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Abstract: Material selection is a complex process that involves selecting the best material for a given
application. It is a critical process in engineering, and the importance of selecting the right material
for the job cannot be overstated. Multi-criteria decision-making (MCDM) is an important tool that can
be used to help engineers make informed decisions about material selection. The logistic function can
be extended using the soft-max function, which is widely used in stochastic classification methods like
neural nets, soft-max extrapolation, linear differential analysis, and Naive Bayes detectors. This has
inspired researchers to develop soft-max-based fuzzy aggregation operators (AOs) for g-rung orthopair
fuzzy sets (q-ROPFES) and to propose an MCDM approach based on these AOs. To test the effectiveness
of this approach, the researchers applied it to a practical problem using g-rung orthopair fuzzy data and
conducted a numerical example to validate the suggested procedures.
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1. Introduction

Material selection is a critical process in engineering that involves choosing the most appropriate
materials for a given application. The importance of material selection lies in the fact that it can
significantly affect the performance, cost, and safety of a product. The selection of materials plays a
crucial role in determining the quality, durability, and overall performance of engineering products.
The scope of material selection in engineering is vast, as it is applicable to virtually every type of
product or system. Material selection is particularly important in areas such as aerospace, automotive,


http://www.aimspress.com/journal/Math
http://dx.doi.org/ 10.3934/math.2023956

18781

construction, electronics, and manufacturing, where the choice of materials can have a significant
impact on the functionality and safety of the product. Material selection involves considering
various factors such as mechanical properties, chemical properties, environmental conditions, cost,
and availability of materials. The goal of material selection is to identify the best material for a given
application based on its performance characteristics and cost-effectiveness.

In addition to the technical aspects of material selection, there are also ethical considerations.
For instance, in industries such as electronics and renewable energy, the use of sustainable and
environmentally-friendly materials is becoming increasingly important. Therefore, material selection
also involves ethical considerations, such as the impact of materials on the environment and the
social implications of their use. Material selection is a crucial process in engineering that involves
selecting the most suitable materials for a given application based on technical, economic, and ethical
considerations. The significance of material selection in engineering cannot be overstated, and its
impact on product performance, safety, and cost-effectiveness is significant. Therefore, it is crucial to
carefully consider the selection of materials in any engineering project.

Material selection is a complex process that involves selecting the best material for a given
application. It is a critical process in engineering, and the importance of selecting the right material
for the job cannot be overstated. MCDM is an important tool that can be used to help engineers
make informed decisions about material selection. In this essay, we will explore the importance of
MCDM in material selection for engineering. MCDM is a process that involves considering multiple
criteria when making a decision. In the context of material selection, it involves considering various
criteria such as mechanical properties, chemical properties, environmental impact, cost, availability,
and ethical considerations. MCDM provides a systematic approach for evaluating and comparing the
different materials available for a given application. One of the most significant benefits of using
MCDM in material selection is that it allows engineers to consider a broad range of criteria when
making a decision. In the past, material selection was often based on a single criterion, such as cost
or mechanical properties. However, this approach often led to suboptimal choices as other important
factors were not considered. MCDM allows engineers to take a holistic view of material selection,
which can lead to better decision making and improved product performance.

MCDM also provides a framework for evaluating the relative importance of different criteria. For
example, in some applications, cost may be the most important factor, while in others, environmental
impact may be the primary concern. MCDM allows engineers to assign weights to different criteria
based on their relative importance, which can help them make a more informed decision. Another
advantage of using MCDM in material selection is that it allows engineers to consider trade-offs
between different criteria. For example, a material may have excellent mechanical properties, but it
may be expensive and difficult to obtain. MCDM provides a framework for evaluating the trade-offs
between these different criteria, which can help engineers make a more informed decision. MCDM
can also help engineers to identify the best materials for a given application. By considering multiple
criteria, MCDM can identify materials that perform well in all areas, as well as materials that excel in
specific areas. This can help engineers to identify the best material for a given application based on its
overall performance characteristics.

One of the challenges of using MCDM in material selection is that it can be a complex process.
There are many different methods of MCDM, each with its strengths and weaknesses. Additionally,
the selection of criteria and the assignment of weights can be subjective and may vary between
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different engineers. However, with careful planning and execution, MCDM can provide significant
benefits in material selection. Another challenge of using MCDM is that the available data may not be
complete or accurate. For example, it may be difficult to obtain data on the environmental impact of
different materials. In such cases, engineers may need to make assumptions or use estimated values,
which can introduce some degree of uncertainty into the decision-making process. Despite these
challenges, the benefits of using MCDM in material selection are significant. It provides a systematic
approach for evaluating and comparing the different materials available for a given application. It
allows engineers to consider a broad range of criteria, identify trade-offs between different criteria, and
identify the best material for a given application. Additionally, MCDM can help to identify potential
problems or issues with a given material, which can help to improve product performance and reduce
costs. The concept of fuzzy set theory was initially proposed by Zadeh [1] to represent imprecise or
uncertain information. Later, Atanassov [2] introduced the idea of intuitionistic fuzzy sets (IFS) as a
generalization of fuzzy sets. Yager [3—5] then extended IFS to Pythagorean fuzzy sets (PFS), which can
handle both imprecision and incompleteness in the input data. Yager [6] went on to introduce g-rung
orthopair fuzzy sets (q-ROPFS), which is a more powerful model for representing vague information
in real-life problems.

AOs are a critical component of the MCDM process in material selection for engineering. The
importance of AOs lies in their ability to combine multiple criteria into a single value that can be used
to compare different materials. AOs are mathematical functions that are used to combine multiple
criteria into a single value. In the context of material selection, AOs are used to combine the different
criteria, such as mechanical properties, cost, and environmental impact, into a single value that can
be used to compare different materials. The use of AOs in material selection is critical because it
allows engineers to take a holistic view of material selection. Rather than considering each criterion in
isolation, AOs provide a way to consider the interrelationships between different criteria. For example,
a material may have excellent mechanical properties, but it may be expensive or have a significant
environmental impact. AOs provide a way to consider the trade-offs between these different criteria,
which can help engineers to make a more informed decision. There are many different types of AOs,
each with its strengths and weaknesses. Some of the most commonly used AOs in material selection
include the weighted average, the weighted sum, and the ordered weighted average.

The weighted average is one of the most commonly used AOrs in material selection. It involves
assigning weights to each criterion and calculating the weighted average of the criteria. The weighted
average is a simple and easy-to-use AO that allows engineers to assign different levels of importance
to each criterion. However, it can be sensitive to outliers and may not provide a clear picture of the
trade-offs between different criteria. The weighted sum is another commonly used AO in material
selection. It involves assigning weights to each criterion and adding them together to create a single
value. The weighted sum is a straightforward AO that is easy to calculate and interpret. However, it
may not provide a clear picture of the trade-offs between different criteria, as it does not consider the
relative importance of each criterion.

The ordered weighted average is an AO that takes into account the order of the criteria. It assigns
weights to each criterion based on its position in the order, with higher weights given to the more
important criteria. The ordered weighted average is a powerful AO that provides a clear picture of
the trade-offs between different criteria. However, it can be more challenging to calculate than other
AOs. In addition to these commonly used AOs, there are many other types of AOs that can be used
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in material selection. The choice of AO will depend on the specific needs of the engineer and the
characteristics of the decision problem.

