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Abstract: The complex interval-valued Atanassov intuitionistic fuzzy set theory is an advanced
modification of traditional fuzzy information that combines elements of both interval-valued fuzzy
information and Atanassov intuitionistic fuzzy set theory, and incorporates complex numbers.
Additionally, aggregating a finite number of alternatives into a singleton set is very important, where
the Hamy mean operator and prioritized aggregation operator are much more suitable and flexible for
depicting such kinds of problems. Our main goal of this manuscript was to analyze the Dombi
operational laws based on complex interval-valued Atanassov intuitionistic fuzzy numbers. Further,
the prioritized Hamy mean operators based on Dombi operational laws for complex interval-valued
Atanassov intuitionistic fuzzy values, called the complex interval-valued Atanassov intuitionistic
fuzzy Dombi Hamy mean operator, complex interval-valued Atanassov intuitionistic fuzzy weighted
Dombi prioritized Hamy mean operator, complex interval-valued Atanassov intuitionistic fuzzy
Dombi Dual Hamy mean operator, and complex interval-valued Atanassov intuitionistic fuzzy
weighted Dombi Dual prioritized Hamy mean operator, were proposed. Some dominant and flexible
properties of the evaluated operators were also examined. Further, in some multi-attribute
decision-making problems, biased conclusions may be produced due to the deficiency of
consideration for many relationships between the criteria of decision-making. Therefore, to evaluate
the proficiency and reliability of the proposed operators, the multi-attribute decision-making
technique based on derived operators for complex interval-valued Atanassov intuitionistic fuzzy
values was developed. Finally, the proposed method with some prevailing techniques was compared
to show its advantages and benefits.
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1. Introduction

Decision-making is a valuable and systematic technique or method used for evaluating or
analyzing the best decision from a collection of finite alternatives. In this technique, there is a
collection of finite alternatives, and according to each alternative, there is a finite number of
attributes or criteria, based on assigned criteria, the goal is to decide which alternative is best and
which one is worst. In general, it is very complicated to make this decision in some real-life
situations, because the attributes cannot be expressed by a crisp set. Therefore, Zadeh [1] proposed
the fuzzy set (FS), where the range of FS is a unit interval instead of {0, 1}. FS theory is very famous
and reliable for coping with vague and uncertain data because of its features, but it is clear that the
technique of FS theory has just a supporting degree, whereas the non-supporting degree or
non-supporting function is also very important because it is the major part of every genuine-life
problem. Thus, Atanassov [2] extended the model of FS to the model of proposed intuitionistic FS
(IFS) by adding the non-support degree or falsity information in the model of FS theory. The
information on IFS has received a lot of attention from different scholars, because of their structure,
where the truth and falsity functions are the part of IFSs with a valuable and famous characteristic
that is the sum of both functions must be contained in unit interval. Additionally, it is also very clear
the truth function and falsity function in IFSs are just particular numerical values from the unit
interval, but we noticed that the interval-valued information is more beneficial if compared to just a
particular numerical value; for example, if we are talking about the temperature of a room, but due to
measurement uncertainty, you do not have an exact value, only a range. In genuine-life cases, the
temperature might be recorded as 23°C, however, when vagueness is involved in the measurement,
the interval-valued data might show the temperature as 22°C, 24°C, indicating a range. To cope with
such a problem, Atanassov [3] also investigated the interval-valued IFS (IVIFS), which is superior to
IFS, because the truth and falsity grades in IVIFS were computed as interval-valued.

The truth/supporting/membership grade in FS is expressed by a real number, and sometimes it is
difficult to express uncertain information; for instance, when purchasing any kind of software, we
have two possibilities: The name or version of the software, which are represented by the real and
imaginary part of the complex numbers. Thus, the complex FS (CFS) is proposed by Ramot et al. [4].
Moreover, for the model of CFS theory constructed for coping with vague and uncertain data, the
information of supporting degree is not enough for coping with some vague and complex problems,
because the non-supporting degree or non-supporting function also plays a critical role in the
environment of many genuine-life problems. Thus, Alkouri and Salleh [5] developed the complex
IFS (CIFS), where the CIFS covered the truth and falsity grades by complex-valued functions. The
characteristic of CIFS is that the sum of the real parts (also for imaginary parts) of both functions
must be restricted to the unit interval. However, it is better; if we give information in the shape of a
sub-interval of unit interval instead of real numbers, because numerous problems can easily be
evaluated with the help of interval-valued data instead of real-valued information due to
complication and problems. For this, Garg and Rani [6] initiated the complex interval-valued
Atanassov intuitionistic fuzzy (CIVAIF) sets, whose truth and falsity grades are computed as
complex interval-valued. Moreover, FS, IFSs, and CFS are special cases of the CIFSs.
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1.1. Literature review

The truth function in FS theory is defined from any fixed set to the unit interval, where in this
case, experts have a lot of space or a wide range of information to make their decision more precisely
and accurately. After the construction of FS theory, many scholars have modified or utilized the FS in
different scenarios; for instance, fuzzy superior Mandelbrot sets were designed by Mahmood and Ali [7],
the generalized fuzzy superior Mandelbrot sets were constructed by Ince and Ersoy [8], the model of
interval type-2 fuzzy logic was invented by Castillo and Melin [9], the model of type-2 fuzzy logic
was invented by John and Coupland [10], the information of fuzzy differential equation was
proposed by Kaleva [11], Buckley and Feuring [12], and Kaleva [13], another form of fuzzy
differential equations was designed by Park and Han [14], and the fuzzy implications were evaluated
by Pan et al. [15]. Further, from the above assessment of IFS, it is superior and more flexible than the
structure of FS theory because of its feature, and both concepts have a lot of advantages; However,
the IFS has received massive attraction from different scholars. For instance, distance measures for
IVIFSs were designed by Gohain et al. [16], the optimization problems based on IFSs were evaluated
by Sharma et al. [17], the fairly operators for IFSs were constructed by Mishra et al. [18], the
multi-granulation covering rough IFSs were presented by Xue et al. [19], the decision-making
problems for IFSs were discussed by Wieckowski et al. [20], the acceptability analysis for integrated
IFSs were derived by llbas et al. [21], the model of MAIRCA technique for intuitionistic fuzzy
symmetry point were designed by Hezam et al. [22], and a temporal topological structure for IFSs
were invented by Atanassov [23].

