Annals of Pure and Applied Mathematics

Vol. 27, No. 2, 2023, 55-62 Annals of
ISSN: 2279-087X (P), 2279-0888(online) :
bl o 20 e 2003 Pure and Applied

www.researchmathsci.org :
DOI: http://dx.doi.org/10.22457/apam.v27n2a03906 Mathematlcs

An Inventory Model with Deteriorating Items having
Price Dependent Demand and Time Dependent Holding
Cost under Influence of Inflation
Pujari Thakur Singh*” and Anil Kumar Sharma?

Department of Mathematics, University of Rajasthlaipur 302004
Maharani Shri Jaya Govt. College Bharatpur (Ragstindia 321001
’Department of Mathematics, R. R. Govt. College Alwa
301704, Rajasthan, India. E-ma@harma_ak002 @yahoo.com
*Corresponding author. E-mapujarithakursingh@gmail.com

Received 7 May 2023; accepted 16 June 2023

Abstract. This study presents a mathematical inventory madetre the demand is
considered a function of the selling price, indiogtits dependence on the selling price.
Also, the holding cost is assumed to be a lineactfan of time. The main objective is to
determine the maximum total profit through the lelissAhment of this model. To achieve
this, we analyze the effects of varying parametduaes used in our model. To illustrate
the sensitivity analysis, a numerical example ipleyed. Graphs are generated to depict
the relationships between the model parametersdbeomic order quantity (EOQ), the
optimal time, and the total profit.
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1. Introduction

Inventory encompasses various types of goods, dimadu physical resources, raw
materials, and finished products. Inventory thesindies optimal resource allocation and
employs information technology for decision-maki@psts associated with storage and
maintenance are key considerations. Challenges ssclproduct damage arise in
inventory management. Over the past 20 years, mumeaesearch papers have focused
on inventory models. These studies explore varmg@ects such as demand patterns,
including ramp, time, selling price, and combinaticof time and demand, as well as
linear and quadratic demand functiols[2], the authors divided the time cycle into two
parts and introduced a convex function with time. iAventory model was created for
deteriorating items considering inflation in [18)caincorporated partial backlogging,
time-varying replacement cycles, and time-varyingoriage intervals. In [10], a
mathematical inventory model was presented for miaga deteriorating items by
considering demand as a function of time with agraype pattern, and the deterioration
rate as a Weibull density function. In [11], therdad was taken time-dependent and
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guadratic, while the deterioration rate was assutoelde constant and maximized the
overall profit. A stochastic deteriorating invent@gSDI) model was recommended in [5].
In [9], the authors explored a joint optimizatiowael for multi-unit systems, specifically
focusing on block replacement and periodic reviewentory policies. In [3], an
inventory model where the deterioration cost isuassd to be constant and the demand
follows an exponential decline was presented. [f],[2 mathematical inventory model
was introduced and developed with an infinite rejglement rate, zero lead time,
constant deterioration rate, and a holding codthees linearly over timeln [4] an
innovative fuzzy inventory model was designed thddresses the challenges posed by
deteriorating items with price and time-dependemhand under influence of inflation.

An EOQ model was developed considering two-stagerehénistic demand in [14].
An inventory model introduced in [7] with deteriiom of stochastic nature and
exponential distribution. Various factors such aseliability function and hazard rate
function were derived in [12]An inventory model developed in [1], in which
deterioration rate taken as Weibull function withreie parameter. And cost of
transportation taken as depending on lot size6)ngn inventory model was considered
for a perishable rate modeled as a Pareto disiwibaind linear holding cost. In [16], the
concept of inventory level was defined within thdégtinct intervals and incorporated the
term "net discount rate of inflation" into the aym$. [8] extended an inventory model by
dividing the inventory level into three parts. Timedel incorporated a demand rate that
depends on the selling price and a Weibull detation rate. In [15], an EPQ model was
presented that considered the carrying cost agarlifunction of time and incorporated a
price-dependent demand.

In our present article, we aimed to develop a howathematical model for
inventory management. This model incorporates treept of item deterioration over
time, with the demand rate of items being dependenthe selling price. The holding
cost is considered as a function of time. It isdmant to note that all these conditions are
considered while considering the influence of itdla.

