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The problems of evaluating the energy-saving and emission reduction of thermal power plants are
multiple attribute decision making (MADM) problems. In this paper, the interval-valued intuitionistic
fuzzy sets (IVIFSs), Heronian mean (HM) operator, Dombi operations are introduced and the interval-
valued intuitionistic fuzzy Dombi power Heronian mean (IVIFDPHM) operator is proposed. Some
desirable properties of this operator are established. Then, the IVIFDPHM operator is used to deal with
the interval-valued intuitionistic fuzzy (IVIF) multiple attribute decision making (IVIF-MADM) problems.
Finally, an illustrative example for evaluating the energy-saving and emission reduction of thermal power
plants is given to verify the built approach. In order to show the superiority of IVIFDPHM operator and
some comparative studies are also given below. The IVIFDPHM operator is compared with IVIFWA and
IVIFWG operators, IVIFZA operator, IVIFZG operator, IVIFCWA operator and I-1IFOWG operator.

Povzetek: Z metodo mehkih mnoZic je obravnavan problem emisij termoelektrarn.

1 Introduction

Since the probability of occurrence of events in the
decision  environment and the  performance
characteristics of things under different circumstances are
different(Narang, Joshi, & Pal, 2022; Ran, 2022; Seikh &
Mandal, 2021; Shahbazova, 2013; Verma & Sharma,
2013), the decision makers(DMs) should consider the
uncertainty of things and evaluate them comprehensively
after fully analyzing the characteristics of things when
analyzing and dealing with multi-attribute decision
making (MADM) problems(Ju, Liu, & Ju, 2016; J. D. Qin
& Liu, 2016; C. H. Su, Tzeng, & Hu, 2016; Ye, 2016).
The Multiple Criteria Decision Making (MCDM) can be
divided into two types: multi-attribute decision making
(MADM) and multi-objective decision making
(MODM), in which the state space of MADM is discrete,
and it is mainly used for the state space of MADM s
discrete, which is mainly used for the selection and
evaluation among given solutions (Choudhary,
Nizamuddin, Singh, & Sachan, 2019; Gulistan et al.,
2019; Li & Chen, 2018), while the state space of MODM
problem is continuous, which is mainly used for the
planning and design of unknown solutions. In general, the

MADM problem can be regarded as a MODM problem
with a finite number of solutions, which can be used to
select different solutions according to the different needs
of users when the number of attributes is multiple, and

the MADM has become an important part of modern
decision-making by virtue of its universality and
extensiveness (Jan, Zedam, Mahmood, Ullah, & Ali, 2019;
Jana, Muhiuddin, & Pal, 2019, 2020). The research on
MADM problems in China emerged in the 1970s, and with
the continuous development of theoretical research, the
research results of MADM research in China have been
enriched, such as group decision, mixed multi-attribute
decision, time series and intelligent decision, etc. have
been gradually applied to various aspects of production life
in modern society(Liu & Wang, 2022; Ning, Wei, Lin, &
Guo, 2022; S. Wang et al., 2022; W. H. Xu, Shang, &
Wang, 2021; Zhao, Gao, Wei, Wei, & Guo, 2022). K. T.
Atanassov (1989) built the intuitionistic fuzzy sets (IFSs)
on fuzzy set (Zadeh, 1965). K. Atanassov and Gargov
(1989) introduced the interval-valued IFSs (IVIFSs). Z.-S.
Xu and J. Chen (2007) proposed the IVIF hybrid
aggregation (IVIFHA) operator. Z. S. Xu and J. Chen
(2007) developed the IVIF hybrid geometric (IIFHG)
operator. Z. S. Xu and Yager (2008) developed the
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uncertain dynamic intuitionistic fuzzy weighted averaging
(UDIFWA) operator. Mu, Zeng, and Liu (2018) defined
the IVIF Zhenyuan averaging (IVIFZA) and IVIF
Zhenyuan geometric
(IVIFZG)operator.Wei(2010)definedtheinduced IVIF
ordered weighted geometric (I-1IFOWG) operator.Z. M.
Zhang (2016) defined the IVIF Hamacher hybrid
arithmetical averaging and IVIF Hamacher hybrid
arithmetical geometric operator. S. F. Wang (2017) defined
the IVIF Choquet integral operators. Xian, Dong, and Yin

X. Linetal.

(2017) defined the IVIF combined weighted averaging
(IVIFCWA) operator. Z. M. Zhang (2017) defined the
IVIF Frank weighted averaging and IVIF Frank weighted
geometric operator. Tang and Meng (2018) defined the
generalized symmetrical IVIF Choquet-Shapley (IG-
SIVIFCS) operator. Q. F. Wang and Sun (2018) defined
IVIF Einstein geometric Choquet integral operator
(IVIFEGC). Wu, Wei, Wu, and Wei (2020) investigated
the IVIF Dombi weighted Heronian mean (IVIFDWHM).
The existing operators are listed in Table 1.