CFS is the advanced extension of FS, and many scholars have researched it in different fields.
For instance, the distance measures and entropy measures for CFS were designed by Liu et al. [24],
and the technique of model of neighborhood operators for CFSs was invented by Mahmood et al. [25],
the model of ARIMA forecasting for complex neuro-fuzzy information was designed by Li and
Chiang [26], the image noise canceling for complex neuro-fuzzy data was constructed by Li et al. [27],
and the model of aggregation operators for complex linguistic fuzzy information was designed by
Mahmood et al. [28]. Further, from the above assessment of CIFS, it is superior and more flexible
than the structure of CFS theory because of its feature, and many scholars have utilized the CIFS in
the field of many environments: For instance, Einstein operators for CIFSs were invented by Azeem
et al. [29], the prioritized operators for CIFSs were proposed by Ali et al. [30], and the application of
software selection based on some new techniques was discussed by Garg et al. [31]. In addition, we
know that the algebraic t-norm and t-conorm are very famous and reliable for constructing any kind
of aggregation operator. However, Dombi [32] modified the idea of algebraic norms and proposed
the novel concept of Dombi t-norm and Dombi t-conorm. Similarly, the HM operators were proposed
by Yu [33], which are based on algebraic norms. Further, Dombi Heronian mean operators for
IVIFSs were presented by Wu et al. [34], Yu et al. [35] exposed the prioritized operators for IVIFSs,
the prioritized operators for CIFSs were presented by Garg and Rani [36], aggregation operators for
CIFSs were presented by Garg and Rani [37], Shi et al. [38] derived the power operators for IVIFSs,
Chen [39] examined the prioritized operators for IVIFSs, Wang et al. [40] invented the Dombi
prioritized operators for CIFSs, and Fang et al. [41] derived the Aczel-Alsina operators for CIVAIF
sets (CIVAIFSs). Additionally, Wan et al. [42] designed the intuitionistic fuzzy preference relation,
Dong and Wang [43] evaluated the interval-valued intuitionistic fuzzy best-worst technique, Wan et
al. [44] proposed the time-series based on a decision-making model for IFSs, Lu et al. [45] derived
the intuitionistic fuzzy multiplicative preference relation, and Chen et al. [46] exposed the integrated
interval-valued IFS technique with application in the assessment of COVID-19. Gou et al. [47]
presented the continuous Pythagorean fuzzy information, Gou et al. [48] determined the
consensus-reaching procedure for hesitant fuzzy linguistic information, Gou et al. [49] designed the
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circular economic and fuzzy set theory, Gou et al. [50] evaluated the improved ORESTE technique
for linguistic preference, and Cheng et al. [51] derived the decision-making technique for the
large-scale group.

1.2. Research gap, limitation, and motivation of the proposed theory

After a long assessment, we observed that the model of CIVAIFSs is more reliable and more
prominent because of their advantages and its features. First, we want to explain the structure of
CIVAIFS as it contains the truth function and falsity function in the form of complex numbers, where
the real and imaginary parts of both functions are constructed in the form of sub-interval of unit
intervals, which provides more space or wide range to experts for making their decision more
precisely and accurately. However, we also observed that in every decision-making procedure, much
information is lost due to ambiguity and uncertainty. Thus, we observed that every decision-maker
faces the following problems during decision-making:

(1) How do we propose new operational laws based on complicated structures?
(2) How do we combine two or more operators?

(3) How do we propose operators?

(4) How do we find the ranking values?

Depicting the above problems, prioritized Hamy mean operators based on Dombi operational
laws for CIVAIFSs are very dominant because of their features. First, we talk about the technique of
Dombi norms, developed by Jozsef Dombi in 1982, such as

0
—1 —2
Dr (Af By ) 1 —2
12 if Ay =00rA; =0
—1 — Dpnin (Af Ay ) if) =
D (A A& )=+ / if 3, =0
_ 1 if 95 = Foo
Is s\ s .
1+/<1_E1> +<1_A—f2> \3 otherwise
1 —2
\ Ar Ar /

Where 0 <3, < +oo, and the above information is converted for Hamacher norm, if J5 = 1,
. =1 =2 : =1 =2 .
where the Drastic norms “Dy (Af ,Ar ) and min norms “Dpin (Af ,As ) are the special cases of

the Dombi norms from the above information. This means that three different types of norms are the
special cases of the Dombi norms, which is a very powerful and very constructive technique to cope
with vague and uncertain data. Additionally, the Hamy mean (HM) or dual HM (DHM) operators are
also very reliable because they is the modified version of the averaging and geometric operators, but
in the evaluation of aggregation information, we have unknown weight vectors; in this, we have a
high chance of losing information during decision-making techniques; thus, to reduce the inaccuracy
and improve the validity of the derived theory, we will use the technique of prioritized technique,
which can help us in the construction of weight vector from the original data. After our long analysis
and observation, we noticed that no one could derive prioritized operators, Dombi operators, and
Hamy operators for CIVAIFSs. Moreover, because of complications and problems, it is also very
complex to combine these techniques and develop the model of Dombi prioritized Hamy mean
operators and Dombi prioritized dual Hamy mean operators for CIVAIFSs.
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1.3. Advantages and main contribution of the proposed theory

No doubt the analysis of the Dombi prioritized Hamy mean operators for CIVAIFSs is very
complex, but it is also very clear that they have a lot of benefits, because they can deal with a bundle
of problems at one time by fixing the value of parameters. Due to different values of parameters, we
can determine numerous techniques and models for FSs to CIVAIFSs. In the scenario of diabetes
diagnosis based on multiple factors is a common and valuable practical example for CIVAIFSs. For
instance, in medical diagnosis, in early detection of diabetes, patients demonstrate varying functions
of test results and symptoms. Often, these results contain uncertainty and ambiguity because of
measurement errors, incomplete data, or patient variation. The model of CIVAIFS can help us to
depict these problems with the help of complex-valued truth function and falsity function for various
factors, such as glucose levels, BMI, and family history, using complex intervals. For each factor, we
assign the data in the following ways: According to age, the truth function value is [0.8,0.9] + i0
and for falsity value, we have [0.1,0.2] + i0, but according to glucose levels, the truth function
value is [0.7,0.8] +i0, and for falsity value, we have [0.2,0.3] +i0. This scenario, CIVAIFS is
used to access the numerous ambiguous medical factors affecting diabetes diagnosis, enabling
massive well-known and effective early predication. The major advantages (special cases of the
proposed operators) of the proposed operators are listed below:

(1) Averaging/geometric operators for FSs (and their extensions).

(2) Dombi averaging/geometric operators for FSs (and their extensions).

(3) Hamacher averaging/geometric operators for FSs (and their extensions).

(4) Prioritized averaging/geometric operators for FSs (and their extensions).

(5) Hamy averaging/geometric operators for FSs (and their extensions).

(6) Dombi prioritized averaging/geometric operators for FSs (and their extensions).

(7) Prioritized Hamy averaging/geometric operators for FSs (and their extensions).

(8) Dombi Hamy averaging/geometric operators for FSs (and their extensions). The geometrical
interpretation of the proposed theory is described and explained in Figure 1.

Many operators are the simple cases of the proposed theory. Because HM operators are a
general form of operators, prioritized operators, and Dombi t-norm and t-conorm are also general
operations of some t-norm and t-conorm. The PHM operators based on Dombi operational laws are
not developed. Keeping the advantages of the PHM operators and Dombi norms, we have the
following aims:

(1) To initiate Dombi operational laws based on CIVAIF numbers.

(2) To simplify the CIVAIF Dombi HM (CIVAIFDHM) operator, the CIVAIF weighted Dombi
prioritized HM (CIVAIFWDPHM) operator, CIVAIF Dombi Dual HM (CIVAIFDDHM) operator,
and CIVAIF weighted Dombi dual prioritized HM (CIVAIFWDDPHM) operator.

(3) To evaluate some dominant and flexible properties of the evaluated operators.

(4) To evaluate the proficiency and reliability of the proposed operators, we compute the multi-attribute
decision-making (MADM) technique based on derived operators for CIVAIF values.

(5) To compare the proposed method with some prevailing techniques to show its advantages and benefits.
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Figure 1. Graphical interpretation of the proposed theory.

1.4. Summary of the proposed manuscript

The structure of this manuscript is the following:

In Section 2, we introduce the CIVAIFSs and their operational laws. Moreover, we state the HM
operator, dual Hamy mean operators, Dombi t-norm, and Dombi t-conorm based on a universal set.

In Section 3, we develop the Dombi operational laws for the CIVAIF set. We also propose the
CIVAIFDHM operator, CIVAIFWDPHM operator, CIVAIFDDHM operator, and CIVAIFWDDPHM
operator. Some basic properties are discussed for the above operators.

In Section 4, we construct the procedure of the MADM technique based on the proposed operators.

In Section 5, we illustrate some numerical examples based on strategic decision-making problems.

