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Abstract

The main purpose of this paper is to develop an inventory model under fuzzy
approach by considering the effect of inflation and time value of money, to
determine the optimal time period for inventory cycle and minimum total
average costs. The model is integrated production inventory model developed
where; the Demand has a direct linear impact on production rate. The model
can be divided into four stages. In the first two stages with original produc-
tion rate and subsequent change in production rate, inventory level rises.
Third stage is time after the accumulation of inventory and before the deteri-
oration starts, where demand which selling price dependent is depreciating
the inventory level, while in the fourth stage deterioration occurs, which is
considered to follow two parameter Weibull distribution. The back-order is
not considered. Hexagonal fuzzy numbers are used to derive optimum solu-
tion and defuzzification by graded mean integration representation method.
A numerical example is given to demonstrate the applicability of the pur-
posed model and sensitivity analysis is carried out to reveal the impact of
change in parameter values.

Keywords

Weibull Distribution Deterioration, Variable Production Rate, Hexagonal
Fuzzy Number, Selling Price Dependent Demand, Inflation

1. Introduction

Any inventory system should focus on maintaining and increase levels of cus-

tomer satisfaction while keeping inventory costs within predetermined time frames.
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The only way to increase the profit is to manage the product demand in accor-
dance with market ups and downs and fluctuations. When it comes to low-life
products that deteriorate quickly, such as milk products and vegetables. Addi-
tionally, it is not feasible to fix the demand for such things during the course of
the products lifecycle. The stability of the production process, uncertainty re-
garding the magnitude of future requests, uncertainty regarding inventory costs,
uncertainty regarding deterioration, etc., are some key factors that determine
whether inventory control is successful or not.

In practice, parameters change over time, depending on the circumstances. In
this research, a production inventory model for deteriorating products under the
influence of inflation is considered. In today’s unstable economy, especially for
long-term investments, the effects of inflation cannot be ignored because uncer-
tainty regarding future inflation may also affect the ordering strategy. As infla-
tion devalues currency, this effect of inflation should also be taken into account.
Tayal et al. [1] studied production model where demand rate is exponential and
shortages are not allowed, holding cost is time dependent with constant deteri-
orating rate. Ghasemi [2] developed economic production quantity model for
deteriorating products with and without shortages where holding cost depends on
ordering run length. Krishnaraj & Ishwarya [3] developed an inventory model
with Weibull demand rate for deteriorating items where shortage is considered
during lead time. Ardak & Borade [4] studied optimal policy for deteriorating
products where demand pattern changes during buildup time and during deple-
tion period also deterioration starts after a certain time and it varies as well. S.
Singh et al [5] studied partially backlogged inventory model for deteriorating
items where demand is time dependent with shortages taken into account and
partially backlogged at a rate of decreasing function of waiting time for next
replenishment. Tripathi et al. [6] established inventory model with and without
shortages allowed and demand is exponential time dependent with variable de-
terioration. Sahoo & Tripathy [7] studied time dependent holding cost with de-
terioration following three parameter Weibull distribution, also salvage value is
considered in this model. S. R. Singh et a/. [8] developed inventory model where
production rate is time dependent and demand is function of production rate.
Ardak [9] investigated production inventory model with constant deterioration
rate and checked the effect on holding cost by change in demand rate. D. Singh
[10] constructed production inventory model with constant deterioration rate and
stock as well as selling price dependent demand. Also proposed solution-search
process to determine the preservation technology and ideal production time.
Sinha & Modak [11] developed a production inventory model that takes into
account the issues of carbon emission and carbon trading. S. R. Singh & Rani [12]
developed an inventory model under inflation where demand is multivariate
with markdown policy with shortages for deteriorating item. Abdul Halim et a/
[13] studied inventory model with an overtime production opportunity for dete-
riorating items. K. Kumar et a/. [14] proposed an inventory model for healthcare
medicinal products with deterioration rate following three parameter Weibull
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distribution under the inflation and partial backlogging. Barman et al. [15] ana-
lysed optimal production policy for supply chain model with two levels for dete-
riorating products considering both cases, with and without shortage. Roy Chowd-
hury [16] formulated production inventory model with time dependent demand
and time dependent holding cost for constant deteriorating rate and shortages
are avoided. Sharma et al. [17] studied an economic production quantity model
with time dependent deterioration and different demands assumed at the differ-
ent stages of the model to improve the profit for low-life items and shortages are
partially satisfied.

Some parameters have ambiguous definitions or not clearly defined; their val-
ues are approximated based on subjective beliefs. In order to evaluate the optim-
al solution for the model in various diverse circumstances, the inventory model
is solved in a fuzzy environment. Shekarian et al [18] performed a survey as a
scientific and complete evaluation in the subject of fuzzy inventory model, fi-
guring out the principal achievements attained. In total, 210 paper samples are
diagnosed and labeled in line with the common characteristics of the model.

