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Abstract

This article defines the central tendency fuzzy measures, which include the weighted fuzzy possiblistic mean
and the fuzzy probability mean involving octagonal fuzzy numbers. The same is supported by a fuzzy variant
of the Black-Scholes option model, in which uncertain pricing parameters such as volatility, interest rate, and
stock price are described using octagonal fuzzy numbers.
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1 introduction

The concept of option pricing was first developed by Black and Scholes6 in 1973. Since then, it has been the
focus of in-depth study across various disciplines, including finance in a complex or uncertain environment.
Cherubini4 calculated the price of a corporate debt bond with a particular type of uncertain measure employed
in the fuzzified version of the Black and Scholes model. A modified form of the formula was also suggested
by Trenev.27 Zmeskal applied the same technique30 to evaluate the European equity call option.

Subsequently, Yoshida29 examined a fuzzy analogue of the Black-Scholes formula to provide the acceptable
range of expected prices, as well as the rational price of European options. In addition, Thavaneswaran et al.23

and Thiagarajah et al.26 have explored imprecise models. The first26 investigated moment properties of fuzzy
random coefficients, while the second23 performed stochastic volatility of financial derivative contracts.

S.S. Appadoo et al.25 discussed moment properties for quadratic adaptive fuzzy numbers, using which the Eu-
ropean call option was estimated in his model. Further, Chrysafis et al.5 computed fuzzy estimators to calculate
the expected returns utilizing symmetric triangular fuzzy numbers. The author discussed both call/put options
and obtained the fuzzy stock price and volatility with a possibilistic mean value using the proposed method.
Furthermore, several authors worked on similar situations (to cite a few,1,2,3,7,8,9,10,11,12,13,14,15,17,18,19,20,21,22,24

,28).

2 Fuzzy Numbers - Basic

To describe the uncertainty associated with option pricing applications, only linear triangular and trapezoidal
fuzzy numbers have been used in the literature. Among the different types of linear and non-linear membership
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functions, a special class of octagonal fuzzy numbers is considered in this study, using which a revised form
of the Black-Scholes model is exemplified to evaluate stock options, as it provides a better optimal solution in
decision-making scenarios because of its k level.

Definition 2.1. 16 A fuzzy number Ã is a linear octagonal fuzzy number denoted Ã ≈ (a1, a2, a3, a4, a5, a6, a7, a8; k)
where a1 ≤ a2 ≤ a3 ≤ a4 ≤ a5 ≤ a6 ≤ a7 ≤ a8 are real numbers with membership function µÃ(x) given
by (see Figure 1).

µÃ(x) =



0, for x < a1
k(x−a1)
(a2−a1)

, for a1 ≤ x ≤ a2
k, for a2 ≤ x ≤ a3
k + (1− k) (x−a3)

(a4−a3)
, for a3 ≤ x ≤ a4

1, for a4 ≤ x ≤ a5
k + (1− k) (a6−x)

(a6−a5)
, for a5 ≤ x ≤ a6

k, for a6 ≤ x ≤ a7
k (a8−x)
(a8−a7)

, for a7 ≤ x ≤ a8
0, for x > a8.

where 0 < k < 1.
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Figure 1: Linear octagonal fuzzy number (a1, a2, a3, a4, a5, a6, a7, a8; k) for different values of k

Remark 2.2. 16 In particular, if k = 1, the linear octagonal fuzzy number reduces to a trapezoidal fuzzy
number given by Ã ≈ (a1, a4, a5, a8). However, the use of trapezoidal fuzzy numbers may not fully convey
the uncertainty associated with the fuzzy option pricing parameters mentioned above. Due to the frequent
volatility in the stock market, the uncertainty in the option parameters would be greater. To deal with such a
situation, we must consider octagonal fuzzy numbers, which can completely foresee ambiguities.

Definition 2.3. 16 The α− cut of a linear octagonal fuzzy number (Ã) for α ∈ [0, 1] is given by

[Ã]α =

{
[a2 +

(
k−α
k

)
(a2 − a1), a7 +

(
k−α
k

)
(a8 − a7)], for α ∈ [0, k]

[a4 −
(

1−α
1−k

)
(a4 − a3), a5 +

(
1−α
1−k

)
(a6 − a5)], for α ∈ (k, 1]

3 Highlights of the work

1. To compute central fuzzy measures
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2. To apply the variant Black-Scholes model in a fuzzy setup

3. To obtain fuzzy call and put option values using octagonal fuzzy numbers

3.1 Sequence of the paper

The rest of this paper is constructed as follows: Section 4 defines fuzzy possibilistic measures involving
octagonal fuzzy numbers. Furthermore, a computational approach to the variant fuzzy Black-Scholes model is
proposed in Section 5 to estimate option fuzzy prices. This is illustrated with an empirical, real-time example
in Section 6. Finally, the main conclusions are recorded in Section 7.

