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Abstract: The demand for a product is one of the important components of Inventory management. Most of the time, it
is not constant and can occasionally change based on several important variables. Demand is seen to be influenced by
both stock levels and selling prices for any given product. The terms "selling" and "stock-based" refer to this kind of
demand. Inventory constraints are not usually set, sometimes because of consumer uncertainty. Regarding inventory
control, a few factors are crucial, including demand, holding costs, deterioration costs, lost sale costs, shortage costs,
purchase costs, etc. This article develops a fuzzy economic order quantity (EOQ) inventory model that allows for
shortage with partial backlog, given that these parameters are unknown in real-world scenarios. Technological
preservation is used to reduce the pace of deterioration. Fuzzy triangular numbers are used as parameters to find the
fuzzy total average cost function, and the Graded Mean Integration Representation (GMIR), Signed Distance, and
Centroid methods are used to defuzzify the model. To prove the authenticity of the new model through a numerical
example also discussed the sensitivity analysis which shows the impact of different parameters.
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Introduction:

The vast majority of businesses depend on customer
demand no firm will ever bother to care about
manufacturing without a demand. Additionally, stock
and sales prices are strongly correlated with market
demand. As a result, stock and sales prices are the two
factors that directly impact revenue. In other words,
higher sale rates and a lack of inventory reduce
demand, whereas lower ones have the opposite
impact. As a result, applying an appropriate
apprisingandstockstrategymakesiteasyforbusinessesto
managetheirinventorysystems.This model considers a
non-linear function of the sales price and stock. In this
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paper, we worked on decaying items like vegetables,
etc. The inventory model for decaying products has
received a lot of attention recently.

It is noticed that vegetable items are sometimes
available in the market at very low prices not at all
due to lack of cold storage. At harvesting time in
some places, the vegetables like tomato, onion, and
cauliflower, the price is low and the farmers
sometimes left the product in the field itself for
destruction. However, the prices of these vegetables
are very high in other unseasonal months of the year.
In accounting for these difficulties, we developed a
model of deteriorating products using preservation
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technology cost. Here we considered that the above
items can be calculated from local farmers, stored
using preservation technology cost, and sold at their
peak value. Finally, the basic price of the product is to
be given to the farmers from which they come out. In
this model, we use fuzzy technology since the
parameters like demand, holding cost, deterioration
cost, lost sale cost, shortage cost, and purchase cost
probably will have some little fluctuations or are
vague in nature. So, in these practical situations, we
treat these parameters as triangular fuzzy variables
which will be more realistic. Hence fuzzy set theory is
necessary for the formulation of such inventory
models.

Zadeh was the first person who introduced fuzziness
in (1965) after that in 1970 Zadeh and Bellman used
fuzzy set theory to develop an inventory model. It
gives accurate results Compared to probability theory,
decision theory, Control theory, etc. Indrajitsingha
etal. (2018) developed an EOQ model with a demand
rate in one Case as the stock base and in another Case
as Constant, holding cost, demand, and deterioration
rate taken as triangular fuzzy numbers and defuzzify
the total cast function by using GMIR, SD and
centroid method. Indrajitsinghal, S.K. et al. (2021)
proposed a fuzzy model for deteriorating items, and
due to uncertainty in parameters using triangular
fuzzy  numbers. To control deterioration
the preservation technology has been in the fuzzy
model. Kuppulakshmia V. et al (2023) evolved a
fuzzy  economic  manufacturing model  for
the imperfect production process. The maintenance
cost of the products has increased during the
pandemic, and products accumulated  without
sale. Allow the special sale of products with discount
and without discount prices.

Deterioration plays an important role in developing an
inventory model for seasonal products like fruits and
vegetables etc. To control the deterioration technique
preservation for the seasonal products due to which
preservation costs arise and get more profit in
comparison to those models developed without
preservation. During the last decade of the present
century, the use of preservation technology cost while
developing an inventing model, considered at various
times, had been by different researchers Hsu, P.H. et
al. (2010), Dye, cay, et al (2012, 2013), Mishra, U.
(2018), Saha, S. et al. (2017), Das. S.C. etal. (2020),
Sahu, A.K. et al. (2020), The authors A.K. Sahu et al.
(2024) have a fuzzy model as well as a crisp model
with production and selling price-dependent demand.
SumeetGill and Kumari, M. (2024) developed a
model for Seasonal inventory products like vegetables
with price and stock-dependent demand and non-
linear holding cost. To Control the deterioration of
products the retailer used preservation technology
they suggested adopting fuzziness due to uncertainty
like products to meet the reality of inventory and
could be an extension of their model. Few studies
have also used preservation technology with stock,
and selling price-based demand also using constant
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and linear holding cost is fuzzy inventory models with
backorder difficulties in the relevant literature that is
currently available. In this present paper, we develop
a fuzzy model with non-linear holding cost and
control  deterioration by using preservation
technology.

