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Background: In the process of medical diagnosis, a large amount of uncertain and
inconsistent information is inevitably involved. There have been many fruitful results
were investigated for medical diagnosis by utilizing different traditional uncertainty
mathematical tools. It is found that there is limited study on measuring reliability of the
information involved are rare, moreover, the existed methods cannot give the
measuring reliability of every judgment to all symptoms in details.

Objectives: It is quite essential to recognize the impact on the reliability of the fuzzy
information provided under inadequate experience, lack of knowledge and so on. In
this paper, the notion of the Z-numbers soft set is proposed to handle the reliability of
every judgment to all symptoms in details. The study in this paper is an interdisciplinary
approach towards rapid and efficient medical diagnosis.

Methods: An approach based on Z-numbers soft set (ZnSS)to medical diagnosis has
been developed and is used to estimate whether two patterns or images are identical
or approximately. The notion of Z-numbers soft set is proposed by combing the theory
of soft set and Z-numbers theory. The basic properties of subset, equal, intersection,
union and complement operations on the Z-numbers soft sets are defined and the
similarity measure of two Z-numbers soft sets are also discussed in this paper.
Results: An illustrative example similar to existing studies is showed to verify the
effectiveness and feasibility, which can highlight the proposed method and
demonstrate the solution characteristics.

Conclusion: Diagnosing diseases by uncertainty symptoms is not a direct and simple
task at all. The approach based on ZnSS presented in this paper can not only measure
reliability of the information involved, but also give the measuring reliability of every
judgment to all symptoms in details.
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Abstract

Background: In the process of medical diagnosis, a large amount of uncertain and
inconsistent information is inevitably involved. There have been many fruitful results
were investigated for medical diagnosis by utilizing different traditional uncertainty
mathematical tools. It is found that there is limited study on measuring reliability of
the information involved are rare, moreover, the existed methods cannot give the
measuring reliability of every judgment to all symptoms in details.

Objectives: It is quite essential to recognize the impact on the reliability of the fuzzy
information provided under inadequate experience, lack of knowledge and so on. In this
paper, the notion of the Z-numbers soft set is proposed to handle the reliability of every
judgment to all symptoms in details. The study in this paper is an interdisciplinary
approach towards rapid and efficient medical diagnosis.

Methods: An approach based on Z-numbers soft set (ZnSS)to medical diagnosis has
been developed and is used to estimate whether two patterns or images are identical or
approximately. The notion of Z-numbers soft set is proposed by combing the theory of
soft set and Z-numbers theory. The basic properties of subset, equal, intersection, union
and complement operations on the Z-numbers soft sets are defined and the similarity
measure of two Z-numbers soft sets are also discussed in this paper.

Results: An illustrative example similar to existing studies is showed to verify the
effectiveness and feasibility, which can highlight the proposed method and demonstrate
the solution characteristics.

Conclusion: Diagnosing diseases by uncertainty symptoms is not a direct and simple
task at all. The approach based on ZnSS presented in this paper can not only measure
reliability of the information involved, but also give the measuring reliability of every
judgment to all symptoms in details.

Keywords: fuzzy soft set, Z-numbers soft set, similarity measure, reliability of
fuzziness, evaluation

1.Introduction .
Medical diagnosis has been considered as one of the most important and crucial 2
processes which determines diseases of patients by some given symptoms from the 3
certain observers [1]. In the process of medical diagnosis, a large amount of uncertain 4
and inconsistent information is inevitably involved [2]. General uncertainty (vagueness s
or imprecision) arises due to patients’ vague linguistic expression of their problems to 6
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medical experts. Furthermore, some sort of uncertainty may occur due to deficiencies in
lab experiments and human error [3]. Due to the information available for experts about
the patient’s symptoms in general is inherently uncertain. Research on the theories and
methodologies of decision making for real world problems under uncertainty are
important and necessary [4-8]. Diagnosing diseases by uncertainty symptoms is not a
direct and simple task at all and handing uncertainty in medical diagnoses is an open
issue.

One of the challenges in the process of this kind medical diagnosis is about how to
handle the uncertainty effectively to achieve more accurate decision-making. As a
matter of fact, these traditional uncertainty mathematical theories have developed
greatly and achievements have been widely applied in medical diagnosis fields [9H18]. In
the past decade, many researches were investigated for medical diagnosis by utilizing
different technologies, like intuitionistic fuzzy sets |9], interval-valued intuitionistic fuzzy
sets |11L|12], rough sets theory [12], evidential reasoning [13], quantum decision [14],
machine learning [15L|16], and fuzzy sets theory [17,/18]. However, in the process of
medical diagnosis, there may be many critical diseases, where experts do not have
sufficient knowledge to handle those problems. For these cases, experts may provide
their opinion only about certain aspects of the disease based on the symptoms they
focused and remain silent for those unknown symptoms. For this kind of situation, the
traditional uncertainty mathematical theories mentioned above have their intrinsic
difficulties [19], which are pointed by Molodtsov. Molodtsov initiated the theory of soft
sets as a nonparametric way for handling vagueness and uncertainties, which has been
proven useful in many fields. Theory of soft sets has inherent advantage for dealing with
uncertainties which traditional mathematical tools cannot handle.

Therefore, one purpose of this paper is to apply the advantage of soft set to deal
with uncertainty to solve this kind of special situation in medical diagnosis. For one
aspect, it is free from the inadequacy of the parameterization tools of traditional
mathematical tools [20]. For another aspect, theory of soft sets can be used by
combining other traditional uncertainty mathematical tools. So far, many mathematical
theories combined soft sets and other uncertainty tools, such as fuzzy soft set [21],
vague soft set [22], soft rough sets [23], intuitionistic fuzzy soft sets [24], fuzzy hyper
soft sets [25], interval-valued soft set [26] and interval-valued intuitionistic fuzzy soft
sets [27], multi-fuzzy N-soft [28-31], have been employed as effective and useful tools to
deal with uncertainties. Further researches on the diverse soft sets mentioned above
have also been conducted into medical decision-making problems [32H41]. Theory of
Fuzzy soft sets are applied in the field of medical decision making at the earliest [32].
As practical applications, the intuitionistic fuzzy soft sets have been successfully applied
into medical system [38], and group decision making method using intuitionistic fuzzy
soft sets is of great significance in aiding medical diagnosis [41]. These rich research
methods provide reference and support for this paper.

Another challenge in the process of this kind medical diagnosis is about how to
measure reliability of the information effectively to achieve more accurate
decision-making. For instance, to describe the uncertainties of the kind of ”fever will
surely be very high”, membership degree of fuzzy sets, even non-membership degree of
intuitionistic fuzzy sets can express the fuzzy uncertain concept "high fever” better, but
the fuzzy uncertain concept ”surely” cannot be model. Obliviously, there are many such
kind inherently uncertain descriptions due to the information available for observers or
experts about the patient’s symptoms in medical diagnosis. There have been many
fruitful results combining soft set and traditional uncertainty mathematical tools, we
found that studies on measuring reliability of the information involved based on soft
sets are rare. To some extent, the concept of level-fuzzy soft set [42], intuitionistic
level-fuzzy soft set [41H43], generalized fuzzy soft set [32] and generalized intuitionistic
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fuzzy soft sets [44]can deal with certain reliability. The application of level soft sets can
partly express the reliability of judgment on information, such as in reference |45]. Sujit
Dasa and Samarjit Kar presented a confident weigh way to each expert in group
decision making problem in medical diagnosis [33]. However, these methods only can
give whole reliability to all attributes, without giving the measuring reliability of every
judgment or information in details. Z-numbers were proposed by Zadeh as a new way to
deal with uncertainty and reliability of information [46]. Z-numbers are composed of
two parts: one part denotes a restriction on values that can be assumed, and another
part is the reliability of the information. Z-numbers may be used to model uncertainty
description like ”fever with pneumonia will surely be very high”, "headache with cold
will surely be very heavy”, ”cough with influenza will high probability be severe*, etc.

Obviously, Z-numbers can describe levels of human judgment in details. Z-numbers
have a significant potential in the describing of the uncertainty of the human knowledge
because it consists of restraint and reliability of the measured value in details. Given
the advantages of Z-numbers in describing uncertain information, it has been researched
extensively and applied widely in various fields in recent years. Theoretical research on
the Z-numbers continues comparatively active, such as the arithmetic of different
Z-numbers [47H50], the ranking of Z-numbers [51-53], the utility of Z-numbers [54], the
Z-valuations and function of Z-numbers [55,56], etc. And that applied research on the
Z-numbers continues to be scare but growing fast, such as Measuring Uncertainty [57],
decision-making Analysis [58H60], group decision-making problem [61H64],
optimization [65], medical diagnosis [66], Control System Design [67], etc.

Noting that the soft set provides a technological tool to extend the concept of
Zadeh’s fuzzy set, while Z-numbers is a conceptual extension of a fuzzy set. As
mentioned above, both of soft sets and Z-number have been widely applied to realistic
areas, but the combination of Z-number and fuzzy soft set shows the theoretical
applications of the two models. Motivated by the ideas of fuzzy soft sets, a direct
extension would be combining soft set and Z-numbers. Therefore, in this paper, we try
to conduct Z-numbers soft set to deal with nonparametric uncertainty and reliability of
information by combining the advantage of the Molodtsov soft set theory and Zadeh’s
Z-numbers concept, which is the core purpose of this paper. Hence, we take advantage
of Z-numbers and soft set by combing them. Moreover, the basic operations and
properties of Z-numbers soft sets also are defined, and approach to medical diagnosis
has been developed based on similarity measure on two Z-numbers soft sets. The
approach based on ZnSS presented in this paper can not only measure reliability of the
information involved, but also give the measuring reliability of every judgment to all
symptoms in details. It is important to note that professional medical knowledge is not
used in this paper.

Consequently, the contribution and originality of this study are summarized as
follows:

(1)The notion of the Z-numbers soft set is proposed by combing the theory of soft
set and Z-numbers in this paper. Z-numbers soft set has the desirable merit which can
take advantage both of soft set and Z-numbers, which is capable of solving the
reliability of every judgment to all symptoms in details.

(2)The subset, equal, intersection, union and complement operations are also defined
on the Z-numbers soft sets. The basic properties of the Z-numbers soft set are also
presented.

(3)It is required to compare two Z-numbers soft sets. Hence, in this Paper a measure
of similarity between two Z-numbers soft sets has been given and discussed.

(4)An novel approach to medical diagnosis has been developed based on similarity
measure of Z-numbers soft sets. The approach based on Z-numbers soft set can measure
reliability of every judgment to all symptoms effectively to achieve more accurate
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decision-making result in medical diagnosis.

To realize the contributions mentioned above, the remainder of this paper is
organized as follows. Section 2 reviews some basic definitions and concepts are used in
the following sections. In section 3, we investigate the theory of Z-numbers soft set.
Section 4 presents an approach to decision-making based the similarity measure of
Z-numbers soft set. In section 5, an illustrative example in medical diagnosis to show
that the proposals presented in this paper are not only more reasonable but more
efficient in practical application. At last, we conclude our analysis and set out further
research directions in Section 6.

2.Preliminaries

In this section we give a briefly review of some basic definitions and properties used in
the following sections. If we use membership function (characteristic function or
discrimination function), we can represent whether an element x is involved in a set A
or not.

Let U be a non-empty finite universe. For any A C U, A(x) = Lzed } i

0. ¢ A is a
characteristic function that is a mapping from U to {0, 1}.Then any characteristic
function on universe U determines a classical crisp set of U, that is
A= {x € UmidA(z) = 1}.

Consequently, fuzzy set is ‘vague boundary set’ comparing with crisp set. The fuzzy
set concept presented by Zadeh provides a framework to expressing vague concepts by
allowing partial memberships.

Fuzzy set

Definition:Fuzzy set [9]. Let U be a non-empty finite universe. A fuzzy set

A ={(z,pa(x))} on the universe U is defined by the mapping

A={(z,pa(x)} pa(z) : U — [0,1],where [0, 1] means real numbers between 0 and 1
(including 0,1);p4(x) denotes the membership degree. That is to say, each element is
mapped to [0, 1] by membership function.

There are lots of definitions for fuzzy operations. According to the max-min system
given by Zadeh [9],the fuzzy intersection, union, and complement are defined as
follows:puanp(z) = min{pa(z), pp(z) };pavs(x) = max {ua(z), pp(x)}pac(z) =
1—pa(x).

Fuzzy set can be used to describe perception and subjectivity of human as they
represent uncertain or imprecise information. However, the reliability of information
from different evaluator in the process of decision making such as medical diagnosis is
also very important.

Z-numbers

Z-numbers were proposed by Zadeh as a new way to deal with uncertainty and
reliability of information [46].

Definition:Z-numbers2 [47]. A Z-numbers is denoted asZ = (A, B),which is an
ordered pair of fuzzy numbers. A is a fuzzy restriction on the values that a real-valued
uncertain variable X can take, and Bis a measure of reliability of A.

