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Abstract

All the prevailing theories based on FS and their modi-
fications, inconsistency, and uncertainties are involved in
the form of truth grade TG whose value is also in the
form of real numbers and certain user information may
be lost and the decision-maker is affected by this. The
principle of a complex fuzzy set (CFS) is a valuable pro-
cedure to manage inconsistent and awkward information
genuine life troubles. CFS gives the TG against the value
which is taken from the set of attributes in the form of a
complex number whose real and unreal parts are limited
to the unit interval. In this paper, we discussed some op-
erations and formulas of set theory for complex fuzzy sets.
We established the basic results of complex fuzzy sets us-
ing bounded sum, bounded product, bounded difference,
simple difference, Cartesian product, algebraic product,
and algebraic sums. We discussed particular examples
of these operations and results. Moreover, a multicriteria
decision-making (MCDM) technique is explored based on
the elaborated complex fuzzy dominance matrix by using
the complex fuzzy information. The application has been
effectively demonstrated with numerical examples.
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Because of the expanding intricacy of the framework, it is hard for the leader to choose the best
other option/object from a family of appealing choices. Be that as it may, it is difficult, to sum
up, yet it is not staggering to accomplish the best single objective. Countless MCDM issues
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exist in decision-making, where the rules are found to be dubious, equivocal, loose, and obscure.
Therefore, the fresh set gives off an impression of being inadequate in managing this vulnerability
and imprecision in the information and can be handily managed by utilizing fuzzy data. To manage
such vulnerability also, vagueness, the principle of the fuzzy set (FS) was elaborated by Zadeh [21].
F'S gives the truth grade (T'G) against the value which is taken from the set of attributes is limited
to the unit interval. After their successful utilization, certain scholars have employed it in the
natural environment of separated areas. For example, interval-valued FS was explored by Zadeh
[22], Torra [I¥] elaborated the principle of hesitant F'S (HFS), and Mahmood [I8] developed the
theory of bipolar soft sets.

The principle of F'S has been utilized in separated areas, but the principle of FS has limited
applications due to its structure. Because if a person faced information in the form of TG and falsity
grade (FG), then the principle of FS has been failed in certain actual life troubles. To conquer
this deficiency and adjust to the uninterrupted complicacy of certain actual life troubles, a type of
intuitionistic FS (IFS) was implemented at Atanassov [2]. IFS gives the information’s in the form
of TG and FG against the value which is taken from the set of attributes with a rule that is the
sum duplet is limited to the unit interval. After their successful utilization, certain scholars have
employed it in the natural environment of separated areas. For example, Atanassov [3] developed
the interval-valued IFS and their application’s; Garg and Rani [I0] explored similarity measures
based on the transformed right-angle tringles among IFSs, Ejegwa and Onyeke [[4] intuitionistic
fuzzy statistical correlation algorithm, Xue et al. [19] utilized the measure-based belief function by
using the IFSs, Aydin and Enginoglu [4] proposed interval-valued intuitionistic fuzzy parametrized
interval-valued intuitionistic fuzzy soft sets, Huang et al. [I?] developed the complete ranking
method for interval-valued IFSs, and Ecer and Pamucer [6] initiated the MARCOS method for
IFSs.

The principle of IFS has been utilized in separated areas, but the principle of IFS has limited
applications due to its structure. Because if a person faced information in the form of TG and
falsity grade (FG) with a condition that is the sum of duplet is exceeded from the unit interval,
then the principle of IFS has been failed in certain actual life troubles. To conquer this deficiency
and adjust to the uninterrupted complicacy of certain actual life troubles, a type of Pythagorean
FS (PFS) was implemented by Yager [20]. PFS gives the information’s in the form of TG and
FG against the value which is taken from the set of attributes with a rule that is the sum of
the squares of duplet is limited to the unit interval. After their successful utilization, certain
scholars have employed it in the natural environment of separated areas. For example, Garg [I1]
explored interval-valued PFSs and their application’s, Ayyildiz and Gumus [§] utilized the AHP
method based on interval-valued PFSs, Ejegwa et al. [8] implemented the correlation measures
by using the PFSs, Zhao et al. [24] explored TODIM method for interval-valued PFSs, Gao et
al. [24] developed the quantum Pythagorean fuzzy evidence theory, and Pan et al. [I5] proposed
similarity measures for PFSs.

All the prevailing theories based on F'S and their modifications, inconsistency, and uncertainties
are involved in the form of TG whose value is also in the form of real numbers and certain user
information may be lost and the decision-maker is affected by this. To manage such vulnerability,
the principle of complex FS (CFS) was elaborated by Ramot et al. [I6]. The range of CFS not
only lies in the closed interval [0,1], it can be broadened to the unit circle in the complex plane. In
contrast to the fuzzy sets which have one-dimensional real-valued close intervals, the complex fuzzy
sets have two-dimensional complex-valued disk space. The complex fuzzy set has a membership
function which is designated by Y., for some 2z’ € U. The membership function in Y} is defined as:

Y;c (Z/) = )\:C (Z/) 61'1/"310(23/)7 where 7 = \/_717
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where \; (2') (fuzzy set) is called the amplitude term and v, (2’) is called the phase term. These
are two real-valued functions with A, (z’) € [0,1]. The main characteristic of complex fuzzy sets is
the existence of their phase term. If the phase term is absent then, the complex fuzzy set becomes
a traditional fuzzy set. In literature, it is mentioned that to solve complicated two-dimensional
problems CFS methodology is used instead of fuzzy sets. For example, periodic events like solar
activity or the effect of an economic factor on one another can be more effectively visualized by
utilizing a complex fuzzy set phase concept. The complex fuzzy set is also represented in the form
of ordered pair as:

z={(¢,Y, ()]« e U}

As Ramot et, al., [I6] work on CFS and introduced the first set-theoretic operations like CF
union, complement, intersection, simple difference, rotation, and reflection. Here, we built up a
few fundamental operations and rules of set theory for generalized fuzzy sets with complexities.
Also, we presented a few fundamental results on CFSs such as bounded sum, bounded product,
bounded difference, simple difference, Cartesian product, algebraic product, and algebraic sum.
We characterized specific cases with the related operation and laws.

