
PLOS ONE
 

An approach in medical diagnosis based on Z-numbers soft set
--Manuscript Draft--

 
Manuscript Number: PONE-D-21-34053R2

Article Type: Research Article

Full Title: An approach in medical diagnosis based on Z-numbers soft set

Short Title: An approach in medical diagnosis based on Z-numbers soft set

Corresponding Author: Qian Xiao
Shanghai University of Finance and Economics
Shanghai, CHINA

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

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.

Order of Authors: Haiyan Zhao

Qian Xiao

Zheng Liu

Yanhong Wang

Response to Reviewers: Dear Editors and Reviewers:
We are very happy for our paper entitled “An approach in medical diagnosis based on
Z-numbers soft set” has been approved to revise for closer to the requirements of the
journal. We are very grateful to you and the reviewers for their valuable comments and
suggestions. We have studied comments carefully and have made correction which we
hope meet with approval. Revised portion are marked in yellow in the paper. Besides
revised our paper according to the comments and suggestions, we also replenish our
paper carefully.
According to the comments given by the reviewers, we divide the comments into
several parts and answered for it carefully one by one. The main corrections in the
paper and the responds to the reviewer’s comments are in the file "Description of the
Revisions for PONE-D-21-34053R1".

Additional Information:

Question Response

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



Financial Disclosure

Enter a financial disclosure statement that
describes the sources of funding for the
work included in this submission. Review
the submission guidelines for detailed
requirements. View published research
articles from PLOS ONE for specific
examples.

This statement is required for submission
and will appear in the published article if
the submission is accepted. Please make
sure it is accurate.

Unfunded studies
Enter: The author(s) received no specific
funding for this work.

Funded studies
Enter a statement with the following details:

Initials of the authors who received each
award

•

Grant numbers awarded to each author•
The full name of each funder•
URL of each funder website•
Did the sponsors or funders play any role in
the study design, data collection and
analysis, decision to publish, or preparation
of the manuscript?

•

NO - Include this sentence at the end of
your statement: The funders had no role in
study design, data collection and analysis,
decision to publish, or preparation of the
manuscript.

•

YES - Specify the role(s) played.•

* typeset

Liu Zheng is funded by the National Social Science Fund of China under Grant No.
18CGL015. The funders had no role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript.

Competing Interests

Use the instructions below to enter a
competing interest statement for this
submission. On behalf of all authors,
disclose any competing interests that
could be perceived to bias this
work—acknowledging all financial support
and any other relevant financial or non-
financial competing interests.

This statement is required for submission

The authors have declared that no competing interests exist.

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation

http://journals.plos.org/plosone/s/submission-guidelines#loc-financial-disclosure-statement
http://journals.plos.org/plosone/
http://journals.plos.org/plosone/s/competing-interests


and will appear in the published article if
the submission is accepted. Please make
sure it is accurate and that any funding
sources listed in your Funding Information
later in the submission form are also
declared in your Financial Disclosure
statement.

View published research articles from
PLOS ONE for specific examples.

NO authors have competing interests

Enter: The authors have declared that no
competing interests exist.

Authors with competing interests

Enter competing interest details beginning
with this statement:

I have read the journal's policy and the
authors of this manuscript have the following
competing interests: [insert competing
interests here]

* typeset

Ethics Statement

Enter an ethics statement for this
submission. This statement is required if
the study involved:

Human participants•
Human specimens or tissue•
Vertebrate animals or cephalopods•
Vertebrate embryos or tissues•
Field research•

Write "N/A" if the submission does not

require an ethics statement.

General guidance is provided below.

Consult the submission guidelines for

detailed instructions. Make sure that all

information entered here is included in the

Methods section of the manuscript.