Hence, A Z-number is associated with a real-valued uncertain variable z. A and B
are described in real number or natural language, such as (about 37.7 degree, quite

sure). The ordered triple (z, 4, B) is referred to a discrete Z-valuation [49],which can be
understood that = is (A, B), where z is a variable, A is a fuzzy set used to describe the
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restriction, and B is a fuzzy number used by natural language to describe reliability of  1se
A.A discrete Z-valuation can be model sentences like ”fever with pneumonia will surely  1s7
be very high”, where z is a variable "fever”, Ais a fuzzy set ”very high”, andB is a fuzzy s
constriction used by natural language ”surely” to describe reliability of A. 150

Fuzzy soft set 160

In 1999, Molodtsov initiated soft set theory [19]as a new mathematical tool for coping
with uncertainty that seems to be free from the inherent flaws. In this section U refers 1
to the initial non-empty universe of objects, cases, selections and so on.Let E is a set of 163
parameters and A C E,which are often attributes or characteristics of the objects. Let 1
P(U) denote the power set of initial universal set U,and a pair (F, A) is called a soft set 165
over U iff F is a mapping given by F': A — P(U).Maji et al. [21]initiated fuzzy soft set, 1
a more generalized notion combining both fuzzy sets and soft set. 167

Definition:Fuzzy soft set [21]. Let E is a set of parameters and A C E. Let (P,U) 1
denote the power fuzzy set of initial universal set U, and a pair (F,A) is called a fuzzy 1

soft set over U iff F is a mapping given by F : A — P(U). 170
As an illustration, consider the following example [32]. m
Suppose a soft set (F, A) describes diagnosis of diseases with respect to the given 172

symptoms (parameters), which the duty doctor are going to get from the patient. 173
Let U be the set of diagnosis of diseases under consideration(d; = Viral fever,do =

Malaria,ds = Typhoid,ds = Gastric ulcer,d; = Pneumonia) given 175

byU = {di,dz,d3,d4,ds}. -
Also let A C E be the set of symptoms (e; =Temperature, e; =Headache, 177

e3 =Stomach pain, e, =Cough, e5 =Chest pain),given by A = {ej, es, €3, 64, 65} 178
Let (F, A) 1samapp1ng given by F(e;) = %,%,%,%,—}F (e2) 179

0k 00 o5 T 1 (e0) = {Gh 6% % T G F(ea) = {0},
F(e5) %,%,%,%,%’ . 181

All the available information on these diseases can be characterized by a fuzzy soft e
set (F, A).In reality, in many applications the related membership function can be 183
confirmed but the reliability is extremely individual (depend on evaluator’s judgment of  1ss
attributes on alternatives) and thus cannot be lightly confirmed. P.K. Majumdar and  1ss
S.K. Samanta [27] gave a modified definition of fuzzy soft set named generalized fuzzy  1s
soft set which can indicate not only the degree of belongingness but also the degree of 1
possibility of such belongingness. However, it’s more reasonable to give a degree of 188
reliability on the evaluator’s judgment of attribute on alternatives but not whole 189
reliability to all attributes. To improve classical fuzzy soft sets concepts, in this paper 1%
we propose the concept of Z-numbers soft set by combining both Z-numbers set and soft 1
set. 192

3.0n Z-numbers soft set 103

Definition:Z-numbers soft set. Let U refers to the initial non-empty universe of objects, 1
cases, selections and so on, and E is a set of parameters and A C E. Let ZnF(U) 195

denote the power Z-numbers set of initial universal set U,and a pair (F A)is called a 106

Z-numbers soft set over U iff F is a mapping given by F A — ZnF(U),which can be 107
detailed as Eq . 108

€5

(}%, A) = {(xz, (Jcl satisfies parameter e;, A (z;), , B (xi)ej)) Ve e U Ve € E} (1)
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whereA (z;)
parametere; and B (z;),, means the reliability of A (z;)

e is fuzzy restriction on the value of degree that alternative x; have

e;”

Here a Z-numbers soft set (F, A) also can be notedF4. Tao et al. [64] presented the
concept of linguistic Z-numbers fuzzy soft sets and its application on a multi-attribute
group decision making problem without any language transformation. In this paper
Z-numbers soft set is shorted as ZnSS.

Actually, there are maybe several different kinds of Z-numbers soft set, such as
continuous Z-numbers soft set, linguistic Z-numbers soft set, discrete Z-numbers soft set
and so on. Because in a Z-numbers (z, A, B), the fuzzy number Aand Bmay be the
different fuzzy form such as continuous values, linguistic language value or some other
discrete value. We can call them continuous Z-numbers, linguistic Z-numbers, discrete
Z-numbers and so on. So, a Z-numbers soft set over U can also be defined as Eq :

(13, A) = {(aji, (J:i satisfies parameter e;, (a:,»)ej Y (xz)eJ>> Vo e U,Ve € E} (2)

wherep (mi)ej is fuzzy restriction on the value of degree that alternative x; have
parametere; and +y (xi)ej means the reliability of u (xi)ej.

Undoubtedly, it can be converted to the value between [0, 1] no matter what kind of
fuzzy form to use. Henceforth in this paper we will describe a Z-numbers set
asZ = (z,pa(z),rs(x)) by using converted [0,1] value of degree that alternative x; have

parameter e; and the degree of reliability, that is to say p (:),, € [0,1],7 (%), € [0,1].

Obviously, every fuzzy soft set may be considered as a Z-numbers soft set when the
reliability 7 (z;),, is constant one. A Z-numbers set could also be naturally viewed as a
Z-numbers soft set whose parameter set is a singleton.

Here also consider an example just like example in section Preliminaries. Supposed
all the available information can be characterized by a Z-numbers soft set(F, A). Let

(l;i, A)is a mapping given by (Ig', A) = {F (e1),F (e2),F (e3),F (eq),F (65)}, where,
; (e1) ={(d1,0.2,0.5), (d2,0.4,0.3) , (d3,0.9,0.6) , (d4,0.7,0.8) , (d5,0,0.8) } ,
(e2) = {(d1,0,0.8),(d2,0.8,1),(ds3,0.1,1) , (d4,0.7,0.1) , (d5,0,1) },
(e3) = {(d1,0.6,0.5), (d2,0.2,0.3) , (d3,0.8,0.5) , (d4,0,1), (ds,0,0.9) },
(ea) = {®},
(e5) = {(d1,0.6,0.3), (d2,0.7,0.6) , (d3,0.5,0.8) , (d4,0.8,0.5) , (d5,0,0.9) } .

M M P P Ny

A Z-numbers soft set (F, A) can also be represented in the form of a two-dimensional
table, shown in Table

Table 1. A ZnSS Model for influenza (ﬁ‘ A).

U e1 €s es es

dy (0.2,0.5) (0,0.8) (0.6,0.5) (0.6,0.3)
dy (04,0.3) (0.8,1) (0.2,0.3) (0.7,0.6)
ds (0.9,0.6) (0.1,1) (0.8,0.5) (0.5,0.8)
dy (0.7,0.8) (0.7,0.1) (0,1) (0.8,0.5)
ds (0.0,0.8) (0,1) (0,0.9) (0,0.9)

Noting that if all the v (xi)ej = 1, the Z-numbers soft set (F:‘, A) is a fuzzy soft set
(F, A). If the ~(z;) for each e; is a constant value, the Z-numbers soft set (F, A) is a

generalized fuzzy soft set, which is presented by P.K. Majumdar and S.K. Samanta [27].

So, we can say fuzzy soft set and generalized fuzzy soft set both are different kind of
Z-numbers soft set.
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Definition:Z-numbers soft matrix.Let (F, A) be a Z-numbers soft set over the initial
universe U. Let E be a set of parameters and A C E. Then a subset of U x F is

uniquely defined by {(u (xi)ej Y (:ci)ej) e€ Ax € U} which is called a relation

Raform of (F, A) . Now the relation R4 is characterized by the membership value
I (Xl) ‘s and the reliability degree value (Xz) Then Ry is represented by a matrix as

Eq
a11 ai2 Q1n
~ a21 ag2 ... Q2n
Ry = : s : (3)
Am1 Am?2 Amn

where a;; = (u (@i)e, »7 (xi), ) The above matrix is called a Z-numbers soft matrix

of order m x n corresponding to the Z-numbers soft set (F, A) or FA.

In matrix form a Z-numbers soft set (F , A)in the above Example can be expressed as

follows:
(0.2,0.5) (0.0,0.8) (0.6,0.5) (0.6,0.3)
) (0.4,0.3) (0.8,0.1) (0.2,0.3) (0.7,0.6)
Fa=| (09,06) (0.1,1) (0.8,0.5) (0.5,0.8)
(0.7,0.8) (0.7,0.1) (0.0,1.0) (0.8,0.5)

(0.0,0.8) (0.0,1.0) (0.0,0.9) (0.0,0.9)

where the ”ith” column vector represents F (e;), the ith row vector represents d;.

If two Z-numbers with the same level of fuzzy restriction, the higher level of the
reliability, the larger the Z-numbers would be. First, let us give the related concept on
the subset(C), equal, intersection(N), union(U), and complement of Z-numbers set,
which are defined as follows:

(1) Za € Zp, when pa(x) < pp(z) and ra(z) < rp(z);

(2) Za=Zp , whenua(x) = pp(z) and r4(z) = rp(x) ; or when Z4 C Zp and
ZB S Za;

(3) 25 = (@, 15 (2), 75 (@) = (2,1 — pa(@), 1 — (@)

(4) Zan Zp = (z, pans(),7anB(@)) = (2, pa(z) * pp(r),rA(2) * 1B(2))

(5) ZaU Zp = (z, paus (), rau(2)) = (2, pa(z) o pp(x),ra(z) 0 T5(2));

If take standard max and min operations, panp(z) = min {pa(z), up(x)},ranp(x)

= min {ra(z),rg(x)} If take t — norm and ¢ — conorm operations, pa(x) * pg(x)

= pa(z) - pp(x), pa(z) o pp(x) = pa(@) + pe(x) — pa(@) - po(2).

In the rest of this paper, we will take t — norm and t — conorm operations to
consider the general case. Next, we give the definition on the subset, equal, intersection,
union, and complement of Z-numbers soft set.

(z));

Definition:Z-numbers Soft Subset.Let F "4 and G B are two Z-numbers soft sets over

(U, E).Now Gp is said to be a fuzzy Z-numbers soft subset of 4 if and only if: (1) B is
a fuzzy subset of A; (2) G(e) is also a fuzzy subset of F(e), Ve € E.

Consider a Z-numbers soft set s over (U, E) given in above Example. Let G B is
another Z-numbers soft set over (U, E) defined as follows:

G (e1) = {(d1,0.1,0.4) , (do,0.3,0.3) , (d3,0.8,0.1) , (da,0.7,0.1) , (ds, 0, 1)}

G (e2) = {(d1,0,1), (d2,0.5,0.8), (ds,0.1,0.8) , (dy, 0.6,0.9) , (d5,0,1)} , G (e4) =
{(d1,0.5,0.2), (d2,0.2,0.5) , (ds,0.7,0.1), (ds, 0,1) , (d5,0,1)} .

Then, Gp is a subset of a Z-numbers soft set Fy4.
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Definition: Equahty of two Z-numbers soft sets.Let FA and G B are two Z- numberb
soft sets over (U, E). F4 and Gp are said to be Z-numbers soft equal if and only if Gp is
a fuzzy Z-numbers soft subset of FA , and FA is also a fuzzy Z-numbers soft subset of
GB7 which can be denoted as Fiy = Gp .

Definition: Complement of a Z-numbers soft set. Let F 4 is a Z-numbers soft set over
(U, E).Then the complement of Fj is denoted F{, where, F§ =
{(mi, (J;i not satisfies parameter e;,1 — p (xi)ej 1= (a:,»)e])) :Vx e U Ve € E}

In table form, complement of a Z-numbers soft set F4 in the above Example can be
expressed as Table [2]

Table 2. Complement of (F, A).
U not e; not ez not es not es

( ) (1.0,0.2) (0.4,0.5) (0.4,0.7)

( )  (0.2,0) (0.8,0.7) (0.3,0.4)

ds (0.1,0.5) (0.9,0) (0.2,0.5) (0.5,0.2)
s i

(0.3,0.9)  (1,0)
1,0 1

(Lo)  (1,01) (1,0.1)

Definition: Union of two Z-numbers soft sets. Let FA and G B are two Z-numbers
soft sets over (U, E). The union of F4 and Gp is denoted by Heo = F4 UGpg, where
C=AUB, and

. (x,pa(x),ra()), if AUB=A
e (@) = (v, po(),ro (@) = (2, 15(2),75(x)) if AUB =B
(z,pa(x)opup(x),ra(z)o 7:3(1‘)) . ifAUB=C

Definition:Intersection of two Z-numbers soft sets. Let F '4_and Gp are two
Z-numbers soft sets over (U, E). The intersection of F4 and G is denoted by
HC _FAHGB, where C' = AN B, and
He(x) = (@, po(z), ro(r) = (2, pa(@) * up (@), ra(@) « rp(@)).

