Neutrosophic Sets and Systems, Vol. 56, 2023

University of New Mexico

gV
N1 &

An Inventory Control Model in the Framework of COVID-19
Disruptions Considering Overage Items with Neutrosophic
Fuzzy Uncertainty

Suchitra Pattnaik!, Mitali Madhusmita Nayak? and Pavan Kumar3 *

! Department of Mathematics, FE &T, ITER, Siksha ‘O’ Anusandhan Deemed to be University, Bhubaneswar, Odisha,
INDIA-751030, Email: suchitrapattnaik@gift.edu.in
2 Department of Mathematics, FE &T, ITER, Siksha ‘O’ Anusandhan Deemed to be University, Bhubaneswar, Odisha,
INDIA-751030, Email: mitalinayak7@gmail.com
3 Mathematics Division, School of Advanced Science and Languages, VIT Bhopal University, Sehore, MP, INDIA-466114,
Email: pavankmaths@gmail.com

* Cotrespondence: pavankmaths@gmail.com

Abstract: With the goal of profit maximization and overage control, a mathematical model in a
single valued triangular neutrosophic fuzzy environment has been designed to fulfil the demands
of the industrial sectors during pandemic situations. This research presents that overage is a crucial
factor because even in well-arranged businesses, some proportion of the items might be in overage
during a prescribed time interval. Well-planned inventory is important to the successful operation
of healthiest businesses. The costs of occurrence of overage factors are converted to fuzzy model,
and the overall profit is calculated using the signed distance technique and compared using a
numerical example. To determine how the overage will influence the overall system, a sensitivity
analysis is undertaken. The ideal amount that provides the maximum value of the projected profit
per unit of time is found in both crisp and fuzzy models. The suggested maximizing model will
undoubtedly aid decision-makers in dealing with overage circumstances induced by pandemic
social distance. The new method of this research is to model the merger of profit maximization and
overage concept in the framework of COVID-19 to benefit the inventory management and supply
chain sectors.

Keywords: EOQ model; Neutrosophic fuzzy; Profit maximization; COVID-19; Signed distance
method

1. Introduction

COVID-19 (Coronavirus disease 2019) is a disease which has become a global pandemic and is
rapidly spreading [1]. The disease had spread to almost all countries, territories and areas by 8
October 2020. Despite the installation of new production technology, production sectors require
human resources to run and oversee the manufacturing process, as well as supervise and exercise
inventory management to minimise shortages. Guo et al. [2] describes the status update on

COVID-19 origin and transmission. When lockdown is imposed, however, the manufacturing
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process is slowed and inventory levels are left uncontrolled. Every manufacturing company has
many layers of inventory, such as raw items [3]. Economic decline occurs because delivery of these
types of items is extremely unlikely. These new comers collect the bare minimum of goods. The issue
now is that if the situation is resolved, the inventory replenishment plan would be disrupted. The
stock on hand accumulates, when the same system of inventory up gradation is continued, or the
inventory police planner, can alter the system after calculating the required inventory level to be
purchased while taking into consideration the current extra stock on hand. There is a stumbling
block in managerial decision-making process; it is the issue of inventory quality. The manufacturing
atmosphere is shattered by a mix of inventories with varying degrees of quality. Following the
regular inventory renewal cycle is the best way to avoid such quality impediment situations.
However, the next pressing concern is what to do with the surplus [4]. Inventory management
strategies of a Mexican industrial goods firm during the COVID 19 epidemic to retain liquidity and
improve customer service levels are discussed in [5]. In reference [6], the inventory management at
functioning in Polish collective buying organisations during the COVID-19 epidemic were studied.
Relph [7] used the phrase "overage" to characterize it. He highlighted the elements that contribute to
overage inventory in his study work on the subject, and said that overage inventory has some
beneficial effects on effective supervision. Ritha and Jayanthi [8] expanded the concept to a fuzzy
model since it was so compatible. These models focused on single-item inventory, but when
multi-item inventory is considered, the single-item overage inventory model becomes an overage
inventory management model for multi-item inventory. This study offers an inventory approach to
address inventory management errors induced by COVID-19 social distance. Harris [9] was the first
to establish an economic order quantity model, and Taft [10] was the first to develop a production
inventory model. These two models serve as the foundation for inventory models. Models of
inventory with shortfall costs, Backlogs, price breaks, trade discounts, deteriorating products, and
environmental sustainability were all formulated to tackle the issues individually or concurrently.
There are several shortage inventory models, and they have been coupled with other inventory
management issues. Many studies have been published in the previous two decades in which
demand is price dependent. Fuzzy EOQ model was developed by many researcher, for instance,
[11], [12].

Pakhira et al. [13] during a shortage, applied the effect of memory to an inventory problem
describing the demand function varying with price. Under fuzzy choice factors, Garai [14] presented
an inventory problem involving time-varying holding cost. Indrajitsingha et al. [15] discussed a two-
warehouse problem in partial- backlogging and fuzzy Environment. Many articles have been
written about price-dependent demand in [16], [17] and [18]. Indrajitsingha et al. [19] has developed
an EOQ model for perishable products during the COVID-19 pandemic. Dey et al. [20] developed a
model assuming the discrete setup cost, varying safety factor, and the demand as a function of price.