Several researchers have extended aggregation operators (AOs) to different types of fuzzy sets.
For example, Mahmood et al. [7], Wei et al. [8], Jose and Kuriaskose [9], Hashmi et al. [10, 11],
Feng et al. [16], Yang et al. [24], Chen et al. [25], Wang and Liu [12], Zhang et al. [14], Liu and
Wang [13], Zhao et al., Garg [17], and Rahman et al. [18] have all made contributions in this area.
Wang et al. [19, 20] developed interactive Hamacher power AOs and interactive Archimedean norm
operations that are related to partially ordered fuzzy sets. Wang and Li introduced Pythagorean fuzzy
interaction power Bonferroni mean AOs [21]. Wei [22] and Gao et al. [23] introduced Pythagorean
fuzzy interaction AOs. Liu and Liu [26] proposed the idea of q-ROPRF Bonferroni mean AOs. Liu
et al. [28] introduced q-ROPRF Heronian mean AOs and applied them to multiple criteria decision-
making. Joshi and Gegov [29] established the notion of q-ROPRF confidence-based AOs. Trillo et
al. [30] proposed some application of mean operator, Chiclana et al. [31] introduced the decision-
making approach based on fuzzy preference relations and Efe [32] gave the notion of integrated fuzzy
MCDM approach. Trillo et al. [33] proposed MCDM technique depends on sentiment analysis. Zhang
& Liu [34] gave MCDM method for personnel selection, Limboo & Dutta [35] gave some applications
related to medical diagnosis, and Narang et al. [36] proposed Heronian mean AOs based approach.
Some extensive work related to the proposed work can be seen in [37—41]. Farid et al. [42] introduced
neutrosophic Einstein prioritized AOs and Riaz et al. [43] gave the prioritized AOs for q-ROPFSs.
Liu et al. proposed the MCDM based on spherical fuzzy set (SpFS) [44], linguistic SpFS [45] and
q-ROPFSs [46].

The remaining portions of this article are organised as shown below. The concepts that are essential
to g-ROPEFS are discussed in Section 2. In the third section, we examined the operational procedures of
the suggested AOs. In Section 4, we provide a method for resolving MCDM issues that is based on the
introduction of new AOs. You’'ll find an application for MCDM in the fifth section of this document.
The conclusion of Section 6 includes some parting remarks as well as some suggestions for the future.

2. Some basic concepts

In this part, we review some fundamental principles of q-ROPRFS and the operating rules of g-
ROPRFNSs.
Definition 2.1. [6] Consider, a ¢-ROPRFS 8 in 2 is defined as

B = {(d,“L(d), ‘ng(d)) : 3 € 2}

where ‘1lg,%ng : 2 — [0, 1] defines the MBSD and the N-MBSD of the alternative 8 € 2 and for
every 0 we have
0 < “LIL(0) + “ngd) < 1.

Furthermore, 75(3) = (1 — ‘LI5(®) — £175(5))"/ is called the indeterminacy degree of 8 to B.

Definition 2.2. [6] Let 'y = (‘1y,%n,) and 'y = (“11,,%n,) be -ROPRFNs. Then
(1) Aty = ¢ny,fUp)

(2) iy v 1Y = (max{®1Ly, “n,}, min{¢1L,,n,})

(3) ity Aty = (min{,, *n, }, max{*U,,*n,})
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@) 1ty @ 7'y = (LY + €10 = L),y apy)
(5) 1ty @ iy = CLL DL, En! + &pf — EnlénhyVa)
(6) ohty = ((1 = (1 =TI, &7y

(7) 7] = U], (1 = (1 =Ephyn)lay,

Definition 2.3. [6] Suppose ‘R = (11, ¢n) is a ¢-ROPRFN, then a “score function” € of 92 is defined as

G(R) = T’ - &’

@(%) € [-1, 1]. The ranking of a g-ROPREFN is defined by its score, whereby a higher score indicates
a greater preference for the ¢-ROPRFN. However, the score function may not be applicable in several

instances of q-ROPRFN. Hence, it is unnecessary to depend on the score function for comparing the
g-ROPRFN:Ss.

Definition 2.4. Suppose R = (11,%n) is a ¢-ROPRFN, then an “accuracy function” R of R is defined

as _
R(R) =1’ + 4’

R(R) € [0, 1].

It is important to note that the score function value is limited to a range of -1 to 1. To facilitate the

q _ ¢4
subsequent study, we develop an additional scoring function, Z°(R) = MHQ‘TU‘R We can see that
0<(R)< 1.

2.1. g-Rung orthopair fuzzy AOs

Definition 2.5. [6] Assume that Y, = (‘LI, *n,) is a agglomeration of -ROPRFNSs, and -ROPRFWA:
A" — A, if

g~ ROPRFWA(R', iy, 1Y) = ) Ty
k=1
=Y e T hLY e ..., T, i,

where A" is the set of all g-ROPRFNs, and 7 = (7, ,,..., )" is weight vector (WV) of
(', 'y, ..., k%), such that 0 < 7 < 1 and }}_, 7 = 1. Then, the g-ROPRFWA is called the
“q-rung orthopair fuzzy weighted average operator”.

Theorem 2.6. [6] Let #'y = (‘11;,°n,) be the agglomeration of q-ROPRFNs,we can find q —
ROPRFWG by

q — ROPRFWA('\ 1"y, ... 0",) = N (1- ]—[(1 — ™), ]_[ fnm-
k=1 k=1

Definition 2.7. [6] Assume that 7%, = (°1I;,%n,) is the agglomeration of ¢ — ROPRFN, and ¢ —
ROPRFWG : A" — A, if

g — ROPRFWG(h', 1", ... 1',) = Z ny
k=1
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T 175 T
:h/ll ®h/12 ®...,h/l !

n

where A" is the set of all g — ROPRFNs, and 7 = (77, 7,,..., ") is WV of (h'y, A5, ..., HAY,),
such that 0 < 7, < 1 and }};_, 7 = 1. Then, the g — ROPRFWG is called the “q-rung orthopair fuzzy
weighted geometric operator”.

Theorem 2.8. [6] Let iy = (LI, *n,) be the agglomeration of q-ROPRFNs, we can find q —
ROPRFWG by

k=1 k=1

g - ROPREWG('\, 1, .. .1,) = < [ ], J a-]Ja- fn,‘f)"”)>.

2.2. Soft-max function

The soft-max function is a type of generalization that is derived from the logistic function within
the field of mathematics. Over time, it has been increasingly applied in diverse fields of research, such
as artificial intelligence and business planning. The subsequent expression denotes the mathematical
formulation of the soft-max function:

exp (19 il k)
S exp (9;/k)

For the g-ROPRFNs «;(j = 1,2,3,...,n),S; is the score value of q-ROPRFN «;. Every ¥, is
formulated by giving the equation

k> 0.

O (oD, B, 0) = @) =

j—1 .
ﬁ]: H{zl Si»_]:2,3,...,n .
1 i=1

where k is the modulation parameter.
3. g-Rung orthopair fuzzy soft-max AOs

Within this section, we present the notion of “q-rung orthopair fuzzy soft-max averaging
(qg-ROPRFSMA) operator and g-rung orthopair fuzzy soft-max geometric (Q-ROPRFSMG) operator™.

3.1. g-ROPRFSMA operator

Definition 3.1. Assume that . = (‘I1.,n,) is the agglomeration of -ROPRFNs, and -ROPRFSMA:
A" — A, be a n dimension mapping. if

expIN" /K] ., expIN'a/k] exp[N", /K],

7 ; - .
Sl explN /il T expIN /el Yy exp[xhc/g N
then the mapping q-ROPRFSMA is called -ROPRFSMA operator, where 8. = []¢Z} A2 (YY) (¢ =

2...,n),N" =1 and 2 (k") is the score of k" -ROPRFN.

q-ROPRFSMA (%', 5, .. . 1i',) =

AIMS Mathematics Volume 8, Issue 8, 18780—18808.
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Theorem 3.2. Assume that h'. = (‘l.,°n,) is the agglomeration of q-ROPRFNs, we can find
q-ROPRFSMA by

expiNc /el explN"c /]

q-ROPRFSMA(h%,hﬂz,...hﬂn)=< l—ﬂ(l—fﬂ")” e H”f o CM>- (3.2)

The first statement is easily followed by Definition 3.1 and Theorem 3.2. In the following, we prove
this

q-ROPRFSMA(#',, #5, .. . /%))