Authors

The existing operators

Z.-S. Xu and J. Chen (2007)

IVIFWA operator, IVIFOWA operator, IVIFHA
operator

Z.S. Xu and J. Chen (2007)

IIFOWG operator, IIFHG operator

Z. S. Xu and Yager (2008)

UDIFWA operator

Mu et al. (Mu et al., 2018)

IVIFZA operator, IVIFZG operator

Wei (2010)

I-1IFOWG operator

Z. M. Zhang (2016)

IVIF Hamacher hybrid arithmetical averaging operator and
IVIF Hamacher hybrid arithmetical geometric operator

S. F. Wang (2017)

IVIF Choquet integral operators

Xian et al. (Xian et al., 2017)

IVIFCWA operator

Z. M. Zhang (2017)

IVIF Frank weighted averaging operator and the IVIF Frank
weighted geometric operator

Tang and Meng (2018)

IG-SIVIFCS operator

Q. F. Wang and Sun (2018)

IVIFEGC operator

(Wu et al., 2020)

IVIFDWHM operator

Table 1: The existing operators

The problems of evaluating the energy-saving and
emission reduction of thermal power plants (Mu, 2020)
are classical MADM problems (Fan, Yan, & Wu, 2021;
Huang, Lin, & Chen, 2021; Jana & Pal, 2021; Lu, Zhang,
Wu, & Wei, 2021; Rawat & Komal, 2022; Song & Geng,
2021; Tehreem, Hussain, & Alsanad, 2021; Yahya,
Abdullah, Chinram, Al-Otaibi, & Naeem, 2021). In this
paper, the IVIFSs, Heronian mean (HM) operator,

Dombi operations are introduced and the IVIFDPHM
operator is proposed. Some desirable properties of this
operator are established. Then, the IVIFDPHM operator
is used to deal with the IVIF-MADM problem. Finally,
an illustrative example for evaluating the energy-saving
and emission reduction of thermal power plants is given
to verify the built approach.
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2 Preliminaries

2.1 IVIFSs

K. Atanassov and Gargov (1989) introduced the
IVIFSs.

Definition 1 (K. Atanassov & Gargov, 1989). The
IVIFS A over X has the form:

17A(X)>|XGX} )

where f,(X)<[0,1] and V,(X)c
interval numbers, and

A:{<x,[1A(x),

[O,l] are

0 <sup(fz, (x))+sup(v,(x)) <1,V xe X.

Definition 2 (Z. S. Xu & Yager, 2008). Let
:([a,b],[c,d]) be  the

intuitionistic fuzzy number (IVIFN), the score function
S s

interval-valued

S(é)=a_c+b_d

5 ., S(a)e[-11]. @

Definition 3 (Z. S. Xu & Yager, 2008). Let
:([a,b],[c,d]) be the IVIFN, the accuracy

function H is:

< b d <
H(a):%, H(a)e[01] . @)

Z.S. Xu and Yager (2008) give order relation for two
IVIFNSs.

2.2 HM operator

Hara, Uchiyama, and Takahasi (1998) proposed the
Heronian mean (HM) operator.

Definition 4 (Hara et al., 1998). The Heronian mean
(HM) operator is:

Informatica 46 (2022) 97-110 99

HMP (a,a,, -, a,)

1

i ) j @
a"a.:
j=

[n(n+1) =

where p, q>0, then &, ( =12,
crisp numbers.

)be a series of

2.3 Dombi Operations of IVIFNs

Definition 5 (Dombi, 1982). Dombi (1982) proposed
the Dombi T-norm and T-conorm:

D (t,s)=1-

. —~7 ©)
A6
where y >0, (t,5)<[0,1].

Based on Dombi T-norm and T-conorm, Wu et al. (Wu
et al., 2020) defined the operational rules of IVIFNSs.

Definition 6 (Wu et al., 2020). For two IVIFNs

= ([a.b].[c,,d,]) and

a, =([82,b2],[C2,d2]), y >0, the

Dombi operational laws are defined:
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3 Interval-valued intuitionistic fuzzy
dombi power heronian mean
(IVIFDPHM) operator

In this section, Wu et al. (Wu et al., 2020) investigated
the IVIFDHM based on HM (Janous, 2001; Khan,
Gwak, Shahzad, & Alam, 2021; Panityakul, Mahmood,
Ali, & Aslam, 2021; H. Y. Zhang, Wei, & Chen, 2022)
and Dombi operations (Akram, Khan, & Saeid, 2021;
Jana, Muhiuddin, Pal, & Al-Kadi, 2021; Khan, Liu,
Mahmood, Smarandache, & Ullah, 2018; Qiyas,
Abdullah, Chinram, & Muneeza, 2022; Ullah et al.,
2021).
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and, and let IVIFDWHM: Q" — Q , if
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Then the properties of IVIFDWHM are listed (Wu et al.,
2020).