Literature Review

Demand is the most important factor for the majority
of businesses. Most businesses depend on the
customer's demand. A high demand factor encourages
an organization to produce more. It is observed that
market demand directly affects the selling price and
stock of the item. In short, the demand rate is higher
by lowered sales price and enough availability of
stock. Using a proper strategy improves the
convenience of businesses in handling inventory
systems, and in this mode considers a non-linear
function of sales price and stock: Moreover, the
holding cost is considered as a non-linear quadratic
function of time. Conversely, shortages are often
considered in many realistic inventory control
schemes, where the demand can be backlogged until
the order is re-filled in the scheme, or it may be
skipped depending on the customer's preference and
its products. A Standard Economic Order Quantity
model was developed by F.W. Harris (1915) this
model was solved by using two methods i.e.
Tabulation Method and Algebraic Method. P.H. Hsu
et al (2010) examined the preservation technology
Investment for decay items with a constant demand
rate and deterioration rate. Singh S.R., et al. (2016)
developed an economic ordered quantity model for
decay products influenced by stock level i.e. demand
is stock-based. Similarly, Mishra V. et al (2019),
Raula, P. (2021), and Sindhija S et al. (2023)
developed inventory models with stock-dependent
demand.

Model Notation and Assumptions

Notations

Throughout the paper, we use the following notations:
D(S,q(t)): Demand rate

ao: Initial demand rate.

B: Positive demand coefficient.

n(t): Deterioration rate with investment in preservation
technology.

n,: Deterioration rate without investment in
preservation technology.

n: Sensitive parameter of investment to the
deterioration rate.

q(t): On hand stock at time t.

q: Initial Inventory level.

S: Selling price.

Che: Holding cost.

C.: Shortage cost.

Ci.: Lost sale cost

Cg.: Deterioration cost.

Coc: Ordering cost.

C,.: Purchasing cost.

T: The duration of the replenishment cycle.
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TAC(t,t;): Total average cost for inventory
management 0<t,;<T.
: Fuzzy initial demand rate.

[}

: Fuzzy positive demand rate.

U T

: Fuzzy selling price.

(@l

+. - Fuzzy holding cost.

(@l

: Fuzzy shortage cost.

sc

(@l

°

: Fuzzy lost sell cost.

(@l

o

. : Fuzzy deterioration cost.

Cpc : Fuzzy purchasing cost.

TTKC/(L t,) : Fuzzy total average cost.

TACg(’C, t,): Defuzzified value of TAC(r, t,)
with GMIR method (0<t,<T).

m(r, t,) : Defuzzified value of TAC(1, t,)
with SDM method (0<t,<T).

"F_A\CJC(T,‘LI) : Defuzzified value of TAC(t, t,)
with CM method (0<t,<T).

Assumptions:
The inventory model is based on the following

dq(t) +n(t)q(t)=—D(S,q(t)) ;0 <t<t,

With the boundary conditions
q(0)=a,q(t,) =0

The solutions of these equations are given by

a(1) - d(s) [e(n(r)ﬂ)(w) —1] 0 <t<t,

(n(x)+c)

q(t) = %[e’k(”') —e’m"):l 6, <t<T

_ d(s) (n(D)+e)y _q
RCCIOL

assumptions:

i. The demand for the product depends on price and

stock, for the price-dependent function is considered as

linear.

ii. The inventory system involves only a single

product.

iii. The lead time is assumed to be negligible.

iv. Shortages are allowed with partial backlogging and
—A(T—t

the backlogging rate is € =) ; A is the backlogging

variable and positive constant.

v. It is assumed that n(t) = n,e™ and n(t) is the rate of

deterioration without investment in preservation

technology and 7 is a sensitive parameter of investment

to the deterioration rate.

vi. The rate of replenishment is finite.

vii. The holding cost is non-linear and modeled with a

quadratic function that depends on time i.e. h+h,t+h,t*.

