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The process of identifying the most appropriate robot for a particular industrial
task has grown challenging and more difficult in the fast-paced environment. It
is merely driven by the complex evolution and continuous integration of
modern characteristics and advanced features by various suppliers. Industrial
robots are now widely available in the marketplace, each possessing a
distinctive collection of skills, attributes, and requirements. However, the
selection of optimal robots is heavily influenced by factors such as the
manufacturing environment, product design, production system, and overall
cost considerations. These factors directly impact the decision-making process.
The ultimate goal for the decision maker is to pinpoint and choose the most
suitable robot, capable of delivering the desired output while minimizing costs
and catering to the specific requirements of the industry. So, to consider it, in
this paper, the hybrid structure of the Aczel-Alsina (AA) and Bonferroni mean
(BM) operators for interval-valued intuitionistic fuzzy (IVIF) environment has
been proposed, which can show the interrelationship between the multiple
criteria and assist the expertise in decision-making (DM) process. Moreover,
the algorithm and methodology for the multi-criteria group decision-making
(MCGDM) problem have been defined which is further utilized by solving a real-
world problem to demonstrate the effectiveness and validity of the proposed
method. At last, the comparison analysis between prior and proposed studies
has been displayed, and then followed by the conclusion of the result.

1. Introduction

In 2012, ISO-Standard 8373 defined a robot as a programmable, actuated device that is capable
of moving independently, in two or more directions within its surroundings to execute predefined
activities [1]. So, an industrial robot is considered a programmable manipulating device that acts as
a bridge between the automated machine designed for carrying out specific tasks and laborious tasks
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which are capable of performing a wide range of job functions [2] while the other features of
industrial robots contribute to its overall utility in which it included its DM ability, its ability to interact
with other machines, and its potential to react different sensory information. All these features
contribute to it being a crucial instrument across a wide spectrum of industrial tasks such as handling
material, assembling components, completing finishing work, machine loading, applying spray paint,
and conducting welding. When selecting an industrial robot for a specific task, certain key factors
must be carefully considered in which it includes control resolution, the accuracy of the robot,
repeatability, load-carrying capacity, degrees of freedom, interfacing of human-machine capabilities,
programming flexibility, maximum tip speed, memory capacity, and the quality of service provided
by the supplier. All these features are classified into cost type and benefit type attributes which
means that all quantifiable features such as cost, and load-carrying capacity are included in cost type
while others such as memory capacity, programming flexibility, etc. belong to benefit type attributes.
The selection of an industrial robot for a specific task requires a comprehensive evaluation of these
attributes as it involves striking a balance between these attributes and the desired performance of
the robot. Numerous methodologies for robot selection have been proposed by expertise in the past
in which it includes the application of multi-criteria decision-making (MCDM) techniques [3],
optimization models for production system performance [4], computer-assisted models [5], and
statistical models [6] etc. Many experts such as Magrini et al., [7] proposed the coexistence of human
robots and their interaction, and Javaid et al., [8] defined the substantial capabilities of robots.

In real-life scenarios, we often encounter situations marked by vagueness, imprecision, and
ambiguity in which the effective DM demands a systematic approach, involving collection of data,
risk assessment, consultation with experts, and the ability to adapt as circumstances unfold. To deal
with such kind of vagueness and uncertainties, Zadeh [9] introduced the fuzzy set (FS) in 1965 which
can deal with the membership value (MV) of the objects and assists the expertise in the DM problem
by reducing the vagueness of objects but in everyday life, we encounter both positive and negative
aspects of the various object which make this theory unreliable. So, by considering this, Atanassov
[10] introduced the concept of intuitionistic fuzzy set (IFS) which can deal with the MV and non-
membership value (NMV) of the object and provides the expertise and more reliable theory that
helps them in DM problem in a more precise manner but also has some limitations i.e. sum of its MV
and NMV is lying in between [0, 1]. As time goes on, the expertise faces challenges to deal with the
problems that are defined by the MV and NMV as sometimes, it cannot characterized by quasi-exact
values [11]. So this theory was extended into the interval-valued intuitionistic fuzzy set (IVIFS) by
Atanassov [12] which makes it more enhanced as it deals with the duplet over the interval and the
sum of its upper bounds in [0,1].

In the context of MCGDM problems, there are generally two principal methodologies involved.
The first approach involves the use of conventional techniques such as TOPSIS, VIKOR, ELECTRE, etc.
These conventional methods have been established over time and are commonly used for DM where
multiple criteria need to be considered. The other one, an alternative, and more efficient approach
involves the use of Aggregation Operators (AOs) for handling the DM challenges. AOs have
demonstrated superiority over traditional methods for several reasons. Unlike traditional techniques
that primarily yield ranking results for the alternatives, AOs have the distinct advantage of providing
complete values for each of the alternatives in addition to the ranking outcomes. This capability of
offering both ranking and precise quantitative values for alternatives is a valuable feature, as this
comprehensive information enables the expertise to make decisions more precisely in complex
decision scenarios. Moreover, recent research and academic endeavors have led to a heightened
focus on AOs within the MCGDM domain. Researchers and scholars have recognized the potential of
AOs to contribute significantly to the understanding and resolution of complex decision problems
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involving multiple criteria. Detyniecki [13] introduced the fundamentals of AOs, Yager [14] introduced
the concept of prioritized AOs, Akram et al., [15] proposed the prioritized weighted AO, Senapati et
al., [16] proposed the AA AOs, Zhang et al., [17] introduced the Frank power (FP) AOs, Seikh et al.,
[18] defined the Dombi AO, Liu [19] proposed the Hamacher AO, Irvanizam et al., [20] proposed the
harmonic and arithmetic mean operator, Rahim et al., [21] proposed quasring AO, Dong et al., [22]
suggested the family of AO. Further, Yao and Guo defined [23] AO for decision-making analysis,
Hezam et al., [24] defined the geometric AO, and Attaullah et al., [25] proposed the Fermantean AO
for hesitant rough values. However, all these operators are unable to show the relation between the
multiple criteria in the DM problems. So, for this, Yager [26] introduced the AO which is named as
Bonferroni mean operator (BM) can show the relationship between the multiple criteria. Further BM
is extended into power Bonferroni mean AO [27], Bonferroni prioritized AO [28], and geometric
Bonferroni mean operator (GBM) [29], etc.

MCGDM is indeed a widely applicable problem-solving framework encountered in various
disciplines including business and management, medicines and healthcare, engineering, social
sciences, information technologies, political sciences, etc. It arises in situations where decision-
makers need to consider multiple conflicting criteria to make precise and balanced decisions. So, to
consider it, multiple researchers utilize different t-norms with the BM AO to resolve the multiple
conflicting criteria including [30-34] but all these approaches do not define the information within
the interval. So, by considering this, in this paper, we will introduce the concept of AABM AO which
is the hybrid structure and form by combining the AA and BM AOs for the IVIF set and gives the more
efficient and precise results. Briefly, the purpose of this paper appears as follows:

i. Tointroduce a novel approach to MCGDM by using the AABMAO for the IVIF set.

ii. Toexplore fundamental characteristics and attributes of the suggested theory and determine the
suitable approach for managing DM algorithms.

iii. Toillustrate that this theory enhances adaptability and efficiency as it is a hybrid structure formed
by combining the AA and BM theory and shows the most desirable outcomes.

iv. To demonstrate its superiority as the most versatile approach through a comparative analysis
with existing information and discuss a thorough examination of the proposed work's validity.

v. To provide a comprehensive analysis of the proposed approach's properties, efficiency, and
flexibility compared to existing methods.

The paper outlines its structure, indicating that some basic definitions and fundamental operators

are reviewed in Section 2. In section 3, we introduced AABM AO for the IVIF environment, along with

theorems and properties, section 4 consists of an MCGDM algorithm and methodologies defined for

solving the DM problem, and the illustration of a real-world application to validate the proposed

work, followed by a comparative analysis with prior theories is discussed in Section 5 and 6

respectively.

