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Abstract. This paper presents a thorough assessment and classification of different uncertain environments

used by researchers to analyze inventory management(IM) systems across various sectors, such as ABC anal-

ysis, Last In, First Out (LIFO), and batch tracking. Moreover, it introduces the concepts of the neutrosophic

principle and fuzzy principle in inventory management. it also investigates the difficulties associated with the

traditional inventory model. The primary focus of the study lies in inventory management under the Neu-

trosophic principle, specifically addressing uncertain demand and imprecise data. By shedding light on the

potential of neutrosophic principle, this manuscript contributes valuable insights into overcoming the challenges

posed by fuzzy models and enhancing decision-making in the realm of inventory control system.

Keywords: Supply chain; Trapezoidal fuzzy number(TpFN); Fuzzy economic order quantity (FEOQ); Trape-

zoidal Neutrosophic number(TpNN); Neutrosophic inventory management(NIM).

1. Introduction

An inventory control system is a mathematical algorithm used to optimize inventory levels

for businesses and organizations. It considers factors such as carrying cost, stock out cost, de-

mand, lead time, and ordering costs to determine the most suitable inventory levels. Ronald H.

Ballou defines inventory models as quantitative models that determine the appropriate order

quantities, timing of orders, and safety stock levels for specific inventory items or sets of items.

Notable studies in the field of inventory control models have made significant contributions.In

1996, Song and Zipkin [1] introduced a model incorporating a Markovian representation of

the supply system. Feng and Xiao [2], in 2001, focused on enhancing airline seat inventory
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control through a dynamic model and optimal policy approach. Levi et al. (2007) [3] presented

sampling-based policies that provided provable near-optimality for stochastic inventory control

models. In 2011, Che-Fu Hsueh [4] conducted research to examine inventory control policies

within a manufacturing/remanufacturing system across the entire product life cycle. Lastly,

Zhou et al. (2013) [5] proposed a comprehensive inventory control model that integrated mul-

tiple products and echelons, along with a joint replenishment strategy. These studies have

offered valuable insights into the development and improvement of inventory control policies

and systems.

After examining the problem of classical inventory, it has become clear that there are many

problems that cannot be solved. That is why in 1965, Zadeh [6] introduced fuzzy logic. Fuzzy

set is a mathematical framework for handling uncertainty and vagueness. In 1988, Dubois and

Parade [7] proposed a model of IM that handles uncertainty. Section 3 explains how uncer-

tainty is handled in inventory management. Table 1 and Figure 1 provide a summary of the

significant contributions to understanding the FIM.

Table 1. Represents the impact of uncertainty in Inventory Control Models.

Authors Year Application

and Environ-

ment

Contribution

Paksoy and Pehli-

van [8]

2013 Application: Sup-

ply Chain Envi-

ronment: TpFN

A fuzzy linear programming model

is proposed for optimizing multi-

stage supply chain networks by in-

corporating triangular and trape-

zoidal membership functions.

Ran-

ganathan and

Thirunavukarasu

[9]

2014 Application: ICM

for fixed deteri-

oration Environ-

ment: TpFN

A fuzzy environment ICM for man-

aging constant deterioration.

Sadeghi et

al. [10]}
2016 Application:

MIEPQM Envi-

ronment: TpFN

Two tuned meta-heuristics for op-

timizing the MIEPQM with trape-

zoidal fuzzy demand and backorder-

ing.

Continued on next page
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Table 1 – Continued from previous page

Authors Year Application

and Environ-

ment

Contribution

Singh and Singh

[11]

2016 Application: Ven-

dor and Buyers

Problem Environ-

ment: TpFN

A relationship model between ven-

dors and buyers for deteriorat-

ing items, incorporating shortages,

fuzzy trapezoidal costs, and infla-

tion.

This manuscript displays different applications and methodologies of fuzzy inventory control

in below Figure 1.