In Section 6, we discuss the comparative analysis of the proposed theory.

In Section 7, we briefly discuss some concluding remarks.

2. Preliminaries

In this section, we provide an overview of the prevailing informative and constructive idea of
CIVAIFSs, which is the modified version of numerous models. Further, we explain the model of the
HM operator and dual HM (DHM) operator with two valuable norms, called the technique of Dombi
t-norm (DTN) and Dombi t-conorm (DTCN), which can play an important role in the construction of
any types of aggregation operators.

Definition 1. [6] Let T,, be the generic element of a fixed set U, then the CIVAIFS A=f is defined by:

A ={(60 @) 1 @) 8, € T}
Further, we observed that the truth grade is constructed in the shape:
A= A+ a— a+
-(’i;m (W, = <[{§:='u: (ﬁu)'% (rTnu)l , l% (ﬁu),*a;m (ﬁu)D and the falsity grade is constructed in

q—

a+ q— u+
the shape: ‘T% (u,) = ([‘1% (ﬁu),“% (ﬁu)l , lﬂ% (ﬁu),‘ﬁ% (tTnu)D with conditions, such as
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a+ a+ a+ a+
0< E;=; (w,) + “’T;=; (W) <1and 0< @;=m (w,) + ‘ﬁ;=m (w,) < 1. Moreover, we gave the refusal

1— a+ - at a+
grade, such as %(ﬁu>=([ﬁ;=;<ﬁu>fr;—*—;<ﬁu>], %(@)ﬂ%(ﬁ@]% 1 (en @+

a+ a— a— a+ a+ a—
M= (w,) |, 1 - (ﬁﬁ (@) + Ny (ﬁu)) A1 e (@) + M (@) |1 —| € (W) +

a—

‘ﬁ;=m (u,) and the simple form of CIVAIF value (CIVAIFV) is derived from the shape, such as

- A— a+ a— at+ a1— a+ a— a+
=1n —~ o~ — o~ — —
A = < ‘QE.‘QEI ) l‘@ﬁﬁ@ﬁl).(l’qﬁ,’flﬁl,l“]ﬁ,“]ﬁl) ,mn=1,2,..,p.

Definition 2. [33] Consider A=fm,u1 =1,2,..,p as a finite collection of positive numbers, the HM
operator is defined as
o1
Yi<iy<giy<p (H%l=1 A:fla)m
ocgl )

HM™ (B8 B ) =

Observed that °Cy = p! , With some characteristics, such as
wn!(p—w)!

—n — —1 —2 =—Dp —
(1) If & =R, wm=12.p thus HM" (& A .. A7 ) = 4.
(2) If Af SAf ,,Ln=1,2,...,p,thus HM (Af 'Af ,,Af )SHM (Af 'Af "Af )

— —1 =—2 — [—
(3) If min{a;"} <M (A&, B ) < min{A;"}.
—1 =2 — —

(4) 1f w=1,then HM* (& A, .., A7" ) =TI, A;

Definition 3. [32] Consider A=fm,1n = 1,2 as two positive numbers, the DTN and DTCN are
defined as

D (A=f1,A=f2) _ 1 - i’/Tfl}A=f2 £ 0.

3. Dombi prioritized HM operators for CIVAIFSs

In this section, we analyze of construct the model of new operational laws based on the DTN
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and DTCN for the CIVAIF set. Additionally, we design the HM operators based on Dombi
operational laws for the CIVAIF set such as the CIVAIFDHM operator, CIVAIFWDPHM operator,
CIVAIFDDHM operator, and CIVAIFDWDPHM operator. Some basic properties are discussed for

the above operators.
a— a+ u— 1+
o) ([ e 1 A]) -

1,2,...,p as CIVAIFVs, the Dombi operational laws are given as

Definition 4. Consider A=fm= (

\‘A !\:‘A l)[\‘A i\fA
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Af X Af ]
1 1
1’ _ I
( a— \ Js a— Z)SW% ( a+ \ s a+ %W%
1-€— 1-€- 1-€ 1-€c
1+ H_e L H_e A2 1+ ,f 4 ,f Az
\\ &5 & /) \\e& o /)
1 1
1’ _ L
/ a— D=S a— D=S\3=S / a+ :)_S a+ D=S\3=S
1-€- 1-€- 1-€- 1-€-
1+ q— : + a— 2 1+ u+ A + a+ 22
\>w €5 € €5
1 1
1 - i, 1 - - - i ]
/ a— :)=5 a— :)=s\:)_s / a+ :)_S a+ :)_S\:)_s
1+| M) | —R—] | 1+]| Mol [ — ) |
\ 1—“]A=1 1—“]E / \ 1—“]A=1 1—“]E /
1 1
1-— 1 1- 1
( - s - Ds\‘Ds ( et s at Ds\‘as
\ 1-— yol 1-— “]A=2 / \ 1-— = 1-— ~ /

AIMS Mathematics

Volume 10, Issue 3, 6589-6635.




6599

=
+
LA
€|
FeH)
o }i
&
_/
&
=
+
— ~
g
REgE
+
&
_/
&~

1-€x 1-€x /
1 1
1-— T 1- —
/ - o=\:>= / ut a—\a=
[ e =
1+| 9, . 14| 9, .
. 1-€x 1-€x

e

|
&
&=
&=

=
+
.
5
Bel
[
~_
=
+
.
5
0
+

=
|
DN w2
Bt
&
\___/

1 1

1’ 1

( a— 35\‘3—5 ( a4+ 35\‘3—5
_[1-m= _(1-m=
1+ | 7, | —=2 1+ | 9, | — 2

=) e

AIMS Mathematics Volume 10, Issue 3, 6589-6635.



6600

Definition 5. Consider A=fm= <F~“

&=

-

/—|\

=
I
D) «
g+
by
_/
&=

1
i’
/ at T\Ts
-
1+ | B
=
1

a—
—~

O
\fAm ’ \fAm

o))

-

a+ q— a+
][5 &) -

1,2,..,p as afinite collection of CIVAIFVs, the CIVAIFDHM operator is defined as
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1
CcIvAIFDHM" (A By .. By ) = o Drcirs-stnsp (@5, A°)"
p

Observed that °Cy' = — (;)im)"

a— a+ q— a+ a— a+ q— a+
. = —~ —~ —~ —~
Theorem 1. Consider Af = <I€ﬁ,eﬁl,l‘eﬁ,eﬁb,qﬂlﬁ,‘flﬁl,l’ﬂﬁﬂﬁ) ,n =

1,2,..,p as a finite collection of CIVAIFVs. Then, the finalized value of
=1 =2 =
CIVAIFDHM™ (A7 &7 ..., Ay ) s also CIVAIFV, such as

=1 =2 =
civaiFpHM™ (A7 &7 . A7),
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The proof of Theorem 1 is given in Appendix A.

Further, we aim to evaluate the technique of CIVAIFDHM™ (A=f1,A=f2, ...,A=fp) with the help
of  example, for  this, we  consider  four  CIVAIF  values, such as:
A =(([0.3,0.4],[0.4,0.5]),([0.1,0.2],[0.1,0.2])), A; =
(([0.31,0.41],[0.41,0.51]), ([0.11,0.21],[0. 11, 0. 21])),A=3m =
(([0.32,0.42],[0.42,0.52]), ([0.12,0.22],[0.12,0.22])) and

A, = (([0.33,0.43],[0.43,0.53]), ([0.13,0.23],[0.13,0.23])) with m =2 and I, = 2, thus

civAIFDHM" (BB, .., 3 )
= (([0.3147,0.4147], [0.4147,0.5148]), ([0. 1149,0. 2150], [0. 1149,0. 2150])).

