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Abstract: In this paper, we develop a new method of decision-making algorithm with Hausdorff distance and
Hausdorff similarity measures based on generalized set-valued neutrosophic quadruple numbers. To establish
the algorithm, we define Hausdorff distance measure and Hausdorff similarity measure on generalized set-
valued neutrosophic quadruple. Next, we give a new method of decision-making application for impact of
online learning on the learner. Also, we obtain different result from some previous applications (based on
neutrosophic sets) for decision making algorithm. Thanks to our decision-making algorithm and similarity

measure, researchers can obtain new applications for other decision making problems.
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1 Introduction

The rapid population growth experienced in the world at the end of the twentieth century and
the inadequacy of classical learning-teaching (education-training) activities and methods in this respect
led to new searches in the field of education. As a result of these searches, online education programs
have been developed. Online education program is the name given to the study carried out with the
curriculum prepared by educational institutions in a certain order to help students practice education
alone. In the most general sense, we can define online education as the education practices that are

structured on environments where teachers and students are separated from each other in terms of time
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and space. In this study, we will define a new similarity measure for generalized set-valued
neutrosophic quadruple numbers to assess the competence of online education and remove
uncertainties and provide a more objective assessment, and show the requirements for the similarity
measure. Some of the environmental factors that affect the competence of online education are
infrastructure, course material, and course hours. The difference of the similarity measure we will define
from other similarity measures is that we add set operations on it. These set operations caused the result
of the similarity measure to be seen more clearly. Similarities between human beings, a medicine or a
new law to be exemplified can be examples of the assets we are talking about. In this report, some
criteria will be selected to evaluate the adequacy of online education and the weight values of these
criteria will be determined. A community of experts will then be created and an ideal (I) student
template will be prepared for the assessment of online education, using generalized set-valued
neutrosophic quadruples and numbers. Then, experts will be able to evaluate other students' criteria as
generalized set - valued neutrosophic quadruple sets and numbers with the help of this ideal student.
The evaluation result of each student will be handled separately and evaluation results of each will be

obtained. Thus, an objective assessment will be made.

Smarandache defined neutrosophic logic and neutrosophic sets [1] in 1998. In terms of
neutrosophic logic and neutrosophic sets, there is a membership degree (T), an indeterminacy degree
(I) and a non-membership degree (F). These degrees are defined independently. A neutrosophic value
is in the form (T, I, F). In other words, in explaining an event or finding a solution to a problem, a
condition is handled according to its accuracy, inaccuracy and uncertainty. Therefore, neutrosophic
logic and the neutrosophic sets help us find solutions to many uncertainties around us and in explaining
complexity. Also, the distance measures and similarity measures are useful for decision making
applications in neutrosophic theory. Therefore, many researchers studied neutrosophic theory [2-25]
and decision making for neutrosophic theory [25-31]. Recently, Ulugay et al. [6] introduced neutrosophic
multi-groups and applications; Ulugay [7] introduced a new similarity function of trapezoidal fuzzy
multiple numbers based on multiple criteria decision making; Sahin et al. [8] obtained some weighted
arithmetic operators and geometric operators with SVNSs and their application to multi-criteria

decision making problems; Sahin et al. [9] studied some new operations of (a, 3, y) interval cut set of
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interval valued neutrosophic sets; Sahin et al. [10] obtained refined neutrosophic hierarchical clustering
methods; Sahin et al. [11] studied extension principle based on neutrosophic multi-fuzzy sets and
algebraic operations; Sahin et al. [12] introduced neutrosophic triplet partial g-metric space; $Sahin et al.
[13] introduced neutrosophic triplet normed ring space; Sahin et al. [14] studied neutrosophic quadruple
theory; Broumi et al. [15] obtained Hausdroff distance and similarity measure for neutrosophic set and
numbers; Sahin et al. [16] studied combined classic-neutrosophic sets and double neutrosophic sets;
Sahin et al.[17] obtained decision-making applications in professional proficiencies in neutrosophic
theory; Ulugay et al. [18] introduced decision-making method based on neutrosophic soft expert graphs;
Ulucay et al. [19] studied an outranking approach for MCDM-problems with neutrosophic multi-sets;
Hassan et al. [32] studied Q-neutrosophic soft expert set and its application in decision making; Bakbak
et al. [33] obtained a theoretic approach to decision making problems in architecture with neutrosophic
soft set; Sahin et al. [34] introduced neutrosophic triplet metric topology; Aslan et al. [35] introduced
neutrosophic modeling of Talcott Parsons’s action; Sahin et al. [36] studied an outperforming approach
for multi-criteria decision-making problems with interval-valued bipolar neutrosophic sets; Abdel-
Basset et al. studied a new hybrid multi-criteria decision- making approach for location selection of
sustainable offshore wind energy stations [37]; Abdel-Basset et al. introduced neutrosophic theory
based security approach for fog and mobile-edge computing [38]; Abdel-Basset et al. studied a model
for the effective COVID-19 identification in uncertainty environment using primary symptoms and CT
scans [39]; Abdel-Basset et al. introduced evaluation of sustainable hydrogen production options using

an advanced hybrid MCDM approach [40].

Smarandache [20] discussed the neutrosophic quadruple set and the neutrosophic quadruple
number. Neutrosophic quadruple sets are a generalized form of neutrosophic set. A neutrosophic
quadruple set is represented by {(k, 1T, ml, nF): k, 1, m, n € R or C}. Here k is named as the known part,
(IT, ml, nF) is named as the unknown part and T, I, F have the usual neutrosophic logic tools. Also,
Sahin et al. [21] introduced generalized set-valued neutrosophic quadruple sets. Unlike neutrosophic
quadruple set and number, in a generalized set-valued neutrosophic set and numbers; k, 1, m and n are
sets and T, I and F are not fixed. Thus, generalized set-valued neutrosophic set and numbers are more

useful for decision making applications.
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The organization of this paper is as follows: In section 2, some basis conception of the
neutrosophic sets [1, 4], Hausdorff measures [15], the concept of neutrosophic quadruple sets [20, 21],
Euclid measures [23] and Dice measures [22]. By adding set operations to the known Hausdorff
distance measurement, we will obtain a larger set point Hausdorff distance measurement based on
generalized set-valued neutrosophic quadruple numbers so that we can more clearly deal with the
problems we encounter in section 3. In section 4, we will write an algorithm that we can use on sets of
neutrosophic quadruple. Later, we will show the operability of Hausdorff’'s distance measurement,
which we developed, by writing a numerical example with a neutrosophic quadruple structure. The
example we gave in section 4 was calculated with other distance measurements in Seciton 5. and then,
as a result of this calculation, we will comparison that the distance measurement we developed gives

different results. Section 6 presents final conclusions and further research.

2 Preliminaries
Definition 2.1: [1] Let E be the universal set. For Vx € E, 07 < T, (x) + I,(x) + F4(x) < 3%, by the help of
the functions Ty:E - 1-0,1* [, I;:E - ]1-0, 1" [and F,: E =]-0, 1* [ a neutrosophic set A on E is defined
by

A= {00, Ty(0), [y (x), Fa(x)): x € E}.

Here, T,(x), I4(x) and F,(x) are the degrees of trueness, indeterminacy and falsity of x € E respectively.

Where,-0=0-cand 1" =1+¢.

Definition 2.2: [4] Let E be the universal set. For Vx € E,0 < Ty(x) + I,(x) + F4(x) < 3, using the
functions T,: E = [0,1], I,: E = [0,1] and F,: E — [0,1], a single-valued neutrosophic set 4 on E is defined

by
A={{x,Ty(x),L,(x), Fa(x)):x EE}.

