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Abstract

This paper proposes a new method for solving a two-person zero-sum fuzzy matrix game with
goals, payoffs, and decision variables represented as triangular fuzzy rough numbers. We created
a pair of fully fuzzy rough linear programming problems for players. Triangular fuzzy rough num-
bers can be used to formulate two fuzzy linear programming problems for the first player in the
form of upper approximation intervals and lower approximation intervals. Two problems for the
second player can be created in the same way. These problems have been split into five sub-crisp
problems for the player first and five sub-crisp problems for the player second. The solution to the
game can be obtained by solving these ten fuzzy linear programming problems. To demonstrate the
method, a numerical example is provided. Using Wolfram Cloud, optimal strategies and game val-
ues are calculated for various parameters. Sensitivity analysis is carried out by altering the values
of parameters.

Keywords: Fully fuzzy rough matrix game; Triangular rough fuzzy number; Ranking function;
Fully fuzzy rough LPP
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2 V. Jangid et al.

1. Introduction

Game theory is a mathematical process used to study decision-making problems when the decision-
makers conflict with each other. Von Neumann and Morgenstern (1944) developed the concept
of game theory. The most popular category of games is a two-person zero-sum matrix game
(TPZSMG). The study of TPZSMG is one of the most essential topics that has recently drawn
the attention of several researchers due to its significance in financial implications, economics,
organizational behaviour, political science, organizational studies, industry, war, social sciences,
engineering, and biological models. In the physical world, complexity generally appears in vague-
ness from uncertainty. The concept of probability had been old age and an essential method for
overcoming the challenges, but it can only apply to circumstances whose parameters are based on
probability distributions. Uncertainty can arise from incomplete information about the problem or
from information that is not entirely accurate or from inherent inaccuracy in the description of the
problem, or from obtaining information from more than one origin. Fuzzy set theory is an excellent
logical method for dealing with the vagueness that emerges from ambiguity.

Zadeh (1965) developed the fuzzy set theory and established various properties of fuzzy sets. The
notion of a rough set theory was introduced by Pawlak (1982) as an alternative to the concept of
fuzzy set and tolerance. They studied rough operations on sets, rough equality of sets, and rough
inclusion of sets. The lower and upper approximations of fuzzy sets were presented by Dubois and
Prade (1990), which launched the notion of a rough fuzzy set. The intuitionistic fuzzy set (IFS)
theory was developed by Atanassov (1999) based on modifications of related fuzzy set concepts.

A TPZSMG with imprecise payoffs was considered by Campos (1989) and proposed a method for
its solution based on a fuzzy linear programming (FLP) problem for each player. Campos and Gon-
zalez (1991) suggested a new approach to solve TPZSMG with approximate values in their matri-
ces of payoffs. Fuzzy multiobjective linear programming models for each player were established,
and corresponding effective solution methods were proposed by Li (1999). Sakawa and Nishizaki
(1994) considered TPZSMG with fuzzy multiple payoff matrices and goals for each player. The
equivalence between a primal-dual pair of FLPP and TPZSFMG was provided by Bector et al.
(2004). Vijay et al. (2005) considered a TPZSFMG with fuzzy goals and fuzzy payoffs and solved
using a suitable ranking function. Several types of TPZSFMG with different solution concepts
were introduced by Bector and Chandra (2005). Chen and Larbani (2006) obtained the weights of
a fuzzy decision matrix by formulating it as a TPZSFMG with an uncertain payoff matrix. Interval-
valued matrix games were considered and solved by Collins and Hu (2008). Nayak and Pal (2009)
proposed and solved TPZSFMG with interval-valued payoffs. A methodology for solving matrix
games with payoffs as triangular intuitionistic fuzzy numbers (TIFNs) was developed by Nan et al.
(2010). Cevikel and Ahlatçıoğlu (2010) presented two models for studying TPZSFMG with fuzzy
payoffs and fuzzy goals. Xu and Yao (2010) discussed a class of TPZSFMG with rough payoffs.
Clemente et al. (2011) presented a new methodology for the analysis of TPZSFMG. Aggarwal
et al. (2012) studied a class of LPP having fuzzy constraints with I-fuzzy sets. Duality theory
was developed to establish a solution concept for TPZSFMG with I-fuzzy goals. Two auxiliary
bi-objective linear programming (BOLP) models were derived by Seikh et al. (2015) and applied
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an average weighted approach to solve TPZSFMG. A new method to solve the bi-rough bi-matrix
game was proposed by Mula et al. (2015). A TPZSFMG with triangular intuitionistic fuzzy num-
bers was considered by Bhaumik et al. (2017) and applied a robust ranking technique to solve it.
The TPZSFMG was converted into a crisp one and then solved easily by Jana and Roy (2018). Das
et al. (2018) proposed a method of finding the upper and lower bounds of tri-objective LFPPs.