Moreover, for this operator, the idempotency, monotonicity, and boundedness can be given as.
a1 a+ q— a+ a— a+ q— a+
. == —~ —~ —~ —~
Property 1. Consider A = ( eﬁ,eﬁl, l'eﬁ,eﬁb,q“]ﬁ,“lﬁl ) [“lrm,“lrml) ,n =
1,2,..,p as a finite collection of CIVAIFVs. If

a— a+ q— 1+ a— a+ aq— a+
=m = ~ o~ ~ o~ ~ o~ ~ o~
Ar =M= (I‘QK,‘eKl,[ﬁx,‘@gl),([“ﬁ,“Fl,I“]K,‘HK]> ,in=1,2,...,p, then

=1 =2 =p
CIVAIFDHM™ (Af B, Ap ) = As.
The proof of Property 1 is given in Appendix B.
- a+ q— a+ a— a+ q— a+
. == —~ —~ —~ —~
Property 2. Consider A = ( eﬁ,eﬁl, l'eﬁﬁeﬁl),(l“]ﬁ,“lﬁl , l“lrm,“lrml) ,n =
1,2,...,p asafinite collection of CIVAIFVs. If A=fm < A=fm*, thus
CIVAIFDHM™ (Af A Ay )s CIVAIFDHM™ (Af A Af )

The proof of Property 2 is given in Appendix C.

a+
Property 3. Consider A:fm: (IEA eAl leA eAl (I“IA ) l l A :D ,n =
1,2,..,p as a finite collectlon of CIVAIFVs. If

. a— . H+ H—
min,, ‘eﬁ,mlnu1 ‘eA , |min,, ‘eA ,ming, ‘eA

A_f = - a— a+ ):1— u+ and
(maxmﬂ%,maxm’ﬂ l lmax ‘11A ,max,, r'1

a— a— a+
N (maxm‘eA ,maxm‘eAl Imaxm‘eA ,maxm‘eA

LY , - a+ - H_ ,m=1,2,..,p, thus
\(Iminmﬂﬁ,minm‘%l [mm “IA ,min,, rl1
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+

A, < CIVAIFDHM™ (&3 .57 ) <7 .
The proof of Property 3 is given in Appendix D.
a— a+ a— u+ a— a+ a— u+
= ~ ~ o~ —~ —~
Definition 6. Consider A = (Ieﬁ,eﬁl , l‘eﬁ,‘eﬁb,q‘flﬁﬂﬁl , I’TIE,QED ,in =
1,2,..,p as afinite collection of CIVAIFVs, the CIVAIFWDPHM operator is defined as

civaIFwpPHM® (B, &, .., 3" )

( — e
=—lg\wn
Diziyzsiney (1~ 2105 ((@;?:1 )
.y ", 1<wmn< P
(1—63,,,)
=0 1
\ ®g=1 (Af ) m=p
Observed that °C%_; = —2=2_ with a priority degree a,, where 9.5, = —%_ 71 = 1 and
served that °Cyy = ==~ with a priority degree d,,,, where d,), = T My an
0=1"wv

Ty — (=
;?v = H?=1 Ssv (Af )
Aa— a+ ks b a+
. =u — —~
Theorem 2. Consider Ar = (I\,A , €= l,l\,A , €= D,(Iﬂﬁ,“}ﬁl,l"}ﬁﬂlﬁb ,n =

1,2,..,p as a finite collection of CIVAIFVs. Then, the finalized value of
CIVAIFWDPHM" (A, &, ..., &;" ) is also a CIVAIFV, such as

1
D1<iy<-<iy<p (1 — 2o=1 avlfv) <(®g1 1 A=f10)m>
chl—l

CIVAIFWDPHM" (& A .., A" ) =
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138,
CIVAIFWDPHM™ (Tfl,szz, A ) =@ (A=f®)< p-1 )

1
- T\
C (1= (1 €5,
Ill/1+ L;(p_l) = ,1/1+

=]
ANGR
/
o
| QD
= 35
N—————
—/
=
}| 4
+ n
ik
\—/
1
u
Y
e———————

=
}

+
-
~ =
| |
~|g]

=
|
My
N~— —
&l
(S

a— a+ rou— at+ u+
Property 4. Consider A_fm=<<€;,€;nl, ‘%%D (I“]A ) l l A ,n =

1,2,..,p as a finite collection CIVAIFVs.

a— a+ AaA— a+ rd— a+
= = ~N ~N .
Af =Af = (IeA,eAl,[eA,eAl> <[ A'r[lK ) r[lK,q].K‘|> ,ln= 1,2,...,p,then

:1 :2 =p _—
CIVAIFWDPHM™ (A7 By, .., B; ) = A; .

A— a+ ks b a+ Aa— a+ ks b a+
. = ~ ~ o~ —~ ~
Property 5. Consider A = < ‘CA_m'lCEl'l'CE"CE )(Iﬂﬁ’qﬁl ) I“lrm,“lrm ) ,n =

. . . = =—un*
1,2,..,p asafinite collection of CIVAIFVs. If A < Af ,thus

CIvAIFWDPHM® (B, &, .., A" ) < CIVAIFWDPHM" (Af v v )

a— a+ a— a+
o] (55 5] e 4c]) -

1,2,..,p as a finite collection of CIVAIFVs. If

. =W
Property 6. Consider Af <

\‘A r\HA ‘|,|\\“A l\‘A
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([mmm‘eA ,mlnm‘eAl [mlnm‘eA ,mlnm‘eA D

A =/ - at ] \
([ 32 o ] e 2 e 5]
(R e
\ )

and

a— a+ a+
—~
([maxm‘eA ,max,, €= l, maxm‘eA maxm‘eA )
=+

,m=1,2,..,p, thus

H— 4+
(Imln ‘TlA ,min, ‘Tl l lmm “]A ,min, “%)

= n =1 =2 =D =+
A <CIVAIFWDPHM™ (R, B .. B ) <7 .

A— A+ a— a4+ A— a+ a— a4+
. = ~ —~ —~ —~
Definition 7. Consider A = (Ieﬁ,eﬁl,l‘eﬁ,eﬁb,qﬂlﬁﬂﬁl,l"lﬁ,"lﬁb ,In =

1,2,..,p asafinite collection of CIVAIFVs, the CIVAIFDDHM operator is defined such as

1

/ 1\0Cg1
_l(a m
Dg-1 Ar

—1 =—2 —
CIVAIFDDHM" (& B ..., B ) = k@lsils...simsp P )

Observed that °CY = Pt
wn!(p—w)!

g a+ q— a+ a— a+ q— a+
. =n —~ —~ ~ ~ ~
Theorem 3. Consider Af = <[€E,eﬁl,[‘eﬁ,eﬁb,(l“]ﬁﬂﬁl,lﬂlﬁ,“]ﬁ) ,n =

1,2,..,p as a finite collection of CIVAIFVs. Then the finalized value of
—1 — — i
CIVAIFDDHM™ (&, &; ", .., &) isalso a CIVAIFV, such as
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. =W —
Property 7. Consider Af =<< €

Ay =Ap=

—1—2 —p
CIVAIFDDHM" (& 37, .., A"

E

[N
|
[N
\
=
+

[N
firy
5
A
=

o
()
TE

Juy
\
Juy
+

TS

—
ﬁ'g

for this, we consider four

A =(([0.3,0.4],[0.4,0.5]),([0.1,0.2],[0.1,0.2])), A; =
(([0.31,0.41],[0.41,0.51]), ([0.11,0.21],[0. 11, 0. 21])),A=3m =
(([0.32,0.42],[0.42,0.52]), ([0.12,0.22],[0.12,0.22]))