Let us consider two Z-numbers soft sets F A and G B over (U E) given in the above
example.Then, Union of two Z-numbers soft setsH c = F "4 UG pgand Intersection of two
Z-numbers soft sets I:{c = ﬁ'A N C:? pare as Table (3| and Table

Table 3. }%A U C:?B.
U ey (D] es3 €4 €5

di (0.28,0.7) (0,1)  (0.6,0.5) (0.5,0.2) (0.6,0.3)
dy (0.58,0.51)  (0.9,1)  (0.2,0.3) (0.2,0.5) (0.7,0.6)
ds (0.98,0.64) (0.18,1) (0.8,0.5) (0.7,0.1) (0.5,0.8)
dy (0.91,0.82) (0.88,0.91)  (0,1) 0,1)  (0.8,0.5)
ds  (0.0,1) (0,1) (0,090  (0,1)  (0,0.9)

Definition:Null Z-numbers soft set. Let F '4 is a Null Z-numbers soft set over (U, E),
when Zg'(e) = (0,1) for anye € E.

Definition:Absolute Z-numbers soft set. Let lf“ "4 is a absolute Z-numbers soft set over
(U, E), when F(e) = (1,1) for anye € E.

Let 13“,4 is a Z-numbers soft set over (U, E), then the following holds:(1) lf“A is a
Z-numbers soft subset of 1§A U ZéA. (2)FA N F4 is a Z-numbers soft subset of ZéA.
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Table 4. F4NGp.

U €1 ()
d; (0.02,02)  (0,0.08)
dy (0.12,0.09) (0.4,0.08)
ds (0.72,0.06) (0.01,0.8)
dy (0.49,0.08) (0.42,0.09)
ds  (0.0,0.08) (0,1)

(3)FaN0=0.(4)F4 U0 = Fa.(5)Fan A" = Fa.(6)Fa UA = A,
Let FA, GB, anfi ﬁCNare any thrge Z—nuNmber~s soft sets over (U,E), the~n the~
following hOldS:(l)FA U éB = GB U FA; (Q)FA N éB = éB n FA; (3)FA U (GB U f{c) =
(Z‘%AUC:;B> Uﬁc;(ll)ﬁAﬂ (éB ﬁﬁc) = (ﬁAﬂéB) ﬂ[flc.
Obliviously, the operational laws of Z-numbers mentioned above are generalized rules

of fuzzy set. But it is that the operational laws of Z-numbers soft set mentioned above
are not rules of generalized fuzzy soft set.

4.A model based on similarity of Z-numbers soft sets

The majority of the decision-making process assume that the decision maker’s cognition
for all aspects of a problem is the same. However, this is not quite true because of
decision maker’s inadequate experience, lack of knowledge, different risk preferences and
so on. Therefore, it is quite essential to recognize the impact of the decision maker’s
cognition on the reliability of the information provided. We now develop an approach to
solve this kind problem considering the reliability of fuzziness of problem parameters.
For given objects(diseases) with certain attributes(symptoms), the Z-numbers soft set as
a novel type of soft set can describe the uncertainty that not all the objects satisfy all
attributes, but can show details cognitive information of one object satisfying the
attribute. Because of the complexity of the real medical diagnosis, using only one aspect
of information to describe uncertain events is fully difficult. A new decision-making
method with new perspective is presented based on Z-numbers soft set to solve such
practical decision-making problems in this section.

We set out the problem in the context of initial medical treatment. Moreover, in the
decision framework proposed in this paper, we use technique of similarity measure
between two Z-numbers soft sets to estimate the biggest possibility that an ill person is
suffering from some certain diseases. Therefore, we first give the similarity on
Z-numbers soft sets.

Similarity on Z-numbers soft sets

First, it is necessary to know whether two patterns or images or alternative are identical
or approximately or at least to what degree they are identical. Similarity measure have
extensive application in these areas such as pattern (disease) recognition, image
processing, region extraction and so on. Some researchers have studied the problem of
similarity measure between soft sets, fuzzy soft sets, intuitionistic fuzzy soft sets,
interval-valued fuzzy soft sets and so on. Considering the reliability of the information
involved in the process, it is required to compare two Z-numbers soft sets in
consequence. Hence, in this section a measure of similarity between two ZnSS has been
given, which can solve the calculation on similarities.

Let U refers to the initial non-empty universe of objects, cases, selections and so on,
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and E is a universal set of parameters, U = {x1,za, - ,zm}, E = {e, ez,

)y En

}.Let

FA and G 5 be two ZnSS over the parameterized universe (U, E),where Fa = ( F (e;)

= (% (MA (»Ti)ej YA (l’z‘)ej)) Gy = (C:*' (ej)) =~($i (M%(xi)ej VB (xi)ej)) )

1,---m,j =

M (FA,GB)

1,--- ,n. Then the 51m11ar1ty between F4 and Gp is denoted by
, which is expressed as Eq (4

5 (Fa.Gp) = max {0, (ﬁA,éB)}

where M; (pa (x;),pp (x;) =1 —

and M;

= max {M; (pa (z:), pp (25)) X Mj (va (z:), 7B (2:))}

S |nat@), —ne@),,
p (;LA x;) +;LB x;) J)
Zl 1lva(zi),, ) vB (i) e])\

(’YA Ti), )+’YB Ti)g. )

J

(ya (x5), B (z3)) =1 —

J

Consider the following two ZnSS by example

(0.2,0.6) (0.1,0.8) (0.2,0.4)

= (0.5,0.8) (0.2,0.4) (0.4,0.8)
Fa=1 (09.04) (06.04) (0.7.06) |9
(1.0,0.6) (0.5,0.6) (0.9,0.4)
(0.4,0.5) (0.6,0.7) (0.4,0.9)
& _ | (03,05) (0.5,06) (0.3 06)
B~ (0.2,0.6) (0.2,0.5) (0.2,0.6)
(0.9,0.4) (0.1,0.3) (0.1,0.5)
where U = {x1,22,23,24} , E = {61,62,63}.Then,
My (Fa,Gr) = M (pa @) s (20)) x M (ya (1) 7 ()
B (1 21 pat),, ;ua(mell) <1 21 lmmel) vB(2:),,) >
N i (ma(@i),, +us(zi),,) o (va@),, ) +ve(=i).,)

:<1_

:<1

!
)
z,-zl\mft)ej—uB(zz)ej e 2alvate), ) e, )|
7y (nat@), +up(),,) 50 1(m @), ) +rs(i).,))

02++02+07+01> (1_01+03+02+02 ~ 0.584

0.6+0.8+1.1+1.9 1.141.34+0.6+1.0

It is easy to get Mo (FA7 GB) ~ 0.358, M3 (FA, GB) ~ 0.416.
Hence, t~he b}mllarlty between t;he two 7ZnSS over t~he parame‘gerizgd universe (U, E)
will be S (FA, (;B) — max {M1 (FA, (;B) M, (FA, (:B) M (FA, (;B)} — 0.584.
Let F ‘4 and ~(:¥ p are two Z-numbers soft set over (U, E), then the following holds:
(1) 0<5(Fa,Gp) <1

(2) § (ﬁA,éB) =S5 (C:?B,I*E’A) .

(3) if Fa
(4) if Fa

= éB,thenS (FA,53> =1

- éB - ﬁcﬂfhens (;—‘A,ﬁ0> <S (53,[?’0) .

(5) ifléAisacrispsoftset,thenS (l%q,ﬁf) =0.

Proof. Let Appg = ’MA (x,-)ej — UB (xi)ej

short.

and Avypg = "YA (Xi)ej - B (Xi)ej

(1) From the definition of ZnSSs, we can have pi4 (xi)ej 1B (xi)ej L, VA (:Ei)ej) ,

VB (Ti),, €

€ [0,1].

[0,1].Then min {Aprag, Ayra} € [0,1] and max {Aurae, Avra}
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We can also obtain that 1 — min {ApprgAyre} <14 max{ApurcAyra},
1 —min {AprpeAvyrc} € [0,1], 1 + max {AurpcAvyra} € [1,2]. Therefore,
0<s (f‘A, é’3> < 1 can be easily obtained.

(2) Since Aupg = Augr and Aypg = Avyar, it is obvious that
S (Fa.Gi) =5 (G, Fa).

(3)If Fy = Gg,we have u (zi)ej =pugp (zi)ej JYA (Xi)ej =B (Xi)ej for each
x; € U, Then we can get S <Z§A,C:¥B) =1.

(4) When Zg'A - éB - I:{c, it has pa ($i)ej < ugp ($i)ej < uc (a:i)ej, and

YA (xi)ej > B (xl-)ej > e (xi)ej for each x; € U.Then we have ’,uA (xi)ej — o (aci)ej

for

and |ya (z1),, =70 (@), | = |va (@), = p (0,

> ‘MA (-Ti)ej L (Sﬂi)ej
each x; € U.Thus,

min {’,UA (aﬁi)e]. el (mi)ej
YA (%), — 1B (i),
max{ BA (ﬂﬂi)ej — KB (xi)ej

J

b2 min {|na (@), - s @),
i ), = ()|} =

| 7a (%i)e; — e (%),

-max | |pa (i), — po (@),

b

YA (X1)e, — 7B (Xi)g,

)

From operations on Z-numbers soft set, we can getS (F 'As ﬁc> <S (6:7Y B, }:Ic> easily.

(5)Ifl§’,4 is a crisp soft set, we have l?’A = {(n, (1,0))} or Z?A ={(k,(0,1))} .Then, the
complement set of F4 an be calculated as F§ = {(u, (0,1))} or FS = {(1, (1,9))}
respectively. Thus, S (FA, FE) =0.

Decision framework

In this section, we introduce the following decision framework to estimate the biggest
possibility that an ill person is suffering from some certain disease in medical diagnosis
under ZnSS environment considering the reliability of the information for the different
observers’ cognition. Supposed that a patient with a lot of nonspecific symptoms needs
to figure out where is the most likely disease so as to help him register effectively to the
appropriate section. Hence, we will try to discuss approaches to estimate the biggest
possibility-disease recognition from a multi-observer data for an ill person having
uncertain symptoms in this paper. Fig[l| shows decision framework in medical diagnosis
based on Z-numbers soft set.

The decision framework involves the following steps:

Step 1: Construct the model Z-numbers soft sets for different diseases. In this paper

it is given that the model Z-numbers soft sets for different diseases denoted by Dy,

Dp...

Step 2: Give judgment information of different observers on the ill person. In the
majority situation, the judgment information is basically similar to ”fever will surely be
very high”, ”cough will high probability be severe”, etc. And a different set of
symptoms is likely to be selected by different observers. The concept of Z-numbers soft
set presented in this paper has significant potential in the describing of the uncertainty
of the human knowledge because it consists of restraint and reliability of the measured
value in details.

Hence, here we assumed that the observers provide their judgment information on
the alternatives with regard to attributes by Z-numbers soft sets. Thus, the
observersOy(k = 1,2, -+, 1) provides their judgments information for attributes

e;(j =1,2,--- ,n), which can be expressed by Z-numbers soft sets ]50k (e5).

June 23, 2022

111

)

355

356

357

358

359

360

361

362

364

365

g

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395



. N

An il persont alternative) with uncertain symptoms

Gy G - DS

Observer 1 Ohserver 2 Obsarver n

- Iy

Adjusted ZnSS for certam visible symptoms

G
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disease A disease B divease I

Fank Somlanty from big to small

|

| Show bigzest possibility diseasa |

Fig 1. Decision framework based on ZnSS.

Step 3:Calculate the union operations on all Z-numbers soft setsléok (e;) of different
observers, which is denoted by He = Upok (ej),k=1,2,---land j=1,2,--- ,n.
Then by the repeated use of Pp, U (]502 U ﬁog) = (1501 U ]302) U Pp, and
. . (z, po, (z),ro, (), ifO1 U0y =0,

Pp, UPp, = (x, po, (z), 10, (), if O1 UOy = Oy
(1‘7 HO, (:Z?) O 1O, (‘T)7 O, (SE) ©TO, (.T)) ) if 01 U 02 # ~Ol 7£ 02

The final result is that we can get the adjusted Z-numbers soft set He on the visible
symptoms of the ill person by integrated observation and judgment from the
observersOy (k =1,2,--- ,1).

_ Step 4: Calculate and obtain the similarity between the adjusted Z-numbers soft set

He and the model Z-numbers soft sets for different diseases denoted by D4, Dg...Here,
it need to apply the method of similarity measure on different ZnSS. The similarity

between the adjusted Z-numbers soft set ﬁc and the model Z-numbers soft sets for
different diseases are denoted by S (fic, DA>, S (fic, DB)

Step 5: Rank the similarity S (f[c, l~?A>7 S (f[c, bB)...from big to small. Identify
the most likely disease. Choose the biggest score of similarities, the corresponding
disease is the most likely disease.

