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Abstract: In this paper, a deterministic inventory model has been developed with a selling price dependent demand rate. A quadratic
holding cost is being considered of time, in which shortages are allowed and is completely backlogged. The objective of this model is to
minimize the total inventory cost. At the end of the paper, numerical examples are provided to illustrate the problem and sensitivity
analysis they have been carried out to show the effect of variation in the parameters with the graphs.
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1. Introduction

Normally in the economic order quantity model, the demand
is either constant or time dependent, but independent of
stock status. However, in the market situation customers are
attracted by display of units in the market. The presence of
inventory has a motivational effect on the people around it
and attracts the people to buy them. In classical inventory
models the demand rate is assumed to be constant but in real
life, demand may be price dependent. Hence the selling
price demand rate is important factor in every inventory
model.

Most of the classical inventory model would not take into
account the effect of inflation and time value of money.
Symbolically it was being considered that inflation will not
influence the cost and price components to any of the
significant degree. However, in the last several years most
of the countries have suffered from large-scale inflation and
shape decline in the purchasing power of money. As a result
while determining the optimal inventory policy, the effects
of inflation and time value of money cannot be ignored.

The recent research works has been done for inventory
model in determining the deteriorating selling price. Further
study has been made with quadratic holding cost including
time variation and dependent demand rate with deterministic
inventory model with shortages. For examples, Burewell [2]
has developed economic lot size model for price dependent
demand under quantity and freight discounts. Further studies
have been developed for the procedures which determine
quantum lot size and selling price when demand depends on
price and are unit quantity discounts are being offered.

Bhunia and Maiti [1] have found the inventory model for
selling price demand and linearly time dependent demand.
Furthermore investigation has been made for deterministic
inventory model in deteriorating item which is being
analyzed by demand rate with instant of time being the
function of selling price and for that, shortages are allowed
and being backlogged. Teng and Chang [14] have

considered the economic production quantity model for
deteriorating items with stock level and selling price
dependent demand. Further investigative study has been
made on a lot of goods being used by consumer displayed in
supermarkets are occasionally being associated with regular
sale items for inducing maximum. Dr. Kapil Kumar Bansal
[6] has developed an inventory model for deteriorating items
with the effect of inflation. Further investigation has marked
on the effect of inflation, for which deterioration rate has
been considered time dependent. Mohan [9] has developed a
quadratic demand variable holding cost with time dependent
deterioration without shortages and salvage value.
Furthermore for the conditioned paper recognized an
attempt for studying deterministic inventory models for
deteriorating item with the inclusion of variable holding
cost.

Varsha Sharma and Anil Kumar Sharma [15] have found a
deterministic inventory model with selling price dependent
demand rate, quadratic holding cost and quadratic time
varying deteriorating rate. Further investigation has been
made for deterministic inventory model for deteriorating
products having demand which is function of selling price,
holding cost is considered as a quadratic function of time.
Since most of the authors have put their work on inventory
model of analysis following shortages of dependent demand,
hence with this preview of work, the present study deals
with inventory model in which the deterioration rate and
holding cost are quadratic, shortages are allowed and is
completely backlogged. The model is solved for minimizing
the total cost.

2. Paper Structure

e The demand rate is the function of selling price
D{ p(t)} =a—bf (t) where ‘a ‘ is fixed demand; a, b

>0 and a>>b

e P(t) is the selling price of the item at the time ‘t” and
consider as P(t) = pe™ is the selling price per unit at time
t
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e There is no repair or replacement of the deteriorated unit
during the cycle time under consideration.

e Shortages are allowed and completely backlogged.

Lead time is zero.

r is the inflation rate.

I(t) is the level of inventory at any instant of time ‘t’.

C is the unit purchase cost & K is the ordering cost per

order.

C, is the shortage cost per unit time.

o T is the length of the cycle.
o 1, is the length of the of period with positive stock of the

time.
e The holding cost is quadratic with time dependent

H (t) =h+5t+At? h>0,5>0, A>0.
e The deterioration rate is time
O(t)=a+ Bt+yt? p>0,t>0,a>0,Y>0

varying

3. Model Development

A variable function O(t) of on hand inventory deteriorates
per unit time. In the present model, the function H(t) is

assumed quadratic of the form H(t) =a+ pt+ ytz B>
0,t>0,=0,Y>0

i &

Figure 1

H(t) holding cost of the item at time t
H(t)=h+st+At> h>0,5>0,A>0 Generally the

inventory level decreases mainly due to demand and due to
deterioration of units, the differential equation governing the
system in the interval (0, T) is given by

2O o(01)-p{p()}.0<t<T o

dt
= —(a+pt+yt*)1(t)—(a—bpe")
(2)

Solution of the differential equation after adjusting constant
of integration and initial condition, t =0, | (t) = (O)