2. Preliminaries
In this section, we will discuss some fundamental concepts of the IVIF set and discuss some of its
properties. For a better understanding of this paper, we will also discuss the t-norm, t-conorm, AA,
and BM operators.
Definition 1 [35]: Let U be the universe of discourse and @ € U. Then, an IVIFSY on U is defined
as:
Y:{{a, (tr (), Frr (@) | € U)} (1)
Where t,(a) and f,-(a) are in the form of closed interval whose upper and lower bound is
denoted by ty (), ty ()7, () and £y (o)~ and defined as:
Y = {a, ([t ()7, & ()], [y (O, fy () "D € U} (2)
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Such that 0 < ty ()™ + (@)t < 1and t (), - ()~ = 0.
For a € U, we can also compute the hesitancy degree £, (a) of an IVIFS, defined as:

Ay (@) =1 -ty (a) — iy (@)

=[1 -ty ()" = ()", 1 -t ()™ — ()~ ] (3)
Definition 2 [35]: Consider ¥; = (tty;f(a),ifyf(a)) ; (7 =12,..,N) be a two IVIFS s.t ty,;(a) =

[ty; (@)™, ty;(@)*] and fy; (@) = [fy; (), Fy; ()], then
[{tn ()7 + by (@)™ — by ()7 by (0()_;]
ty1 () + 2 () =ty (O™ by () 1
[fy1 ()~ fy2 ()7, fyq (@) F. iy () *]
[ty1 ()™ 2 ()7, g (@) F. typ () *],
2) I ®Y, =| [fyr1(c)™ + fyp()™ — iy (). Fyp ()7, (2)
fyq (@) F +fy2 (@ F — g (@ F. fyp () *
3) kl; = ([1 - (1 -ty ()71 - (11— 3)
ty1 () ], [(Fy1 (@))%, (Fyr1 ()]
4) 11" = ([t (@) (1 (@) [1 = (1 = fyy (@)1 - (1= (4)
fy1 () ™) ]
Definition 3 [36]: Consider ¥ = (ttYl (a), fyq (oc)) s.t tyq () = [ty ()7, tyy (@) ] and £y (@) =
[y, ()7, 1 () *] be an IVIFS, then the score function, accuracy function A, and hesitancy degree
index Hy is defined as:

1
Sy == My + () =y ()™ = fyy()™) € [-1,1]

1) Y, = (1)

(5)

2

1
Ay =5 Cr1(@7 + by (W7 =1 (07 = Fr1(0™) € [-1,1] (6)
Hy = 1 (@F + fr1 (0" — tyg (@7 — g (0)7) € [-1,1] (7)

C. Bonferroni was the first who define the BM operator which is used to indicate the interrelation
between the different values.

Definition 4 [37]: Consider Y; = (tty,(a),ﬁy,(a)); (4 =1,2,...,N) consists of R*and £,m > 0.

Then, the AO is defined as:
1

BMO™ (Y Yy ) = (@ vy ) (8)
112, s IN N(N _ 1) ?;;‘i—@ Y9
Which is called the BM operator.

Definition 5 [38]: Consider ¥; = (ttyf(a),fyf(a)) st by () = [ttyj(a)‘,ttyf(a)‘“] and ffy;(a) =

[Ify;(a)‘, [fyj(a)Jf]; (4 = 1,2,...,N) consists of Rtand #,71 > 0. Then,
1
+m

1
IVIEFBM!™ (Y, Y, ...Yy) = | ———| ®N ... (Y QY™ (9)
(1 2 N) NN —1) @z;i%l(;ﬂ(g@)

Which is called the interval-valued intuitionistic fuzzy Bonferroni mean (IVIFBM) operator.

2.1 Aczel-Alsina Operations of IVIFS
Aczel and Alsina introduced the concept of AA t-norm (']I‘%) and t-conorm (Sg) which
P/%€[0,00] P/%€[0,00]

is defined as:
Definition 6 [39]: AA t-norm (Té)ge[o o] is determined by
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TD(X'y) ; g = O

min(x,y) ;3= (10)

T3 (x,y) = \
exp~ (MMM - rherwise

When % = 1, it becomes an algebraic t-norm.

And
7 . .
AA t-conorm (Sp)ge[o,oo] is determined by
SD(X’ y) ; ?) =0
V(Xy) ;5= (11)

S3(x,y) = )
1 — exp~ (I A=+ A-vD3 . Heperwise

When % = 1, it becomes algebraic t-conorm and V % € [0, 00],'11‘2 and Siare the dual of each

other.
Definition 7 [16]: Consider ¥; = (ttYl(oc),IFn(oc)) and ¥, = (ttyz(a),[fyz(a)) be a two IVIFS,

st3=21, p>0 andty,(a)= [ttyj(oc)_,ttyj(a)“L] sy () = [Ify;(a)_, Ify;(a)J“]. Then, the

operations of ']I‘% and Si is defined as:

1
1— @xp—((—ln (1=ty1 (@ ))3+(=In (1—tty2(a)‘))5)§,

1
1 — exp~((-In A=ty (@*)¥+(-In (1—rtn(a)+))3)?l

exp~ (10 @y (073 (=In (frz(@™)H? (12)
1
@mf«4MMﬂ®ﬂﬁﬂ4MMﬂmﬂﬁﬂ
Where exp represents the exponential function.
i. Y1 =
1 1
l@xp—«—hlwyuayvﬁ+(—m(nqam-»%?,@xp—«—nlmyﬂardﬁ+<—m<n7«0+»®?l
1
1 — exp~(-In A=fra(@7)¥+(=In (1=frz(@"NH3 (13)
1
1 — exp~ (710 A=fra(@*)i+(-In (1-fra(@*)H3
1 1
ll__@xp—um—m(rmyuardﬁﬁ,l__@xp—um—m(rmyﬂaﬁvﬁﬁl,
i, py, = N N
l@xp—um—h1myuarvﬁﬁ,@xp—um—m(mq«o+»%%l (14)
1 1
‘éxp4m4nmnmrnﬁiexp%m4nwnmﬁ»%ﬂ,
v %= : : (15)
1 — exp~WER Q=@ | _ gyp=(k(-In (1—ffn(oo+))3)3l

Theorem 1: Consider ¥; = (tty,(oc),ﬁy,(a)) ; (7 =1.2,...,N) be a collection of IVIFSs, s.t ty,;(a) =

[EY;;(G)_;&Y;'(O()*'] and ffy;(a) = [Ify,'(oc)_,ffyf(a)*'].Then,
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. Yéon=noér (16)
i YQV,=Y,Q07Y (17)
ji. u(d ) =ul; oY, u>0 (18)
iv. (g + )Y = WY + pY, g, p0 >0 (19)
v. FQrHt=mH*R ()4 u>0 (20)
vii. Y @ Y#2 = yWi+u2) 1y, >0 (21)

3. Aczel-Alsina Bonferroni Mean Operator based on IVIFS
In this section, we present Interval-valued Intuitionistic fuzzy Aczel-Alsina Bonferroni mean
(IVIFAABM) averaging AOs by using AA operations.

Theorem 2: (ldempotency) Consider ¥; = (tty,(oc),ﬁy,(oc)); (7=1,2,..,N) be a two IVIFS s.t

ty; (@) = [ty; ()7, ty;(*] and fy;() = [fy; (@), fr;()*], 5=1 andu>0. Then, the

accumulated value by using IVIFAABM is also an IVIFS.
1

+m
AABM®™ (Y, Y, ..., Yy) = ! Nom1 (Y@ Y™
IVIFAABM*™ (Y., Y5, ..., Yy) = NV =D Dpqa-1 (Vi ® Y7) (22)
»%q

Proof: Let Y} and ¥,™ be the two IVIFS. Then, by using definition 7;
1 1

Y! = <@xp—(€(—ln (Erp@NHE 1 _ gp=(A(-In (1—ffy,](a>))3)%>

1 1
{ exp~ 10 Crp @ DHE gr=(e(-In (tyﬁ(aﬁ)ﬁ)il , \

7 1
1 — exp~ (¢ A-Trp@™)H? 1 _ gyp=(¢(-In (1—Eyp(a)+))3)gl

\

1 1
Y = (exp—m(—ln (Erg@)H3 | _ gyp=(m(-In (1—ffm<oo))3>3>

1 1
[@xp—(m(—ln (trg (D793 gyp=(m(=n (ttm(am)%)%l ,

7 1
[1 — exp~ (MmN (=frg(@™ )3 1 _ gypy=(m(-In (1-ffm(a)+))§)zl

7 1
v, Q1" = <@xp‘“’(‘“‘ (trp(@)H3 | _ @yp=((-In (1—1ry;,<a>>)3)%>

1 1
—(m(=1n (tyg(@)H3I 1 _ —(m(=In (1~fy4(c)))%)3
Q | exp ,1—exp
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_\3 N % +\3 “In Ot 3 %
I@xp@(ln(tyﬁ(a) ))+m(—ln(ﬂ:y¢(0() ))) '@xp—<t’(—ln(tty37(a) ))+m( In(tyg (o) ))) ]’