2 Methods

In decision-making problems, the use of fuzzy approaches is ubiquitous. The purpose of this article
is two-fold. The first half aims to present the theoretical foundations of complex fuzzy set’s opera-
tions such as complex fuzzy union, complex fuzzy intersection, complex fuzzy complement, complex
fuzzy bounded sum, complex fuzzy bounded product, complex fuzzy bounded difference, complex
fuzzy simple difference, complex fuzzy Cartesian product, complex fuzzy algebraic product, and
complex fuzzy algebraic sums and the second half aims to present these theoretical foundations
and key techniques of complex fuzzy sets and complex fuzzy dominance matrix in decision-making
problems. The purpose of these complex fuzzy sets and complex fuzzy dominance matrix is, to
provide a new approach with useful mathematical tools to address the fundamental problem of
decision-making. The generality of the fuzzy set is given special importance, illustrating how
many interesting decision-making problems can be formulated as a problem of complex fuzzy sets.
These applied contexts provide solid evidence of the wide applications of the complex fuzzy sets
approach to model and research decision-making problems. This article will stimulate the interest
in complex fuzzy sets and their application in decision-making problems.

3 Complex fuzzy sets

In this section, we recall the notions of complex fuzzy sets.

Definition 3.1. Let x be a complex fuzzy set defined on the universal set U, characterized by a
membership function Y, (') and that membership function allocates any element 2’ € U, a complex-
valued grade of membership in x. By definition, the range of CFS not only lies in the closed interval

[0,1], it can be extended to the unit circle in a complex plane. The membership function in Yy is
defined as, '
Y. (z') =)\ (z') et (2 ), where i = v/—1.

where A\, (2') (fuzzy set) is called the amplitude term and 1, (2’) is called the phase term.
These are two real-valued functions with A\, (2') € [0,1].
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The complex fuzzy set x is also represented in the form of ordered pair as,

z={(,Y; (¥)) | e U}.

3.1 Complex fuzzy set operations

Ramot et, al., [16] work on CFS and introduced the first set-theoretic operations like CF union,
CF complement, and CF intersection, which are explained below.
Definition 3.2. [I6] Suppose o] is the complex fuzzy set on the universal set U and the membership
function of oy is Yo (2) = Mgy (2) Vi) e complex fuzzy complement of o) is denoted by
aly and 1is specified as,
Tom . (o
Vig () = [1= A, ()] b))

Example 3.3. Let

&%“%+&%m+amﬂ%
-1 —2 -3

The CF complement of o is

o 0.7¢"0-87 N 1.8¢'™ N 0.9¢"0-87
! —1 -2 -3

Definition 3.4. [16] Suppose o) and 3] are two complex fuzzy sets. The membership functions

of ay and B are represented by Yo (2') and Yg ('), respectively. The union of o and j3] is

represented by oy U B] and is defined by a function

YaﬁUﬁi (2/) = )‘aﬁUﬁi (z/) eiwaiuﬁi =) _ max [)\O/l (z/) ’)‘51 (z')} ol max [%'1 () wg (Z,)].

Example 3.5. Let

, 0.1¢12™ 0.3¢2™  0.9¢7
oy = 3 + 5 + 3

) 0.4e4™ 0.6e"27 0.2¢67
61 = ] + ) + 3 .

be the two complex fuzzy sets. The union of o) and ] is given as:

0 4ei1.47r 0 6ei27r 0 96i1.67r
;o . : )
a;Upy = .

VA R —

Definition 3.6. [I6] Suppose o and B} are two complex fuzzy sets. The membership functions
of &y and By are represented by Yo (') and Yy (2'), respectively. The intersection of oy and B is
represented by oy N B and is specified as,

Yarns; (2) = Ay (2) €700 = min Doy () Ay ()] ™ [$eg & )]

Example 3.7. Let

O/l _ 0.1€l0'17r N 0.5610'5ﬂ- N 0_2611.671”
-1 -2 -3
0.36i0'2ﬂ 0‘96i1.47r 0.7ei1.87r
B = + +

—1 —2 -3
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be two complex fuzzy sets. The CF intersection is given as:

a/ 0/8/ _ 0'1ei0.17r N 0'56i0.57r N 0.261'1.671'
v -1 —2 -3

Definition 3.8. Suppose o} and (| are two complex fuzzy sets (CFSs). Yo (') and Yy () be the

membership functions of o) and B}, respectively. The simple difference of oy and 8} in CFSs is
defined as,

o = B = oy N By = min (Yo (), Y, ()
where YB{ (z') represents the membership function of Bll

Example 3.9. Let

o = 0.5¢'™ N 0.8¢1:67 N 0.761'0-%7
-1 -2 -3

, 0.3¢"2™ 0.2¢'7 0.1e27

b= =ttt

be two complex fuzzy sets. Then

0.7¢08™  0.8e™  0.9¢08"

_—
bo= —o ot

2 0505 0.8¢m 0.7¢"027

oy —B] = oNnp = = + 5 + —

Definition 3.10. Suppose oy and 3] are two complex fuzzy sets on the universe of discourse U, and
the membership functions of &y and (] are Yo (2') = Ay, (z’)ew“/l ) and Y (') = A (z’)ez%i (z ),
respectively. The bounded difference of two CFSs o and 3] is denoted by o/} © 3] and defined as,

Ya’le/ji (Z/) _ )‘a’leﬁi (z/)eid’o/leﬁi (") _ maX{O, )\0/1 (Z/) _ )\ﬁi (Z/)}ei max{&"/’dl (= )*%/1 (= )}
The amplitude term in bounded difference is same as the fuzzy set. But in CFSs the major

problem is to find the phase term. We have the following functions for determining the phase
term, that is,

Sum:
Vatop; = Yoy T Vs
Max:
Y max{@ball,@bﬁi},
Min:

Ourcp;, = min{thy, s},
”Winner take all”

oy = { Yars Aaq (8) > Agp ()
190 Vs Agp (2) > Ay (2)

The following functions are also applicable for determining the phase term.
Difference:

Xojop, = ﬁ‘zz)oc’l - 1/151
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Average:
Yo+
Paiopy = — o5 -
Weighted Average:
Aa’lwa’l + )\ﬂiwﬂi

T Y—
aleﬂl >\o/1 +)\ﬁi
Example 3.11. Suppose
o - 0.5¢'1-27 N 0.8¢'1-87 N 0.9¢'1-97
1 1 — —
/ 0.2¢1037  0.6e27  (.3¢0-T7
py = — + — + 5

are two CFSs. Using the definition of bounded difference we get,

;o 0.3e097 0.2e106m 0 gett-2T
o © ) = It T3

Definition 3.12. [23] Suppose o and 3] are two complex fuzzy sets. The membership function
of &y and By is represented by Y, (2') and Y (2'), respectively. The CF algebraic sum is denoted

by oy + B and defined as,

2m 27 27 27

U’u/l(z/) wBi €] 1/’all (=) . TPBi(Z/) }

. ’ 127
Yar i () = Mr iy (2558 ) = 0 (2) 4 Ay () = Aoy () - Ay () }e {
Example 3.13. Suppose