Roy et al [19] formulated fuzzy inventory model with stock dependent de-
mand under inflation and time value of money. Pal et al [20] studied fuzzy pro-
duction inventory model with two parameter Weibull deterioration rate under
inflation where shortage are not considered and demand is ramp type. Pal et al.
[21] developed fuzzy economic order quantity model under inflation with ramp
type demand and shortages with Weibull deterioration rate. Jaggi et al [22] stu-
died optimal ordering policy in fuzzy environment with constant demand under
inflation over fixed planning horizon. Behera & Tripathy [23] investigated in-
ventory model under fuzzy environment where demand which is function of time
and depends on reliability for deteriorating items. Sen & Saha [24] investigated
negative exponential demand rate with fuzzy lead time with partial backlogging
for deteriorating items. The model has distinctive design due to probabilistic de-
terioration. K. Kumar et al [14] formulated an inventory model where demand
is time dependent and ordering cost is function of time as well, where trapezoid-
al fuzzy numbers are used and partial backlogging are allowed for deteriorating
items. S. Kumar [25] developed a production inventory model with exponential
time dependent demand under fuzzy environment and shortages are partially
backlogged. The backlog of undersupply is regarded as a function of waiting
time. Chaudhary & Kumar [26] studied a model under Intuitionistic fuzzy set
theory to reduce the uncertainty with constant deterioration rate, and the de-
mand is considered to be quadratic with shortage. Choudhury et al [27] investi-
gated adverse effects of environmental contamination brought on by production
under fuzzy approach. The model is considered for deteriorating products hav-
ing expiration date. Malumfashi et al [28] constructed a production model with
two stages of production and exponential demand with time dependent holding
cost for deteriorating products

In this paper, an inventory model using a fuzzy approach was built to ascer-
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tain the ideal time period for the inventory cycle and the lowest possible total
average costs. It is the production inventory model created for deteriorating
products in which the production rate linearly dependent on the demand.
There are four stages in the model. In the first two stages, with starting pro-
duction rate and following change in production rate, inventory level rises.
The third stage occurs when demand, which is based on selling price, is depre-
ciating the inventory level. This stage occurs after inventory accumulates but
before deterioration begins. Deterioration occurs in the fourth stage, which is
two-parameter Weibull deterioration. Backorders are not taken into account.
The optimum solution is determined using hexagonal fuzzy numbers, and the
defuzzification process is handled using the graded mean integration repre-

sentation approach.

2. Definition and Preliminaries

Definition 2.1. [29]

A fuzzy set A on the given universal set is a set of order pairs
A= {(x, 78 (x)):x € X} , where, 41;:X —[0,1] is a mapping called member-
ship function. The membership function is also a degree of compatibility or a
degree of truth of xin A .

Definition 2.2. [29]

The a-cutof A isdefined by, 4, = {(x:p;(x)=a,a20]

If Ris a real line, then a fuzzy number is a fuzzy set 4 with membership func-
tion u;:X —> [0,1] , having following properties,

1) A isnormal e, there exists x e R such that U (x) =1;

2) A is piecewise continuous;

3) supp(;l)zcl{xeR:,u;l(x)>O};

4) A isaconvex fuzzy set.

Definition 2.3. [30]

The fuzzy number set A= (a,b,c,d,e,[) where, a<b<c<d<e< [ and
defined on R, is called the Hexagonal fuzzy number, if the membership function

of A isgiven by,

R(x):l[f_x), e<x<f

0, Otherwise

The a-cut of Ez(a,b,c,d,e,f), 0<a<l is A(a):[AL(a),AR(a)] where,
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4y (a)=e+(e-d)a=R"(a),
Ay (a)=f+(f-e)a=R"(a),
And,
()= L' ((Jc)erL;1 (@) _ a+b+(2(:—a)a
1371(05)_}%1_1 (a);—R2'(a):e+f+(2d—f)a

Definition 2.4. [30]
Suppose A=(a,,a,,a;,a,,a5,a5) and B=(b,b,,b,,b,,b;,b;) are two hex-

agonal fuzzy numbers, then arithmetical operations are defined as,
1) A®B=(a,+b,a,+b,,a,+b,,a, +b,,as+bs,a; +b;)
2) A®B= (ab,, a,b,,a;by,a,b,,asbs,a.by)

3) A-B=(a,-b,a,-b,,a,—by,a, —b,,a5—b,a;—b;)

4) 2®B=[ﬂ’a_27&9a_4’a_5’a_6J
- aa,,aa,,aa,,0a,,0d;,0d a>0
5) a@A:{( 1 2 3 4 5 6)

(aag,aas,aa,,aa;,aa,,aa,) a <0

Definition 2.5. [30]
If 4 =(a,b,c,d,e, [) is a hexagonal fuzzy number, then the graded mean
integration representation (GMIR) method of A is defined as,

-1 -1
IWAh(L (h)+R (h)]dh
o 2 2
P(4)= - ,with 0<W, <1.
[ hdn
P(/])—a+3b+2c+2d+3e+f
- 12

3. Notations and Assumptions

The following notations and assumptions are considered throughout the paper:

3.1. Notations

n Demand coefficient

y Demand constant

p Selling-price

T Duration of cycle

r :  Discount rate which represents time value of money
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Continued
i : Inflation rate per unit time
Cye :  Holding cost
Coc : Production cost
(7% : Deterioration cost
A Setup cost
Q :  Maximum inventory level at time
Q, :  Maximum inventory level at time £,
Q :  Maximum inventory level at time ¢,
L(9» : Inventory level, at any time £ during [0, ]
L(D) : Inventory level, at any time £ during (¢, &]
I,(9 : Inventory level, at any time £ during (4, £,
1,9 : Inventory level, at any time £ during [¢, 7]
7an :  Total inventory cost
Chre : Fuzzy holding cost
C e : Fuzzy deterioration cost
Cre : Fuzzy production cost

Fuzzy Setup cost

3.2. Assumptions

1) Inventory cycle for single product is considered.