In the midst of a pandemic, a method for managing disruptions in supply chain was developed in
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[21]. Afterwards, Deshmukh and Haleem [22] designed a mathematical model for manufacturing in
the after-COVID-19 period.
A customer's daily need may vary from day to day in reality. Because of a lack of historical data or
an abundance of information, evaluating a demand distribution is useful. Demand and different
inventory model elements have lately been viewed as separate forms of fuzzy numbers by certain
scholars. The neutrosophic set is concerned with its relationships with other aspects of the
conceptual spectrum. A new strategy for resolving completely neutrosophic linear programming
problem has been developed Abdel-Basset [23]. The neutrosophic set is a versatile and widely used
formal framework for analysing data sets that contain uncertainty. Mondal et al. [24] presented
optimal policy for stock problem with restricted storage capacity using Neutrosophic sets. Mullai
and Surya [25] formulated a problem with price break using neutrosophic sets, Mullai et al. [26] and
Mullai et. al. [27] used a single valued neutrosophic set to construct multiple inventory models.
Surya and Mullai [28] originated on the premise of quick return for faulty items in their
neutrosophic lot-size model. Pal and Chakraborty [29-30] developed a triangular neutrosophic-based
EOQ model for non-instantaneously decaying items under scarcity conditions. Authors in [32-35] developed
many optimization model in neutosophic environment. In a neutrosophic paradigm, the work could
readily manage any company's inventory system. When uncertain and unexpected circumstances
arise in the inventory system, this approach offers more accurate results than prior methodologies.
To demonstrate the model's outputs, a sensitivity analysis for crisp and neutrosophic sets is
provided, and the findings are briefly reviewed. However, overage models are not well-defined,
thus this study sheds light on the state of overage inventory of several goods, with a particular focus
on the pandemic epidemic. Overage management, trash disposal, and product dispersion are all part
of this profit maximization inventory model.
This paper answers key questions as follows:
(1) Why does this paper apply COVID-19 inventory crisis combating model in neutrosophic
environment instead of any other models?
COVID-19's spread has sparked one of the most devastating pandemics in contemporary
human past times. Humanity is still now in the early stages of learning about this terrible
sickness, and dealing properly with such a big public disaster is a critical issue. Although
there are differences in human natural semantics, the lack of knowledge makes it worse. The
Neutrosophic set approaches are a useful tool for representing the ambiguity of genuine
human semantic expression, as well as the analysis of partial and uncertain data. For
example, a person providing their opinion on a product's quality, with 0.7 indicating
"possibility that the quality is good," 0.2 indicating "possibility that he or she is unsure about
quality," and 0.5 indicating "possibility that the quality is not good." Then this set is
represented by a single neutrosophic number (0.7, 0.2, 0.5), where. 0<0.7+0.2+0.5< 3.
So the benefit of the SVNS is that any indeterminacy updating in your day-to-day life if a
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few people work on decisions that aren't certain, that set corresponds to the neutrosophic
set. Other fuzzy models do not take into account this uncertain fact. Because it parallels
human thinking and decision-making, it gives a remarkably efficient solution to difficult
issues in all areas of life.
(2) What is the practical implication of this model?
The suggested maximizing model will undoubtedly aid decision-makers in dealing with
overage circumstances induced by pandemic social distance.
The present paper is arranged below: Basic definitions involving Neutrosophic sets are provided in
section 2. In section 3, we present some assumptions & notations. In section 4, the proposed model
as well as methodology is demonstrated. Numerical experimentation is executed in section 5. In
sections 6 and 7, graphical representation and sensitivity analysis have been given, respectively. In
Section 8, some result and discussion are done based on the numerical study and in section 9

concluding remarks of the whole model and future scope have been discussed.

2. Preliminaries

In this section, the required preliminaries are explained here, and they are particularly relevant for

the suggested model.

Definition 2.1. [31] Neutrosophic set

A neutrosophic set A in the universal set U defined by a truth-membership function T s an

indeterminacy-membership function |, and a falsity-membership function F, T A (X), A (X)
and FA (X) are real members of [0,1]. Then,

A:{<X,TA(X) 1, (x),F, (x)y:xeU,T,(x),I (X),FA(X)E]O*,].*[}.Norestrictionis

TTA TTA

applied on the sum of TA(X), A(X) FA(X)and, so0- STA(X)+ |A(X)+ FA(X)S3+.

Definition 2.2. [29] Triangular single valued neutrosophic numbers of Type 1.

