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Abstract

Background

In the process of medical diagnosis, a large amount of uncertain and inconsistent informa-

tion is inevitably involved. There have been many fruitful results were investigated for medi-

cal 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 opera-

tions 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.
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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 symp-

toms in details.

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 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 uncer-

tainty symptoms is not a direct and simple task at all and handing uncertainty in medical diag-

noses 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 [9–18]. 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 [11, 12], rough sets theory [12], evidential

reasoning [13], quantum decision [14], machine learning [15, 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 nonpara-

metric 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 tradi-

tional mathematical tools cannot handle.

Therefore, one purpose of this paper is to apply the advantage of soft set to deal with uncer-

tainty 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 uncer-

tainty 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 men-

tioned above have also been conducted into medical decision-making problems [32–40]. The-

ory of Fuzzy soft sets are applied in the field of medical decision making at the earliest [32]. As
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practical applications, the intuitionistic fuzzy soft sets have been successfully applied into med-

ical system [37], and group decision making method using intuitionistic fuzzy soft sets is of

great significance in aiding medical diagnosis [40]. These rich research methods provide refer-

ence 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”, member-

ship 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” can-

not 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 [21], intuitionistic

level-fuzzy soft set [21, 40, 41], generalized fuzzy soft set [32] and generalized intuitionistic

fuzzy soft sets [42] can deal with certain reliability. The application of level soft sets can partly

express the reliability of judgment on information, such as in reference [43]. Sujit Dasa and

Samarjit Kar presented a confident weigh way to each expert in group decision making prob-

lem in medical diagnosis [32]. 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 [44]. Z-numbers are composed of two parts: one part denotes a restriction on val-

ues 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 com-

paratively active, such as the arithmetic of different Z-numbers [45–48], the ranking of Z-

numbers [49–51], the utility of Z-numbers [52], the Z-valuations and function of Z-numbers

[53, 54], etc. And that applied research on the Z-numbers continues to be scare but growing

fast, such as Measuring Uncertainty [55], decision-making Analysis [56–58], group decision-

making problem [59–62], optimization [63], medical diagnosis [64], Control System Design

[65], 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-num-

ber 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. There-

fore, in this paper, we try to conduct Z-numbers soft set to deal with nonparametric uncer-

tainty 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,
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but also give the measuring reliability of every judgment to all symptoms in details. It is impor-

tant 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 simi-

larity 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 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 sec-

tions. 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 fol-

lowing 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� U, AðxÞ ¼
1; x 2 A

0; x =2 A

( )

is a characteris-

tic 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 2 UmidA(x) = 1}.

Consequently, fuzzy set is ‘vague boundary set’ comparing with crisp set. The fuzzy set con-

cept presented by Zadeh provides a framework to expressing vague concepts by allowing par-

tial memberships.

Fuzzy set

Definition: Fuzzy set [9]. Let U be a non-empty finite universe. A fuzzy set A = {(x, μA(x))} on

the universe U is defined by the mapping A = {(x, μA(x))}μA(x):U! [0, 1], where [0, 1] means

real numbers between 0 and 1 (including 0, 1);μA(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:μA\B(x) =

min{μA(x), μB(x)};μA[B(x) = max{μA(x), μB(x)};μAc(x) = 1 − μA(x).
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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 [44].

Definition: Z-numbers2 [45]. A Z-numbers is denoted as Z ¼ ð~A; ~BÞ, 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 ~B is a measure of reliability of ~A.

Hence, A Z-number is associated with a real-valued uncertain variable x. ~A and ~B are

described in real number or natural language, such as (about 37.7 degree, quite sure). The

ordered triple ðx; ~A; ~BÞ is referred to a discrete Z-valuation [47], which can be understood that

x is ð~A; ~BÞ, where x is a variable, ~A is a fuzzy set used to describe the restriction, and ~B is a

fuzzy number used by natural language to describe reliability of ~A. A discrete Z-valuation can

be model sentences like “fever with pneumonia will surely be very high”, where x is a variable

“fever”, ~A is a fuzzy set “very high”, and ~B is a fuzzy constriction used by natural language

“surely” to describe reliability of ~A.

Fuzzy soft set

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 to the initial

non-empty universe of objects, cases, selections and so on. Let E is a set of parameters and A�
E, which are often attributes or characteristics of the objects. Let P(U) denote the power set of

initial universal set U, and a pair (F, A) is called a soft set over U iff F is a mapping given by F:

A! P(U). Maji et al. [21] initiated fuzzy soft set, a more generalized notion combining both

fuzzy sets and soft set.

Definition: Fuzzy soft set [21]. Let E is a set of parameters and A� E. Let ð~P;UÞ denote the

power fuzzy set of initial universal set U, and a pair ð~F ;AÞ is called a fuzzy soft set over U iff ~F
is a mapping given by ~F : A! ~PðUÞ.