ON|

-\3 —\3 "3 Cn(1— O+ %
ll _ @xp_<‘”(_ln(1‘ﬁ1’ﬁ(°‘) ))"'m(‘ln(l—ifm(a) ))) 1 @xp—<{’(—1n(1—1fy;,(a) ))+m( In(1~fy4 () ))) ‘

1
1 3 3
kzz@f [ oot )))
1-| exp \ \
_/ZZ.@=1i/ln(l—exp_<€(_ln(wp(a) )>+m ~In QY%(“)+ >z\|\i\\
s o= |1 J))
r*a 1—]| exp

)

@xp_<[(_ln(ﬁyﬁ(O‘)+)g)+m(‘1“(fm(a)+)g)>g‘

P*49

1
N(N —1) (EBZ'%‘l ¥ ® Y«Z")) = (S, T1)

Where
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1 —exp

1—exp

“INN-D

TINN-D

—-In

—In

exp

N
2 a=1 lni 1—-exp

(o
I\zpm \

/ 1
/ 3
|
| 2N 4=l 1| 1-exp
»*q

_<€<_1n(¢yﬂ,(a)+)g>+m(_1“(ty‘l(“)Jr)g))

_({<—1n(tty;7(a)_)g)+m<—ln(ﬁ]/'@(0()_)3>>

~———

D ——

[95]
N
N[ R

o8|

ON| =
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Where

Sz

[

- ZZ,@=1i In

Pr*q

1 \

TINV=D exp

1—-exp

= exp

Lm<f<m(w<«>f)w(m(ww>3>>

1
3

|

N~

3

|

1
3

(ST

O] =
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N
1
( / Y AN \
N I —|¢ —ln([ty;,(ot) ) +m —ln(ttytl(ot) ) I
-| Zp,g=1| In| 1—exp |
»24 \ /l
- m —In| 1-1-| exp
1
- m —-In 1—®xp
= €xp
1
1 3\ 3
3
1 —<€(—ln(ffyﬁ(oc)_)g>+m<—ln(1fy@(oc)_)g>>
BICED) —In| exp
1
| 75 —In| 1—exp
T, =1—exp
1
1 \3
3 RN
. - ¢ —ln(ffyl,(ot) ) +m —ln(ﬁyg(a) )
- m —In| exp
1
ol —Inj 1—-exp
T, =1—exp

Remark: Idempotency property does not hold for Theorem 1.

ON| =
o
ON| =

N

ON| =
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Theorem 3: (Monotonicity) Consider ¥; = (tty,(oc) Ifyt,,(oc)) and ¥}’ = (ty; (), fiy; (0)); (7 =

1,2,.,N) be a two IVIF sets st T (0= [ttyf(oc) ,tty,(a)Jr] and ffy;(a) =
[ﬂ:yf’(a)_, ﬂ:yf*(a)-’-] where {tyj(a) < {tyj(a), ; ﬂ:y](a) > ﬂ:yj(a)l; v j’, then

IVIFAABM®™(Y,,Y,, ..., Yy) < IVIFAABME™(Y 'Y 5/, .., Y ) (23)
Proof: As ty; () < ty; ()’ and fy; () = fy; ()’ ¥ 7, then
1
1 1 \NGV-D
®;V7 g=1|1— <@xp—({’(—ln (tty;{,,,(a)))%)%) <@xp_(m(_1n (ttyM(a))ﬁﬁ)
P*49

1
N(N-1)

1 1
S (exp—a’(—ln (ttm,’(w))%)%) (exp—m(—ln o (a)))3)3>
P*4q

N(N-1)

1
1 1
- ( & [ 1- <@xp—w<—1n (my;,,<a>>)%)%> <@xp_(m(_ln a%@))%)z) \
\ p*q /

, 3% N(N 1)
( 1— <@xp‘("(““ (T, (00))%) )\
<1- I QN

».9=1

1
\ vra \ <@.X'p_(m(_ln (tlfm’(a)))?’)?’> /

1—| ®F 4=

1
p~(-In Gy, (a)»%)%) <@xp‘(”‘<‘1“ (trjg (a))ﬁ)?)
»*4

p*4q

=2
R
AN
N~ S~
o
+
3
IA

4

1-1-

1
1 1 \NOV-D)
1-| &Y, @xp —~(¢(-In (ty;, ’(a))ﬁ)?)( xp~ I (t%'(a)))%)z>

1 1
exp~ (I (rfm;,ca)))g)%> 1-1— <@xp—<m<—1n (ffym(a)»%)%> <

' m

1 1
Py o T B _ ', T
11 (exp (¢(-In (" (@) )3) 11 (@xp (m(-n (Frz, @) )3> vy

11
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1
\ N(N-1)

1
(P , T
1-[(1-1- (@xp (6(=1n (fry, (0)*)3

N
®ﬁ‘%=1 m 2

p#*q 1
1-1— (exp_(m(_ln (f%m)))z)z)
1
¢\ N(N-1)
1-1— ( xp~ I (v, (@93 )
®;V7'q)=1 m
»*q , 1
1-1— @xp—(m(—ln GIMCHIDE
1
1\ TFm
. \ N(N-1)
11 ( xp~ ¢ (fry,;,(oo))%)?
1- ®QIJ,CL 1 <
P*q
1-1— @xp ~(m(-In (fr%(a)))%)%
1
m
L I\ N (N 1)
1-1— <@xp—(f(—ln (fw,ﬁ(a)))g)?)
1 - ®;V7'(’l' 1 m
»*q , 1
1-1— @xp—(m—ln (frjy (a)))%ﬁ)
1
1\ TEm
) N N(N-1)
1-l1-1- <@xp—(f(—ln (%(Q)))zﬁ>
11 1-®pg=1 - =
P*q 1
-1 <@xp—(m(—1n (ff%(a)))g)3>
1
1\ T+m
L \ N(N-1)
1-(1-1—- <@xp—<#<—1n (ffm;,’(a)))%)?)
N
I-11-®pg=1 m

p#*q

1
11— <@xp—<m(—1n (ffym’(a))ﬁ)%)

12
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1

1\ Z+m
L N N(N-1)
1-(1-1- <exp‘“’(‘“‘ (Frs, (@)H3
N
1 - 1 - ®37'q)=1 m 2
p*49 1
1-1— <@xp—(m(—ln (ffym(a)))g)%>
1
1\ 7+m
N N(N-1)

1
—(P(— ! T
1-{1-1- <@xp (£(=In (Frz,, (@) )3>
1-]|1-®)4=1 4

p#*q 1
1-1- (@xp_(’M(—ln (ftvm'(a))ﬁﬁ)

1
1 {+m
1 1. \NNV-1)
I —(P(— ) Y - - ) Y I
|1- k&%"lzl 1— <@xp (e(=In (b, (20)) )3><@xp (m(=In (b, (@) )3> ) |
| /

Pr*q
1 +m

/ L f\N(N -1
—(P(— A 53
1-11-1- <@xp (¢(=In (fy;,(0))) )3>

11 1-®pg=1 4

P*q 1
1—1-— <@Xp_(m(_ln (ﬁYj%(a)))gﬁ)

IA

N (N -1)

1 1
1— ®;V9’%=1 1 — <@xp—(f(—1n ([t}f;';,'(a))ﬁﬁ) (@xp_(m(_ln (tygy, (a)))3)3> —_
P*49

1
1 +m
\ N(N-1)

1
—(P(- ! Y
1-(1-1- <@xp (6(=In (frz,, (@) )3>
11 1= ®pg=1 o~

1
11— <@xp—<m(—1n (ffym’(a))ﬁ)%)

Now, consider ¥; = IVIFBM*™(Y 1,Y ,,..,Y y) and ¥}’ = IVIFBM*™(Y ,,Y ,’,...,Y ') be a
IVIFS and the score value of 1} is Sy, and Y;'is Syj, stSy, < Syj'. Then consider the following cases:
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1) If Sy, < Syj’, then

IVIFAABM®™(Y Y », ...,

2) If Syj = Syjl, then

»*49

1 - 1 - ®;V7,%=1
P*49

(

P*q

Y n) < IVIFAABM*™ (Y {',Y ,',...,Y )

1

L O N(N-1)
—(P(— . %
1—-(1-1- (@xp (£(=In (fy;,,(2)))%)3

1
1-1— <@xp—(m<—ln (fr%m)))%)%)

1
| 1- k@v"qzl 1— <@xp (£(-In (ty,, ’(a)))z)%>< xp~ I Gy (@))%

o i R

P*49

1
L \NON-D

1 1
1— ( @, (1 <@xp—<f<—1n (tty,-,jm)))%)%) (exp—m(—ln (%(a)))%)z>

(24)