Property 1. (Idempotency) If
([aj, J] [Cj,d }) 1_1,2,...,n):é are
equal, then

IVIFDWHMP(4,,4,,....4)=4 (8)

Property 2. (Monotonicity) Let

a=([ab; [c;.d;])(i=12....n)  and
) =([a).b; ] [c).dj ])(i=12...,n) e

IVIFNs. If &, Sa},bj sbjf and C; 2c],dj zd;

hold for all J , then

IVIFDWHM?* ( ,a,,

v

|V|FDWHMpq( . a )
9)

Property 3. (Boundedness) Let
8 =([a;.b; .[c;,d; ])(i=12.....n) be
IVIFNS.
If
g :[qm?x(aj),m?x(b )} [mln(c ) mln(d )Dj
and

o ([t ot [t )]

i <IVIFDWHM?"(&,,4,,...,d,) <&  (10)
In the following, the interval-valued intuitionistic
fuzzy Dombi power Heronian mean (IVIFDPHM)
operator is built on IVIFDWHM operator (Wu et al.,
2020) and power average operator (Yager, 2001).

X. Linetal.

Definition 8. Let & =([a,b;],[c;.d;]) be IVIFNs
then the IVIFDPHM is:

IVIFDPHM®4(4,,4,,...,4,)

(1+7(a)) il e
(2T @)
- od|
n(n+1) i=tj=i a
(1+T(éi)) 5
>(ae7(a)
(11)

T(4,)= Sup(4,.4;). and Sup(4,.a;)

is the support for c’?la from éj , with the given
conditions:

(1)  Sup

measure.

Based on the operations of the IVIFSs described, we
can drive the Theorem 1.

Theorem 1. Let be 4 :([aj,bj][cj,dj]) be IVIFNS,

then the aggregated value by IVIFDPHM operator is
also an IVIFNs, and
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IVIFDPHM"* (4, ,4,,...,4,)
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T(aa)=ﬁ3up(aa,aj) . and Sup(&,,d;) is
-
a#j

the support for a, from &

i with the given

conditions:

(1)Sup(&,.4;) <[0.1]:

)
(2)Sup(8,,4,)Sup(8,.d, ):
(a..4,)

(

measure.

It can be easily proved that the IVIFDPHM operator
has the following properties.

Property 4. (Idempotency) If all éij (J :1,2,---,1‘1)
are equal, i.e., éj =4 forall j,then

IVIFDPHM"* (4, ,4,,...,4, ) =4

Property 5. (Boundedness) Let &, (J :1,2,...,n)
be a collection of IVIFNSs, and let

a =ming;, a" =max§,
] ]

Then
a <IVIFDPHM"" (éi,éz,,@) <a'
(14)
Property 6. (Monotonicity)
Let <uj,éj>(j=],2,---,n) and

<u;,z§;>(j=1,2,---,n) be two set of IVIFNs, if
d; <aj, forall j,then
IVIFDPHMp‘q(éi,éz,---,én)

(15)
< IVIFDWHMP* (&', &),---,&!)

X. Linetal.

Property 7. (Commutativity)
Let c’?lj(jzl,Z,---,n)and é}(jzl,Z,---,n)be

two set of IVIFNSs, then
IVIFDPHMP(&,,4,,-,4,)

= IVIFDWHMP* (&, &),---,&!)

(16)

where éj(j:1,2,~--,n) is any permutation of
& (j=12---n).

4 Model for MADM based on the
I-IVIFDWHM operator with IVIFNs

In this section, we shall investigate the MADM
based on IVIFDPHM operator with IVIFNs. Let

A={A A A be

G :{GI,GZ,---,Gn} be the of attributes. Suppose

that R=(F;) :([a"i’b'i][cii’d”])mxn is the IVIF
decision matrix, 1=21,2,---,m, j=12,---,n.

alternatives, and

In the following, we apply the IVIFDPHM operator to
MADM with IVIFNs. The method involves the
following steps:

Step 1. Utilize the decision information R , and
IVIFDPHM operator

ﬁ:([ai'bi]'[ci’di])

=IVIFDPHM"“(&,,&,,,...,4,)

1) ,
[ BeTe)
= el 7
n(n+1) s=ti=s K
T@)
> e7(4)
17

to derive the overall values f(i:1,2,---,m)for A
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Step 2. Calculate the scores S(F),H (F) of overall
values T; (i =1,2,---,m).

Step 3. Rank all the alternatives A (i =1,2,---,m)
and select the best one(s) in accordance with S (ﬁ)
and H (t’,) (i =1,2,---,m).

Step 4. End.