Here, T,(x), I;(x) and F4(x) are the degrees of trueness, indeterminacy and falsity of x € E, respectively.
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Definition 2.3: [15] Let A; = <T,, (x), I, (x), F4, (x)> and A, = <T,,(x), I4,(x), F4,(x)> be two single —
valued neutrosophic numbers. The Hausdorff distance measure between A; and 4,, which is shown as

dy (A4, A,) is defined as

dp = (41,4;) = max{|TA1 x) — TA2 (x)|, |[A1 x) — IA2 (x)|, |FA1 (x) — FA2 (x)l} .

Also, the Hausdorff similarity measure between A; and A,, which is shown as Sy (4;, 4;) is defined as

Sp = (A1, 4;) =1 —max{|Ty, (x) — T, ()|, |Ln, (%) — Lo, 0|, |Fa, () = Fa, (O |}-

Theorem 2.4: [15] Let X;, X, and X3 be three single — valued neutrosophic sets, d;, be Hausdorff

distance measure. Then the following properties hold.
i 0=<dy(X,X;) <1
ii. X, = X, if and only if d; (X;,X,) = 0
i, dy(X,X,) = dy(X,, Xq)
iv. IfX, & X, CX;, then dy (X, X;) < dy(Xy,X3) and dy (X, X3) < dy(X3, X3).

Theorem 2.5: [15]: Let A;,A, and A3 be three single — valued neutrosophic sets, S, be Hausdorff

similarity measure. Then the following properties hold.

i. 0<5,(44,4,) <1
ii. Sh(A,4,) =1 © A =4,
iii. Sn(Ay, A7) = Sp(4;,A)
iv. If A, €A, € A; € E, then S;,(4;,43) < S,(41,4;) and S, (41, 43) < S,(4,,43).

Definition 2.6: [20] NQN is a number of the form (k, 1T, ml, nF). Here, T, I and F are used as the ordinary
neutrosophic logical tools and k, 1, m, n € R or €. NQ = {(k, IT, mIL, nF): k, I, m, n € R or C} is defined by

neutrosophic quadruple set.

For a neutrosophic quadruple number (k, 1T, ml, nF), k is named the known part and (IT, ml, nF) is

named the unknown part where k represents any asset such as a number, an idea, an object, etc.
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Definition 2.7: [21] Let X be a set and P(X) be power set of X. A generalized set — valued neutrosophic
quadruple set is a set of the form Gy, = {(4y,, B, Ty, Cs,Is;, Ds, Fs)): A, B,y Cs, D, € P(X);i=1,2,3, ...,

n}.

Where T}, I; and F; have their usual neutrosophic logic means and generalized set — valued neutrosophic

quadruple number defined by

GN,: = (Asi’BsiTsi’Csi[si: DSiF:S‘i)‘

As in neutrosophic quadruple number, for a generalized set — valued neutrosophic quadruple number
(As; By, Ty, Cs 15, D, Fy,) representing any entity which may be a number, an idea, an object, etc.; Ay, is
called the known part and (By Ty, Cs I, D, Fs,) is called the unknown part.

Definition 2.8: [20] Let Gy, = (4, BT, Cs,15;, Ds,Fs;) and GNj= (Asj,stTsj, Sjlsj,Dstsj)be two

generalized set — valued neutrosophic quadruple numbers. 4, < ASJ., Ag, © Asj, Ag © Asj, Ag, © Asj and
T, < Tsj,Isl. < IS]., K, < st, then we say Gy, is a subset of Gy, and denote it by Gy, G-

Definition 2.9: [23] Let A; = <T, (x), I4,(x), F4,(x)> and A, = <T,,(x), I, (x), Fa,(x)> be two single —
valued neutrosophic numbers. The Euclid similarity measure between A, and A,, which is shown as

dg (A4, A,) is defined as

2

Aoy 1) = 1= 250, (1,00 = T (0) 4 (10,00 — 10, + (B = Fiy()

Definition 2.10: [22] Let A; = <T,, (x), I4,(x), F4, (x)> and A, = <Ty,(x), I,,(x), Fa,(x)> be two single -
valued neutrosophic numbers. The Dice similarity measure between A; and A4,, which is shown as

dg(Aq, A,) is defined as

2[(T Ay (0T, () +1 4, (O.Lay () +F 4y ().F g, ()]

((ray ) +(1a,0) +(Fay @) )+((14,0) +(1,0) +(Fa,0))

Sp1(41,4;) =1-
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3 Hausdorff Measures Based on Generalized Set-Valued Neutrosophic Quadruple Numbers and

Sets
In this paper, we take T, I, F € [0, 1] like single valued neutrosophic numbers in Definition 2.2.

Definition 3.1: Gy, = (4s,, Bo,Ts,, Cs,Is,, D, Fs,) and Gy, = (4, B, Ts,,
set — valued neutrosophic quadruple number. We define a function dyyy: Gy, X Gy, — [0,1] such that

dQHN (GNlﬂ GNZ) = dQHN ((Aslv leTslv Csllsli Dlesl): (Asz! BSZTSZ’ Cszlsz! DSZFSZ))
[

1
2 max{|TS1 - TSz |’ |IS1 - ISz|’ |FS1 - FSz|}

Cs,Is,, Ds, FSZ) be two generalized

max{s(As, \ 4s,),s(4s, \ 4s,)} =~ max{s(Bs, \ Bs,),s(Bs, \ Bs,)}

\1
1 | max{s(As,),s(As,), 1} max{s(B;,),s(Bs,), 1} |‘
J

4 N max{s(Cs, \ Cs,),s(Cs, \ Cs,)} max{s(Ds, \ Ds,),s(Ds, \ Ds,)}
\ max{S(C51)' S(CSZ)' 1} max{S(D51)' S(Dsz)' 1}

Then, dgyyy is called a Hausdorff distance measure on generalized set-valued neutrosophic quadruple
numbers.

Where, s(A) is number of element of set A.

Also, we generalized Hausdorff distance measure for generalized set-valued neutrosophic quadruple
numbers in Definition 3.1.

Theorem  3.2: Let Gy, = (As, BT, Cs 15, Ds,Fs,),  Gn, = (As,,Bs,Ts,, Cs,Ls,, Ds,F;,)  and
GN3 = (AS3'BS3TS3'
Then, dgyyy satisfies the below conditions.

i) doun(Gn,,Gn,) € [0,1]

ii) doun (G, Gn,) = 0 © Gy, = Gy,

iii) doun (Gn,, Gn,) = doun (Gn,, Gn,)

iv)If Gy, © Gy, © Gy, , then

doun(Gn,» Gn,) < doun (Gy,,Gy,) and douy (Gy,, Gyy) < doun (G, Gy,) -
Proof:

i)

Let Gy, = Gy,. From Definition 2.8,

Cs,Is,, Ds, Fy,) be two generalized set — valued neutrosophic quadruple numbers.
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A, = Ag,, Bs, =B, Cs, =C,,, Dy, =D, T, =Ts,, I, = I, and F;, = F;, .Thus, we have

1
s Gy o) = 3 max(T, = Tl = b, = )

1 max{s(As1 \ Asl),s(AS1 \Asl)} max{s(BS1 \ le),s(le \ le)}
* Z( max(s(As),s(As ) 1] | max{s(Bs,),s(Bs,),1)
max{s(Cs1 \ Csl),s(Cs1 \ Csl)} max{s(DS1 \ Dsl),s(Ds1 \ Dsl)}
T max(s(C,),s(G )] max(s(D,,),s(Dy, ), 1) )]
= 1[0 +l< 0 + 0 + 0 + 0 =0
2" 4\s(4y) s(By,) s(c,) s(ps,)

Let Gy, # Gy,. We have Ay, # A, B, # By, Cs, # Cs,, Dy, # Dy, Ty, # T, Iy, # I, Fy # F,.