4 Main Results

Definition 4.1. Let P̃1
∗ (Ã), P̃∗

1 (Ã) and P̃2
∗ (Ã), P̃∗

2 (Ã) be the lower fuzzy possibilistic means and upper fuzzy
possibilistic means of an octagonal fuzzy number Ã defined respectively in α ∈ [0, k] and in α ∈ (k, 1]. Then
we have,

P̃1
∗ (Ã) = 2

∫ k

0

αl1(α)dα = 2

∫ k

0

α
[
a1 +

(α
k

)
(a2 − a1)

]
dα

= a1k
2 +

2(a2 − a1)k
2

3
and

P̃∗
1 (Ã) = 2

∫ k

0

αr1(α)dα = 2

∫ k

0

α
[
a8 −

(α
k

)
(a8 − a7)

]
dα

= a8k
2 − 2(a8 − a7)k

2

3
, α ∈ [0, k]

P̃2
∗ (Ã) = 2

∫ 1

k

αl2(α)dα = 2

∫ 1

k

α

[
a3 +

(
α− k

1− k

)
(a4 − a3)

]
dα

= a3(1− k2) +
2(a4 − a3)

(1− k)

(k3 − 3k + 2)

6
and

P̃∗
2 (Ã) = 2

∫ 1

k

αr2(α)dα = 2

∫ 1

k

α

[
a6 −

(
α− k

1− k)

)
(a6 − a5)

]
dα

= a6(1− k2)− 2(a6 − a5)

(1− k)

(k3 − 3k + 2)

6
, α ∈ (k, 1]

Definition 4.2. The average of lower fuzzy possibilistic and upper fuzzy possibilistic means is defined for
α ∈ [0, k] and α ∈ (k, 1] is denoted as P(Ã) and P (Ã) respectively as follows:

P(Ã) = (a1 + a8) k
2 +

2k2

3
[a2 − a1 − a8 + a7] and

P (Ã) = (a3 + a6) (1− k2) +
(k3 − 3k + 2)

3(1− k)
(a4 − a3 − a6 + a5)

Remark 4.3. The interval-value fuzzy possibilistic mean of Ã is represented as P̃(Ã) and defined by

P̃(Ã) =

{
[a1k

2 + 2(a2−a1)k
2

3 , a8k
2 − 2(a8−a7)k

2

3 ], for α ∈ [0, k]

[a3(1− k2) + 2(a4−a3)
(1−k)

(k3−3k+2)
6 , a6(1− k2)− 2(a6−a5)

(1−k)
(k3−3k+2)

6 ], for α ∈ (k, 1]

DOI: https://doi.org/10.54216/IJNS.270224 289



International Journal of Neutrosophic Science (IJNS) Vol. 27, No. 02, PP. 287-296, 2026

Definition 4.4. The weighted fuzzy possibilistic mean of an octagonal fuzzy number Ã in [0, k] and in (k, 1]

are Ẽ1(Ã) and Ẽ2(Ã), respectively, given by,

Ẽ1(Ã) =

∫ k

0

α (l1(α) + r1(α)) dα

=

∫ k

0

α
[
a1 +

(α
k

)
(a2 − a1) + a8 −

(α
k

)
(a8 − a7)

]
dα

=

∫ k

0

α
[
(a1 + a8) +

(α
k

)
(a2 − a1 − a8 + a7)

]
dα

=

∫ k

0

[
α(a1 + a8) +

(
α2

k

)
(a2 − a1 − a8 + a7)

]
dα

=

(
α2

2

)
(a1 + a8) +

(
α3

3k

)
(a2 − a1 − a8 + a7)

=

(
k2

2

)
(a1 + a8) +

(
α3

3k

)
(a2 − a1 − a8 + a7)

=

(
k2

2

)
(a1 + a8) +

(
k2

3

)
(a2 − a1 − a8 + a7)

=
1

6

[
3k2(a1 + a8) + 2k2(a2 − a1 + a7 − a8)