2) The demand rate IX(p) is dependent on selling price p ie. D(p) = np”
where, > 0, y> 0, where, 7is scaling factor, yis index of price elasticity.

3) The production rate is linearly dependent on demand, that is, Ap) = A-D(p)
where, 1 > 1 and production rate is greater than demand rate D(p).

4) Lead time is considered to be negligible.

5) The inflationary effects and time value of money are taken into considera-
tion.

6) The setup cost for inventory is constant.

7) No Shortages are allowed.

8) The deterioration of the products starts after a certain fix time. The rate of
deterioration at time (¢, 7) is &8 = af#' which is two parameter Weibull dis-
tribution where, a represents scale parameter and S represents shape parameter.

There is no deterioration before time ¢,

4. Model formulation

As shown in Figure 1, the inventory cycle is formulated with two rates of pro-
duction and demand dependent on selling price. In this inventory model, the
production started at time #= 0, during the time interval (0, #) production rate
and the demand rate are AD(p) and D(p) respectively. At a rate of (1 — 1)D(p)

level of inventory reaches to Q, at the time ¢ = ¢, then in the time interval (¢, t,),
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Q,

Q,

< >
0 t t t T

v

Figure 1. Graphical representation of inventory model.

inventory levels start rising at a rate a(A — 1)D(p). When the inventory level be-
comes @, at time ¢ = &, production stopped. The inventory level is depleted due
to demand alone during the time interval (&, #;) and at ¢ = ¢, inventory level be-
comes Q,. In the time interval (¢, 7), inventory level starts decreasing due to
both deterioration as well as demand rate and then reaches to zero level at time ¢
=T

The differential equations representing the inventory model are,

4 (1)

o =(A-1)D(p), 0<r<t, (1)
dl;_t(t):a(gq)/)(p), t<t<t, (2)
drz, (¢
zif):—D(p), 1, <t<t, (3)
dl;_ft)+aﬂtﬂ"1[4(t)=—D(p), t, <t<T (4)

The boundary conditions are,

1,(0)=0,I,(1)=L(1,) =0, L (t,)=I,(t,) = 0,,

(5)
IS(td):I4(td):Q3: II(T):O
The solutions of differential equations above are given by,
A1)t
5L(1) :M ()
p
L (t):mz(xi—l)t+7](l—a)(ﬂb—l)t1 @
r p
a + + ~at¥
13(t)=%(td—t)+%|:(T—td)+m(Tﬁ - 1)}, ‘ (8)

DOI: 10.4236/ajor.2022.126013

239 American Journal of Operations Research


https://doi.org/10.4236/ajor.2022.126013

T.S. Shaikh, S. P. Gite

_ n a s+ B+ —atf
14(t)—?{(T—t)+m(T 't 1)}: 9)
Using initial boundary conditions,
A=1)t
0, =% (10)
g, - mala=1)e, 1)
p p
_ 77 [24 + + —alg
Q3—?|:(T—td)+m(Tﬁl—t51):|e (11)

The different costs included in total cost are as follows, considering the influ-
ence of inflation and time value of money.

Total cost of inventory cycle per unit time is,

1 . . e
C = T [Productlon Cost + Holding Cost + Deterioration Cost + Setup Cost]

wop?

_C, Z_szz —@}(14)[% —@H

Holding Cost = C,;- U;l 1, (t)e’(”")’dt + L’Z I (t)ef(H)’dt

Production Cost = C,,. { [l @e*”)’dt +[" ﬂe(”)tdt}
p

i) (12)

ii)
—(r—i r —(r—i
+'[;" L(t)e )’dt+jtd L(1)e? )’dt]

:CHC{Wa(/l—l)(ﬁ_(r—i)tgJ+77(r—i){tj—tj Ll (tj—tzz)]

2 3 p 3 2

__+ p—
2 6 2

2 (r=i)g (r—i)tlth

— r 7a£
=) [T )]

(13)
il aflear o) )

4

Pl 2 (peN(pr2) | pe

p
i T_3_T_t§ ﬁ _a(r_i)T/"+3 a(V—i)TﬁHtj
R e o

~ a(r-i)y* }
(A+1)(B+3)
Deterioration Cost = C),. UZT 9([)[4 (t)e""”')’dz}

iii) ) nap A _TLf_F tfﬂ +(r—i)(Tﬂ+2—tf+2)
"l | BB B Bl B+2
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p+1 (14)

iv) Setup Cost = A4 (15)

) (r=i)7 (17" —rf*‘)}

Then, The Total cost per unit time for inventory cycle is,

re(7) =%[CPCZ—§{£{Q —%}(La)(ﬁ —@H

+CHC{W(4_1)(£_(V_,-)@J+ n(z_l)(l_a)(% _g

p}’ 2 3 p7

(=) _(r—i)rlr;}n(r—i)[r;—r; X (rs—é)]