This paper is divided into several parts: Sectiorpr@sents the notations and
assumptions. The mathematical development of oulleinis presented in Section 3,
along with its solution. Section 4, provides a ntica example where specific values of
parameters are used. A table is included in Sedioshowing the sensitivity of the
model. Section 6, presents the observations andtgse§he conclusion of the paper is
presented in Section 7.

2. Assumption and notations
The demand rate is depending on selling price metfan of selling price, i.e.,

a m
D=a-bp™, O0< ps(gj

wherea > 0 andais initial demand units/year. And b, m>0

p(t): selling price/unit at time t.
r: inflation rate.

56



An Inventory Model with Deteriorating ltems haviRgice Dependent Demand
and Time Dependent Holding Cost under Influenciaftétion

h(t): h.t, is time dependent holding cost, where holding cost parameter and is greater
than zero.

A: ordering Cost

C: unit purchase costs

T: cycle time.

0: deterioration rate and 06<< 1.
Q: lot size.

TP: total profit/cycle time.

3. Mathematical formulation of the model

In this model initial at t=0, inventory level is Qhen inventory level diminishes due to
demand and deterioration. It becomes zero at tifieRigure 1 describe our
mathematical model.

1(t)

Figure 1.

Governing Differential equation of the model: -
d

E(I (t))+61 (t)=-D
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With condition 1(T) =0

We have

%(' (t)+61 (t) =—(a-bp™) =bp™-a (1)

Integrating Factor of equation (1)
e[edt _ @

=e
Solution of equation (1)
| (t)e* = (bpm—a)j edt +c, with taking 1(T)=0

_(a-bp" \r gy _

Weget | (t) —( 2 j[e 1} ..(2)
using 1(0)=Q, level get initial inventory level

—bp™ ;o
Q=%(e -1) .3)

Different costs associated with this model areudated as follows:

(i)  Ordering Cost (O.C.FA

(i)  The Sales revenue (S.R?)j p.Ddt = p.(a—bp’“)dt :p.(a—bp’“)t ..... 4)
0

Ot O —

(i)  The deterioration cost (D.C3 C[Q— De‘"dt}

_ C(a—bp”‘)K em0‘1]+(e_”r‘1ﬂ ..... 5)

t
(iv) The holding cost (H.C.¥ j hte™.I (t)dt
0

g | r* (r+6) 2 (r+8)

(v) Total Cost (T.C.)=0O.C. +D.C. +H.C

=A+c(a_bpm)Ke” ‘1]+(e"1—1ﬂ+“(a‘bpm){_ 1, & et {em (1) _ g (1+t(r+6’))H

6 r 6 r° (r+6 r (r+6)°

(vi) Total Profit=S.R. — (O.C. + D.C. +H.C))
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=p.(a—bp’“)t—A—C(a—bpm)[[em_1J+[e_”_]ﬂ_h(a_bpm){_1+ e +em+e){ew(1+2”)_em(l"t(”g))H

6 r 6 r? (r+9)2 r (r+9)2

(vii) Total Profit per cycle= %[S.R.— (OC.+DC.+HC)]
_P(azbe")t_a_Cla-bp)[(e-1) (en-1)]_h(a-bp")| 1. e™ | etg(1+rt)_em(1+t(r+6))H
[ |

N T T T 6 r T8 P (r+d r? (r+¢9)2

4. Numerical example
Values of parameters used in our Inventory Model as

a= 100 units/year, b= 0.8,= 0.05, C = 20 units/year, h = 80/year, p = 25/uni= 2,
T=3, r =0.003, A=1000
We put these values in equation (3) and (9), aheddhis problem by MATLAB
Software. We obtained the following optimum values:
t*=2.7991
Q*=2832.1
TAP=89775

5. Sensitivity analysis

By changing values of parameters used in our mantlread out the effects on t*, Q*
and TAP. Rate of changes in values of parametertaken -20 %, -10%, +10% and
+20%. (see the table 1)

