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Abstract. This paper introduces and systematically investigates the concept of Neutro-

sophic MR-Metric Spaces(NMR-MS), a novel hybrid structure that combines the flexibility

of MR-metric spaces with the expressive power of neutrosophic logic. By incorporating the

three independent neutrosophic membership degrees—truth (T ), indeterminacy (I), and

falsity (F)—into the MR-metric framework, we develop a robust mathematical environment

capable of modeling uncertainty, indeterminacy, and conflicting information. Within this

setting, two foundational theorems are established: the Neutrosophic MR-Radon–Nikodym

Theorem, which provides a decomposition of measures into classical and neutrosophic com-

ponents, and the Neutrosophic Hahn–Banach Extension Theorem, which extends linear func-

tionals while preserving neutrosophic structure. The theoretical results are accompanied by

a wide range of applications in measure theory, functional analysis, signal processing, finan-

cial risk assessment, and machine learning. This work bridges classical analytical methods

with uncertainty-aware models, offering powerful tools for modern applied mathematics and

decision-making under indeterminacy.
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1. Introduction

The evolution of metric space theory has witnessed a progressive movement
toward more flexible and inclusive structures capable of addressing increas-
ingly sophisticated mathematical problems. Classical metric spaces [9, 10]
paved the way for a series of generalizations, such as b-metric spaces [9, 10],
and other generalized distances. A significant recent development was intro-
duced in [32], where MR-metric spaces were formulated and shown to have
substantial influence on fixed point theory [12, 15, 16, 19, 21, 33, 34, 35] and
related areas including graph theory [22], measure theory [18], compactness
and separability [23], fractional calculus [27, 28], and fuzzy frameworks [24].
Further contributions extended these ideas to fractional differential equations
[1, 8, 13] and their applications.

Concurrently, the demand for mathematical structures capable of repre-
senting uncertainty and indeterminacy stimulated the emergence of fuzzy and
neutrosophic paradigms. Neutrosophic logic, proposed by Smarandache, ex-
tends fuzzy logic by assigning three independent membership degrees: truth
(T ), indeterminacy (I), and falsity (F). This triadic system has been effec-
tively employed in constructing neutrosophic metric spaces, establishing fixed
point results [20], and developing decision-making models [2, 3, 5, 6, 11]. The
neutrosophic approach has also been expanded to decision theory and approx-
imate reasoning through various hybrid models [4, 7, 14, 36].

The integration of neutrosophic logic with generalized distance structures
has generated promising pathways for formulating analytical tools capable of
capturing uncertainty. Studies such as [20] discussed fixed point properties in
neutrosophic fuzzy metric environments, whereas [2, 3, 5, 6, 11] expanded the
neutrosophic approach to decision theory and approximate reasoning. Other
contributions extended these ideas to fractional calculus [1, 8, 13, 27, 28] and
differential equation frameworks. Additionally, the theoretical foundations of
neutrosophic MR-metric spaces have been further developed in [30] (Hussein
et al.), establishing essential structural properties.

Building on these advancements, the present work introduces Neutrosophic
MR-Metric Spaces (NMR-MS), which synthesize the structural breadth of
MR-metric spaces with the expressive capacity of neutrosophic logic. This
combined structure facilitates the development of analytical theorems that
extend their classical counterparts while naturally incorporating uncertainty.

The principal contributions of the paper include:

• Formulating the notion of Neutrosophic MR-Metric Spaces and estab-
lishing their basic properties;
• Proving a Neutrosophic MR-Radon–Nikodym Theorem that yields a

decomposition of measures under neutrosophic settings;
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• Establishing a Neutrosophic Hahn–Banach Extension Theorem that
ensures linear functional extension while preserving neutrosophic con-
sistency;
• Presenting a broad spectrum of applications that illustrate the practi-

cal relevance of the proposed framework.

This study not only expands the theoretical foundations of distance spaces
but also provides mathematical tools suited for modeling uncertainty in prac-
tical scenarios, continuing the research direction developed in [17, 24, 25, 26,
29, 30, 31, 37]. The framework offers powerful tools for uncertainty-aware
analysis and decision-making under indeterminacy, bridging classical analyti-
cal methods with modern applied mathematics.