+M+—y[u ~1, —VT_i(ﬁ ‘tzz)){(T_td”ﬁ(Tﬁﬂ
B+l ):|€“f§ +i (T_td )2 + aﬂ(Tﬂ+2 _t5+2)_ aTtd (Tﬁ _tf)
> (B+1)(B+2) (B+1)

s T_S_T_tj i _Ol(r—i)T/H} a(i’—i)TﬁHtj
(r l)[6 2+3] 2(6+3) + 205+1)

a(r-iyg* nep| T TP
-t L+ Cp -
(B+1)(B+3) P B(B+1) B B+

=) i) (T —t{f”)}_‘_ﬁl}

(16)

p+2 p+1

Let t,=¢T, t,=¢,T, t,=¢;T suchthat, 0<¢,c,,c; <1 and
T>t,>t, >t

TC(T)=l{cpcZ_f[a(czT—%Jﬂl—a)(qT—%H

T

+Cﬂc{na(z_1)(cgrz _(r—i)c§T3J

p’ 2 3

. n(ﬂ—l)(l—al[wz 4 (roar _(,,_,-)CIT@;TZ)J

% 2 6 2

N n(r—f)[csrz _ar (4T —ciTz)} (et -e)

py 3 2 2p7
— 7 a .
e o
e {(T—w (17 -ef )

2 (B+1)(B+2)
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ac,T* (17 - T7) ( _)[Ts T(a17) c;p}
- —(r—i —_— =

p+1 6 2 3
(=) (=0T (ET) afr-ietir
2(5+3) 2(p+1) (B+1)(B+3)

(17)

Tﬁ+1 ﬁT/M [3+1Tﬁ+1
+Cpp {Uaﬁ l: G G

- +
pLBB+Y) B £+l

. (r—i)(T/”z _C3/7+2T/?+2)+ (r—i)T(TlM _CfHTﬂH)]}_FA]

p+2 p+1

By minimizing the total cost 7({ 7), the following differential equation can be
solved to determine the optimum value of 7.

dTC(T) d°’TC(T)

a 0 satisfying the condition, >0

TZ

Fuzzy Model

Due to uncertainty in the market, all parameters cannot be defined precisely,
hence considering 4,C Hc,é' e C »c Mmay change within some limits.

Let 4= (AI’A29A3’A49A59A6) » Cye = (CHCDCHC2’CHC37CHC4’CHC57CHC6) >
CDC = (CDCI > CDC2 > CDC3 > CDC4 > CDCS > CDC6 ) >

Cpe = (Cocr>Crca>CressCocas Cocss Creg ) » are Hexagonal fuzzy numbers.

In a fuzzy sense, the total cost of the model per unit of time is given by,

TC(T)= %{épc Z—/}[a{czT—%]*‘(l —a)(cj—%ﬂ

+C-HC{77a(l—l)[c22T2 _(r_,-)C;Tsj

p’ 2 3

+_ﬂ<ﬂ—l><l—a>(cc po_ G ()T _<r—i>clT<c§T2>J

=i ar-ar L (61 -e77) (el -eT)
p’ 3 2

+§(C3T —czT—%(chz —er? )j{(T—QT)Jrﬁ(T'M

pimpe\ | atrr 1 | (T=&T) af (17—l
—a T ) © +— +
2 (B+1)(B+2)

pV
ae (17 -cT") —(r—i){T—s T(a1?) +£]

p+1

a(r_l.)Tﬁ+3 . a(r—i)Tﬂ” (chz)_ a(r_l.)czﬁ+3Tﬁ+3
2(p+3) 2(p+1) (B+1)(B+3)
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+
B(B+1) Y B+1

. T/;+z_ ,B+2Tﬁ'+2 -i\T T,B+1_ ﬁ+1Tﬁ+1 ~
+(r l)( cy )+(r l) ( Cy ) v

p+2 p+1

G {U“ﬁ[ ThH LT SIps
e

(18)

Let TC .(T) be the corresponding total cost obtained by replacing
4,,Cry>CprirCopi in Equation (17) for i=1,2,3,4,5,6 . Using graded mean re-
presentation to defuzzify the fuzzy total cost TC(T).

We get,

TC(T)=—|TC,(T)+2TC, (T)+3TC, (T)+3TC,(T)+2TCy(T)+TC,(T)]

_1
12
By minimizing the total cost TC (T), the following differential equation can

be solved to determine the optimum value of 7.

drC(T) d*1C(T) N

——~ 2 = satisfying the condition,
dr fying dr?

The Economic Production Quantity (£PQ) for inventory model with inventory
cycle length (7) can obtained as,

EPQ = Total demand during production period + total demand after produc-
tion stopped + total demand during deterioration + total number of deteriorated

items
o - n(i—yl)tl +77a(/1—1)y(t2 —tl)+77(/1—1)£td 1)
p p p (19)
+%[(T—td )+ﬁ(Tﬂ” ~tf")~at) (T -1, )}

5. Numerical Example
5.1. Crisp Model

Consider following parametric values.

Cpe = Rs 10/unit, Cpe = Rs 12/unit, Cy;- = Rs 7/unit, A = Rs 4000/order, a =
0.01, =2, p=20, y=2.1,1=4,a=1.5, n=20,000, ¢, =03, =0.5,¢=0.7,r=
0.5,7=1.2.