As an illustration, consider the following example [32].

Suppose a soft set (F, A) describes diagnosis of diseases with respect to the given symptoms

(parameters), which the duty doctor are going to get from the patient.

Let U be the set of diagnosis of diseases under consideration(d1 = Viral fever, d2 = Malaria,

d2 = Typhoid, d2 = Gastric ulcer, d1 = Pneumonia) given by U = {d1, d2, d3, d4, d5}.

Also let A� E be the set of symptoms (e1 = Temperature, e2 = Headache, e3 = Stomach

pain, e4 = Cough, e5 = Chest pain), given by A = {e1, e2, e3, e4, e5}.

Let ð~F;AÞ is a mapping given by ~F e1ð Þ ¼ f
d1

0:2
;
d2

0:4
;
d3

0:9
;
d4

0:7
;
d5

0
g,~F e2ð Þ ¼ f

d1

0
;
d2

0:8
;
d3

0:1
;

d4

0:7
;
d5

0
g,~F e3ð Þ ¼ f

d1

0:6
;
d2

0:2
;
d3

0:8
;
d4

0
;
d5

0
g, ~Fðe4Þ ¼ fFg,

~F e5ð Þ ¼ f
d1

0:6
;
d2

0:7
;
d3

0:5
;
d4

0:8
;
d5

0
g.

All the available information on these diseases can be characterized by a fuzzy soft set

ð~F;AÞ. In reality, in many applications the related membership function can be confirmed but

the reliability is extremely individual (depend on evaluator’s judgment of attributes on alterna-

tives) and thus cannot be lightly confirmed. P.K. Majumdar and S.K. Samanta [27] gave a

modified definition of fuzzy soft set named generalized fuzzy soft set which can indicate not

only the degree of belongingness but also the degree of possibility of such belongingness. How-

ever, it’s more reasonable to give a degree of reliability on the evaluator’s judgment of attribute

PLOS ONE An approach in medical diagnosis based on Z-numbers soft set

PLOS ONE | https://doi.org/10.1371/journal.pone.0272203 August 25, 2022 5 / 22

https://doi.org/10.1371/journal.pone.0272203


on alternatives but not whole reliability to all attributes. To improve classical fuzzy soft sets

concepts, in this paper we propose the concept of Z-numbers soft set by combining both Z-

numbers set and soft set.

3. On Z-numbers soft set

Definition: Z-numbers soft set. Let U refers to the initial non-empty universe of objects, cases,

selections and so on, and E is a set of parameters and A� E. Let ZnF(U) denote the power Z-

numbers set of initial universal set U, and a pair ð
~~F ;AÞ is called a Z-numbers soft set over U iff

~~F is a mapping given by
~~F : A! ZnFðUÞ, which can be detailed as Eq (1):

ð
~~F ;AÞ ¼ fðxi; ðxi satisfies parameter ej;AðxiÞej0BðxiÞejÞÞ : 8x 2 U; 8e 2 Eg ð1Þ

where AðxiÞej is fuzzy restriction on the value of degree that alternative xi have parameter ej
and BðxiÞej means the reliability of AðxiÞej .

Here a Z-numbers soft set ð
~~F ;AÞ also can be noted

~~FA. Tao et al. [62] 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 ðx; ~A; ~BÞ, the fuzzy number ~A and ~B may 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 (2):

ð
~~F ;AÞ ¼ fðxi; ðxi satisfies parameter ej; mðxiÞej ; gðxiÞejÞÞ : 8x 2 U; 8e 2 Eg ð2Þ

where mðxiÞej is fuzzy restriction on the value of degree that alternative xi have parameter ej and

gðxiÞej means the reliability of mðxiÞej .

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 as Z = (x, μA(x), rB(x))

by using converted [0, 1] value of degree that alternative xi have parameter ej and the degree of

reliability, that is to say mðxiÞej 2 ½0; 1�; gðxiÞej 2 ½0; 1�.

Obviously, every fuzzy soft set may be considered as a Z-numbers soft set when the reliabil-

ity gðxiÞej 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 ð
~~F ;AÞ. Let ð

~~F ;AÞ is a
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mapping given by ð
~~F ;AÞ ¼ f~~F ðe1Þ;

~~F ðe2Þ;
~~F ðe3Þ;

~~F ðe4Þ;
~~F ðe5Þg, where,

~~F ðe1Þ ¼ fðd1; 0:2; 0:5Þ; ðd2; 0:4; 0:3Þ; ðd3; 0:9; 0:6Þ; ðd4; 0:7; 0:8Þ; ðd5; 0; 0:8Þg;

~~F ðe2Þ ¼ fðd1; 0; 0:8Þ; ðd2; 0:8; 1Þ; ðd3; 0:1; 1Þ; ðd4; 0:7; 0:1Þ; ðd5; 0; 1Þg;

~~F ðe3Þ ¼ fðd1; 0:6; 0:5Þ; ðd2; 0:2; 0:3Þ; ðd3; 0:8; 0:5Þ; ðd4; 0; 1Þ; ðd5; 0; 0:9Þg;

~~F ðe4Þ ¼ fFg;

~~F ðe5Þ ¼ fðd1; 0:6; 0:3Þ; ðd2; 0:7; 0:6Þ; ðd3; 0:5; 0:8Þ; ðd4; 0:8; 0:5Þ; ðd5; 0; 0:9Þg:

A Z-numbers soft set ð
~~F ;AÞ can also be represented in the form of a two-dimensional table,

shown in Table 1.