__ exp[N"i/«] ” exp[N"/«] e @ exp[N", /]
Z?:lexp[xhc/K] : Zgzlexp[xhc/K] 2 ZZ:]GXP[th/K]

CXp[th/KJ SXP[Nh /K]
= < ]—[(1 — 1) e S| expINic/e] l—[f Ei oxiNte M>.
c=1
To prove this theorem, we use mathematical induction.
Forn=2
h exp[Nhl/KJ M
exp[N"/«] W, = <</ ~a _{Hq)m fnz _y explNc/x]
Yoe-y exp[N./k] !
K expN /x] M
exp[N™,/k] 7, = <(/1 — (1 — CL19) e 6 P exmxhcm)
Doy €XP[NI./K]
Then

expN"1/k] 22 eXp[N 2/l 22
I, expINt, /] 'y 5 | exp[NT./x] h

q e’(P[hhl /K] Lﬁ'/ﬁ q exp[Nh] /K] Lﬁl/ﬁ
= < 1-(1- 4“]_['1)2” expIN /] fnzc ]exp%/d> @< 1-(1- 4“]_[‘1)2” expIN /] fnzc 1“"“’(/K]>

1

< (1 — (1 _ §H‘I) o expIN"c /k] +1- (1 _ (Hq) 7 exp[Nfic/a] _ ((1 _ (1 _ ZH(]]) Z'J:lCXP[th/K])
u 7i
exp[Nhl/k] exp[N" | /«] exp[N" 1 /]
S T n i
G\ explNie/al | &, Zomt XPINTC/R] g B0 explNie/x]
((1 — (1 — L1 Py ) 0 .
< 1-(1- (H‘I)zn exp[?\hc/KJ +1-(1- (HQ)zn explNi/l (1 —(1- {Hg)zﬁ:le"?l“h“”_

exp[Nh 1/x1 exp[Kh 1/x1
£ i jelNic/d g B explNfic/n]
’ T] 1 : 772

_ee®y el el

(1- §H‘1])ZZ:1 explNic/i] (1- 41_[;) B exp[Nfic/x] (1- (H‘II)Z’le exp[Nic/x]

q exp[N ) /] expIN? | /] expIN i explN" i
— n h
_ G\ 3" expNic/xl q\3 explNic/a] & T expINc/x] 5 2oy expINTe/k]
- < 1 (1 §H1) e=l ‘ (1 ‘a ) ¢ > 1 772

AIMS Mathematics Volume 8, Issue 8, 18780—18808.
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q expN'¢ /]

exp[Ni¢ /4] 5 SO
€X] /K.
< 1 - | |(1 — (Hq)z" explNic /] | |£m =1 XPINe >

c= c=1

This shows that Eq (3.2) is true for n = 2, now let that Eq (3.2) holds for n =k, i.e.,

vl
explNfic/ f\h( /i exp[N"¢/k]

q_ROPRFSMA(h/II’ hﬂz, L h/lk) — < 1 - 1_[(1 _ (HQ) 0 exp[N/i¢ /] 1_[ 3 Z | €xP Nﬁc/k]>

Now n = k + 1, by operational laws of q-ROPRFNs we have,

q-ROPRFSMA (74, 1Y, . .. '441) = ¢-ROPRESMA (A, i, . . . 1Y) @® Ay

k exp[hh( /K] eXP[Nh< /K] g Nhk+l erﬁrlr
93, explNfc/ £ Z" exp[NPic/x] q N\ N & Zeg Ve
-] o - e T e o (V1 - (-, s o

c=1 c=1

Il
—_—
/Q

k exp[N/c/x] Nl k+l k exp[Nc/k]
[ G\ Z_ | expiNic/x] g \x"_ N gy S, explNlic/x]
(-0 - =5 1 a1 -
c=1 c=1
Ny k exle"‘L-/;J Nhk+|r
7 n Xp[Nc/k] N
— (1 =119 P N £ Teoy ool £ Teo
(1= a-an =) [ e
c=1
n N
explR/ic/k] Ry k 5 explN ;/hk] 5 k;lh
— (g 9y S, explNic/x] g Y N & Zeoy explNTe/u] £ o
({1 [To -5 55 [T 5 o
c=1
k+1 s, k+l expINc/4]
— < i1 n(l _ (H‘J)ZHINT’ ng ZC lexpthc/K]>.
\ c=1
This shows that for n = k + 1, Eq (3.2) holds. Then,
_ oxpl®¥ic/d explN'c/x]

q-ROPRFSMA(h%,h”z,...h%,):< ( —]_[(1 — (L) Feey e l_[f - EXMM>

Since,
min, (‘11,) < I, < max, (°11.) (3.3)
and
min, (fnc) < gnc < max, (fnc). (3.4
AIMS Mathematics
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From Eq (3.3) we have,
min, (¢11,) < °II. < max, (°11,)

& ~min. (1)1 < {17 < vmax, (1)1

& V1 —max. (¢11.)7 < y/1 = 1)1 < N1 — min, (¢11.)4

explN/ic/x] expl¥¢ /]
q n h q n J
1 explNlic/k] 21| explNic/x]
& (1 — max. (§HC)4) e SN (1 - (ch)q) S
expNie /]
q n h
. 1 explNic/k]
< (1 — min, (§HC)‘1) e=l
n exp[Nic/x] n exp[Nic/x]
q 2P explNie /i) a 2P explNfie /]
& (1 — max, (§Hc)q) e=l < (1 - (gﬂc)q) 1

c=1

exp[N1¢ /x]
1 explN/ic/xl

[ ] (1= mine ety

N

& \q/l —max, (11,)4 < § (1 - (¢1.)

)z;‘zl expINT /4]

c=1

< \q/l — min, (°11,.)4

o =T+ min, (17 < {| (1 _ (1L

c=1

exp[Nfi¢ /]
)z’gl expINTc /x

"< \q/—l + max, ¢11,)7

c=1

& V1 -1+ min. (1)1 < 41—

n exp[N¢ /x]

& min, (1)1 < 4|1 -

c=1

n exp[N''e /]
1 explNfic/x]

& min. ((H)? < 4|1 - n (1 - (mc)q)zc

c=1

From Eq (3.4) we have,

AIMS Mathematics

n exp[N¢/k]
L exp[Nic/x]

(1= )=

< V1 -1+ max. (1)

(l _ (é«Hc)q)Z?:leXP[th/K] < {,/m

< max, (‘1L)7.
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min, (*n,) < *n, < max. (°n,)

explN/'¢ /] explN'¢ /K] exp[N''¢ /]
@ mll’lc (fn )Z( 1€xpxhc/’<] < ({:n )Z exp C/K] < max (fn )Z( lexpz\hL/K]

exp[\i /K] exp[th /1 eX[J[“hc/'d

=3 nmm‘ (én,) T T el < 1—[(677 YZC RN < l_[maxc ¢n,) % T expINTe/il

& min, (°n )z |€*P“h°/” < n(f ) Zem1 PN " < max, (°n e ]expxﬁcm'
c=1
Let
q-ROPRFSMA (%', Y, ... #Y,) = ' = (11, %p).

Then, 7 (#') = ‘1Y — ¢! < max, CL)? = min, () = H B pax) S0, (Y < (W ).

Again, AR =1 ¢! > min. C1D)? — max. En)? = S i) So, B > B ).

If, 7 (h') < A (h',0) and SEHY) > 57 (Hin), then
#'in < @-ROPRESMA (|, 715, .. . 1Y) < ' s
If (Y = (), then {117 — €n? = max. C11)7 — min, (¥n)?

o a1 - fnq = max, ‘117 — min. (*n)?
o ‘U = max, 1), *n? = min. ¢n)?
& ‘U = max. ‘U, *n = min,*n.
Now, H#Y) = 1? + ¢n? = max, (14 + min. ¢n)? = H(l ay)
q-ROPRFSMA (74, %5, .. . ")) = 7y
If 2(HY) = S0 i), then 11 — 07 = min, (C11)? — max, (¢n)?
o W' —4n" = min, C1)! — max. Cn)"
& U’ = min, 1), 5" = max, En)?
& ‘U = min. ‘1, *n=max,*n.