The solution of crisp model is

T = 27220, TAAT) = 3507.74, t, = 0.8166, t, = 1.3610, £; = 1.9054, Q@ =
232.5356

5.2. Fuzzy Model

Cre =(7,8,9,11,12,13), Cyo =(4,5,6,8,9,10), Cp. = (9, 10, 11, 13, 14,
15), A = (1000, 2000, 3500, 4500, 5000, 6000), a = 0.01, #=2, p=20, y=2.1, 1
=4,a=15,7=20,000, ¢ = 0.3, =0.5,¢=07r=05i=12.

The solution of fuzzy model is given by,

T = 2.6270, TAé(T) = 3383.11, ¢, = 0.7881, £, = 1.3135, ¢, = 1.8390, Q =
224.38
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The Time parameters of inventory cycle for crisp and fuzzy model are com-
pared in Figure 2. The total Inventory time cycle for fuzzy model is smaller than
crisp model. The total cost of crisp model and fuzzy model over a period of time
T is shown in Figure 3. It can be observed from the figure that as the time in-
creases the total cost for both crisp and fuzzy decreases till it hit minimum then
starts increasing again. It can be seen that, the minimum point of total cost of
fuzzy model is lesser than that of crisp model. As a result, the fuzzy model is ad-

vantageous since it lowers costs, which raises profits.

6. Sensitivity Analysis

Taking into account the above numerical example of the fuzzy model for sensi-
tivity analysis to examine the impact of changing various inventory model pa-
rameters.

As shown in Table 1, the data can be interpreted as,

3
2.5
2
(0]
£
i=1.5
1
0'5 -
0
4 b tq T
= Crisp Model 0.8166 1.361 1.9054 2.722
¥ Fuzzy Model 0.7881 1.3135 1.839 2.6271

= Crisp Model  ® Fuzzy Model

Figure 2. Comparison between time parameters of Crisp model and Fuzzy model.

Crisp Model Fuzzy Model
4400
4200
4000
2
S 3800
g 3600 /
[
3400
3200
3000
T AR TFT N AN — NN O TNA— AN OV nA
SO R RS = AN ((NT N O RRND — (s NN T AOS R
= = = = AN AAANANANANAN NN N N on N on on on on

T

Figure 3. Comparison between total cost of crisp model and fuzzy model.
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Table 1. Sensitivity analysis for various parameters.

T 7C Q f 5 4 Q Q Q
-20% 2.4591 3419.97 251.98 0.7377 1.2296 1.7214 98.42 196.83 33.25
-10% 2.5824 3578.64 264.67 0.7747 1.2912 1.8077 103.35 206.7 34.97
A 0% 2.6972 3730.15 276.49 0.8092 1.3486 1.888 107.95 215.89 36.57
10% 2.8049 3875.53 287.58 0.8415 1.4025 1.9634 112.26 224.51 38.07
20% 2.9065 4015.59 298.05 0.8719 1.4533 2.0346 116.32 232.64 39.5
-20% 2.6695 3304.28 273.64 0.8009 1.3348 1.8687 106.84 213.67 36.18
-10% 2.6353 3454.6 270.12 0.7906 1.3177 1.8447 105.47 210.94 35.7
Cpe 0% 2.6021 3524.01 266.7 0.7806 1.3011 1.8215 104.14 208.28 35.24
10% 2.5699 3753.58 263.38 0.771 1.285 1.7989 102.85 205.7 34.79
20% 2.5387 3902.29 260.17 0.7616 1.2694 1.7771 101.6 203.2 34.36
-20% 2.6043 3603.22 266.92 0.7813 1.3022 1.823 104.23 208.45 35.27
-10% 2.6032 3603.79 266.81 0.7809 1.3016 1.8222 104.18 208.37 35.26
Cpe 0% 2.6021 3604.36 266.7 0.7806 1.3011 1.8215 104.14 208.28 35.24
10% 2.601 3604.92 266.58 0.7803 1.3005 1.8207 104.09 208.19 35.22
20% 2.5999 3605.49 266.47 0.7799 1.2999 1.8199 104.05 208.1 35.21
-20% 2.7672 3459.45 283.7 0.8302 1.3836 1.937 110.75 221.49 37.54
-10% 2.68 3533.46 274.72 0.804 1.34 1.876 107.26 214.51 36.33
Crc 0% 2.6021 3604.36 266.7 0.7806 1.3011 1.8215 104.14 208.28 35.24
10% 2.5318 3672.51 259.46 0.7595 1.2659 1.7723 101.33 202.65 34.26
20% 2.4679 3738.2 252.89 0.7404 1.2339 1.7275 98.77 197.54 33.38
-20% 2.8764 2972.88 196.63 0.8629 1.4382 2.0135 76.74 153.49 26.05
-10% 2.7423 3181.36 210.85 0.8227 1.3712 1.9196 82.21 164.63 279
n 0% 2.627 3383.11 224.38 0.7881 1.3135 1.8389 87.61 175.23 29.66
10% 2.5264 3579.14 237.33 0.7579 1.2632 1.7685 92.68 185.37 31.34
20% 2.4375 3770.22 249.76 0.7313 1.2188 1.7063 97.55 196.1 32.95
-20% 2.8506 2985.05 192.87 0.8551 1.4253 1.9954 69.72 139.44 32.26
-10% 2.7317 3186.84 209.07 0.8195 1.3659 1.9122 78.96 157.92 30.87
A 0% 2.627 3383.11 224.38 0.7881 1.3135 1.8389 87.61 175.23 29.66
10% 2.5341 3574.59 238.95 0.7602 1.2671 1.7739 95.78 191.57 28.58
20% 2.4507 3761.83 252.86 0.7352 1.2254 1.7155 103.53 207.06 27.61

1) An increase in set-up cost A, increases the total average cost 7C{7), pro-

duction time (£ and &), non-production time (%), optimum inventory cycle time

(7) and economic production quantity (Q), Maximum level of inventory (Q,, Q,

and Q,) also increases.