Noting that if all the gðxiÞej ¼ 1, the Z-numbers soft set ð
~~F ;AÞ is a fuzzy soft set ð~F ;AÞ. If

the γ(xi) for each ej is a constant value, the Z-numbers soft set ð
~~F ;AÞ 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.

Definition: Z-numbers soft matrix. Let ð~~F ;AÞ be a Z-numbers soft set over the initial uni-

verse U. Let E be a set of parameters and A� E. Then a subset of U × E is uniquely defined by

fðmðxiÞej ; gðxiÞejÞ : e 2 A; x 2 Ug which is called a relation R̂A form of ð
~~F ;AÞ. Now the relation

R̂A is characterized by the membership value mðwiÞej and the reliability degree value gðwiÞej .

Then R̂A is represented by a matrix as Eq (3):

R̂A ¼

a11 a12 � � � a1n

a21 a22 . . . a2n

..

. ..
. . .

. ..
.

am1 am2 . . . amn

0

B
B
B
B
B
B
B
B
@

1

C
C
C
C
C
C
C
C
A

ð3Þ

where aij ¼ ðmðxiÞej ; gðxiÞejÞ. The above matrix is called a Z-numbers soft matrix of orderm ×

n corresponding to the Z-numbers soft set ð
~~F ;AÞ or ~~FA.

Table 1. A ZnSS model for influenza ð
~~F AÞ.

U e1 e2 e3 e5

d1 (0.2, 0.5) (0, 0.8) (0.6, 0.5) (0.6, 0.3)

d2 (0.4, 0.3) (0.8, 1) (0.2, 0.3) (0.7, 0.6)

d3 (0.9, 0.6) (0.1, 1) (0.8, 0.5) (0.5, 0.8)

d4 (0.7, 0.8) (0.7, 0.1) (0, 1) (0.8, 0.5)

d5 (0.0, 0.8) (0, 1) (0, 0.9) (0, 0.9)

https://doi.org/10.1371/journal.pone.0272203.t001
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In matrix form a Z-numbers soft set ð
~~F ;AÞ in the above Example can be expressed as fol-

lows:

~~FA ¼

ð0:2; 0:5Þ ð0:0; 0:8Þ ð0:6; 0:5Þ ð0:6; 0:3Þ

ð0:4; 0:3Þ ð0:8; 0:1Þ ð0:2; 0:3Þ ð0:7; 0:6Þ

ð0:9; 0:6Þ ð0:1; 1Þ ð0:8; 0:5Þ ð0:5; 0:8Þ

ð0:7; 0:8Þ ð0:7; 0:1Þ ð0:0; 1:0Þ ð0:8; 0:5Þ

ð0:0; 0:8Þ ð0:0; 1:0Þ ð0:0; 0:9Þ ð0:0; 0:9Þ

0

B
B
B
B
B
B
B
@

1

C
C
C
C
C
C
C
A

where the “ith” column vector represents
~~F ðeiÞ, the ith row vector represents di.

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(�),

equal, intersection(\), union([), and complement of Z-numbers set, which are defined as

follows:

1. ZA� ZB, when μA(x)�μB(x) and rA(x)�rB(x);

2. ZA = ZB, when μA(x) = μB(x) and rA(x) = rB(x); or when ZA� ZB and ZB� ZA;

3. ZcA ¼ ðx; m
c
AðxÞ; r

c
AðxÞÞ ¼ ðx; 1 � mAðxÞ; 1 � rAðxÞÞ;;

4. ZA\ZB = (x, μA\B(x), rA\B(x)) = (x, μA(x)�μB(x), rA(x)�rB(x));

5. ZA[ZB = (x, μA[B(x), rA[B(x)) = (x, μA(x)�μB(x), rA(x)�rB(x));

If take standard max and min operations, μA\B(x) = min{μA(x), μB(x)}, rA\B(x) = min{rA(x),

rB(x)}. If take t − norm and t − conorm operations, μA(x)�μB(x) = μA(x) � μB(x), μA(x) o μB(x) =

μA(x)+ μB(x) − μA(x) � μB(x).

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 comple-

ment of Z-numbers soft set.

Definition: Z-numbers Soft Subset. Let
~~FA and

~~GB are two Z-numbers soft sets over (U, E).