5.Case Study

In this paper there is only a simple example only with two diseases under consideration
(influenza and COVID-19) to show the possibility of using this approach-based
Z-numbers soft set, not a medical diagnosis in a real-world scenario, which is similar to
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the existing studies [32/41]. But the method can be generalized in practice. On the one
hand, there are not only two choices in reality to estimate for preliminary diagnosis of
disease which could be improved by clinical results. In that case, the ranking results of
the evaluation can help patients make the choice of registration ranking. On the other
hand, the work in this paper can also help develop a platform for primary diagnosis.

Illustrative example

In the following example, we will try to estimate the biggest possibility that an ill
person with some fuzzy symptoms is suffering from some kind of disease in medical

diagnosis. For example, an ill person has some symptoms in the outbreak of COVID-19.

It is quite essential to preliminary estimate by some observers or some online diagnose
that the disease is more likely to be a influenza or a COVID-19 for shortage of offline
outpatient service. In this paper the prim symptoms under consideration include fever
(e1), cough with chest congestion (e3), runny nose (e3), body ache (e4), headache (e5),
breathing trouble (eg), diarrhea (e7), sore throat (eg). To be sure the observers often

provide the symptom information roughly the same as “fever will surely be very high”.

Hence, the judgment of the observers on the symptoms can be express by different
Z-numbers soft set, in which we use converted [0, 1] value of degree that alternative x;
have parameter e; and the degree of reliability. We let the universal set only contain
two elements “yes” and “no”, i.e., U = {y,n}, and E = {61,62,63,64,65,66,67763}

In this example it is given that the model Z-numbers soft sets for a influenza F4in
Table 5| and a COVID-19 G5 in Table @ Now there are three related observers provide
the symptom information, which can be constructed by Z-numbers soft sets Po1 in

Table |7} Po,in Table[s] andPo,in Table[d

Table 5. A ZnSS Model for influenza Zf_'A.

FA €1 €2 €3 €4 €5 €6 (&rd €s
y  (0.5,0.8) (0.5,0.8) (0.9,0.9) (0.2,0.8) (0.8,0.9) (0.2,0.8) (0.2,0.9) (0.8,0.9)
n  (0.5,0.8) (0.5,0.8) (0.1,0.9) (0.7,0.8) (0.2,0.8) (0.8,0.8) (0.8,0.9) (0.2,0.8)

Table 6. A ZnSS Model for COVID-19 G.

FA €1 () €3 €q €5 €6 er es
vy (0.9,0.9) (0.8,0.8) (0.1,0.9) (0.5,0.9) (0.5,0.9) (0.8,0.9) (0.5,0.9) (0.6,0.9)
n (0.1,0.9) (0.1,0.7) (0.8,0.9) (0.5,0.9) (0.5,0.9) (0.1,0.9) (0.5,0.9) (0.4,0.9)

Table 7. A ZnSS for the ill person from observer 1 Igol.

FA €1 €9 €3 €4 €5 €6 (&rd €s
y  (0.5,0.5) (0.4,0.8) (0.8,0.7) (0.2,0.8) (0.2,0.8) (0.5,0.5) (0.5,0.5) (0.6,0.5)
n  (0.5,0.8) (0.5,0.8) (0,1)  (0.7,0.7) (0.6,0.7) (0.4,0.5) (0.4,0.5) (0.2,0.7)

Calculation Process

Step 1: Construct and input the model Z-numbers soft sets }:7 "4 and é g for a influenza
and a COVID-19 in Table [l and [6
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Table 8. A ZnSS for the ill person from observer 2 1502.

FA €1 €2 €3 €4 €5 €p €7 €s
y  (0.8,0.8) (0.5,0.5) (0.5,0.7) (0.5,0.5) (0.5,0.5) (0.4,0.6) (0.2,0.8) (0.5,0.6)
n  (0.1,0.5) (0.5,0.6) (0.2,0.8) (0.5,0.5) (0.5,0.5) (0.4,0.7) (0.5,0.5) (0.3,0.6)

Table 9. A ZnSS for the ill person from observer 3 1503.

FA €1 €9 €3 €4 €5 €6 er €g
y  (0.6,0.7) (0.2,0.5) (0.5,0.5) (0.4,0.7) (0.4,0.7) (0.5,0.6) (0.4,0.5) (0.6,0.5)
n  (0.1,0.8) (0.2,0.5) (0.3,0.6) (0.5,0.7) (0.4,0.7) (0.4,0.5) (0.4,0.6) (0.3,0.5)

Step 2: Obtain the symptom information from the 3 observers 01, O and Os, then
construct and input the corresponding Z-numbers soft sets]%1 in Table ]502 in

Table (8 and ﬁogin Table @
Step 3: Calculate the union operations on all Z-numbers soft sets,

fluc = ]301 U ]502 U Pog . Now we get he adjusted Z-numbers soft set on the visible
symptoms of the ill person by the integrated observation and judgment from the
observers, seen as Table

Table 10. ZnSS F:Ic for union operations for I:{UC = [301 U 1502 U ]503.

FA €1 €9 €3 €4 €5 €6 (24 €s
vy (0.96,0.97) (0.96,0.95)(0.95,0.5) (0.76,0.97)(0.76,0.97)(0.75,0.96)(0.76,0.95)(0.92,0.9)
n (0.59,0.98) (0.8,0.96) (0.44,1) (0.92,0.95)(0.88,0.95)(0.78,0.92)(0.82,0.9) (0.6,0.94)

Step 4: Calculate the similarity between the adjusted Z-numbers soft set I:fc and the
model Z-numbers soft sets for different diseases the model Z-numbers soft sets F4 and
Gp for a influenza and a COVID-19 in Table nd Table @

1)S (Hc, FA> — max {Mj (HC, FA)}

= max{M; (uc (i), pa (z:)) x M (ye (zi) ;74 (i)}

where M, (ﬁIC,FA) — 0.709,M, (ﬁc, FA) —0.629, M (HC, FA) — 0.710,
M, (ffc, ?A) — 0.634, M; (ﬁc,ﬁ“A) — 0.640, Mg (f{c, ﬁA) —0.712,

M, (ﬁc,ﬁ“A) — 0.765, Mg (P:Ic,}:?A) — 0.899,
(2)5’ (f{c, GB) = max {Mj (ﬁc, é3> }
= max {M; (uc (zi) , up (2:)) x M (ve (xi) ,vp (%))}

where M, (ﬁc, éB) — 0.753, M, (HC, éB) — 0.803, M (ffo, GB) — 0.402,
M, (fzc, éB) —0.722, M, (ﬁc,éB) — 0.571, M, (ﬁc,éB) — 0.684,
M, (I:{C, éB) — 0.765, Mg (ﬁc,éB

Hence, S (ﬁc, Jf“A) —0.899, S (ﬁc, éB) — 0.803
Step 5: Identify the most likely disease.

= 0.760,

N—

In this example, S (ﬁc, FA) is bigger, so the ill person is most likely getting a
influenza.
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Result Discussion and Comparisons

Handing uncertainty in medical diagnose is an open issue. In this subsection, we
compare the proposed group medical decision-making model with other existing
decision-making approaches.

In the existed approaches, theory of fuzzy soft sets is applied in the field of medical
decision making at the earliest. As practical applications, the intuitionistic fuzzy soft
sets have been successfully applied into medical system [32], and group decision making
method using intuitionistic fuzzy soft sets is of great significance in aiding medical
diagnosis [41]. Although the traditional uncertainty mathematical theories have

developed greatly and achievements have been widely applied in medical diagnosis fields.

There is a challenge is how to measure reliability of the information and how to handle
the uncertainty effectively to achieve more accurate decision-making. Diagnosing
diseases by uncertainty symptoms is not simple task at all. Hence, an approach based
on Z-numbers soft set is proposed in this paper. Our proposed method uses the similar
example and datasets, which have been analyzed by four existing approaches in [32]. In
the method proposed in [32], the difference is measured between diagnoses of each

expert and medical knowledgebase using Hamming and Euclidean distance for a patient.

The smaller the difference obtained, the more appropriate the diagnosis appears. In
[32] researchers also utilized a confident weight assigning mechanism. The larger the
weight of the disease is assigned, the more likely the patient suffers from this kind of
disease. The ranking results of these approaches are exhibited in Table The disease
the patient most likely suffers from is influenza with the method proposed in [41], which
is also exhibited in Table [II} The proposed method is also compared with other existing
methods: Saeed et al. [68], Riaz et al. [69] and Zulgarnain, R. M., et al. [70]. The
comparison results are listed in Table 5.7.

Table 11. Comparison results of ZnSS decision making methods.

Method Diagnosis result ~ Ranking order
Hamming distance [32] Influenza Wy > [ = 5 > fo = g
Euclidean distance [32] Influenza H3 > 1 = s = o = jig
Non-normalized TFSM [32] Influenza s > g > s = [1 > U4
Normalized IFSM [32] Influenza 3 > fug > s > 1 > iy
G-IFSS method [41] Influenza 3 > s > (1 > [l = fi4
Saeed et al. [68] Influenza g > o > s > i > g
Riaz et al. [69] Influenza W > o > 1 > s > g
Zulgarnain, R. M., et al. [70] Influenza 3 > o > 1 > g > s

where p1 :Viral, o :fever Malaria, ps :Influenza, py :Gastric ulcer, ps :Pneumonia.

We can find that the disease the patient most likely suffers from is Influenza with
our proposed method, which is same as described in the previous five approaches. If we
use our method to rank, the ranking of the alternatives in proposed method is almost
similar as obtained by the fourth approach, which indicates that the new method works
well. However, there are some differences existed in the results between the proposed
method and other five methods. The reason why the proposed method is desirable is

ascribed to its own uniqueness. The proposed method is Znss-based similarity measures.

Z-numbers are composed of two parts: one part denotes a restriction on values that can
be assumed, and another part is the reliability of the information. The properties are
different and the result is reasonably inconsistent. In fact, because medical diagnosis
involves significant fuzzy concepts and uncertainties, the reliability of information is
very important. If only the first component is considered while the second component is
ignored, then the reliability of information may be limited, which can lead to an
incorrect result. In addition, the existing approaches that are compared in the paper all
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pay attention to the weight parameter. While they only take single subjective of
objective factor into consideration. The new method considers both to get the t
parameter. More useful information is considered in the new method. The ranking
result may change with different approaches, but the method proposed in this paper
considers more evaluation information.

Conclusion

The notion of the Z-numbers soft set is proposed in this paper in order to handle
medical diagnose problem, in which the uncertainty of events from both the macro-angle
and the micro-angle could be presented. For given objects with certain attributes, the
soft set theory can be used to describe the uncertainty that not all the objects satisfy all
attributes, while the application of Z-numbers can show detail cognitive information of
one object satisfying the attribute. Z-numbers soft set is a combination of Z-numbers
theory and soft set theory. The subset, equal, intersection, union and complement
operations are also defined on the Z-numbers soft set. The basic properties of the
Z-numbers soft sets are also presented. Similarity measure of two Z-numbers soft sets is
discussed, and an approach to medical diagnosis has been developed based on similarity
measure of Z-numbers soft sets. An illustrative example is showed. This new extension
not only provides an addition to existing theories for handling uncertainties especially in
handle the reliability of fuzziness of problem parameters.

The advantages of the proposed method are summarized below.

(1) The traditional uncertainty mathematical theories have developed greatly and
achievements have been widely applied in medical diagnosis. However, the traditional
uncertainty mathematical theories have their intrinsic difficulties, which are pointed by
Molodtsov [19]. Soft set theory proposed by Molodtsov has been regarded as an
effective mathematical tool to deal with uncertainty. The method presented in this
paper based fuzzy extensions of soft set theory are presented can express different
fuzziness of medical diagnose parameters effectively.

(2) Fuzzy numbers have been widely applied in decision making of medical diagnose.

However, we found that the reliability of uncertainty symptoms in medical diagnose
environments is also important. To solve this situation, Z-numbers are used to model
and describe the diagnoses of decision-makers on uncertainty symptoms. Z-numbers
combined with the constraint and reliability.

(3) When applying Z-numbers, we need an appropriate method for express different
fuzziness of medical diagnose parameters and handle the reliability effectively. To
address these problems, we combine the soft set and Z-numbers, we propose the notion
of the Z-numbers soft set and treat the Z-numbers soft set as a whole, rather than
converting the second component, to avoid the loss of symptoms information.

(4) Similarity measure have extensive application in the area of disease recognition.
Considering the reliability of the information involved in the process, a measure of
similarity between two ZnSS has been given in this paper to compare two Z-numbers
soft sets in consequence, which can solve the calculation on similarities to help the final
diagnose result.

(5) In the real the diagnoses of decision-making problems, the proposed method can
obtain reasonable and effective results, as demonstrated by comparing the obtained
results with those from the existing methods. This method can also be applied to other
multi-attribute decision-making problems.