Now, H#Y) = ‘11 + ¢n? = min. (1) + max. ¢n)? = HH pax)
q-ROPRFSMA (%, %5, .. . A, = 7' .
Thus, from Eqgs (3.5)-(3.7), we get
#'" < ¢-ROPRESMA(#Y,, s, ... 1Y) < it

Below we define some of -ROPRFSMA’s appealing properties.

(3.5)

(3.6)

3.7)

AIMS Mathematics Volume 8, Issue 8, 18780—18808.
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Theorem 3.3. (Idempotency) Assume that #', = (‘11.,%n,) is the agglomeration of G-ROPRFNs, where
N =TI @Y (¢ = 2...,n), N = 1 and S (HY) is the score of k™ q-ROPRFN. If all ', are
equal, i.e,. ', = h* for all j, then

g-ROPRFSMA(H* |, 15, .. . 0",) = A'.
Proof. From Definition 3.1, we have

explN'y /il expIN/K] exp[N", /k]

S explNi k] T Y exp[Ni k] 2T T S explNT /«]
exp[N"\ /K] ., expINa/kl exp[N"./xl
= h e..., fi
S explN K S explN Al O T expIN A
=#'.

q-ROPRFSMA((#',, Y5, .. . 1i',) =

O

Corollary 3.4. If #'. = (¢1.,%n.) j = (1,2,...n) is the agglomeration of largest g-ROPRFN, i.e.,
= (1,0) for all j, then
g-ROPRFSMA(H* |, h',, ... 7",) = (1,0).

Proof. We can easily obtain Corollary similar to the Theorem 3.3. O

Theorem 3.5. (Monotonicity) Assume that #'. = (°11.,%n,) and #*, = (‘11,n.) are the families of
q-ROPRFNs, where N'. = T2 A40Y), Tr = [Iio) A B (c=2...,n), N =1, T = 1, AHY)
is the score of 'y ¢-ROPRFN, and 7 (h',) is the score of h', g-ROPRFN. If*11, > ¢11.. and n, < *n,
for all j, then

g-ROPRFSMA(I' 1, 1%, .. . 1',) < g-ROPRFSMA(* |, 1t", ... 7).

Proof. Here, °1I, > ¢11,. and ¢, < ¢n, for all j, If 1T, > °II,.
& (L)1 > ()7 & )7 > (L) & 1 — )7 < /1 - (L)

cxp[NhC/K] cxp[th/K]
o (1 _ ((H )7) b expM/x] (1 _ (ZH )9) S expINc /il

‘ LY. el
& l_[ 1(1 - ((H )q)Z exP[?\ c/k] < H 1(1 _ ({Hc)q)zczlexplx e/l

q expmf’c/;1 q expﬁ‘hc/;]
& Y1 =TTy (1= CL)OF N < A1 = [T (1= L) o,

Now,
0. <47,

expl¥'¢ /] explN'¢ /]

P (fnz)zgzlexpmﬁc/xl < (fnc)zﬁzlexpmﬁc/xl

explN¢ /] exp[N L/x]

& TTo, () T el < 1 (6, ) S o
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Let o
7t = ¢-ROPRFSMA#!,, iy, ... 71Y,)

and

#'* = g-ROPRFSMA®#* |, 1Y, .. . 1Y),

We get that A" > 71, So,
q-ROPRFSMA(#',, 715, .. . 1i,) < ¢-ROPRFSMA (%'}, #', .. . i").

Theorem 3.6. (Boundary) Assume that h'. = (*11.,*n.) is the agglomeration of g-ROPRFNs, and

' = (min. (1), max. (‘n,) and #" = (max, ‘1), min. (‘n,)).

Then,
#'" < g-ROPRFSMA(h'|, i, .. . 1) < #'"

where 8" = z;} HHY) (c=2...,n), N = 1 and #HY) is the score of k™ g-ROPRFN.

Proof. Here, °1I, > °11,. and ¢, < ¢n, for all j, If 1T, > °II,..
& (‘I > (1) & JCL)1 > J/(CL) & 1 - (L) < /1 - (L)

exp[Ni¢ /x] exp[N¢ /x]

N \/(1 — ({H )9) o explNic/] \/(1 — (¢11,)9) B exp[N/ic/x]

exp[N¢/k] exp[N¢ /k]

i \/l_[c L(1 = (BT 7) Ty oNelil < \/H (1 = (£L1,)7) iz oolels

q exp[N¢/k] q exp[Ni¢ /4]
e \1-I1",d- (gHC)q)z'g:lexp[xhr/K] <\1-T1,0 - ({H’Z)q) So_yexplNic/

Now,
& < €&
Ne <°7
expIN"ie /k] expIN"¢ /x]
o (fn:) Z?:l expIN"tc /k] S (fnc) 22’=1 expIN"tc /k]

expN¢ /] exp[N L/K]

& TTiy () T el < 1 (Ep,) S i

Let o
7t = ¢-ROPRFSMA®#!, iy, ... 71Y,)

and

#t* = ¢-ROPRESMA(#Y, 75, .. . iY).

n

We get that 24° > 4. So,
q-ROPRFSMA(#',, 11"y, .. . #1',) < ¢-ROPRFSMA(#'}, ', .. . %),

O

AIMS Mathematics Volume 8, Issue 8, 18780—18808.



18792

Theorem 3.7. Assume that #'. = (‘11.,*n.) and B. = (¢, p.) are two familie of g-ROPRFNs, where
N =TI 20 (¢ = 2...,n), N = 1 and S€#Y,) is the score of k" q-ROPRFN. If r > 0 and
B = ({llg,*1) is an g-ROPRFN, then

(1) g-ROPRFSMA(h, ® B, 1> & B, . . . i, @ B) = g-ROPRFSMA(H\,, s, . . . HY,) @ .
(2) ¢-ROPRFSMA(rk",, rit's, ... 1Y) = r g-ROPRESMA(H\,, s, .. . h,).

(3) q-ROPRFSMA(h', & Bo,h'y & Bo,... 1Y ® B, = q-ROPRFSMA('\,#',...7",) @
q-ROPRFSMA(ﬁl,,Bz, . ,Bn) .

(4) g-ROPRFSMA(rh*, @ Briv's ® B, ... @ ril, ® B) = r g-ROPRFSMA(H',, Yy, . . . HY,) @ .

Proof. Here, we just Proofs 1 and 3,

)

Since,

weop=(1-1- U - Uy, i)
By Theorem 3.2,
g-ROPRFSMA (%, @ B, i, @ B, ... h', © B)

n exp[Nfie/x] n exp[Nic/x]

- << (1- 1—[ ((1 — 91 - ({Hﬂ)q))zgzlexP[th/KJ ’ (fnﬁcfnc)zj’,_lexw>
c=1 c=1
explNc /] n exp[N¢/k]
= << (1= (1 = (@Ug)e) ooV [T (1 = (L1 ) oo,
expINic/x] n exp[Nc/x] -
(,f,]ﬁ) S explNc/el l—[ (s‘f 77c) S explNe /el >
c=1
= (] (1 - (1 - ¢1py) : (1-c¢u )q)% (¢ T (e VT
< o) [ 1(1- ¢, () [ (n.) )
c=1 c=1

Now, by operational laws of g-ROPRFNs,

q-ROPRFSMA(#',, 7', ... 7', @

expINe/x] explNe /x]

n n
n o exi c/K 22’: €X] [?“hc/K]
:<<(1—| [(1 - ey Eeeie T ez >ea<4“uﬁ,‘fnﬁ>
c=1 c=1

n expINic/x] n exp[N/¢ /]
<\ (1= (1= cupo) [ ] (1 - @oye)=meem () [ ] (6, e >

c=1 c=1
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Thus,
q-ROPRFSMA (Y, @ B, h', @ B, ... 7', ® B) = ¢-ROPRFSMA(#', 5, .. .1, ® B.
3)

According to Theorem 3.2,
q—ROPRFSMA(h/ll @ﬂz, h/lz @ﬂz, . fl/ln @ﬂn)

< n exp[Nc/x] n explN/'¢ /] >

- | [(@ = - @om) == | ] (eln,) i

c=1 c=1

n exp[Ni¢ /4] n exp[Ni¢ /4]

— << (1 _ | | (1 _ (¢c)q) '? exp[N . /k] (1 _ gHz)Z:{:lexp[th/K]’
c=1 c=1
_explNlei 1 explN'tc /]
(<Pc) ST explNfic/] | | (Em)zn expxh[/x]>.
c= c=1

Now,
q-ROPRFSMA(#4,, 75, .. . h',) ® -ROPRFSMA(B1, B>, . . . By)

exp[N/ . /x]

expl Nh[/l( - 7
(1 - | |(1 — {19) T =7, explNTc/il | | £ Zemg PN ‘/”>
expliNie/d 72,1”"[ o
TN il ! exp[Ne /i
q (1 _ | |(1 — {H‘I)Z exp[N"c/k] | |'§"ncc71 >

c=1

exp[xﬂ/hx] n exp[s"’c/hxl

n n .