N/A

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation

http://journals.plos.org/plosone/
http://journals.plos.org/plosone/s/submission-guidelines#loc-guidelines-for-specific-study-types


Format for specific study types

Human Subject Research (involving human
participants and/or tissue)

Give the name of the institutional review
board or ethics committee that approved the
study

•

Include the approval number and/or a
statement indicating approval of this
research

•

Indicate the form of consent obtained
(written/oral) or the reason that consent was
not obtained (e.g. the data were analyzed
anonymously)

•

Animal Research (involving vertebrate

animals, embryos or tissues)
Provide the name of the Institutional Animal
Care and Use Committee (IACUC) or other
relevant ethics board that reviewed the
study protocol, and indicate whether they
approved this research or granted a formal
waiver of ethical approval

•

Include an approval number if one was
obtained

•

If the study involved non-human primates,
add additional details about animal welfare
and steps taken to ameliorate suffering

•

If anesthesia, euthanasia, or any kind of
animal sacrifice is part of the study, include
briefly which substances and/or methods
were applied

•

Field Research

Include the following details if this study

involves the collection of plant, animal, or

other materials from a natural setting:
Field permit number•

Name of the institution or relevant body that
granted permission

•

Data Availability

Authors are required to make all data
underlying the findings described fully
available, without restriction, and from the
time of publication. PLOS allows rare
exceptions to address legal and ethical
concerns. See the PLOS Data Policy and
FAQ for detailed information.

Yes - all data are fully available without restriction

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation

http://journals.plos.org/plosone/s/data-availability
http://journals.plos.org/plosone/s/data-availability#loc-faqs-for-data-policy


A Data Availability Statement describing
where the data can be found is required at
submission. Your answers to this question
constitute the Data Availability Statement
and will be published in the article, if
accepted.

Important: Stating ‘data available on request
from the author’ is not sufficient. If your data
are only available upon request, select ‘No’ for
the first question and explain your exceptional
situation in the text box.

Do the authors confirm that all data

underlying the findings described in their

manuscript are fully available without

restriction?

Describe where the data may be found in
full sentences. If you are copying our
sample text, replace any instances of XXX
with the appropriate details.

If the data are held or will be held in a
public repository, include URLs,
accession numbers or DOIs. If this
information will only be available after
acceptance, indicate this by ticking the
box below. For example: All XXX files
are available from the XXX database
(accession number(s) XXX, XXX.).

•

If the data are all contained within the
manuscript and/or Supporting
Information files, enter the following:
All relevant data are within the
manuscript and its Supporting
Information files.

•

If neither of these applies but you are
able to provide details of access
elsewhere, with or without limitations,
please do so. For example:

Data cannot be shared publicly because
of [XXX]. Data are available from the
XXX Institutional Data Access / Ethics
Committee (contact via XXX) for
researchers who meet the criteria for
access to confidential data.

The data underlying the results
presented in the study are available
from (include the name of the third party

•

All relevant data are within the manuscript and its Supporting Information files.

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



and contact information or URL).
This text is appropriate if the data are
owned by a third party and authors do
not have permission to share the data.

•

* typeset

Additional data availability information: Tick here if the URLs/accession numbers/DOIs will be available only after acceptance
of the manuscript for publication so that we can ensure their inclusion before
publication.; Tick here if your circumstances are not covered by the questions above
and you need the journal’s help to make your data available.

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



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

Haiyan Zhao1, Qian Xiao12*, Zheng Liu1, Yanhong Wang1

1 School of Management, Shanghai University of Engineering Science, Shanghai, P.R.
China
2 School of Economic and Management, Shanghai University of Finance and Economics,
Shanghai, P.R. China

* E-mail:817589@qq.com

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 1

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 5

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 7

lab experiments and human error [3]. Due to the information available for experts about 8

the patient’s symptoms in general is inherently uncertain. Research on the theories and 9

methodologies of decision making for real world problems under uncertainty are 10

important and necessary [4–8]. Diagnosing diseases by uncertainty symptoms is not a 11

direct and simple task at all and handing uncertainty in medical diagnoses is an open 12

issue. 13

One of the challenges in the process of this kind medical diagnosis is about how to 14

handle the uncertainty effectively to achieve more accurate decision-making. As a 15

matter of fact, these traditional uncertainty mathematical theories have developed 16

greatly and achievements have been widely applied in medical diagnosis fields [9–18]. In 17

the past decade, many researches were investigated for medical diagnosis by utilizing 18

different technologies, like intuitionistic fuzzy sets [9], interval-valued intuitionistic fuzzy 19

sets [11,12], rough sets theory [12], evidential reasoning [13], quantum decision [14], 20