In this case, doyy(Gn,, Gn,) > 0.

Let Gy, # @ and Gy, = 9. So,

Gy, = (As,, B, Ty, , C, L5, Dy, Fy)), Gy, = @ = (8,07, Dls,, OF;,). Since we are looking for the highest

value of the result, we take Ty, = I, = F, =1and T,, = I, = F, = 0.

1
doun(Gy,, Gy,) =5 [maxﬂTSl - 0|' |151 - 0|' |F51 - 0|}

2
+ 1 <max{S(AS1 \ @), S((D \ AS1)} + max{s(le \ Q)' S(@ \ BS1)}
4 max{s(4s,), 0,1} max{s(Bs,),0,1}
max{s(CS1 \ Q)),S(Q) \ Csl)} max{s(Ds1 \ (D),s((Z) \ Dsl)})]
+ +
max{s(CSl), 0, 1} max{s(Dsl), 0, 1}
1 1
:E[”Z(”””D]:l

As the highest value of dyyy (Gy,, Gy,) is 1 and the lowest value is 0, dgyn (Gy,, Gy,) € [0,1].
ii) dopn (Gn,, Gn,) = 0 & Gy, = Gy

2

. _ 1 1 (max{s(As,\A4s,),s(As,\4s, )}
(=):1f donn (G Gr,) = 2 [max{|T51 — T, |’ |151 — I, |’ |P:91 - K, |} + Z( max{Sl(Asf)'S(Aszz);l} —
max{s(Bs, \Bs,),s(Bs,\Bs,)} | max{s(Cs;\Cs,),s(Cs,\Cs;)} max{s(Dsl\DSZ)'S(DSZ\DS1)})]

max{s(Bs, ),s(Bs,)1} max{s(Cs,)s(Cs,).1} max{s(Ds, ),s(Ds,).1}

=0,
then

max{|T51 - TSzl’ |IS1 - ISzl’ |FS1 - FSzl} = 0 and

1 (max{S(Asl\Asz)rS(Asz\Asl)} max{s(Bs;\Bs,),5(Bs,\Bs;)} | max{s(Cs;\Cs,),5(Cs,\Cs;)} max{s(Dsl\Dsz)'S(Dsz\Dsl)}) =0

4 max{s(As, ).s(4s,).1} max{s(Bs, ),s(Bs,).1} max{s(Cs,),s(Cs,)1} max{s(Ds, ).s(Ds,).1}
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If |T,, = Ts,| = 0, then T, =T,,;if |I;, —I;,| = 0, then I, =I;if |, —F,| = 0, then F;, = F,, and if

max{s(As; \As,)s(As,\As;)} _ max{s(Bs, \Bs,),5(Bs, \Bs, )} _
max{s(ASl),s(ASZ),l} ’ max{s(le),s(BSZ),l}

max{s(CS1 \Cs,),5(Cs, \Csl)} =0
max{s(Cs,).5(Cs,).1} ’

0,

max{s(Ds; \Ds,),5(Ds,\Ds,)} -0
max{s(Ds, ),s(Ds,).1} ’

then
A51 = Aszr 51 Bszr 51— C52/ D51 = D52 .
Then, from Definition 2.8, we obtain that Gy, = Gy,.

(=):

Let Gy, = Gy,. From i, we havedyyy (Gy,, Gy,) = 0.

iif)

1
dQHN(GNl' GNz) = E[maxHTﬁ - T52|' |151 - 152|‘ |FS1 - F52|}

l(max{s(Aﬁ \ ASZ)' S(ASZ \ A51)} + max{S(BS1 \ BSz)’ S(BSZ \ BS1)}

4 max{s(ASl), s(ASZ), 1} max{s(le), s(BSZ), 1}

N max{s(Cs, \ Cs,),s(Cs, \ Cs,)} N max{s(Ds, \ Ds,),s(Ds, \ Dsl)}>]
) max{s(C,),s(Cs,), 1} max{s(Ds,),s(Ds,), 1}

- 3 |meslln, = T~ b1, - £
l(max{s(As2 \ 4,),s(4s, \ 45,)} max{s(B;, \ Bs,),s(Bs, \ Bs,)}
4 max{s(ASz), s(ASl), 1} max{s(BsZ), s(le), 1}
max{s(Cs, \ Cs,),s(Cs, \ Cs,)} = max{s(Ds, \ Ds,),s(Ds, \ Ds,)}

max{s(Cs,),s(Cs,), 1} max{s(Ds,),s(Ds,), 1}

iv) Let Gy, < Gy, C Gy,. From Definition 2.8, we obtain 4, ¢ A,, © A, B;, © B;, © B, (5, © C;, € Cy,,

Dy, © Dy, € Dg,. Also, we have

$(As,) < s(4s,) < s(As,), s(Bs,) < 5(Bs,) < 5(Bs;), s(Cs)) <5(C) <5(Csy), s(Ds,) < 5(Ds,) < 5(Ds,),

and

)] = doun(Gw,, Gn,)-
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max{s(As;\As,),s(As,\As,)} | max{s(Bs;\Bs,),s(Bs,\Bs;)} , max{s(Cs;\Cs,),5(Cs,\Cs,)} , max{s(Ds;\Ds,),5(Ds,\Ds; )}

max{s(As,).s(4s,).1} max{s(Bs, ),s(Bs,),1} max{s(Cs,),s(Cs,).1} max{s(Ds, ).s(Ds,).1} -
max{s(Asl\A53),S(AS3\A51)} max{s(BSl\BS3),s(Bs3\le)} max{s(Csl\C53),5(653\651)} max{s(DSl\Ds3),s(D53\Dsl)}
maxls(dsy)5(As;)1) max(s(Bey)5(85;)1) maxls(Cs,) (G521 maxls(Dsy)5(055).1)

since

s(As, \ 4s,) = s(4s,\ Ag,) = s(4;, \4s,) = 0
s(Bs, \ Bs,) = s(Bs,\ Bs,) = s(Bs,\ Bs,) = @
s(C \ Cs,) = 5(€;,\ C5,) = s(Cs, \C,) = 0
s(Ds, \ Ds,) = s(Ds,\ Dy,) = s(Ds, \ Ds,) = ©

S(As, \ As)) < s(As; \ As,), S(Bs, \ B,) < 5(Bs, \ Bs,), 5(Cs, \ C5,) < 5(Cs; \ Cs,), s(Ds, \ Ds,) < s(Ds, \
Dsl)/

$(Asy \ As,) < 5(As3 \ As,), S(Bsy \ Bs,) < 5(Bsy \ By), 5(Csy \ C,) < 5(Cs; \ Cs,), $(Dsy \ Ds,) < (D \
Dg,) .

Also, from Definition 2.8, we obtain

|TS1 _T52| = |TS1 — Tl s, _152| = |IS1 — s, | |Fs, _F52| = |FS1 — Fyl,
|T52 _T53| = |TS1 _TS3 4 152 _153| = |151 _153 4 FSz _F53| s |F51 _F53|'

Thus, we have dQHN(GN1' GNZ) < dQHN(GNl, GN3).
Where, dQHN(GNZ, GN3) < dQHN(GN1' GN3) can be shown similar to dQHN(GNl, GNZ) < dQHN(GNl, GN3).