_1
f+m

ON| =
N—————

1-11-1 _( xp~ I (g, (a)))3)3

1
1-1— <@xp—(m<—ln (Fr, (oo))%)%

As ty; () < ty;(a)" and ffy,; () = fy;(a)" V 7, then

1 1
1-| @1 <@xp (¢(-In (v, <a)))3)%>< xp~ (I (ijﬁi(a)))%)%)

»*4q

1 1
- @1 (exp—af(—ln (my;p'(a>)>3)%) (@xp_(m(_ln (trjg (a)))g)i)

»*q

N(

i
)

£+m
N (N - 1))
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_1
1 +m

L &\ N(N-1)
1—-1— <@xp—(t’(—1n (ffy;;,(a))ﬁﬁ)
m

1-{1-8®%,=
Pr*q
1—1— @xp

1
—(m(=In (fr;, (a)))3)3>

_1
{+m

1
11— (@xp_(m(_ln (Frjg (a))ﬁﬁ)

¢ N(N 1)
(1 —11=1 _( xp =(¢(=In (fyy, (oc)))g)g > \
I 2o
l\ /l

And

1 t+m
N L \NOV=D
v=|1-| @, (1- <@xp—cf(—ln (rtwca)))%ﬁ) <@xp_(m(_ln a%@))%)z) /

»*q
+
1
1\ 7*m
X N N(N-1)
1-(1-1- (exp‘("(““ (Frj, (@))H3
1= 1~ ®a ” =
»*4 1
1-1— <@xp—(m(—ln ar%(a)))z)z)
1
L Trm
1 1 \NOV-D
1—| @Y yer|1- <@xp—<#<—ln (ttm,’m)))?)%) (@xp_(m(_ln (ttym’m)))%)%) n
P*4q
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LA\ NN-1)
—(P(— —fys | 53
1-(1-1- <exp (¢(-In (1=, (@) >3>
1-| 1-®pg=1 "

r*q od
\ 1-1— <(exp_(m(_1n (1-frz, (@) )3>

So,

IVIFAABM®™ (Y ,Y ,,...,Y n) = IVIFAABM*™ (Y ", Y ,', ...,Y §)

Il
N

(25)

Theorem 4: (Commutativity) Consider ¥; = (tty;,-(a),ﬁy;(a)) andY;’ = (ﬂ:y’;‘(a),,ﬁyj(a),); 7=
1,2,..,N) be a assemblage of IVIF sets st ty;(a) = [ty;(0)7,t;(0)*]and fy;(a) =

[Ify;,-(a)_,ffyf(a)’L] where ty; (o) < ty; ()" ; fy; () = ffy;(a)'; V 7, then
IVIFAABM®™(Y 1,Y 5,..,Y §) = IVIFAABM*"(Y ",V ,', ..,Y )

Where (Y {,Y ,',...,Y ') is any permutation of (Y 1,Y 5, ...,Y »).
Proof: As (Y {',Y ,',...,Y \') is any permutation of (Y 1,Y 5, ...,Y ), then
IVIFAABM ™ (Y Y 5, .., Y ) = (IS5, 54 1,[T5, T5])
Where,
Sz

- 22_4=1 In| 1—exp
P*q

B ICED) =In| 1-1—-| exp

T —In| 1—exp

= exp

_<e(—ln(tty;; (a)—)g>+m(—ln(fty% (a)_)3>>

ON| =
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= exp

s —In| 1—-exp
Ty =1—exp
TS =1—exp

1
BRICED)

| —Iln

| —In

./

1-1—| exp \

1
BRICEDI S

1—exp

= IVIFAABM*™(Y ;'Y ,/, ...

Spg=1| In

P*q

S

(

|
Il_

\

exp

exp

(e @) -m(ergcor))

exp

_<€<_1n(fyﬁ(a)_)g)+4n(—4n(ﬁy4(a)—)§>>% j

1
3

_<€<_ln(ﬁm(a)+)3)+m(_1n(rfm(a)+)g>>

’YN,)

1
3

3

\.
)

1
3

3

|
|

O] =

N[ =
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Theorem 5: (Boundedness) Consider ¥; = ({tyj (o), fy; (oc)); (7 =1,2,...,N) be an assemblage of

IVIF sets, s.t ty; (o) = [ﬂ:yi‘(a)_,ﬂ:y;‘(a)-'_] and fy; (o) = [ﬁyf‘((x)_,ﬂ.y‘;‘(a)-'_] Y 4.
Suppose

Y~ = (At (N (@) = ([A (@7 A by (0], [V s (@) 7V B (0)*])
Y+ = (Vi (A fr(@) = ([V (@7 b (0], [A iy (@) 7 A Bry (00)*])
Represents the lower and upper bound respectively. Then,

Y ;7 S IVIFAABM*™(Y 1,Y 5,..,Y ) <Y, 7 (26)
Which is the boundedness property.
Proof: As [A ty; (@) 7 ty; (00 7] < [t (007, by (@] < [V by (@) 7Vt (00 7];
[A fy; () 7,A ﬁ'yi'(a)-'-] < [Ifyj(a)‘, Ify;,»(a)J’] <|[v fy; () 7,V fy; ()*] v 4, then

)Hm / —<£’<—ln(t}f7;p(a)>>g>% —(m(—ln(ttyﬂ(a)))g)%\

< kexp exp )

< (V@) "
1

o /1 - @xp<€<ln(ty”(a)>)g>§ _<m<_‘“<ftyﬂ<a>>>g>%\m

(At (@

exp
p*q

1
£+m\N (N —-1) £+m
<@t (1- (@) )T =1 (A (@)
Pr*4q

1 1\ NO-D)

_(f<_ln<¢y,ﬁ(a>))g>g@xp_(m(_m(w)))z)g

1
> @ 4o (1 (v ttw(a))“m)'v('v_l) = 1- (V@)

P*4

N
®;7,q,=1 1- exp
P*q

And
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INNIN-D

_(f(_mW@))gf (o)) )

1-®p4=1 (1 — @xp exp

\ »*q \
(27)

< (1 - (1 - (v ftyj(a))“m))m = (v ttyj(a))

_1
1 t+m

_([(—11’1 (ft (0()))3)% _(m(_ln (f[ (a)_))g)% N (N —1)
1= ®pq=1 (1 — exp Y , €Xp Yya )
p*aq
1
(28)

> (1 - (1 ~(n tty;,.(a))”m»m = (At (@)

Also,
1

. >(( At [ Al
\ )\

<(1-A fy[,-(a))€+m

1 {+m ?

(o)) (o)

1
3

< 1—exp

1-v|1—exp

1 {+m

1 m

] (st

<|1-A|1l-exp

1—exp
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ttm\ N(N-1)

—((—1n<1—fy,(a)>)g>g

Z®Z'6L=1 1-— 1_/\(1_@)@

U

[t
. )

And
1

a e | (o et
. )\ /)

V2l

1
t+m\ N(N-1)

‘((“n(l—fy,(a)»g)%

<@V, |1-|1-v|1-exp
pr*q

1 L+m

‘<<‘ln<1—ﬁy,,<a)>)g>g

:1— 1_V 1_@xp

So,

NN-D
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1 P+m
O NIN-1)

1-]1- @xp<€<m<fy”7(a)>>g>%>

m

1 - 1 - ®Z‘%=1

e _<m<_1n<fryﬂ(a)>>g)%

1—exp

£+m

ottt T
L )

A (1 - exp_<(_m<1_ﬁy’(a)>> ) \ A (Frs(@)) (29)
\ )

And

< ( In| fy, ;,(oc)

1- 1_®{;V9,@=1 m 21

r*4 H
_< < In ﬁyi%((l)
1—exp

1—-|1—exp
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1
1 P+m
f+m\ N (N -1)

] O R %)
-

Now, consider Y = IVIFAABM®™(Y 1,Y ,,..,Y y) = (tty(oc), Ify(oc)) where
ty (@) = [ty ()7, & ()] and fy () = [y ()7, Fy- () T]. Then,

1
Sy = <§ (ty1 ()™ + g () = g ()™ = fy1(0()+)>
1
> (E (A (@) + Aty () = (Vi (@)7) = (v ﬁy1(0()+))) = Sy-
1
Sy = <§ (ty1(@)™ + tyg () = fyq ()™ — fy1(0()+)>

1
< (E (vt (07) + (V& (@) = (A iy (@)7) — (A fn(a)+))> =or

From this, consider the following cases:

i. IfSy <S8y+andSy = Sy- then, form definition 3:
Sy- S IVIFAABM ™ (Y 1Y 5, ..,Y p) < Sy+
i. IfSy = Sy+,thenfrom (30)and (32):
b (0) = (V (@) ); By (@) =A (s () )
So,
Pr(@) = tr(@) + i (0) = (Vi (@)) + (A fir; () = oy ()

Then, form Definition 3:

IVIFAABM*™ (Y 1,Y 5,.,Y ) <Y
iii. fSy = 38y, by using (31) and (33):
(00 =A (ty; (00 )iy (@) =V (Fr;(@) )
So,
P (@) = (@ + (@) = (A (1)) + (V (E1,(@)) = 0y (@)~

Then, form Definition 3:

IVIFAABM®™(Y ,Y 5,.,Y \) =Y~

(30)

(31)

(32)

(33)

(34)

(35)

(36)
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Which shows that (29) holds.
Now consider the following cases by putting the different values of parameters £ and m.