Table 1 Variation of t*, Q* and TAP w.r.t. a, b, p, m, I, C,0, h, and A

Paramete | Change in Parame | t* Q* TAP
-20% 2.799. | 2184.¢ 6933:
-10% 2.799. | 2508.¢ 7955:
a =1000 | 0% 2.799. | 2832.. 8977t
10% 2.799. | 3155.¢ 9999¢
20% 2.799. | 3479. 11022(
-20% 2.799. | 291: 9233C
-10% 2.799. | 2872.¢ 9105:
b =0.Z 0% 2.799. | 2832.: 8977t
10% 2.799. | 2791.¢ 8849’
20% 2.799. | 2751.: 8721¢
-20% 2.822¢ | 2977.¢ 9868t
-10% 2.811: | 290¢ 9430:
p=2t 0% 2.799. | 2832.: 8977¢
10% 2.787. | 2747.: 8511¢
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20% 2.774¢ | 2654.. 8034
-20% 2.799. | 312¢ 9902¢
-10% 2.799. | 3024.: 9584(
m =2 0% 2.799. | 2832.. 8977t
10% 2.799. | 2466.¢ 7822¢
20% 2.799. | 1770.% 5624t
T=3 -20% 2.1377 | 2231.: 5077¢
-10% 2.472¢ | 2529.¢ 6905
0% 2.799. | 2832.. 8977¢
10% 3.119¢ | 3139.¢ 11291(
20% 3.436( | 3451. 13846(
-20% 2.799: | 2832.. 8985¢
-10% 2.799: | 2832. 8981t
r = 0.00: 0% 2.799. | 2832.. 8977¢
10% 2.799( | 2832.. 8973¢
20% 2.798¢ | 2832.. 8969
-20% 2.818: | 2832.. 8926!
C=2( -10% 2.808¢ | 2832.. 8951¢
0% 2.799. | 2832.. 8977t
10% 2.789¢ | 2832.: 9003¢
20% 2.780(C | 2832.. 9031(
-20% 2.798¢ | 278¢ 8866(
-10% 2.799( | 2810.¢ 8921¢
6=0.055 | 0% 2.799. | 2832.. 8977¢
10% 2.799: | 285¢ 9033t
20% 2.7997 | 2876.; 9090¢
-20% 2.744; | 2832.. 6840(
-10% 2.775(C | 2832.. 7906
h =8( 0% 2.799. | 2832.. 8977t
10% 2.818¢ | 2832.. 10051(
20% 2.834¢ | 2832.. 11127(
-20% 2.799. | 2832.. 8970¢
-10% 2.7991 | 2832.. 8974
0% 2.799. | 2832.. 8977¢
A=100C | 10% 2.799. | 2832.. 8980¢
20% 2.799. | 2832.. 8984

6. Observations and results

From above table we find results as following:

The values of t* (time), TP (total production), a@d (quantity) show different patterns
when varying certain parameters. Here's a sumnfahedrends:

() With increasing parametex, the values of t* and TP increase linearly, wt@ge
remains unchanged.
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(i) With increasing parameter A, the values ofarid Q* remain unchanged, while TP
increases linearly.

(i) With increasing parameter b, the value ofr¢tmains unchanged, while both Q* and
TP decrease linearly.

(iv) With increasing parameter ¢, Q* remains undwh t* decreases linearly, and TP
increases linearly.

(v) When increasing parameter h, Q* remains unchdntf initially increases and then
remains constant, and TP increases linearly.

(vi) When increasing parameter m, Q* and TP iritidecrease linearly and then become
constant. The values of t* remain unchanged.

(vii) When increasing parameter p, Q* initially deases linearly and then becomes
constant. Both t* and TP decrease linearly.

(viii) When increasing parameter r, Q* remains wued, while both t* and TP
decrease linearly.

(iX) When increasing parameter T, Q* and t* iniifahcrease linearly and then become
constant, while TP(T) increases linearly.

From the above results, it can be observed that’Qgnd TP all increase linearly with
increasing values of the parameter Theta.

7. Conclusion

We tried to develop an inventory model while alémiag to maximize total profit and
minimize total cost. The value of total profit ieases as the values of parameters a, T, C,
theta, h, and A increase. The value of total paditreases as the values of parameters b,
p, m, and r increase. Therefore, this model proode very helpful for inventory holders
who have similar conditions in their business, @ssfon, or companies. By incorporating
additional considerations, conditions, and speagdumptions, we have enhanced the
benefits and realism of this model for future aggtions.
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