Definition 3.3: Let Gy, = (4, By Ts,,Cs ls,, D5 Fs) and Gy, = (As,, Bs,Ts,, Cs, Is,, Dg, Fs,) be  two
generalized set — valued neutrosophic quadruple numbers. We define a function dyp: Gy, X Gy, —
[0,1] such that

Sonn: (GNlﬂ GNZ) = Soun ((AS1' B, Ts,, Cs, I, Dleql): (Asz; B,,Ts,, Cs,Is,, DstSz))
1
=1- E[max{|Ts1 - T52|’ |151 - 132|’ |F51 - F52|}

1 (max{s(Asl \ 4s,),s(4s, \ 4s,)} max{s(Bs, \ Bs,),s(Bs, \ Bs,)}

4 max{s(4s,), s(4s,), 1} max{s(B,),s(Bs,), 1}
max{s((fs1 \ CSZ),S((IS2 \ CSI)} max{s(Ds1 \ DSZ),S(DS2 \ Dsl)}
T mads(6)5(6) ) max(s(D,,).5(0,,). 1] >]
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Then, Sypy is called a Hausdorff similarity measure on generalized set - valued neutrosophic quadruple
numbers.

Where, s(A) is number of element of set A.

Also, we generalized Hausdorff similarity measure for generalized set - valued neutrosophic quadruple
numbers in Definition 3.3.

Theorem 3.4: Let Gy, = (As,, B, Ts,, Cs, Is,, Dg, F. ), Gy, = (As,, Bs, Ts,, Cs, Is,, Ds, Fs) and
Gy, = (As,, Bs,Ts,, C I, D Fy,) be three generalized set — valued neutrosophic quadruple numbers.
Then, Sy satisfies the below conditions.

i) Soun(Gn,, Gy,) € [0,1]

ii) Soun (G, Gy,) = 1 © Gy, = Gy
iii) SQHN (GNl’ GNZ) = SQHN (Gsz GNl)
iv) If Gy, © Gy, < Gy,, then

Soun (Gny, Gn,) < Soun (G, Gy,) and Souy (Gle GN3) < Soun (GNZ:GN3)-

Proof:

2

i) From Theorem 3.2,

when dQHN (GNl' GNl) = 0, Soun (GNI' GNl) =1- dQHN (GNl» GNl)
When dQHN (GNl' GNl) = 1, SQHN (GNl' GNl) =1- dQHN (GNl’ GNl) =1-1= 0

1-0=1

Then, Souy (Gy,, Gy,) € [0,1].
ii)
From Theorem 3.2,
(=):1If Soun (Gn,,Gn,) = 1, then Souy (Gy,, Gy,) = 1 —doun (Gy,,Gy,)
dQHN (Gva GNZ) = 1—-Soun (GNl» GNZ)
doun (Gy,,Gy,) = 1-1=0.
From Theorem 3.2,
(&):If Gy, = Gy, , then doyy (Gy,,Gy,) = 0.
Since Soun (Gy,, Gn,) = 1 —dgun (Gy,, Gy,) = 1 —0 =1, one can write Spuy (Gy,,Gy,) = 1.

iii) From Theorem 3.2,

Since Souy (Gn,, Gn,) = 1 —doun (Gn,,Gy,) and douy (Gn,, Gn,) = doun (Gn,, Gy,),
SQHN (Gva GNZ) =1- dQHN (GNliGNZ) =1- dQHN (GNZ:GNl) = SQHN (GNZ' GNl)-
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iv) Let Gy, © Gy, C Gy,.
From Theorem 3.2,if A, < Ay, © Ag,B;, © B, € Bg,,C;, © C;, © C,,, Ds; © Ds, C© Dy, , then
dQHN (GNl' GNZ) < dQHN (GNl’ GN3) and dQHN (GNZ’ GN3) < dQHN (GNli GN3) .

doun (Gn,, Gn,) < doun (Gny, Gy,)

_dQHN (GleGNZ) = _dQHN (GN1’GN3)
1 —doun (Gy,, Gn,) 2 1 = doun (Gny, Gy,)

Soun (Gny, Gn,) = Soun (G,, Gy)-

Also, Soun (Gn,, Gn,) < Soun (Gy,, Gy,) can be shown similar to Souy (Gy,, Gy,) = Soun (Gn,, Gs)-

Example 3.5: Let X = ({x,, x3, X5, X6}, {x1, X6, x5} (1), ©(0), #(0)) and

Xy = ({xy, x3, x5, %7, %o}, {2, X4, X5, X6, X73(0,4), {x7, X3, %,3(0,1), {x4, x5 }(0,2)) be two generalized set-

valued neutrosophic quadruple numbers.

We calculate dgpyy (X, X;), namely the distance between X and X;.

1
dQHN(XvXI) = E[max{IT =T, 1= L|,|F=F}

1 (max{s(A\ A;),s(4; \ A)} max{s(B\ B,),s(B;\ B)} max{s(C\ C;),s(C;\ O)}
Z( max{s(A),s(4,),1} + max{s(B),s(B,), 1} + max{s(C),s(C,), 1}
max{s(D \ D,),s(D, \ D)}

max{s(D),s(D,), 1} )]

1
dQHN(Xﬂxl) = E [max{ll - Ol4|l |0 - 0!1|' |0 - 0!2|}
1 max{s({x,, x3, x5, X6} \ {21, X3, x5, %7, %0}), ({2, X3, x5, %7, %} \ {22, X3, x5, X6 })}
4 max{s({xz,X3,xS,x6}),S({xl,xg,x4}), 1}
max{s({xli Xe, x8} \ {xz, X4, X5, Xy x7})! s({le X4, X5, X6, x7} \ {xli Xe, x8})}
_I_
max{s({xll Xg, xs}); S({XZJ X4, X5, Xg, x7})l 1}

n max{s(® \ {xz, x3,%,}), s({x2, x3,x,} \ 0)} n max{s(® \ {x4, xs}), s({x4, x5} \ Q))})]
max{s ({})' S({XZJ X3, x7})' 1} max{s({}, S({x4! xs})' 1}

max{2,3} max{2,4} max{0,3} max{0,2} )]
max{4,3,1} max{3,51} max{0,3,1} max{0,2,1}

doun (X, X)) = %[max{0.6,0.1,0.2} +§(

—106 13 2,32 = 0.74375
—z[- +z<z+§+§+z>]— A

AS dQHN(X'Xl) = 0.74375, SQHN (X,Xl) = 1_dQHN(X'X1) = 1_0.74’375 = 0.25625.
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4 Decision Making Applications for Adequacy of Online Education

Now, we give an algorithm based on the generalized set-valued neutrosophic quadruple numbers and
Hausdroff measures on the generalized set-valued neutrosophic quadruple numbers for multi-criteria

decision making method applications.

Algorithm 4.1:
Step 1: The criteria are determined. The criteria set get K.

K= {kl' kz, ...,kn} (Tl € N)

The weight values of the criteria determined to W = {w;,w,,...,w,} (m € N) and Y-, w; =1, w; EN.

Where,
w; is the weight of criterion kg,
w, is the weight of criterion k,,

ws is the weight of criterion ks,

wy, is the weight of criterion k,.

Step 2: Let I be the ideal status. For the generalized set — valued neutrosophic quadruple numbers, we

define I such that
I={ky: (P(X), PX)Ty, OL, OF,), ky: (P(Y), P(NTy, Oly, BF,), ..., kn: (P(Z), P(D)T,, 0L, OF,)}.