Ammar and Brikaa (2019) proposed an effective technique for solving constraint matrix games
with payoffs as rough intervals. Pamucar et al. (2019) developed a new approach for overcoming
the challenges and vagueness based on interval-valued fuzzy rough numbers. Brikaa et al. (2019)
developed an effective algorithm to solve constraint MG with payoffs as FRNs. Das and Edalat-
panah (2020) proposed a novel approach for solving neutrosophic integer programming problems
using the aggregate ranking function with triangular neutrosophic numbers. Yang et al. (2020) de-
veloped an approach to evaluate the healthcare system using neutrosophic set theory. Edalatpanah
(2020) introduced the concept of neutrosophic structured element (NSE) in the field of neutro-
sophic sets (NS). The author established the operational laws, score function, and several aggre-
gation operators of NS. The NSE was applied in a decision-making process for a multi-attribute
decision making (MADM) problem, showcasing its practicality.

Dhar (2021) applied Neutrosophic Sets to deal with uncertainties and imprecisions in many situa-
tions such as contexts involving diagnosis. Ammar and Emsimir (2021) suggested an algorithm to
solve TFR integer LPP using cut sets to find rough, optimal solutions. Eyo et al. (2022) presented
a new intelligent approach that combines different techniques to tune the parameters of Interval
Type-2 Intuitionistic Fuzzy Logic System (IT2IFLS) for modeling and predicting COVID-19 time
series.

For the most part, most methods used the ranking function to convert the given fuzzy LPP to crisp,
and then they used the findings of classical approaches to enhance their efficiency. This paper
proposes a new method for solving a two-person zero-sum fuzzy matrix game with goals, payoffs,
and decision variables represented as triangular fuzzy rough numbers. We created a pair of fully
fuzzy rough linear programming problems for players. Triangular fuzzy rough numbers can be
used to formulate two fuzzy linear programming problems for the first player in the form of upper
approximation intervals and lower approximation intervals. Two issues for the second player can be
created in the same way. These problems have been split into five sub-crisp problems for the player
first and five sub-crisp problems for the player second. The solution to the game can be obtained
by solving these ten fuzzy linear programming problems. To demonstrate the method, a numerical
example is provided. Using Wolfram Cloud, optimal strategies and game values are calculated for
various parameters. Sensitivity analysis is carried out by altering the values of parameters.

The rest of the paper is structured as follows. The proposed method is explained step-wise in Sec-
tion 2. A numerical example, with sensitivity analysis, is illustrated in Section 3. In Section 4 we
compare the results of present paper with the existing literature. Section 5 presents the conclusion.
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4 V. Jangid et al.

2. Working Steps of Proposed Approach

Step 1: Develop a pair of FFRLPPs corresponding to maximizing and minimizing players, respec-
tively:

max ũR,

(x̃R)T ÃRỹR ⪰ϕ̃R ũ
R, ∀ỹR ∈ Sn,

and x̃R ∈ Sm,

(1)

min ṽR,

(x̃R)T ÃRỹR ⪯ψ̃R ṽ
R, ∀x̃R ∈ Sm,

and ỹR ∈ Sn,

(2)

where FR values ũR, ṽR ∈ N(R) and ϕ̃R, ψ̃R are FR adequacies for the player I and II, respectively.

Step 2: Clarify the double fuzzy constraints to recognize the extreme points of the sets Sm and Sn

in the constraints of the problems (1) and (2):

max ũR,

subject to constraints

(x̃R)T ÃRj ⪰ϕ̃R ũ
R, ∀j = 1, 2, . . . , n,

eT x̃R ≈ 1̃R,

and x̃R, ũR ≥ 0,

(3)

min ṽR,

subject to constraints

(ÃRi )
T ỹR ⪯ψ̃R ṽ

R, ∀i = 1, 2, . . . ,m,

eT ỹR ≈ 1̃R,

and ỹR, ṽR ≥ 0,

(4)

where the symbols ÃRi and ÃRj denotes the ith row and the jth column of the FR pay off matrix
ÃR, for i = 1, 2, . . . ,m and j = 1, 2, . . . , n.