]
=

3k2(a1 + a8) + 2k2(a2 − a1 + a7 − a8)

6

and

Ẽ2(Ã) =

∫ 1

k

α (l2(α) + r2(α)) dα

=

∫ 1

k

α

[
a3 +

(
α− k

1− k

)
(a4 − a3) + a6 −

(
α− k

1− k

)
(a6 − a5)

]
dα

=

∫ 1

k

[
α(a3 + a6) + α

(
α− k

1− k

)
(a4 − a3 − a6 + a5)

]
dα

= (a3 + a6)

(
α2

2

)
+ (a4 − a3 − a6 + a5)

(
1

1− k

)(
α3

3
− α2k

2

)
= (a3 + a6)

(
1

2
− k2

2

)
+

(
a4 − a3 − a6 + a5

1− k

){(
1

3
− k

2

)
−
(
k3

3
− k3

2

)}
= (a3 + a6)

(
1− k2

2

)
+

(a4 − a3 − a6 + a5)

6(1− k)

(
2− 3k + k3

)

Interval-valued fuzzy expectation of an octagonal fuzzy number:
The lower fuzzy probability means and upper fuzzy probability means of Ã, respectively, in [0, k] and in (k, 1]

are Ẽ1
∗(Ã), Ẽ2

∗(Ã) and Ẽ∗
1 (Ã), Ẽ∗

2 (Ã) expressed as given below:

Ẽ1
∗(Ã) =

∫ k

0

l1(α)dα =

∫ k

0

[
a1 +

(α
k

)
(a2 − a1)

]
dα

= a1k +
(a2 − a1)k

2
=

(a1 + a2)k

2
and

Ẽ2
∗(Ã) =

∫ 1

k

l2(α)dα =

∫ 1

k

[
a3 +

(
α− k

1− k

)
(a4 − a3)

]
dα

= a3(1− k) +
(a4 − a3)

(1− k)

(k2 − 2k + 1)

2
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and

Ẽ∗
1 (Ã) =

∫ k

0

r1(α)dα =

∫ k

0

[
a8 −

(α
k

)
(a8 − a7)

]
dα

= a8k +
(a7 − a8)k

2
=

(a7 + a8)k

2

Ẽ∗
2 (Ã) =

∫ 1

k

r2(α)dα =

∫ 1

k

[
a6 −

(
α− k

1− k

)
(a6 − a5)

]
dα

= a6(1− k)− (a6 − a5)

(1− k)

(k2 − 2k + 1)

2

Definition 4.5. The interval-valued fuzzy probability mean of Ã is Ẽ(Ã) given by

Ẽ(Ã) =


[
(a1+a2)k

2 , (a7+a8)k
2

]
, for α ∈ [0, k][

a3(1− k) + (a4−a3)
(1−k)

(k2−2k+1)
2 , a6(1− k)− (a6−a5)

(1−k)
(k2−2k+1)

2

]
, for α ∈ (k, 1]

Remark 4.6. The average of the lower fuzzy probability mean and the upper fuzzy probability mean are de-
fined in α ∈ [0, k] and α ∈ (k, 1] are E(Ã) and E(Ã) respectively, as follows:

E(Ã) = (a1 + a8) k +
k

2
[a2 − a1 − a8 + a7] and

E(Ã) = (a3 + a6) (1− k) +
(k2 − 2k + 1)

2(1− k)
(a4 − a3 − a6 + a5)

5 Methodology and Implementation

The variant fuzzy Black-Scholes methodology is validated by considering its application to the underlying
asset of the listed stock of the Walmart (WMT) company on the NASDAQ Stock Exchange. Options always
have a precisely known expiration date and strike price, except for the interest rate, stock price, and volatility,
as these parameters may not always occur precisely in the real world due to the continuous fluctuations in the
stock market. This present study employs octagonal fuzzy numbers to model various characteristics, including
volatility δ̃, interest rate Ĩr, initial stock price S̃I and constant strike price S̃K . The aforementioned uncertain
option pricing parameters are represented using a possibilistic mean of octagonal fuzzy numbers in the pro-
posed fuzzy Black-Scholes model as follows:
δ̃ ≈ (δ̃1, δ̃2, δ̃3, δ̃4, δ̃5, δ̃6, δ̃7, δ̃8);
Ĩr ≈ (Ĩr1 , Ĩr2 , Ĩr3 , Ĩr4 , Ĩr5 , Ĩr6 , Ĩr7 , Ĩr8);
S̃I ≈ (S̃1, S̃2, S̃3, S̃4, S̃5, S̃6, S̃7, S̃8);
S̃K ≈ (S̃K , S̃K , S̃K , S̃K , S̃K , S̃K , S̃K , S̃K)
Computational procedure to estimate fuzzy call/put option values using extended fuzzy Black-Scholes:

1. Compute the weighted possibilistic mean value of the stock price Ẽ(S̃I); the weighted possibilistic
mean value of expected volatility, Ẽ(δ̃) and the weighted possibilistic mean value of the interest rate
Ẽ(Ĩr) (see definition 4.4). Assume the stock consistently yields dividends at a predetermined rate γ.

2. Determine

C̃ ≈ S̃Ie
−γT N (b1)− S̃KeĨrT N (b2), and

P̃ ≈ S̃KeĨrT N (−b2)− S̃Ie
−γT N (−b1)where

b1 ≈

 ln
(

Ẽ(S̃I)

S̃K

)
+

(
Ẽ(Ĩr)− γ + Ẽ(δ̃)2

2

)
T

Ẽ(δ̃)
√
T

 and (1)

b2 ≈ b1 − Ẽ(δ̃)
√
T (2)
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3. Compute the α− cuts of the fuzzy call/put option values as follows:
For α ∈ [0, k],

[
F̃C1

]
α
=

[
(F̃CL)

1
α, (F̃CR)

1
α

]
and

[
F̃P1

]
α
=

[
(F̃PL)

1
α, (F̃PR)

1
α

]
, where

(F̃CL)
1
α = S̃1e

−γT N (b1)− S̃Ke−Ĩr1T N (b2)+(
S̃KN (b2)(e

−Ĩr1T − e−Ĩr2T ) + (S̃2 − S̃1)e
−γT N (b1)

)(α
k

)

(F̃CR)
1
α = S̃8e

−γT N (b1)− S̃Ke−Ĩr8T N (b2)+(
S̃KN (b2)(e

−Ĩr7T − e−Ĩr8T ) + (S̃8 − S̃7)e
−γT N (b1)

)(α
k

)
and

(F̃PL)
1
α = S̃Ke−Ĩr1T N (−b2)− S̃1e

−γT N (−b1)+(
S̃KN (−b2)(e

−Ĩr2T − e−Ĩr1T )− (S̃2 − S̃1)e
−γT N (−b1)

)(α
k

)

(F̃PR)
1
α = S̃Ke−Ĩr8T N (−b2)− S̃8e

−γT N (−b1)(
(S̃8 − S̃7)e

−γT N (−b1)− S̃KN (−b2)(e
−Ĩr8T − e−Ĩr7T )

)(α
k

)
For α ∈ [k, 1], we have

[
F̃C2

]
α
=

[
(F̃CL)

2
α, (F̃CR)

2
α

]
and

[
F̃P2

]
α
=

[
(F̃PL)

2
α, (F̃PR)

2
α

]
.

[F̃CL]
2
α = S̃3e

−γT N (b1)− S̃Ke−Ĩr3T N (b2)+(
S̃KN (b2)(e

−Ĩr3T − e−Ĩr4T ) + (S̃4 − S̃3)e
−γT N (b1)

)(
α− k

1− k

)

[F̃CR]
2
α = S̃6e

−γT N (b1)− S̃Ke−Ĩr6T N (b2)+(
S̃KN (b2)(e

−Ĩr5T − e−Ĩr6
T) + (S̃6 − S̃5)e

−γT N (b1)
)(

α− k

1− k

)

[F̃PL]
2
α = S̃Ke−Ĩr3T N (−b2)− S̃3e

−γT N (−b1)+(
S̃K(e−Ĩr4T − e−Ĩr3T )N (−b2)− (S̃4 − S̃3)e

−γT N (−b1)
)(

α− k

1− k

)

[F̃PR]
2
α = S̃Ke−Ĩr6T N (−b2)− S̃6e

−γT N (−b1)+(
(S̃6 − S̃5)e

−γT N (−b1)− S̃K(e−Ĩr6T − e−Ĩr5T)N (−b2)
)(

α− k

1− k

)