Mathematical Model:

In this section, we formulate a mathematical model for
the inventory system. Products in the system are
deteriorating at a constant rate and Preservation
technology helps retailers to reduce the deterioration
rate. Moreover, inventory level decreases due to
product demand. Hence, the inventory level at any time
tis governed by the differential equation given below.
Thus, the inventory system can be described by the
following differential equations:

e

2

3)

“4)

)

(6)

By using the equation (4), (5) and (6) the value of parameters has been calculated
Now, the total cost is calculated by using the following basic costs:

1) Ordering Cost
0C=Cq (7)
2) Holding cost
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h{e(n(t)+c)t, —(n(r)-f-c)tl _1}+ (n(f)l_,’_c) {e(n(r)+c)t, —(n(r)+c)t1 _1}
— d(s) h (n(T)+C)ll 2.2
HC= + 2 2e —(n(t)+c) t, —2(n(t)+c)t, -2 (®)
(n(x)+c) (n(r)+c)2{ (n(2)ve) ¢ -2(n(x) ve)t, 2]
2 3
_—(n(r)+c){%— t:} |
3) Purchasing cost
PC=C,q
d(s) (n(c)+e)t
= —_— '—1 9
T v
4) Shortage cost
SC=-C d(s)[x(T g,)e —1+e"“”l>] (10)
- SCon 2
5)Lost Sale cost
LSC=-C, d(s)[x —l4e Y] (11)
6) Deterioration cost
DC=C, d©n(x [ GO (n(t)+c)t, ~1] (12)
“(n(x)+c)
6) Preservation technology cost
PTC=1T (13)
Average total cost TAC(t,t) for the period T
TAC(t,t)) = %[HC+DC+OC+PC+SC+LSC+PTC] (14)
h{e(n(r)ﬂ)t, (n(x)+o)t, _1}+ h, : {e<n(r>+c>tl “(n(7)+o)t, _1}
¢ L) (n(7)+c)
oc 2 3
(n(r)+c) +—h {2 syl ( (‘c)+c)2 t; —2(n(r)+c)tl —2}—{ﬁ—ﬁ}
(n(c)+e) 23
- d(s)n T) ROCITE d(S) (n(2)+o),
+C, ——— T)+c)t, —1
e LA L AOUR A v v il
- d(j)[k(T—tl)e'k(T_“)—1+e'x(T"‘)]—Clc?[K(T—tl)—1+e_m"')]+rT
(15)

For a small x value,

%2

3

rl+x+—+ ? using this result in the above equation.

21

202
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the Taylor series says that the exponential function has an approximation of
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[(C,, +1T)+

(Bt

+Cdcn(t)(%+(n(r)+c)gj +Cpc(n(r)+c)(

t

(n(r)+c)%)+h2 f

1
TAC(1.t,) Tl o)

_ ¢ (T- t)(—§+ (T_t)_’“—( —t)]

Where d(s)=oa—Bs,n(t)=ne™"

Ao

zhﬁj
2" 6
R L)

+h

2

t

3
1

)

(16)

Following the necessary conditions to minimize the average total cost function TAC(t,T;) per unit of time, the value of

7 and t; that minimizes average cost can be obtained by solving the equation.

OTAC(1,t,)

OTAC(t, t,)

=0 and =0 (e
ot ,
Satisfying the conditions
O’TAC(1,t O*TAC(t,t
—Z(T’ ) >0 , —2(1, ) >0, and
ot ot;
2 2 2 2 (17)
0" TAC(t,t,) | 0 TAC(z,t,) 0°TAC(,t,) 20
ot’ ot’ 010t,

Equations (16) are equivalent to

e UGN (rerl W |
% a(s) +®%[hlg+hzzj+c n(r)( X +%] ~0
_ [ Lol fenn |
_ ((mm](tl+(n(r)+c)%J+h2g—(n(r—l)+c)(hltl+hzgn _
) +Cdcn(r)(tl+( (r)+c)t22j+C (n(r)+c)£3tl+%j o
—CSC(T—tl)( 1+ (T t)+ﬂ(T_t)]+ckx(T_tl)(1_%(T_tl)j
Dy Irfnocii:ainty, itis not easy to define all the system of parameters exactly. Subsequently, we assume them as fuzzy