Definition 1.1. ([32]) Consider a nonempty set X 6= ∅ and a real number
R > 1. A function

M : X× X× X→ [0,∞)

is termed an MR-metric if it satisfies the following conditions for all v, ξ, s, `1 ∈
X:

• M(v, ξ, s) ≥ 0.
• M(v, ξ, s) = 0 if and only if v = ξ = s.
• M(v, ξ, s) remains invariant under any permutation p(v, ξ, s), that is,

M(v, ξ, s) = M(p(v, ξ, s)).

• The following inequality holds

M(v, ξ, s) ≤ R [M(v, ξ, `1) +M(v, `1, s) +M(`1, ξ, s)] .

A structure (X,M) that adheres to these properties is defined as an MR-metric
space.

Definition 1.2. ([20, Neutrosophic MR-Metric Space (NMR-MS)]) A 9-tuple
(Z,M, T ,F , I, •, �, R, ?) is called a neutrosophic MR-metric space if

(1) Z is a non-empty set.
(2) M : Z × Z ×Z → [0,∞) is an MR-metric satisfying:

(M1) M(υ, ξ,=) ≥ 0,
(M2) M(υ, ξ,=) = 0 ⇐⇒ υ = ξ = =,
(M3) Symmetry under permutations,
(M4) M(υ, ξ,=) ≤ R [M(υ, ξ, `) ? M(υ, `,=) ? M(`, ξ,=)], R > 1.

(3) T ,F , I : Z ×Z× (0,∞)→ [0, 1] are neutrosophic functions satisfying:
(N1) T (υ, ξ, γ) = 1 ⇐⇒ υ = ξ (Truth-Identity),
(N2) T (υ, ξ, γ) = T (ξ, υ, γ) (Symmetry),
(N3) T (υ, ξ, γ) • T (ξ,=, ρ) ≤ T (υ,=, γ + ρ) (Triangle Inequality),
(N4) limγ→∞ T (υ, ξ, γ) = 1 (Asymptotic Behavior).
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(4) • (t-norm) and � (t-conorm) are continuous operators generalizing
fuzzy logic.

(5) ? is a binary operation generalizing addition (e.g., weighted sum).

2. Main results

Before presenting our main theorems, we establish the necessary founda-
tional concepts and structures. The Neutrosophic MR-Metric Space frame-
work builds upon the MR-metric structure introduced in [32] while incorpo-
rating the neutrosophic components developed in [6]. This hybrid structure
enables us to handle situations where classical metric properties are insuffi-
cient due to the presence of uncertainty, indeterminacy, or conflicting informa-
tion. Our approach generalizes several existing frameworks, including b-metric
spaces [33], and various fuzzy and neutrosophic distance structures [11]. The
main results presented in the following section extend classical theorems from
functional analysis and measure theory to this enriched context, providing
tools for uncertainty-aware mathematical analysis.

Theorem 2.1. (Neutrosophic MR-Radon-Nikodym) Let (Z,M) be a mea-
surable space induced by a NMR-MS, and let µ, ν be σ-finite measures on
M with ν � µ. Then there exists a unique neutrosophic measurable function
f : Z → [0,∞) such that

ν(E) =

∫
E
f(ω) dµ(ω) + α · IE − β · FE ,

where

• IE = supγ>0 infω∈E I(ω, ω0, γ),
• FE = infγ>0 supω∈E F(ω, ω0, γ),
• α, β ∈ [0, 1] with α+ β ≤ 1.

Moreover, f is µ-integrable and the decomposition is orthogonal.

Proof. We proceed in several steps, combining classical Radon-Nikodym the-
ory with neutrosophic structures.

Step 1: Classical Radon-Nikodym Foundation:
Since µ and ν are σ-finite measures with ν � µ, by the classical Radon-

Nikodym theorem, there exists a unique µ-integrable function f : Z → [0,∞)
such that

νc(E) =

∫
E
f(ω) dµ(ω)

for all E ∈M, where νc is the absolutely continuous part of ν with respect to
µ.

Step 2: Neutrosophic Singular Component:
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Define the singular component νs = ν − νc. Since ν � µ, we have νs ⊥ µ.
We decompose νs using neutrosophic components:

Let ω0 ∈ Z be a fixed reference point. For each E ∈M, define

IE = sup
γ>0

inf
ω∈E
I(ω, ω0, γ),

FE = inf
γ>0

sup
ω∈E
F(ω, ω0, γ).

These represent the indeterminacy and falsity characteristics of the set E
relative to ω0.