A, = (([0.33,0.43],[0.43,0.53]), ([0.13,0. 23], [0.13,0.23])) with m =2 and I, = 2, thus

. . =1 =2 — )
Further, we aim to evaluate the technique of CIVAIFDDHM™ (Af ,As ,...,Afp) with the help of
CIVAIF

values, such as:

and

CIVAIFDDHM™ (& &, . B;")
= (([0.3150,0.4151],[0.4151,0.5151]), ([0. 1141, 0. 2145], [0. 1141, 0. 2145])).

a— a+ rou— a+ a— a+ u— u+
~an = 5 —~ —~
"‘E’l“‘ﬁl' O Ox )([qﬁ’qﬁl’lqﬁ'qﬁ ) ,n =
as a finite collection of CIVAIFVs. If

ra—  a+

By [ P U
#[R8) (RA

(é
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—1 =—2 =P
CIVAIFDDHM™ (&; By, ..., A; ) = A; .

a— a+ q— a+ a— a+ q— a+
= —~ —~— —~ —~
Property 8. Consider A = (Ieﬁﬁﬁl,lﬁﬁ,flﬁl),q’flﬁ,“lﬁl,l"lﬁ,"lﬁb ,n =

*

- . = =1
1,2,..,p asafinite collection of CIVAIFVs. If A < Af ,thus

=1 =—2 =D —1*% —2* =—p*
CIVAIFDDHM™ (Af Ar B )s CIVAIFDDHM™ (Af A A )

a— a+ a— at+ a— a+ a— u+
= —~ —~— —~ —~
Property 9. Consider A = (Ieﬁﬁﬁl,lﬁﬁ,flﬁl),q’flﬁ,“lﬁl,l"lﬁ,"lﬁb ,n =
D as finite collection of CIVAIFVs. If
a+
/ mlnm‘eA ,mlnm‘eAl [mlnm‘eA , miny, €= D \

ot and
max ‘11A ,max,, ’flAml,lmax Ao, Mmaxy ’flﬁ>
A+ at 7
( maxm‘eA ,maxm‘eAl Imaxm‘eA maxm‘eﬁ ),w
=f 0t - ,m=1,2,..,p,thus
\ min ‘TIA ,min, ‘Tl l [mm “lAm,minm“lﬁ>

= n =1 =2 =P =+
A <CIVAIFDDHM™ (A7 B .. B ) <& .

a— a+ q— a+ a— a+ q— a+
L. . =—n — — — —~
Definition 8. Consider A, = (I‘eﬁ,ﬁﬁl,[‘eﬁ,‘eﬁb,q“]ﬁﬂlﬁl,[“]rm,“lﬁD , I =

1,2,..,p as afinite collection of CIVAIFVs, the CIVAIFWDDPHM operator is defined as

( = 1- Z@ aWV
Dp-1 Aflw ( 1 )
®1<115 <ip<p m
CIVAIFWDDPHM™ (A7 By ... B ) =4 o P
1-02,\ —
n wv —
\ @¢_1<p_1>(Af) wm=p
Observed that °C_, = — 2= \yith a priority degree 8% , where 8°° = T 7l =1 and
P=1 7 ni(p-1-w)! wv? WY sl P Twy

Ty — (=
;?v = H?=1 Ssv (Af )
Aa— a+ ks b a+
. =u — —~
Theorem 4. Consider As (I\,A , €= l,l\,A , €= D,(Iﬂﬁ,“}ﬁl,l"}ﬁﬂlﬁb ,n =

1,2,..,p as a finite collection of CIVAIFVs. Then, the finalized value of
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1 =2

A

p) is also a CIVAIFV, such as

s B

CIVAIFWDDPHM™ (

T
0
=10y

wn
[}

N
)

m

_lw
D=1 Ar

R 1<iy<-<iyy<p <

1 =2

As Ay

p)=

s B

CIVAIFWDDPHM™ (
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cvalFwppPHM® (&, &, . &) =@y <1 — 6_&’) (%)

r/ . = 2% 1_; = AN
'k/(zw(ﬁ) | )I,1<1/1+(M< (%)) )
I[ () (epm €“E\| T =:\]
) If/ [ (i :\% (s R ai\i]
SR SR )|
./ (e (VT (e ) )]
S ) ) 1/1+\;<p_1>( =)

. =W
Property 10. Consider Af <

) o

1,2,..,p as a finite collection of CIVAIFVs. If

a— s+ a—  u+ - s+ a—  u+
—n — ~ o~ ~ o~ ~ o~ ~ o~
Af =Af = <[‘e7ar'eil;I'QK;‘QKD»<[[“K'“1=]»[QKJQKD ,im=1,2,...,p, then

=1 =2 =p _—
CIVAIFWDDPHM™ (A; &7, .. A, ) = By .

a— a+ a— at
o] (75 A} 55 52 -

1,2,..,p asa finite collection of CIVAIFVs. If A, < A=f ,thus

Property 11. Consider A; = (

\‘A !‘r‘A l)[\‘A i\fA

CIVAIFWDDPHM™ (A7 ,&; ..., A" ) < CIVAIFWDDPHM" (Af VR v )

a— a+ a— a+
) (e ) -

Property 12. Consider A; = (

\‘A !‘r‘A l)[\‘A i\r‘A

1,2,..,p as a finite collection of CIVAIFVs. If
a— a+ q— a+
(Iminm €5, min,, ‘Gﬁl , Iminu1 €, miny, ‘Gﬁl) ,
pp N . o " and
([maxm ’llﬁ , max,, “]ﬁl , [maxw1 ’llﬁ ,max,, “]ﬁD
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/(lmaxm‘eA ,maxm‘eAl Imaxm‘eA ,maxm‘eA )

. =
Af = 1— a1+
(Iminln “lﬁ , miny, M= l Imm ’TIA ,miny, r'1 D

_ —1 —2 =P N
A, <CIVAIFWDDPHM™ (&, & .5 ) <& .

1,2,..,p, thus

4. Strategic decision-making problems based on proposed operators

The decision-making technique contains many types, and the multi-attribute decision-making
technique is one of them, which is for accessing the most preferable decision among the collection of
finite number of alternatives. For this, in this section, we perform the strategic decision-making
framework under the consideration of the designed aggregation operators, called the CIVAIFDHM
operator, CIVAIFDDHM operator, CIVAIFWDPHM operator, and CIVAIFWDDPHM operator to
designate the hegemony and rationality of the invented models.

. . =1 =2 = )
For a MADM problem, the collection of alternatives is Af ,As , .. Afp and the collection of

.. . ] 1 2 q
finite attributes is Ayr ,Aur ..., Ayp . FOr each attribute, its weight is w; and Z] 1w =1.