< q ( 1 _ (¢ )q)z exp[N ¢ /k] | | (1 _ (HZ)ZC:Iexp[?\ L/K]’
c=1

exp{x”f/n expIN¢ /] >

(‘,0 ) n 1 expli [N /k] (fn )ZZ=16XP[NhC/K]
c | | ¢ .

c=1 c=1

Thus,

q-ROPRFSMA(#' ® B, 1> ® s, .. . ', ® B,) = -ROPRESMA(#', ', . . . 11',) ® ¢-ROPRESMA(B;, B2, . . . ).

3.2. g-ROPRFSMG operator

Definition 3.8. Assume that #'. = (‘II,%n,.) is the agglomeration of q-ROPRFNs, and ¢ —
ROPRFS MG : A" — A, be a n dimension mapping. if

explN"y /k] explN'ty /k] exp[N', /4]

q_ROPRFSMG(h/ll, h/lz’ o h/ln) — h/llzﬁzl exp[Nt¢ /k] ® h/lzzrf:l exp[Nt¢/k] ®.... ®h/l’§ﬁ:1 exp[Ni ¢ /k] (38)
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then the mapping q-ROPRFSMG is called q-rung orthopair fuzzy soft-max geometric (G-ROPRFSMG)
operator, where N". = [152] J2#Y) (c =2...,n), X", = 1 and A (HY,) is the score of k" q-ROPRFN.

Based on q-ROPRFNs operational rules, we can also consider G-ROPRFSMG by the theorem below.

Theorem 3.9. Assume that h'. = (‘11.,%n,) is the agglomeration of q-ROPRFNs, we can find
¢-ROPRFSMG by

expl¥e /] exp[gh( I
¢-ROPRFSMG(i', 1Y, .. 1) = <]—[4H Tl ol (g _ ]_[(1 ey, /> (3.9)

c=1

Proof. The first statement is easily followed by Definition 3.8 and Theorem 3.9. In the following, we
prove this

q-ROPRFSMG(#',, "5, . . . i',)

T exp[N” 2/K] Ny
_ Az?:,x Az | expINTc/x] AT N
=h" ®h < ®...,0n" "

il
expNc/x] exp[Nic/x]

<l_[<fuz" o, (1—]_[(1_an)2" ewcm>

To prove this theorem, we use mathematical induction.

Forn =2
explN" | /] expIN" | /] "
S expINte/] T explNc /el __exp¥Ty /]
h/l o expNTe/d <(H expli c/K]> 1 _ (1 _ fnq) Zn expINTe /K]
| =
_ewpl¥y/d M . oot/
S exp[Nfic/x] S| explNic/x] S 0 1L
h/l c é’H c 1 _ (1 _ é‘ng)zczl exp[Nc/k]
Then
exp[N /4] exp[N''5 /x]

7 22 expINc/u] & 22 explNic/u]
1 2 :

nCXp[&h g, explN1 | /x] nCXP[Nh 1/€] 4 explN | /x]
<fu e oI 1—(1_fn?)2215xv[xht/k> <éu e O, 1—(1_fn3)231exmxhc/kl>

i i
_eplN /d _explNy /] _oxplNy expIN ) /]
HZC ICXP[V c/kl (H ZL leXP[N c/K] (1 _ (1 _ gnq)z eXp[Nhg/K] + 1 _ (1 _ §nq)z exp[xhc/” _

exp[¥ | /x]

exp[N'} /]
((1 -(1- gnil)z';:] exp[N/ic/k] )((1 —-(1- gng)zgzlexp[xﬁc/K] )>

h 7
nexp[?< 1/;1 néXp[N I/r:] 4 expINT /] expINT /]
1% (N"c/x] HZ,, [N c/x] i 7
<£ 1 EXpINTe/x .g 2(71 exp[N"e/k , 1 (1 fn?)zﬁzlexp[?\ c/Kl 1 (1 gng)zﬁzl exp[N¢/x]
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eXPIN'H /x] exp[NTt 1/K] exp[N! 1/x1 exp[Nh| /K]

(1 —(1- gng)zﬁzlexpwhcm —(1- g,ﬂ) Ty explNic/a (1- gng) zf,:lexplxﬁcm(l _ gn?)z'g:lexpmhcm )>

h Ji
exp|[N’ I/K] exp[N 1 /] d Cxp[Nhl/K] exp[Nhl/x]

" (8¢ /x] b INi¢/x]
<(HZ 1 expINe/k évH | eXP K 1 _ (1 _ érnllj)zgzlexp[xhc/ﬂ(l _ gng) 2Z=lexp[xhcm>

_expN"e/k] th//(]

> exp[Nic/x]
<| |§H L]exp | q | |(1_{:nq)zn exp8h¢/k>

This shows that Eq (3.9) is true for n = 2, now assume that Eq (3.9) holds for n =k, i.e.,

Sopted explNic/u]
q ROPRFSMG(h/ll, h/lz, . h/lk) = < n ZL‘[Z lexp thk 1 —_ n(l _ fnq) Z” explxh(‘/kj>

c=1

Now n = k + 1, by operational laws of q-ROPRFNs we have,
q—ROPRFSMG(h/ll , h/lz, . h/lk_,_]) = q-ROPRFSMG(h/Il , h/lz, . h/lk) ® h/lk_,.]

_expNle/d /K expINic/x] Nhk“ N1
Zn €X] c/K] n a " n
<l—[§H R | |(1—f;7q)2 e*P*"c/K> <(Hk+‘1‘ 1—(1—% e "h>

i
expli hh( /K] i l\+l _exp[Nic/k] Nh( /K] Nhk+l

<l—[§H 3 expIN e /i) (H f' N 1 _ n(l _gnq)z expNh(/K 11— (1 _577]( l)zn Shy

k CXP[N’%/TKI ?‘hk+1h
(1= o -} = 1 =g, 3 )

c=1

exp[Ne /] Nth eXp[xh(/K]

k T N
Z exp[N"c/k] =" " ex [Nl /x] nNh,
c=1

k+1 expINic/k] k+1 Nfi,

<nguz" ontell g A= a _fng)Zfi*%N”c>.
c=1

This shows that for n = k + 1, Eq (3.2) holds. Then,

explte/ expINe /el

q-ROPRFSMG(#4,, #s, .. . 71%,) = <H:H SEI P H(l _gnq)wpmhdxl>

c=1

O
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Below we define some of -ROPRFSMG operator’s appealing properties.

Theorem 3.10. (Idempotency) Assume that h'. = (*11.,%n,) is the agglomeration of q-ROPRFN3,
where K", = Z;} RN (c=2...,n), N\ = 1 and 7 (h*Y) is the score of k" g-ROPRFEN. If all h*.
are equal, i.e., i'. = #i* for all j, then

g-ROPRFSMG(H* |, 1", .. . k') = &'

Proof. From Definition 3.1, we have

explN'' ) /] exp[N''5 /4] explN /]
1 explNic/x] 1 explNfic/x] 1 explNic/k]
q-ROPRFSMG (', s, .. . 1i',) = A n, T e ent T
T expl& /) expI®'ty /x]
— h/l ¥ Nhe ® h/l 1 exp[N/ic/x] ..., ®h/l B exp[N/ic/x]

= ',
O

Corollary 3.11. If ', = (¢11.,%n,) j = (1,2,...n) is the agglomeration of largest g-ROPRFNs, i.e.,
#'. = (1,0) for all j, then
g-ROPRFSMG (', h',, ... 7",) = (1,0).