machine learning [15,16], and fuzzy sets theory [17,18]. However, in the process of 21

medical diagnosis, there may be many critical diseases, where experts do not have 22

sufficient knowledge to handle those problems. For these cases, experts may provide 23

their opinion only about certain aspects of the disease based on the symptoms they 24

focused and remain silent for those unknown symptoms. For this kind of situation, the 25

traditional uncertainty mathematical theories mentioned above have their intrinsic 26

difficulties [19], which are pointed by Molodtsov. Molodtsov initiated the theory of soft 27

sets as a nonparametric way for handling vagueness and uncertainties, which has been 28

proven useful in many fields. Theory of soft sets has inherent advantage for dealing with 29

uncertainties which traditional mathematical tools cannot handle. 30

Therefore, one purpose of this paper is to apply the advantage of soft set to deal 31

with uncertainty to solve this kind of special situation in medical diagnosis. For one 32

aspect, it is free from the inadequacy of the parameterization tools of traditional 33

mathematical tools [20]. For another aspect, theory of soft sets can be used by 34

combining other traditional uncertainty mathematical tools. So far, many mathematical 35

theories combined soft sets and other uncertainty tools, such as fuzzy soft set [21], 36

vague soft set [22], soft rough sets [23], intuitionistic fuzzy soft sets [24], fuzzy hyper 37

soft sets [25], interval-valued soft set [26] and interval-valued intuitionistic fuzzy soft 38

sets [27], multi-fuzzy N-soft [28–31], have been employed as effective and useful tools to 39

deal with uncertainties. Further researches on the diverse soft sets mentioned above 40

have also been conducted into medical decision-making problems [32–41]. Theory of 41

Fuzzy soft sets are applied in the field of medical decision making at the earliest [32]. 42

As practical applications, the intuitionistic fuzzy soft sets have been successfully applied 43

into medical system [38], and group decision making method using intuitionistic fuzzy 44

soft sets is of great significance in aiding medical diagnosis [41]. These rich research 45

methods provide reference and support for this paper. 46

Another challenge in the process of this kind medical diagnosis is about how to 47

measure reliability of the information effectively to achieve more accurate 48

decision-making. For instance, to describe the uncertainties of the kind of ”fever will 49

surely be very high”, membership degree of fuzzy sets, even non-membership degree of 50

intuitionistic fuzzy sets can express the fuzzy uncertain concept ”high fever” better, but 51

the fuzzy uncertain concept ”surely” cannot be model. Obliviously, there are many such 52

kind inherently uncertain descriptions due to the information available for observers or 53

experts about the patient’s symptoms in medical diagnosis. There have been many 54

fruitful results combining soft set and traditional uncertainty mathematical tools, we 55

found that studies on measuring reliability of the information involved based on soft 56

sets are rare. To some extent, the concept of level-fuzzy soft set [42], intuitionistic 57

level-fuzzy soft set [41–43], generalized fuzzy soft set [32] and generalized intuitionistic 58
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fuzzy soft sets [44]can deal with certain reliability. The application of level soft sets can 59

partly express the reliability of judgment on information, such as in reference [45]. Sujit 60

Dasa and Samarjit Kar presented a confident weigh way to each expert in group 61

decision making problem in medical diagnosis [33]. However, these methods only can 62

give whole reliability to all attributes, without giving the measuring reliability of every 63

judgment or information in details. Z-numbers were proposed by Zadeh as a new way to 64

deal with uncertainty and reliability of information [46]. Z-numbers are composed of 65

two parts: one part denotes a restriction on values that can be assumed, and another 66

part is the reliability of the information. Z-numbers may be used to model uncertainty 67

description like ”fever with pneumonia will surely be very high”, ”headache with cold 68

will surely be very heavy”, ”cough with influenza will high probability be severe“, etc. 69

Obviously, Z-numbers can describe levels of human judgment in details. Z-numbers 70

have a significant potential in the describing of the uncertainty of the human knowledge 71

because it consists of restraint and reliability of the measured value in details. Given 72

the advantages of Z-numbers in describing uncertain information, it has been researched 73

extensively and applied widely in various fields in recent years. Theoretical research on 74

the Z-numbers continues comparatively active, such as the arithmetic of different 75