6 Mathematical Illustration

Given the effective variant fuzzy Black-Scholes model, a hypothetical scenario of validating European call and
put options on Walmart Inc. (WMT) is considered when evaluating options.
Following are the input parameters:
The current stock price is trading at 174, with a historical volatility of approximately 0.43, a 6-month risk-free
interest rate of 0.05, a strike price of 73, a maturity date of the option is 2, and a dividend of 0.01.
Parameters modelled using octagonal fuzzy numbers:

1. Initial fuzzy stock price S̃t ≈ (166, 168, 170, 172, 174, 176, 178, 180)

2. Constant fuzzy strike price S̃K ≈ (73, 73, 73, 73, 73, 73, 73, 73)

3. Fuzzy interest rate Ĩr ≈ (0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09)

4. Fuzzy Voltality δ̃ ≈ (0.41, 0.43, 0.45, 0.47, 0.49, 0.51, 0.53, 0.55)
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Table 1: Sensitivity Analysis - I

Fuzzy call option prices

α [F̃C1]α [F̃C2]α
0 78.7796 95.2019
0.1 79.1221 95.5299
0.2 79.4647 95.8579
0.3 79.8072 96.1859
0.4 80.1498 96.5138
0.5 80.4923 96.8418
0.6 80.8349 97.1698
0.7 81.1774 97.4978
0.8 84.3449 91.3700
0.9 85.1324 92.1461
1.0 85.9199 92.9223

By choosing k = 0.7 for the choices k (0, 5 < k < 1) to maximize and minimize the profit and loss, respec-
tively, in the fuzzy call and put options.
By step (i), Ẽ(S̃I) = 84.77; Ẽ(δ̃) = 0.2352 and Ẽ(Ĩr) = 0.027.

From step (ii), b1 = 0.7179 and b2 = 0.3853, (see equations (1) and (2)) using which N (b1) = 0.7637 and
N (b2) = 0.6485. Now, the fuzzy call option values of WMT are computed as given below:

[F̃CL]
1
α =

[
78.7796 + 2.3978

(α
k

)]
α ∈ [0, k] (3)

[F̃CR]
1
α =

[
95.2019 + 2.2959

(α
k

)]
, α ∈ [0, k] (4)

[F̃CL]
2
α =

[
83.5574 + 2.3625

(
α− k

1− k

)]
, α ∈ [k, 1] (5)

[F̃CR]
2
α =

[
90.5938 + 2.3285

(
α− k

1− k

)]
, α ∈ [k, 1] (6)

Using N (−b1) = 0.2353 and N (−b2) = 0.3525, We have the following fuzzy put option values of WMT:

[F̃PL]
1
α =

[
−13.56285− 0.950839

(α
k

)]
α ∈ [0, k] (7)

[F̃PR]
1
α =

[
−20.02174 + 0.89548

(α
k

)]
, α ∈ [0, k] (8)

[F̃PL]
2
α =

[
−15.454836− 0.931643

(
α− k

1− k

)]
, α ∈ [k, 1] (9)

[F̃PR]
2
α =

[
−18.222011 + 0.009362

(
α− k

1− k

)]
, α ∈ [k, 1] (10)

The various fuzzy call and put option prices are obtained for different values α in the range [0, 1] using equa-
tions from (3) to (10), and the same is recorded in Tables (1 and 2).

Remark 1 It is evident from the computational approach that octagonal fuzzy numbers are more effective in
characterizing the intricacies of ambiguity in applications involving fuzzy option pricing. In addition, it pro-
vides the best rates at which financial analysts can buy call and put options with assurance and use them as
a tool for decision-making. Hence, the proposed method is useful in many cases where the conditions in any
real-world example can be described in terms of octagonal fuzzy numbers.

Remark 2 Our present approach differs from other fuzzy Black-Scholes applications is that it uses linear
octagonal fuzzy numbers, as it could capture the uncertainties involved in the option parameters completely.
This helps the decision-maker to predict both the amount the stock will gain if it increases and the amount
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Table 2: Sensitivity Analysis - II

Fuzzy put option prices

α [F̃P1]α [F̃P2]α
0 -13.56285 -20.02174
0.1 -13.69868 -19.89381
0.2 -13.83452 -19.76589
0.3 -13.97035 -19.63796
0.4 -14.10619 -19.51004
0.5 -14.24202 -19.38211
0.6 -14.37785 -19.25419
0.7 -14.51369 -19.12626
0.8 -15.76538 -18.21889
0.9 -16.07593 -18.21577
1.0 -16.38648 -18.21265