Step 3: Construction of Neutrosophic Coefficients:
We construct coefficients α, β ∈ [0, 1] such that α+ β ≤ 1 and

νs(E) = α · IE − β · FE
for all E ∈M with νs(E) <∞.

Define functionals on M

Φ(E) = lim
γ→∞

1

γ

∫
E
I(ω, ω0, γ) dνs(ω),

Ψ(E) = lim
γ→∞

1

γ

∫
E

(1−F(ω, ω0, γ)) dνs(ω).

By the neutrosophic properties:

• limγ→∞ I(ω, ω0, γ) = 0,
• limγ→∞F(ω, ω0, γ) = 0,
• I(ω, ω0, γ),F(ω, ω0, γ) ∈ [0, 1].

Hence, both Φ and Ψ are well-defined finite measures on M.

Step 4: Representation of Singular Measure:
Since νs ⊥ µ, there exists S ∈M such that µ(S) = 0 and νs(Z \ S) = 0.
For E ⊆ S, we have

νs(E) = lim
γ→∞

νs(E)

= lim
γ→∞

[
αγ · inf

ω∈E
I(ω, ω0, γ)− βγ · sup

ω∈E
F(ω, ω0, γ)

]
,

where αγ , βγ are chosen to satisfy

αγ · IE − βγ · FE = νs(E) · γ

1 + γ
.

Taking limits as γ →∞, we obtain α, β ∈ [0, 1] with α+ β ≤ 1 such that

νs(E) = α · IE − β · FE .

Step 5: Combined Representation:
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Combining the absolutely continuous and singular components:

ν(E) = νc(E) + νs(E)

=

∫
E
f(ω) dµ(ω) + α · IE − β · FE .

Step 6: Uniqueness:
Suppose there exist two representations

ν(E) =

∫
E
f(ω) dµ(ω) + α · IE − β · FE ,

ν(E) =

∫
E
g(ω) dµ(ω) + α′ · IE − β′ · FE .

Subtracting gives∫
E

(f(ω)− g(ω)) dµ(ω) = (α′ − α) · IE − (β′ − β) · FE .

For sets E with µ(E) = 0, the left side vanishes, so

(α′ − α) · IE = (β′ − β) · FE .

By choosing appropriate sets where IE and FE take independent values, we
conclude α = α′ and β = β′. Then by the classical Radon-Nikodym theorem,
f = g µ-almost everywhere.

Step 7: Orthogonality of Decomposition:
The decomposition is orthogonal because

• The absolutely continuous part νc(E) =
∫
E f(ω) dµ(ω) lives on sets

where µ is positive.
• The singular neutrosophic part α · IE − β · FE is concentrated on sets

where µ vanishes but neutrosophic characteristics dominate.
• For any E ∈ M, if µ(E) = 0, then νc(E) = 0 and the representation

reduces to the neutrosophic part.
• If IE = FE = 0 (maximum determinacy and truth), then the repre-

sentation reduces to the classical part.

Step 8: Neutrosophic Measurability:
The function f is neutrosophic measurable because for any Borel set B ⊆ R:

f−1(B) =

{
ω ∈ Z : lim

γ→∞

ν(Bγ(ω))

µ(Bγ(ω))
∈ B

}
,

where Bγ(ω) are neutrosophic balls, and the limit exists due to the martingale
convergence theorem applied to the net of neutrosophic σ-algebras.

Step 9: Integrability:
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Since ν is σ-finite and ν � µ, the function f is µ-integrable on every set
of finite µ-measure. The neutrosophic correction terms α · IE − β · FE are
bounded and thus don’t affect integrability.

Step 10: Conclusion:
We have constructed a unique neutrosophic measurable function f and co-

efficients α, β satisfying the representation

ν(E) =

∫
E
f(ω) dµ(ω) + α · IE − β · FE .

The decomposition is orthogonal, f is µ-integrable, and the representation
respects both the measure-theoretic and neutrosophic structures of the space.
This completes the proof of the neutrosophic MR-Radon-Nikodym theorem.

�

Definition 2.2. Let (Z,⊕, ·, �) be a neutrosophic MR-metric space. A subset
Y ⊆ Z is called a neutrosophic linear subspace if it satisfies

(i) For all x, y ∈ Y , we have x ⊕ y ∈ Y (closure under neutrosophic
addition).

(ii) For all α ∈ R and x ∈ Y , we have α · x ∈ Y (closure under scalar
multiplication).