Where,
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Step 3: The adequacy of the efficiency of the criteria should be assessed by samples references according

to each criterion and each status should be identified as a generalized set valued neutrosophic

quadruple numbers.
Let the sets of the samples references be
Al = {kl: (Xll' X12T11, X13111,X14F11), kz: (Yll’ Y12T12, Y13112, Y14F12), ey kn: (le, ZlZTl‘n' Zl311n' Z14F1n)}

Az = {k]_: (lelX22T21’X23121'X24F21)' kz: (Yzl, YZZTZZ' Y23122’ Y24F22), ey kn: (Zzl'Z2ZT2‘n'ZZSIzn'ZZ4F2n)}

Ay = {kyt Xy Xo, Ty Xna Iy X Fn ) ot (Y Yo, Ty Y Iy Yoo By )s voor bt (Zys Z, Ty Zng In s Zony B )}
and each samples reference is evaluated according to each criterion. Here;
X, €P(X), Y, €P(Y), ..., Z; €P(Z) (i=1,2,3,..n)(j=12,...,n)

Step 4: The sample reference criteria are given as generalized set valued neutrosophic quadruple

numbers in Step 4. Now show them in Table 1.

Table 1. Example reference criterion table

k1 k2 le
Ay (X11’X12T11’X13111'X14F11) (Y11' Y, Y0, Y14F12) (211'leTln’Zl311n’Zl4F1n)
Ar | Koy Xa,Toy Kooy Ko Fy) | (Yoy Yo Toy Yaulzp Voo Fay) | oo | (2200 22, T Zasla 22, Fay)
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An (an'anTnl'Xn3In1’Xn4Fn1) (Yn1'YnzTnz’Yn3Inz’Yn4Fnz) (an'anTnn‘Zn31nn'Z"4an)

Step 5: Let's calculate the similarity values of the sample references with the I ideal criterion. While

doing this, calculate Spyy (ij,Al-k.) in Table 2.
j

Table 2. The I ideal criterion and the similarity values of the sample references

kq ka kn
Ay SQHN(1k1:A1k1) SQHN(IkziAlkz) SQHN(IkntAlkn)
A, SQHN([kerZkl) SQHN(IkztAZkZ) SQHN(Ikn:Azkn)
An SQHN ([klr Ankl) SQHN (Ikz' Ankz) e SQHN (Ikn: Ankn)

Step 6: In this last step in the similarity found, it is multiplied by the weight value of a criterion. For

this, use the k-th weight value for each of the similarity values in the k-th column (k=1, 2, ..., n). Thus,
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get the weighted similarity table in Table 3. The sum of 4; in Table 3 will be given as SQHNi similarity

value. (i=1,2,...n) (n € N)

Table 3. Weighted similarity table

wiky wyk; Wnky - .
Z wik; = Soun'
i=1
Ay | wiSonn (T Ary ) Wz Soun (Iky» A1y,) Wn. Soun (Ii,» A1, ) SQHNl
A, Wl'SQHN(Ikl'AZ;CI) WZ'SQHN(IkzﬂAZ;CZ) Wn-SQHN(Ikn'Aan) SQHNZ
Ay Wl'SQHN(IklﬁAnkI) WZ'SQHN(IkernkZ) Wn-SQHN(Ikn»Ankn) SQHNn

Example 4.2: The similarity measure is an important mathematical tool to deal with the problems we
encounter in daily life. One of the bad consequences of the epidemic that affects the whole world is that
we have to stop education. Therefore, education and training institutions have temporarily started
online education practices so that students do not stay away from education. Of course, it has been seen
that future online education does not have the same effect on students. Some of the factors that
negatively affect students in this process are the environment, internet infrastructure, and the materials
used in the course. In this section, the new similarity measure is applied to an online education problem.
The generalized set-valued neutrosophic quadruple number is just a tool to deal with such cases, and

for each evaluations for an alternative under the criterias can be considered as a generalized set-valued
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neutrosophic quadruple number. Now, In the example below, 4 criteria and weight values of these
criteria are determined in the first step. In step 2, the ideal set I to be referenced is written. In step 3, how
to determine the efficiency of online courses, 10 student sets will be determined and these sets will be
written as generalized set-valued neutrosophic quadruple number. The similarity values of these
student sets with ideal set I are calculated and the results are multiplied by the weight values of the
criteria. The similarity values of each criterion are added and the student with the best result is

determined by finding the similarity values of each student separately.

Step 1: Let the set of criteria to be considered in evaluating the students' efficiency in online education

be K.
K = {ky,ky k3, ky}.
k; : Communication. The criterion weight values w;= 0.4
k, : Lesson plan. The criterion weight values w, = 0.2
ks : Attendance. The criterion weight values w; = 0.1
k, : Source of Knowledge. The criterion weight values w, = 0.3

Step 2: For the I ideal student, in the generalized set valued neutrosophic quadruple set
I'={ky: ({1, x3, %3, x4, x5}, {x1, X3, X3, X4, x5}(1), (0), B(0)),

ko: (D1 ¥20 ¥3, var ¥53. 01 ¥20 ¥3, 24, ¥53(1), 9(0), 9(0)),

ks: ({21, 22 73 700 25}, {20 72, 23, 24, 253(1), ©(0), B(0)),

ky: ({8, to) €5, t, ts), {ts, ta ta, Ly, £53(1), B(0), B(0))},

Step 3: Each student whose adequacy of the efficiency of the online lessons will be evaluated according
to each criterion and each student is determined as a generalized set valued neutrosophic quadruple

number.

Let the set of the students be A = {A4;, 4,, A3, Ay, As, A, A7, Ag, Ao, Aqp}.
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Ay = {kq: ({1, X2, X4, X5}, {X2, %4 3(0.4), {x1, X2, x4 }(0.2), {x1, %,}(0.3)), k2: ({¥1, Y2, ¥3, ¥},

{y1, Y2, ¥33(0.5),{y2, ¥3, ¥5}(0.2), {¥1, ¥53(0.4)), k3: ({22, 23, 24, 25}, {22, Z4, 25 3(0.3), {2,}(0.2),

{22, 23,253(0.4)), ky: ({t1, b2, t3, ta, ts}, {£13(0.2), {t4, £53(0.3), {t,3(0.2))}

Ay = {kq ({xz, %3}, {x33(0.5), {x2, x3}(0.3), {x3}(0.1)), k2: ({¥1, Y3, Yar Y5}, {¥1, Yar ¥53(0.7), {y33(0.1),
13(0.1)), k3: ({25}, {25}(0.6), {z53(0.3), 8(0.1)), k4: ({t1, t2, t3}, {t1, £2}3(0.5), {t2, £3}(0.2),

{1, £33(0.2))}

Az = {ky: ({1, X3, X3, X4}, {X1, X2, X33(0.6), {21, %3, X3, X, 3(0.2), {x1, X3, %4 3(0.3)), oz ({V1, Y2, V3, Va},
Y1, 52,3, ¥43(0.09), {y1, ¥2, ¥33(0.05), {y1, 2, ¥3, ¥4}(0.01)), ke: ({25}, {25}(0.4), ©(0.1), 8(0.3)),
ky: ({ty, ty, ts, ts}, {t, ty, t3,£430.7),8(0.7), (0.7))}

Ay = {kq: ({x1, %2, X3, %4}, 0(0.5), 8(0.1), 8(0.1)), kz: ({(¥1, 2, Yar Y5} {¥1, ¥4, ¥53(0.4), 8(0.6),
{¥1,¥23(0.8)), ks: ({1, 25, 23, 24}, {21, 2,3(0.8), 8(0.7), {25}(0.3)), ky: ({t1, t, ts, ta, ts),
{t1,43(0.6), {tq, t3, t4, ts}(0.1), {t1, £, }(0.2))}