The study in this paper is an interdisciplinary approach towards rapid and efficient
medical diagnosis. The approach based on Z-numbers soft set can measure reliability of
the information and handle the uncertainty effectively to achieve more accurate
decision-making. Although the proposed approach has been demonstrated to be
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effective through illustrative examples and in-depth discussion, there are still some
aspects and potential areas that can be improved in future studies. The difference in
importance between two components of a Z-number in Z-number soft set, namely the
assessment value and the reliability measure need to be studied further. In this paper,
determine the weight of the two components remains an unresolved issue, though the
importance of these two components should be different. Second, in the proposed
method for compare two Z-numbers soft set using similarity measure without
considering the association between parameters. Third, the feasibility and effectiveness
of the method are just verified by numerical examples rather than real professional
medical knowledge in this paper. Therefore, the future study directions will include the
parameterization reduction of Z-numbers soft sets. It is also desirable to further explore
the applications of using the Z-numbers soft sets approach to solve real world specific
problems in the process of decision making in medical diagnosis.

Supporting information

S1 File. Medical knowledgebase of Illustrative example.

S2 File. Medical knowledgebase of Comparative Example.
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Abstract

Background: In the process of medical diagnosis, a large amount of uncertain and
inconsistent information is inevitably involved. There have been many fruitful results
were investigated for medical diagnosis by utilizing different traditional uncertainty
mathematical tools. It is found that there is limited study on measuring reliability of
the information involved are rare, moreover, the existed methods cannot give the
measuring reliability of every judgment to all symptoms in details.

Objectives: It is quite essential to recognize the impact on the reliability of the fuzzy
information provided under inadequate experience, lack of knowledge and so on. In this
paper, the notion of the Z-numbers soft set is proposed to handle the reliability of every
judgment to all symptoms in details. The study in this paper is an interdisciplinary
approach towards rapid and efficient medical diagnosis.

Methods: An approach based on Z-numbers soft set (ZnSS)to medical diagnosis has
been developed and is used to estimate whether two patterns or images are identical or
approximately. The notion of Z-numbers soft set is proposed by combing the theory of
soft set and Z-numbers theory. The basic properties of subset, equal, intersection, union
and complement operations on the Z-numbers soft sets are defined and the similarity
measure of two Z-numbers soft sets are also discussed in this paper.

Results: An illustrative example similar to existing studies is showed to verify the
effectiveness and feasibility, which can highlight the proposed method and demonstrate
the solution characteristics.

Conclusion: Diagnosing diseases by uncertainty symptoms is not a direct and simple
task at all. The approach based on ZnSS presented in this paper can not only measure
reliability of the information involved, but also give the measuring reliability of every
judgment to all symptoms in details.

Keywords: fuzzy soft set, Z-numbers soft set, similarity measure, reliability of
fuzziness, evaluation

1.Introduction

Medical diagnosis has been considered as one of the most important and crucial
processes which determines diseases of patients by some given symptoms from the
certain observers [1]. In the process of medical diagnosis, a large amount of uncertain
and inconsistent information is inevitably involved [2]. General uncertainty (vagueness
or imprecision) arises due to patients’ vague linguistic expression of their problems to
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medical experts. Furthermore, some sort of uncertainty may occur due to deficiencies in
lab experiments and human error [3]. Due to the information available for experts about
the patient’s symptoms in general is inherently uncertain. Research on the theories and
methodologies of decision making for real world problems under uncertainty are
important and necessary [4-8]. Diagnosing diseases by uncertainty symptoms is not a
direct and simple task at all and handing uncertainty in medical diagnoses is an open
issue.

One of the challenges in the process of this kind medical diagnosis is about how to
handle the uncertainty effectively to achieve more accurate decision-making. As a
matter of fact, these traditional uncertainty mathematical theories have developed
greatly and achievements have been widely applied in medical diagnosis fields [9H18]. In
the past decade, many researches were investigated for medical diagnosis by utilizing
different technologies, like intuitionistic fuzzy sets |9], interval-valued intuitionistic fuzzy
sets |11L|12], rough sets theory [12], evidential reasoning [13], quantum decision [14],
machine learning [15L|16], and fuzzy sets theory [17,/18]. However, in the process of
medical diagnosis, there may be many critical diseases, where experts do not have
sufficient knowledge to handle those problems. For these cases, experts may provide
their opinion only about certain aspects of the disease based on the symptoms they
focused and remain silent for those unknown symptoms. For this kind of situation, the
traditional uncertainty mathematical theories mentioned above have their intrinsic
difficulties [19], which are pointed by Molodtsov. Molodtsov initiated the theory of soft
sets as a nonparametric way for handling vagueness and uncertainties, which has been
proven useful in many fields. Theory of soft sets has inherent advantage for dealing with
uncertainties which traditional mathematical tools cannot handle.

Therefore, one purpose of this paper is to apply the advantage of soft set to deal
with uncertainty to solve this kind of special situation in medical diagnosis. For one
aspect, it is free from the inadequacy of the parameterization tools of traditional
mathematical tools [20]. For another aspect, theory of soft sets can be used by
combining other traditional uncertainty mathematical tools. So far, many mathematical
theories combined soft sets and other uncertainty tools, such as fuzzy soft set [21],
vague soft set [22], soft rough sets [23], intuitionistic fuzzy soft sets [24], fuzzy hyper
soft sets [25], interval-valued soft set [26] and interval-valued intuitionistic fuzzy soft
sets [27], multi-fuzzy N-soft [28-31], have been employed as effective and useful tools to
deal with uncertainties. Further researches on the diverse soft sets mentioned above
have also been conducted into medical decision-making problems [32H41]. Theory of
Fuzzy soft sets are applied in the field of medical decision making at the earliest [32].
As practical applications, the intuitionistic fuzzy soft sets have been successfully applied
into medical system [38], and group decision making method using intuitionistic fuzzy
soft sets is of great significance in aiding medical diagnosis [41]. These rich research
methods provide reference and support for this paper.

Another challenge in the process of this kind medical diagnosis is about how to
measure reliability of the information effectively to achieve more accurate
decision-making. For instance, to describe the uncertainties of the kind of ”fever will
surely be very high”, membership degree of fuzzy sets, even non-membership degree of
intuitionistic fuzzy sets can express the fuzzy uncertain concept "high fever” better, but
the fuzzy uncertain concept ”surely” cannot be model. Obliviously, there are many such
kind inherently uncertain descriptions due to the information available for observers or
experts about the patient’s symptoms in medical diagnosis. There have been many
fruitful results combining soft set and traditional uncertainty mathematical tools, we
found that studies on measuring reliability of the information involved based on soft
sets are rare. To some extent, the concept of level-fuzzy soft set [42], intuitionistic
level-fuzzy soft set [41H43], generalized fuzzy soft set [32] and generalized intuitionistic
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fuzzy soft sets [44]can deal with certain reliability. The application of level soft sets can
partly express the reliability of judgment on information, such as in reference |45]. Sujit
Dasa and Samarjit Kar presented a confident weigh way to each expert in group
decision making problem in medical diagnosis [33]. However, these methods only can
give whole reliability to all attributes, without giving the measuring reliability of every
judgment or information in details. Z-numbers were proposed by Zadeh as a new way to
deal with uncertainty and reliability of information [46]. Z-numbers are composed of
two parts: one part denotes a restriction on values that can be assumed, and another
part is the reliability of the information. Z-numbers may be used to model uncertainty
description like ”fever with pneumonia will surely be very high”, "headache with cold
will surely be very heavy”, ”cough with influenza will high probability be severe*, etc.

Obviously, Z-numbers can describe levels of human judgment in details. Z-numbers
have a significant potential in the describing of the uncertainty of the human knowledge
because it consists of restraint and reliability of the measured value in details. Given
the advantages of Z-numbers in describing uncertain information, it has been researched
extensively and applied widely in various fields in recent years. Theoretical research on
the Z-numbers continues comparatively active, such as the arithmetic of different
Z-numbers [47H50], the ranking of Z-numbers [51-53], the utility of Z-numbers [54], the
Z-valuations and function of Z-numbers [55,56], etc. And that applied research on the
Z-numbers continues to be scare but growing fast, such as Measuring Uncertainty [57],
decision-making Analysis [58H60], group decision-making problem [61H64],
optimization [65], medical diagnosis [66], Control System Design [67], etc.

Noting that the soft set provides a technological tool to extend the concept of
Zadeh’s fuzzy set, while Z-numbers is a conceptual extension of a fuzzy set. As
mentioned above, both of soft sets and Z-number have been widely applied to realistic
areas, but the combination of Z-number and fuzzy soft set shows the theoretical
applications of the two models. Motivated by the ideas of fuzzy soft sets, a direct
extension would be combining soft set and Z-numbers. Therefore, in this paper, we try
to conduct Z-numbers soft set to deal with nonparametric uncertainty and reliability of
information by combining the advantage of the Molodtsov soft set theory and Zadeh’s
Z-numbers concept, which is the core purpose of this paper. Hence, we take advantage
of Z-numbers and soft set by combing them. Moreover, the basic operations and
properties of Z-numbers soft sets also are defined, and approach to medical diagnosis
has been developed based on similarity measure on two Z-numbers soft sets. The
approach based on ZnSS presented in this paper can not only measure reliability of the
information involved, but also give the measuring reliability of every judgment to all
symptoms in details. It is important to note that professional medical knowledge is not
used in this paper.

Consequently, the contribution and originality of this study are summarized as
follows:

(1)The notion of the Z-numbers soft set is proposed by combing the theory of soft
set and Z-numbers in this paper. Z-numbers soft set has the desirable merit which can
take advantage both of soft set and Z-numbers, which is capable of solving the
reliability of every judgment to all symptoms in details.

(2)The subset, equal, intersection, union and complement operations are also defined
on the Z-numbers soft sets. The basic properties of the Z-numbers soft set are also
presented.

(3)It is required to compare two Z-numbers soft sets. Hence, in this Paper a measure
of similarity between two Z-numbers soft sets has been given and discussed.

(4)An novel approach to medical diagnosis has been developed based on similarity
measure of Z-numbers soft sets. The approach based on Z-numbers soft set can measure
reliability of every judgment to all symptoms effectively to achieve more accurate
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decision-making result in medical diagnosis.

To realize the contributions mentioned above, the remainder of this paper is
organized as follows. Section 2 reviews some basic definitions and concepts are used in
the following sections. In section 3, we investigate the theory of Z-numbers soft set.
Section 4 presents an approach to decision-making based the similarity measure of
Z-numbers soft set. In section 5, an illustrative example in medical diagnosis to show
that the proposals presented in this paper are not only more reasonable but more
efficient in practical application. At last, we conclude our analysis and set out further
research directions in Section 6.

2.Preliminaries

In this section we give a briefly review of some basic definitions and properties used in
the following sections. If we use membership function (characteristic function or
discrimination function), we can represent whether an element x is involved in a set A
or not.

Let U be a non-empty finite universe. For any A C U, A(x) = Lzed } i

0. ¢ A is a
characteristic function that is a mapping from U to {0, 1}.Then any characteristic
function on universe U determines a classical crisp set of U, that is
A= {x € UmidA(z) = 1}.

Consequently, fuzzy set is ‘vague boundary set’ comparing with crisp set. The fuzzy
set concept presented by Zadeh provides a framework to expressing vague concepts by
allowing partial memberships.

Fuzzy set

Definition:Fuzzy set [9]. Let U be a non-empty finite universe. A fuzzy set

A ={(z,pa(x))} on the universe U is defined by the mapping

A={(z,pa(x)} pa(z) : U — [0,1],where [0, 1] means real numbers between 0 and 1
(including 0,1);p4(x) denotes the membership degree. That is to say, each element is
mapped to [0, 1] by membership function.

There are lots of definitions for fuzzy operations. According to the max-min system
given by Zadeh [9],the fuzzy intersection, union, and complement are defined as
follows:puanp(z) = min{pa(z), pp(z) };pavs(x) = max {ua(z), pp(x)}pac(z) =
1—pa(x).

Fuzzy set can be used to describe perception and subjectivity of human as they
represent uncertain or imprecise information. However, the reliability of information
from different evaluator in the process of decision making such as medical diagnosis is
also very important.

Z-numbers

Z-numbers were proposed by Zadeh as a new way to deal with uncertainty and
reliability of information [46].

Definition:Z-numbers2 [47]. A Z-numbers is denoted asZ = (A, B),which is an
ordered pair of fuzzy numbers. A is a fuzzy restriction on the values that a real-valued
uncertain variable X can take, and Bis a measure of reliability of A.