S5  Numerical example

This section presents a numerical example to evaluate
the energy-saving and emission reduction of thermal
power plants (Adapted from Mu, 2020). There is a panel
with  five  possible thermal power plants
P(i=1234,5) to evaluate. The company selects
four attributes to evaluate the five possible thermal
power plants (Adapted from Mu, 2020): DG; is the
energy-saving system management; @G is resource
and energy consumption; ®Gs is the comprehensive
utilization of resources; @G, is environmental impact.
The five possible  thermal power plants
P(i=12734,5) are to be evaluated using the
IVIFNS, as listed in the following matrix.

([0:23,0.46],[0.34,0.45])
([0.36,0.42],[0.37,0.58])
([0.32,0.41],[0.45,0.54])

)
)

ekl
Il

— — — —

([0.34,0.45],[0.49,0.54]
| ([0.41,0.43],[0.37,0.41]

([0.45,0.48],[0.51,0.52]) (

([0.36,0.39],[0.27,0.33]) ( ]
([0.22,0.26],[0.46,0.49]) ([0.39,0.42],
([0.39,0.42],[0.56,0.58]) ([0.28,0.31]
([0.27,0.31],[0.34,0.38]) (] ]

In the following, we apply the IVIFDPHM operator to
MADM for evaluating the energy-saving and emission
reduction of thermal power plants with IVIFNs. The
method involves the following steps:

,[0.56,0.59]
0.49,0.51],[0.47,0.49]

[0.52,0.65],[0.32,0.35]
[0.43,0.57],[0.42,0.43]
[0.32,0.61],[0.36,0.39]
[0.35,0.47],[0.39,0.41]
([0.31,0.38],[0.41,0.47]

[0.16,0.27],[0.42,0.48])
[0.29,0.32],[0.42,0.47]
[0.29,0.32]
[
[

)
J)
)
)]

)
)
)
)
)
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Step 1. Utilize the matrix R , and IVIFDPHM operator,

the values [, of thermal power plants

P(i=1234,5)are obtain, p=2,q=3.
=([0.18,0.25],[0.42,0.47])

=([0.49,0.56],[0.19,0.24])
=([0.34,0.37],[0.23,0.29])
=([0.42,0.45],[0.23,0.27])
=([0.26,0.29],[0.32,0.39])
=12,

o T TR TR 1Y

il

Step 2. Calculate the scores S () (i

the overall IVIFNs T (i :l,2,-~,5)
S(f)=-0.19,S(f)=058,S(7)=0.36
S(f)=0.435(7)=0.5

Step 3. Rank all the thermal
P(i=12,3,4,5) in accordance

PP =P =P >F,

,5)of

power
with

plants
S(F)
and thus the most desirable

thermal power plantis P,.

In order to show the effects on the ranking results by
changing parameters of p,q in the IVIFDPHM operator,
all the results are shown in Tables 2.

In order to show the superiority of IVIFDPHM operator
and some comparative studies are also given below. The
IVIFDPHM operator is compared with IVIFWA and
IVIFWG operators (Z. X. Su, Xia, & Chen, 2011),
IVIFZA operator, IVIFZG operator (Mu et al., 2018),
IVIFCWA operator (Xian et al., 2017) and I-1IFOWG
operator (Wei, 2010). Eventually, the obtained results
of these selected methods are obtained in Table 3. From

Table 3, the best choice is P, , while the worst choice is

P . In other words, these given methods’ order is

same. Different given methods may tackle MADM from
given different angles.
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Table 2: Ranking results for different parameters of IVIFDPHM operator.

(pa) S(&)  S(R)  S(R)  S(&)  S(F) Order

(1,1) 0.2153 0.4661 0.3431 0.4116 0.305 P>~P>~P>P>P
(3,3 0.2796 0.5238 0.4312 0.4892 0.3902 P>~P>~P>P>P
(5.5) 0.3031 0.5464 0.467 0.5247 0.4241 P~P~P>P>~P
(7,7) 0.3163 0.5601 0.4877 0.5457 0.4436 P~P~P>~P>~P
9,9 0.3251 0.5696 0.5014 0.5594 0.4566 P~P~P>P>~P
(3.4) 0.2874 0.5312 0.4433 0.4995 0.4017 P>~P>~P>P>P
(3,5 0.294 0.5377 0.4536 0.5088 0.4114 P>~P>~P>P>P
(3,6) 0.2998 0.5434 0.4625 0.517 0.4198 P~P~P>P>~P
(4,3) 0.2871 0.5308 0.4422 0.5014 0.4006 P~P~P>P>~P
(5,3) 0.2935 0.537 0.4517 0.512 0.4097 P>~P>~P>P>P
(6,3) 0.2988 0.5424 0.46 0.5211 0.4176 P>~P>~P>P>P