Proof. We can easily obtain Corollary similar to the Theorem 3.3. m|

Theorem 3.12. (Monotonicity) Assume that #', = (‘11.,%n_) and hﬂ: = <§HZ,57]§> are the families of
q-ROPRFNs, where N'. = [1i2, 404, T = [Ii2) B (c=2...,n), N = 1, T = 1, A HY)
is the score of ', g-ROPRFN, and 7 (h",) is the score of #';, g-ROPRFN. If ‘11, > ‘1l and ¢y, < *n,
for all j, then

g-ROPRFSMG(I*,,#",, .. .#",) < ¢-ROPRFSMG(#' |, #",, .. . 7'%).

Proof. Here, ¢y, > ¢y, and ‘11, < ‘11, for all j, If ¢, > ¢n...

& (7)1 2 (n)t & EY 2 {fEn) e JT=Cn) < T=Eny

expl th//( expl th//(
P (1 — (fn )q)Zn expl S exp[Nlio/x] (1 _ ({-’n )q)z | expl S exp[Nlio/x]

_exp[Nie/k] expmhcm

(=4 X H 1(1 - (f;] )61)2? lexp[NTlr/K] < I_I 1(1 — (fn )q)ZZ’ | expINe/x]

exp[Nic/x] q exp[Ne/k]

V- 17, (1 = (En )y Zear ool < AT — TT7_ (1 = (E)a) Zem ooNelel,

Now,
o, < 1.

exp[N/'¢ /] exp[N'¢ /]

=3 (gui) I exp[N"tc /k] ((H )Z | expINT /]
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exp[NhC/K] exp[th/K]

P szl(s“H:)zgzlexpmhcm < ngl(guc) S0y expINe/kl

Let
il = ¢-ROPRFSMG(#',, 15, .. . 1,

and L
#'" = g-ROPRFSMG(#* |, %5, .. . h').

We get that 7" > #id, So,

*

q-ROPRFSMG(#',, %5, .. . 1i',) < ¢-ROPRFSMG(#', #', .. . 7).

O
Theorem 3.13. (Boundary) Assume that h'. = (*11.,*n.) is the agglomeration of g-ROPRFNs, and
w'" = (min, (1), max. (‘n.)) and #"" = (max. (‘11,), min. (‘n,)).
Then,
#'" < ¢-ROPRFSMG(h*,, 15, .. . 1Y) < it
where 8. = [152] #Y) (¢ = 2...,n), N, = 1 and (1Y) is the score of k™ g-ROPRFN.
Proof. The proof of this theorem is same as Theorem 3.6. O

Theorem 3.14. Assume that #'. = (‘11.,*n,) and B. = {}.,¢.) are two familie of g-ROPRFNs, where
N =TI 20 (¢ = 2...,n), N = 1 and SE#Y,) is the score of k" g-ROPRFN. If r > 0 and
B = (“Llg,*n,) is an g-ROPRFN, then

(1) ¢-ROPRFSMG(#*, ® B, 7%, ® B, ... 7', ® ) = g-ROPRFSMG(h'*\, h'5,.. . h',) ©f.
(2) g-ROPRFSMG(rit* |, rit*,, . .. rit',) = r g-ROPRESMG(h',, h',, .. . HY,).

(3) q-ROPRFSMG(h*, & B,71Y; & Po,...hY ® B, = q-ROPRFSMG(H', 1Y, ...7H,) &
q-ROPRFSMG(ﬁI,ﬁz, . ﬁn)

(4) ¢-ROPRFSMG(ri', ® Bri', ® B, ... ® rh', ® B) = r ¢-ROPRFSMG (|, i, .. . h%,) ® B.

Proof. The proof of this theorem is same as Theorem 3.7. m|
4. Proposed methodology

Consider a set of alternatives ¢° = {4, 4", ...,%",} with m elements and B” = {B7}, P75,...,B7,}
is the finite set of criterion with n elements. G¢ = {S¢, &5, ..., &¢,} is the group of decision makers.
Decision makers provide a matrix of their own opinion D? = (%’f}p ))an, where ,%’l(f ) is given for the
alternatives ¢*; € ¢* with respect to the criteria B, € B” by &¢, decision maker in the form of g-
ROPREFN:Ss. If all Criteria are the same types, there is no need for normalization, but there are two types
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of criterion (benefit type attributes 7, and cost type attributes 7.) in MCGDM, in this case using the
normalization formula the matrix D'” has been changed into normalize matrix Y?) = (f@l.(j‘f’ ) msins

(BY); je

. 4.1)
,@g’); J € T,

(f@,'(f))mxn = {
where (%Z’ ") show the compliment of %8’ ),
We then use the q-ROPRFSMA operator or g-ROPRFSMA operator to implement a MCGDM

approach in an q-ROPRF circumstances. The proposed operators will be applied to the MCGDM,
which involves the following steps.

Algorithm
Input:

Step 1:
Acquire a decision matrix D?) = (%f;’ ))an in the form of g-ROPRFNs from the decision makers.

B, B, B,

T 1 1 1 1 1 1. -
(54,“1 7 ((H%l,fn%l) (‘(H%z»gﬂ%z) ...... (éu%n’fn%n)
) (gHZI 5 f7721) ({sz’ g’722) """ (§H2n’ ér772n)

R 1 : 1 o 1 : 1
glm (:Hm] ) fnm] ) (ZHm27 fnmz) """" (gHmn’ fnmn)
s @ (Hna 77?1) (le’ '7(1]2) """ (Hln’ '71n)
: G (HZI’ 7721) (sz’ ’722) """ ((HZn’ 772n)
gjm ((Hml s $U,111 ) ([Hmz’ Ean) """ ((Hmn’ fnmn)
6'{17 g‘l (H“, 7711) (Hu,fnlz) """ ((Hm’ 771,,)
G | ¢ H21’ 7721) ¢ sz’ '722) """ ¢ H2n’ Uzn)p
gjm ,(:Hm]’ 775,1) (ZHmQ’ 7722) """ (gHmna 775,,)")_

Step 2:

If all criteria are of the same type, normalization is unnecessary; however, MCGDM contains two
categories of criteria. in this case using the normalization formula Eq (4.1) the matrix has been changed
into transformed response matrix Y = (t@g’ s

Calculations:

Step 3:

Calculate the values of Nhg.) ) by following formula.

NI = ]_[%(9?“‘)) (p=2....n), 4.2)
T = 1.
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Step 4:
Use one of the suggested AOs, to aggregate all individual -ROPRF decision matrices Y?) = (@(” Nmscn

into one cumulative assessments matrix of the alternatives W® = (Y mxn-
Step 5:
Calculate the values of N”;; by following formula.

c-1
Ny =[x G=2....m, (4.3)
k=1

Nhil = 1

Step 6:
Aggregate the g-ROPREF values #; for each alternative 4°; by the ¢-ROPRFSMA (or ¢-ROPRFSMG)
operator:

exp[?\hL /k] n exp[Nhl-/kJ
#; = ¢-ROPRFSMA(Z;y, Py, ... Pi) :< (1- ]_[(1 — (CLIY) Zem oot ]—[(fnﬁﬂ-)zﬁ=l°**’“‘h”“>
c= c=1
4.4)
or
explN''c /] exp[“‘h(/K]
#; = ¢ROPRESMG(Z,1, ... m>—<]_[<fu")2" oo (1 —]_[(1 - () Faso ),
4.5)
Output:
Step 7:

Evaluate the score of all cumulative alternative assessments.

Step 8:
Ranked the alternatives by the score function and ultimately choose the most appropriate alternative.