2) An increase in the purchase cost (Cp), decreses economic production quan-

tity (Q), optimum inventory cycle time (7), production time (# and %), non-
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production time (#) and Maximum level of inventory (Q,,@, and @), but the
total average cost 7C{ 7) increases.

3) An increase in the Deteriorating cost (Cj,), decreses economic production
quantity (Q), optimum inventory cycle time (7) production time (# and %), non-
production time (#) and Maximum level of inventory (Q,,@, and @), but the
total average cost 7C{ 7) increases.

4) With the increase in holding cost (Cy), it is observed that, economic pro-
duction quantity (Q), optimum inventory cycle time (7) production time (¢ and
t,), non-production time (#) and Maximum level of inventory (Q,,Q, and Q;)
decreses, but the total average cost 7C{ 7) increases.

5) An increase in demand coefficient 7, increases the total average cost 7({ 7),
economic production quantity (Q) and Maximum level of inventory (Q,,Q, and
;) but optimum inventory cycle time (7), production time (¢ and 4), non-
production time (£) decreses.

6) With increase in the value of A, the total average cost 7C{ 7), economic pro-
duction quantity (Q) and Maximum level of inventory (Q,,@, and Q,) increases
but optimum inventory cycle time (7), production time (£ and &), non-produc-

tion time () decreses.

7. Conclusions

In the developed production inventory model, inflation and time value of money
under fuzzy environment is considered, where demand is a function of selling
price. Production rate, demand rate and deterioration rate are the three impor-
tant factors in the inventory model, whereas production rate is considered to be
dependent on demand rate, and inventory level increases with two production
rates at two stages of inventory cycle. As the production stops, the inventory lev-
el diminishes only due to demand, before the deterioration period starts. In the
last stage, inventory reaches zero level due to demand and deterioration rate
which is following two parameter Weibull distribution. As the inventory level
reaches zero production is started again instantly. Shortages are not considered
in this model.

The optimum solution for total average cost, economic production quantity
and Maximum level of inventory (Q,, @, and @,), inventory cycle time (7),
production time (£ and £), non-production time (£) is obtained for crisp model
as well as fuzzy model. Hexagonal fuzzy numbers and for defuzzification graded
mean integration representation method are used for the fuzzy model. The
back-order is not considered. Hexagonal fuzzy numbers are used to derive op-
timum solution and defuzzification by graded mean integration representation
method. A numerical example is given to demonstrate the applicability of the
purposed model. By comparing the results of crisp model and fuzzy model, it
can be concluded that, Fuzzy model is more beneficial.

In future aspect, one can develop this paper by adding shortages with fully
backlogging or with partial backlogging.

DOI: 10.4236/ajor.2022.126013

246 American Journal of Operations Research


https://doi.org/10.4236/ajor.2022.126013

T.S. Shaikh, S. P. Gite

Acknowledgements

The authors are thankful to the anonymous reviewers for their thoughtful com-

ments and suggestions that helped throughout the submission process. This re-

search work received no specific grant from any funding agency in the public,

commercial, or not-for-profit sectors.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this pa-

per.

References

(1]

(2]

(4]

(6]

(8]

(9]

(10]

Tayal, S., Singh, S.R., Sharma, R. and Singh, A.P. (2015) An EPQ Model for Non-
Instantaneous Deteriorating Item with Time Dependent Holding Cost and Expo-
nential Demand Rate. International Journal of Operational Research, 23, 145-162.
https://doi.org/10.1504/IJOR.2015.069177

Ghasemi, N. (2015) Developing EPQ Models for Non-Instantaneous Deteriorating
Items. Journal of Industrial Engineering International, 11, 427-437.
https://doi.org/10.1007/s40092-015-0110-1

Krishnaraj, R.B. and Ishwarya, T. (2017) An Inventory Model for Generalized Two
Parameter Weibull Distribution Deterioration and Demand Rate with Shortages. In-
ternational Journal of Computer Trends and Technology, 54, 11-15.
https://doi.org/10.14445/22312803/IJCTT-V54P103

Ardak, P.S. and Borade, A.B. (2017) An EPQ Model with Varying Rate of Deteri-
oration and Mixed Demand Pattern. International Journal of Mechanical and Pro-
duction Engineering Research and Development, 7, 11-20.
https://doi.org/10.24247/ijmperddec20172

Singh, S., Singh, S.R. and Sharma, S. (2017) A Partially Backlogged EPQ Model with
Demand Dependent Production and Non-Instantaneous Deterioration. Internation-
al Journal of Mathematics in Operational Research, 10, 211-228.
https://doi.org/10.1504/IJMOR.2017.081926

Tripathi, R.P., Pareek, S. and Kaur, M. (2017) Inventory Model with Exponential
Time-Dependent Demand Rate, Variable Deterioration, Shortages and Production
Cost. International Journal of Applied and Computational Mathematics, 3, 1407-1419.
https://doi.org/10.1007/s40819-016-0185-4

Sahoo, N.K. and Tripathy, P.K. (2017) An EOQ Model with Three-Parameter Wei-
bull Deterioration, Trended Demand and Time Varying Holding Cost with Salvage.

