K2
’
|
\a( 1 ,) 1 ,) 1 [ 1 ,)1 [ 1
HoH —H, | PP RH, - T, | T —a(f+b)|pp —H, |-—pp(0+b)| w,p, - —n
}L J lezzjz()tlzgzjz()tlz3
‘ 2 1 3 (1 2 1 3\ (1 2 2 1 4\ (1 2 2 1
-;a(0+b)| —pp,-—p, [tpp(0+b)| —up,-—p, |-abO| —p p-—p, [+ppbO| —p p,-—p
} ( )L 1b2 zJ ( )L21z ZJ L21242J L2124
\ 1
+
e (0w
| ( 1 1 1 \
}|a(to-uz)-Pp(to-uz)+—ab(t§ -y )-=pbp (to -ny) + gae(ti -ui)-gpep(ti-uih
_ | |
_Ce‘| 1 3 2 1 3 2 1 2 |
i -abuz(tu-u2)+bppu2(to-u2)-gabeuz(to “p, ) gpbepuz(to-uz)-;aeuz(to-uz) |
N |
[ 1 2 1 2.2 2y 1 2.2 2 |
+—pOpu, (o1, )+ —pbOppu, (t, - uy)-—abbu, (t; - u, )-alty-p,)Tpp(ty-u,)
}I 2 4 4 |
| |
1 1
H-;a(6+b)(uf-u§)+;pp(6+b)(uf-u§)+a(9+b)u2(u1-uz)-pp(9+b)u2(u1-uz) i
N |
1] +abon, (n, -ny) - pbOpR, (n; -uy) |
| { J
\
L(
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(1 1 1 , 1 , 1 .1 . )
| —ap, - —ppp, +—a(0+b)p, - —pp(6+b)pu, - —abbp, + —pbbpp, |
| 2 6 6 4 4 |
o 1
| |
| |1+ (0+b) (n,-p,) |
I N
( 1 1 1 1 N
I I|a(to-uz) -pp (to-n,) + ;ab(tﬁ -u,) - ;Pbp(tﬁ g ) gae(tﬁ - 1y) - gpep(tﬁ -13) |H
| |
| | 1 . s 1 . 1 " I |
|- abr, () + bppi, (i) - —abOu, (g -y )+ —pbOpi, (ty -1, ) - —abug (tyok,) ([
ol | | 6 6 2 | |
| | 1 l 2 2 2 1 2 2 2 ||
I | I + eopu, (to-n,) + S PboPK, (to -my) - b0k, (to - 1,) -alu,-1,) + pp(u,-n,) I | I
I I
| 1 |
1o =a(oeb)(n? - ni) + =pp (0+b) (WS - 2) +a (0D )p, (wy-,) - pp (04b) 1, (1,-1,) |
o 2 n
i L| +abou, (n] -uy) - pbopu, (1) -u;) | }
L )
| |
I ( 2) |
uu1+;(9+b)u1J J
(1(5 1 1( 1 1 1 11 1 )
‘—(—abe——pbep t0+—(—ae——pep\ter—(——pbp+—p9pt0+—pbepter—ab——aeto——abets\tg \
ol 812 12 53 3 4l 2 2 4 2 4 |
+C
] 1 1 \
\\+;( atpp+ —pbOpt -abt +pbpt ——abGtth +Z[at -ppt, +;abt —;pbpt +Eaet —gpept J § J
(18)
(1(5 5 1(1 1 1( 1 1 1 1 1 1 )
| —[—abe——pbepjp +—(—a9 ——pep]pz+—[——pbp+ —p9pt0+—pb9pt§+—ab——aeto-—abetgju: \
-ce: 6112 12 503 3 4\ 2 2 4 2 2 4 }
1 1 1 1 1 1 1
| + —| -a+pp+ —pbept -abt +pbpt, ——abet —(at 0 PPt +—abt ——pbpt + —aetz - —peptz\pz |
el 6 J T2t 2 o et
(iv) Shortage cost (SC) is given by
(1(1 1 ) 1 )
(7 ) |—L—ab- —ppr(Ta—tg) + —(—a+pp—abt0+pbpt0)(T2—t§) |
sc =.CZU|(t)dtJ S 132 2 2 | (19)
o ‘| 1 1 |
L+ at, (T -t,) - ppt, (T -t,) + —abt) (T -t,) - —pbpt, (T -t,) J
2 2
[ 3
(V) SR = p]| [(a+bi(t) - pp)dt |
o )
(H; "o to T \\
= p“(a+b|(t) - pp)dt + I (a+bI(t) - pp)dt + j (a+bl(t) - pp)dt + I(a+bl(t) - pp)dtJ
0 My My to
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1