5. Numerical example

Material selection is a critical process in engineering that involves choosing the most appropriate
materials for a given application. Engineers are faced with a wide range of materials to choose from,
each with its own unique set of properties and characteristics. The importance of material selection lies
in the fact that it can significantly affect the performance, cost, and safety of a product. The selection
of materials plays a crucial role in determining the quality, durability, and overall performance of
engineering products.

The scope of material selection in engineering is vast, as it is applicable to virtually every type of
product or system. Whether it’s designing an aircraft, constructing a building, manufacturing electronic
devices, or developing automotive components, the choice of materials can have a profound impact
on the functionality and safety of the end product. Different applications require different materials,
and it is the responsibility of the engineer to carefully consider all the relevant factors before making a
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decision. One of the primary factors that engineers consider during the material selection process is the
mechanical properties of the materials. These properties include tensile strength, hardness, toughness,
elasticity, and fatigue resistance. Depending on the application, engineers may prioritize one or more
of these properties. For example, in the aerospace industry, materials with high strength-to-weight
ratios are often preferred to maximize fuel efficiency and structural integrity. On the other hand, in
the automotive industry, materials with good impact resistance and ductility may be more important to
ensure passenger safety in the event of a collision.

Chemical properties are another crucial consideration in material selection. Engineers must assess
how the material will interact with the surrounding environment, including exposure to chemicals,
moisture, temperature variations, and corrosive substances. For instance, in chemical processing plants,
materials that exhibit high resistance to corrosion are chosen to ensure the integrity and longevity
of the equipment. Similarly, in electronic devices, materials with good electrical conductivity and
thermal properties are essential for efficient operation and heat dissipation. Environmental conditions
also play a significant role in material selection. Factors such as temperature extremes, humidity, UV
radiation, and outdoor exposure can degrade materials over time. Engineers must carefully evaluate the
suitability of materials for the intended environment to prevent premature failure and ensure long-term
performance.

Cost and availability of materials are practical considerations that engineers cannot overlook. While
it is essential to select materials that meet the performance requirements, cost-effectiveness is also a
key factor. Engineers must strike a balance between performance and cost to optimize the overall
design and production process. Additionally, the availability of materials should be considered to avoid
delays or supply chain issues. To facilitate the material selection process, engineers utilize various tools
and techniques. Material databases, handbooks, and computer-aided design software provide valuable
information and guidance on material properties, performance characteristics, and compatibility with
specific applications. Simulation and modelling tools help engineers evaluate how different materials
will behave under different conditions, enabling them to make informed decisions.

In this case study, we will explore how a company used multi-criteria decision-making to
select a material for a new product. The company, which produces medical equipment, was
developing a new product that required a material with specific mechanical, thermal, and electrical
properties. In addition, the company wanted to ensure that the selected material was cost-effective and
environmentally sustainable. The first step in the material selection process was to identify the relevant
criteria. The company identified the following criteria as important for the new product:

The material should have high strength and stiffness to withstand the stresses and strains of use.
The material should have a low coefficient of thermal expansion to maintain its shape and dimensional
stability over a range of temperatures. The material should have good electrical conductivity to enable
the product to function properly. The material should be cost-effective and provide good value for
money. The material should have a low environmental impact, both in terms of its production and
disposal.

The next step was to identify potential materials that met the criteria. The company identified
several materials that had the required properties, including carbon fiber reinforced polymer (CFRP)
(4°)), aluminum (¥?,), steel (4°3), ceramic (4°4) and titanium (%°s). The company then used a multi-
criteria decision-making process to evaluate and compare the materials. They used the weighted sum
method to calculate a score for each material based on the different criteria.
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In order to further understand our suggested process, below is an example that pertains
to the selection of material. Consider a set of alternatives ¥’ = {4°|,%%,, 9,9, %5} and
PY = {P7, P75, P73, Py, P75, PV} is the finite set of criterions. Where P, = Mechanical properties,
PY,= Thermal properties , P¥3= Delivery, B?,= Electrical properties , P?s=Environmental impact
and P”¢= other properties. S¢ = {S¢|, &¢,, &3} is the group of DMs. DMs provide a matrix of their
own opinion D? = (%Ej’ Nmscns Where %’f}p ) is given for the alternatives ¥°; € ¢ with respect to the
criteria 7, € P by &, decision maker in the form of g-ROPRFNs. we take ¢ = 6.

Step 1:
Acquire a decision matrix D%?) = (%’g’ ))an in the form of g-ROPRFNs from the decision makers given
in Tables 1-3.

Step 2:

Normalize the decision matrixes acquired by DMs using Eq (4.1). There are two types of criterions.

Table 1. g-ROPRF decision matrix from &¢;.

7

B

B3

Py

B7s

B

(0.78,0.65)
(0.75,0.54)
(0.94,0.19)
(0.74,0.34)
(0.89,0.40)

(0.45,0.78)
(0.93,0.29)
(0.64,0.34)
(0.80,0.24)
(0.94,0.33)

(0.85,0.34)
(0.34,0.24)
(0.84,0.44)
(0.64,0.14)
(0.42,0.53)

(0.34,0.24)
(0.89,0.32)
(0.84,0.40)
(0.34,0.24)
(0.34,0.54)

(0.64,0.36)
(0.44,0.44)
(0.74,0.21)
(0.74,0.24)
(0.34,0.34)

(0.78,0.84)
(0.54,0.84)
(0.54,0.65)
(0.34,0.74)
(0.28,0.33)

Table 2. g-ROPRF decision matrix from &°,.

B,

BT,

B

Py

P75

B7g

(0.84,0.34)
(0.87,0.34)
(0.89,0.59)
(0.49,0.78)
(0.89,0.23)

(0.43,0.21)
(0.32,0.56)
(0.54,0.38)
(0.43,0.39)
(0.67,0.87)

(0.84,0.54)
(0.43,0.34)
(0.54,0.34)
(0.74,0.89)
(0.23,0.41)

(0.54,0.32)
(0.44,0.74)
(0.34,0.24)
(0.56,0.32)
(0.24,0.49)

(0.22,0.78)
(0.27,0.67)
(0.43,0.24)
(0.69,0.18)
(0.49,0.29)

(0.43,0.43)
(0.34,0.87)
(0.56,0.78)
(0.59,0.34)
(0.49,0.24)

Table 3. g-ROPRF decision matrix from &¢5.

7

$7;

B3

Py

B7s

B

(0.54,0.65)
(0.96,0.23)
(0.74,0.14)
(0.34,0.34)
(0.78,0.54)

(0.34,0.78)
(0.54,0.34)
(0.43,0.42)
(0.49,0.34)
(0.35,0.25)

(0.56,0.87)
(0.39,0.56)
(0.24,0.44)
(0.44,0.24)
(0.53,0.54)

(0.64,0.25)
(0.54,0.22)
(0.36,0.54)
(0.78,0.54)
(0.64,0.24)

(0.56,0.76)
(0.53,0.54)
(0.54,0.54)
(0.75,0.64)
(0.64,0.54)

(0.43,0.27)
(0.22,0.56)
(0.32,0.54)
(0.65,0.54)
(0.44,0.39)

There is no cost type criteria So normalize decision matrixes are given in Tables 4-6.
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Table 4. Normalized g-ROPRF decision matrix from &¢.

B,

B,

P75

B,

PB7s

B

(0.78,0.65)
(0.75,0.54)
(0.94,0.19)
(0.74,0.34)
(0.89,0.40)

(0.45,0.78)
(0.93,0.29)
(0.64,0.34)
(0.80,0.24)
(0.94,0.33)

(0.85,0.34)
(0.34,0.24)
(0.84,0.44)
(0.64,0.14)
(0.42,0.53)

(0.34,0.24)
(0.89,0.32)
(0.84,0.40)
(0.34,0.24)
(0.34,0.54)

(0.64,0.36)
(0.44,0.44)
(0.74,0.21)
(0.74,0.24)
(0.34,0.34)

(0.78,0.84)
(0.54,0.84)
(0.54,0.65)
(0.34,0.74)
(0.28,0.33)

Table 5. Normalized g-ROPRF decision matrix from &¢,.