Step 3: Applying Yager resolution method to problems (3) and (4):

max ũR,

subject to the constraints
m∑
i=1

ãRijx̃i
R ≥ ũR − ϕ̃R(1− λ), ∀j = 1, 2, . . . , n,

eT x̃R ≈ 1̃R,

λ ≤ 1,

and x̃R, ũR, λ ≥ 0,

(5)

4
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min ṽR,

subject to the constraints
n∑
j=1

ãRij ỹj
R ≤ ṽR + ψ̃R(1− µ), ∀i = 1, 2, . . . ,m,

eT ỹR ≈ 1̃R,

µ ≤ 1,

and ỹR, ṽR, µ ≥ 0.

(6)

Step 4: Taking parameters and decision variables in (5) and (6) as TFRNs, we can construct two
FLPPs separately to each problems of (5) and (6). One of which is a (FLPP − IUAI/FLPP −
IIUAI), where coefficients are UAIs of rough intervals and the other is (FLPP − ILAI/FLPP −
IILAI), where its coefficients are LAI of rough intervals.

(FLPP-I)UAI

max
[
uLU , uM , uUU

]
,

Subject to the constraints
m∑
i=1

[
aij

LU , aij
M , aij

UU
]
⊗
[
xi
LU , xi

M , xi
UU

]
≥

[
uLU , uM , uUU

]
−

[
ϕLU , ϕM , ϕUU

]
(1− λ), ∀j = 1, 2, . . . , n,

m∑
i=1

[
xi
LU , xi

M , xi
UU

]
= 1̃U ,

λ ≤ 1,

and xi
LU , xi

M , xi
UU , λ, uLU , uM , uUU ≥ 0, ∀i = 1, 2, . . . ,m,

where 1̃U =
[
1LU , 1M , 1UU

]
.

(7)

(FLPP-I)LAI

max
[
uLL, uM , uUL

]
,

subject to the constraints
m∑
i=1

[
aij

LL, aij
M , aij

UL
]
⊗
[
xi
LL, xi

M , xi
UL

]
≥

[
uLL, uM , uUL

]
−

[
ϕLL, ϕM , ϕUL

]
(1− λ), ∀j = 1, 2, . . . , n,

m∑
i=1

[
xi
LL, xi

M , xi
UL

]
= 1̃L,

λ ≤ 1,

and xi
LL, xi

M , xi
UL, λ, uLL, uM , uUL ≥ 0, ∀i = 1, 2, . . . ,m,

where 1̃L =
[
1LL, 1M , 1UL

]
.

(8)
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6 V. Jangid et al.

(FLPP-II)UAI

min
[
vLU , vM , vUU

]
,

subject to the constraints
m∑
j=1

[
aij

LU , aij
M , aij

UU
]
⊗
[
yj
LU , yj

M , yj
UU

]
≤

[
vLU , vM , vUU

]
+
[
ψLU , ψM , ψUU

]
(1− µ), ∀i = 1, 2, . . . ,m,

n∑
j=1

[
yj
LU , yj

M , yj
UU

]
= 1̃U ,

µ ≤ 1,

where yj
LU , yj

M , yj
UU , µ, vLU , vM , vUU ≥ 0, ∀j = 1, 2, . . . , n,

where 1̃U =
[
1LU , 1M , 1UU

]
.

(9)

(FLPP-II)LAI

min
[
vLL, vM , vUL

]
,

subject to the constraints
n∑
j=1

[
aij

LL, aij
M , aij

UL
]
⊗
[
yj
LL, yj

M , yj
UL

]
≤

[
vLL, vM , vUL

]
+
[
ψLL, ψM , ψUL

]
(1− µ), ∀i = 1, 2, . . . ,m,

n∑
j=1

[
yj
LL, yj

M , yj
UL

]
= 1̃L,

µ ≤ 1,

where yj
LL, yj

M , yj
UL, µ, vLL, vM , vUL ≥ 0 ∀j = 1, 2, . . . , n,

where 1̃L =
[
1LL, 1M , 1UL

]
.