1 1 \
a(to'p‘z) - pp(to'uz) + ;ab(ti - “i) - ;pbp(ti - Pz)

1 1
* gae(tz -n3) - gpep(tﬁ S H5) - abp, (t-i,) + bppR,(ty-m,)
1 1 1 1
- —abOp, (t; - p; )+ =pbOpu, (t; - ;) - =abuj (to-p,) + —pOpu, (t,-n,)
6 6 2 2
1 2 2 2 1 2 2 2
+ Zpbﬁpuz(to -n,) - Zabeuz(to “py ) - alugepy,) +opp(R,-H,)

2

1 2 1 2
P CH T R CALDI U BN DI TR

~
i
e
~——e

2 2 2 2
L My ) - pbOpu, (K, - m,) )i
ul-—bulj
1 \( 1 )
+ La L - PpH, + —bp, + —pbpp, -abuf“ul - —bufj
(1-bp,) 2
1 2 1 3
- ;aul - gbu1 + —ppp, - —pbpp, + —abp,

N~

1 1
a(to'!’lz) 'pp(to'uz) + ;ab(tg '“;) - ;Pbp(tg _Hi)

1
+ gae(to ~uy) - =pOp(ty - my) -abu,(to-n,) + bppu,(ty-u,)

1
pboOpu; (ty -1y ) - Zabeuz(té ~uy) - altym,) + pp(ty-n,)
2

l 2 l 2 2
- ;a(9+b)(u1 uy) ;op(‘?*b)(ul Sug) T a(0Fb ), (uy-ny)

(
|
|
|
|
|
|
|
|
|
|
|
|
|\-plr>(9+b)uz(u1-uz)+ abOu, (1 -ny) - pbOpu, (u] -n3)
(

=
~
+
—
=)
+
o
—
——
=
=
~
'
=
N——
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o )
| =1 , 1 , 1 . 1 s 1 . 1 . =|
| |;au1 " S PPH + ga(@ﬂ))u1 - gpp(@*b)ul - Zabeul + zpbepul 1
| | I
1
| | + I
| e |
| |(( 1 2 2 1 2 2 \\ll
| |||a(to'“z)'pp(tu'”z)+;ab(to'”z)';pbp(to'”z) H||
| [1] L)
| ||| 1 3 3 1 3 3 H||
| |||+ gae(to'“‘z)'gpep(to'uz)'abuz(to'p‘z)+bpp”z(to'“z) HH
[ap, +b[ ] LI
| 1 3 2 1 3 2 1 2 1 2 ‘
I :ll_gabeuz(to 'p'z)+ gpbep!’lz(to'uz)'Zaeuz(to'p'z)Jr Zpepuz(to_uz) }‘H
| \
I ||I 1 20,2 2 1 27,2 2 }‘Ii
| I||+ Zpbepuz(tg-uz)-Zabeuz(to-uz)-a(to-uzwpp(to-uz) Hll
| [y 1 L
2 2 2 2

I HI-;a(em)(ul -u2)+ ;pp(9+b)(p_1 Suy) Ha(0tb)p,(n,-n,) HH
l HL-pp(9+b)u2(u1-uz)+abeuz(uf wy) - pbOpu, (1) - u;) HH
| e \ L]
| quﬁ—("*b)ufj JII
| N 2 )|
L-pwl J

( 1 1 1 1 1 3

| |(—at§ - —ppti + —abtz - —pbptg + —a6t3\| ‘

+p|at0+b|2 2 6 L2 | -ppt, |

1 4 1 s 1 5
- —pOpt, - —ab0Ot,+—pbOpt,
12 12 12

I( ‘fa(t 1) pp(t L), b L) \‘ \‘

B, - —H, |- p, - —n — B, - —p
| ‘ L 0 2 2 ZJ L 0 2 2 ZJ 2 L 0 2 3 ZJ ‘ ‘
| 1 1, 1 1,y 1 1) \ \
| \-—pbpktiuz-—u§J+ —aOLtzuz-—HZJ-—pethiuz-—HZJ | \
| | 2 3 6 4 6 4 ‘ \
| ‘ (l 1 s ‘ ‘
. pi ap, + b} abL ton, - —p J + bppL;topz —nu J —abOL—tUuz - —nu J } -ppH, }
} oy 1 1o(1 1, | }
I e e O
| \ 1 \ |
L L+ ZpbepL—topz —u J :abGL—topz n J J J