Now
~~GB is said to be a fuzzy Z-numbers soft subset of

~~FA if and only if: (1) B is a fuzzy subset

of A; (2) G(e) is also a fuzzy subset of F(e), 8e 2 E.

Consider a Z-numbers soft set
~~FA over (U, E) given in above Example. Let

~~GB is another Z-

numbers soft set over (U, E) defined as follows:

~~Gðe1Þ ¼ fðd1; 0:1; 0:4Þ; ðd2; 0:3; 0:3Þ; ðd3; 0:8; 0:1Þ; ðd4; 0:7; 0:1Þ; ðd5; 0; 1Þg

~~Gðe2Þ ¼ fðd1; 0; 1Þ; ðd2; 0:5; 0:8Þ; ðd3; 0:1; 0:8Þ; ðd4; 0:6; 0:9Þ; ðd5; 0; 1Þg;
~~Gðe4Þ ¼

fðd1; 0:5; 0:2Þ; ðd2; 0:2; 0:5Þ; ðd3; 0:7; 0:1Þ; ðd4; 0; 1Þ; ðd5; 0; 1Þg:

Then,
~~GB is a subset of a Z-numbers soft set

~~FA:

Definition: Equality of two Z-numbers soft sets. Let
~~FA and

~~GB are two Z-numbers soft sets

over ðU;EÞ:~~FA and
~~GB are said to be Z-numbers soft equal if and only if

~~GB is a fuzzy Z-num-

bers soft subset of
~~FA, and

~~FA is also a fuzzy Z-numbers soft subset of
~~GB, which can be

denoted as
~~FA ¼

~~GB.
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Definition: Complement of a Z-numbers soft set. Let
~~FA is a Z-numbers soft set over (U, E).

Then the complement of
~~FA is denoted

~~FCA, where,
~~FCA ¼ fðxi; ðxi not satisfies parameter ej;

1 � mðxiÞej ; 1 � gðxiÞejÞÞ : 8x 2 U; 8e 2 Eg.

In table form, complement of a Z-numbers soft set ~~FA in the above Example can be

expressed as Table 2.

Definition: Union of two Z-numbers soft sets. Let
~~FA and

~~GB are two Z-numbers soft sets

over (U, E). The union of
~~FA and

~~GB is denoted by
~~HC ¼

~~FA [
~~GB, where C = A[B, and

~~HCðxÞ ¼ x; mCðxÞ; rCðxÞð Þ ¼

ðx; mAðxÞ; rAðxÞÞ; if A [ B ¼ A

ðx; mBðxÞ; rBðxÞÞ; if A [ B ¼ B

ðx; mAðxÞ � mBðxÞ; rAðxÞ � rBðxÞÞ; if A [ B ¼ C

8
><

>:

Definition: Intersection of two Z-numbers soft sets. Let ~~FA and
~~GB are two Z-numbers soft

sets over (U, E). The intersection of ~~FA and
~~GB is denoted by ~~HC ¼

~~FA \
~~GB, where C = A\B,

and
~~HCðxÞ ¼ ðx; mCðxÞ; rCðxÞÞ ¼ ðx; mAðxÞ � mBðxÞ; rAðxÞ � rBðxÞÞ.

Let us consider two Z-numbers soft sets
~~FA and

~~GB over (U, E) given in the above example.

Then, Union of two Z-numbers soft sets
~~HC ¼

~~FA [
~~GB and Intersection of two Z-numbers

soft sets ~~HC ¼
~~FA \

~~GB are as Tables 3 and 4.

Definition: Null Z-numbers soft set. Let
~~FA is a Null Z-numbers soft set over (U, E), when

~~F ðeÞ ¼ ð0; 1Þ for any e 2 E.

Definition: Absolute Z-numbers soft set. Let
~~FA is a absolute Z-numbers soft set over (U,

E), when
~~F ðeÞ ¼ ð1; 1Þ for any e 2 E.

Table 2. Complement of ð
~~F ;AÞ.

U not e1 not e2 not e3 not e5

d1 (0.8, 0.5) (1.0, 0.2) (0.4, 0.5) (0.4, 0.7)

d2 (0.6, 0.7) (0.2, 0) (0.8, 0.7) (0.3, 0.4)

d3 (0.1, 0.5) (0.9, 0) (0.2, 0.5) (0.5, 0.2)

d4 (0.3, 0.2) (0.3, 0.9) (1, 0) (0.2, 0.5)

d5 (1.0, 0.2) (1, 0) (1, 0.1) (1, 0.1)

https://doi.org/10.1371/journal.pone.0272203.t002

Table 3.
~~FA [

~~GB.