(iii) The neutrosophic structure is preserved, that is, the associated truth,
indeterminacy, and falsity functions of elements in Y remain consistent
under the operations ⊕ and ·.

Remark 2.3. This definition ensures that Y inherits the neutrosophic al-
gebraic structure of Z, which is essential for extending linear functionals in
Theorem 2.2.

Theorem 2.4. (Hahn-Banach Extension in NMR-MS) Let (Z,M, T ,F , I) be
a NMR-MS, and let Y ⊂ Z be a neutrosophic linear subspace. Then, for every
bounded neutrosophic linear functional Λ : Y → R satisfying

|Λ(υ)− Λ(ξ)| ≤ K · lim
γ→∞

M(υ, ξ, 0) · T (υ, ξ, γ),

there exists an extension Λ̃ : Z → R such that

(1) Λ̃|Y = Λ,

(2) |Λ̃(υ)− Λ̃(ξ)| ≤ K · limγ→∞M(υ, ξ, 0) · T (υ, ξ, γ),

(3) Λ̃ preserves the neutrosophic structure:

Λ̃(αυ ⊕ βξ) = α • Λ̃(υ) � β • Λ̃(ξ).
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Proof. We prove this theorem through a transfinite induction argument com-
bined with neutrosophic optimization techniques.

Step 1: Setup and Notation:
Let (Z,M, T ,F , I) be a complete neutrosophic MR-metric space. Let

Y ⊂ Z be a neutrosophic linear subspace, meaning it is closed under the
neutrosophic linear operations:

• ⊕: Neutrosophic vector addition,
• •: Neutrosophic scalar multiplication (t-norm based),
• �: Neutrosophic linear combination (t-conorm based).

The functional Λ : Y → R satisfies the boundedness condition:

|Λ(υ)− Λ(ξ)| ≤ K · lim
γ→∞

M(υ, ξ, 0) · T (υ, ξ, γ).

Step 2: One-dimensional Extension:
First, we extend Λ by one dimension. Let z0 ∈ Z \ Y and define Y1 =

span(Y ∪ {z0}).
We need to define Λ̃(z0) such that for all y ∈ Y and α ∈ R:

|Λ̃(α • z0 ⊕ y)− Λ̃(y′)| ≤ K · lim
γ→∞

M(α • z0 ⊕ y, y′, 0) · T (α • z0 ⊕ y, y′, γ).

Define the candidate values:

A = sup
y∈Y

{
Λ(y)−K · lim

γ→∞
M(z0, y, 0) · T (z0, y, γ)

}
,

B = inf
y∈Y

{
Λ(y) +K · lim

γ→∞
M(z0, y, 0) · T (z0, y, γ)

}
.

We claim that A ≤ B. Suppose for contradiction that A > B. Then there
exist y1, y2 ∈ Y such that

Λ(y1)−K · L1 > Λ(y2) +K · L2,

where Li = limγ→∞M(z0, yi, 0) ·T (z0, yi, γ). But by the neutrosophic triangle
inequality and the boundedness condition

Λ(y1)− Λ(y2) ≤ K · lim
γ→∞

M(y1, y2, 0) · T (y1, y2, γ)

≤ K ·
(

lim
γ→∞

M(z0, y1, 0) · T (z0, y1, γ)

+ lim
γ→∞

M(z0, y2, 0) · T (z0, y2, γ)
)

= K · (L1 + L2).

This contradicts A > B. Thus A ≤ B. Choose any c ∈ [A,B] and define

Λ̃(z0) = c.

Step 3: Verification of Extension Properties:
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For the extended functional Λ̃ on Y1, we verify:

(a) Extension Property: Clearly Λ̃|Y = Λ by construction.
(b) Boundedness Preservation: For any y ∈ Y and α ∈ R, we need to

show:

|Λ̃(α • z0 ⊕ y)− Λ̃(y′)| ≤ K · lim
γ→∞

M(α • z0 ⊕ y, y′, 0)

· T (α • z0 ⊕ y, y′, γ).

By the choice of c ∈ [A,B], we have for all y ∈ Y :

c ≤ Λ(y) +K · lim
γ→∞

M(z0, y, 0) · T (z0, y, γ),

c ≥ Λ(y)−K · lim
γ→∞

M(z0, y, 0) · T (z0, y, γ).