(10)

Step 5: Slice the above problems (7) and (8) into five sub-crisp problems as:

(FLPP − I)UU

max uUU ,

subject to the constraints
m∑
i=1

aUUij x
UU
i ≥ uUU − ϕLU(1− λ), ∀j = 1, 2, . . . , n,

m∑
i=1

xUUi = 1UU ,

λ ≤ 1,

and xUUi , λ, uUU ≥ 0, ∀i = 1, 2, . . . ,m.

(11)

6
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(FLPP − I)LU

max uLU ,

subject to the constraints
m∑
i=1

aLUij x
LU
i ≥ uLU − ϕUU(1− λ),

∀j = 1, 2, . . . , n,
m∑
i=1

xLUi = 1LU ,

λ ≤ 1,

and xLUi , λ, uLU ≥ 0, ∀i = 1, 2, . . . ,m.

(12)

(FLPP − I)M

max uM ,

subject to the constraints
m∑
i=1

aMij x
M
i ≥ uM − ϕM(1− λ),

∀j = 1, 2, . . . , n,
m∑
i=1

xMi = 1M ,

λ ≤ 1,

and xMi , λ, u
M ≥ 0, ∀i = 1, 2, ..., n.

(13)

(FLPP − I)LL

max uLL,

subject to the constraints
m∑
i=1

aLLij x
LL
i ≥ uLL − ϕUL(1− λ),

∀j = 1, 2, ..., n,
m∑
i=1

xLLi = 1LL,

λ ≤ 1,

and xLLi , λ, uLL ≥ 0, ∀i = 1, 2, ...,m.

(14)

7
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(FLPP − I)UL

max uUL,

subject to the constraints
m∑
i=1

aULij x
UL
i ≥ uUL − ϕLL(1− λ),

∀j = 1, 2, . . . , n,
m∑
i=1

xULi = 1UL,

λ ≤ 1,

and xULi , λ, uUL ≥ 0, ∀i = 1, 2, . . . ,m.

(15)

Step 6: Similarly slice the problems (9) and (10) into five sub-crisp problems as:

(FLPP − II)UU

min vUU ,

subject to the constraints
n∑
j=1

aUUij y
UU
j ≤ vUU + ψUU(1− µ),

∀i = 1, 2, . . . ,m,
n∑
j=1

yUUj = 1UU ,

µ ≤ 1,

and yUUj , µ, vUU ≥ 0, ∀j = 1, 2, . . . , n.

(16)

(FLPP − II)LU

min vLU ,

subject to the constraints
n∑
j=1

aLUij y
LU
j ≤ vLU + ψLU(1− µ),

∀i = 1, 2, . . . ,m,
n∑
j=1

yLUj = 1LU ,

µ ≤ 1,

and yLUj , µ, vLU ≥ 0, ∀j = 1, 2, . . . , n.

(17)

8
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(FLPP − II)M

min vM ,

subject to the constraints
n∑
j=1

aMij y
M
j ≤ vM + ψM(1− µ),

∀i = 1, 2, . . . ,m,
n∑
j=1

yMj = 1M ,

µ ≤ 1,

and yMj , µ, v
M ≥ 0, ∀j = 1, 2, . . . , n.

(18)

(FLPP − II)LL

min vLL,

subject to the constraints
n∑
j=1

aLLij y
LL
j ≤ vLL + ψLL(1− µ),

∀i = 1, 2, . . . ,m,
n∑
j=1

yLLj = 1LL,

µ ≤ 1,

and yLLj , µ, vLL ≥ 0, ∀j = 1, 2, . . . , n.

(19)

(FLPP − II)UL ,

min vUL

subject to the constraints
n∑
j=1

aULij y
UL
j ≤ vUL + ψUL(1− µ),

∀i = 1, 2, . . . ,m,
n∑
j=1

yULj = 1UL,

µ ≤ 1,

and yULj , µ, vUL ≥ 0, ∀j = 1, 2, . . . , n.

(20)

Step 7: By solving five sub-crisp problems for Player I, viz., (FLPP − I)UU , (FLPP − I)LU ,
(FLPP − I)M , (FLPP − I)LL, and (FLPP − I)UL. Also, five sub crisp problems for Player II,

9
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viz., (FLPP−II)UU , (FLPP−II)LU , (FLPP−II)M , (FLPP−II)LL, and (FLPP−II)UL
the solution of the game can be obtained.