, 0.3¢"1270.6e"5T (.27
e —
, 0.4e™  0.1€10-6™ (.57
o= Dt o

are two CFSs. Then the algebraic sum is given as:

o - 0.58¢1-67 N 0.64¢1-167 N 0.6612“‘

L —1 -2 -3
Definition 3.14. [23] Suppose o} and ] are two complex fuzzy sets. The membership functions
of ay and By are represented by Yy (2') and Yg ('), respectively. The algebraic product of oy and
B] is represented by o - 5 and defined as,

27 27

o[ e v
Y. N — b\ N Wat B! (") — I\ / A / e .
ar (7)) = Aappy () e = {A () - Mgy () e

Example 3.15. Suppose

, 0.5€i1.27r N O.6€i0'37r N 0.4ei1.37r
(8% =
1 -1 -2 -3
0.2¢0-17  (.1e™  (.8e27T
+ +

-1 -2 -3’
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are two complex fuzzy sets. Then the algebraic product is given as:

O.leiO'OGW 0.06€i0'157r 0‘32€7L1.37r
+ + .

o1 f1 = —— — —

Definition 3.16. Let o and B; be two CFSs on the universe of discourse U and let Y, (2') and
Y (2') be the membership functions of oy and By, respectively. The bounded sum of oy and By is
represented by oy ® 3] and defined as,

Yajos () = Aages ()05 ) = minf1, Ay () + Mgy ()} min{ 270 () (D)

Example 3.17. Let

, 0.26i0.97r 0_66i1.27r 0.567;71—
oy = 1 + — + =
g = 0.3e%%7 N 0.1e0-87 N 0.9¢%0-57

1 = 1 — ——

be two complex fuzzy sets. Then the bounded sum is given as:

0.5622# 0‘761'2# 1€i1.57r
+ - :

€M=" 2 =3

Definition 3.18. [Z3] Let the N CFSs on the universe of discourse U be o, where n =1,2,.... N

and let the membership function of o, be Yo (2) = )\%(z’)ew&%(zl). The Cartesian product of ),
is defined as,

’1><a’2><4.4><a’N(Z/)

/ o / ZwOL
Ya/lxa’QX...Xo/N (Z) = )‘o/1><a’2><...><o/N (Z ) €

= Ay (1), A (38), o A (2 e ™ (1 (B GO

Example 3.19. Suppose

VR Y N 0.1¢0-67 N 0.7¢'-27
1 = ] — —
0.4e'™ 0.2¢i2m 0.1¢t1-3m
r . . .
pr = 1 + 5 + 5

are two complex fuzzy sets. Using the definition of Cartesian product we have,

0/1 y ﬁi _ {0.4€i0’8ﬂ N 0‘261'0.8# N 0_161'0.871' N
(-1,-1)  (-1,-2) (-1,-3)
0.16i0'6ﬂ— 0_16i0.67r 0'16720.6#
(2-1) " (-2,-9) " (-2,-3) '
0.4e™  0.2¢"27  0.1et27
(5.0 (52 (59

Definition 3.20. Consider the two CFSs o/ and 8] and membership functions of these two sets
are Yo (2') and Yp (2'), respectively. Then the bounded product of o) and (| is represented by

o) @ B and is defined as,

Yai@ﬁi (Z/) _ )‘0/1(9['31 (Z/) eiwu/l(aﬂ’l (Z’) _ max{07 )\a/l (Z/) + A,Bi (Z/) . 1}61 max{oywa/l (z’)"’ﬂ)gll (z’)—27r}.
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Example 3.21. Suppose

, 0.5 0.9¢"057 0.6e'-5"
L —
) 0.8¢"H6m  0.2¢27  (.7¢08"
o=~

are two CFSs. Using the definition of bounded product we have

0.3¢06m 0.17087  (.3¢/0-37
+ + :

o OB = — — —

4 Main results

In this section, we established the basic results of complex fuzzy sets using bounded sum, bounded
product, bounded difference, simple difference, Cartesian product, algebraic product, and algebraic
sums. Moreover, we discussed particular examples of these results.

Proposition 4.1. If o)y and 8] are two complex fuzzy sets on the universal set U, then
1 1
( /1 i i) /1 _3 : i‘

Proof. Let Yy () = Ay (z')e%'l ) and Yo (2') = Agy (z’)ei%ll =) be the membership functions of
of and f]. Using the definitions of algebraic sum, bounded difference, standard CF complement,
and the dot product we will prove the following statement,

Yiai 8605 (2') = Yay ()
The L.H.S of the above statement as:

Y  (Z)

/ / z‘(OA’H?')@&
Yiar8pea, (7)) = Aaqippea; (2)e 77000

_ maX[O, )‘o/l-i-ﬁi (Z/) - )‘0/1 (Z/)]ei maX[0,¢a3+gi (z/)_wall (2]
— max(0, A (=) + Agt (2)) = Aoy () - At (2)) = Ay ()]

¥ (=) gt (CORENED] g1 ="
1 1 1 1
2m 27 - 27 . 27 _wo/l (Z/)]

¢ max[0,27|
€

o (Zl)'wﬁl "

imax[0,3 4/ (2') - —L—5—1—]
= max][0, )\61(2’/) — Ay, (') - )\ﬂi(z')]e A1 2

A 2m =y ()]vgr ()]
= max[0,\g (2') = At (z')-)\ﬁi(zl)]elmax[o, 5 I (1)

Now
(U / (2))
Yo, 6,(2') = Aapg(2)e 1
o Yar (D) v (D
= Dy (&) Ay ()R

o 2meugr () g2
= [(1 = Ay () Agy (]2 =

vy (g ()
Yarp,(2) = Py () = Aoy (2) - Agy ()]l o ! (2)
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To prove the above statement, we have the following cases:
Case I. If

Ay (2) < Xy (2') and oy (2) < g (7)),

then equation (1) can be written as

/ / , g (Dl D)
Y800, (2) = Mgy (2) = Aar (27) - Agy ()€ e L

From (2) and (3), we have

Vi i8)ea, (2) = Ya, . (2).
Case II. If
Aoy () = Agr (2) and o (2) > g (7).