Moreover, the evaluation value of alternative Af under the attribute AATJ is expressed by the
CIVAIFSs with the truth grade in the shape:

- s+ a- at
2 (i) = ([e’% @), 85 (@) |, [E5 (@0, 85 (@)

> and the falsity grade in the shape:

a— 1+ a— ut

T (@) = ([fﬁ% (@), @)] . [fﬁ;; (o), A (Ty)
a+ a+ q+ u+

conditions, such as 0 < ‘é;=; (W) + “% (W) <1and 0< % (Wy) + ‘Tl;=; (Wy) < 1. Moreover,

we revised the basic condition of the refusal grade, such as

) with two valuable and valid

_ a- at a- at :5_'; _ i: _
T (Wp) = ([Eﬁ (Wp), T7— (W) |, lrﬁ (Wp), Tz (Wp) > = 1| €x @) + Nz (W) |, 1 -

q— q— a+ a+ a— a—
<€% (Tp) M;“(ﬁ@))Hl_ € (@p) + M (Wy) 4—(@% (ﬁwn’%(ﬁ@)) and the

simple form of CIVAIFV IS expressed by
q— a+ 2t a+ a +
(ﬁAw,pA@ ,lpAg,\,AQ’D,<[“1A=¢,“1§1,I“IA=@,“IA=¢D ,0=1,2,..,p. For this decision

problem, we give the following decision steps.
Step 1. Construct the decision matrix and normalize it by

AIMS Mathematics Volume 10, Issue 3, 6589-6635.
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-

( a— A+ a—  ut a— A+ - a+
o o Ya) fa) n— m— n— m— b :
€ 50 €5 65| )| | A Ay g i enefit type

N =«
A— a+ q— 1+ a— a+ q— a+
_ P N J— [Ta) [Ta) [Ta) _
N N[5 Mo | )| €550 €55 | [ €550 €5 cost type
L L | L | i L |

Step 2. Aggregate the normalized information based on the CIVAIFDHM operator, CIVAIFDDHM
operator, CIVAIFWDPHM operator, and CIVAIFWDDPHM operator.
Step 3. Analyze the numerical values from CIVAIF values with the help of Score values or Accuracy
values, such as, where the score value and accuracy value are given as

1 1= a- A= a— a+ a+ A+ i+
=1 — —~ — — —~ —~ — —
sv( \f ) :Z <'€ﬁ+'€ﬁ>—<“]ﬁ+“lﬁ>+<‘eﬁ+‘eﬁ>—<‘nﬁ+“lﬁ> €[-1,1].

|

wn

1 A— q— aA— q— a+ a+ a+ a+
E10 — —~ — —— —— —— —— ——
Aav( f ) =7 <eﬁ+‘eﬁ>+<'ﬂﬁ+ﬂﬁ>+<‘eﬁ+‘eﬁ>+<qlﬁ+“]ﬁ) € [0,1].

Additionally, for comparing any two CIVAIFVs, we have the following characteristics, such as
W 1F 5 (87)> 5, (&) thus & > &,
@ 1f 5. (&) <5 (&) thus & <&/
(3)1f S,y (&) =5 (&), thus

) I A, (A)>A. (A& ) thus A > A,

i) 1 A, (A ) <Ag (& ) thus & <A
Step 4. Analyze the rank of all alternatives according to their Score values for addressing the best
preference among the collection of the finite number of values.

The geometrical abstract of the decision-making technique is given in Figure 2. Further, we aim

to perform the application of the assessment of the best green sustainable chain by using the model of
invented models. This application can show the supremacy and validity of the designed models.

5. Selection of the best green sustainable chain

Green sustainability refers to procedures or techniques that have less impact on plants, human
activities, energy production, and many others. To fulfill this demand, green sustainable methods
must be used. They place a high priority on preserving biodiversity, reducing waste and pollution,
and safeguarding natural resources. Several kinds of environmentally friendly and sustainable
techniques may be applied in various spheres of life and businesses. Here are five instances that the
collection of alternatives:

(1) Renewable Energy (A=f1): Using renewable energy can help reduce dependency on fossil fuels

and greenhouse gas emissions. Examples of renewable energy sources include solar, wind,
hydropower, and geothermal energy.

AIMS Mathematics Volume 10, Issue 3, 6589-6635.
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(2) Energy Efficiency (sz): Using energy-efficient technology and procedures, such as smart

thermostats, LED lighting, and energy-efficient appliances, can help cut down on energy usage
and waste.

: . =3 . . : . . .

(3) Sustainable Transportation (Af ): Promoting electric automobiles, cycling, walking, and public
transit can help reduce carbon emissions and reliance on fossil fuels.

(4) Sustainable Agriculture (Kf4): Techniques like organic farming, permaculture, crop rotation, and

agroforestry can improve soil health, use less chemical input, and have a less negative impact on
the environment.

. . =5 . .
(5) Water Reduction and Recycling (Af ): Resource conservation and waste reduction may be

achieved by implementing recycling programs, composting organic waste, and promoting the use
of recycled products.

Then, use the next

side procedure

Figure 2. Graphical abstract of the decision-making algorithm.

For the selection of the best one among the above five alternatives, we have the following four
. —1 N —2 . . —3 e
attributes such as: A, : Social impact, A,r : Environmental impact, A, : Political impact, and

A=AT4: Other internal and external resources. For each attribute, we have the following weight vector,
such as 0.4, 0.3, 0.2, and 0.1. Finally, to solve this problem, we have the following procedure:

Step 1. Construct the matrix. Because all attributes are beneficial, there is no need to normalize them.
See Table 1.

Table 1. Original CIVAIF decision matrix.

—1 [0.%1] [0.3%.241] [0.3276.342] [0.3%13]
Ay ( [0.4',0.5],) ’ ( [0.41’, 0.5 1]') ’ ( [0.42’, 0.52],> ’ ( [0.43',0.53]') ’
[0.1,0.2], [0.11,0.21], [0.12,0.22], [0.13,0.23],
([0. 1, 0.2]) ([0.11,0.21]) ([0.12,0.22]) ([0.13,0.23])

Continued on next page
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—3

=4

Aur AAT

A <([[%'.i',%i§]]’)'> <( ot oot ) <([%513 %?,221) (( %i@%ii)

[0.2,0.3], 0.21, 031 0.22 032 0. 23033]
o Moo \osras) \(oszos)/ \(o ssassi)
Af (([[0.6’,0..7]]’)'> << 0 61, 0. 71 ) (( 0 62,0. 72]) <( 0 63,0. 73 )
- Moxaa)) Mooz Wozazer)) \(osaz0l)
Af <([0..6‘,0..7],)'> << [0.61,0.71] ) <( [0.62, 0. 72]) <( [0.63,0.73] )
o Moxaa) \loriozsd)) \ioszozat)) \lo1soas)
Af ([[0..4',0..5]],)' ( 0.41,0. 51 ) ( 0.42,0. 52]) ( 0.43,0. 53 )
([0.2,0.3],) (0 21, 031]> <0 22, 032]) (0 23033])

[0. 1, 0. 2] [0. 11, 0. 21] [0. 12, 0. 22] [0. 13,0. 23]

Step 2. Aggregate the normalized information based on the CIVAIFDHM operator, CIVAIFDDHM
operator, CIVAIFWDPHM operator, and CIVAIFWDDPHM operator, and the results are shown in Table 2.

Table 2. Aggregated CIVAIF decision matrix.