I (t):exp{—[aHﬂi+y§}H—a(t+at22 +,Bt; + ;;H

+ bp

2
t+(a+rjt2+ pB+2rd+r i
2 6
" L+ ﬂ r ﬂ t4
12 8 8 24
2 2 2 3 3
+}/_r+ﬁ+r_0{ t5+ rj/_’_ﬂr t6+7r t7
15 20 30 36 72 126
+( L jt*” ( NS jtﬁ }+I(0)
15 20 30 36 72 126

@)
Inventory without decay |, (t) at time ‘t’ is given by

d r
il (t)=—(a—bpe")
bpe" b
bpe" bR
r r
[Using initial conditionat t =0, | (t) = | (O)]

= 1y (t)=-at+

The stock loss Z (t) due to decay in [0, T] is given by
Z(t)=1y (t)=1(t)
bp(1-e")
r

—_at— +1(0)-1(t) ()

Equation (3) gives

1(0)

2t t? t3 t
=l (t)exp| at+f—+ +a|t+ +f—+y—
) p{“ P 73} ( P 12J

2 3
2 6 12 8 24
2 2 2 3
+ }/_r+£+r_0( t5+ r_7+ﬂ_r t6+7/r (6)
15 20 30 36 72 126
Substituting value of | (0) from (6) in equation (5), we get

bp(1—e™)
r

+1 (t){exp[auﬂ%ﬂ/gj—l}

2 £t
+a|t+a—+B—+y—

_bp

Z(t)=-at-

12

_bp{t+(a+r)t2+[ﬂ+2l’d+r2jt3+[ £ 7’3 jt
2 6 12 8 8 24

+( +rﬁ ]ts ( 7 ﬂl’ Jte }(7)
15 20 30 36 72 126
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Att=T, we get di(t)

Z(t) T=—49(t)|(t)—D{p(t)},ost<T
bp(1—e " di(t
:_aT_M #:—e(t)l(t)—D{p(t)},O£t<tl
r
2 3 4 dl(t) ;
+a[T+aT?+,B% 7/1—2] Tz—(a—bpet),tlgtsT
, s, With boundary condition I(t)zO att=t,
—bp{T+(a+r)T2+(’B+2rd+r JT3 [y+r,b’+r,b’+rJT4 rt
2 6 128 8 24 | t)——at+bpe o _bp
(yr r’p raJTS (rz;f ’BrSJTG ()= r %
H o=ttt |t =5 The total amount of shortages cost during period [0, ¢,] is
15 20 30 36 72 given by !
+%T7} @ SC=-Cf 1(t)dt
2\ bp ol bp
Note that I(t):O SC=_C[ (t1 T) % ( —¢' ) IO(ti_T)+T(t1_T):|
Order quantity is given by 1)
Q =z (T)+J.0T(a—bpert )dt In this case
T2 T3 -l-4 C(T’P)
=a T+a—+,6’— y— K CQ 1,7
a+r)., [(B+2rd+r?\_, [y r,b’ [)’
_bp{n( 2 )T +( 6 JT +[2+8 E 24]T =5+C{a(1+ﬂ+’m2+7/Ej—bp{l+[a+ro
f 18 ra ﬂ o T 2 6 12 2
ygrorp rai-s ARE
+(15+ 20 + 30 JT +( 36 72 JT +126T } N L+2rd +r° T2, 27 +3rf+3r’a+r° 10
6 24
©)
Also I(O)zQT implies
T (a-bp bprh
I(t) +h(a—bp)5+( 5 j(ha+5)T2—TT2
2t 2hp+as s _bpr ., bpr’T?
= —|at+f—+y— ——|(a—bp)T haT
exp[ La +ﬁ2+ygﬂ +( o ](a p) g 5
a T2_12 T3 _¢3 _bprT3 A ha2 b T3
[a[(Tt)+ ( ; )+ﬂ( - )+é(T4t4)] s tlp g |@be)
a bp (o bp
—bp{(T—t)J{a”J(TZ t) (ﬂ+2rd+er(T3—t3) —C{E(tlz_TZ)_T(ert —eT)—lo(trT)+T(t1—T)}
2 6 (12)
y 1B rZ,B r3 i For minimum total average cost the necessary criterion is
S ——+— (T -t
+(12+ g 8 24]( ) %{C(T’P)}
o r’g orla -0
(G5 o) o g T ((aer
:>—K+T2C{a(—+—+y—J—bp{( j
2 3 4 2

2 3 3
+(r—7+’8—r](T6—t6)+ﬂ(T7—t7)} (10)
36 12 126 f+2rd +r2 2y +3rB+3r2a+r° ),
As stated earlier the holding cost is assumed to be a + 6 T+ 24 T
quadratic function of time i.e.

H (t)=h+dt+At®

Shortage cost
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T? a—bp bprh From the table-1, we conclude that, when the value of the
+h(a—bp)—+( )(ha+5)T2 =T parameter a decreases, the total cost of the deterministic
2 6 3 model decreases.