then equation (1) can be written as

) [2”*7%/1 (z’)]wﬁi €)]
/ / / ’
Yo 18000 () = gy (1) = Ay () - Ay ()] =

From (2) and (4), we have

Yiar +8))0a; (2) = Yay .6, (7).
Case III. If
Aoy () < Agr (') and o (2) > g (7).

then equation (1) can be written as

=y (Dl ()]
Y ispeat (2) = g (2) = Ay (27) - Agy ()€ o !
From (2) and (5), we have
Y1800, (2) = Yay.p (2).
Case IV. If
Aoy (') = Agr (2) and pos (2) < b (7)),
then equation (1) can be written as
2=y (Dl ()]
/ / / / 1
Yiog 18005 (2) = gy (2') = Ay (2) - gy ()€ o
From (2) and (6), we have

Yiar 1800, () = Yay 01 (2).

Thus from the above cases, we proved that

(01 + B1) © oy =af - .

Example 4.2. Suppose

O/l _ 0.3€z1.27r N 0.6610'8ﬂ- N 0_2611.271”
-1 —2 -3
0.4e™  0.106™  (0.5¢27
- -

-1 —2 -3

91
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are two CFSs. Then

0.58e 67 (0.64eH167  (.6ei2T
+ +

(01 +81) &) =

0.58¢"16™  0.64e1-16™ .67 0.3¢'2™  0.6e¥T 0.2¢77
( - +—3>@< - +—3>’

. 0.28¢0-47 0.04¢%0-367 0.4¢i1.77
(@ s oat = s )

—1 -2 + -3

Now

+

_, [0.7€08T 0.4et2m 08¢ TT
o= +

s 0.28¢/0-47 N 0.04¢0-367 N 0.4¢i177
oy P = 1 5 — _
From (1) and (2), we have
() + ) el =a;- B

Proposition 4.3. If o), 3] and v are the three complex fuzzy sets on the universal set U, then
(@1 N B) x 71 = () x71) N (B x )

Proof. Let Yy (') = )\a/l(z’)eiwall(z ), Ve (2) = )\ﬁi(z’)ewﬁi(z) and Y., (2') = A%(z/)ew%(z) be
the membership functions of o, 5] and 7}, respectively. Using the definition of complex fuzzy
intersection and Cartesian product we will prove the following statement

Y, n8))xv; (21) = Yiat xypyn(g) xvt) (21)-
The L.H.S of the above statement is given as:

i, 1 gy (2 . imin(y, s g (24),0.1 (25)]
Yv(o/lﬂﬁi)xfyi(zl) — A(o/lnﬁll)xyi (z/)e (a7 NB1) X7 :mln[)\aiﬂﬁi(zi)7)"yi(zé)]e [nB\FL Py A2

) . imin[min[e_/ (21),% 4 (21)],%.1 (25)]
}/(allﬂﬁi)xfy{ (Z/) — min mln[)\all (Z:/l)’ Aﬁi (Zi)L)\’Yi (Zé)] e 1V B VL 7172

Now the R.H.S is given as:

v ()

i
/ e (a’lxyi)m(ﬁ’lxvi
(0/1 Xwi)ﬁ(ﬂi X’yi) (Z )

Yo, xy)n@ <)) (2)

— ml]ﬁl[)\a/l X’Y{ (Z/), )\ﬂi X’% (z/)]ei min[’l/lall X,Yi (ZI)’wBi X’yi (Z/)}

Yv(o/l XY)N(BL *x7) (Z/) = min[min[)‘o/l (Zi)a A'yi (Zé)]a mln[)‘ﬁi (Zi)v )"y{ (Zé))“ (2)

iminmin{iy; ()., () minfiy ()06 g (4)]

To prove the above statement, we have the following cases:
Case I. If

Aoy (21) < Ay (1) < Ay (23) and vy (21) < gy (21) < ¥y (2),
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then equation (1) becomes
}/(a’lﬂ,é’i)xvi (Z,) = min[)‘o/l (21)7)‘71 (22 €
Yiayrpx (2) = Yo (21)-
Also equation (2) becomes
: iminfip.r (21)%g1 (21)] ihor (1)
Yiay xopn(sixag) () = min[Aq (21), Agy (21)]e P = A (z)e T
Yapenpngpan(#) = Yo (21)
From (3) and (4), we have
Ve, ngy) x4t (2) = Yiat o yn(sy xp) (2)-
Case II. If
Mgy (21) < Ay (23) < Aoy (21) and g (21) <y (22) <ty (21),
then equation (1) becomes
. imin[ygr (21),%.1 (25)] g (2))
Yiaingpxy (2') = min[Ag (21), Ay (25)]e AR = g (2))e T,
Yirnsxr () = Y (21)-

Also, equation (2) becomes

: imin[yp_ s (25)% 4 (21)] g (21)

Yia, sy n(@ <o) (2) = min[Ay(23), Ag (21)]e MR = Ag (2)e Y,

Yiagxmpneay o (2) = Yoy (1)
From (5) and (6), we have

Yiarngyxy (27) = Yiar sy )nes xn) (2)-

Case III. If

then equation (1) becomes
Yv(a’lﬁ,Bi)X'yi(zl) = min[)‘all(zi%)"y{(’zQ €
Yiaprgp ot () = Yoy ()
Also, equation (2) becomes
. iminfy, s (23),¢.r (25)] i (25)
Yoy sypn@yxp (7)) = min[Ay (25), Ay (zg)]e 71 22 = A (2h)e
Yiapapnaixn (7)) = Yo ().
From (7) and (8),we have