Table 3: The obtained results

Methods order The best choice The worst choice
IVIFWA operator (Z.
X.S Ip2011)( RmR-R-K-h " ;
.Suetal.,
IVIFWG operator (Z.
X.S Ip2011)( R-R-R>R>-F g g
.Suetal.,
IVIFZA operator (Mu et
I2F())18) ( R-h-R-R-R i i
al.,
IVIFZG operator (Mu et
I2r())18) ( RrR-R-R-h i i
al.,
IVIFCWA operator
o P, ~P, PP, P " g
(Xian et al., 2017)
I-IIFOWG operator
(W'2010F)) Rrh-R-R-R § i
ei,
IVIFDPHM operator P~P~P>~P>~P P, P
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5 Conclusion

The problems of evaluating the energy-saving and
emission reduction of thermal power plants are classical
MADM problems. In this paper, the definition of IVIFSs,
HM operator, Dombi operations are introduced and the
IVIFDPHM operator is proposed. Some desirable
properties of this operator are established, such as
commutativity, idempotency and monotonicity. Then, the
IVIFDPHM operator is used to deal with the IVIF-
MADM problems. Finally, an illustrative example for
evaluating the energy-saving and emission reduction of
thermal power plants is given to verify the built approach.
In the future, we shall continue working in the extension
and application of the developed operators to other
domains (Jana, Pal, & Liu, 2022; Kumar & Chen, 2022;
Palanikumar, Arulmozhi, & Jana, 2022; Q. D. Qin, Liang,
Li, Chen, & Yu, 2017; Senapati, Chen, & Yager, 2022;
Yang & Pang, 2022).

References

[1] Akram, M., Khan, A., & Saeid, A. B. (2021).
Complex Pythagorean Dombi fuzzy operators using
aggregation operators and theirdecision-making.
Expert Systems, 38(2), 28. doi:10.1111/exsy.12626

[2] Atanassov, K. T. (1989). More on intuitionistic
fuzzy-sets. Fuzzy Sets and Systems, 33(1), 37-45.
doi:10.1016/0165-0114(89)90215-7

[3] Atanassov, K., & Gargov, G. (1989). Interval valued
intuitionistic fuzzy-sets. Fuzzy Sets and Systems,
31(3), 343-349. doi:10.1016/0165-0114(89)90205-4

[4] Choudhary, A., Nizamuddin, M., Singh, M. K., &
Sachan, V. K. (2019). Energy Budget Based Multiple
Attribute Decision Making (EB-MADM) Algorithm
for Cooperative Clustering in Wireless Body Area
Networks. Journal of Electrical Engineering &
Technology, 14(1), 421-433. doi:10.1007/s42835-
018-000006-8

[5] Dombi, J. (1982). A general-class of fuzzy operators,
the demorgan class of fuzzy operators and fuzziness
measures induced by fuzzy operators. Fuzzy Sets and
Systems,  8(2), 149-163. doi:10.1016/0165-
0114(82)90005-7

[6] Fan, J. P, Yan, F., & Wu, M. Q. (2021). GLDS
method for multiple attribute group decision making
under 2-Tuple linguistic neutrosophic environment.
Journal of Intelligent & Fuzzy Systems, 40(6),
11523-11538. doi:10.3233/ifs-202748

[7] Gulistan, M., Mohammad, M., Karaaslan, F., Kadry,
S., Khan, S., & Wahab, H. A. (2019). Neutrosophic
cubic Heronian mean operators with applications in
multiple attribute group decision-making using
cosine similarity functions. International Journal of
Distributed ~ Sensor  Networks,  15(9), 21.
doi:10.1177/1550147719877613

Informatica 46 (2022) 97-110 107

[8] Hara, Y., Uchiyama, M., & Takahasi, S. E. (1998). A
refinement of various mean inequalities. Journal of
Inequalities and Applications, 2(4), 387-395.
Retrieved from <Go to
ISI>://W0S:000077913200007

[91 Huang, Y., Lin, R., & Chen, X. (2021). An
Enhancement EDAS Method Based on Prospect
Theory. Technological and Economic Development
of Economy, 27(5), 1019-1038.

[10] Jan, N., Zedam, L., Mahmood, T., Ullah, K., & Ali,
Z. (2019). Multiple attribute decision making
method under linguistic cubic information. Journal
of Intelligent & Fuzzy Systems, 36(1), 253-269.
doi:10.3233/jifs-181253

[11] Jana, C., Muhiuddin, G., & Pal, M. (2019). Some
Dombi aggregation of Q-rung orthopair fuzzy
numbers in multiple-attribute decision making.
International Journal of Intelligent Systems, 34(12),
3220-3240. doi:10.1002/int.22191

[12] Jana, C., Muhiuddin, G., & Pal, M. (2020). Multiple-
attribute decision making problems based on
SVTNH methods. Journal of Ambient Intelligence
and Humanized Computing, 11(9), 3717-3733.
doi:10.1007/512652-019-01568-9