A triangular single valued Neutrosophic number of Type 1 is referred as
Aney =(ai,az,ag;bl,bz,b3;C1,C2,C3) whose truth membership, indeterminacy, and falsity

membership is defined as follows:
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X —
% \when a<x<a,
aH-g
1 when X=a
TANeu (X) = a3 —X ?
whena, < x< a,
-
0 otherwise
b, — x
2 whenb, <x<b,
bz _bl
0 when X=a,
IANeu (X) = X—a
2 whena, <x<a,
H—a,
1 otherwise
C, — X
: whenc, < x<c,
CZ Cl
0 when X=C,
FANeu (X) = X—C
2 whenc, <x<c,
C;—C,
1 otherwise

Here, 0<T, (X)+1, (¥)+F, (X)<3,X& Ane

Definition 2.3. [29] Alpha cut

The parametric form of the triangular single-valued neutrosophic number Aneu is presented as:

(Aw) =[A (@) A(a): A (B). A (B)A (7). A (7)]
Here, AL(OZ)Zai+(az—ai)05 , AR(“):as_(aS_az)a A_(ﬂ):bz_(bz_bl)ﬂ
A (B)=b,+(0y=0,) A (r)=C,~(c,~&)7 A7) =C,+(¢;=C,) 7 is the alpha cut of

the Aneu . Also, 0 € [0,1] , ﬂ IS [0,1] and Y E [0,1] .

2. Assumptions and Notations
2.1 Assumption
(a) The greatest stock level is exceeded on account of any of the following factors: insufficient

transportation services, climatic barriers, natural disasters and lockdown during
COVID-19 pandemics.

(b)It is assumed that demand changes as and when the selling price of the product changes.
Mathematically, D(S)=a—bS . Here, a is a positive constant and varies with selling
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a
price (S), and 0<b < 5 Further, @ and b are assumed as triangular single valued

neutrosophic fuzzy numbers.

(c) The expense of obtaining a new customer is referred to as the acquisition cost.

(d) The products are of the partly degraded kind.

(e) There is no end to the planned horizon.

3.2 Notations

T O

: Order Quantity

: The proportion of Q occurrences that cause overage in coming cycle.
: Density functions of probability for P.

: Placing an order has a set price.

: The greatest stock, per unit of time.
: Keeping a unique inventory of cost per unit of time.

: Items in maximum supply are sold at a unit selling price.
: Selling price per unit of overage products, v <s.

: Re-novating an overage item's cost per unit.

: The expense of removing the goods from the landfill.

: The percentage of overage times which is discarded.

: The density function.

: Cost of product dissemination.

: Cost of acquiring a new consumer.
: Total number of new clients gained.

: Duration of the cycle.

4. Model Development
4.1. Crisp Model

The proposed model is a progression of the client acquisition and overage management paradigms.

In order to restore the overage to the maximum stock level, this model takes into account the

inventory levels of different items. Overage occurs when inventory surpluses and deficits exceed the

maximum stock level. Consider the current situation: before to the spread of COVID 19, the

manufacturing sectors were operating with their inventory levels. When a firm closes at time t, it has

three inventory levels, item 1, item 2, and item 3. If the scenario is restarted at time tl, the company's

normal operations begin, which include ordering, manufacturing, and marketing. Assume these
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three things are the raw ingredients or partially finished goods that will be used to create the final

product. The time period t, —t influences the quality of three things. If t, —t <t”, then an overage

situation can be avoided by using a various inventory ordering procedure. (t*, the given time for

quality verification of the products, assuming that the physical properties of the inputs are uniform)
If t —t>t", the inventory replenishment pattern remains unchanged, and overage occurs.

The models are created based on the above premise. The components in this suggested model are

somewhat decaying in nature, which is one of the underlying assumptions. We have the following

equations:
Ur(@Q)=S (1-P) D + VPD 1)
2 DP
UTC(Q):Q+W+RPD+E+QP (HS,—H)+WC'°PP"D+ e )
Q 2 Q Q
The total profit per unit time as:
%4—@4- RPD+H—2Q
U, (Q)=(S (1-P) D + VPD)- , 3)
DP
+—QP (Hg —H)+Wd°PPdD +—
2 Q Q
Since Pd is a random variate, therefore, the expectation of (1), U ETP (Q) is presented as:
Q+ NAD + RE(P)D+H—2Q
Uerr (Q)=(S (1-E(P)) D + VE(P)D)- , )
DP
+QE(P )(HSI_H)+Wch(P)E(Pd)D+ pc

2 Q Q

The Optimal order quantity

2D(K +NA+W,E(P)E(R,)+P,)

Q= H+E(P?)(Hgy —H) ®

4.2 Fuzzy Model
It is uncommon t to specify each and every parameter exactly due to the ambiguity in the environment. To account

for more realistic situations, it is possible to assume that a few of the parameters, such as

a,b,D,H, HS and R alters under certain bounds. Let a,b,D,H, HSI ,and R be fuzzy neutrosophic

numbers. Then, we obtain

a:<(ai,az,ag),(a;,a'z,a;),(a;',a;,ag»
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b=((by,b,,b,), (b, b;,a,), (b, b, b;))

D=((D,,D,,D;).(D;, D;, D;).(D;, D}, D} ))

H = ((Hys Hy Hy ) (Hy, Hy, G ) (Hy HE HS))

Hy =((Ha1 Hazs Has ) (Han Hazs Has ) (Haw Ha Has)

R={(R,R,,R),(R.R;, R ), (R, R, RS )

We defuzzify using the signed distance method.