Using neutrosophic homogeneity and the MR-metric properties:

|Λ̃(α • z0 ⊕ y)− Λ̃(y′)| = |α • c⊕ Λ(y)− Λ(y′)|
≤ K · lim

γ→∞
M(α • z0 ⊕ y, y′, 0)

· T (α • z0 ⊕ y, y′, γ).

(c) Neutrosophic Linearity Preservation: We verify that Λ̃ preserves the
neutrosophic structure:

Λ̃(αυ ⊕ βξ) = α • Λ̃(υ) � β • Λ̃(ξ).

This follows by induction on the definition and the properties of t-
norms (•) and t-conorms (�):

– For α = 1, β = 0: Λ̃(υ ⊕ 0) = Λ̃(υ) � 0 = Λ̃(υ).

– For α = β = 1: Λ̃(υ ⊕ ξ) = Λ̃(υ) � Λ̃(ξ).

– Homogeneity: Λ̃(α • υ) = α • Λ̃(υ).

Step 4: Transfinite Induction to Full Space:
Using Zorn’s lemma, we extend the one-dimensional construction to the

entire space Z.
Let E be the collection of all pairs (W,ΛW ), where

• W is a neutrosophic linear subspace with Y ⊆W ⊆ Z,
• ΛW : W → R extends Λ and satisfies the boundedness condition,
• ΛW preserves the neutrosophic linear structure.

Define a partial order on E by, (W1,ΛW1) � (W2,ΛW2) if W1 ⊆ W2 and
ΛW2 |W1 = ΛW1 . Every chain in E has an upper bound (take the union of
subspaces and the consistent union of functionals). By Zorn’s Lemma, E has
a maximal element (Wmax,Λmax).
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We claim Wmax = Z. Suppose not, then there exists z ∈ Z \Wmax. By
Step 2, we can extend Λmax to span(Wmax ∪ {z}), contradicting maximality.

Thus Wmax = Z and Λ̃ = Λmax is the desired extension.

Step 5: Neutrosophic Continuity and Regularity:
The extended functional Λ̃ is neutrosophically continuous because

|Λ̃(υ)− Λ̃(ξ)| ≤ K · lim
γ→∞

M(υ, ξ, 0) · T (υ, ξ, γ)

≤ K · lim
γ→∞

M(υ, ξ, 0) (since T (υ, ξ, γ) ≤ 1).

Moreover, Λ̃ respects the asymptotic neutrosophic behavior

lim
γ→∞

T (υ, ξ, γ) = 1⇒ |Λ̃(υ)− Λ̃(ξ)| ≤ K ·M(υ, ξ, 0).

Step 6: Uniqueness (Partial):
While the extension may not be unique in general due to the neutrosophic

structure, any two extensions Λ̃1 and Λ̃2 satisfying the conditions will agree
on a ”neutrosophic dense” subset of Z.

Specifically, they agree on the set

D =

{
υ ∈ Z : lim

γ→∞
I(υ, y, γ) = 0 for some y ∈ Y

}
.

Step 7: Conclusion:
We have constructed an extension Λ̃ : Z → R that

(1) Extends Λ from Y to Z,
(2) Preserves the boundedness condition with the same constant K,
(3) Maintains the neutrosophic linear structure,
(4) Is neutrosophically continuous.

The proof combines classical Hahn-Banach techniques with careful handling
of neutrosophic operations and MR-metric properties, ensuring the extension
respects the rich structure of Neutrosophic MR-Metric Spaces. This completes
the proof of the Neutrosophic Hahn-Banach Extension Theorem. �

3. Examples and applications

To demonstrate the practical significance and wide applicability of our theo-
retical developments, this section presents comprehensive examples and appli-
cations of the Neutrosophic MR-Radon-Nikodym and Hahn-Banach theorems.
The examples are drawn from diverse domains including medical imaging, fi-
nancial risk assessment, control systems, supply chain optimization, and ma-
chine learning. Each application highlights how the neutrosophic components
(T , I, F) capture different aspects of uncertainty and indeterminacy that are
prevalent in real-world problems but often neglected in classical mathematical
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models. The applications build upon existing work in applied neutrosophic
mathematics [5, 6, 2, 3, 11] while extending them through the novel NMR-MS
framework.

3.1. Examples and Applications of Neutrosophic MR-Radon-Nikodym
Theorem.

3.1.1. Example: Neutrosophic Probability Density Estimation. Con-
sider a medical imaging system where µ represents the standard Lebesgue
measure on a region Z ⊂ R2, and ν represents an observed intensity measure
affected by uncertainty.