CCCC

sc?

a:(a’w(x’zJa’) B_(l?)szaB )’82(81982983)’B:(alaazaag)’fll :(blsbzy 3) h —(Cl,Cz,C )

- (81782583) Clc - (115 251 )’Cdc = (dladzad3) > and Cpc:(plspzap3)
be considered as triangular fuzzy numbers.

parameters, namely a B , and Cpc. These parameters may change within some limits.
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_(COC +1:T)+ i

TAC(ut) =5 @+BS) +(~3dcn(r)(i+(n(t)+c)%j+(~3m(n(r)+c)[%tf+%j
—CSC(T—tl)z(—l+%(T—tl)—%(T tl)zj—CIC%(T—tl)z(l (T—tl)j
) (18)

Defuzzify the fuzzy total average cost. m(r, t,) by GMIR method:

TAC, (rt)—6[TAC (1.1,)+4TAC, (1.t,)+ TAC, (t1,)] (19)
[(Coo +7T) + q
([ai+(ll($)#‘:)](g+(n(r)+c)t;j+c,t§ (n(rch)[bi%Hi%jJ
(@, +BS) +din<r)(§+(n(r)+c)gj oo 244

]—1— T-t, (1—§(T_tl)j

for i=1,2,3 (20)

TAC, (w.t))=

==

To minimize the total average cost function TACg (‘C, tl) per unit time, the optimal value of T and t, can be obtained by
solving the equations

0TAC,(v.t,) 0 and dTAC, (v, _

21

fok ot,
Satisfying the equations
*TAC, (.t *TAC, (1.t
# >0 , # >0, and

ot ot

2T A 2T A 2T A 2 (22)
0"TAC,(t,t)) || 0" TAC,(x,t) 0"TAC, (t,t,) 0
- >
or’ ot; 0tot,

Defuzzify the fuzzy total average cost Tf[rC/(’c, t,) by SDM method:
T’Az(r,tl):i[fzq@,tl)+2f;(g(r,tl)+ﬁci(r,tl)] 23)
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[(a%é’mﬁ%<n<ﬂ+°>%} )

2

6
(@, +BS) +din<r>(%+<n<r>+c>§j | [;t g]

1 [1—%(T—tl)j

Fori=12,3 (24)
To minimize the total average cost function ]/"KCJS(r, t, ) per unit time, the optimal value of T and t, can be obtained by

_(COC + ’CT) +

m(r,tl)=

— |-

I A

_Si (T—tl)z (_E—"_E(T_tl

solving the equations

OTAC, (1t OTAC, (1t

TACGE) _ ) gng TASEL) (25)
ot ot

Satisfying the equations

FTAC(nt) ,  FTAC(xt)

or’ ’ ot

1

OTAC(rt) (@ TAC(r,1) | [ @*TAC,(x.t)) 2>0
or’ ot 010t,

1

1

>0, and
(26)

Defuzzify the fuzzy total average cost m(r, t,) by CM method:

J— 1 —— S ——
TAC_ (7,t) = E[TACC’ (t,t,)+TAC. (7,t,)+ TAC, (1,t))] (27)

((aﬁ(n(f#C)J[%Jr(n(r)w)E} t613 (n(ch)Ebigﬂi%]]
(@, +BS.) +din(r)(g+(n(r)+c)2] [;t ]
SR

12 (1_§(T_tl)j

For i=1,2,3 (28)

To minimize the total average cost function "f_A\CJC(t, t,) per unit time, the optimal value of T and t, can be obtained by

[(C,o +1T)+

TAC, (nt)=

= |-

1 A

_Si (T — tl )2 (—54‘?(1‘ - tl

solving the equations.