[13] Jana, C., Muhiuddin, G., Pal, M., & Al-Kadi, D.
(2021). Intuitionistic Fuzzy Dombi Hybrid Decision-
Making Method and Their Applications to Enterprise
Financial Performance Evaluation. Mathematical
Problems in Engineering, 2021, 14.
doi:10.1155/2021/3218133

[14] Jana, C., & Pal, M. (2021). A dynamical hybrid
method to design decision making process based on
GRA approach for multiple attributes problem.
Engineering Applications of Artificial Intelligence,
100, 10. doi: 10.1016/j.engappai.2021.104203

[15] Jana, C., Pal, M., & Liu, P. D. (2022). Multiple
attribute dynamic decision-making method based on
some complex aggregation functions in CQROF
setting. Computational & Applied Mathematics,
41(3), 28. doi:10.1007/s40314-022-01806-5

[16] Janous, W. (2001). A note on generalized Heronian
Means. Mathematical Inequalities & Applications,
4(3), 369-375. Retrieved from <Go to
ISI>://WOS:000169875600005

[17] Ju, Y. B,, Liu, X. Y., & Ju, D. W. (2016). Some new
intuitionistic linguistic aggregation operators based
on Maclaurin symmetric mean and their applications
to multiple attribute group decision making. Soft
Computing, 20(11), 4521-4548.
doi:10.1007/s00500-015-1761-y

[18] Khan, Q., Gwak, J., Shahzad, M., & Alam, M. K.
(2021). A Novel Approached Based on T-Spherical
Fuzzy Schweizer-Sklar Power Heronian Mean
Operator for Evaluating Water Reuse Applications
under Uncertainty. Sustainability, 13(13), 35.
doi:10.3390/su13137108

[19] Khan, Q., Liu, P. D., Mahmood, T., Smarandache, F.,
& Ullah, K. (2018). Some Interval Neutrosophic



108

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

Informatica 46 (2022) 97-110

Dombi Power Bonferroni Mean Operators and Their
Application in Multi-Attribute Decision-Making.
Symmetry-Basel, 10(10), 32.
doi:10.3390/sym10100459

Kumar, K., & Chen, S. M. (2022). Multiple attribute
group decision making based on advanced linguistic
intuitionistic fuzzy weighted averaging aggregation
operator of linguistic intuitionistic fuzzy numbers.
Information  Sciences, 587, 813-824. doi:
10.1016/j.ins.2021.11.014

Li, X. H., & Chen, X. H. (2018). D-Intuitionistic
Hesitant Fuzzy Sets and their Application in Multiple
Attribute Decision Making. Cognitive Computation,
10(3), 496-505. doi:10.1007/s12559-018-9544-2
Liu, P. D, & Wang, D. Y. (2022). An Extended
Taxonomy Method Based on Normal T-Spherical
Fuzzy Numbers for Multiple-Attribute Decision-
Making. International Journal of Fuzzy Systems,
24(1), 73-90. doi:10.1007/s40815-021-01109-7

Lu, J. P, Zhang, S. Q., Wu, J., & Wei, Y. (2021).
COPRAS method for multiple attribute group
decision making under picture fuzzy environment
and their application to green supplier selection.
Technological and Economic Development of
Economy, 27(2), 369-385.
doi:10.3846/tede.2021.14211

Mu, Ren, Study on construction and application of
evaluation index system for energy conservation and
emission reduction in thermal power plants, Inner
Mongolia University of Science and Technology,
Master's Thesis, 2020.

Mu, Z. M., Zeng, S. Z., & Liu, Q. B. (2018). Some
Interval-Valued Intuitionistic Fuzzy Zhenyuan
Aggregation Operators and Their Application to
Multi-Attribute Decision Making. International
Journal of Uncertainty Fuzziness and Knowledge-
Based Systems, 26(4), 633-653.
doi:10.1142/50218488518500290

Narang, M., Joshi, M. C., & Pal, A. K. (2022). A
Hesitant Fuzzy Multiplicative Base-criterion Multi-
criteria ~ Group Decision Making Method.
Informatica (Slovenia), 46(2), 235-242.
doi:10.31449/inf. v46i2.3452

Ning, B., Wei, G., Lin, R., & Guo, Y. (2022). A novel
MADM technique based on extended power
generalized Maclaurin symmetric mean operators
under probabilistic dual hesitant fuzzy setting and its
application to sustainable suppliers’ selection. Expert
Systems with Applications, 204, 117419. doi:
10.1016/j.eswa.2022.117419

Palanikumar, M., Arulmozhi, K., & Jana, C. (2022).
Multiple attribute decision-making approach for
Pythagorean neutrosophic normal interval-valued
fuzzy aggregation operators. Computational &
Applied Mathematics, 41(3), 27.
doi:10.1007/s40314-022-01791-9

Panityakul, T., Mahmood, T., Ali, Z., & Aslam, M.
(2021). Analyzing and controlling computer security