U e1 e2 e3 e4 e5

d1 (0.28, 0.7) (0, 1) (0.6, 0.5) (0.5, 0.2) (0.6, 0.3)

d2 (0.58, 0.51) (0.9, 1) (0.2, 0.3) (0.2, 0.5) (0.7, 0.6)

d3 (0.98, 0.64) (0.18, 1) (0.8, 0.5) (0.7, 0.1) (0.5, 0.8)

d4 (0.91, 0.82) (0.88, 0.91) (0, 1) (0, 1) (0.8, 0.5)

d5 (0.0, 1) (0, 1) (0, 0.9) (0, 1) (0, 0.9)

https://doi.org/10.1371/journal.pone.0272203.t003
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Let
~~FA is a Z-numbers soft set over (U, E), then the following holds: (1)

~~FA is a Z-numbers

soft subset of
~~FA [

~~FA. (2) ~FA \ ~FA is a Z-numbers soft subset of
~~FA. (3)

~~FA \ ; ¼ ;. (4)

~~FA [ ; ¼
~~FA. (5)

~~FA \
~~A 0 ¼ ~~FA. (6)

~~FA [
~~A ¼ ~~A.

Let
~~FA,

~~GB, and
~~HC are any three Z-numbers soft sets over (U, E), then the following holds:

(1)
~~FA [

~~GB ¼
~~GB [

~~FA; (2)
~~FA \

~~GB ¼
~~GB \

~~FA; (3)
~~FA [ ð

~~GB [
~~HCÞ ¼ ð

~~FA [
~~GBÞ [

~~HC; (4)

~~FA \ ð
~~GB \

~~HCÞ ¼ ð
~~FA \

~~GBÞ \
~~HC:

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 consider-

ing 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 uncer-

tainty 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 deci-

sion-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 deci-

sion 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

Table 4.
~~FA \

~~GB.

U e1 e2

d1 (0.02, 0.2) (0, 0.08)

d2 (0.12, 0.09) (0.4, 0.08)

d3 (0.72, 0.06) (0.01, 0.8)

d4 (0.49, 0.08) (0.42, 0.09)

d5 (0.0, 0.08) (0, 1)

https://doi.org/10.1371/journal.pone.0272203.t004
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to compare two Z-numbers soft sets in consequence. Hence, in this section a measure of simi-

larity 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, and E

is a universal set of parameters, U = {x1, x2, � � �, xm}, E = {e1, e2, � � �, en}. Let
~~FA and

~~GB be two

ZnSS over the parameterized universe (U, E), where
~~FA ¼ ð

~~F ðejÞÞ ¼ ðxi; ðmAðxiÞejgAðxiÞejÞÞ,
~~GB ¼ ð

~~GðejÞÞ ¼ ðxiðmBðxiÞej ; gBðxiÞejÞÞ, i = 1, . . .m, j = 1, . . ., n. Then the similarity between ~~FA

and
~~GB is denoted byMð~~FA;

~~GBÞ, which is expressed as Eq (4):

Sð~~FA;
~~GBÞ ¼ maxfMjð

~~FA;
~~GBÞg

¼ maxfMjðmAðxiÞ; mBðxiÞÞ �MjðgAðxiÞ; gBðxiÞÞg
ð4Þ

where Mj mA xið Þ; mB xið Þð Þ ¼ 1 �

Pm
i¼1
jmAðxiÞej � mBðxiÞej j

Pm
i¼1
ðmAðxiÞej þ mBðxiÞejÞ

and Mj gA xið Þ; gB xið Þð Þ ¼ 1 �

Pm
i¼1
j gAðxiÞejÞ � gBðxiÞejÞ j

Pm
i¼1
ðgAðxiÞejÞ þ gBðxiÞejÞÞ

Consider the following two ZnSS by example:

~~FA ¼

ð0:2; 0:6Þ ð0:1; 0:8Þ ð0:2; 0:4Þ

ð0:5; 0:8Þ ð0:2; 0:4Þ ð0:4; 0:8Þ

ð0:9; 0:4Þ ð0:6; 0:4Þ ð0:7; 0:6Þ

ð1:0; 0:6Þ ð0:5; 0:6Þ ð0:9; 0:4Þ

0

B
B
B
B
@

1

C
C
C
C
A

~~GB ¼

ð0:4; 0:5Þ ð0:6; 0:7Þ ð0:4; 0:9Þ

ð0:3; 0:5Þ ð0:5; 0:6Þ ð0:3; 0:6Þ

ð0:2; 0:6Þ ð0:2; 0:5Þ ð0:2; 0:6Þ

ð0:9; 0:4Þ ð0:1; 0:3Þ ð0:1; 0:5Þ

0

B
B
B
B
@

1

C
C
C
C
A

where U = {x1, x2, x3, x4}, E = {e1, e2, e3}. Then,

M1ð
~~FA;

~~GBÞ ¼ M1ðmAðxiÞ; mBðxiÞÞ �MjðgAðxiÞ; gBðxiÞ

¼ 1 �

Pm
i¼1
jmAðxiÞe1 � mBðxiÞe1 jPm

i¼1
ðmAðxiÞe1 þ mBðxiÞe1Þ

 !