The signed distance of B = <( B,,B,, BS),(Bi, B'2, B3)( Bl", B;, Bs)> is presented as

B, +2B,+B,+B +2B,+B,+B +2B, +B,
12

d(B.0)=

The neutrosophic total cost is given by

%+W+RPD+H—2Q
U (Q)=(S (1-P) D + VPD)- 2 P ©)
+QP (Hsu—H)+W“°PP"D+ pe
2 Q Q
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KD, NAD.
Tl+7l+ PD1+%Q
(S (1-P)Dy +VPDy ) = ,
w, PP,D, D;P
+9 (Hgyq -y ot 0L L P
2 7 Q Q
KD, NAD H
—Q2+ 2+R2PD2+ 29
(s (1-P)Dy + VPD,)-| = ,
W, PP,D, DyP
9% (g -y ) a2 P2 e
2 Q Q
KD3+NAD3+R3PD3+ 3Q
2
(s (1-P) Dy +VPD3)— 02 WPy, D3Py
+=—(Hg g~Hg )+ '
2 Q Q
KD© NAD HlQ
" " 3 + 3 +RPD + 2
(su4ﬂol+VPq}— o
LTI S L e
2 SIt 1) Q Q
KD, NAD, . . H,
. . 2, 2+R2PD2+ Q
(S@rmD2+VPDA— Qz © o'p
QP (H-' i) VacPRaP2 | P2 e
2 S12"2) Q Q
KD, NAD, . . H
} y 34 3=R3PD3= 3
@(LHD3+VWJ— , " o
+QE{H" i) WacPRa s F3 pe
2 SI3 " '3) Q Q

The defuzzified neutrosophic total cost using above signed distance method is given by

KD NADy . . HiQ
, , Q ' ' 17
(s@$)q+quy W, PP.D DP._ [
2/, .
QP [H h \+ dc™'d L
2 Usit 1) Q Q
KD, NAD, . . H
‘ ' 2, 2 aRZPDza 2Q
' (S(l—P)D2 +VPD )— Q ) 2 oe |
LR\ WacPPa Do | P2 pe
2 \Msiz et g
KDy NAD, . . H.
‘ ' 3 3+R3PD3+%Q
S (1-P) Dy +VPD, |- © ,
8 3 2 W, PP, D, D3P
Py '\ Wde""d“3  “3 pc
T \Hsis s 5
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KD, NAD
Tl+ 1+R1PD1+%Q
S (1-P)D, + VPD,)-
( 1 1) +QP2(H o )+WdCPPd D; | Dlppc
2 SI1 1 Q Q
KD, NAD
7Q2+ 2+R2PD2+ gQ
+2 (s (1-P) D, +VPD2)— 2 Wy PPyD, DaPoc
+=—(Hg12-H2)" 9 o
KD, NAD
Q3+ 9 3+R3PD3+7§Q
+(s(1—P)D3 +V PDg)- 5
w, PP,D, D3P
+ 2 (Hg) g Hg)r—de 0= 2P
2 Q Q
KD NAD .. HQ
. . —1, 1+R1PD +—1
%s@rle+VPq}-<?2 Q o
L QP (H' _H')+WchPdD1 1" pc
2 SI1 1 Q Q
KD, NAD .
1 , , 2., +R,PD, + gQ
d(uTP(Q)p):=I§—+2 (S(lfP)Dz +\/PD2)7 Q .
P2/ '\, WacPPa D2 P2Ppe
+ (HSIZ H2)+
2 Q Q
KD, NAD; « .
. . T3+ 34 3PD3+ gQ
+(s (1-P) Dg +VPD3)— ) S
QP (" "\, WacPP4Ps  Z3"pc
+“‘(HS|3 3)+
2 Q Q
KD NAD =~ HQ
" " —1 l+F\’:|_PD +—1L
+(s (1-P) D; +VPD1)— Q , Q e
. w W, PP, D
L QP (HS|L‘H1)+ dc""dP1 1 pc
2 Q Q
KD, NAD "
2, +R,PD, + Q
" "\ Q@ " Q 2
+24(S (1-P) D, + V PD, |- .o
QP?Z( - "\ WacPPg Py P2Ppe
+7(HS|2—H2)+ +
2 Q Q
KD, NAD, « « H
. . —3, 3+R3PD3+7§Q
+(s (1-P) Dg +VPD3)— Q ) w. op. o DLP
QP " "\, Ydc""d~¥3, ~3 pc
+ > (HS|3—H3). +

Q

Q

@

To find the optimal solution by taking the derivative of d (UTP (Q), 0) relative to Q and then equating it to zero,

we get
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2( D1+2 D2+D3+D1+2 D2+D3+D1+2 D2+D3)(K+NA+WdCPPd +Pp )

—

5. Numerical Example

( SI1

Hy)+2(Hgyp-H,
2
(H1+2H2+H3+H1+2H2+H3+H1+2H2+H3)+P + HSll H1)+2(HSI2

JH(Hsi3H3)
)*( S|3‘H3)

+{Hg11- H1)+2(HSI2 H )*( SI3 Hs)

®)

Case study: To demonstrate the situation, suppose the demand of a product fall due to insufficient

transportation services, climatic barriers, natural disasters and lockdown during COVID-19

pandemics etc. In this situation, business model encounters the fall in the forecast requirement for

the item 1, item 2 and item3. And the inventories goes up maximum into overage. A numerical

example using the following inputs, as in Table 1, is used to validate the proposed model.