3. Numerical Example

Consider the TPZSFMG with payoff matrix of TFRNs

ÃR =

[
ãR11 ã

R
12

ãR21 ã
R
22

]
,

where
ãR11 ≡

[
ãL11 : ã

U
11

]
= [[175, 180, 190] : [170, 180, 195]] ,

ãR12 ≡
[
ãL12 : ã

U
12

]
= [[150, 156, 158] : [148, 156, 160]] ,

ãR21 ≡
[
ãL21 : ã

U
21

]
= [[80, 90, 100] : [70, 90, 100]] ,

ãR22 ≡
[
ãL22 : ã

U
22

]
= [[175, 180, 190] : [170, 180, 195]].

Margins of Player I and Player II are:
ϕ̃R1 ≡ ϕ̃R2 ≡ ϕ̃R ≡

[
ϕ̃L : ϕ̃U

]
= [[0.08, 0.10, 0.11] : [0.06, 0.10, 0.13]] and ψ̃R1 ≡ ψ̃R2 ≡ ψ̃R ≡

[
ψ̃L : ψ̃U

]
= [[0.14, 0.15, 0.17] : [0.12, 0.15, 0.19]] ,

and 1̃R ≡
[
1̃L : 1̃U

]
= [[0.8, 1, 1.2] : [0.5, 1, 1.5]] . Now, we divide the above problem into upper

and lower approximation interval fuzzy linear programming problems for both the Players I and II
as follows:

(FLPP − I)UAI

max
[
uLU , uM , uUU

]
,

subject to the constraints[
aLU11 , a

M
11 , a

UU
11

]
⊗
[
xLU1 , xM1 , x

UU
1

]
+
[
aLU21 , a

M
21 , a

UU
21

]
⊗
[
xLU2 , xM2 , x

UU
2

]
≥

[
uLU , uM , uUU

]
−
[
ϕLU , ϕM , ϕUU

]
(1− λ) ,[

aLU12 , a
M
12 , a

UU
12

]
⊗
[
xLU1 , xM1 , x

UU
1

]
+
[
aLU22 , a

M
22 , a

UU
22

]
⊗
[
xLU2 , xM2 , x

UU
2

]
≥

[
uLU , uM , uUU

]
−
[
ϕLU , ϕM , ϕUU

]
(1− λ) ,[

xLU1 , xM1 , x
UU
1

]
+
[
xLU2 , xM2 , x

UU
2

]
= [0.5, 1, 1.5] ,

λ ≤ 1,

and xLUi , xMi , x
UU
i , λ, uLU , uM , uUU ≥ 0, ∀i = 1, 2.

10
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(FLPP − I)LAI

max
[
uLL, uM , uUL

]
,

subject to the constraints[
aLL11 , a

M
11 , a

UL
11

]
⊗
[
xLL1 , xM1 , x

UL
1

]
+
[
aLL21 , a

M
21 , a

UL
21

]
⊗
[
xLL2 , xM2 , x

UL
2

]
≥

[
uLL, uM , uUL

]
−
[
ϕLL, ϕM , ϕUL

]
(1− λ) ,[

aLL12 , a
M
12 , a

UL
12

]
⊗
[
xLL1 , xM1 , x

UL
1

]
+
[
aLL22 , a

M
22 , a

UL
22

]
⊗
[
xLL2 , xM2 , x

UL
2

]
≥

[
uLL, uM , uUL

]
−

[
ϕLL, ϕM , ϕUL

]
(1− λ) ,[

xLL1 , xM1 , x
UL
1

]
+
[
xLL2 , xM2 , x

UL
2

]
= [0.8, 1, 1.2] ,

λ ≤ 1,

and xLLi , xMi , x
UL
i , λ, uLL, uM , uUL ≥ 0, ∀i = 1, 2.