1) Ifm — 0then, form (12):

2+m
lim IVIFAABY™(Y ,Y 5,..,Y y) = lim | ———( ®) .1 (¥} ® v;*)
m-0 m-0\ N(N —1) 3;;‘3% » q
1
=\~ (Gaﬁ,cﬁl Yﬁ) (37)
p*q
Which is called IVIF AA Generalized Bonferroni Mean Operator.
2) If¢£=1andm — 0 then, form (12):
lim IVIFAABY°(Y ,Y 5, ..,Y ) = i BN Y1 (38)
m—0 N ;;'i—% »
Which is called IVIF AA Bonferroni Average Operator.
3) If £ =2 andm — 0 then, form (12):
1
1 : (39)
lim IVIFAABZC(Y 1,Y 5, .., Y §) = | — | @ 4=1 V2
7m0 N r#q
Which is called IVIF AA Bonferroni Square Mean Operator.
4) If £ =1 = mthen, form (12):
2
. 1 N
lim IVIFAABY (Y 1,Y 5, Y ) = im | 55 | @a=1 (15 ® 17) (40)

p*q

Which is called IVIF AA Bonferroni interrelated Square Mean Operator.

4. Assessment of the MCGDM problem based on the proposed Methodology:
In this section, we will discuss the MCGDM problem based on the proposed methodology to
demonstrate its accuracy and effectiveness.

4.1 Algorithm
To solve the MCGDM problem steps should be followed.
i.  The formation of decision matrices by the group of experts and their opinions are stored
in the form of matrices in terms of interval-valued intuitionistic fuzzy numbers (IVIFNs).
ii.  Normalize the decision matrices if they contain cost-type data, otherwise, it does not
require normalization.
iii. By utilizing the proposed operator, accumulate the decision matrices into a single matrix.
iv.  Then, aggregate the accumulated decision matrix, using the proposed operators.
v.  Evaluate the score values and then rank them in increasing order.
The pictorial representation is shown in Figure 1.
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01 Form the decision matrices
02 1 armalize the decision matrices
03 Using IVIFAABM operator,

accumulate decision matrices

uate the score value of
cumulated matrices

Rank the alternatives and select
the appropriate ones.

Fig. 1. Algorithm

4.2. Methodology
To solve the MCGDM problem, the above steps are followed:

Vi.

Consider A = {A;, A, ..., Ay} be a set of alternatives and P = {P;, P,, ..

P} be aset

of criteria’s having weight vector w = (wy, w,, ...,wN)t, s.t Z;Lle =1 and wy >
0,V 4. By evaluating a problem in a proposed environment, each expertise is restricted
for assigning values to each alternative in the form of IVIF set Y; = (ty,, fy;)
where ty and - are in the form of closed interval and the value of each alternative

corresponds to a parameter is recorded in the form of decision matrix D =

dq ?1 ?2 :me

5 TR (PR

D = : Y, Yy Yom
ch . . H
"W Yae Yvim

(Yij)Nxm as

The performance values don't need to be normalized if all the parameters are identical
whereas in MCGDM, generally benefit and cost type parameters exist in which all cost
type parameters transform into benefit type parameters by the following equation.

_ Yi;; for cost type parameter
rij = Y. b .
ij ; for benefit type parameter

Where ¥;; is the complement of ¥;; s.t (fy,, ty; ).

Vii.
viii.

iX.

The IVIFAABM operator accumulates the decision-making matrices.
Evaluate the score value of the accumulated matrix of step 3 by using (8).
1
Sy = > (ty1 (@)™ + tyq (@) = iy (@)™ = iy (@)

Rank the alternatives A = {A;, Ay, ..., Ay}
appropriate ones.

in descending order and select the
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5. Selection of Industrial Robots

ISO 8373:2012 is related to the robots and robot operating devices in industrial and non-industrial
environments [1]. A robot is an automated device with multiple programmable parameters that can
carry out targeted activities according to the current situation without any interference from others.
In this way, robots fill the void between automated machinery and human workers who can handle
various tasks.
In current times, the selection of industrial robots is a challenging concern due to the rising
sophistication and advancement of technology and capacities as these are constantly involved in
manufacturing robots. Currently, industrial robots come in a wide range of variations having their
distinct features, attributes, facilities, and specifications. Moreover, the manufacturing environment,
production method cost, its design are some of the most critical demands that have an immediate
effect on selecting the desired robot. So, to select the ideally suitable robot, the experts need to
identify the lowest possible cost with the maximum desired and targeted output.
By considering this problem, we will discuss the MCGDM approach under the IVIF environment.

5.1 Numerical evaluation

This example [40] is related to a selection of industrial robots for a specific industrial task.
Consider the collection of robots A; = {A;, Ay, ..., As} as a set of alternatives that are being
selected based on some parameters P; = {P,, P,, P3, P,} including load carrying capacity (LCC), a
memory carrying capacity (MCC), the velocity of the robot (VR), and accuracy of the robot (AR)
respectively. LCC means the maximum load capacity that a robot can carry, and MCC means the set
of instructions that is stored in the robot’s memory for performing specific tasks. VR shows how fast
the robot manipulates the specific task while AR is the measure of how closely the robot's end
effectors are placed about the desired point which is normally expressed as the distance between
the desired points and the center of each point where robots travels repeatedly throughout
attempts. So, in preparation for a specific industrial task, the company's management team recruits
specialists to identify and recommend the most suitable robot according to specified parameters.
Each expertise is restricted to assigning the values in the form of an IVIF set corresponding to each
alternative which is stored in the matrix form.
So, to achieve a specific task, we need to execute the MCGDM problem by following the defined
algorithm.

The values assigned by each expertise are shown in Tables 1-3.

Table 1
Decision Matrix by Expert 1
Alt.
A ([[%132%2325 ) (&i@%iiﬁ) ([[%ii%gg ) <[%i%%é%]])
0.14,0.24], 0.18,0.23 0.27,0.55], 0.21,0.27
Az ([[0 40,0.45] ) <[[0 25070]]) ([[0 2;1031 ) <[[0 4405211)
011026, 0.21,0.26 0.25,0.30], 0.07,0.1
As ([[0 63,0.70] ) <[[0 30,0. 45]]) ([[0 1;1 ,0.16] ) <[[0 55,0. 60]])
008028, 0.09,0.13 0.3 040, 0.18,0.22
As ([[0 40,0.70] ) <[[0 15025]]) ([[0 30,0.32] ) <[[0 45070]])
A, ([0 .06,0.30] ) ([o 35, 055]) ([o .28,0.18] ) ([o 06009])
[0.35,0.40] [0.27,0.35] [0.14,0.44] [0.17,0.70]
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Table 2
Decision Matrix by Expert 2
Alt.

a (013016]) ([007010) ([015019 ([002003)
1 [0.15,0.19] [0.41,0.45] [0.27,0.35] [0.41,0.50]
4 (015020]) ([015016) ([018023 (004006])
2 [0.30,0.50] [0.31,0.35] [0.24,0.31] [0.15,0.20]
a (017019]) ([011019) ([021027 (006009])
3 [0.40,0.50] [0.08,0.09] [0.15,0.19] [0.11,0.20]
4 (019027]) ([003009) ([024031 (008012])
4 [0.35,0.55] [0.13,0.16] [0.21,0.26] [0.18,0.20]
a (025030]) ([011021) ([027035 ([010015)
5 [0.40,0.42] [0.02,0.08] [0.18,0.23] [0.16,0.30]

Table 3
Decision Matrix by Expert 3
Alt. P4
A ([0 45047]) ([0 10030 ) ( 029045]) ([040045 )
1 [0.34,0.38 [0.13,0.17] [0.35,0.55] [0.29,0.40
A (020022]) ([0 .30,0.50] ) ([0 22040]) ([0 .13,0.20] )
z [0.36,0.40 [0.16,0.19] [0.30,0.35] [0.23,0.30]
A (040042]) ([0 .50,0.70] ) ([0 25035]) ([0 .17,0.20] )
3 [0.37,0.42 [0.19,0.22] [0.45,0.50] [0.18,0.30]
A (060063]) ([0 .30,0.60] ) ([0 13030]) ([0 .05,0.10] )
4 [0.20,0.25 [0.23,0.25] [0.50,0.70] [0.24,0.30]
A (080053]) ([0 .90,0.12] ) ([0 22027]) ([0 .06,0.13] )
5 [0.27,0.30 [0.29,0.32] [0.55,0.30] [0.35,0.40]

As there is no cost type parameter, so skip step ii of the algorithm.