Table 1. Input data

Parameter Item 1 Item 2 Item 3

a 50,000 unit / year 50,000 unit / year 50,000 unit / year
b 50 50 50

K 200 / cycle 220/ cycle 230/ cycle

H 5/ unit / year 4 [ unit / year 6 / unit / year
H . 6 / unit / year 7 [ unit / yea 8 / unit / yea

S 50 / unit 60 / unit 55 / unit

V 35 / unit 40 / unit 35 / unit

R 5 /item 6 / item 5 /item

A 30 / customers 35 / customers 40 / customers
N 2 3 4

Wdc 3 / unit 4 / unit 5/ unit

Ppc 300 / cycle 320/ cycle 330/ cycle

It is assumed that P and P, follows uniform distribution with the below density function:

4,

f(P)={O

0<P<0.25
. Otherwise

and f(Pd>={

0,

E(P) =0.125, E(P?) =0.021and E(P,) =0.1.

The following Table 2 demonstrates the optimal results.

20,

0<P, <0.05
Otherwise
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Table 2. Optimal results for both models

Types of Models | Items Optimal order | Expected
Quantity Maximum profit

Crisp Item 1 3255 2239905.732
Item 2 3863 2651554.179
Item 3 3355 2430817.326

Fuzzy Item 1 3262 1913343.196
Item 2 3893 2263803.700
Item 3 3367 2105973.452

6. Graphical representation
Figures 1 and 2 demonstrate the cost function behavior for both models. The concavity of Figure
demonstrates that it maximizes overall profit. Figure 3 depicts a comparison of both crisp and fuzzy

models. Figures 4 and 5 show how different cost functions, such as acquisition and fixed costs, vary.

«108 Figure 1 Behaviour of cost function(Crisp model)
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«10® Figure 2 Behaviour of cost function(Fuzzy model)
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7. Sensitivity Analysis

We were able to observe some changes in the final cost by gently changing the parameters in this
section. By changing each of the parameters by -15 %, -10 %, -5 %, 0 %, +5 %, +10 %, and +15 % this
study does a sensitivity analysis. We may do a sensitivity analysis for the given situation. We
changed one of the parameters' percent while leaving the rest alone. We've also looked into the
whole cost's influence. The findings are summarized in Table 3.

Table 3: Percentage change in parameter

Variation of | -15 -10 -5 0 5 10 15
Parameters
a 1885001 2003289 2121591 2239905 2358231 2476567 | 2594912
b 2257653 2251737 2245821 2239905 2233989 2228073 2222157
K 2240349 2240200 2240052 2239905 2239760 2239616 2239473
H 2241148 2240722 2240309 2239905 2239512 2239127 2238751
H,, 2239936 2239926 2239915 2239905 2239895 2239885 2239874
S 1943474 2042831 2141642 2239905 2337622 2434792 2531415
V 2208733 2219124 2229515 2239905 2250296 2260686 2271077
R 2244358 2242874 2241390 2239905 2238421 2236936 2235452
A 2240037 2239993 2239949 2239905 2239862 2239818 2239774
W, 2239905 2239905 2239905 2239905 2239905 2239905 2239905
P 2240576 2240349 2240126 2239905 2239688 2239473 2239261

The below mentioned observations are found with the support of Table 3.
(i) An increase in the total cost is caused by a percentage change (PC) in demand parameters a,

selling price in maximum stock, and selling price in overage.

(ii) Percentage change (PC) in demand parameter b, K, H,Hg ,R, Aand P, lead a decrease in

the total cost.
(iii) Percentage change (PC) in Waste disposal cost of the items not effect of the total cost.

Furthermore, we have illustrated below in Figure 6.
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Figure 6 Effect of parameters on total cost
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8. Results and Discussion

The difference between collective earnings and costs each cycle is the projected aggregate profit per
unit of time. Table 2 shows the optimum order quantity for items 1, 2, and 3 to maximize the
corresponding projected aggregate profit per unit of time. The optimum order quantity Q for each
item is determined, as well as the predicted maximum profit per unit of time. In the above table 2 we
also observed that the order quantity of crisp and fuzzy model partially equal but the profit
decreases in fuzzy model. The total expenses include the costs of upgrading the overage goods, as
well as disposal and product propagation charges. The entire expenses and income related with
overage management are represented in this model. The building of inventory is a crucial challenge
for the manufacturing industries. The proposed model is not specific to any type of manufacturing
company since it includes all of the basic cost characteristics associated with handling excess
inventory. The inclusion of environmental costs represents the model's societal relevance in
encouraging environmental sustainability; moreover, including environmental costs will make the

model compatible with environmental accounting procedures.