|( ‘((Tt0 iTz\—pp(Tto—iTz\-%— —ab(t;T £T3 \‘ \\
colarenlt o2 ) U )T |- ppr |
| }-ipbp(tz"l" —Ta\—ab lth——Ta\erbp —th—iTS\} | (20)
el JINE Jreeizet s
p[at + b[iat - —ppt2 + Zabt® - ipbpt3J ppt J
0 2 0 0 0 6 o | ~ 0
The total profit during a cycle, n(to, T,p) consisted of the following:
n(t,,T,p) = l[SR-OC-HC-DC-SC] (21)
T

Substituting values from equations (16) to (20) in equation (21), we get total profit per unit. Putting .= vity and
Ho=V,ty in equation (21), we get profit in terms of t,, T and p. Differentiating equation (21) with respect to t;, T

and p and equate it to zero, we have
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on(t,. T.p) _

i.e.
at

0

provided it satisfies the condition

on’(t,.T,p)

on’(t,.T,p)

0 on(t,,T,p) _
oT

on’(t,.T,p)

ot

on’(t,.T.p)

ot,T

on’ (t,.T.p)

ot p

0

on’ (t,.T.p)

oTt

0

on’ (t,.T,p)

2
oT

an’ (t,,T,p)

oTp

an’(t,,T,p)

opt,

opT

2

op

IV. NUMERICAL EXAMPLE

on(t,,T,p)
0, g =0

op

(22)

(23)

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, ¢, =
Rs. 8, in appropriate units. The optimal values of to* = 0.4505, T* =0.5808, p* = 50.5313, and Profit*= Rs.

12162.9820.

The second order conditions given in equation (23) are also satisfied. The graphical representation of
the concavity of the profit function is also given.

to and Profit
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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.

p and Profit
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119004

118004/
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117004
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115004

114004
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\\
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Graph 3

Table 1
Sensitivity Analysis
Parameter % ty T p Profit
+20% | 0.4569 | 0.5629 | 60.5423 | 17655.9523
. +10% | 0.4526 | 0.5700 | 55.5345 | 14782.9921
-10% | 0.4516 | 0.5965 | 45.5333 | 9795.8726
-20% | 0.4567 | 0.6184 | 40.5414 | 7681.6778
+20% | 0.3794 | 0.5246 | 50.5201 | 12123.7579
« +10% | 0.4115 | 0.5496 | 50.5246 | 12142.1646
-10% | 0.4991 | 0.6206 | 50.5412 | 12186.8211
-20% | 0.5628 | 0.6735 | 50.5564 | 12214.5794
+20% | 0.4397 | 0.5707 | 50.5240 | 12159.4220
0 +10% | 0.4465 | 0.5776 | 50.5297 | 12161.2015
-10% | 0.4546 | 0.5841 | 50.5330 | 12164.7889
-20% | 0.4589 | 0.5875 | 50.5348 | 12133.6245
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+20% | 0.4913 | 0.6344 | 50.5805 | 12130.3498
+10% | 0.4714 | 0.6082 | 50.5565 | 12146.3045
-10% | 0.4285 | 0.5519 | 50.5048 | 12180.4949
-20% | 0.4050 | 0.5212 | 50.4767 | 12198.9846
+20% | 0.4165 | 0.5584 | 42.1586 | 10063.9856
+10% | 0.4313 | 0.5679 | 45.9632 | 11017.7569
P -10% | 0.4748 | 0.5967 | 56.1179 | 13563.7951
-20% | 0.5122 | 0.6245 | 63.1107 | 15316.7190
+20% | 0.4565 | 0.5709 | 50.5498 | 12197.9785
+10% | 0.4537 | 0.5756 | 50.5411 | 12160.3310
) -10% | 0.4455 | 0.5849 | 50.5195 | 12165.9827
-20% | 0.4404 | 0.5907 | 50.5074 | 12169.4242

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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