Hence, A Z-number is associated with a real-valued uncertain variable z. A and B
are described in real number or natural language, such as (about 37.7 degree, quite

sure). The ordered triple (z, 4, B) is referred to a discrete Z-valuation [49],which can be
understood that = is (A, B), where z is a variable, A is a fuzzy set used to describe the
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restriction, and B is a fuzzy number used by natural language to describe reliability of  1se
A.A discrete Z-valuation can be model sentences like ”fever with pneumonia will surely  1s7
be very high”, where z is a variable "fever”, Ais a fuzzy set ”very high”, andB is a fuzzy s
constriction used by natural language ”surely” to describe reliability of A. 150

Fuzzy soft set 160

In 1999, Molodtsov initiated soft set theory [19]as a new mathematical tool for coping
with uncertainty that seems to be free from the inherent flaws. In this section U refers 1
to the initial non-empty universe of objects, cases, selections and so on.Let E is a set of 163
parameters and A C E,which are often attributes or characteristics of the objects. Let 1
P(U) denote the power set of initial universal set U,and a pair (F, A) is called a soft set 165
over U iff F is a mapping given by F': A — P(U).Maji et al. [21]initiated fuzzy soft set, 1
a more generalized notion combining both fuzzy sets and soft set. 167

Definition:Fuzzy soft set [21]. Let E is a set of parameters and A C E. Let (P,U) 1
denote the power fuzzy set of initial universal set U, and a pair (F,A) is called a fuzzy 1

soft set over U iff F is a mapping given by F : A — P(U). 170
As an illustration, consider the following example [32]. m
Suppose a soft set (F, A) describes diagnosis of diseases with respect to the given 172

symptoms (parameters), which the duty doctor are going to get from the patient. 173
Let U be the set of diagnosis of diseases under consideration(d; = Viral fever,do =

Malaria,ds = Typhoid,ds = Gastric ulcer,d; = Pneumonia) given 175

byU = {di,dz,d3,d4,ds}. -
Also let A C E be the set of symptoms (e; =Temperature, e; =Headache, 177

e3 =Stomach pain, e, =Cough, e5 =Chest pain),given by A = {ej, es, €3, 64, 65} 178
Let (F, A) 1samapp1ng given by F(e;) = %,%,%,%,—}F (e2) 179

0k 00 o5 T 1 (e0) = {Gh 6% % T G F(ea) = {0},
F(e5) %,%,%,%,%’ . 181

All the available information on these diseases can be characterized by a fuzzy soft e
set (F, A).In reality, in many applications the related membership function can be 183
confirmed but the reliability is extremely individual (depend on evaluator’s judgment of  1ss
attributes on alternatives) and thus cannot be lightly confirmed. P.K. Majumdar and  1ss
S.K. Samanta [27] gave a modified definition of fuzzy soft set named generalized fuzzy s
soft set which can indicate not only the degree of belongingness but also the degree of 1
possibility of such belongingness. However, it’s more reasonable to give a degree of 188
reliability on the evaluator’s judgment of attribute on alternatives but not whole 189
reliability to all attributes. To improve classical fuzzy soft sets concepts, in this paper 1%
we propose the concept of Z-numbers soft set by combining both Z-numbers set and soft 10
set. 192

3.0n Z-numbers soft set 103

Definition:Z-numbers soft set. Let U refers to the initial non-empty universe of objects, 1
cases, selections and so on, and E is a set of parameters and A C E. Let ZnF(U) 195

denote the power Z-numbers set of initial universal set U,and a pair (F A)is called a 106

Z-numbers soft set over U iff F is a mapping given by F A — ZnF(U),which can be 107
detailed as Eq . 108

€5

(}%, A) = {(xz, (Jcl satisfies parameter e;, A (z;), , B (xi)ej)) Ve e U Ve € E} (1)
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whereA (z;)
parametere; and B (2;), means the reliability of A (:1:,)

e is fuzzy restriction on the value of degree that alternative x; have

Here a Z-numbers soft set (F A) also can be noted 's. Tao et al. [64] presented the
concept of linguistic Z-numbers fuzzy soft sets and its application on a multi-attribute
group decision making problem without any language transformation. In this paper
Z-numbers soft set is shorted as ZnSS.

Actually, there are maybe several different kinds of Z-numbers soft set, such as
continuous Z-numbers soft set, linguistic Z-numbers soft set, discrete Z-numbers soft set
and so on. Because in a Z-numbers (z, A, B), the fuzzy number Aand Bmay be the
different fuzzy form such as continuous values, linguistic language value or some other
discrete value. We can call them continuous Z-numbers, linguistic Z-numbers, discrete
Z-numbers and so on. So, a Z-numbers soft set over U can also be defined as Eq :

(13, A) = {(aji, (J:i satisfies parameter e;, (a:,»)ej Y ($1)6J>> :Vz e U, Ve € E} (2)

wherep (mi)ej is fuzzy restriction on the value of degree that alternative x; have
parametere; and +y (xi)ej means the reliability of u (xi)ej.

Undoubtedly, it can be converted to the value between [0, 1] no matter what kind of
fuzzy form to use. Henceforth in this paper we will describe a Z-numbers set
asZ = (z,pa(z),rs(x)) by using converted [0,1] value of degree that alternative x; have

parameter e; and the degree of reliability, that is to say p (z:),, € [0,1],7 (%), € [0,1].

Obviously, every fuzzy soft set may be considered as a Z-numbers soft set when the
reliability 7 (z;),, is constant one. A Z-numbers set could also be naturally viewed as a
Z-numbers soft set whose parameter set is a singleton.

Here also consider an example just like example in section Preliminaries. Supposed

all the available information can be characterized by a Z-numbers soft set(F A). Let
(F A)ls a mapping given by (F A) = { (e1), F (e2) ,F (e3) ,F (eq), F (65)}, where,

F (e1) = {(d1,0.2,0.5) , (d2,0.4,0.3) , (ds3,0.9,0.6) , (d4,0.7,0.8) , (d5,0,0.8)},
(e2) = {(d1,0,0.8),(d2,0.8,1),(d3,0.1,1),(d4,0.7,0.1) , (d5,0,1)},

(e3) = {(d1,0.6,0.5), (d2,0.2,0.3) , (d3,0.8,0.5) , (d4,0,1), (ds,0,0.9) },
(ea) = {®},

(es) = {(d1,0.6,0.3), (d2,0.7,0.6) , (ds,0.5,0.8) , (d4,0.8,0.5) , (d5,0,0.9) } .

A Z-numbers soft set (F, A) can also be represented in the form of a two-dimensional
table, shown in Table

M M P P M

Table 1. A ZnSS Model for influenza ( :A).

U e1 €s es es

dy (0.2,0.5) (0,0.8) (0.6,0.5) (0.6,0.3)
dy (04,0.3) (0.8,1) (0.2,0.3) (0.7,0.6)
ds (0.9,0.6) (0.1,1) (0.8,0.5) (0.5,0.8)
dy (0.7,0.8) (0.7,0.1) (0,1) (0.8,0.5)
ds (0.0,0.8) (0,1) (0,0.9) (0,0.9)

Noting that if all the v (xi)ej = 1, the Z-numbers soft set (F:‘, A) is a fuzzy soft set
(F, A). If the ~(z;) for each e; is a constant value, the Z-numbers soft set (F, A) is a

generalized fuzzy soft set, which is presented by P.K. Majumdar and S.K. Samanta [27].

So, we can say fuzzy soft set and generalized fuzzy soft set both are different kind of
Z-numbers soft set.
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Definition:Z-numbers soft matrix.Let (F, A) be a Z-numbers soft set over the initial
universe U. Let E be a set of parameters and A C E. Then a subset of U x F is

uniquely defined by {(u (xi)ej Y (:ci)ej) e€ Ax € U} which is called a relation

Raform of (F, A) . Now the relation R4 is characterized by the membership value
I (Xl) ‘s and the reliability degree value (Xz) Then Ry is represented by a matrix as

Eq
a11 ai2 Q1n
~ a21 ag2 ... Q2n
Ry = : s : (3)
Am1 Am?2 Amn

where a;; = (u (@i)e, »7 (xi), ) The above matrix is called a Z-numbers soft matrix

of order m x n corresponding to the Z-numbers soft set (F, A) or FA.

In matrix form a Z-numbers soft set (F , A)in the above Example can be expressed as

follows:
(0.2,0.5) (0.0,0.8) (0.6,0.5) (0.6,0.3)
) (0.4,0.3) (0.8,0.1) (0.2,0.3) (0.7,0.6)
Fa=| (09,06) (0.1,1) (0.8,0.5) (0.5,0.8)
(0.7,0.8) (0.7,0.1) (0.0,1.0) (0.8,0.5)

(0.0,0.8) (0.0,1.0) (0.0,0.9) (0.0,0.9)

where the ”ith” column vector represents F (e;), the ith row vector represents d;.

If two Z-numbers with the same level of fuzzy restriction, the higher level of the
reliability, the larger the Z-numbers would be. First, let us give the related concept on
the subset(C), equal, intersection(N), union(U), and complement of Z-numbers set,
which are defined as follows:

(1) Za € Zp, when pa(x) < pp(z) and ra(z) < rp(z);

(2) Za=Zp , whenua(x) = pp(z) and r4(z) = rp(x) ; or when Z4 C Zp and
ZB S Za;

(3) 25 = (@, 15 (2), 75 (@) = (2,1 — pa(@), 1 — (@)

(4) Zan Zp = (z, pans(),7anB(@)) = (2, pa(z) * pp(r),rA(2) * 1B(2))

(5) ZaU Zp = (z, paus (), rau(2)) = (2, pa(z) o pp(x),ra(z) 0 T5(2));

If take standard max and min operations, panp(z) = min {pa(z), up(x)},ranp(x)

= min {ra(z),rg(x)} If take t — norm and ¢ — conorm operations, pa(x) * pg(x)

= pa(z) - pp(x), pa(z) o pp(x) = pa(@) + pe(x) — pa(@) - po(2).

In the rest of this paper, we will take t — norm and t — conorm operations to
consider the general case. Next, we give the definition on the subset, equal, intersection,
union, and complement of Z-numbers soft set.

(z));

Definition:Z-numbers Soft Subset.Let F "4 and G B are two Z-numbers soft sets over

(U, E).Now Gp is said to be a fuzzy Z-numbers soft subset of 4 if and only if: (1) B is
a fuzzy subset of A; (2) G(e) is also a fuzzy subset of F(e), Ve € E.

Consider a Z-numbers soft set s over (U, E) given in above Example. Let G B is
another Z-numbers soft set over (U, E) defined as follows:

G (e1) = {(d1,0.1,0.4) , (do,0.3,0.3) , (d3,0.8,0.1) , (da,0.7,0.1) , (ds, 0, 1)}

G (e2) = {(d1,0,1), (d2,0.5,0.8), (ds,0.1,0.8) , (dy, 0.6,0.9) , (d5,0,1)} , G (e4) =
{(d1,0.5,0.2), (d2,0.2,0.5) , (ds,0.7,0.1), (ds, 0,1) , (d5,0,1)} .

Then, Gp is a subset of a Z-numbers soft set Fy4.
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Definition: Equahty of two Z-numbers soft sets.Let FA and G B are two Z- numberb
soft sets over (U, E). F4 and Gp are said to be Z-numbers soft equal if and only if Gp is
a fuzzy Z-numbers soft subset of FA , and FA is also a fuzzy Z-numbers soft subset of
GB7 which can be denoted as Fiy = Gp .

Definition: Complement of a Z-numbers soft set. Let F 4 is a Z-numbers soft set over
(U, E).Then the complement of Fj is denoted F{, where, F§ =
{(mi, (J;i not satisfies parameter e;,1 — p (xi)ej 1= (a:,»)e])) :Vx e U Ve € E}

In table form, complement of a Z-numbers soft set F4 in the above Example can be
expressed as Table [2]

Table 2. Complement of (F, A).
U not e; not ez not es not es

( ) (1.0,0.2) (0.4,0.5) (0.4,0.7)

( )  (0.2,0) (0.8,0.7) (0.3,0.4)

ds (0.1,0.5) (0.9,0) (0.2,0.5) (0.5,0.2)
s i

(0.3,0.9)  (1,0)
1,0 1

(Lo)  (1,01) (1,0.1)

Definition: Union of two Z-numbers soft sets. Let FA and G B are two Z-numbers
soft sets over (U, E). The union of F4 and Gp is denoted by Heo = F4 UGpg, where
C=AUB, and

. (x,pa(x),ra()), if AUB=A
e (@) = (v, po(),ro (@) = (2, 15(2),75(x)) if AUB =B
(z,pa(x)opup(x),ra(z)o 7:3(1‘)) . ifAUB=C

Definition:Intersection of two Z-numbers soft sets. Let F '4_and Gp are two
Z-numbers soft sets over (U, E). The intersection of F4 and G is denoted by
HC _FAHGB, where C' = AN B, and
He(x) = (@, po(z), ro(r) = (2, pa(@) * up (@), ra(@) « rp(@)).

Let us consider two Z-numbers soft sets F A and G B over (U E) given in the above
example.Then, Union of two Z-numbers soft setsH c = F "4 UG pgand Intersection of two
Z-numbers soft sets I:{c = ﬁ'A N C:? pare as Table (3| and Table

Table 3. }%A U C:?B.
U ey (D] es3 €4 €5

di (0.28,0.7) (0,1)  (0.6,0.5) (0.5,0.2) (0.6,0.3)
dy (0.58,0.51)  (0.9,1)  (0.2,0.3) (0.2,0.5) (0.7,0.6)
ds (0.98,0.64) (0.18,1) (0.8,0.5) (0.7,0.1) (0.5,0.8)
dy (0.91,0.82) (0.88,0.91)  (0,1) 0,1)  (0.8,0.5)
ds  (0.0,1) (0,1) (0,090  (0,1)  (0,0.9)

Definition:Null Z-numbers soft set. Let F '4 is a Null Z-numbers soft set over (U, E),
when Zg'(e) = (0,1) for anye € E.