By step iii, accumulate the decision matrix by using the IVIFAABM operator which is displayed in

Table 4.
Table 4
Collective preference of Experts by aggregating the above decision matrices by IVIFAABM AO
Alt. P4 P, P P,
A ([0 .2294,0.3773] ) ([0 1392,0.2628] ) ([0 .2164,0.2820] ) ([0 1550,0.1452] )
1 [0.9403,0.9564] [0.9254,0.9570] [0.9283,0.9697] [0.9742,0.9870]
A ([0 1623,0.2661] ) ([0 .2051,0.2867] ) ([0 .2218,0.3345] ) ([0 1170,0.1362] )
2 [0.9704,0.9888] [0.9222,0.9898] [0.9328,0.9608] [0.9449,0.9637]
A ([0 .2092,0.3699] ) ([0 .2482,0.3328] ) ([0 .2363,0.2768] ) ([0 .0936,0.1246] )
3 [0.9920,0.9969] [0.8871,0.9374] [0.9336,0.9526] [0.9558,0.9740]
A ([0 .2448,0.4828] ) ([0 1138,0.2205] ) ([0 .2320,0.3054], ) ([0 .0956,0.1285] )
4 [0.9601,0.9958] [0.8646,0.9078] [0.9687,0.9906] [0.9518,0.9850]
A ([0 .3022,0.5627] ) ([0 .3995,0.2619] ) ([0 .2560,0.2472] ) ([0 .0721,0.1138] )
5 [0.9668,0.9757] [0.8931,0.9321] [0.9588,0.9627] [0.9154,0.9925]

By using steps iv and v, evaluate the score values of each alternative and arrange them in
descending order to determine the most suitable alternative, respectively which is shown in Table 5.
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Table 5
Score Values of aggregated decision matrix
S(Ay) S(A3) S(A3) S(Ay) S(As)
—0.3364 —-0.4121 —0.3814 —0.4084 —0.3321

Based on the outcome presented above (Table 5), A5 is the most suitable choice (robot) for the
specific industrial task. The graphical representation of the score value for each alternative (robot) is

provided below in Figure 2.

wul N vl = vl (e}

Score Value

w

-0.0
0.
0.1
0.
-0.33640893 0.332159398
-0.4 0.3814340

-0.2
0
-0.35
-0.412115009 -0.408475734

-0.45

Fig. 2. Ranking of Alternatives (Robots)

5.2 Impact of parameter

To ensure the robustness, reliability, and impact of the proposed work it is essential to assess its
stability through various parameters evaluation. So, by assigning the different values of parameters
£ and m, we will check the stability of the proposed work and display the score values and ranking
of each alternative (robot) in Table 6 and its pictorial representation is shown in Figure 3.

Table 6
Impact of parameter
Parameters Score Value Ranking Values
t=1m=1 —0.3321,—0.3364, —0.3814, —0.4084, —0.4121 fiﬂi ftﬂi As
t=1,m=2 —0.0730,—0.0808, —0.1347, —0.1468, —0.1707 ftﬂi fsdq >4 Az
£=1,m=3 0.0473,0.0411,0.0105,0.0058, —0.0164 flﬂi fsdq >4 As
£=1m=10 0.0428,0.0382,0.0323,0.0253,0.0207 fiﬂi flﬂi Az
t=2m=1 —0.0520,—0.0591, —0.1690, —0.1739, —0.1842 ftﬂi fsc;z Az
t=3m=1 0.1102,0.0994, —0.0060, —0.0078, —0.0263 fi‘li fljz Az
£=10m=1 0.2420,0.1686,0.1428,0.1282,0.1008 ‘fi‘: flﬂi Aq
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Fig. 3. Pictorial representation of Table 6

5.3 Comparison Analysis

In this section, we have analyzed both the prior techniques and the newly proposed ones. This
comparison highlights that the prior methods lack effectiveness and stability and cannot show the
relationship between the multiple criteria values. Atanassov [12] introduced the concept of IVIF set
which is unable to show the relationship between the multiple criteria. Then, Zhang [41] introduced
the concept IVIF Frank AO, Wu et al., [42] proposed the Dombi AO, Wang et al., [43] discussed
Einstein AO, Liu [19] defined the Hamacher AO, and AA AO was discussed by Senapati et al., [16]. But
all these operators do not give us precise and effective results. So, BM [38] was introduced which is
a very effective operator and assists us in showing the relation between the multiple criteria. But to
get more precise and efficient results, we proposed the hybrid structure of AA and BM in this paper
which can be seen in Table 7.

Table 7
Comparison Analysis of the proposed and prior studies
Relationship of Recl)?t_ll_?]:ilp Relationship of The parametric Hvbrid
Operator Two Attributive Attributive Multiple Method makes the Strzcture
Values Attributive Values Method Flexible
Values

Atanassov [12] x x x x x
Zhang [41] x x x 4 x
Wu et al., [42] x x x 4 x
Wang et al., [43] x x x 4 x
Liu [19] x x x 4 x
Senapati [16] x x x v x
Xu et al., [38] v v 4 4 x
AABM (Proposed) v v v v 4

6. Conclusion

The DM strategy involves formulating challenges and incidents within a mathematical framework.
Various theories have been explored to address vague and uncertain data using a range of
methodologies and tools. To tackle this type of information, we've introduced the AABM aggregate
operator, a hybrid structure of AA and BM that gives more precise and effective results and assists
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the expertise in the selection of the best alternative. In this paper, we've implemented the efficient
and well-known AABMAO and outlined the specific details as follows:
i.  Anovel approach to MCGDM by using the AABMAO for the IVIF set has been defined.

ii.  The fundamental characteristics and attributes of the suggested theory and the suitable
instrument for managing DM algorithms were determined.

iii.  The adaptability and efficiency of the hybrid structure which is formed by combining the
AA and BM theory and gives the most desirable outcomes has been illustrated.

iv.  Todemonstrate its superiority as the most versatile approach a comparative analysis with
existing information has been discussed and a thorough examination of the proposed
work's validity is defined.

v.  Acomprehensive analysis of the proposed approach's properties, efficiency, and flexibility
compared to existing methods has been discussed.

6.1 Advantages

The main advantage of AABMAO is that it offers flexibility which allows the researcher to adjust
the parameters according to their requirement and get the most desirable result.

This operator captures the interrelation between the multiple criteria which gives a more realistic
and efficient value.

6.2 Limitations and Future Directions

Although the proposed approach provides us the efficiency and flexibility as compared to the
prior approaches. However, it has some limitations s.t this approach is unable to deal with the
problem where experts assign the values in a hesitancy environment [25], dual hesitancy
environment [44], neutrosophic environment [45], and complex neutrosophic environment [46].

So, to consider this, in the future, we can extend this approach to complex intuitionistic
environments, hesitant intuitionistic environments, neutrosophic environments, complex
neutrosophic environments, Hybrid DEMATEL-EDAS based decision-making environments [47], DEA-
Fuzzy ARAS Method for Prioritizing High-Performances [48] and application like vehicle’s recycling
facility location [49], smartphone preferences [50], sustainable emerging economics based on
industry [51]. Moreover, these approaches have been tested to check their impact by addressing
real-world challenges.

Conflicts of Interest
The authors declare no conflicts of interest.