P

BT

B3

Py

P

P

(0.84,0.34)

(0.43,0.21)

(0.84,0.54)

(0.54,0.32)

(0.22,0.78)

(0.43,0.43)

(0.87,0.34)
(0.89,0.59)
(0.49,0.78)
(0.89,0.23)

(0.32,0.56)
(0.54,0.38)
(0.43,0.39)
(0.67,0.87)

(0.43,0.34)
(0.54,0.34)
(0.74,0.89)
(0.23,0.41)

(0.44,0.74)
(0.34,0.24)
(0.56,0.32)
(0.24,0.49)

(0.27,0.67)
(0.43,0.24)
(0.69,0.18)
(0.49,0.29)

(0.34,0.87)
(0.56,0.78)
(0.59,0.34)
(0.49,0.24)

Table 6. Normalized g-ROPRF decision matrix from &¢;.

B,

B,

P75

B,

P75

B7g

4
7
9,
G5

(0.54,0.65)
(0.96,0.23)
(0.74,0.14)
(0.34,0.34)
(0.78,0.54)

(0.34,0.78)
(0.54,0.34)
(0.43,0.42)
(0.49,0.34)
(0.35,0.25)

(0.56,0.87)
(0.39,0.56)
(0.24,0.44)
(0.44,0.24)
(0.53,0.54)

(0.64,0.25)
(0.54,0.22)
(0.36,0.54)
(0.78,0.54)
(0.64,0.24)

(0.56,0.76)
(0.53,0.54)
(0.54,0.54)
(0.75,0.64)
(0.64,0.54)

(0.43,0.27)
(0.22,0.56)
(0.32,0.54)
(0.65,0.54)
(0.44,0.39)

Step 3:

Calculate the values of Nhg.) ) by Eq (4.2).

N =10.4356

AIMS Mathematics

0.3567
0.4253

0.5464
0.2334

0.2341
0.3574
0.5710
0.6520
0.4340

ek e
S VG Y g
S G G G G U Sy

0.2392
0.5650
0.5431
0.3256
0.6064

— e e e
S G VI O G S—y
— ek

0.3466
0.8435
0.2456
0.7653
0.4567

0.5432
0.4564
0.6432
0.3456
0.5678

0.5400
0.5238
0.5176
0.2905
0.3619
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0.8373
0.4991
0.3562
0.1934
0.1844

0.5318
0.2989
0.2987
0.3423
0.3727

0.5674
0.4567
0.3325
0.6542
0.5678

0.4565
0.4345
N =10.7653
0.5678
0.4324

0.5579
0.2999
0.3043
0.3043
0.3976

Step 4:
Use q-ROPRFSMA to aggregate all individual -ROPRF decision matrices Y = (@g’ Y 10O ONE
cumulative assessments matrix of the alternatives W = (Wi )mxn given in Table 7.

0.4650
0.2995
0.4490].
0.2587
0.4317

Table 7. Collective g-ROPRF decision matrix.

By $7, P73 QU P75 $7q
@ (0.5256,0.6467) (0.4525,0.7265) (0.8674,0.5525) (0.9643,0.0932) (0.8956, 0.6365) (0.6784, 0.2636)
@ (0.9743,0.1897) (0.2973,0.4632) (0.4536,0.2138) (0.6954, 0.1984)  (0.5434, 0.3224)  (0.6474, 0.0000)
4’5 (0.7953,0.2943)  (0.3563,0.7643)  (0.7884, 0.5748) (0.5356, 0.6346)  (0.5956, 0.5465) (0.6764, 0.6367)
4%, (0.7854,0.6367) (0.3522,0.7849) (0.4352,0.3464) (0.6463,0.4674) (0.6644,0.1675) (0.4754,0.5378)
@'s  (0.2467,0.2315) (0.5232,0.6743) (0.4363,0.5638) (0.6474,0.5516) (0.5956, 0.3225) (0.4636, 0.6546)
Step 5:
Evaluate the values of N";; by using Eq (4.3).
1 0.8179 0.2999 0.2102 0.1998 0.1361
I 0.7999 0.2905 0.1946 0.1232 0.0253
N'.i=[1 07967 02323 0.1983 0.1343 0.0177{.
1 0.6321 0.2652 0.0987 0.0728 0.0149
1 0.7781 0.3101 0.1499 0.1223 0.0245
Step 6:
Aggregate the q-ROPRF values %#;; for each alternative ¢°; by the -ROPRFSMA operator using
Eq (4.4) given in Table 8.
Table 8. g-ROPRF Aggregated values #;.
#; | (0.7838, 0.6347)
W5 | (0.7298, 0.4675)
W5 | (0.7167,0.2367)
W, | (0.5784,0.8763)
Ws | (0.6352,0.3532)
Step 7:

Calculate the score of all g-ROPRF aggregated values 7.
FC(W) = 0.8754
H(Ws) = 0.7377
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T (W5) = 0.6747
(W) = 0.7587
JC(Ws5) = 0.3567.

Step 8:
Ranks by score function values.
Wy > Wy > W > W5 > Ws.

So,
g;l > gj4 > gjz > gl3 > g45.

The company then conducted a sensitivity analysis to check the robustness of the results. They varied
the weights of the criteria and recalculated the scores for each material. The results of the sensitivity
analysis confirmed that CFRP was the best material for the new product, regardless of the weight
assigned to each criterion.

Comparison analysis

In this section, we provide a comparative review of recommended operators alongside some current
AOs. The fact that both options yield identical outcomes is a testament to the effectiveness of our
proposed action items. Through the resolution of information data using existing analytical objects,
we conducted a comparative analysis of our findings and arrived at the same optimal decision. This
demonstrates the robustness and coherence of our proposed model. A comparison between the
presented AOs and some current AOs is provided in the Table 9.

Table 9. Comparison of proposed operators with some exiting operators.

Authors AOs Ranking of alternatives The optimal alternative
Liu & Wang [13]  g-ROPRFWA G =G >G> Gy > G 7z
g-ROPRFWG G\ >G> Gy >G> G %
Liu & Liu [26] g-ROPRFWBM  4°| > 4%, > Gy > 4’5 > G5 4
q-ROPRFWGBM  4°| > 4%, > G*3 > 4%, > G5 G
Zhao et al. [15] q-ROPRFHM G =Gy >G> G > G G
q-ROPRFWHM  4°| > 4’} > G, > 4’5 > G’ 4
Liu et al. [28] gq-ROPRFHM G >G> G > G > G 4
g-ROPRFWHM  4°| > G°, > Gy > G5 > G5 7z
Joshi & Gegov [29] CQROPRFWA  4°| > 4%y > 9% > G5 > G5 %
CQROPRFWG g!l > gj4 > gjz > g:3 > g15 gj1

6. Conclusions

Material selection is a crucial and complex process in engineering that involves choosing the best
material for a given application. MCDM is an essential tool that helps engineers make informed

AIMS Mathematics Volume 8, Issue 8, 18780—18808.
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decisions about material selection by considering multiple factors. The soft-max function is an
extension of the logistic function that has been used in various stochastic classification approaches,
including neural nets and linear differential analysis. Researchers have developed soft-max-based
fuzzy AOs for g-ROPRFS and proposed an MCDM approach based on these AOs. By applying this
approach to a practical problem using q-rung orthopair fuzzy data and conducting a numerical example
to validate the suggested procedures, the researchers have shown the effectiveness of their proposed
MCDM approach. In summary, the use of MCDM and soft-max-based fuzzy AOs can greatly aid the
material selection process and help engineers choose the most suitable material for a given application.

The proposed approach has the potential to facilitate the development of future decision-making
methodologies, such as dynamic highly classified screening, psychiatrist’s investigation for COVID-
19 task distribution, dynamic funding mechanisms, social networking monitoring, armed assistance
order administration, and complex fuzzy dynamic decision-making.
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