Definition:Absolute Z-numbers soft set. Let lf“ "4 is a absolute Z-numbers soft set over
(U, E), when F(e) = (1,1) for anye € E.

Let 13“,4 is a Z-numbers soft set over (U, E), then the following holds:(1) lf“A is a
Z-numbers soft subset of 1§A U ZéA. (2)FA N F4 is a Z-numbers soft subset of ZéA.
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Table 4. F4NGp.

U €1 ()
d; (0.02,02)  (0,0.08)
dy (0.12,0.09) (0.4,0.08)
ds (0.72,0.06) (0.01,0.8)
dy (0.49,0.08) (0.42,0.09)
ds  (0.0,0.08) (0,1)

(3)FaN0=0.(4)F4 U0 = Fa.(5)Fan A" = Fa.(6)Fa UA = A,
Let FA, GB, anfi ﬁqare any thrge Z—nuNmbeINS soft sets over (U,E), theNn the~
following holds:(1)F4 U Gp = G U Fu; (2)Fa NGy = G N Fa: (3)F4U (GB U Hc) =
(ﬁAUéB) Uffc;(ll)l‘%qﬂ (éB ﬁf{c) = (f:?AﬂéB) ﬁf[g.
Obliviously, the operational laws of Z-numbers mentioned above are generalized rules

of fuzzy set. But it is that the operational laws of Z-numbers soft set mentioned above
are not rules of generalized fuzzy soft set.

4.A model based on similarity of Z-numbers soft sets

The majority of the decision-making process assume that the decision maker’s cognition
for all aspects of a problem is the same. However, this is not quite true because of
decision maker’s inadequate experience, lack of knowledge, different risk preferences and
so on. Therefore, it is quite essential to recognize the impact of the decision maker’s
cognition on the reliability of the information provided. We now develop an approach to
solve this kind problem considering the reliability of fuzziness of problem parameters.
For given objects(diseases) with certain attributes(symptoms), the Z-numbers soft set as
a novel type of soft set can describe the uncertainty that not all the objects satisfy all
attributes, but can show details cognitive information of one object satisfying the
attribute. Because of the complexity of the real medical diagnosis, using only one aspect
of information to describe uncertain events is fully difficult. A new decision-making
method with new perspective is presented based on Z-numbers soft set to solve such
practical decision-making problems in this section.

We set out the problem in the context of initial medical treatment. Moreover, in the
decision framework proposed in this paper, we use technique of similarity measure
between two Z-numbers soft sets to estimate the biggest possibility that an ill person is
suffering from some certain diseases. Therefore, we first give the similarity on
Z-numbers soft sets.

Similarity on Z-numbers soft sets

First, it is necessary to know whether two patterns or images or alternative are identical
or approximately or at least to what degree they are identical. Similarity measure have
extensive application in these areas such as pattern (disease) recognition, image
processing, region extraction and so on. Some researchers have studied the problem of
similarity measure between soft sets, fuzzy soft sets, intuitionistic fuzzy soft sets,
interval-valued fuzzy soft sets and so on. Considering the reliability of the information
involved in the process, it is required to compare two Z-numbers soft sets in
consequence. Hence, in this section a measure of similarity between two ZnSS has been
given, which can solve the calculation on similarities.

Let U refers to the initial non-empty universe of objects, cases, selections and so on,

June 23, 2022

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328


cemizhy
高亮
add three ;

cemizhy
高亮
change to assume in the manuscript

cemizhy
高亮
changed to “moreover，”


and E is a universal set of parameters, U = {x1,za, - ,zm}, E = {e, ez,

)y En

}.Let

FA and G 5 be two ZnSS over the parameterized universe (U, E),where Fa = ( F (e;)

= (% (MA (»Ti)ej YA (l’z‘)ej)) Gy = (C:*' (ej)) =~($i (M%(xi)ej VB (xi)ej)) )

1,---m,j =

M (FA,GB)

1,--- ,n. Then the 51m11ar1ty between F4 and Gp is denoted by
, which is expressed as Eq (4

5 (Fa.Gp) = max {0, (ﬁA,éB)}

where M; (pa (x;),pp (x;) =1 —

and M;

= max {M; (pa (z:), pp (25)) X Mj (va (z:), 7B (2:))}

S |nat@), —ne@),,
p (;LA x;) +;LB x;) J)
Zl 1lva(zi),, ) vB (i) e])\

(’YA Ti), )+’YB Ti)g. )

J

(ya (x5), B (z3)) =1 —

J

Consider the following two ZnSS by example

(0.2,0.6) (0.1,0.8) (0.2,0.4)

= (0.5,0.8) (0.2,0.4) (0.4,0.8)
Fa=1 (09.04) (06.04) (0.7.06) |9
(1.0,0.6) (0.5,0.6) (0.9,0.4)
(0.4,0.5) (0.6,0.7) (0.4,0.9)
& _ | (03,05) (0.5,06) (0.3 06)
B~ (0.2,0.6) (0.2,0.5) (0.2,0.6)
(0.9,0.4) (0.1,0.3) (0.1,0.5)
where U = {x1,22,23,24} , E = {61,62,63}.Then,
My (Fa,Gr) = M (pa @) s (20)) x M (ya (1) 7 ()
B (1 21 pat),, ;ua(mell) <1 21 lmmel) vB(2:),,) >
N i (ma(@i),, +us(zi),,) o (va@),, ) +ve(=i).,)

:<1_

:<1

!
)
z,-zl\mft)ej—uB(zz)ej e 2alvate), ) e, )|
7y (nat@), +up(),,) 50 1(m @), ) +rs(i).,))

02++02+07+01> (1_01+03+02+02 ~ 0.584

0.6+0.8+1.1+1.9 1.141.34+0.6+1.0

It is easy to get Mo (FA7 GB) ~ 0.358, M3 (FA, GB) ~ 0.416.
Hence, t~he b}mllarlty between t;he two 7ZnSS over t~he parame‘gerizgd universe (U, E)
will be S (FA, (;B) — max {M1 (FA, (;B) M, (FA, (:B) M (FA, (;B)} — 0.584.
Let F ‘4 and ~(:¥ p are two Z-numbers soft set over (U, E), then the following holds:
(1) 0<5(Fa,Gp) <1

(2) § (ﬁA,éB) =S5 (C:?B,I*E’A) .

(3) if Fa
(4) if Fa

= éB,thenS (FA,53> =1

- éB - ﬁcﬂfhens (;—‘A,ﬁ0> <S (53,[?’0) .

(5) ifléAisacrispsoftset,thenS (l%q,ﬁf) =0.

Proof. Let Appg = ’MA (x,-)ej — UB (xi)ej

short.

and Avypg = "YA (Xi)ej - B (Xi)ej

(1) From the definition of ZnSSs, we can have pi4 (xi)ej 1B (xi)ej L, VA (:Ei)ej) ,

VB (Ti),, €

€ [0,1].

[0,1].Then min {Aprag, Ayra} € [0,1] and max {Aurae, Avra}
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We can also obtain that 1 — min {ApprgAyre} <14 max{ApurcAyra},
1 —min {AprpeAvyrc} € [0,1], 1 + max {AurpcAvyra} € [1,2]. Therefore,
0<s (f‘A, é’3> < 1 can be easily obtained.

(2) Since Aupg = Augr and Aypg = Avyar, it is obvious that
S (Fa.Gi) =5 (G, Fa).

(3)If Fy = Gg,we have u (zi)ej =pugp (zi)ej JYA (Xi)ej =B (Xi)ej for each
x; € U, Then we can get S <Z§A,C:¥B) =1.

(4) When Zg'A - éB - I:{c, it has pa ($i)ej < ugp ($i)ej < uc (a:i)ej, and

YA (xi)ej > B (xl-)ej > e (xi)ej for each x; € U.Then we have ’,uA (xi)ej — o (aci)ej

for

and |ya (z1),, =70 (@), | = |va (@), = p (0,

> ‘MA (-Ti)ej L (Sﬂi)ej
each x; € U.Thus,

min {’,UA (aﬁi)e]. el (mi)ej
YA (%), — 1B (i),
max{ BA (ﬂﬂi)ej — KB (xi)ej

J

b2 min {|na (@), - s @),
i ), = ()|} =

| 7a (%i)e; — e (%),

-max | |pa (i), — po (@),

b

YA (X1)e, — 7B (Xi)g,

)

From operations on Z-numbers soft set, we can getS (F 'As ﬁc> <S (6:7Y B, }:Ic> easily.

(5)Ifl§’,4 is a crisp soft set, we have l?’A = {(n, (1,0))} or Z?A ={(k,(0,1))} .Then, the
complement set of F4 an be calculated as F§ = {(u, (0,1))} or FS = {(1, (1,9))}
respectively. Thus, S (FA, FE) =0.

Decision framework

In this section, we introduce the following decision framework to estimate the biggest
possibility that an ill person is suffering from some certain disease in medical diagnosis
under ZnSS environment considering the reliability of the information for the different
observers’ cognition. Supposed that a patient with a lot of nonspecific symptoms needs
to figure out where is the most likely disease so as to help him register effectively to the
appropriate section. Hence, we will try to discuss approaches to estimate the biggest
possibility-disease recognition from a multi-observer data for an ill person having
uncertain symptoms in this paper. Fig[l| shows decision framework in medical diagnosis
based on Z-numbers soft set.

The decision framework involves the following steps:

Step 1: Construct the model Z-numbers soft sets for different diseases. In this paper

it is given that the model Z-numbers soft sets for different diseases denoted by Dy,

Dp...

Step 2: Give judgment information of different observers on the ill person. In the
majority situation, the judgment information is basically similar to ”fever will surely be
very high”, ”cough will high probability be severe”, etc. And a different set of
symptoms is likely to be selected by different observers. The concept of Z-numbers soft
set presented in this paper has significant potential in the describing of the uncertainty
of the human knowledge because it consists of restraint and reliability of the measured
value in details.

Hence, here we assumed that the observers provide their judgment information on
the alternatives with regard to attributes by Z-numbers soft sets. Thus, the
observersOy(k = 1,2, -+, 1) provides their judgments information for attributes

e;(j =1,2,--- ,n), which can be expressed by Z-numbers soft sets ]50k (e5).
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G

ZnSS for Zn8S for | ZnSS far
disease A disease B divease I

Fank Somlanty from big to small

|
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Fig 1. Decision framework based on ZnSS.

Step 3:Calculate the union operations on all Z-numbers soft setsléok (e;) of different
observers, which is denoted by He = Upok (ej),k=1,2,---land j=1,2,--- ,n.
Then by the repeated use of Pp, U (]502 U ﬁog) = (1501 U ]302) U Pp, and
. . (z, po, (z),ro, (), ifO1 U0y =0,

Pp, UPp, = (x, po, (z), 10, (), if O1 UOy = Oy
(1‘7 HO, (:Z?) O 1O, (‘T)7 O, (SE) ©TO, (.T)) ) if 01 U 02 # ~Ol 7£ 02

The final result is that we can get the adjusted Z-numbers soft set He on the visible
symptoms of the ill person by integrated observation and judgment from the
observersOy (k =1,2,--- ,1).

_ Step 4: Calculate and obtain the similarity between the adjusted Z-numbers soft set

He and the model Z-numbers soft sets for different diseases denoted by D4, Dg...Here,
it need to apply the method of similarity measure on different ZnSS. The similarity

between the adjusted Z-numbers soft set ﬁc and the model Z-numbers soft sets for
different diseases are denoted by S (fic, DA>, S (fic, DB)

Step 5: Rank the similarity S (f[c, l~?A>7 S (f[c, bB)...from big to small. Identify
the most likely disease. Choose the biggest score of similarities, the corresponding
disease is the most likely disease.

5.Case Study

In this paper there is only a simple example only with two diseases under consideration
(influenza and COVID-19) to show the possibility of using this approach-based
Z-numbers soft set, not a medical diagnosis in a real-world scenario, which is similar to
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the existing studies [32/41]. But the method can be generalized in practice. On the one
hand, there are not only two choices in reality to estimate for preliminary diagnosis of
disease which could be improved by clinical results. In that case, the ranking results of
the evaluation can help patients make the choice of registration ranking. On the other
hand, the work in this paper can also help develop a platform for primary diagnosis.

Illustrative example

In the following example, we will try to estimate the biggest possibility that an ill
person with some fuzzy symptoms is suffering from some kind of disease in medical

diagnosis. For example, an ill person has some symptoms in the outbreak of COVID-19.

It is quite essential to preliminary estimate by some observers or some online diagnose
that the disease is more likely to be a influenza or a COVID-19 for shortage of offline
outpatient service. In this paper the prim symptoms under consideration include fever
(e1), cough with chest congestion (e3), runny nose (e3), body ache (e4), headache (e5),
breathing trouble (eg), diarrhea (e7), sore throat (eg). To be sure the observers often

provide the symptom information roughly the same as “fever will surely be very high”.