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

X. Linetal.

threats based on complex g-rung orthopair fuzzy
heronian mean operators. Journal of Intelligent &
Fuzzy Systems, 41(6), 6949-6981. doi:10.3233/jifs-
210870

Qin, J. D., & Liu, X. W. (2016). 2-tuple linguistic
Muirhead mean operators for multiple attribute
group decision making and its application to supplier
selection. Kybernetes, 45(1), 2-29. doi:10.1108/k-
11-2014-0271

Qin, Q. D, Liang, F. Q., Li, L., Chen, Y. W., & Yu,
G. F. (2017). A TODIM-based multi-criteria group
decision making with triangular intuitionistic fuzzy
numbers. Applied Soft Computing, 55, 93-107. doi:
10.1016/j.as0¢.2017.01.041

Qiyas, M., Abdullah, S., Chinram, R., & Muneeza.
(2022). A novel approach on decision support system
based on triangular linguistic cubic fuzzy Dombi
aggregation operators. Soft Computing, 26(4), 1637-
1669. doi:10.1007/s00500-021-06527-1

Ran, H. (2022). Methodology for Interval-Valued
Intuitionistic Fuzzy Multiple Attribute Decision
Making and Applications to Performance Evaluation
of Sustainable Microfinance Groups Lending.
Informatica (Slovenia), 46(8), 11-28.
doi:10.31449/inf. v46i8.4355

Rawat, S. S., & Komal. (2022). Multiple attribute
decision making based on g-rung orthopair fuzzy
Hamacher Muirhead mean operators. Soft
Computing, 26(5), 2465-2487. doi:10.1007/s00500-
021-06549-9

Seikh, M. R., & Mandal, U. (2021). Some picture
fuzzy aggregation operators based on frank t-norm
and t-conorm: Application to MADM process.
Informatica (Slovenia), 45(3), 447-461.
doi:10.31449/inf. v45i3.3025

Senapati, T., Chen, G. Y., & Yager, R. R. (2022).
Aczel-Alsina aggregation operators and their
application to intuitionistic fuzzy multiple attribute
decision making. International Journal of Intelligent
Systems, 37(2), 1529-1551. doi:10.1002/int.22684
Shahbazova, S. N. (2013). Decision-making in
determining the level of knowledge of students in the
learning process under uncertainty. Informatica
(Slovenia), 37(3), 339-343.

Song, H. B., & Geng, Y. S. (2021). Some Single-
Valued  Neutrosophic ~ Uncertain  Linguistic
Maclaurin Symmetric Mean Operators and Their
Application to Multiple-Attribute Decision Making.
Symmetry-Basel, 13(12), 22.
doi:10.3390/sym13122322

Su, C. H,, Tzeng, G. H., & Hu, S. K. (2016). Cloud
e-learning service strategies for improving e-learning
innovation performance in a fuzzy environment by
using a new hybrid fuzzy multiple attribute decision-
making model. Interactive Learning Environments,
24(8), 1812-1835.
doi:10.1080/10494820.2015.1057742

Su, Z. X., Xia, G. P, & Chen, M. Y. (2011). Some



An Integrated Method for Evaluating the Energy-Saving...

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

induced intuitionistic fuzzy aggregation operators
applied to multi-attribute group decision making.
International Journal of General Systems, 40(8),
805-835. doi:10.1080/03081079.2011.607448

Tang, J., & Meng, F. (2018). An approach to interval-
valued intuitionistic fuzzy decision making based on
induced generalized symmetrical Choquet-Shapley
operator. Scientia Iranica, 25(3), 1456-1470.
doi:10.24200/s¢i.2018.5026.1049

Tehreem, Hussain, A., & Alsanad, A. (2021). Novel
Dombi Aggregation Operators in Spherical Cubic
Fuzzy Information with Applications in Multiple
Attribute Decision-Making. Mathematical Problems
in Engineering, 2021, 25. doi:10.1155/2021/9921553
Ullah, K., Garg, H., Gul, Z., Mahmood, T., Khan, Q.,
& Ali, Z. (2021). Interval Valued T-Spherical Fuzzy
Information Aggregation Based on Dombi t-Norm
and Dombi t-Conorm for Multi-Attribute Decision
Making Problems. Symmetry-Basel, 13(6), 26.
doi:10.3390/sym13061053

Verma, R., & Sharma, B. D. (2013). Intuitionistic
fuzzy jensen-renyi divergence: Applications to
multiple-attribute decision making. Informatica
(Slovenia), 37(4), 399-409.

Wang, Q. F., & Sun, H. N. (2018). Interval-Valued
Intuitionistic Fuzzy Einstein Geometric Choquet
Integral Operator and Its Application to
Multiattribute Group Decision-Making.
Mathematical Problems in Engineering, 2018, 11.
doi:10.1155/2018/9364987

Wang, S., Wei, G., Lu, J., Wu, J., Wei, C., & Chen,
X.(2022). GRP and CRITIC method for probabilistic
uncertain linguistic MAGDM and its application to
site selection of hospital constructions. Soft
Computing, 26(1), 237-251.