International Journal of Mathematics Trends and Technology, 51, 363-367.
https://doi.org/10.14445/22315373/IJMTT-V51P549

Singh, S.R., Khurana, D. and Tayal, S. (2018) An EPQ Model for Deteriorating
Items with Variable Demand Rate and Allowable Shortages. Infernational Journal of
Mathematics in Operational Research, 12, 117.
https://doi.org/10.1504/IJMOR.2018.10009200

Ardak, P.S. (2018) To Study the Effect of Inventory Dependent Consumption Pa-
rameter for Constant and Time Dependent Holding Cost. JOP Conference Series.
Materials Science and Engineering, 390, Article ID: 012114.
https://doi.org/10.1088/1757-899X/390/1/012114

Singh, D. (2019) Production Inventory Model of Deteriorating Items with Holding

DOI: 10.4236/ajor.2022.126013

247 American Journal of Operations Research


https://doi.org/10.4236/ajor.2022.126013
https://doi.org/10.1504/IJOR.2015.069177
https://doi.org/10.1007/s40092-015-0110-1
https://doi.org/10.14445/22312803/IJCTT-V54P103
https://doi.org/10.24247/ijmperddec20172
https://doi.org/10.1504/IJMOR.2017.081926
https://doi.org/10.1007/s40819-016-0185-4
https://doi.org/10.14445/22315373/IJMTT-V51P549
https://doi.org/10.1504/IJMOR.2018.10009200
https://doi.org/10.1088/1757-899X/390/1/012114

T.S. Shaikh, S. P. Gite

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

Cost, Stock, and Selling Price with Backlog. International Journal of Mathematics in
Operational Research, 14, 290-305. https://doi.org/10.1504/IJMOR.2019.097760

Sinha, S. and Modak, N.M. (2019) An EPQ Model in the Perspective of Carbon
Emission Reduction. International Journal of Mathematics in Operational Research,
14, 338-358. https://doi.org/10.1504/IJMOR.2019.099382

Singh, S.R. and Rani, M. (2021) An EPQ Model with Life-Time Items with Multiva-
riate Demand with Markdown Policy Under Shortages and Inflation. Journal of Phys-
ics: Conference Series, 1854, Article ID: 012045.
https://doi.org/10.1088/1742-6596/1854/1/012045

Abdul Halim, M., Paul, A., Mahmoud, M., Alshahrani, B., Alazzawi, A.Y.M. and Is-
mail, G.M. (2021) An Overtime Production Inventory Model for Deteriorating Items
with Nonlinear Price and Stock Dependent Demand. Alexandria Engineering Jour-
nal, 60, 2779-2786. https://doi.org/10.1016/j.2¢j.2021.01.019

Kumar, K., Kumar, N. and Meenu, M. (2021) An Inventory System for Varying De-
caying Medicinal Products in Healthcare Trade. Yugoslav Journal of Operations Re-
search, 31, 273-283. https://doi.org/10.2298/YJOR200125011K

Barman, A, Das, R. and De, P.K. (2022) An Analysis of Optimal Pricing Strategy and
Inventory Scheduling Policy for a Non-Instantaneous Deteriorating Item in a Two-
Layer Supply Chain. Applied Intelligence, 52, 4626-4650.
https://doi.org/10.1007/s10489-021-02646-2

Chowdhury, R.R. and Ghosh, S.K. (2022) A Production Inventory Model for Pe-
rishable Items with Demand Dependent Production Rate, and a Variable Holding

Cost. International Journal of Procurement Management, 15, 424-446.
https://doi.org/10.1504/IJPM.2022.122571

Sharma, S., Tyagi, A., Verma, B.B. and Kumar, S. (2022) An Inventory Control
Model for Deteriorating Items Under Demand Dependent Production with Time
and Stock Dependent Demand. International Journal of Operations and Quantita-
tive Management, 27, 321-336. https://doi.org/10.46970/2021.27.4.2

Shekarian, E., Kazemi, N., Abdul-Rashid, S.H. and Olugu, E.U. (2017) Fuzzy In-
ventory Models: A Comprehensive Review. Applied Soft Computing, 55, 588-621.
https://doi.org/10.1016/j.as0c.2017.01.013

Roy, A., Maiti, M.K,, Kar, S. and Maiti, M. (2009) An Inventory Model for a Deteri-
orating Item with Displayed Stock Dependent Demand under Fuzzy Inflation and
Time Discounting over a Random Planning Horizon. Applied Mathematical Mod-
elling, 33, 744-759. https://doi.org/10.1016/j.apm.2007.12.015

Pal, S., Mahapatra, G.S. and Samanta, G.P. (2014) An EPQ Model of Ramp Type
Demand with Weibull Deterioration under Inflation and Finite Horizon in Crisp and
Fuzzy Environment. International Journal of Production Economics, 156, 159-166.
https://doi.org/10.1016/j.ijpe.2014.05.007