Yia,n8)xv; (21) = Yiat xyD (g xv1) (2)-

9

93
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Case IV. If

A (1) < Ay (23) < Agp(21) and Yy (21) < ¥y (2) < ¥y (21).
then equation (1) becomes
}/(a’lﬂ,é’i)xvi (Z,) = minp‘o/l (21)7)‘% (22)]e
Yiarngxr () = Yo (21) 9 (9)
Also, equation (2) becomes
Vi xvi)n@x) () = min[Ay (21), Ay (25)]e
Yiaxyin@ ) (7)) = Yar (21) - (10)
From (9) and (10), we have
Yiarnsy s (') = Yot xypinsg xap) (2)
Case V. If
Mg (1) < Aar(21) < Ayr(25) and P (27) < War (21) < ¥y (23).
then equation (1) becomes
Yiangpxy (2') = min[Ag (21), Ay (29)]e
Yirngxr (7)) =Yg (21)- (11)
Also, equation (2) becomes
. iminftp s (2]),% 4 (21)] g (27)
Yo, xyn@ <)) () = min[Ag (21), Agr (21)]e TR = g (2)e Y
Yapapneap () =Yg (1) 12 (12)
From (11) and (12), we have
Yiaqngy) x (27) = Yiag xapn(sy xv) (-
Case VI. If
Ay (#5) < Agp(21) < Mgy (21) and 9y (25) < ¥y (21) < Yy (21)-
then equation (1) becomes
. iminfv g (24) 2.1 (25 i (25
Vst (7)) = minfAg (1), Ay (zp)]e ™A E ] Z oy () ()
Yiairg)xy (7)) = Yo (23). (13)
Also, equation (2) becomes

D) Ay ()] M I GBIy (et (52,
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From (13) and (14), we have

Yiarngnyxy (27) = Yiay xy)nes; x) (2)-

Thus from all above cases, we have

(o) N BY) x v = (] x71) N (B X 7).

Example 4.4. Suppose

o Odet N 0.3¢%27 N 0.9¢'
1= 1 5 —
0.4et1-47 0.6e"1-27 0.2¢1-67
r . . .
pr = ] + — + =
, 0.7etT N 0.8¢™0-87 N 0.1¢i1:37
o= 1 — ——

are the three complex fuzzy sets. Using the CF intersection and Cartesian product we will
prove the above statement as:

. 0.1e2™  0.3¢12™  0.2¢"
alm/BI = 1 + _9 + —3 )
0.1e"2™ 0.3¢"27 0.2¢" 0.7e't1m 08¢0 (.17
A )

-1 -2 -3 -1 -2 + -3

(a1NBy) xm =

0.1e"t1m 0.1 0127
/m / / —
(al 51) X 71 {(71’ 71) + (71’ 72) + (71773)
0.36“'171- 0'36’[0.8# 0.16i1.27r
—2.-1) " (—2-2) " (=2,-9)
0.2¢' N 0.2¢%0-87 N 0.1e'™
(_37 _1) (_37 _2) (_37 _3)

}.

Now,

b 0.1e"127 0.3¢"7  0.9¢" 0.7¢"1m 0.8/ (.1e'57
alx71:<—1 +—2+—3>X< . —3)
0'1ei1.17r O.leiO'SW 0_161'1.271’ 0.3€i1'1ﬂ 0'3ei0‘87r 0'162'1.3#
s R TR B e R e R o R e
0.7 N 0.8¢%0-87 N 0.1 !
(_37 _1) (_37 _2) (_37 _3) 7
, , 0‘4€i1.47r 0.6€i1'27r 0.26i1'67r 0.76“'171— 0.8€i0'87r 0.16“'37(
0‘467L1.17r 0.4ei0.87r 0.16i1.37r 0‘661'1.171' 0.66i0'87r 0.162‘1.2#
B V)RR O Wy B o e R s R ) R e Ry
0.2€i1'1ﬂ 0'26’[0.8# 0.161'1.3#
T T )
(_37 _1) (_37 _2) (_3¢ _3)
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() x /)N (Bl x 7)) = {0.16““ N 0.1¢%0-87 N 0.1ett-2m N 0.3¢tt1m N 0.3¢0-87 N 0.1et1-2m N
ap Xy 1XmM) = (—1,-1) ' (=1,-2) " (-1,-3) (=2,-1)  (=2,-2) (-2,-3)

0.2¢"™ N 0.2¢%0-87 N 0.1e'™ !
(_37 _1) (_37 _2) (_37 _3) .
From (1) and (2), we have
(o) NBY) x v = (a7 x 1) N (B X 71).

Proposition 4.5. If o/} and ] are two complex fuzzy sets on the universal set U, then

aep=poa.

Proof. Let Y (2') = Aoy (¢ )eiwo"l ) and Y (2) = Agr (¢ )e%i ) be the membership functions of
o) and 1. Using the definition of standard complement and bounded difference we will prove the
following statement,

Yaep (2) = Yaom (2).

As
Yaen () = Aaep (¢) e Varen ()
= max[0, Ay, () - Mg (Z/)]eimax[()ﬂ/)al(z/)—l/}gi ()]
= max(0,1 — Ay () — [1 = Ag ()] O Vet GO0 G
= max[0, 1~ Ay () — 1+ Ag ()] M0V 0T ()
= max[0, \g (2') — )\O/l(zl)]eima)([o,wgi (z') =y ()]
= Agjeay () €0
Yaop () = Ygew ().
Therefore,

a1 0B =p oo
O
Proposition 4.6. If o/} and 8] are two complex fuzzy sets on the universe of discourse U, then
(@4 UBY) © (o) N BY) = (a) ©B1) U (B © ay).

Proof. Let Yy (2) = Ay (¢ )e%ll ) and Y () = Agy (2 )ei%ll ) be the membership functions
of o/ and 1. Using the definition of complex fuzzy union, bounded difference and complex fuzzy
intersection we will prove the following statement

/ /
Yoqusheesnsy (+') = Yiaresuea) (7)
The L.H.S of the above statement is given as:

P (")

A — / i(a’Uﬂ’)@(a’ﬂﬁ’)
Ywusnoing) () = Maruseqpnsy ()€ 10O

= max|0, A\yr () - A, (Z/)]eimax[oﬂ/)u’luﬁi (") =%as npy (2 )]’

Yiaugheing) (2) = max[0,max[\y (2), Agr (2)] (16)

min g (), Agg ()]} O () (vl () (1)
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The R.H.S is given as:

, . ’ iw(a/eﬂl>u(ﬁ/9a1)('z,)
Ywomuioa) (2) = Auasumen (2) e o000

imax[y , o, (2))4g 50 (27)]
= maX[)‘O/l@,B{ (Z/) ,)\51@0/1 (z’)]e @166 B160

Yo o808 0a,) (?) = max[max]0, Aar (2) = Agr (2)], max[0, Agr (2) = Agr (2)]]
o max[max(0,8 () =gy ()] max(045 (=)= (1))