Figure 1. Represent the different applications involved in FIM

In our ongoing investigation, we examined the unique characteristics of fuzzy logic and found

that some challenges are important to know. Our goal is to deliver valuable understandings
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of different methods that are commonly associated with IM. We will focus on important as-

pects of IM in fuzzy extension scenarios. We aim to assist academics in developing a deep

understanding of NIM. Additionally, our manuscript surveys crucial aspects of NIM compre-

hensively. Moreover, we explore the existence of and challenges of IM that are associated with

uncertainty. These challenges include ABC analysis [12], First In, First Out (FIFO) [13], and

safety stock [14].

The introduction of this research article lays the groundwork for a comprehensive exploration

of fuzzy theory and neutrosophic theory in the context of inventory management. In section 2,

we established important definitions related to fuzzy theory, while section 3 shed light on the

challenges of the FIM. Moving to section 4, we introduced the key concepts of neutrosophic

theory, and specifically in section 4.1, we examined its practical application. In section 5,

we delved into IM under the neutrosophic principle, and finally, in section 6, we arrived at

the conclusion of our investigation in IM within neutrosophic environments. The forthcoming

sections offer a comprehensive analysis of the application and implications of these theories

in inventory management, opening new avenues for addressing uncertainties and enhancing

decision-making processes in complex supply chain scenarios.

1.1. List of Abbreviations are as follows:

FIM stands for “Fuzzy Inventory Management”.

ICM stands for “Inventory Control Model”.

NTN stands for “Neutrosophic Triangular Number”.

PSAOIM stands for “Particle Swarm Algorithm to optimize inventory management”.

PIM stands for “Production Inventory Model”.

ITFN stands for “Intuitionistic Triangular Fuzzy Number”.

MIEPQM stands for “Multi-item Economic Production Quantity Model”.

IVTNN stands for “Interval Valued Trapezoidal Neutrosophic Number”.

2. Some Important Definitions Related to Fuzzy Theory

Definition 2.1. [6] Fuzzy Set: As per the Zedah’s definition, The set f̃ is illustrated as f̃ ={(
ψ, µ

f̃
(ψ)
)

: ψ ∈ f, µ
f̃
(ψ) ∈ [0, 1]

}
and generally denoted by the ordered pair

(
ψ, µ

f̃
(ψ)
)

,

here ψ ∈ f be the crisp set and µ
f̃
(ψ) ∈ [0, 1]; such that 0 ≤ µ

f̃
(ψ) ≤ 1, f̃ is termed as the

fuzzy set.

Definition 2.2. [15] Intuitionistic Fuzzy set (IFS): A set ĨFS , denoted as ĨFS =

{〈δ; [τ(δ), γ(δ)]〉 : δ ∈ ϕ} can be represented graphically as a membership function where

τ(δ), γ(δ) : ϕ → [0, 1]the truth membership function is denoted byτ(δ) and the false
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membership function is denoted by γ(δ). The condition for the set τ(δ), γ(δ) to satisfy

0 ≤ τ(δ) + γ(δ) ≤ 1

Definition 2.3. [16] Trapezoidal Fuzzy Number (TpFN): A trapezoidal fuzzy number T̃F can

be illustrated as (jn1 , jn2 , jn3 , jn4)shown in Figure.2 with the membership function µ
T̃ F

as

follows (ref Figure 2.)

υ
T̃ F

(ϕ) =



ϕ− jn1

jn2 − jn1

, jn1 ≤ ϕ ≤ jn2 ;

1, jn2 ≤ ϕ ≤ jn3 ;

jn4 − ϕ
tf4 − tf3

, jn3 ≤ ϕ ≤ jn4 ;

0, Otherwise

where jn1 , jn2 , jn3 , jn4 ∈ R

Figure 2. Figure 2:Trapezoidal Fuzzy Number

Definition 2.4. [17] Trapezoidal Intuitionistic Fuzzy Number (TpIFN):LetT̃ pIF =〈(
[t, u, v, w] ; τ