OTAC, (1t OTAC, (1t
ITAC (n.t) =0 and ITAC (n.t) =0 (29)

ot ot,
Satisfying the equations
0’ TAC,.(t,t O TAC,.(t
# >0 # > O’ and

ot ot

2 A~ 2 2 A 2 (30)
0"TAC.(t,t,) || 0 TACC(t,tl) 0" TAC (1,t,) >0
ot ot o10t,

Numerical Example system with the following parametric values. Consider
To illustrate the result of the proposed model, we a real scenario taking some data from vegetable
consider the numerical example of the inventory farmhouse and using some secondary data to prove the
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authenticity of the model.
Crisp Model
Let us suppose

o =1000units; 3 =10; S =30Rs./ Unit; T =13weeks;n = 0.4;A =0.04;n_ =4; h=1.75Rs./ Unit/ week’;
h, = 0.15Rs./ Unit/ week’;h, = 0.25Rs./ Unit/ week’; C,_ = 10Rs./ Unit; C = 250; C_ = 10Rs./ Unit;
C, = 4Rs./Unit; C = 9Rs./Unit; ¢ = 0.5;

By using Mathematica, we calculate the optimal solution for the inventory system and we get the optimal solution.
©'=Rs.2.37803, t; =0.712086weeks,q =942.988, and TAC =Rs. 30785.9

To show the convexity of the total cost function TAC(x,t,), we plot a 3D graph shown in Figure 1
TAQ:_E,EI s TWs Y

(i
Fig.1Graphical representation of convex optimization of total cost function with Preservation Cost T and
shortage and shortage period t;
Fuzzy Model
Let us consider

a =(800,900,1000),p =(8,10,12),S =(24,30,36),h =(1.5,1.75,2),h, = (0.1,0.15,0.2),h, =(0.2,0.25,0.3»),(~:pc =(9,10,11),

C, =(7,10,13),C, =(3,4,5),C, =(6,9,12),C, = 250;T =13weeks;n = 0.4;% = 0.04;n, = 4;c = 0.5
We get the fuzzy total average cost, determined by the GMIR method, is
& =(800,900,1000),3 =(8,10,12),S =(24,30,36),h =(1.5,1.75,2),h, = (0.1,0.15,0.2),h, =(0.2,0.25,0.3),Cpc =(9,10,11),

C,_ =(7,10,13),C,. =(3,4,5),C, =(6,9,12),C,, = 250;T = 13weeks;n = 0.4;1 = 0.04;n_ = 4;¢ = 0.5
TArVCg(r,tl) =Rs.26129.9,witht = Rs.2.37833,t, = 0.711088weeks.

by the SDM method is TACs (1, t,) =Rs.25999.4,witht = Rs.2.37834,t, = 0.710578 weeks.
by the CM method is TACc (1, t,) =Rs.25868.8,witht = Rs.2.37915,t, = 0.710064weeks.

Sensitivity analysis the change of several parameters to show the
The behavior of the system factors that affect the applicability of the model and identify some important
average total cost function is crucial information for management implications in vegetable farmhouses.
retailers using inventory systems. The retailer has to be From Figure 2 to Figure 7, we studied the system
aware of the point at which a drop or increase in the parameters with various values in a fuzzy sense, while
relevant parameters results in the lowest possible leaving certain parameters at their original levels.

expense. Thus, we investigate sensitivity analysis with

Table 1. Sensitivity analysis on initial demand

GIMR SDM CM

o T t TAG(Tt,) | t TAG(5t) | ° t TAC(t,t,)

(850,000, | 2.3804 | 0.70855 | 25916.7 | 2.38188 | 0.70675 | 25679.5 | 2.38337 | 0.70492 | 254423
950)

(900,950, | 2.3805 | 0.70883 | 28114.1 | 2.38182 | 0.70716 | 27876.9 | 2.38319 | 0.70548 | 27639.7
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1000)
(950,100 | 2.3805 | 0.70906 30311.6 2.38176 0.70752 30074.4 2.38303 0.70596 29837.2
0,1050)
31000 T T T
Z 20000}
B
< 27000}
= - Total average cost in GMIR
= — — — Total average cost in SDM
Total average cost in CM
_SDOg o . L
50 900 950 1000 1050
Initial demand parameter
Figure 2. Variation of total avg. cost w.r.t. Initial demand parameter(a)
Table 2. Sensitivity analysis on Positive Parameter
GIMR SDM CM
p i b THG() | g TAG(TE) | b TACc(n
(9,10,11) | 2.3769 | 0.71285 | 26323.1 | 2.3767 | 0.71307 | 26300.5 | 2.3771 | 0.71259 | 26345.7
(10,11,12) | 2.3771 | 0.71241 | 24966.3 | 2.377 | 0.71252 | 24930.8 | 2.3772 | 0.71231 | 25001.7
(11,12,13) | 2.3773 | 0.71193 | 23609.4 | 2.3773 | 0.71188 | 23561.2 | 2.3772 | 0.71199 | 23657.6
26500 T T T T