2713 3
+( 2hﬂ+ agj(a_ bp)T3 _M haT3 — bpr T — bprT 320 I =|'.":-'l'.'.':'l ey .'llu'l.'u'l.'i".":'.l"." a1 ?ll'i.'l TC
24 8 8
A hOl2 4 bp rt aas| b
+£E—T}(a—bp)T —C1|:—aT +T(e —1)+|0

(13)
For fixed p which can be solved for C (T, P) numerically

130 .

Total antmal ooen (TG}

by using theory of equations.

d*[C(T,P)]

dT?

2 3
=C{a+bp{(oc+r)T+T2(ﬁ+2roz+r)+[27+3rﬂ;3r axr ]T3} g a5 . 5 2 25 3
G .'lu'l.'u'LI"fl'."f.]'.:‘:"u'l
+h(a—bp)T +(a-bp)(ha+5)T*-2bprhT? rep

3 3 3 Graphl: Shows that if parameter a increases then the total
+§(2h,6’+ as)(a—bp)T? +EbprhaT3 +Ebpr2T3 cost increases.

3 , A—3ha? , t Table 2: Relation between b and (TC)
+—=bproT° +12| —— (a—bp)T -C, [—a+bper ] Parameter | % [Value of the |Optimal cost or total cost for
2 24 b change | parameter b | deterministic model (TC)

1.9 +75% 3.325 303.0268
(14) 1.9  [+50% 2.85 307.1850
Furthermore, Equation (14) shows that C (T, P) is convex 1.9 +25% 2.375 311.3431
with respect to T, so for a given positive integer T, the 1.9 -25% 1.425 319.6593
optimal value of P can be obtained from equation (13). 19 -50% 0.95 323.8175
- 0,
d 2 I:C (T, P)] . 1.9 75% 0.475 327.9756
_—=>
dT? From the table- 2, we conclude that, when the value of the
parameter b decreases, the total cost of the deterministic
4. Numerical Example model increases.
To illustrate the results obtained for the suggested model, a 30 [ T b perae e T :
numerical example with the following parameter value is
considered using Matlab. sl }
Leta=0.002,=1,Y=2,a=15b=19,p=2,r=0.52,
T=0.75,C=25,8=07,A=2,h=052 C, =050, |, = 5 =i |
1, '[l = 0.75, K = 249.086, substituting these values in g
equation (12), the optimal solution (total inventory cost) is E I
obtained as 322.0961 »
2 anap -
5. Sensitivity Analysis
NS5 B
Now we will test the sensitivity of the optimal with respect
to demand parameter a & b and a, B, Y in deterministic 300 s s s s s s
m0d9|. a as 1 15 2 25 3 35
. . Graph 2
Table 1: Relation between demand parameter a and optimal P
cost (TC) s Graph 2: Shows that if parameter b increases then the total
Parameter Value of the |Optimal cost or total cost for
% change e cost decreases.
a parameter a | deterministic model (TC)
15 75% 2.625 335.7639
15 50% 2.25 330.4221
15 25% 1.875 325.8661
15 -25% 1.125 319.1119
15 -50% 0.75 316.9136
15 -75% 0.375 315.5012
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Table 3: Relation between parameter r(i. e. Inflation rate)

and (TC)
Parameter r|% change Value of the| Optimal cost or total cost
parameter r |for deterministic model (TC)
0.52 +75% 0.91 327.2876
0.52 +50% 0.78 327.5305
0.52 +25% 0.65 327.7596
0.52 -25% 0.39 328.1790
0.52 -50% 0.26 328.3706
0.52 -75% 0.13 328.5508

From the table -3, we conclude that when the value of the
parameter r decreases, the total cost of the deterministic
model increases.

Relation betaesn parameer r and TG
1208 T

124

122

(TG}

e

ixval

Teral antrnal oast

AXTE

1XA

L L L L L L L L
a1 az2 0.3 0.4 Q.5 08 a7 0.8 a4 1

parameser r

Graph 3

Graph 3: Shows that if parameter r increases then the total
cost decreases.

Table 4: Relation between parameter p and (TC)

Parameter| % Value of the | Optimal cost or total cost
p change | parameter p |for deterministic model (TC)
2 +75% 35 325.8672
2 +50% 3 326.7617
2 +25% 25 327.6563
2 -25% 1.5 329.4453
2 -50% 1 330.3398
2 -75% 0.5 331.2344

From the table -4, we conclude that when the value of the
parameter p decreases, the total cost of the deterministic
model increases.

Relstion betwesn parameter p and TC
el T T T T T

331

Total optinal cost {TC)
ki ki o]
[=z] L =)

k3
=

K

05 1 15 2z
parameter o

Graph 4

]
(o]
3]
L
o

Graph 4: Shows that if parameter p increases then the total
cost decreases

6. Conclusion

The prime objective of this study is the formulation of a
deterministic inventory model for the deteriorating items
under price dependent demand rate and time dependent
holding cost , when the supplier offers a trade credit for a
specified period. Deterioration is taken as quadratic function
of time. The model is solved for cost minimization.
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