As = {kq: ({1, X2, X3}, {x2, %33(0.9), {1, %2, %3}3(0.02), {x1, x3}(0.1)), k: ({y2, ¥3}, {¥2, ¥33(0.7),
{¥33(0.6), {2, ¥33(0.4)), k3: ({23, 24, 25}, {23}(0.1), {z5}(0.1), {23, 25 }(0.2)), ka: ({t1, £, t5}, ©(0.8),
{t1,£53(0.9), {t5}(0.9))}

As = {kq: ({x1, %3}, {x5}3(0.04), {x3,x,3(0,06), ©(0.003)), k7: ({y2,¥3, ¥ ¥s},
$(0.07), ©(0.02), {y,}(0.01)), k3: ({22}, {Z2, 23, 2, 3(0.4),

(22,23, 74, 25}(0.02), 9(0.02)), k42 (@, {t, t5}(0.004), {t5, ,}(0.02),
{ts3(0.5))}

A7 = {kl: ({xl,x3,x4,x5}, {XS}(Og)' {XS}(08)I @(008)), k2: ({}’1;}’2.}73.}74;}’5},
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V1, Y2, Y3, ¥4, ¥53(0.1),©(0.1), 9(0.1)), k3: (9, {z4, 25 }(0.6), 8(0.3), {z,}(0.9)),
ky: (9,0(0.9),8 (0.9),8(0.1))}

Ag = {ky: ({1, X3, X3, X4, X5}, {21, X2, X3, X, X5 }(0.3), {21, X2, X3, %, X5 }(0.5), {2, %2, X3, X4, X5 3(0.2)),
Kyt ({74}, 8(0.8), {y4}(0.3), 3(0.1)), k3: ({25}, 9(0.2), ©(0.02), $(0.1)),
ka: ({ty, ts},0(0.9), 0(0.1), {t53(0.1))}

Ag = {ky:(9,9(0.2),8(0.2),8(0.1)), ky: ({(¥1,¥3, ¥a}, {¥3,¥43(0.6), {¥43(0.03), {2y, 23, ¥, }(0.09)),
ks: ({22, 23, 24, 25}, {223(0.1), {22, 23, 24, 25 }(0.7), {23, 24, 25}(0.7)),
ka: ({t1, tz, ts, ta, ts} {623(0.6), {£53(0.9), {t23(0.9))}

Ao ={ky: (@, 8(0.01), 9(0.02), @(0.02)), ka: ({y1, Y2, Y3, Yar Ysb {1, ¥2s V3, Yar ¥s}(04),
0(0.1), {y3}3(0.1)), k3: (@, ©(0.01), #(0.01), B(0.01)), k,: (@, ©(0.05), (0.05), #(0.1))}

Step 4: We show the criteria of the students which were given as neutrosophic quadruple sets in Table

4.

Table 4. Student criteria table

ky ks ks ks
A | (enxoxgxsh | (VoY ysysh | (22232025 | ({ttats, ty, &)
{x2,%43(04), | {y1,¥2,¥33(0.5), | {22,24,253(0.3), {t1}(0.2),
{x1,%2,%43(0.2), | {y2,¥3,¥53(0.2), {2,3(0.2), {ts, ts}(0.3),
{x1,%,}(0.3)) {y1,53(0.4)) {22,23,25}3(0.4)) {t4}(0.2))
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AZ ({xZI X3}, ({ylr V3, Yar yS}/ ({ZS}/ ({tll Lo, t3}r
{x3}(0.5), {v1, Y4, ¥51(0.7), {z5}(0.6), {tq, t2}(0.5),
{y3}(0.1),
{x,, %3}(0.3), {z5}(0.3), {t,, t3}(0.2),
{y1}(0.1))
{x3}(0.1)) $(0.1)) {t1, £3}(0.2))
Az | ({xq, X2, %3, X4}, | (V1) V2o V3, Ya), ({zs}, ({t1, ta, ts, o),
{x1, X2, x3}(0.6), v, Y2, v {z51(0.4), {t1, t, t3, £410.7),
¥4}(0.09),
{x1/ X2, X3, Q(Ol)/ ®(07)/
%41(0.2), {y1, ¥2, ¥31(0.05),
©(0.3)) ?(0.7))

{x1, x3, x4}(0.3)) V1, Y2, V3
¥4}(0.01))

A4 ({x1/ X2, X3, x4}r ({ylr Y2, Yas yS}/ ({le 22, 23, Z4}/ ({tlr t2/ t3/ t4—r tS}r

9(0.5), {y1, ¥4, ¥51(0.4), {21, 2,}(0.8), {t1, t4}(0.6),
?(0.1), 0(0.6), 0(0.7), {t,, t5, ty,

t51(0.1),
3(0.1)) 8(0.8)) {25}(0.3))

{t1, £4}(0.2))

A5 ({xl/ xZ/ X3}, ({yZ/ y3}/ ({Z3/ Z4-/ ZS}/ ({tll t2/ tS}/
{x2, %3}(0.9), {2, ¥3}(0.7), {23}(0.1), 9(0.8),
{x1, %2, {3}(0.6), {z5}(0.1), {t1, t5}(0.9),
x3}(0.02),
{2, ¥31(0.4)) {23, 25}(0.2)) {t5}(0.9))

{x1, %3}(0.1))
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A6 ({xll .X'3}, ({yZ/ YV3r Yas ys}r ({Zz}/ 9,
{x5}(0.04), $(0.07), {2y, 23, 2,}(0.4), | {t1, ts}(0.004),
(x5, %,}(0.06), $(0.02), {2y, 23, Za, {t3, £41(0.02),
0.02),
$(0.003)) 17,(0.01)) #1002 {t}(0.5))
?(0.02))
A7 ({xll X3, X4, xS}/ ({)’1, Y2, Y3, Ya, (®/ (¢/
Vsl
{x51(0.9), {24, 25}(0.6), ?(0.9),
{ylr Y2, V3, Yas
{x5}(0.8), ?(0.3), (0.9),
¥51(0.1), 6(0.1),
?(0.08)) {2,}(0.9)) ?(0.1))
?(0.1))
A8 ({x1!x2/ ({y4-}/ ({23}/ ({t1/ tS}/
X3, x4—' xS }/
?(0.8), ?(0.2), ©(0.9),
{xll xZ/
{v,}(0.3), ©(0.02), ?(0.1),
X3, X4, X5}1(0.3),
$(0.01)) ®(0.1)) {ts}(0.1))
{21, x5,
X3, x4,x5}(0.5),
{21, x5,
X3, X4, X5}(0.2))
A9 (Q)/ ({yl/ Y3, )/4}, ({ZZ/ 23, Zyy ZS}/ ({tlr ty, t3, ty, ts},
9(0.2), {v3, ¥4}(0.6), {z2}(0.1), {ts}(0.6),
9 (0.2), {41(0.03), {24, 23, 24, {t3}(0.9),
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9(0.1)) {v1, ¥3, ¥4}(0.09)) z5}(0.7), {t23(0.9))
{23, 24, 25}(0.7))
A1o (@, 9(0.01), (v1, Y2, Y3, Yasr (@, @,
ysh
?(0.02), ©(0.01), ?(0.05),

{}’1, Y2, V3, Yas
$(0.02)) $(0.01), $(0.05),
¥51(0.4), ©(0.1),

©(0.01)) 9(0.1))
r33(0.1))

Step 5: We calculate the individual evaluation values of the students given in Table 4 with respect to
the criteria values of the I ideal student given in Step 3, one by one, using the measure of similarity.

Thus, we obtain Table 5.