— — — Total average cost in GMIR
Total average cost in SDM
Total average cost in CM

24500 4
23500 i 1 L 1 L L i
9 9.5 10 10.5 11 11.5 12 12.5 13
Positive demand parameter
Figure 3. Variation of total avg. cost w.r.t Positive demand parameter(p)
Table 3. Sensitivity analysis on Selling Price
GIMR SDM CM

S T b TG | T b ™) [T b TACc(T,t,)

(30,36,42) | 2.3786 | 0.71031 | 23441.8 | 2.3793 | 0.7094 23285.7 2.3801 0.70848 | 23129.5

(36,42,48) | 2.3789 | 0.70933 | 20753.7 | 2.38 0.70791 20572 2.3812 0.70647 | 20390.2

(42,48,54) | 2.3793 | 0.70806 | 18.65.6 | 2.381 0.70598 17858.2 2.3827 0.70386 17650.9
207 Afr. J. Biomed. Res. Vol. 27, No.6s (December) 2024 Mamta Kumariet al.
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24000 T T T
Total average cost in GMIR
= = = = Total average cost in SDM
23006 : Total average cost in CM
Z 22000} -
=
% 21000} 4
Z 20000 1
3
= 19000} .
18000 —
17000 4 4 4 ,
30 a5 40 45 50 55
Selling Price
Figure 4. Variation of total avg. cost w.r.t. Selling price(S)
Table 4. Sensitivity analysis on Shortage cost
GIMR SDM CM
Cue k i TAG(St) | T t TAG(t) | T b TACc(x.t,)
(10,13,16) | 2.3203 | 0.87504 | 33854.4 | 2.3207 | 0.87471 33698.4 2.3210 0.87437 | 33542.4
(13,16,19) | 2.2742 | 1.0246 41403.6 | 2.2745 | 1.02441 41222.5 2.2748 1.02423 | 41041.5
(16,19,22) | 2.2364 | 1.16281 | 48793.3 | 2.2394 | 1.15209 | 48006.2 2.2369 1.16269 | 48381.8
50000 : : . T T
2 45000
5 40000}
g
= 35000} .
Total average cost in GMIR
Total average cost in SDM
20000 - — — Total average cost in CM
00 I | L L
10 12 14 16 18 20 22
Shortage cost paramete
Figure 5. Variation of total avg. cost w.r.t. Shortage cost (C,,.)
Table 5. Sensitivity analysis on Lost Sale cost
GIMR SDM CM
G T b TG | b ™) [T b TACc(T,t,)
(9,12,15) 2.3813 | 0.70329 | 25782.4 | 2.3817 | 0.70278 | 25653 2.3821 0.70225 25523.6
(12,15,18) | 2.3843 | 0.69546 | 25434.4 | 2.3847 | 0.69494 | 25306.2 2.3851 0.69440 | 25177.9
(15,18,21) | 2.3874 | 0.68759 | 25086.1 | 2.3878 | 0.68706 | 24959 2.3881 0.68651 24831.8
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235600 ™~ i - Total average cost in CM
& 25400+ g
E 252001 1
= 25000} PR i ]
24800 . 4 ! : !
9 11.5 14 16.5 19 215
Lost sale cost
Figure 6. Variation of total avg. cost w.r.t. Lost sale cost (C,)
Table 6. Sensitivity analysis on Purchasing cost
GIMR SDM CM
Cre T b ™) | T E ™) | b TACc(T.t,)
(10,11,12) | 2.4180 | 0.67237 | 26215.7 | 2.4184 | 0.67185 | 26084.7 24188 0.67133 | 25953.7
(11,12,13) | 2.4529 | 0.63759 | 26292.1 | 2.4533 | 0.63706 | 26160.7 2.4537 0.63654 | 26029.4
(12,13,14) | 2.4836 | 0.60615 | 26360.5 | 2.4840 | 0.60563 | 26228.8 2.4844 0.60510 | 26097.1
26400 : T : T T T T
5 i
&0 262001 e e 1
B as100), — T T -
26000 Total average cost in GMIR
— =— = Total average cost in SDM
v N
25900 \ \ \ \ . Total average cost in CM
10 10.5 11 11.5 12 12.5 13 13.5 14
Purchasing cost parameter
Figure 7. Variation of total avg. cost w.r.t. Purchasing cost (C.)
Marginal Insights the parameter ‘B’ increases then ‘t’ increases in all