Hence, the judgment of the observers on the symptoms can be express by different
Z-numbers soft set, in which we use converted [0, 1] value of degree that alternative x;
have parameter e; and the degree of reliability. We let the universal set only contain
two elements “yes” and “no”, i.e., U = {y,n}, and E = {61,62,63,64,65,66,67763}

In this example it is given that the model Z-numbers soft sets for a influenza F4in
Table 5| and a COVID-19 G5 in Table @ Now there are three related observers provide
the symptom information, which can be constructed by Z-numbers soft sets Po1 in

Table |7} Po,in Table[s] andPo,in Table[d

Table 5. A ZnSS Model for influenza Zf_'A.

FA €1 €2 €3 €4 €5 €6 (&rd €s
y  (0.5,0.8) (0.5,0.8) (0.9,0.9) (0.2,0.8) (0.8,0.9) (0.2,0.8) (0.2,0.9) (0.8,0.9)
n  (0.5,0.8) (0.5,0.8) (0.1,0.9) (0.7,0.8) (0.2,0.8) (0.8,0.8) (0.8,0.9) (0.2,0.8)

Table 6. A ZnSS Model for COVID-19 G.

FA €1 () €3 €q €5 €6 er es
vy (0.9,0.9) (0.8,0.8) (0.1,0.9) (0.5,0.9) (0.5,0.9) (0.8,0.9) (0.5,0.9) (0.6,0.9)
n (0.1,0.9) (0.1,0.7) (0.8,0.9) (0.5,0.9) (0.5,0.9) (0.1,0.9) (0.5,0.9) (0.4,0.9)

Table 7. A ZnSS for the ill person from observer 1 Igol.

FA €1 €9 €3 €4 €5 €6 (&rd €s
y  (0.5,0.5) (0.4,0.8) (0.8,0.7) (0.2,0.8) (0.2,0.8) (0.5,0.5) (0.5,0.5) (0.6,0.5)
n  (0.5,0.8) (0.5,0.8) (0,1)  (0.7,0.7) (0.6,0.7) (0.4,0.5) (0.4,0.5) (0.2,0.7)

Calculation Process

Step 1: Construct and input the model Z-numbers soft sets }:7 "4 and é g for a influenza
and a COVID-19 in Table [l and [6
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Table 8. A ZnSS for the ill person from observer 2 1502.

FA €1 €2 €3 €4 €5 €p €7 €s
y  (0.8,0.8) (0.5,0.5) (0.5,0.7) (0.5,0.5) (0.5,0.5) (0.4,0.6) (0.2,0.8) (0.5,0.6)
n  (0.1,0.5) (0.5,0.6) (0.2,0.8) (0.5,0.5) (0.5,0.5) (0.4,0.7) (0.5,0.5) (0.3,0.6)

Table 9. A ZnSS for the ill person from observer 3 1503.

FA €1 €9 €3 €4 €5 €6 er €g
y  (0.6,0.7) (0.2,0.5) (0.5,0.5) (0.4,0.7) (0.4,0.7) (0.5,0.6) (0.4,0.5) (0.6,0.5)
n  (0.1,0.8) (0.2,0.5) (0.3,0.6) (0.5,0.7) (0.4,0.7) (0.4,0.5) (0.4,0.6) (0.3,0.5)

Step 2: Obtain the symptom information from the 3 observers 01, O and Os, then
construct and input the corresponding Z-numbers soft sets]%1 in Table ]502 in

Table (8 and ﬁogin Table @
Step 3: Calculate the union operations on all Z-numbers soft sets,

fluc = ]301 U ]502 U Pog . Now we get he adjusted Z-numbers soft set on the visible
symptoms of the ill person by the integrated observation and judgment from the
observers, seen as Table

Table 10. ZnSS F:Ic for union operations for I:{UC = [301 U 1502 U ]503.

FA €1 €9 €3 €4 €5 €6 (24 €s
vy (0.96,0.97) (0.96,0.95)(0.95,0.5) (0.76,0.97)(0.76,0.97)(0.75,0.96)(0.76,0.95)(0.92,0.9)
n (0.59,0.98) (0.8,0.96) (0.44,1) (0.92,0.95)(0.88,0.95)(0.78,0.92)(0.82,0.9) (0.6,0.94)

Step 4: Calculate the similarity between the adjusted Z-numbers soft set I:fc and the
model Z-numbers soft sets for different diseases the model Z-numbers soft sets F4 and
Gp for a influenza and a COVID-19 in Table nd Table @

1)S (Hc, FA> — max {Mj (HC, FA)}

= max{M; (uc (i), pa (z:)) x M (ye (zi) ;74 (i)}

where M, (ﬁIC,FA) — 0.709,M, (ﬁc, FA) —0.629, M (HC, FA) — 0.710,
M, (ffc, ?A) — 0.634, M; (ﬁc,ﬁ“A) — 0.640, Mg (f{c, ﬁA) —0.712,

M, (ﬁc,ﬁ“A) — 0.765, Mg (P:Ic,}:?A) — 0.899,
(2)5’ (f{c, GB) = max {Mj (ﬁc, é3> }
= max {M; (uc (zi) , up (2:)) x M (ve (xi) ,vp (%))}

where M, (ﬁc, éB) — 0.753, M, (HC, éB) — 0.803, M (ffo, GB) — 0.402,
M, (fzc, éB) —0.722, M, (ﬁc,éB) — 0.571, M, (ﬁc,éB) — 0.684,
M, (I:{C, éB) — 0.765, Mg (ﬁc,éB

Hence, S (ﬁc, Jf“A) —0.899, S (ﬁc, éB) — 0.803
Step 5: Identify the most likely disease.

= 0.760,

N—

In this example, S (ﬁc, FA) is bigger, so the ill person is most likely getting a
influenza.
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Result Discussion and Comparisons

Handing uncertainty in medical diagnose is an open issue. In this subsection, we
compare the proposed group medical decision-making model with other existing
decision-making approaches.

In the existed approaches, theory of fuzzy soft sets is applied in the field of medical
decision making at the earliest. As practical applications, the intuitionistic fuzzy soft
sets have been successfully applied into medical system [32], and group decision making
method using intuitionistic fuzzy soft sets is of great significance in aiding medical
diagnosis [41]. Although the traditional uncertainty mathematical theories have

developed greatly and achievements have been widely applied in medical diagnosis fields.

There is a challenge is how to measure reliability of the information and how to handle
the uncertainty effectively to achieve more accurate decision-making. Diagnosing
diseases by uncertainty symptoms is not simple task at all. Hence, an approach based
on Z-numbers soft set is proposed in this paper. Our proposed method uses the similar
example and datasets, which have been analyzed by four existing approaches in [32]. In
the method proposed in [32], the difference is measured between diagnoses of each

expert and medical knowledgebase using Hamming and Euclidean distance for a patient.

The smaller the difference obtained, the more appropriate the diagnosis appears. In
[32] researchers also utilized a confident weight assigning mechanism. The larger the
weight of the disease is assigned, the more likely the patient suffers from this kind of
disease. The ranking results of these approaches are exhibited in Table The disease
the patient most likely suffers from is influenza with the method proposed in [41], which
is also exhibited in Table [T1} The proposed method is also compared with other existing
methods: Saeed et al. [68], Riaz et al. [69] and Zulgarnain, R. M., et al. [70]. The
comparison results are listed in Table 5.7.

Table 11. Comparison results of ZnSS decision making methods.

Method Diagnosis result ~ Ranking order
Hamming distance [32] Influenza Wy > [ = 5 > fo = g
Euclidean distance [32] Influenza H3 > 1 = s = o = jig
Non-normalized TFSM [32] Influenza s > g > s = [1 > U4
Normalized IFSM [32] Influenza 3 > fug > s > 1 > iy
G-IFSS method [41] Influenza 3 > s > (1 > [l = fi4
Saeed et al. [68] Influenza g > o > s > i1 > g
Riaz et al. [69] Influenza W > o > 1 > s > g
Zulgarnain, R. M., et al. [70] Influenza 13 > o > 1 > g > s

where p1 :Viral, o :fever Malaria, ps :Influenza, py :Gastric ulcer, ps :Pneumonia.

We can find that the disease the patient most likely suffers from is Influenza with
our proposed method, which is same as described in the previous five approaches. If we
use our method to rank, the ranking of the alternatives in proposed method is almost
similar as obtained by the fourth approach, which indicates that the new method works
well. However, there are some differences existed in the results between the proposed
method and other five methods. The reason why the proposed method is desirable is

ascribed to its own uniqueness. The proposed method is Znss-based similarity measures.

Z-numbers are composed of two parts: one part denotes a restriction on values that can
be assumed, and another part is the reliability of the information. The properties are
different and the result is reasonably inconsistent. In fact, because medical diagnosis
involves significant fuzzy concepts and uncertainties, the reliability of information is
very important. If only the first component is considered while the second component is
ignored, then the reliability of information may be limited, which can lead to an
incorrect result. In addition, the existing approaches that are compared in the paper all
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pay attention to the weight parameter. While they only take single subjective of
objective factor into consideration. The new method considers both to get the t
parameter. More useful information is considered in the new method. The ranking
result may change with different approaches, but the method proposed in this paper
considers more evaluation information.

Conclusion

The notion of the Z-numbers soft set is proposed in this paper in order to handle
medical diagnose problem, in which the uncertainty of events from both the macro-angle
and the micro-angle could be presented. For given objects with certain attributes, the
soft set theory can be used to describe the uncertainty that not all the objects satisfy all
attributes, while the application of Z-numbers can show detail cognitive information of
one object satisfying the attribute. Z-numbers soft set is a combination of Z-numbers
theory and soft set theory. The subset, equal, intersection, union and complement
operations are also defined on the Z-numbers soft set. The basic properties of the
Z-numbers soft sets are also presented. Similarity measure of two Z-numbers soft sets is
discussed, and an approach to medical diagnosis has been developed based on similarity
measure of Z-numbers soft sets. An illustrative example is showed. This new extension
not only provides an addition to existing theories for handling uncertainties especially in
handle the reliability of fuzziness of problem parameters.

The advantages of the proposed method are summarized below.

(1) The traditional uncertainty mathematical theories have developed greatly and
achievements have been widely applied in medical diagnosis. However, the traditional
uncertainty mathematical theories have their intrinsic difficulties, which are pointed by
Molodtsov [19]. Soft set theory proposed by Molodtsov has been regarded as an
effective mathematical tool to deal with uncertainty. The method presented in this
paper based fuzzy extensions of soft set theory are presented can express different
fuzziness of medical diagnose parameters effectively.

(2) Fuzzy numbers have been widely applied in decision making of medical diagnose.

However, we found that the reliability of uncertainty symptoms in medical diagnose
environments is also important. To solve this situation, Z-numbers are used to model
and describe the diagnoses of decision-makers on uncertainty symptoms. Z-numbers
combined with the constraint and reliability.

(3) When applying Z-numbers, we need an appropriate method for express different
fuzziness of medical diagnose parameters and handle the reliability effectively. To
address these problems, we combine the soft set and Z-numbers, we propose the notion
of the Z-numbers soft set and treat the Z-numbers soft set as a whole, rather than
converting the second component, to avoid the loss of symptoms information.

(4) Similarity measure have extensive application in the area of disease recognition.
Considering the reliability of the information involved in the process, a measure of
similarity between two ZnSS has been given in this paper to compare two Z-numbers
soft sets in consequence, which can solve the calculation on similarities to help the final
diagnose result.

(5) In the real the diagnoses of decision-making problems, the proposed method can
obtain reasonable and effective results, as demonstrated by comparing the obtained
results with those from the existing methods. This method can also be applied to other
multi-attribute decision-making problems.

The study in this paper is an interdisciplinary approach towards rapid and efficient
medical diagnosis. The approach based on Z-numbers soft set can measure reliability of
the information and handle the uncertainty effectively to achieve more accurate
decision-making. Although the proposed approach has been demonstrated to be
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effective through illustrative examples and in-depth discussion, there are still some
aspects and potential areas that can be improved in future studies. The difference in
importance between two components of a Z-number in Z-number soft set, namely the
assessment value and the reliability measure need to be studied further. In this paper,
determine the weight of the two components remains an unresolved issue, though the
importance of these two components should be different. Second, in the proposed
method for compare two Z-numbers soft set using similarity measure without
considering the association between parameters. Third, the feasibility and effectiveness
of the method are just verified by numerical examples rather than real professional
medical knowledge in this paper. Therefore, the future study directions will include the
parameterization reduction of Z-numbers soft sets. It is also desirable to further explore
the applications of using the Z-numbers soft sets approach to solve real world specific
problems in the process of decision making in medical diagnosis.

Supporting information

S1 File. Medical knowledgebase of Illustrative example.

S2 File. Medical knowledgebase of Comparative Example.
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