[scale=0.60] [ width=0.8height=0.6xlabel= Fuzzy call option prices, ylabel=α, xmin=76, xmax=98, ymin=0,
ymax=1, xticklabel style=/pgf/number format/1000 sep=] [ color=red, ultra thick, mark=square, ] coordinates
(78.7796, 0)(79.1221, 0.1)(79.4647, 0.2)(79.8072, 0.3) (80.1498, 0.4)(80.4923, 0.5)(80.8349, 0.6)(81.1774,
0.7)(84.3449, 0.8)(85.1324, 0.9)(85.9199, 1.0) ; [F̃C1]α [ color=red, ultra thick, mark=square, ] coordinates
(95.2019, 0)(95.5299, 0.1)(95.8579, 0.2) (96.1859, 0.3)(96.5138, 0.4)(96.8418, 0.5)(97.1698, 0.6)(97.4978,
0.7)(91.3700, 0.8)(92.1461, 0.9)(92.9223, 1.0) ; [F̃C2]α [scale=0.60] [ width=0.8height=0.6xlabel=Fuzzy

put option prices, ylabel=α, xmin=-21, xmax=-12, ymin=0, ymax=1, xticklabel style=/pgf/number
format/1000 sep=, ] [ color=blue, ultra thick, mark=square, ] coordinates (-13.56285, 0)(-13.69868,
0.1)(-13.83452, 0.2) (-13.97035, 0.3)(-14.10619, 0.4)(-14.24202, 0.5)(-14.37785, 0.6)(-14.51369,

0.7)(-15.76538, 0.8)(-16.07593, 0.9)(-16.38648, 1.0) ; [F̃P1]α [ color=blue, ultra thick, mark=square, ]
coordinates (-20.02174, 0)(-19.89381, 0.1)(-19.76589 , 0.2) (-19.63796, 0.3)(-19.51004, 0.4)(-19.38211,

0.5)(-19.25419, 0.6)(-19.12626, 0.7)(-18.21889 , 0.8)(-18.21577, 0.9)(-18.21265, 1.0) ; [F̃P2]α

Figure 2: Fuzzy call and put option prices using variant fuzzy Black-Scholes Model involving octagonal
fuzzy numbers
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the stock will lose if it decreases. bag = [text width=0.5em, text centered] end = [] Concluding Remark The
prices of fuzzy call and put options against different values α ∈ [0, 1] are represented diagrammatically in the
form of a figure (see Figure 2). The sensitive analysis made in this study helps option traders to make valuable
insights into market trends and to choose the best option strategy in the stock market.

7 Conclusion and future work

In light of the conclusions above, the approach covered in this work has applications in all fields where it
is necessary to estimate parameters from statistical data. The fuzzy-aided Black-Scholes paradigm using
octagonal fuzzy numbers illustrated during this study provides a more precise approximation of the option
price, enabling the financial analyst to make the best possible choice when pricing investment instruments and
choosing the optimal one for their goal. The sensitivity analysis of both fuzzy call and put option prices will
be analyzed in the future, involving octagonal fuzzy numbers.

References

[1] Andres-Sanchez, J. D., An Empirical Assessment of Fuzzy Black and Scholes Pricing Option Model in
Spanish Stock Option Market. Journal of Intelligent and Fuzzy Systems 33, (2017) 2509-2521.

[2] C. Carlsson, R. Fuller, On possibilistic mean and variance of fuzzy numbers, Fuzzy Sets and Systems
122, (2001), 315–326.

[3] Cheng-Few Lee, Gwo-Hshiung Tzeng, Shin-Yun Wang, A new application of fuzzy set theory to the
Black–Scholes option pricing model, Expert Systems with Applications Vol. 29, 2 (2005) 330-342.

[4] U. Cherubini, Fuzzy measures and asset prices: Accounting for information ambiguity, Applied Mathe-
matical Finance 4, (1997), 135-149.

[5] Konstantinos A. Chrysafis, Basil K. Papadopoulos, On theoretical pricing of options with fuzzy estima-
tors, Journal of Computational and Applied Mathematics 223(2), (2009), 552-566.

[6] F. Black, M. Scholes, The pricing of options and corporate liabilities, Journal of Political Economy 81,
(1973), 637–659.

[7] K.R. French, Stock returns and the weekend effect, Journal of Financial Economics 8, (1980), 55–69.

[8] R. Fuller, P. Majlender, On weighted possibilistic mean and variance of fuzzy numbers, Fuzzy Sets and
Systems 136, (2003), 363–374.