Table 5. Similarity table

kq ka ks ks

Ay 0.4750 0.3500 0.5250 0.4625

A, 0.6750 0.6175 0.7000 0.5125

Az 0.7250 0.9125 0.4750 0.5000

A,y 0,7750 0.4375 0.4875 0.7125

As 0.8250 0.5375 0.3875 0.3750

Ag 0.1270 0.1600 0.400 0.127

Az 0.9500 0.8000 0.9750 0.5500
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Ag 0.6000 0.6325 0.3125 0.7375

Ay 0.3000 0.6500 0.4500 0.4000

Aso 0.3050 0.5875 0.2550 0.2750

Step 6: We multiply the weights of all criteria in Step 2 with each of the similarity values in Table 6. The

sum of the similarity values of each criterion is given as the similarity value of our student set.

Table 6. Weighted similarity table

04*ky | 02xk, | 0,1%ky | 03xk,

4
_ i
wik; = SQHN
=1

A; | 0.19000 | 0.07000 | 0.05250 | 0.13875 SQHNl(I,Al) = 0.45125

Az | 0.27000 | 0.12350 | 0.00700 | 0.15375 SQHNZ(I,AZ) = 0.555425

A; | 029000 | 0.18250 | 0.04750 | 0.15000 | Syun’(,As) = 0.67000

A, | 031000 | 0.08750 | 0.04875 | 0.21375 | Soun*(1As) = 0.66000

As | 033000 | 0.10750 | 0.03875 | 0.11250 | Soun°(l,As) = 0.58875

As | 0.05080 | 0.03200 | 0.04000 | 0.03810 Sorn®(LAg) = 0.1609

A; | 038000 | 0.16000 | 0.09750 | 0.16500 | Suy’(LA;) = 0.80250

0.62025

Ag | 0.24000 | 0.12650 | 0.03125 | 0.22125 | Soun®(L Ag)

Ay | 012000 | 0.13000 | 0.04500 | 0.12000 | Soun’(l,Ag) = 0.41500

Ao | 012200 | 0.11750 | 0.02550 | 0.08250 | Spun'°(lAse) = 0.34750
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Similarity values of each student were calculated. According to the results, the most efficient student in
online education is A, student with similarity value of 0.80250.

5 Numerical Comparison Analysis

In this section, we will compare the results of Euclid similarity measure [23], Dice similarity measure
[22] and Hausdorff similarity measure [15] using the only values (T, I, F) for which we calculate the
similarity value with the Hausdorff measures based on generalized set-valued neutrosophic quadruple

numbers.

i) The result of calculating the similarity value of the students calculated in 4.2 with Hausdorff similarity

measure [15] in Table 7.

Table 7. Result according to Hausdorff similarity measure [15]

A 0,650
A, 0.450
A, 0.628
A, 0,550
As 0,520
A 0,228
A, 0,860
Ag 0,450
Ao 0,760
Ao 0,283
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A7>A9>A1>A3>A4>A5>A2=A8>A10>A6

ii) The result of calculating the similarity value of the students calculated in 4.2 with Euclid similarity

measure [23] in Table 8.

Table 8. Result according to Euclid similarity measure [23]

A 0,7463
4, 0.8244
As 0.7407
A, 0,7827
As 0,7689
A 0,5308
4, 0,6981
Ag 0,8129
Ao 0,6836
Ao 0,6980

Ay >Ag> Ay > Ag > Ay > A3 > Ay > Ay > Ag > Ag

iii) The result of calculating the similarity value of the students calculated in 4.2 with Dice similarity

measure [22] in Table 9.

Table 9. Result according to Dice similarity measure [22]
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A 0,5349
4, 0.7892
As 0.5911
A, 0,7162
As 0,7008
A 0,1303
A, 0,5301
Ag 0,6908
Ao 0,4528
Ao 0,1748

Ay > A, > Ag > Ag > Ay > A, > Ay > Ag > Ay > Ag

From i, i, iii; we obtain Graphic 1.

Graphic 1: Comparison of similarity measures
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6 Conclusions

In this study, a new decision making application based on generalized set — valued neutrosophic
quadruple numbers has been developed to calculate the efficiency of students participating in online
education, which is applied to students who have to take a break from their education. We define some
measures for generalized set-valued neutrosophic quadruple sets. We proved that this similarity
measures satisfies the similarity conditions. Using this similarity measure, we developed an algorithm
to evaluate the adequacy of online education applied to ensure that students' education is not
interrupted by the epidemic, and we gave an example through this algorithm. In the developed
algorithm and in the example given, we determined the highest efficiency student among the students
taking courses with online education by using the generalized set-valued neutrosophic quadruple
numbers. Also, we obtain different result from some previous applications (based on neutrosophic sets)

for decision making algorithm. In future, we will discuss the following integration of the related topics;
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1) This measure and algorithm we have obtained can be used not only for online education, but also to

evaluate the competence of any newly designed application, the competence of the people who will

enter the profession and its effect on a law.

2) For proposed method the effect of a drug on a particular disease.

3) For proposed method more than one expert opinion can be obtained and different weight values can

be created for each expert.

4) In addition, criteria and criterion weights can be selected as desired in proposed method.

References

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

9]

Smarandache, F. (1998) A unifying field in logics. Neutrosophy: neutrosophic probability, set and logic.
Rehoboth: American Research Press.

Smarandache, F. (2019) Introduction to Neutrosophic Sociology (Neutrosociology), Pons Publishing
House / Pons asblQuai du Batelage, 51000 —Bruxelles, Belgium,

Wang H., Smarandache F., Zhang Y. Q., Sunderraman R. (2010) Single valued neutrosophic sets.
Multispace Multistructure. 4, 410-413.

Sahin M., Olgun N, Ulugay V., Kargin A. and Smarandache F. (2017) A new similarity measure on falsity
value between single valued neutrosophic sets based on the centroid points of transformed single valued
neutrosophic numbers with applications to pattern recognition, Neutrosophic Sets and Systems, 15, 31-
48, doi: org/10.5281/zenod 0570934
Sahin, M., Kargin A., (2019) Neutrosophic triplet groups based on set valued neutrosophic quadruple
numbers, Neutrosophic Set and Systems, 30, 122 — 131
Ulugay, V., & Sahin, M. Neutrosophic Multigroups and Applications. Mathematics, 2019, 7(1), 95.
Ulugay, V. (2020). Cok Kriterli Karar Verme Uzerine Dayali Yamuksal Bulanik Coklu Sayilarin Yeni Bir
Benzerlik Fonksiyonu. Journal of the Institute of Science and Technology, 10 (2), 1233-1246 . DOL:
10.21597/jist.64479412.

Sahin, M., Ulugay, V., & Acioglu, H. (2018). Some weighted arithmetic operators and geometric operators
with SVNSs and their application to multi-criteria decision making problems. Infinite Study.
Sahin, M., Ulugay, V., & Menekse, M. (2018). Some new operations of (a, 3, ) interval cut set of interval

valued neutrosophic sets. Journal of Mathematical and Fundamental Sciences, 50(2), 103-120.

S. Sahin, A. Kargin and M. Yiicel. Hausdorff Measures on Generalized Set Valued Neutrosophic Quadruple Numbers and

Decision Making Applications for Adequacy of Online Education



Neutrosophic Sets and Systems, Vol. 40, 2021 114

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

Sahin, M., Ecemis, O., Ulucay, V., & Deniz, H. (2017). Refined neutrosophic hierarchical clustering
methods. Asian Journal of Mathematics and Computer Research, 283-295.

Sahin, M., Delj, I., & Ulucay, V. (2017). Extension Principle Based on Neutrosophic Multi-Fuzzy Sets and
Algebraic Operations Journal of Mathematical Extension, Vol. 12, No. 1, (2018), 69-90.