(FLPP − II)UAI

min
[
vLU , vM , vUU

]
,

subject to the constraints[
aLU11 , a

M
11 , a

UU
11

]
⊗
[
yLU1 , yM1 , y

UU
1

]
+
[
aLU12 , a

M
12 , a

UU
12

]
⊗
[
yLU2 , yM2 , y

UU
2

]
≤

[
vLU , vM , vUU

]
+
[
ψLU , ψM , ψUU

]
(1− µ) ,[

aLU21 , a
M
21 , a

UU
21

]
⊗
[
yLU1 , yM1 , y

UU
1

]
+
[
aLU22 , a

M
22 , a

UU
22

]
⊗
[
yLU2 , yM2 , y

UU
2

]
≤

[
vLU , vM , vUU

]
+
[
ψLU , ψM , ψUU

]
(1− µ) ,[

yLU1 , yM1 , y
UU
1

]
+
[
yLU2 , yM2 , y

UU
2

]
= [0.5, 1, 1.5] ,

µ ≤ 1,

and yLUj , yMj , y
UU
j , µ, vLU , vM , vUU ≥ 0, ∀j = 1, 2.

(FLPP − II)LAI

min
[
vLL, vM , vUL

]
,

subject to the constraints[
aLL11 , a

M
11 , a

UL
11

]
⊗
[
yLL1 , yM1 , y

UL
1

]
+
[
aLL12 , a

M
12 , a

UL
12

]
⊗
[
yLL2 , yM2 , y

UL
2

]
≤

[
vLL, vM , vUL

]
+
[
ψLL, ψM , ψUL

]
(1− µ) ,[

aLL21 , a
M
21 , a

UL
21

]
⊗
[
yLL1 , yM1 , y

UL
1

]
+
[
aLL22 , a

M
22 , a

UL
22

]
⊗
[
yLL2 , yM2 , y

UL
2

]
≤

[
vLL, vM , vUL

]
+
[
ψLL, ψM , ψUL

]
(1− µ) ,[

yLL1 , yM1 , y
UL
1

]
+
[
yLL2 , yM2 , y

UL
2

]
= [0.8, 1, 1.2] ,

µ ≤ 1,

and yLLj , yMj , y
UL
j , µ, vLL, vM , vUL ≥ 0, ∀j = 1, 2.
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Now, the problems (FLPP − I)UAI with (FLPP − I)LAI and (FLPP − II)UAI with
(FLPP − II)LAI can be separately transformed into ten crisp problems.

(FLPP − I)UU

max uUU ,

195xUU1 + 110xUU2 ≥ uUU − 0.06(1− λ),

160xUU1 + 195xUU2 ≥ uUU − 0.06(1− λ),

xUU1 + xUU2 = 1.5,

λ ≤ 1,

and xUU1 , xUU2 , λ, uUU ≥ 0.

(FLPP − I)LU

max uLU ,

170xLU1 + 70xLU2 ≥ uLU − 0.13(1− λ),

148xLU1 + 170xLU2 ≥ uLU − 0.13(1− λ),

xLU1 + xLU2 = 0.5,

λ ≤ 1,

and xLU1 , xLU2 , λ, uLU ≥ 0.

(FLPP − I)M

max uM ,

180xM1 + 90xM2 ≥ uM − 0.10(1− λ),

156xM1 + 180xM2 ≥ uM − 0.10(1− λ),

xM1 + xM2 = 1,

λ ≤ 1,

and xM1 , x
M
2 , λ, u

M ≥ 0.

(FLPP − I)LL

max uLL,

175xLL1 + 80xLL2 ≥ uLL − 0.11(1− λ),

150xLL1 + 175xLL2 ≥ uLL − 0.11(1− λ),

xLL1 + xLL2 = 0.8,

λ ≤ 1,

and xLL1 , xLL2 , λ, uLL ≥ 0.
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(FLPP − I)UL

max uUL,

190xUL1 + 100xUL2 ≥ uUL − 0.08(1− λ),

158xUL1 + 190xUL2 ≥ uUL − 0.08(1− λ),

xUL1 + xUL2 = 1.2,

λ ≤ 1,

and xUL1 , xUL2 , λ, uUL ≥ 0.

(FLPP − II)UU

min vUU ,

195yUU1 + 160yUU2 ≤ vUU + 0.19(1− µ),

110yUU1 + 195yUU2 ≤ vUU + 0.19(1− µ),

yUU1 + yUU2 = 1.5,

µ ≤ 1,

and yUU1 , yUU2 , µ, vUU ≥ 0.

(FLPP − II)LU

min vLU ,

170yLU1 + 148yLU2 ≤ vLU + 0.12(1− µ),

70yLU1 + 170yLU2 ≤ vLU + 0.12(1− µ),

yLU1 + yLU2 = 0.5,

µ ≤ 1,

and yLU1 , yLU2 , µ, vLU ≥ 0.