References

[1]  Fu, Y., Li, M., Luo, H., & Huang, G. Q. (2019). Industrial robot selection using stochastic multicriteria acceptability
analysis for group decision making. Robotics and Autonomous Systems, 122, 103304.2019, 122, 103304.
https://doi.org/10.1016/j.robot.2019.103304

[2] Seidmann, A., Arbel, A., & Shapira, R. (1984). A two-phase analytic approach to robotic system design. Robotics and
computer-integrated manufacturing, 1(2), 181-190. https://doi.org/10.1016/0736-5845(84)90006-1

[3] Liang, G.S., & Wang, M. J. J. (1993). A fuzzy multi-criteria decision-making approach for robot selection. Robotics
and Computer-Integrated Manufacturing, 10(4), 267-274. https://doi.org/10.1016/0736-5845(93)90040-Q

[4] Ge, L., Chen, )., Li,R., &Liang, P. (2017). Optimization design of drive system for industrial robots based on dynamic
performance. Industrial Robot: An International Journal, 44(6), 765-775. https://doi.org/10.1108/IR-10-2016-0251

[5] Vukobratovi¢, M., Kati¢, D., & Potkonjak, V. (1987). Computer-assisted choice of electrohydraulic servosystems for
manipulation robots using complete mathematical models. Mechanism and machine theory, 22(5), 431-439.
https://doi.org/10.1016/0094-114X(87)90060-7

29


https://doi.org/10.1016/j.robot.2019.103304
https://doi.org/10.1016/0736-5845(84)90006-1
https://doi.org/10.1016/0736-5845(93)90040-Q
https://doi.org/10.1108/IR-10-2016-0251
https://doi.org/10.1016/0094-114X(87)90060-7

Spectrum of decision making and applications
Volume 1, Issue 1 (2024) 1-32

(6]

(7]

(8]
(9]
(10]

(11]

(12]
(13]
(14]

[15]

(16]

(17]

(18]

(19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

Khouja, M., Booth, D. E., Suh, M., & Mahaney Jr, J. K. (2000). Statistical procedures for task assignment and robot
selection in assembly cells. International Journal of Computer Integrated Manufacturing, 13(2), 95-106.
https://doi.org/10.1080/095119200129957

Magrini, E., Ferraguti, F., Ronga, A. J., Pini, F., De Luca, A., & Leali, F. (2020). Human-robot coexistence and
interaction in open industrial cells. Robotics and Computer-Integrated Manufacturing, 61, 101846.
https://doi.org/10.1016/j.rcim.2019.101846

Javaid, M., Haleem, A., Singh, R. P., & Suman, R. (2021). Substantial capabilities of robotics in enhancing industry
4.0 implementation. Cognitive Robotics, 1, 58-75. https://doi.org/10.1016/j.cogr.2021.06.001

Zadeh, L. A. (1965). Fuzzy sets. Information and control, 8(3), 338-353. https://doi.org/10.1016/S0019-
9958(65)90241-X

Atanassov, K. T. (1986). Intuitionistic fuzzy sets. Fuzzy Sets and Systems, 20(1), 87-96.
https://doi.org/10.1016/50165-0114(86)80034-3

Fu, S., Xiao, Y. Z., & Zhou, H. J. (2022). Interval-valued intuitionistic fuzzy multi-attribute group decision-making
method considering risk preference of decision-makers and its application. Scientific Reports, 12(1), 11597.
https://doi.org/10.1038/s41598-022-15815-1

Atanassov, K. T (1999).Interval valued intuitionistic fuzzy sets (pp. 139-177). Physica-Verlag
HD. https://doi.org/10.1007/978-3-7908-1870-3 2

Detyniecki, M. (2001). Fundamentals on aggregation operators. This manuscript is based on Detyniecki’s doctoral
thesis and can be downloaded from.

Yager, R. R. (2008). Prioritized aggregation operators. International Journal of Approximate Reasoning, 48(1), 263-
274. https://doi.org/10.1016/j.ijar.2007.08.009

Akram, M., Alsulami, S., Khan, A., & Karaaslan, F. (2020). Multi-criteria group decision-making using spherical fuzzy
prioritized weighted aggregation operators. International Journal of Computational Intelligence Systems, 13(1),
1429-1446. https://doi.org/10.2991/ijcis.d.200908.001

Senapati, T., Chen, G., & 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. https://doi.org/10.1002/int.22684

Zhang, X., Liu, P., & Wang, Y. (2015). Multiple attribute group decision making methods based on intuitionistic fuzzy
frank power aggregation operators. Journal of Intelligent & Fuzzy Systems, 29(5), 2235-2246.
https://doi.org/10.3233/IFS-151699

Seikh, M. R., & Mandal, U. (2021). Intuitionistic fuzzy Dombi aggregation operators and their application to multiple
attribute decision-making. Granular Computing, 6, 473-488. https://doi.org/10.1007/s41066-019-00209-y

Liu, P. (2013). Some Hamacher aggregation operators based on the interval-valued intuitionistic fuzzy numbers and
their application to group decision making. |IEEE Transactions on Fuzzy systems, 22(1), 83-97.
https://doi.org/10.1109/TFUZZ.2013.2248736

Irvanizam, I., & Zahara, N. (2024). An improved RAFSI method based on single-valued trapezoidal neutrosophic
number and its Harmonic and Arithmetic mean operators for healthcare service quality evaluation. Expert Systems
with Applications, 248, 123343. https://doi.org/10.1016/j.eswa.2024.123343

Rahim, M., Garg, H., Khan, S., Algahtani, H., & Khalifa, H. A. E. W. (2023). Group decision-making algorithm with
sine trigonometric p, g-quasirung orthopair aggregation operators and their applications. Alexandria Engineering
Journal, 78, 530-542. https://doi.org/10.1016/j.aej.2023.07.051

Dong, Q., Vi, P., Li, W., & Wang, L. (2024). A Family of Aggregation Operators for Group Decision-Making from the
Perspective of Incentive Management. International Journal of Fuzzy Systems, 26(2), 498-512.
https://doi.org/10.1007/s40815-023-01610-1

Yao, R., & Guo, H. (2022). A multiattribute group decision-making method based on a new aggregation operator
and the means and variances of interval-valued intuitionistic fuzzy values. Scientific Reports, 12(1), 22525.
https://doi.org/10.1038/s41598-022-27103-z

Hezam, I. M., Rahman, K., Alshamrani, A., & Bozani¢, D. (2023). Geometric aggregation operators for solving
multicriteria group decision-making problems based on complex pythagorean fuzzy sets. Symmetry, 15(4), 826.
https://doi.org/10.3390/sym15040826

Attaullah, Rehman, N., Khan, A., & Santos-Garcia, G. (2023). Fermatean hesitant fuzzy rough aggregation operators
and their applications in multiple criteria group decision-making. Scientific Reports, 13(1), 6676.
https://doi.org/10.1038/s41598-023-28722-w

Yager, R. R. (2009). On generalized Bonferroni mean operators for multi-criteria aggregation. International Journal
of Approximate Reasoning, 50(8), 1279-1286. https://doi.org/10.1016/].ijar.2009.06.004

30


https://doi.org/10.1080/095119200129957
https://doi.org/10.1016/j.rcim.2019.101846
https://doi.org/10.1016/j.cogr.2021.06.001
https://doi.org/10.1016/S0019-9958(65)90241-X
https://doi.org/10.1016/S0019-9958(65)90241-X
https://doi.org/10.1016/S0165-0114(86)80034-3
https://doi.org/10.1038/s41598-022-15815-1
https://doi.org/10.1007/978-3-7908-1870-3_2
https://doi.org/10.1016/j.ijar.2007.08.009
https://doi.org/10.2991/ijcis.d.200908.001
https://doi.org/10.1002/int.22684
https://doi.org/10.3233/IFS-151699
https://doi.org/10.1007/s41066-019-00209-y
https://doi.org/10.1109/TFUZZ.2013.2248736
https://doi.org/10.1016/j.eswa.2024.123343
https://doi.org/10.1016/j.aej.2023.07.051
https://doi.org/10.1007/s40815-023-01610-1
https://doi.org/10.1038/s41598-022-27103-z
https://doi.org/10.3390/sym15040826
https://doi.org/10.1038/s41598-023-28722-w
https://doi.org/10.1016/j.ijar.2009.06.004

Spectrum of decision making and applications
Volume 1, Issue 1 (2024) 1-32

[27]

(28]
[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

[40]

(41]

[42]

[43]

[44]

(45]

[46]

Wang, L., & Li, N. (2020). Pythagorean fuzzy interaction power Bonferroni mean aggregation operators in multiple
attribute decision making. International Journal of Intelligent Systems, 35(1), 150-183.
https://doi.org/10.1002/int.22204

Perez-Arellano, L. A., Blanco-Mesa, F., Leon-Castro, E., & Alfaro-Garcia, V. (2020). Bonferroni prioritized aggregation
operators applied to government transparency. Mathematics, 9(1), 24. https://doi.org/10.3390/math9010024