CIVAIFDHM CIVAIFDDHM
¥ ( [0.3147,0.4147],[0.4147,0.5148]) ) < [0.3150,0.4151], [0.4151,0.5151]) )
([0.1149,0.2150], [0. 1149,0. 2150]) [0.1141,0.2145],[0.1141,0.2145]
v (( 0.5148,0.6148], [0. 414705148)) ( ([0.5151,0.6152], [0.4151,0.5151]) )
! ([0.2150,0.3150], [0. 1149,0. 2150] ([0.2145,0.3147],[0. 1141, 0. 2145])
A ((0714908149] [0.6148,0.7149] ),) ( ([0.7153,0.8155], [0.6152,0.7153]), )
([0.1149,0.2150],[0.1149,0.2150])/ \([0.1141,0.2145],[0.1141,0.2145])
v ((0614807149] [0.6148,0.7149]) ) ((06152 ,0.7153],[0.6152,0.7153]) )
([0.1149,0.2150],[0.1149,0.2150])/ \([0.1141,0.2145],[0.1141,0.2145])
A (( 0.3147,0.4147],[0.4147,0.5148]) ) <( 0.3150,0.4151],[0.4151,0.5151]) )
([0.2150,0.3150], [0.1149,0. 2150] ([0.2145,0.3147],[0.1141,0.4145]
CIVAIFWDPHM CIVAIFWDDPHM
= ( ([0.3186,0.4187],[0.4187,0.5187]) ) < ([0.3985,0.505], [0.505,0.6042]) )
! ([0.1603,0. 2839], [0. 1603,0. 2839] ([0.1182,0.2185],[0.1182, 0. 2185 D
¥ <( [0.5185,0.6185], [0.4184,0.5185]) ) ( ([0.6039,0.6966], [0.5047,0.6039]), )
[0.2836,0.3982], [0. 16,0. 2836]) ([0.2182,0.3184],[0.1179,0.2182])
— 0 7171,0.8172],[0.6171,0. 7171 ([0.7823,0.8638], [0.6954,0.7823])
4 ([0.1581,0.2819] [0.1581,0.2819] ) (([0 1164,0.2168], [0. 1164,0. 2168])
A ( ([0.6174,0.7174],[0.6174,0.7174]) ) ( ([0.6956,0.7825], [0.6956,0.7825]) )
([0.1585,0. 2823], [0. 1585,0. 2823] ([0.1167,0.2171],[0.1167,0.2171]
x ( ([0.3189,0.419], [0.419,0.5190]), ) < ([0.3988,0.5052], [0.5052, 0.6044]) )
(q (

0.2842,0.3988], [0.1607,0.2842])

0.2188,0.3189],[0.1185,0.2188])

Step 3. Analyze the numerical values from CIVAIF values with the help of Score values or Accuracy
values, see Table 3.
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Table 3. The score values.

CIVAIFDHM CIVAIFDDHM CIVAIFWDPHM CIVAIFWDDPHM
=f 0.2498 0.2507 0.1965 0.3347
As 0.2998 0.3007 0.2371 0.3840
As 0.5499 0.5510 0.4971 0.6143
Ar 0.4999 0.5009 0.4470 0.5721
Ar 0.1997 0.2006 0.1369 0.2846

Step 4. Analyze the rank of all alternatives according to their Score values to address the best
preference among the collection of finite number of values, see Table 4.

Table 4. Ranking values of the proposed work.

Methods Ranking values

CIVAIFDHM A——f3 > A=f4 > A=f2 > A=f1 > A=f5
CIVAIFDDHM A——f3 > A=f4 > A=f2 > A=f1 > A=f5
CIVAIFWDPHM

CIVAIFWDDPHM

=13 =4 =2 =1 =5
A >A; >A >h > A
=13 =4 =2 =1 =5
A >A >A >h > A

From Table 4, we obtained the best choice is A=f3, which is Sustainable transportation, and all

operators such as CIVAIFDHM, CIVAIFDDHM, CIVAIFWDPHM, and CIVAIFWDDPHM
operators produced the same ranking results. The geometrical form of the data in Table 3 is described

in Figure 3.

Score values

. C|VAIFDHM

8.7
0.6
0.5
0.4
03
0.2
0.1

I C|\VAIFDDHM
— C|VAIFWDPHM

e C[VAIFWDDPHM

1
0.2498
0.2507
0.1965
0.3347

2
0.2998,,
0.3007
0.2371

0.384

3
0.5499
.55,
0.4971
0.6143

Alternatives

4
0.4999
0.5009
0.447
0.5721

0.8
0.7
0.6
0.5
0.4
0.3
(2
(0l

Score values

)
21997
0.2006
0.1369
0.2846

e CIVAIFDHM s CIVAIFDDHM e CIVAIFWDPHM e CIVAIFWDDPHM

Figure 3. Graphical interpretation of the data in Table 3.

The different colors in Figure 3 represent the ranking behavior of the alternatives according to their
Score values, and from Figure 3, we can determine the best and worst optimal among the collection
of five alternatives.
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6. Comparative analysis

Describing or analyzing the supremacy or validity of any type of technique are very problematic
and challenging tasks for individuals. The goal of comparative analysis is to analyze the supremacy
and validity of the derived theory by comparing its ranking values or structure with the structure or
ranking values of numerous existing models. For this, we aim to arrange information based on fuzzy
sets and related work to the proposed theory; we arranged the following models: Dombi Heronian
mean operators for IVIFSs were presented by Wu et al. [34], Yu et al. [35] exposed the prioritized
operators for IVIFSs, the prioritized operators for CIFSs were presented by Garg and Rani [36],
aggregation operators for CIFSs was presented by Garg and Rani [37], Shi et al. [38] derived the
power operators for IVIFSs, Chen [39] examined the prioritized operators for IVIFSs, Wang et al.
[40] invented the Dombi prioritized operators for CIFSs, and Fang et al. [41] derived the
Aczel-Alsina operators for CIVAIFSs. Considering the data in Table 1, the comparative models or
ranking values are listed in Table 5.

Table 5. The mathematical comparative analysis.

Methods Score values Ranking values

Wau et al. [34] 0.0,0.0,0.0,0.0,0.0 No

Yu et al. [35] 0.0,0.0,0.0,0.0,0.0 No

Garg and Rani [36]  0.0,0.0,0.0,0.0,0.0 No

Garg and Rani [37]  0.0,0.0,0.0,0.0,0.0 No

Shi et al. [38] 0.0,0.0,0.0,0.0,0.0 No

Chen [39] 0.0,0.0,0.0,0.0,0.0 No

Wang et al. [40] 0.0,0.0,0.0,0.0,0.0 No

Fang et al. [41] —0.1334,—0.1150,0.061,0.028,—0.19 A=f3 > A=f4 > A=f2 > A=f1
> A=f5

0.4456,0.4618,0.5791,0.5466,0.4377 A:f3 > A:f4 > A:fz > A:fl

> A=f5

CIVAIFDHM 0.2498,0.2998,0.5499,0.4999,0. 1997 A=f3 > A=f4 > A=f2 > A=f1
> A=f5

CIVAIFDDHM 0.2507,0.3007,0.5510,0.5009,0. 2006 A=f3 > A=f4 > A=f2 > A=f1
> A=f5

CIVAIFWDPHM 0.1965,0.2371,0.4971,0.4470,0.1369 A=f3 > A=f4 > A=f2 > A=f1
> A=f5

CIVAIFWDDPHM  03347,0.3840,0.6143,0.5721,0.2846 7 S s T2 5 1

=5
> A

.. =3 . . .

From the Table 5, we see the best choice is As , which is Sustainable transportation, and all

operators such as CIVAIFDHM, CIVAIFDDHM, CIVAIFWDPHM, and CIVAIFWDDPHM

operators produced the same ranking results. Further, we also observed that only the work of Fang et

al. [41] gave the same ranking results for both averaging and geometric operators based on

CIVAIFSs, but the other techniques have failed due to their limitations and problems. The limitations
and problems of the models are described in Table 6.
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Table 6. The theoretical and logical comparative analysis.