To prove the above statement, we have the following cases:
Case I. If

Ay (2) < Agy (2) and o (2) < ¥ (2),

then equation (1) becomes

imax([0,¢) 4 (2") =91 (27)]
}/(O/luﬁi)@(allmﬁi) (Z,) = max[O, )\51 (Z/) — )\all (Z/)]e P 1
i[gr (2) =y (2)]
Yiapugpeing) () = Pg() = Ay ()] o

Also, equation (2) becomes

imax([0,9 4/ (Z/)—T/JO/ (2]
Yr(a,19/3/1)u(f3£®a/1) (Z,) = maX[O’ Aﬁi (Z/) N )\all <2/)]e . 1

iy ()b ()]
Yigomusionp (7) = g (#) = Agg ()T 7T

From (3)and (4), we get

Yiayuspe(@ingy) () = Yiasespusea) (2) -
Case II. If
Aoy (') = Agr (2) and pos (2) > b (7)),

then equation (1) becomes

imax([0,9/ (2) =g (2')]
Yiuspe(esngy (2) = max[0, Ay (2') = Ag ()] o

ifp s (2')—=tpgr (2
Yiquspotains) (7) = P (#) = Agy ()]s 70 0,

Also, equation (2) becomes

imax[tp s (2)—=1p g (2'),0]
Yv(aﬁeﬁ/l)u(ﬁlleall) (Z/) = max[)\all (Z/) o )\ﬁi (ZI)7 O]e ' .

) = D) A

/
Y oy o8008 00 (2
From (5)and (6), we get
/ /
Yapuspeins) (2) = Yiaespuseay) (2)

Case II1. If
Aoy () < Agr (2) and pos (2) > bar (7)),

97
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then equation (1) becomes

Yia,uspe(asnsy) (2)

M. Khan, A. Mukhtar, M. Zeeshan

HlaX[O, )\B:/l (2/) _ )\C‘f'l (Z/)]ei maLx[O,qua,1 (Z’)_wﬁi (z/)]7

iV, (2) =g ()]
Yiaquaneingy (2) = g (2) = Aag ()]e 777, (21)
Also, equation (2) becomes
imax[tps (2') =g (27),0]
Y(a’leﬂ’l)uwieaﬁ) (<) = maX[O,ABi(Z/) - )“1'1(2/)]8 ' g '
il (2) =g ()]
}/(aﬁeﬁll)u(ﬁlleall) (Z/) = [)\51 (Z/) o Aall (2,)]6 ! . ’ (22)
From (7)and (8), we get
Yaquspowingy () = Yiaresusioay) (2) -
Case IV. If
Aoy () = Agr (2) and pos (2) < bgr (7)),
then equation (1) becomes
imax[0,3 5 (2') =1 (2)]
}/(aﬁuﬁi)e(aﬁmﬁi) (Z/) = max[O, )\O/1 (Z/) - )\Bi (z/)]e A1 1 ,
ilYgr (2') =4 ()]
Yiwuspens) (2) = Pag(2) = Ag (Z)le 1 (23)
Also, equation (2) becomes
imax[0,9 4 (2") =1 (27)]
}/(aﬁeﬁi)u(ﬁieo/l) (Z/) - max[)\all (Z,) o )\ﬁi (Z/)’ 0]6 . ! ’
g (2/) =, (27)]
(o, £8)U(8, eat) (Z/) = [)\all (2/) - )\Bi (z')]e P 1 . (24)
From (9)and (10), we get
Yiquspe(ingy) (2) = Yiarespusieay) (<) -
Thus from the above cases, we have
(@1 UB) & (a1 NB) = (a1 ©B1) U (B &)
L]

Example 4.7. Suppose

;03¢ 0.6 0.1e™7
R | ) 3
, 0.4ei1.67r 0‘96i1.47r 0.26i1.27r
ﬁl - _1 + _2 + _3 b

are two complex fuzzy sets.
prove the above statement as:

Using CF union, bounded product and CF intersection we will

p o 0.4ettOT 0. 9ettAT 0 227
aluﬁl - 1 + _9 + —3 )
. 0.3¢12m  0.6e'™  (.1e':27

(021 ﬂ,@l == + +

-1 -2 -3’
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0'1€i0.47r 0_361'0.471' 0.1€i0'8ﬂ-

(@up)e@np)=—F—+—F—+—3— (1)
Now

, 5 B, OeiOﬂ' N O€i07r N OeiO.Sﬂ’

(0% =

L= 1 -2 -3 7

56 0.1ei0'4”+O.3ei0'47r+0.16i07r

(8% =
L= -1 -2 -3
0.1610.471’ 0.3€i0'4ﬂ O.leiO'S’T

(@oepuBron)=—F—+—F5—+—3— (2)

From (1) and (2), we have
(1 UB) © (ah N BY) = (1 © B1) U (B1 S o).
Proposition 4.8. If o/} and 8] are two complex fuzzy sets on the universe of discourse U, then
af - By =a) + B

Proof. Let Y (2') = Ay (¢/ )6“/’0/1 ) and Y (2) = Agr (¢ )ei%i ) be the membership functions of
o) and B]. Using the definition of standard CF complement, dot product and algebraic sum we
will prove the following statement

Ya’l-ﬂi( ) Y/+61( I)
The L.H.S is given as:

i ()

Yarar () = g (e

= L= gy ()] oA

s () () eire )

= [1= 20y () - Agy ()] T
Yoo () = [1= At (2) Mg (2)] oot e ), 25
o, B = o g (Z)]e v : (25)

The R.H.S is given as:
i, o ()
Vaiz () = Ayoy () eit4

v () oy () v () v (<)
= Pay Az = Aag - AgleT T T e
= [1 — )\0/1 (Z/) +1-— )\51 (Z/) - [1 - /\0/1 (Z/)Hl — )\/31 (Z/)H
2#*1/)2(1/1 (z/)+271'7'¢;i/1 (zl) _2#*1[;2‘:{/1 (z/) .27r7'¢;i/1 (z/)
12 12 / [2 7M]
Yaia () = 1- A () Ag (2)]e’*m 2 . (26)

From (1) and (2), we have

67,27r[

Ya’l-ﬂi (<) =Ya &) +B] (<) -
Thus
51 = al + 51
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Proposition 4.9. If o) and ] are two complex fuzzy sets on the universe of discourse U, then
(01 - B1) © 0y = ¢.