T̃ pIF

)
,
(

[u1, r, s, w1]; γT̃ pIF

)〉
has a non-membership γ

T̃ pIF
(ϕ), and a member-

ship τ
T̃ pIF

(ϕ) functions as follows (ref Figure3):

τ
T̃ pIF

(ϕ) =



(ϕ− t)
(n− q)

τ
T̃ pIF

, t ≤ ϕ ≤ u;

τ
T̃ pIF

, u ≤ ϕ ≤ v;

(w − ϕ)

(w − v)
τ
T̃ pIF

, v < ϕ ≤ w;

0, Otherwise.
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, γ
T̃ pIF

(ϕ) =



(u− ϕ) + ν
ĨTF

(ϕ− t1)
(u−m1)

γ
T̃ pIF

, t ≤ ϕ ≤ u;

γ
T̃ pIF

, n ≤ ϕ ≤ v;

(ϕ− v) + ν
T̃ pIF

(w1 − ϕ)

(w1 − o)
γ
T̃ pIF

, v < ϕ ≤ w;

0, Otherwise.

Where 0 ≤ τ
T̃ pIF

(δ) ≤ 1; 0 ≤ γ
T̃ pIF

(δ) ≤ 1; and τ
T̃ pIF

+ γ
T̃ pIF

≤ 1; t, u, v, w ∈ R.

Definition 2.5. [18] α-cut: α-cut of Ã
−

= (aa1, a
n
2 , a

k
3, a

i
4) is

A(α) = [AL(α), AR(α)]Where,AL(α) = aa1 + (an2 − aa1) & , AR(α) = ai4 − (ai4 − ak3)α

Definition 2.6. [18] Arithmetical operation in fuzzy Environment : Let Ã
−

=(
ãa1, ã

n
2 , ã

k
3, ã

i
4

)
andB̃

−
=
(
b̃a1, b̃

n
2 , b̃

k
3, b̃

i
4

)
are two Trapezoidal Neutrosophic numbers, then,

Ã
−
⊕ B̃

−
=
(
ãa1 + b̃a1, ã

n
2 + b̃n2 , ã

k
3 + b̃k3, ã

i
4 + b̃i4

)
.

Ã
−
⊗ B̃

−
=
(
ãa1 b̃

a
1, ã

n
2 b̃

n
2 , ã

k
3 b̃

k
3, ã

i
4b̃

i
4

)
α⊗ Ã

−
=
(
αãa1, αã

n
2 , αã

k
3, αã

i
4

)
, α ≥ 0

α⊗ Ã
−

=
(
αãi4, αã

k
3, αã

n
2 , αã

a
1

)
, α < 0

Figure 3. Trapezoidal Fuzzy Number

In Section 2, we presented several crucial definitions related to fuzzy theory. As we are

aware, fuzzy inventory models involve various parameters, such as demand, holding cost,

ordering cost, and others, which are incapable of managing uncertainties. Consequently, it

becomes necessary to confront certain challenges. In the forthcoming Section 3, we intend to

discuss these challenges in detail.
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3. Challenges of the FIM

The FIM is a technique designed to handle the variability and uncertainty in supply and de-

mand. Sometimes, things are not clear or certain. Fuzzy theory is a way to deal with that, but

it is not enough. Fuzzy theory alone fails to solve uncertainty, imprecise and vagueness. So,

some people came up with new ideas to improve fuzzy theory. These ideas are called extended

fuzzy theories i.e., Intuitionistic theory by Atanassov in 1986 [15], Neutrosophic theory [19] by

Smarandche in 1990, and Pythagorean theory by Yager in 2013 [20]. The next paragraph will

explain more about these ideas.

4. Important Definitions, and Introduction Related to Neutrosophic Environment

This section discusses important definitions, preliminaries and applications related to Neu-

trosophic logic. It also highlights some applications of Neutrosophic Inventory Models (NIM).