� 1 �

Pm
i¼1
j gAðxiÞe1Þ � gBðxiÞe1Þ jPm

i¼1
ðgAðxiÞe1Þ þ gBðxiÞe1ÞÞ

 !

¼ 1 �

Pm
i¼1
jmAðxiÞej � mBðxiÞej j

Pm
i¼1
ðmAðxiÞej þ mBðxiÞejÞ

 !

� 1 �

Pm
i¼1
j gAðxiÞejÞ � gBðxiÞejÞ j

Pm
i¼1
ðgAðxiÞejÞ þ gBðxiÞejÞÞ

 !

¼ 1 �
0:2þþ0:2þ 0:7þ 0:1

0:6þ 0:8þ 1:1þ 1:9

� �

� 1 �
0:1þ 0:3þ 0:2þ 0:2

1:1þ 1:3þ 0:6þ 1:0

� �

� 0:584

It is easy to getM2ð
~~FA;

~~GBÞ � 0:358;M3ð
~~FA;

~~GBÞ � 0:416:

Hence, the similarity between the two ZnSS over the parameterized universe (U, E) will be

Sð~~FA;
~~GBÞ ¼ maxfM1ð

~~FA;
~~GBÞ;M2ð

~~FA;
~~GBÞ;M3ð

~~FA;
~~GBÞg ¼ 0:584.

Let
~~FA and

~~GB are two Z-numbers soft set over (U, E), then the following holds:
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1. 0 � Sð~~FA;
~~GBÞ � 1:

2. Sð~~FA;
~~GBÞ ¼ Sð

~~GB;
~~FAÞ:

3. if ~FA ¼ ~GB; thenSð~FA;
~~GBÞ ¼ 1:

4. if ~~FA �
~~GB �

~~HC; thenSð
~~FA;

~~HCÞ � Sð
~~GB;

~~HCÞ:

5. if ~~FAisacrispsoftset; thenSð
~~FA;

~~FCAÞ ¼ 0:

Proof. Let DmFG ¼ jmAðxiÞej � mBðxiÞej j and DgFG ¼ jgAðxiÞej � gBðxiÞej j for short.

1. From the definition of ZnSSs, we can have mAðxiÞej ; mBðxiÞej ; gAðxiÞejÞ; gBðxiÞej 2 ½0; 1�. Then

min{ΔμFG, ΔγFG} 2 [0, 1] and max{ΔμFG, ΔγFG} 2[0, 1].

We can also obtain that 1 − min{ΔμFG ΔγFG}� 1+ max{ΔμFG ΔγFG}, 1 − min{ΔμFG ΔγFG} 2

[0, 1], 1+ max{ΔμFG ΔγFG} 2 [1, 2]. Therefore, 0 � Sð~~FA;
~~GBÞ � 1 can be easily obtained.

2. Since ΔμFG = ΔμGF and ΔγFG = ΔγGF, it is obvious that Sð~~FA;
~~GBÞ ¼ Sð

~~GB;
~~FAÞ.

3. If ~~FA ¼
~~GB, we have mAðxiÞej ¼ mBðxiÞej ; gAðxiÞej ¼ gBðxiÞej for each xi 2 U, Then we can get

Sð~~FA;
~~GBÞ ¼ 1.

4. When
~~FA �

~~GB �
~~HC, it has mAðxiÞej � mBðxiÞej � mCðxiÞej , and gAðxiÞej � gBðxiÞej � gCðxiÞej

for each xi 2 U. Then we have jmAðxiÞej � mCðxiÞej j � jmAðxiÞej � mBðxiÞej j and jgAðxiÞej �

gCðxiÞej j � jgAðxiÞej � gBðxiÞej j for each xi 2 U. Thus,

minfjmAðxiÞej � mCðxiÞej j; jgAðxiÞej � gCðxiÞej jg � minfjmAðxiÞej � mBðxiÞej j;

jgAðxiÞej � gBðxiÞej jg �maxfjmAðxiÞej � mCðxiÞej j; jgAðxiÞej � gCðxiÞej jg �

maxfjmAðxiÞej � mBðxiÞej j; jgAðxiÞej � gBðxiÞej jg:

From operations on Z-numbers soft set, we can get Sð~~FA;
~~HCÞ � Sð

~~GB;
~~HCÞ easily.

5. If
~~FA is a crisp soft set, we have

~~FA ¼ fðm; ð1; 0ÞÞg or
~~FA ¼ fðm; ð0; 1ÞÞg. Then, the comple-

ment set of
~~FA an be calculated as

~~FCA ¼ fðm; ð0; 1ÞÞg or
~~FCA ¼ fðm; ð1; 9ÞÞg respectively.

Thus, Sð~~FA;
~~FCAÞ ¼ 0.