Wang, S. F. (2017). Interval-valued intuitionistic
fuzzy Choquet integral operators based on
Archimedean t-norm and their calculations. Journal
of Computational Analysis and Applications, 23(4),
703-712. Retrieved from <Go to
ISI>://W0S:000392909200010

Wei, G. W. (2010). Some induced geometric
aggregation operators with intuitionistic fuzzy
information and their application to group decision
making. Applied Soft Computing, 10(2), 423-431.
doi: 10.1016/j.as0¢.2009.08.009

Wu, L. P, Wei, G. W.,, Wu, J., & Wei, C. (2020).
Some Interval-Valued Intuitionistic Fuzzy Dombi
Heronian Mean Operators and their Application for
Evaluating the Ecological Value of Forest Ecological
Tourism Demonstration Areas. International Journal
of Environmental Research and Public Health, 17(3),
31. doi:10.3390/ijerph17030829

Xian, S. D., Dong, Y. F., & Yin, Y. B. (2017).
Interval-valued intuitionistic fuzzy combined
weighted averaging operator for group decision
making. Journal of the Operational Research Society,
68(8), 895-905. doi:10.1057/s41274-017-0241-4

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

Informatica 46 (2022) 97-110 109

Xu, W. H., Shang, X. P., & Wang, J. (2021). Multiple
attribute group decision-making based on cubic
linguistic Pythagorean fuzzy sets and power Hamy
mean. Complex & Intelligent Systems, 7(3), 1673-
1693. doi:10.1007/s40747-020-00255-z

Xu, Z.-S., & Chen, J. (2007). Approach to group
decision making based on interval-valued
intuitionistic ~ judgment  matrices. Systems
Engineering-Theory Practice, 27(4), 126-133.

Xu, Z. S., & Chen, J. (2007, Aug 24-27). On
geometric ~ aggregation ove interval-valued
intuitionistic fuzzy information. Paper presented at
the 4th International Conference on Fuzzy Systems
and Knowledge Discovery, Haikou, PEOPLES R
CHINA.

Xu, Z. S.,, & Yager, R. R. (2008). Dynamic
intuitionistic fuzzy multi-attribute decision making.
International Journal of Approximate Reasoning,
48(1), 246-262. doi: 10.1016/].ijar.2007.08.008
Yager, R. R. (2001). The power average operator.
IEEE Transactions on Systems, Man, and
Cybernetics-Part A, 31(6), 724-731.

Yahya, M., Abdullah, S., Chinram, R., Al-Otaibi, Y.
D., & Naeem, M. (2021). Frank Aggregation
Operators and Their Application to Probabilistic
Hesitant Fuzzy Multiple Attribute Decision-Making.
International Journal of Fuzzy Systems, 23(1), 194-
215. doi:10.1007/s40815-020-00970-2

Yang, W., & Pang, Y. F. (2022). T-Spherical Fuzzy
Bonferroni Mean Operators and Their Application in
Multiple Attribute Decision Making. Mathematics,
10(6), 33. doi:10.3390/math10060988

Ye, J. (2016). Interval Neutrosophic Multiple
Attribute Decision-Making Method with Credibility
Information. International Journal of Fuzzy Systems,
18(5), 914-923. doi:10.1007/s40815-015-0122-4
Zadeh, L. A. (1965). Fuzzy sets. Information and
Control, 8(3), 338-356.  doi:10.1016/s0019-
9958(65)90241-x

Zhang, H. Y., Wei, G. W., & Chen, X. D. (2022).
Spherical fuzzy Dombi power Heronian mean
aggregation operators for multiple attribute group
decision-making. Computational &  Applied
Mathematics, 41(3), 54. doi:10.1007/s40314-022-
01785-7

Zhang, Z. M. (2016). Several New Interval-Valued
Intuitionistic Fuzzy Hamacher Hybrid Operators and
Their Application to Multi-Criteria Group Decision
Making. International Journal of Fuzzy Systems,
18(5), 829-848. doi:10.1007/s40815-015-0113-5
Zhang, Z. M. (2017). Interval-valued intuitionistic
fuzzy Frank aggregation operators and their
applications to multiple attribute group decision
making. Neural Computing & Applications, 28(6),
1471-1501. doi:10.1007/s00521-015-2143-1

Zhao, M., Gao, H., Wei, G., Wei, C., & Guo, Y.
(2022). Model for network security service provider
selection with probabilistic uncertain linguistic



110

Informatica 46 (2022) 97-110

TODIM method based on prospect theory.
Technological and Economic Development of
Economy, 28(3), 638-654.
doi:10.3846/tede.2022.16483

X. Linetal.