Definition 4.1. [21] Trapezoidal Neutrosophic number (TpNNs): Let N be a TpNNs in the

set of real numbers with the truth, falsity and indeterminacy membership functions are defined

by

TN (ω) =



(ω − p)tN
q − p

, p ≤ ω < q

tN ,q ≤ ω ≤ r

(s− ω)tN
s− r

, r < ω ≤ s

0 ,otherwise


, IN (ω) =



q − ω + (ω − p)iN
q − p

, q > ω ≥ p

iN ,q ≤ ω ≤ r

ω − c+ (d− ω)tN
s− r

, r < ω ≤ s

0 ,otherwise



, and FN (ω) =



(ω − p)fN + p− ω
q − p

, p ≤ ω < q

fN ,q ≤ ω ≤ r

ω − r + (s− ω)fN
s− r

, r < ω ≤ s

0 ,otherwise


Where iN =

[
iL, iU

]
⊂ [0, 1] ,fN =

[
fL, fU

]
⊂ [0, 1], and tN =

[
tL, tU

]
⊂ [0, 1] are interval

numbers. Then the number N can be denoted by
(
[p, q, r, s] ; [iL, iU ], [fL, fU ], [tL, tU ]

)
and is

called IVTNN.

Definition 4.2. [22] : Let Td̃, Id̃, Fd̃ ∈ [0, 1], then a SVTpN numberd̃ =〈[
d̃a, d̃s, d̃h, d̃o

]
, (Td̃, Id̃, Fd̃)

〉
is a special Ns on the real number set R, whose truth-MF ψd̃(x),

falsity-MF ζd̃(x), and indeterminacy-MF ξd̃(x) are given as follows:
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ψd̃(x) =



Td̃(x− d̃a)

(d̃s − d̃a)
, d̃a ≤ x ≤ d̃s

Td̃, d̃
s ≤ x ≤ d̃h

Td̃(d̃o − x)

(d̃o − d̃h)
, d̃h ≤ x ≤ d̃o

0, otherwise


, ξd̃(x) =



(d̃s − x+ Id̃(x− d̃a))

(d̃s − d̃a)
, d̃a ≤ x ≤ d̃s

Id̃, d̃
s ≤ x ≤ d̃h

(x− d̃h + Id̃(d̃o − x))

(d̃o − d̃h)
, d̃h ≤ x ≤ d̃o

1, otherwise


,and

ζd̃(x) =



(d̃s − x+ Fd̃(x− d̃a))

(d̃s − d̃a)
, d̃a ≤ x ≤ d̃s

Fd̃, d̃
s ≤ x ≤ d̃h

(x− d̃h + Fd̃(d̃o − x))

(d̃o − d̃h)
, d̃h ≤ x ≤ d̃o

1, otherwise


4.1. The Application of the Neutrosophic Principle in Inventory management

Neutrosophic principles exhibit a broad spectrum of applications spanning across diverse

sectors and domains. Presented in Table 2 is a comprehensive overview of the notable pro-

gressions in Neutrosophic principle, highlighting their multifarious implementations in various

fields.

Table 2. Comprehensive overview in inventory management under neutro-

sophic environment.

Authors Year Environment Application Contribution

Mullai and

Surya [23]

2018 TpNN Economic Order

Quantity (EOQ)

To presents the develop-

ment of an IM with a

price break, utilizing an

EOQ approach.

Sarma et al.

[24]

2019 TpNN Disaster Manage-

ment

Cost minimization in

disaster management

under uncertainty using

TpNN necessitates

redistribution.

Continued on next page
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Table 2 – Continued from previous page

Authors Year Environment Application Contribution

Martin et

al. [25]

2020 TpNN Production Man-

agement

To presents a revised

PIM that explores

the transition towards

a smart production

process.

Bhavani et

al. [26]

2022 TpNN PSAOIM To introduces a restruc-

tured inventory system

with a neutrosophic

cost pattern, incorpo-

rating novel demand

considerations such

as deterioration and

discounts on defective

items. The proposed

system employs a

PSOOIM.