Pal, S., Mahapatra, G.S. and Samanta, G.P. (2015) A Production Inventory Model
for Deteriorating Item with Ramp Type Demand Allowing Inflation and Shortages
under Fuzziness. Economic Modelling, 46, 334-345.
https://doi.org/10.1016/j.econmod.2014.12.031

Jaggi, C., Pareek, S., Khanna, A. and Nidhi, N. (2016) Optimal replenishment policy
for fuzzy inventory model with deteriorating items and allowable shortages under
inflationary conditions. Yugoslav Journal of Operations Research, 26, 507-526.
https://doi.org/10.2298/YJOR150202002Y

Behera, N.P. and Tripathy, P.K. (2018) Inventory Replenishment Policy with Time
and Reliability Varying Demand. International Journal of Scientific Research in Ma-

DOI: 10.4236/ajor.2022.126013

248 American Journal of Operations Research


https://doi.org/10.4236/ajor.2022.126013
https://doi.org/10.1504/IJMOR.2019.097760
https://doi.org/10.1504/IJMOR.2019.099382
https://doi.org/10.1088/1742-6596/1854/1/012045
https://doi.org/10.1016/j.aej.2021.01.019
https://doi.org/10.2298/YJOR200125011K
https://doi.org/10.1007/s10489-021-02646-2
https://doi.org/10.1504/IJPM.2022.122571
https://doi.org/10.46970/2021.27.4.2
https://doi.org/10.1016/j.asoc.2017.01.013
https://doi.org/10.1016/j.apm.2007.12.015
https://doi.org/10.1016/j.ijpe.2014.05.007
https://doi.org/10.1016/j.econmod.2014.12.031
https://doi.org/10.2298/YJOR150202002Y

T.S. Shaikh, S. P. Gite

(24]

(25]

(26]

(27]

(28]

[29]

(30]

thematical and Statistical Sciences, 5, 1-12.
https://doi.org/10.26438/ijsrmss/v5i2.112

Sen, N. and Saha, S. (2020) Inventory Model for Deteriorating Items with Negative
Exponential Demand, Probabilistic Deterioration and Fuzzy Lead Time under Par-
tial Back Logging. Operations Research and Decisions, 30, 97-112.
https://doi.org/10.37190/0rd200306

Kumar, S. (2021) A Fuzzy Type Backlogging Production Inventory Model for Pe-
rishable Items with Time Dependent Exponential Demand Rate. Journal of Ultra
Scientist of Physical Sciences Section A, 33, 51-65.
https://doi.org/10.22147/jusps-A/330403

Chaudhary, P. and Kumar, T. (2022) Intuitionistic Fuzzy Inventory Model with Qu-
adratic Demand Rate, Time-Dependent Holding Cost and Shortages. Journal of Phys-
ics: Conference Series, 2223, Article ID: 012003.
https://doi.org/10.1088/1742-6596/2223/1/012003

Choudhury, M., De, S.K. and Mahata, G.C. (2022) Inventory Decision for Products
with Deterioration and Expiration Dates for Pollution-Based Supply Chain Model
in Fuzzy Environments. RAIRO—Operations Research, 56, 475-500.
https://doi.org/10.1051/r0/2022016

Malumfashi, M.L., Ismail, M.T. and Ali, M.K.M. (2022) An EPQ Model for Delayed
Deteriorating Items with Two-Phase Production Period, Exponential Demand Rate
and Linear Holding Cost. Bulletin of the Malaysian Mathematical Sciences Society,
45, 395-424. https://doi.org/10.1007/s40840-022-01316-x

Dutta, D.D.D. (2012) Fuzzy Inventory Model without Shortage Using Trapezoidal
Fuzzy Number with Sensitivity Analysis. JOSR Journal of Mathematics, 4, 32-37.
https://doi.org/10.9790/5728-0433237

Nayak, D.K., Routray, S.S., Paikray, S.K. and Dutta, H. (2021) A Fuzzy Inventory
Model for Weibull Deteriorating Items under Completely Backlogged Shortages. Dis-
crete and Continuous Dynamical Systems—Series S, 14, 2435-2453.
https://doi.org/10.3934/dcdss.2020401

DOI: 10.4236/ajor.2022.126013

249 American Journal of Operations Research


https://doi.org/10.4236/ajor.2022.126013
https://doi.org/10.26438/ijsrmss/v5i2.112
https://doi.org/10.37190/ord200306
https://doi.org/10.22147/jusps-A/330403
https://doi.org/10.1088/1742-6596/2223/1/012003
https://doi.org/10.1051/ro/2022016
https://doi.org/10.1007/s40840-022-01316-x
https://doi.org/10.9790/5728-0433237
https://doi.org/10.3934/dcdss.2020401

	Fuzzy Inventory Model with Variable Production and Selling Price Dependent Demand under Inflation for Deteriorating Items
	Abstract
	Keywords
	1. Introduction
	2. Definition and Preliminaries
	3. Notations and Assumptions
	3.1. Notations
	3.2. Assumptions

	4. Model formulation
	5. Numerical Example
	5.1. Crisp Model
	5.2. Fuzzy Model

	6. Sensitivity Analysis
	7. Conclusions
	Acknowledgements
	Conflicts of Interest
	References