9. Conclusions

COVID-19 is a novel experience around the globe. The great nations are running out of endurance in
their fight against this terrible health disaster, and the only weapon they have left is an absurd
medicine called "Social Distancing." The introduction of quarantine has wreaked havoc on the

manufacturing sector. The abrupt curfew interruption disrupted product manufacturing, and the
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pandemic effect on output resulted in overproduction. In this research, a more generic overage
model is formulated to address problems of overage during pandemic outbreaks. This model is for
restoring overstock of several goods to maximum stock levels. The suggested maximizing model
will undoubtedly aid decision-makers in dealing with overage circumstances induced by pandemic
social distance. The goal of this work was to look at price dependent linear demand inventory
models in a fuzzy setting. Because the demand and quality of the overage times is not always
consistent, it possesses an impact on the overall system. And, in the middle of current variations, our
fuzzy model aids in estimating the best projected total profit each cycle. The model is also compared
in two different environments, crisp and neutrosophic fuzzy, in the study. This hazy model stresses
that customers are more valuable than money and also provides overage control measures. In
addition, in the middle of current volatility, our fuzzy model aids in estimating the ideal predicted
total profit each cycle. In this study, we did a sensitivity analysis in a crisp setting to show our case.
The proposed model may be used to help companies establish production plans in response to
pandemics and other unanticipated disasters that interrupt the manufacturing process.

The future scope of this research comprises the investigation of various planning models which
allows inclusive planning of overage with different environments such as sustainable and fuzzy. The
proposed model reveals a number of ways to extend the model in other dimensions such as demand
inversely related to the selling price of the product [37], parabolic holding cost [38], etc. In addition,
the developed model can be in multi criteria decision and supply chain problems.

Conflicts of Interest: The authors declare no conflict of interest.

Funding: This research received no external funding.

References

1. Murugan, R.; & Goel, T. E-DiCoNet: Extreme learning machine based classifier for diagnosis of
COVID-19 using deep convolutional network. Journal of Ambient Intelligence and Humanized
Computing 2021, 12(9): 1-12.

2. Szmelter-Jarosz, A.; Ghahremani-Nahr, J.; & Nozari, H. A neutrosophic fuzzy optimisation
model for optimal sustainable closed-loop supply chain network during COVID-19. Journal of
Risk and Financial Management, 2021, 14(11): 519.

3. Guo, Y. R, Cao, Q. D,; Hong, Z. S.; Tan, Y. Y.; Chen, S. D.; Jin, H. J; & Yan, Y. The origin,
transmission and clinical therapies on coronavirus disease 2019 (COVID-19) outbreak-an
update on the status. Military Medical Research. 2020, 7(1): 1-10.

4. Poudel, P; Poudel, M. R; Gautam, A.; Phuyal, S.; Tiwari, C.; Bashyal, N.; & Bashyal, S.
COVID-19 and its global impact on food and agriculture, Journal of Biology and Today’s World.
2020, 9(5): 221.

5. Kumar, V.; Monika, K.; Bharti, R.; & Khan, N. A. A review on corona virus and Covid-19.
International Journal of Pharmaceutical Sciences Review and Research. 2020, 65(1): 110-115.

6. Alvarez-Placencia, I; Sanchez-Partida, D.; Cano-Olivos, P.; & Martinez-Flores, ]J. Inventory
management practices during COVID 19 pandemic to maintain liquidity increasing customer
service level in an industrial products company in Mexico. Advances in Science. 2020, 5(6):
613-626.

Suchitra Pattnaik, Mitali Madhusmita Nayak and Pavan Kumar, An Inventory Control Model in the Framework of
COVID-19 Disruptions Considering Overage Items with Neutrosophic Fuzzy Uncertainty


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwi_kZez-oH3AhVURWwGHSt7BSsQFnoECAUQAQ&url=https%3A%2F%2Fwww.wipro.com%2Fblogs%2Fsubhashish-panda%2Fcovid-19-disruptions-inventory-optimization-and-planning-solution%2F&usg=AOvVaw1X9On2Lm5e2doDjqwzYsA_

Neutrosophic Sets and Systems, Vol. 56, 2023 116

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Zimon, G.; Babenko, V. Sadowska, B.; Chudy-Laskowska, K. & Gosik, B. Inventory
management in SMEs operating in polish group purchasing organizations during the
COVID-19 pandemic. Risks. 2021, 9: 63. https://doi.org/10.3390/risks9040063

Relph, G.; & Barrar, P. Overage inventory—how does it occur and why is it important?
International Journal of Production Economics. 2003, 81: 163-171.

Ritha, W. & Jayanthi, K. Determination of fuzzy total profit of the enterprise which channelizes
the overage to customer acquisition. International Journal of Research in Advent Technology. 2019,
Special Issue, PP. 162-165. E-ISSN: 2321-9637.