Proof. Let Y (2') = Aoy (¢/ )eiw""l ) and Y (2) = Agr (¢ )ei%i ) be the membership functions of
o) and 1. Using the definition of dot product and bounded difference we will prove the following
statement:

Yiay.8)0a; () = @
i
Yoo () = ANaps)ea () € (

= max[07 Aa,lﬂi (ZI) - Aa’l (Z/)]ei nlax[07¢“/1'5/1 (Z')—%fl ()]

. 02 wa’l(zl) wﬁi(zl) ,
= Ina}x;[o,/\o/1 (z/) _)\Bi (zl) _ )\O/l (Z/)]ezmax[ 2 —— }—wall (2")]
’/’,31 (=)
2m

= HlaX[O7 Aa,l (Z/) [)‘Bi (ZI) . 1]]6imax[071/;a,1 NI —1])

) b (Z/)d/'*/ (Z/)
= max(0, “Ay () Mg ()]0

Yo gea () = ¢

Thus we proved that
(of-B) ©a) = 0.
O

Proposition 4.10. If o and 3] are two complex fuzzy sets on the universe of discourse U, then
(1 ©p) = (e1©81).

Proof. Let Yy (2') = Ay (z’)ewall ) and Vg (2') = Mg, (z’)ei%i ) be the membership functions
of o) and f]. Using the definition of bounded product, standard complex fuzzy complement and
bounded difference we will prove the following statement:

Yarom () = Yares (+)

The L.H.S of the above statement is given as:

Yot o ()
Y/Q/BI(,) = /\/®ﬁ1(/) g @51
= max O Ao/ (Z/) + )‘,8’ ( ) . 1] zInax[oﬂj;a,l(z/H_w[§£ (2')—2n]
= max[0, Ay () +1 =g (+) = 1]’ 0o (F)H2m =g (1) 2]
Voop, () = max(0 Mg (/) = Ag; (&) ™0t 7 27)
The R.H.S of the above statement is given as:
i) o (2
Yalleﬂi (Z/) = Aaa@ﬁi (Z,) e 1951( )
Yarom (2) = max(0, A () = Agy ()] ™ 0¥eq 70 L (28)
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From (1) and (2) ,we have
Yoop () = Yares (2)
Thus we proved that
(1@ p1) = (aheph).
O

Proposition 4.11. If o/ and 3} are two complex fuzzy sets on the universe of discourse U, then
ay ® By = B @ ay.

Proposition 4.12. If o and ] are two complex fuzzy sets on the universe of discourse U, then
U (o) ®B)) = af.

Proof. Let Yy (2') = Ay (z’)ew“/l ) and Ve (2') = Mg, (z’)ei%i ) be the membership functions
of o/ and j]. Using the definition of complex fuzzy union and the bounded product we will prove
the following statement:
Y, ’ / (Z/):Y/(Z/).
alu(aIQ,Bl) ay
The L.H.S of the above statement is given as

= ()€ 1010 ) max(hgg (1) Aageogy (e 4 Vo (),

Vi
YaiU(ai@Bi)(z) = Ai(aqont)

max[}\all (Z,) ,maX[O,)\a’l (Z/> + )\ﬂi (Z/> _ 1]]1eimax[¢a/1 (z/)’max[o,wall (z/)+¢/~;{ (z’)727"]].

/!
Yagu(a;@m) (2)

Also,
ihor (2)
Yor (2) = Ag, (2')e ™" (2)

To prove the above statement, we have the following cases:
Case I. If

Ay (2) < Ay (2') and 1oy (2) < 1, (21),

then from equation (1), we have

Ya’lu(a’lcaﬁ{) () = max[ Ay, () W (<) + Mg, () - 1]eimax[¢a/1 () ar ()44 (') 2]

Yoiu(eaqo8) () = Yo ().

Case II. If
Aoy (') = Agr (2) and pos (2) > bpr (7)),

then equation (1) implies that

imax[th s (2'), 11 (2)+ g (2')—27]
Yo u(ah08) () = max[\y (), Aoy () + Mgy () — 1] 00 ] 8 7

Ya;u(ag@m) () = Yo (<)
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Case I11. If
Aot (21) < Agr () and o (2) > g (2)

then equation (1) implies that

imax[tp s (2') 1 (2)+ g (2')—27]
Ya’lu(a’leﬁg) (z’) = max[)\azl (z') s Aot (z') + Ag; (z’) —1]e 1 1 G
= )\all (Z/) ew}all (z,)a
You(mos) (7)) = Yo (¢)
Case IV. If

Aot (21) > Agr (2) and o (2) < b (2)
then equation (1) implies that

imax[tp s (2') 1 (2)+ g (2')—27]
Ya’lu(a’leﬁg) (') = max[Aq () A (') + Agy (z') — 1e 1 1 !
= )\o/1 (Z/) eiwall (z,)a
Yoru(eo8)) () = Yo (¢).

Thus from the above cases, we have

U (o) ®B)) = af.

Example 4.13. Suppose

, 0.5e12™  0.4¢08™  0.6ei™
ap = 1 + 5 + 3
, 0.7¢!16m 1 0.9e"13T(.8¢7
o= Qoo

are two complex fuzzy sets. Using CF union and bounded product we will prove the above
property as:

0.2¢0-8™ (.30l () 47

o) Of) = Tt *t—
, by (0.5 0.4€708T 0.6¢ 0.2e08™  (0.3¢1017  (.4ei7
alu ((11@61) = 1 + i) + _3 U 1 + ) + _3 )
0.5 11.27 0.4 10.87 0.6 T
G U(a)0f) = T

Thus
aj U (a'l ® 53) =a].

Proposition 4.14. If o/ and ] are two complex fuzzy sets on the universe of discourse U, then
Ay @ (B1N9) = (e @B N (o) @A)

Proof. The proof of this proposition is similar to the proof of Proposition 2. O
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Example 4.15. Suppose

0/1 _ 0.6et-2m N 0.9¢10-97 N 0.86i1'77r7
—1 -2 -3
, 0'56i1.67r 0.36i1.37r 0'7€i1.37r
pr = 1 + 5 + 3
, 0.9¢'™  0.5¢"57 0.6¢"07
L —

are two complex fuzzy sets. Using the bounded product and CF intersection we will prove the
above property as:

0.5¢"  0.3¢!137 0667067

TNy =
f1Nm 1 + — + ——
Oé, o (6, A ,) - 0.6€i1'27r N O.96i0'97r N 0.8€i1'77r 5 0.5ei7r N O.36i1'37r N 0.6€i0'67r
1 1tn) = -1 ) _3 1 — — 7

0.1€i0'2ﬂ 0'262'0.2# 0.461'0.371’

MO (HNN) =T T (1)
Now
! I 0.1e08™  (0.2¢1027  (.5ei"
aOpf = 1 + — + —
;0502 0,40 0.4¢70-37
ay Oy = 1 + — + ——
0.10:2m  ().2¢02m () 41037
(o) @B N (e o) = ———+ N | o)

From (1) and (2), we have

ol © (BiNY) = (heB)Nn (o).