Metho  Truth  Falsiy Interval-val  Two-dimens Algebr  Drastic Max-M Hamach Dombi  Hamy  Prioritiz

ds functi  functi  ued ion data aic operato in er Operat  operato ed
on on information operato  rs operato  operator  ors rs operator

rs rs s s

Wu et yes Yes Yes no yes yes yes yes yes no no

al. [34]

Yu et yes Yes Yes no yes no no no no no yes

al. [35]

Garg yes Yes No yes yes no no no no no yes

and

Rani

(36]

Garg yes Yes No yes yes no no no no no no

and

Rani

[37]

Shi et yes Yes Yes no yes no no no no no no

al. [38]

Chen yes Yes Yes no yes no no no no no yes

[39]

Wang yes Yes No yes yes yes yes yes yes no yes

et al

[40]

Fang et yes Yes Yes yes yes yes yes no no no no

al. [41]

Propos  yes Yes Yes yes yes yes yes yes yes yes Yes

ed

theory

From the data in Table 6, we noticed the advantages and limitations or weaknesses of the

techniques. Because of these, they failed to cope with vague and uncertain data. The limitation of the
existing models is described below:

1)

@)

AIM

Dombi Heronian mean operators for IVIFSs were presented by Wu et al. [34] and Yu et al. [35]
exposed the prioritized operators for IVIFSs. These operators are computed based on IVIFSs,
where the definition of IVIFSs is described in the following: For instance, let @, be the generic
element of a fixed set U, , then the IVIFS Azf is defined by:

A:f = {(\% (), ’ﬁ% (u=nu)) ', € [Uu}. Further, we observed that the truth grade is constructed

a— a+
in the shape: % (u,) = ([@% (ﬁu),‘% (rTnu)D and the falsity grade is constructed in the

a— a+ a+
shape: q’% (W) = (l‘% (ﬁu),‘ﬁ% (u:nu)l) with conditions, such as 0 < @%m (w,) +

a1+

“%(ﬁu) < 1, and the simple form of IVIF value is derived from the shape, such as Azfm =

&
a-— a+

a— a+
term I%%l and l’ﬁ%’ﬁ%l Thus, due to this extra term in the proposed theory, the

A+ a+

‘%D([‘ﬁ%%l) ,m=1,2,..,p, meaning that the IVIFSs did not contain the

q—

technique of Wu et al. [34] and the model of Yu et al. [35] have failed.

The prioritized operators for CIFSs were presented by Garg and Rani [36], aggregation operators
for CIFSs were presented by Garg and Rani [37], and Wang et al. [40] invented the Dombi
prioritized operators for CIFSs. These operators are computed based on IVIFSs, where the
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definition of IVIFSs is described in the following: For instance, let w,, be the generic element of
a fixed set T, then the IVIFS & is defined by: &7 = {(@5 (@), i (@,)): T, € T}

Further, we observed that the truth grade is constructed in the shape:
- q-

%(ﬁu)= E%(ﬂ:ﬂu),%(ﬁu) and the falsity grade is constructed in the shape:

Aa- a- A+ a1+
’ﬁ% (W) = (‘ﬁ% (ﬁu),“% (ﬁu)) with conditions, such as 0 < ‘é;=; (w,) + ’ﬁ;=; (W) <1

a+ a+
and 0 < '(% (uw,) + ‘1% (u,) < 1. Moreover, the simple form of CIF value is derived from the

Aa— a— A— a—
shape, such as Azfm = ((‘%‘%)(%%))m =1,2,..,p., meaning that the CIFSs

s+ a+ s+ a+
did not contain the term <€ﬁ,‘€ﬁ> and (‘Tlﬁ,qlﬁ) Thus, due to this extra term in the

proposed theory, the technique of Garg and Rani [36, 37] and the model of Wang et al. [40] has
been failed.

(3) Shi et al. [38] derived the power operators for IVIFSs, and Chen [39] examined the prioritized
operators for IVIFSs, These operators are computed based on IVIFSs, where the definition of
IVIFSs is described in the following: For instance, let w, be the generic element of a fixed set

Ty, then the IVIFS &, is defined by: A, = {(% (ﬁu),‘%(ﬁu)):ﬁu e T,}). Further, we
q— a+
observed that the truth grade is constructed in the shape: ‘é;;m (u,) = ([‘E% (ﬁu),*% (u:nu)l)

a— a+
and the falsity grade is constructed in the shape: %(ﬁu) = <I‘Tf% (ﬁu),’%(ﬁu) ) with

a+ a+

conditions, such as 0 s%(ﬁu) +“%(u=nu) <1, and the simple form of IVIF value is

A— a+ A— a+
- = —~ —~— —~—
derived from the shape, such as A = (lﬁA——m,‘eA——mD,(l’l}A——m,‘nA——mD ,2m=1,2,..,p,

q— a+

q— a+
meaning that the IVIFSs did not contain the term l‘%%l and [“%“%l Thus, due to

this extra term in the proposed theory, the technique of Shi et al. [38] and the model of Chen [39]
have failed.

(4) Fang et al. [41] derived the Aczel-Alsina operators for CIVAIFSs, but the structure of proposed
operators and existing operators [41] are defined based on the same models, called the CIVAIFSs,
but their defined operators are different. From the data in Table 5, we noticed that the proposed
operators and existing operators provided the ranking results, but from the data in Table 6, we
also noticed the limitations of the existing technique [41] and the advantages of the proposed theory.

The major advantages (special cases of the proposed operators) of the proposed operators are
listed below:

(1) Averaging/geometric operators for FSs.

(2) Dombi averaging/geometric operators for FSs.

(3) Hamacher averaging/geometric operators for FSs.

AIMS Mathematics Volume 10, Issue 3, 6589-6635.
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(4) Prioritized averaging/geometric operators for FSs.
(5) Hamy averaging/geometric operators for FSs.
(6) Dombi prioritized averaging/geometric operators for FSs.
(7) Prioritized Hamy averaging/geometric operators for FSs.
(8) Dombi Hamy averaging/geometric operators for FSs.
After our long assessment, we concluded that the proposed theory is a modified version of many
existing models and techniques to cope with vague and uncertain data. Hence, the proposed
techniques are novel and better than others [34-40] according to the analysis in Tables 6 and 7.

7. Conclusions

The major contributions of this manuscript are listed below:

(1) Proposed the Dombi operational laws based on the Dombi t-norm and Dombi t-conorm for the

CIVAIF set.

(2) Developed the CIVAIFDHM operator, CIVAIFWDPHM operator, CIVAIFDDHM operator, and

CIVAIFWDDPHM operator. Some basic properties are discussed for the above operators.

(3) Developed the MADM method based on the proposed operators.
(4) Compared the proposed method with prevailing methods.

CIVAIFSs are very flexible techniques, but in the presence of the truth grade, abstinence, and
falsity grades, they are not working feasibly, CIVAIFSs deal only with truth and falsity grades. Thus,
we are required to develop the idea of complex interval-valued picture fuzzy sets and their
extensions.

In the future, the PHM operators based on Dombi operational laws will be utilized for complex
Pythagorean fuzzy sets, complex g-rung orthopair fuzzy sets, complex picture fuzzy sets, artificial
intelligence, machine learning, and decision-making. Further, we also aim to read the following
articles: Fuzzy-model-based lateral control [52], analysis of hybrid machine learning [53], the fuzzy
model for predication severity [54], analysis of neuro-fuzzy model [55], and precise neuro-fuzzy
model [56].

Appendix section

Appendix A. Consider
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Hence, the result is proven.
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Similarly, for the imaginary part of the truth grade, we have
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Furthermore, we have falsity information, such as
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Thus, by the information in the Score value and Accuracy value, we can get
CIVAIFDHM™ (Af Ar o Af )s CIVAIFDHM™ <Af A By )
Appendix D. Based on the Propertys 1 and 2, we have
= =2 =D =1+ =2+ =p+ =+
CIVAIFDHM™ (Aga*, &, , ..., A" ) < CIVAIFDHM" (Af VR v ) — 2

=1 =— = =1" =— =P~ =
ClvAIFDHM" (B, &, , .., &;" ) = CIVAIFDHM" (B, & .. & ) =17

Thus,
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= n =1 =2 =D =+
A, <CIVAIFDHM" (& & .5 ) <B; .
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