Decision framework

In this section, we introduce the following decision framework to estimate the biggest possibil-

ity 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’ cogni-

tion. 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 1 shows

decision framework in medical diagnosis based on Z-numbers soft set.

The decision framework involves the following steps:
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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
~~DA,

~~DB. . .

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 observers Ok(k = 1,

2, � � �, l) provides their judgments information for attributes ej(j = 1, 2, � � �, n), which can be

expressed by Z-numbers soft sets
~~POkðejÞ.

Fig 1. Decision framework based on ZnSS.

https://doi.org/10.1371/journal.pone.0272203.g001
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Step 3: Calculate the union operations on all Z-numbers soft sets
~~POkðejÞ of different observ-

ers, which is denoted by
~~HC ¼ [

~~POkðejÞ; k ¼ 1; 2; . . . ; l and j = 1, 2, � � �, n. Then by the

repeated use of
~~PO1
[ ð

~~PO2
[

~~PO3
Þ ¼ ð

~~PO1
[

~~PO2
Þ [

~~PO3
and

~~PO1
[

~~PO2
¼

ðx; mO1
ðxÞ; rO1

ðxÞÞ; if O1 [ O2 ¼ O1

ðx; mO2
ðxÞ; rO2

ðxÞÞ; if O1 [ O2 ¼ O2

ðx; mO1
ðxÞ � mO2

ðxÞ; rO1
ðxÞ � rO2

ðxÞÞ; if O1 [ O2 6¼ O1 6¼ O2

8
><

>:

The final result is that we can get the adjusted Z-numbers soft set
~~HC on the visible symp-

toms of the ill person by integrated observation and judgment from the observers Ok(k = 1, 2,

� � �, l).

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

the model Z-numbers soft sets for different diseases denoted by ~~DA, ~~DB. . .Here, it need to

apply the method of similarity measure on different ZnSS. The similarity between the adjusted

Z-numbers soft set
~~HC and the model Z-numbers soft sets for different diseases are denoted by

Sð ~~HC;
~~DAÞ, Sð

~~HC;
~~DBÞ. . .

Step 5: Rank the similarity Sð ~~HC;
~~DAÞ, Sð

~~HC;
~~DBÞ. . .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 (influ-

enza 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 the existing studies [32,

40]. 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 exam-

ple, an ill person has some symptoms in the outbreak of COVID-19. It is quite essential to pre-

liminary 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 (e2), runny

nose (e3), body ache (e4), headache (e5), breathing trouble (e6), diarrhea (e7), sore throat (e8).

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 xi have parameter ej and the degree of reliability. We let the universal set only con-

tain two elements “yes” and “no”, i.e., U = {y, n}, and E = {e1, e2, e3, e4, e5, e6, e7, e8}.

In this example it is given that the model Z-numbers soft sets for a influenza
~~FA in Table 5

and a COVID-19
~~GB in Table 6. Now there are three related observers provide the symptom
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information, which can be constructed by Z-numbers soft sets
~~PO1

in Table 7,
~~PO2

in Table 8,

and
~~PO3

in Table 9.

Calculation process

Step 1: Construct and input the model Z-numbers soft sets ~~FA and
~~GB for a influenza and a

COVID-19 in Tables 5 and 6.

Step 2: Obtain the symptom information from the 3 observers
~~O1,

~~O2 and
~~O3, then con-

struct and input the corresponding Z-numbers soft sets
~~PO1

in Table 7,
~~PO2

in Table 8, and
~~PO3

in Table 9.

Table 6. A ZnSS model for COVID-19
~~GB.

~~FA
e1 e2 e3 e4 e5 e6 e7 e8

y (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)

https://doi.org/10.1371/journal.pone.0272203.t006

Table 7. A ZnSS for the ill person from observer 1
~~PO1

.

~~FA
e1 e2 e3 e4 e5 e6 e7 e8

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)

https://doi.org/10.1371/journal.pone.0272203.t007

Table 5. A ZnSS model for influenza
~~F A.

~~FA
e1 e2 e3 e4 e5 e6 e7 e8

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)

https://doi.org/10.1371/journal.pone.0272203.t005

Table 8. A ZnSS for the ill person from observer 2
~~PO2

.

~~FA
e1 e2 e3 e4 e5 e6 e7 e8

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)

https://doi.org/10.1371/journal.pone.0272203.t008

Table 9. A ZnSS for the ill person from observer 3
~~PO3

.

~~FA
e1 e2 e3 e4 e5 e6 e7 e8

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)

https://doi.org/10.1371/journal.pone.0272203.t009
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Step 3: Calculate the union operations on all Z-numbers soft sets,
~~H [C ¼

~~PO1
[

~~PO2
[

~~PO3
.

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 10.

Step 4: Calculate the similarity between the adjusted Z-numbers soft set
~~HC and the model

Z-numbers soft sets for different diseases the model Z-numbers soft sets
~~FA and

~~GB for a influ-

enza and a COVID-19 in Tables 5 and 6.