(FLPP − II)M

min vM ,

180yM1 + 156yM2 ≤ vM + 0.15(1− µ),

90yM1 + 180yM2 ≤ vM + 0.15(1− µ),

yM1 + yM2 = 1,

µ ≤ 1,

and yM1 , y
M
2 , µ, v

M ≥ 0.

(FLPP − II)LL

min vLL,

175yLL1 + 150yLL2 ≤ vLL + 0.14(1− µ),

80yLL1 + 175yLL2 ≤ vLL + 0.14(1− µ),

yLL1 + yLL2 = 0.8,

µ ≤ 1,

and yLL1 , yLL2 , µ, vLL ≥ 0.
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(FLPP − II)UL

min vUL

190yUL1 + 158yUL2 ≤ vUL + 0.17(1− µ),

100yUL1 + 190yUL2 ≤ vUL + 0.17(1− µ),

yUL1 + yUL2 = 1.2,

µ ≤ 1,

and yUL1 , yUL2 , µ, vUL ≥ 0.

On solving the above problems, we get the solutions that are listed in Tables 1 and 2. Also sensi-
tivity analysis is performed in Tables 1 and 2 with respect to different values of parameters.

Table 1. Value of game
(
ũR

)
for player I

Problem λ = 0 λ = 0.25 λ = 0.50 λ = 0.75 λ = 1

(FLPP − I)UU 255.3725 255.3575 255.3425 255.3275 255.3125
(FLPP − I)LU 76.1136 76.0811 76.0486 76.0161 75.9836
(FLPP − I)M 161.1526 161.1276 161.1026 161.0776 161.0526
(FLPP − I)LL 124.2767 124.2492 124.2217 124.1942 124.1667
(FLPP − I)UL 199.7521 199.7321 199.7121 199.6921 199.6721

Table 2. Value of game
(
ṽR

)
for player II

Problem µ = 0 µ = 0.25 µ = 0.50 µ = 0.75 µ = 1

(FLPP − II)UU 255.1225 255.1700 255.2175 255.2650 255.3125
(FLPP − II)LU 75.8636 75.8936 75.9236 75.9536 75.9836
(FLPP − II)M 160.9026 160.9401 160.9776 161.0151 161.0526
(FLPP − II)LL 124.0267 124.0617 124.0967 124.1317 124.1667
(FLPP − II)UL 199.5021 199.5446 199.5871 199.6296 199.6721

4. Validation of Results through Comparison with Existing Literature

Table 3 compares the results of our study with those of existing literature. Three research papers
are presented, along with the type of fuzzy number used and the corresponding value of the game.
The first study, conducted by Campos (1989), used triangular fuzzy numbers and resulted in a
game value of 160.81. The second study, conducted by Bector et al. (2005), also used triangular
fuzzy numbers and produced a game value of 160.65. In contrast, our study used triangular fuzzy
rough numbers and resulted in a game value of 161.1526. This demonstrates that the use of rough
numbers can lead to approximate results in fuzzy environments. This comparison provides further
evidence of the effectiveness of our approach and contributes to the growing body of literature on
fuzzy game theory.
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Table 3. Comparison with existing literature

Research Paper Type of fuzzy number Value of game

Campos (1989) Triangular Fuzzy Number 160.81
Bector et al. (2005) Triangular Fuzzy Number 160.65

Present paper Triangular Fuzzy rough Number 161.1526

5. Conclusion

Most of the existing methods for solving TPZSFMG are based on triangular fuzzy numbers
(TFNs), trapezoidal fuzzy numbers (TrFNs), and intuitionistic fuzzy numbers (IFNs). However,
there are many circumstances where goals and payoffs are in the form of intervals with varying
bounds. To overcome these types of situations in games, we have used TFRNs. The TPZSFMG
with TFRN goals, payoffs, and decision variables are studied, and a technique for solving these
games is proposed. A pair of FFRLPPs corresponding to each player is obtained in this technique.
These are converted into sub-crisp problems for each player. Optimal strategies and value of the
games are achieved by solving ten sub-crisp problems using Wolfram Cloud. The impact of param-
eters on game value are observed by a numerical example. The article provides a novel approach to
handling TPZSFMG. That has a significant development in the field. The concept can be extended
to Pythagorean and Neutrosophic numbers in future.
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