Li, D., Zeng, W., & Li, J. (2016). Geometric Bonferroni mean operators. International Journal of Intelligent
Systems, 31(12), 1181-1197. https://doi.org/10.1002/int.21822

Jabeen, K., Ullah, K., Pedrycz, W., Khan, Q., Ali, Z., & Yin, S. (2024). Pythagorean fuzzy aczel-alsina power bonferroni
mean operators for multi-attribute decision-making. Granular Computing, 9(1), 24,
https://doi.org/10.1007/s41066-023-00428-4

Jabeen, K., Khan, Q., Ullah, K., Senapati, T., & Moslem, S. (2023). An approach to MADM based on Aczel-Alsina
power Bonferroni aggregation operators for g-rung orthopair fuzzy sets. |EEE Access, 11, 105248-105261.
https://doi.org/10.1109/ACCESS.2023.3270267

Ma, L., Jabeen, K., Karamti, W., Ullah, K., Khan, Q., Garg, H., & Yin, S. (2024). Aczel-Alsina power bonferroni
aggregation operators for picture fuzzy information and decision analysis. Complex & Intelligent Systems, 10, 3329—
3352. https://doi.org/10.1007/s40747-023-01287-x

Hussain, A., Liu, Y., Ullah, K., Rashid, M., Senapati, T., & Moslem, S. (2024). Decision algorithm for picture fuzzy sets
and Aczel Alsina aggregation operators based on unknown degree of wights. Heliyon, 10 (6), e27548.
https://doi.org/10.1016/].heliyon.2024.e27548

Ali, W., Shaheen, T., Haq, I. U., Alballa, T., Alburaikan, A., & EI-Wahed Khalifa, H. A. (2023). A Novel Generalization
of Q-Rung Orthopair Fuzzy Aczel Alsina Aggregation Operators and Their Application in Wireless Sensor
Networks. Sensors, 23(19), 8105. https://doi.org/10.3390/s23198105

Nayagam, V. L. G., Muralikrishnan, S., & Sivaraman, G. (2011). Multi-criteria decision-making method based on
interval-valued intuitionistic =~ fuzzy  sets. Expert  Systems  with  Applications, 38(3), 1464-1467.
https://doi.org/10.1016/j.eswa.2010.07.055

Senapati, T., Mesiar, R., Simic, V., lampan, A., Chinram, R., & Ali, R. (2022). Analysis of interval-valued intuitionistic
fuzzy aczel-alsina geometric aggregation operators and their application to multiple attribute decision-
making. Axioms, 11(6), 258. https://doi.org/10.3390/axioms11060258

Xu, Z., & Yager, R. R. (2010). Intuitionistic fuzzy Bonferroni means. IEEE Transactions on Systems, Man, and
Cybernetics, Part B (Cybernetics), 41(2), 568-578. https://doi.org/10.1109/TSMCB.2010.2072918

Xu, Z., & Chen, Q. (2011). A multi-criteria decision making procedure based on interval-valued intuitionistic fuzzy
bonferroni means. Journal of Systems Science and Systems Engineering, 20(2), 217-
228. https://doi.org/10.1007/s11518-011-5163-0

Aczél, J., & Alsina, C. (1982). Characterizations of some classes of quasilinear functions with applications to
triangular norms and to synthesizing judgements. Aequationes mathematicae, 25(1), 313-315.
https://doi.org/10.1007/BF02189626

Chatterjee, P., Athawale, V. M., & Chakraborty, S. (2010). Selection of industrial robots using compromise ranking
and outranking methods. Robotics and Computer-Integrated Manufacturing, 26(5), 483-489.
https://doi.org/10.1016/].rcim.2010.03.007

Zhang, Z. (2017). Interval-valued intuitionistic fuzzy Frank aggregation operators and their applications to multiple
attribute group decision making. Neural Computing and Applications, 28, 1471-1501.
https://doi.org/10.1007/s00521-015-2143-1

Wou, L., Wei, G., Gao, H., & Wei, Y. (2018). Some interval-valued intuitionistic fuzzy Dombi Hamy mean operators
and their application for evaluating the elderly tourism service quality in tourism destination. Mathematics, 6(12),
294, https://doi.org/10.3390/math6120294

Wang, W., & Liu, X. (2013). The multi-attribute decision making method based on interval-valued intuitionistic fuzzy
Einstein hybrid weighted geometric operator. Computers & Mathematics with Applications, 66(10), 1845-1856.
https://doi.org/10.1016/j.camwa.2013.07.020

Xu, W., Yao, Z., Wang, J., & Xu, Y. (2024). A novel group decision-making method for interval-valued g-rung dual
hesitant fuzzy information using extended power average operator and Frank operations. Artificial Intelligence
Review, 57(2), 43. https://doi.org/10.1007/s10462-023-10665-3

Al-Saeed, S., & AbdelAziz, N. M. (2023). Integrated Neutrosophic Best-Worst Method for Comprehensive Analysis
and Ranking of Flood Risks: A Case Study Approach from Aswan, Egypt. Neutrosophic Systems with Applications, 5,
10-26. https://orcid.org/0000-0001-9501-1121

Pandiselvi, M., & Jeyaraman, M. (2024). Fixed Point Results in Complex Valued Neutrosophic b-Metric Spaces with
Application. Neutrosophic Systems with Applications, 17, 21-33. https://doi.org/10.61356/j.nswa.2024.17244

31


https://doi.org/10.1002/int.22204
https://doi.org/10.3390/math9010024
https://doi.org/10.1002/int.21822
https://doi.org/10.1007/s41066-023-00428-4
https://doi.org/10.1109/ACCESS.2023.3270267
https://doi.org/10.1007/s40747-023-01287-x
https://doi.org/10.1016/j.heliyon.2024.e27548
https://doi.org/10.3390/s23198105
https://doi.org/10.1016/j.eswa.2010.07.055
https://doi.org/10.3390/axioms11060258
https://doi.org/10.1109/TSMCB.2010.2072918
https://doi.org/10.1007/s11518-011-5163-0
https://doi.org/10.1007/BF02189626
https://doi.org/10.1016/j.rcim.2010.03.007
https://doi.org/10.1007/s00521-015-2143-1
https://doi.org/10.3390/math6120294
https://doi.org/10.1016/j.camwa.2013.07.020
https://doi.org/10.1007/s10462-023-10665-3
https://orcid.org/0000-0001-9501-1121
https://doi.org/10.61356/j.nswa.2024.17244

Spectrum of decision making and applications
Volume 1, Issue 1 (2024) 1-32

[47]

(48]

[49]

(50]

(51]

Irvanizam, I., Siraturahmi, M., Irwansyah, A. M. B., Nasir, P. F., Zulfan, Z., & Salwa, N. (2022). A Hybrid DEMATEL-
EDAS based on multi-criteria decision-making for a social aid distribution problem. In 2022 IEEE International
Conference on Cybernetics and Computational Intelligence (CyberneticsCom) (pp. 341-346). IEEE.
https://doi.org/10.1109/CyberneticsCom55287.2022.9865435

Heidary Dahooie, J., Estiri, M., Zavadskas, E. K., & Xu, Z. (2022). A novel hybrid fuzzy DEA-fuzzy ARAS method for
prioritizing high-performance innovation-oriented human resource practices in high tech SME’s. International
Journal of Fuzzy Systems, 24(2), 883-908. https://doi.org/10.1007/s40815-021-01162-2

Ali, A. M., Abdel-Basset, M., Abouhawwash, M., Gharib, M., & Mohamed, M. (2024). N-type-2-ARAS: An efficient
hybrid multi-criteria optimization approach for end-of-life vehicle’s recycling facility location: A sustainable
approach. Expert Systems with Applications, 250, 123873. https://doi.org/10.1016/j.eswa.2024.123873
Irvanizam, ., Marzuki, M., Patria, |., & Abubakar, R. (2018, September). An application for smartphone preference
using TODIM decision making method. In 2018 International Conference on Electrical Engineering and Informatics
(ICELTICs) (pp. 122-126). IEEE. https://doi.org/10.1109/ICELTICS.2018.8548820

Mohamed, M., & Gamal, A. (2023). Toward sustainable emerging economics based on industry 5.0: leveraging
neutrosophic theory in appraisal decision framework. Neutrosophic Systems with Applications, 1, 14-21.
https://doi.org/10.61356/j.nswa.2023.3

32


https://doi.org/10.1109/CyberneticsCom55287.2022.9865435
https://doi.org/10.1007/s40815-021-01162-2
https://doi.org/10.1016/j.eswa.2024.123873
https://doi.org/10.1109/ICELTICS.2018.8548820
https://doi.org/10.61356/j.nswa.2023.3