Sahin, M., Kargin, A., & Yiicel, M. (2020). Neutrosophic Triplet Partial g-Metric Space. Neutrosophic Sets
and Systems, 33(1), 8.

Sahin, M., & Kargin, A. (2018). Neutrosophic triplet normed ring space. Neutrosophic Set and Systems, 21,
20-27.

Sahin, M., Kargin, A., & Yildiz, 1. (2019) Neutrosophic Triplet Field and Neutrosophic Triplet Vector Space
Based on Set Valued Neutrosophic Quadruple Number. In Quadruple Neutrosophic Theory and
Applications, Pons Editions Brussels, Belgium, EU, vol. 4, 52 - 62

Broumi, S., Smarandache, F, (2013) Several Similarity Measures of Neutrosophic Sets, Neutrosophic Sets
and Systems, 1, 54-62.

Sahin, M., Kargin, A., & Smarandache, F. (2020) Combined Classic-Neutrosophic Sets and Numbers,
Double Neutrosophic Sets and Numbers. In Quadruple Neutrosophic Theory and Applications, Pons
Editions Brussels, Belgium, EU, vol. 8, 254 -265

Sahin, M., and Kargin, A. (2020) New Similarity Measure Between Single-Valued Neutrosophic Sets and
Decision-Making Applications in Professional Proficiencies. In Neutrosophic Sets in Decision Analysis and
Operations Research (pp. 129-149). IGI Global.

Ulugay, V., & Sahin, M. (2020) Decision-Making Method based on Neutrosophic Soft Expert Graphs. In
Neutrosophic Graph Theory and Algorithms (pp. 33-76). IGI Global.

Ulugay, V., Kilig, A, Yildiz, I, & Sahin, M. (2019). An outranking approach for MCDM-problems with
neutrosophic multi-sets. Neutrosophic Sets and Systems, 30(1), 17.

Smarandache F. (2015) Neutrosophic quadruple numbers, refined neutrosophic quadruple numbers,
absorbance law, and the multiplication of neutrosophic quadruple numbers, Neutrosophic Set and
Systems, 10, 96-98.

Sahin, M., Kargin, A. (2020) Generalized set — valued neutrosophic quadruple sets and numbers In
Quadruple Neutrosophic Theory and Applications, Pons Editions Brussels, Belgium, EU, 2020 vol. 2, 23 -
40

Ye, S., & Ye, J. (2014). Dice similarity measure between single valued neutrosophic multisets and its

application in medical diagnosis. Neutrosophic Sets and Systems, 6(1), 9.

S. Sahin, A. Kargin and M. Yiicel. Hausdorff Measures on Generalized Set Valued Neutrosophic Quadruple Numbers and

Decision Making Applications for Adequacy of Online Education



Neutrosophic Sets and Systems, Vol. 40, 2021 115

(23]

(24]

(25]

[26]

(27]

(28]

[29]

(30]

(31]

(32]

Pramanik, B., Surapati, P., Bibhas C. Giri, (2014) A New Methodology for Neutrosophic Multiple Attribute
Decision making with Unknown Weight Information, Neutrosophic Sets and Systems, Vol. 3, (42-50)
Majumdar, P., & Samanta, S. K. (2014). On similarity and entropy of neutrosophic sets. Journal of
Intelligent & Fuzzy Systems, 26(3), 1245-1252.

Garg, H. (2020). Novel neutrality aggregation operator-based multi attribute group decision-making
method for single-valued neutrosophic numbers. Soft Computing, 24(14), 10327-10349..

Broumi, S., Topal, S., Bakali, A., Talea, M., & Smarandache, F. (2020) A Novel Python Toolbox for Single
and Interval-Valued Neutrosophic Matrixs. In Neutrosophic Sets in Decision Analysis and Operations
Research (pp. 281-330). IGI Global,

Ye J. (2014) Similarity measures between interval neutrosophic sets and their applications in multicriteria
decision — making. J. Intell. Fuzzy Syst. 26 (1) 165 - 172

Bakbak D, Ulugay V, 2019. Chapter Eight Multiple Criteria Decision Making in Architecture Based on Q-
Neutrosophic Soft Expert Multiset. In Neutrosophic Triplet Structures, Pons Editions Brussels, Belgium,
EU, 2019 vol. 9, 108 - 124

Sahin M., Ecemis O., Ulugay V. and Kargin A., (2017) Some new generalized aggregation operators based
on centroid single valued triangular neutrosophic numbers and their applications in multi-attribute
decision making, Asian Journal of Mathematics and Computer Research, 16(2): 63-84

Ulugay, V., Kilig, A, Yildiz, 1., & Sahin, M. (2018). A new approach for multi-attribute decision-making
problems in bipolar neutrosophic sets. Neutrosophic Sets and Systems, 23(1), 12.

Bakbak, D., Ulugay, V., & Sahin, M. (2019) Neutrosophic soft expert multi set and their application to
multiple criteria decision making. Mathematics, 7(1), 50.

Hassan, N., Ulugay, V., & Sahin, M. (2018). Q-neutrosophic soft expert set and its application in decision

making. International Journal of Fuzzy System Applications (IJFSA), 7(4), 37-61.

[33] Bakbak D, Ulugay V, (2020) A Theoretic Approach to Decision Making Problems in Architecture with

(34]

(35]

Neutrosophic Soft Set, In Quadruple Neutrosophic Theory and Applications, Pons Editions Brussels,
Belgium, EU, 2020 vol. 9, 113 - 126

Sahin, M., & Kargin, A. (2019). Neutrosophic triplet metric topology. Neutrosophic Set and Systems, 27,
154-162.

Aslan, C., Kargmn, A., & Sahin, M. (2020). Neutrosophic Modeling of Talcott Parsons’s Action and Decision-
Making Applications for It. Symmetry, 12(7), 1166.

S. Sahin, A. Kargin and M. Yiicel. Hausdorff Measures on Generalized Set Valued Neutrosophic Quadruple Numbers and

Decision Making Applications for Adequacy of Online Education



Neutrosophic Sets and Systems, Vol. 40, 2021 116

(36]

(37]

(38]

(39]

(40]

Sahin, M., Ulucay, V., & Ecemis, O. (2019) An outperforming approach for multi-criteria decision-making
problems with interval-valued Bipolar neutrosophic sets. In Neutrosophic Triplet Structures, Pons
Editions Brussels, Belgium, EU, 2019 vol. 9, 108 — 124

Abdel-Basset, M., Gamal, A., Chakrabortty, R. K., & Ryan, M. (2021) A new hybrid multi-criteria decision-
making approach for location selection of sustainable offshore wind energy stations: A case study. Journal
of Cleaner Production, 280, 124462.

Abdel-Basset, M., Manogaran, G. and Mohamed, M., (2019) A neutrosophic theory based security
approach for fog and mobile-edge computing. Computer Networks, 157, pp.122-132.

Abdel-Basst, M., Mohamed, R., & Elhoseny, M. (2020). <? covid19?> A model for the effective COVID-19
identification in uncertainty environment using primary symptoms and CT scans. Health Informatics
Journal, 1460458220952918.

Abdel-Basset, M., Gamal, A., Chakrabortty, R. K., & Ryan, M. J. (2020). Evaluation of sustainable hydrogen
production options using an advanced hybrid MCDM approach: A case study. International Journal of

Hydrogen Energy.

Received: Sep 5, 2020. Accepted: Feb 10, 2021

S. Sahin, A. Kargin and M. Yiicel. Hausdorff Measures on Generalized Set Valued Neutrosophic Quadruple Numbers and

Decision Making Applications for Adequacy of Online Education