Results are expressed in the line graphs; each line

graph represents the change in inventory parameters in

figures 2 to 7. Each figure consists of three-line graphs
and each line graph corresponds to the total average
cost which is shown by legends on the right side.

e In Table 1 and Figure 2, it is observed that while
the parameter ‘o’ increases then ‘t’, and t; both
slightly increase in the case of GMIR, SDM but in
the case of CM ‘1° decreases and ‘t;” increases.

Also, the total average cost i:cg(’c,tl), E;Cs(r,t]),

and m(r, t,) increases.

e From Table 2 and Figure 3, it is noticed that while
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three cases, and ‘t,’, decreases in all three cases.
With this effect, the total average cost TAG(Tt,),

TAA/Cs(r,tl), and TAA/Cc(r, t,) decreases.

From Table 3 and Figure 4, if the selling price ‘S’
increases then the preservation cost ‘t’ increases in
all three cases slightly and the parameter °t,’
slightly decreases in all three cases. Also, the total

average cost TTAE*g(r,tl), TAAJCs(r,tl), and TAAJCc(r,tl)
decreases.

From Table 4 and Figure 5, if the shortage Cost
parameter ‘Cy.’ increases then the preservation cost

Mamta Kumariet al.
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‘t” decreases in all three cases, and the parameter
‘t,” increases in all three cases. With this effect, the

total average cost i:cg(r,tl), "F&‘s(f,tl), and
?ACC(T, t,) increases.

e From Table 5 and Figure 6, It is observed that the
lost sale cost parameter ‘C;’ increases then the
preservation cost ‘t’ increases in all three cases, and
the parameter ‘t;” decreases in all three cases. With

this effect, the total average cost %;Q(t,t]), %;(?s(utl)

, and i&f:c('c,tl) decreases.

e From Table 6 and Figure 7, if the purchasing cost
parameter ‘C,.” increases then the preservation cost
‘1’ increases, but the parameter ‘t;” decreases in all

three cases. Also, the total average cost "E/AJCg(r,tl),
%Avcs(t,tl), and ?Acc(r,tl) decreases.

Conclusion
Mostly researchers worked in inventory modeling by
assuming liner and constant holding cost with selling
price and stock-based demand rate. But in real life,
these quantities are not exactly linear and constant. In
this novel paper, a fuzzy inventory model with a non-
linear demand pattern using preservation technology
with non-linear holding cost to control the deterioration
rate has been developed. The proposed model is
discussed crisp as well as a fuzzy environment. Since
demand, selling price, holding Costs, deterioration
costs, lost sale Costs, shortage costs, and purchase costs
due to uncertainty, these parameters have been
considered as triangular fuzzy numbers. The main
objective of the study is to determine the optimum
result of the fuzzy model in which the fuzzy numbers
are defuzzified by graded mean Integration
Representation (GMIR), Signed Distance (SDM), and
Centroid methods (CM)
In this paper, we observed that due to the uncertain
nature of the system parameters, the total average cost
decreases in the fuzzy model as compared to the crisp
model. Also, we have observed that in Centroid method
gives more accurate results as compared to the GMIR
and SD methods. Sensitivity analysis indicates that the
total cost function is more sensitive to changes in
the initial demand, shortage, and purchasing cost
parameters. After analyzing the result, the decision
maker can play for the optimal value for total cost and
other related parameters.
The model can be used for products like fruits,
and vegetables i.e. onion, potato, etc. The present
model is extended by considering the demand function
to be time and stock-dependent, or price-dependent
under a time-dependent deterioration rate and adding
some other parameters like trade credit policy,
inflation, etc.
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