1.

Sð ~~HC;
~~FAÞ ¼ max fMjð

~~HC;
~~FAÞg

¼ max fMjðmCðxiÞ; mAðxiÞÞ �MjðgCðxiÞ; gAðxiÞÞg

whereM1ð
~~HC;

~~FAÞ ¼ 0:709,M2ð
~~HC;

~~FAÞ ¼ 0:629,M3ð
~~HC;

~~FAÞ ¼ 0:710,

M4ð
~~HC;

~~FAÞ ¼ 0:634,M5ð
~~HC;

~~FAÞ ¼ 0:640,M6ð
~~HC;

~~FAÞ ¼ 0:712,M7ð
~~HC;

~~FAÞ ¼ 0:765,

M8ð
~~HC;

~~FAÞ ¼ 0:899,

2.

Sð ~~HC;
~~GBÞ ¼ max fMjð

~~HC;
~~GBÞg

¼ max fMjðmCðxiÞ; mBðxiÞÞ �MjðgCðxiÞ; gBðxiÞÞg

whereM1ð
~~HC;

~~GBÞ ¼ 0:753,M2ð
~~HC;

~~GBÞ ¼ 0:803,M3ð
~~HC;

~~GBÞ ¼ 0:402,

M4ð
~~HC;

~~GBÞ ¼ 0:722,M5ð
~~HC;

~~GBÞ ¼ 0:571,M6ð
~~HC;

~~GBÞ ¼ 0:684,M7ð
~~HC;

~~GBÞ ¼ 0:765,

M8ð
~~HC;

~~GBÞ ¼ 0:760,

Hence, Sð ~~HC;
~~FAÞ ¼ 0:899, Sð ~~HC;

~~GBÞ ¼ 0:803

Step 5: Identify the most likely disease.

In this example, Sð ~~HC;
~~FAÞ is bigger, so the ill person is most likely getting a influenza.

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 suc-

cessfully applied into medical system [32], and group decision making method using intuitio-

nistic fuzzy soft sets is of great significance in aiding medical diagnosis [40]. 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 reliabil-

ity of the information and how to handle the uncertainty effectively to achieve more accurate

Table 10. ZnSS
~~HC for union operations for

~~H [C ¼
~~PO1
[

~~PO2
[

~~PO3
.

~~FA
e1 e2 e3 e4 e5 e6 e7 e8

y (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)

https://doi.org/10.1371/journal.pone.0272203.t010
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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 diag-

noses 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 rank-

ing results of these approaches are exhibited in Table 11. The disease the patient most likely

suffers from is influenza with the method proposed in [40], which is also exhibited in Table 11.

The proposed method is also compared with other existing methods: Saeed et al. [66], Riaz

et al. [67] and Zulqarnain, R. M., et al. [68]. The comparison results are listed in Table 11.

We can find that the disease the patient most likely suffers from is Influenza with our pro-

posed 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 reli-

ability 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 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.

6. Conclusion

The notion of the Z-numbers soft set is proposed in this paper in order to handle medical diag-

nose 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

Table 11. Comparison results of ZnSS decision making methods.

Method Diagnosis result Ranking order

Hamming distance [32] Influenza μ3 > μ1 = μ5 > μ2 = μ4

Euclidean distance [32] Influenza μ3 > μ1 = μ5 = μ2 = μ4

Non-normalized IFSM [32] Influenza μ3 > μ2 > μ5 = μ1 > μ4

Normalized IFSM [32] Influenza μ3 > μ2 > μ5 > μ1 > μ4

G-IFSS method [40] Influenza μ3 > μ5 > μ1 > μ2 = μ4

Saeed et al. [66] Influenza μ3 > μ2 > μ5 > μ1 > μ4

Riaz et al. [67] Influenza μ3 > μ2 > μ1 > μ5 > μ4

Zulqarnain, R. M., et al. [68] Influenza μ3 > μ2 > μ1 > μ4 > μ5

where μ1: Viral, μ2: fever Malaria, μ3: Influenza, μ4: Gastric ulcer, μ5: Pneumonia.

https://doi.org/10.1371/journal.pone.0272203.t011
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used to describe the uncertainty that not all the objects satisfy all attributes, while the applica-

tion 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 devel-

oped 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 uncertain-

ties 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 mathe-

matical 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. How-

ever, we found that the reliability of uncertainty symptoms in medical diagnose environ-

ments 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 prob-

lems, 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 compo-

nent, to avoid the loss of symptoms information.

4. Similarity measure have extensive application in the area of disease recognition. Consider-

ing 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 con-

sequence, 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 informa-

tion and handle the uncertainty effectively to achieve more accurate decision-making.

Although the proposed approach has been demonstrated to be 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
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method are just verified by numerical examples rather than real professional medical knowl-

edge 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.
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