5 Applications of complex fuzzy sets

Here, we will discuss the applications of CFS in decision-making problems.

Definition 5.1. Let U be a universal set then the complex fuzzy dominance matrix S is a CFS
on the product & x E. It is defined by a membership function Ysg. The complex fuzzy dominance
matriz S is identified by a mapping Ys : E x E — CF (U) where CF (U) denotes the set of the
complex fuzzy unit disk in S. Thus, S can be denoted by the set of n X n matriz,

S = (Sij) y Sij = YS (6i,€j) = )\S (ei,ej) €i¢(ei’ej),VZ‘,j & [1,2, ...,k],i 7éj
interpreted as the dominance degree of expert e; over ej on the set of
(wiscj),t€{1,2,...,m},je{1,2,...,n},

where s;; = 0 denotes the indifference between e; and e; (e; ~ e;), sij > 0 denotes that e; is
preferred to ej(e; > e;), sij < 0 denotes that e; is preferred to e; (e; < e;). Dominance degree of
expert e; over e; on the set of (uj, ¢;),i € {1,2,...,m},j € {1,2,...,n} are calculated as,

A7B J—

A B . .
ij (hij_hij)vlglgm’lgjgna
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where A and B belong to the set of expert E and hf} and hi'? are complex fuzzy decision matrices
of experts A and B, respectively.

Algorithm

In this algorithm, we identify a maximum value by using multiple attribute decision-making
problems. The following steps are used in this algorithm.

Step 1.

Compute complex fuzzy decision matrices of a set of experts and for a multiple attribute
decision making problem over U, a complex fuzzy decision matrix H = (h;j) can be written as:

hit  hi2 ... hip
ha1  haa ... ho,

H = (hij)mxn = ,hij c [0, 1].

hmi hm2 o Amn

Step II.
Complex fuzzy dominance matrices S%, ¢ > 0 are built on the subtraction of complex fuzzy
decision matrices H7, j = {1,2, ..., k} of individual experts.

St=H —H'.j=1[1,2,..,k], [=j+¢ e>0.

Step III.
Compute the complex fuzzy dominance matrices S?, i > 0 are combined by the expression.

S = nlajalx(séj),i =1[1,2,....m], j=[1,2,...,n],

where ¢ is the number of complex fuzzy dominance matrices.

Step IV.

Utilize equation (1), to calculate the correlation coefficients to multiple attribute decision-
making problems.

n
Qi:ij X sij, 1=1,2,..,m). (1)
j=1

Step V.
Rank the alternative according to these four attributes ¢; (i = 1,2, ..., m). From the max values
of g;; (i =1,2,...,m) identify S.

Example 5.2. Assume that a customer decides to purchase a new computer for his own pri-
vate use. There are four alternatives (My, My, M3, My) with different production dates. The
customer considers four attributes, namely Cy(Performance), Co(Appearance), Cs(Service), and
Cy(Ezxperience) with the weight vector w = (0.2,0.1,0.3,0.2) for selecting a computer. The cus-
tomer wants to select a computer among the four alternatives above. Here, we use the principle of
the minimum degree of difference between multiple attributes CFSs to solve the given steps.

Step 1.
In the first step, construct the complex fuzzy decision matrices of three experts A, B, and C
and take the set of parameters U = {M;, My, M3, My} and C = {C},Cs,C3,Cy} are

0.8 0.7 05 0.9 0.7 06 05 0.8 0.1 02 04 0.0
A = 09 06 08 04 B 0.6 04 06 0.3 - 0.2 01 03 0.0
N 06 09 05 07 >~ | 05 08 04 05 |’ | 03 04 0.1 0.0

0.7 05 08 09 0.4 03 0.7 0.8 0.2 03 03 0.0
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Step II.
Find the complex fuzzy dominance matrix S, > 0 are built of complex fuzzy decision matrices

H7 j={1,2,...,k} and are calculated by,

AB
S.. =

ij (hij_hij)71§l§m71§]§n7

where hA and hB are complex fuzzy decision matrices of experts A and B, respectively. The
complex fuzzy dominance matrices between A and B is as follow:

01 0.1 0.0 0.1 0.7 05 0.1 0.9

A5 _ [ 030202 01| ac_| 070505 04

ij 01 01 01 02 |7 0.3 05 04 0.7 |
03 02 0.1 0.1 0.5 0.2 05 0.9
06 04 01 08

B _ | 04 03 03 03

ij 02 04 03 0.5

0.2 0.0 04 0.8

Step III.
Find the complex fuzzy dominance matrix S%, i > 0 are combined by the expression

S = nln_qafc(sgj),z’ =[1,2,...m], j=[1,2,...n],

where ¢ is the number of complex fuzzy dominance matrices.

Ci Gy GC3 C4
M; 0.7 05 01 09
My 07 05 05 04.
Ms 03 05 04 0.7
My 05 02 05 09

Step IV.

Utilize equation (1), to calculate the correlation coefficient to multiple attribute decision-
making problem as follow:

q1 = wiS11 + woesoy + w3s3y + wasq1 = 0.2 x 0.7+0.1 x 0.7+ 0.3 x 0.3+0.2 x 0.5,
q = 0.40.
Similarly,
q2 = 0.34, q3 = 0.29,(]4 = 0.61.
Thus
q1 0.40
q2 o 0.34
qs - 0.29
q4 0.61
Step V.

Rank the alternative according to the relative attribute. Therefore ¢4 > q1 > g2 > g3 indicates
that the most desirable alternatives are g4.
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6 Conclusions

In this paper, we discussed the basic set-theoretic operations and rules of set theory for general-
ized fuzzy sets with complexities. Also, we presented a few fundamental results on CFSs using
bounded sum, bounded product, bounded difference, simple difference, Cartesian product, alge-
braic product, and algebraic sums. We also constructed a multiple attribute decision-making
model, developed an algorithm with the help of a complex fuzzy dominance matrix, and used it in
decision-making problems. We hope that our findings will help improve the research on fuzzy set
theory and will open a new way for applications, especially in decision analysis.
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