[9] H. Ghaziri, S. Elfakhani, J. Assi, Neural networks approach to pricing options, Neural Network World
10, (2000), 271–277.C.

[10] M.L. Guerra, L. Sorini, L. Stefanini, Option price sensitivities through fuzzy numbers, Computers and
Mathematics with Applications 61(3), (2011), 515–526.

[11] S. Heilpern, The expected value of a fuzzy number, Fuzzy Sets and Systems 47, (1992), 81–86.

[12] S.L. Heston, A closed-form solution for options with stochastic volatility with applications to bond and
currency options, Review of financial studies 6(2), (1993), 327–343.

[13] M. Jimenez and J.A. Rivas, Fuzzy number approximation, International Journal of Uncertainty, Fuzzi-
ness and Knowledge-Based Systems 6(01), (1998), 69–78.

[14] J.D. MacBeth and L.J. Merville, An empirical examination of the Black-Scholes call option pricing
model The Journal of Finance 34(5), (1979), 1173–1186.

[15] L. Maciel, F. Gomide, and R. Ballini, Evolving fuzzy- GARCH pproach for financial volatility modeling
and forecasting, Computational Economics 48(3), (2016), 379–398.

DOI: https://doi.org/10.54216/IJNS.270224 295



International Journal of Neutrosophic Science (IJNS) Vol. 27, No. 02, PP. 287-296, 2026

[16] Malini, S. SU, Felbin C. Kennedy, An approach for solving fuzzy transportation problem using octagonal
fuzzy numbers, Applied Mathematical Sciences 54, (2013), 2661-2673.

[17] Maria Letizia Guerra, Laerte Sorini, Luciano Stefanini, Option price sensitivities through fuzzy numbers,
Computers and Mathematics with Applications Volume 61, Issue 3, (2011), 515-526.

[18] S. Mixon, The implied volatility term structure of stock index options, Journal of Empirical Finance
14(3), (2007), 333–354.

[19] S. Muzzioli and B. De Baets, Fuzzy approaches to option price modeling, IEEE Transactions on Fuzzy
Systems 25(2), (2017), 392–401.

[20] H.T. Nguyen, A note on the extension principle for fuzzy sets, Journal of Mathematical Analysis and
Applications 64, (1978), 369–380.

[21] P. Nowak and M. Romaniuk, A fuzzy approach to option pricing in a Levy process setting, International
Journal of Applied Mathematics and Computer Science 23(3), (2013), 613–622.

[22] M.R. Simonelli, Fuzziness in valuing financial instruments by certainty equivalents, European Journal
of Operational Research, 135, (2001) 296–302.

[23] A. Thavanaeswaran, J. Singh, S.S. Appadoo, Option pricing for some volatility models, The Journal of
Risk Finance 7 (2006) 425–445.

[24] A. Thavaneswaran, S.S. Appadoo, A. Paseka, Weighted possibilistic moments of fuzzy numbers with
applications to GARCH modeling and option pricing, Mathematical and Computer Modelling 49 (1–2),
(2009), 352–368.

[25] K. Thiagarajah, S.S. Appadoo, A. Thavaneswaran, Option valuation model with adaptive fuzzy numbers,
Computers and Mathematics with Applications Vol. 53, 5 (2007), 831–841.

[26] K. Thiagarajah, A. Thavanaeswaran, Fuzzy random coefficient volatility models with financial applica-
tions, Journal of Risk Finance 7 (2006), 503–524.

[27] N.N. Trenev, A refinement of the Black-Scholes formula of pricing options, Cybernetics and Systems
Analysis 37, (2001), 911-917.

[28] H.C. Wu, Using fuzzy sets theory and Black–Scholes formula to generate pricing boundaries of European
options, Applied Mathematics and Computation 185, (2007), 136–146.

[29] Y. Yoshida, The valuation of European options in uncertain environment, European Journal of Opera-
tional Research 145, (2003), 221–229.

[30] Z. Zmeskal, Applications of the fuzzy-stochastic methodology to appraising the firm value as a European
call option, European Journal of Operational Research 135, (2001), 303-310.

DOI: https://doi.org/10.54216/IJNS.270224 296


	1 introduction
	2 Fuzzy Numbers - Basic
	3 Highlights of the work
	3.1 Sequence of the paper

	4 Main Results
	5 Methodology and Implementation
	6 Mathematical Illustration
	7 Conclusion and future work