Sugapriya

et al. [27]

2022 TpNN Power Demand

Patterns

A two-warehouse sys-

tem is proposed for

managing TpNN dis-

parate and expeditious

deteriorate items with

power demand.

This article features Figure 3, which illustrates the vital components and processes of Neu-

trosophic Principle in a visually engaging manner. This graphical representation facilitates

readers’ understanding of the concepts discussed and offers a practical view of how Neu-

trosophic Principle operates. Furthermore, Figure 3 seamlessly integrates Table 2 for easy

reference.

The main objective of this table 2 is to show that fuzzy isn’t the only way to handle uncer-

tainty. There are other methods, like Neutrosophic principles, that can give better and more

precise solution. These methods are becoming more popular in many areas and applications.

However, due to limitations, it is impractical to extensively discuss all these mentioned appli-

cations within this paper. So, we’ll focus on how the Neutrosophic theory affects inventory

management.
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Figure 4. This illustrates the various applications and environments associ-

ated with Neutrosophic Principle.

5. The Inventory Management under the Neutrosophic Principle

Supply Chain is a complex decision-making problem with conflicting objectives in various

supply chain operations and their corresponding sub-criteria. Haq et al. (2021) [28] aims to de-

velop a model that incorporates key components of real-world supply chain planning. Haq et al.

(2021) [28] propose a supply chain model that involves multiple suppliers, plants, warehouses,

and distributors. This approach addresses the challenges of a complex multi-site composite

supply chain problem under uncertainty by utilizing a fuzzy multi-objective model. Haq et al.

(2021) primary objective is to optimize transportation cost and delivery time concurrently. To
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handle the ambiguity inherent in the supply chain, Haq et al. (2021) [28] employ neutrosoph-

ical set theory, using falsity, indeterminacy, and truth membership functions. Additionally, a

neutrosophical compromise programming approach is employed to obtain the desired solution.

To showcase the effectiveness of authors models, Haq et al. (2021) [28] present an industrial

design problem. The reported findings are compared against other well-known approaches.

Suresh et al. (2021) [29] explores the application of the Euclidean Distance measure in frame

centroid-based ranking for NTFN and NTpFN. The effectiveness of the model is demonstrated

through an illustrative example of a multi-criteria decision-making (MCDM) problem in the

Neutrosophic fuzzy environment. The proposed ranking approach offers a solution to various

decision-making and optimization problems characterized by uncertainty.

Mondal et al. (2021) [30] looked at a system for managing inventory of seasonal products.

These products have changing demand rates and partial backordering in a viable market.

The Weibull distribution shows the seasonality and versatility of these products. Weibull dis-

tribution deterioration rates, fully permissible payment delays, and partial backordering are

considered in this paper. The proposed EOQ model is optimized using the neutrosophic set

which quatifies imprecise information in real-life senarios. The study suggests reducing ex-

penses on early promotions to lessen demand fluctuations at the start of the cycle. It also

shows that the best time to deplete inventory depends on the demand during shortages within

a neutrosophic environment.

Lakshmi et al. (2022) [31] The purpose of this manuscript is to present a TpN approach

for dealing with the logarithmic demand model involving shortage of deteriorating items.

The vendor determines the order placement for customers based on stock availability. The

logarithmic demand model is applied to multiple products and takes into account the shortage

of items initially. Additionally, a practical example is provided to demonstrate the extraction

of optimal values and the attainment of valuable and effective results.

Conclusion

This manuscript provides a comprehensive assessment and classification of uncertain situ-

ations used in IM systems across diverse areas. By recognizing the limitations of traditional

inventory models, the study presents the concepts of the neutrosophic and fuzzy principle

as alternative approaches in inventory management. This manuscript focused on how the

Neutrosophic principle can help manage inventory, especially when dealing with uncertain de-

mand and imprecise data. Our research highlights the potential of the neutrosophic theory
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to improve decision-making in inventory management by overcoming the limitations of fuzzy

models. This study contributes valuable insights and paves the way for future research in this

field.
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