Harris, F. How many parts to make at once, factory. The Magazine of Management, 1913, 2:
135-136.

Taft, E. W. Formulas for exact and approximate evaluation-handling cost of jigs and interest
charges of product manufactured included. The Iron Age. 1918, 101(5): 1410-1412.

Chanda, U. & Kumar, A. Optimisation of fuzzy EOQ model for advertising and price sensitive
demand model under dynamic ceiling on potential adoption. International Journal of Systems
Science: Operations & Logistics. 2017, 4: 145-165.

Chakraborty, A.; Mondal, S. P.; Ahmadian, A.; Senu, N.; Alam, S.; & Salahshour, S. Different
forms of triangular neutrosophic numbers, de-neutrosophication techniques, and their
applications. Symmetry. 2018, 10(8): 327.

Pakhira, R.; Ghosh, U.; & Sarkar, S. Application of memory effect in an inventory model with
price dependent demand rate during shortage. International Journal Education and Management
Engineering. 2019, 3: 51-64.

Garai, T.; Chakraborty, D.; & Roy, T. K. Fully fuzzy inventory model with price-dependent
demand and time varying holding cost under fuzzy decision variables. Journal of Intelligent &
Fuzzy Systems. 2019, 36(4): 3725-3738.

Indrajitsingha, S. K.; Samanta, P. N.; & Misra, U. K. A fuzzy two-warehouse inventory model
for single deteriorating item with selling-price-dependent demand and shortage under
partial-backlogged condition. Applications & Applied Mathematics. 2019, 14(1): 511-536

Das, S.; Zidan, A. M,; Manna, A. K, Shaikh, A. A.; & Bhunia, A. K. An application of
preservation technology in inventory control system with price dependent demand and partial
backlogging. Alexandria Engineering Journal 2020, 59(3): 1359-1369.

Rahman, M. S,; Duary, A.; Shaikh, A. A.; & Bhunia, A. K. An application of parametric approach
for interval differential equation in inventory model for deteriorating items with
selling-price-dependent demand. Neural Computing & Applications. 2020, 32(17): 14069-14085
https://doi.org/10.1007/s00521-020-04806-w

Halim, M. A.; Paul, A.; Mahmoud, M.; Alshahrani, B.; Alazzawi, A. Y.; & Ismail, G. M. An
overtime production inventory model for deteriorating items with nonlinear price and stock
dependent demand. Alexandria Engineering Journal 2021, 60(3): 2779-2786.

Indrajitsingha, S. K.; Raula, P.; Samanta, P.; Misra, U.; & Raju, L. K. An EOQ model of
selling-price-dependent demand for non-instantaneous deteriorating items during the
pandemic COVID-19. Walailak Journal of Science and Technology. 2021, 18(12): 13398-14.

Suchitra Pattnaik, Mitali Madhusmita Nayak and Pavan Kumar, An Inventory Control Model in the Framework of
COVID-19 Disruptions Considering Overage Items with Neutrosophic Fuzzy Uncertainty


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwi_kZez-oH3AhVURWwGHSt7BSsQFnoECAUQAQ&url=https%3A%2F%2Fwww.wipro.com%2Fblogs%2Fsubhashish-panda%2Fcovid-19-disruptions-inventory-optimization-and-planning-solution%2F&usg=AOvVaw1X9On2Lm5e2doDjqwzYsA_
https://doi.org/10.3390/risks9040063
https://doi.org/10.1007/s00521-020-04806-w

Neutrosophic Sets and Systems, Vol. 56, 2023 117

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Dey, B. K; Sarkar, B.; Sarkar, M.; & Pareek, S. An integrated inventory model involving discrete
setup cost reduction, variable safety factor, selling price dependent demand, and investment.
RAIRO-Operations Research. 2019, 53(1): 39-57.

Nasution, A.; Novia, A. N,; Putriya, A. F.; & Azalia, M. Disturbance management strategy in the
food supply chain in the middle of pandemic COVID-19. IOP Conference Series: Materials
Science and Engineering. 2020, 1003(1): 012133, https://doi.org/10.1088/1757-899X/1003/1/012133
Deshmukh, S. G.; & Haleem, A. Framework for manufacturing in post-Covid-19 world order:
An Indian perspective. International Journal of Global Business and Competitiveness. 2020, 15: 49-60.
Abdel-Basset, M.; Manogaran, G.; Mohamed, M.; & Smarandache, F. A novel method for
solving the fully neutrosophic linear programming problems. Neural Computing and
Applications. 2018, 31: 1595-1605.

Mondal, B.; Kar, C.; Garai, A.; & Roy, T. K. Optimization of EOQ model with limited storage
capacity by neutrosophic geometric programming. Neutrosophic Sets and Systems. 2018,
22(1):5-29. https://doi.org/10.5281/zenod0.2160223

Mullai, M.; & Surya, R. Neutrosophic EOQ model with price break. Neutrosophic Sets and
Systems. 2018, 19(1): 24-28.