(1) Classical Component: The density function f(ω) represents the clear
anatomical structures.

(2) Neutrosophic Component:

IE = sup
γ>0

inf
ω∈E
I(ω, ω0, γ) (Uncertain boundaries),

FE = inf
γ>0

sup
ω∈E
F(ω, ω0, γ) (Artifact regions).

(3) Complete Representation:

ν(E) =

∫
E
f(ω) dµ(ω) + 0.3 · IE − 0.1 · FE ,

where α = 0.3, β = 0.1 with α+ β = 0.4 ≤ 1.

ω

Density

Classical f(ω)

Neutrosophic Region

Clear Structure
Uncertain Boundaries

Figure 1. Neutrosophic density decomposition in medical imaging
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3.1.2. Application: Financial Risk Measurement with Uncertainty.
In quantitative finance, consider portfolio risk assessment where traditional
measures fail to capture market uncertainties.

• Input: Historical loss distribution µ.
• Output: Neutrosophic risk measure ν.
• Decomposition

ν(E) =

∫
E
f(ω) dµ(ω)︸ ︷︷ ︸

Historical risk

+ 0.4 · IE − 0.2 · FE︸ ︷︷ ︸
Uncertainty adjustment

,

where
– IE : Indeterminacy from black swan events,
– FE : Overestimation from model limitations.

3.1.3. Example: Environmental Monitoring with Sensor Networks.
Consider a network of environmental sensors measuring pollution levels with
varying reliability.

ν(E) =

∫
E
f(ω) dµ(ω) + α · IE − β · FE ,

IE = sup
γ>0

inf
ω∈E
I(ω, ω0, γ) (Sensor uncertainty),

FE = inf
γ>0

sup
ω∈E
F(ω, ω0, γ) (Faulty readings).

3.2. Examples and Applications of Neutrosophic Hahn-Banach The-
orem.

3.2.1. Example: Neutrosophic Controller Design. Consider a control
system where we have a neutrosophic functional defined on a subspace Y of
control strategies.

• Subspace Y : Classical PID controllers.
• Full Space Z: Neutrosophic intelligent controllers.
• Functional Λ: Performance measure on PID controllers.
• Extension Λ̃: Performance measure on all intelligent controllers.

Extension Process:

Λ̃(αv ⊕ βξ) = α • Λ̃(v) � β • Λ̃(ξ),

|Λ̃(v)− Λ̃(ξ)| ≤ K · lim
γ→∞

M(v, ξ, 0) · T (v, ξ, γ).



Uncertainty-Aware extensions of Radon–Nikodym and Hahn–Banach theorems 1009

3.2.2. Application: Machine Learning Feature Extension. In machine
learning, extend feature mappings from a known subspace to handle uncertain
data.

Subspace Y

Known Features

Full Space Z

All Possible Features

Λ̃
v

ξ

Figure 2. Extension of functionals from subspace to full space

3.2.3. Example: Neutrosophic Optimization in Supply Chain. Con-
sider a supply chain optimization problem with uncertain demand patterns.

• Subspace Y : Deterministic demand scenarios.
• Functional Λ: Cost function on deterministic scenarios.
• Extension Λ̃: Cost function incorporating.

– Demand uncertainty (I),
– Information inaccuracy (F),
– Neutrosophic constraints.

Optimization Problem:

Minimize Λ̃(x),

subject to T (x, xopt, γ) ≥ 0.8

F(x, xopt, γ) ≤ 0.1

x ∈ Z.

3.2.4. Application: Image Processing with Neutrosophic Filters. Ex-
tend classical image filters to handle uncertain pixel information.

• Classical Filter: Defined on clear image regions (subspace Y )
• Neutrosophic Extension: Works on all regions including:

– Noisy areas (high I),
– Corrupted pixels (high F),
– Boundary regions (mixed truth values).

Comparative Analysis:
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Application Domain Classical Approach Neutrosophic Enhancement
Medical Imaging Clear boundaries only Handles uncertain regions
Financial Risk Historical data only Incorporates market uncertainty
Control Systems Deterministic controllers Intelligent uncertain control
Supply Chain Fixed demand patterns Adaptive to demand uncertainty

Table 1. Comparison of classical vs. neutrosophic approaches
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