Mullai, M.; Sangeetha, K.; Surya, R.; Kumar, G. M.; Jeyabalan, R.; & Broumi, S. A single valued
neutrosophic inventory model with neutrosophic random variable. International Journal of
Neutrosophic Science. 2020, 1(2): 52-62.

Mullail, M.; Sangeetha. K.; Surya, R.; Madhan, G. K; Jeyabalan, R.; & Broumi, S. A single
valued neutrosophic inventory model with neutrosophic random variable. International Journal
of Neutrosophic Science. 2021, 1(2): 52-63.

Surya, R.; & Mullai, M. Neutrosophic inventory model under immediate return for deficient
items. Annals of Optimization Theory and Practice. 2020, 3(4): 1-9.

Pal, S.; & Chakraborty, A. Triangular neutrosophic-based EOQ model for non-instantaneous
deteriorating item under shortages. American Journal of Business and Operations Research. 2020,
1(1): 28-35. https://doi.org/10.54216/AJBOR.010103

Pal, S.; & Chakraborty, A. Triangular neutrosophic based production reliability model of
deteriorating item with ramp type demand under shortages and time discounting. Neutrosophic
Sets and Systems. 2020, 35: 347-367.

Deli, I; & Yusuf, S. Single valued neutrosophic numbers and their applications to Multi-criteria
decision making problem. Neutrosophic Sets System. 2014, 2(1): 1-13.

Mona Mohamed, Abduallah Gamal, Toward Sustainable Emerging Economics based on
Industry 5.0: Leveraging Neutrosophic Theory in Appraisal Decision Framework, Neutrosophic
Systems with Applications, Vol. 1, (2023):pp. 14-21, (Doi:
https://doi.org/10.5281/zenodo.8171178)

Abduallah Gamal, Amal F.Abd El-Gawad , Mohamed Abouhawwash, Towards a Responsive
Resilient Supply Chain based on Industry 5.0: A Case Study in Healthcare Systems,
Neutrosophic ~ Systems  with ~ Applications, vol2,  (2023): pp. 8-24. (Doi:
https://doi.org/10.5281/zenodo.8185201)

Suchitra Pattnaik, Mitali Madhusmita Nayak and Pavan Kumar, An Inventory Control Model in the Framework of
COVID-19 Disruptions Considering Overage Items with Neutrosophic Fuzzy Uncertainty


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwi_kZez-oH3AhVURWwGHSt7BSsQFnoECAUQAQ&url=https%3A%2F%2Fwww.wipro.com%2Fblogs%2Fsubhashish-panda%2Fcovid-19-disruptions-inventory-optimization-and-planning-solution%2F&usg=AOvVaw1X9On2Lm5e2doDjqwzYsA_
http://dx.doi.org/10.1088/1757-899X/1003/1/012133
https://doi.org/10.5281/zenodo.2160223
https://doi.org/10.54216/AJBOR.010103
https://doi.org/10.5281/zenodo.8171178
https://doi.org/10.5281/zenodo.8185201

Neutrosophic Sets and Systems, Vol. 56, 2023 118

35. Abdel-Monem , A., A.Nabeeh , N., & Abouhawwash, M. An Integrated Neutrosophic Regional
Management Ranking Method for Agricultural Water Management. Neutrosophic Systems with
Applications, vol.1, (2023): pp. 22-28. (Doi: https://doi.org/10.5281/zen0do.8171194)

36. Garai, T.; & Garg, H. Multi-criteria decision making of COVID-19 vaccines (in India) based on
ranking interpreter technique under single valued bipolar neutrosophic environment. Expert
Systems with Applications. 2022, 208: 118160.

37. Kumar, P.; & Dutta, D. Multi-objective linear fractional inventory model of multi-products with
price dependent demand rate in fuzzy environment. International Journal of Mathematics in
Operations Research. 2015, 7(5): 547-565. https://doi.org/10.1504/I]MOR.2015.071280

38. Kumar, P. An inventory planning problem for time-varying linear demand and parabolic

holding cost with salvage value. Croatian Operational Research Review. 2019, 10(2): 187-199.
https://doi.org/10.17535/crorr.2019.0017

Received: March 16, 2023. Accepted: July 18, 2023

Suchitra Pattnaik, Mitali Madhusmita Nayak and Pavan Kumar, An Inventory Control Model in the Framework of
COVID-19 Disruptions Considering Overage Items with Neutrosophic Fuzzy Uncertainty


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwi_kZez-oH3AhVURWwGHSt7BSsQFnoECAUQAQ&url=https%3A%2F%2Fwww.wipro.com%2Fblogs%2Fsubhashish-panda%2Fcovid-19-disruptions-inventory-optimization-and-planning-solution%2F&usg=AOvVaw1X9On2Lm5e2doDjqwzYsA_
https://doi.org/10.5281/zenodo.8171194
https://doi.org/10.1504/IJMOR.2015.071280
https://doi.org/10.17535/crorr.2019.0017
https://doi.org/10.17535/crorr.2019.0017