Z-numbers [47–50], the ranking of Z-numbers [51–53], the utility of Z-numbers [54], the 76

Z-valuations and function of Z-numbers [55,56], etc. And that applied research on the 77

Z-numbers continues to be scare but growing fast, such as Measuring Uncertainty [57], 78

decision-making Analysis [58–60], group decision-making problem [61–64], 79

optimization [65], medical diagnosis [66], Control System Design [67], etc. 80

Noting that the soft set provides a technological tool to extend the concept of 81

Zadeh’s fuzzy set, while Z-numbers is a conceptual extension of a fuzzy set. As 82

mentioned above, both of soft sets and Z-number have been widely applied to realistic 83

areas, but the combination of Z-number and fuzzy soft set shows the theoretical 84

applications of the two models. Motivated by the ideas of fuzzy soft sets, a direct 85

extension would be combining soft set and Z-numbers. Therefore, in this paper, we try 86

to conduct Z-numbers soft set to deal with nonparametric uncertainty and reliability of 87

information by combining the advantage of the Molodtsov soft set theory and Zadeh’s 88

Z-numbers concept, which is the core purpose of this paper. Hence, we take advantage 89

of Z-numbers and soft set by combing them. Moreover, the basic operations and 90

properties of Z-numbers soft sets also are defined, and approach to medical diagnosis 91

has been developed based on similarity measure on two Z-numbers soft sets. The 92

approach based on ZnSS presented in this paper can not only measure reliability of the 93

information involved, but also give the measuring reliability of every judgment to all 94

symptoms in details. It is important to note that professional medical knowledge is not 95

used in this paper. 96

Consequently, the contribution and originality of this study are summarized as 97

follows: 98

(1)The notion of the Z-numbers soft set is proposed by combing the theory of soft 99

set and Z-numbers in this paper. Z-numbers soft set has the desirable merit which can 100

take advantage both of soft set and Z-numbers, which is capable of solving the 101

reliability of every judgment to all symptoms in details. 102

(2)The subset, equal, intersection, union and complement operations are also defined 103

on the Z-numbers soft sets. The basic properties of the Z-numbers soft set are also 104

presented. 105

(3)It is required to compare two Z-numbers soft sets. Hence, in this Paper a measure 106

of similarity between two Z-numbers soft sets has been given and discussed. 107

(4)An novel approach to medical diagnosis has been developed based on similarity 108

measure of Z-numbers soft sets. The approach based on Z-numbers soft set can measure 109

reliability of every judgment to all symptoms effectively to achieve more accurate 110
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decision-making result in medical diagnosis. 111

To realize the contributions mentioned above, the remainder of this paper is 112

organized as follows. Section 2 reviews some basic definitions and concepts are used in 113

the following sections. In section 3, we investigate the theory of Z-numbers soft set. 114

Section 4 presents an approach to decision-making based the similarity measure of 115

Z-numbers soft set. In section 5, an illustrative example in medical diagnosis to show 116

that the proposals presented in this paper are not only more reasonable but more 117

efficient in practical application. At last, we conclude our analysis and set out further 118

research directions in Section 6. 119

2.Preliminaries 120

In this section we give a briefly review of some basic definitions and properties used in 121

the following sections. If we use membership function (characteristic function or 122

discrimination function), we can represent whether an element x is involved in a set A 123

or not. 124

Let U be a non-empty finite universe. For any A ⊆ U , A(x) =

{
1, x ∈ A
0, x /∈ A

}
is a 125

characteristic function that is a mapping from U to {0, 1}.Then any characteristic 126

function on universe U determines a classical crisp set of U , that is 127

A = {x ∈ UmidA(x) = 1}. 128

Consequently, fuzzy set is ‘vague boundary set’ comparing with crisp set. The fuzzy 129

set concept presented by Zadeh provides a framework to expressing vague concepts by 130

allowing partial memberships. 131

Fuzzy set 132

Definition:Fuzzy set [9]. Let U be a non-empty finite universe. A fuzzy set 133

A ={(x, µA(x))} on the universe U is defined by the mapping 134

A = {(x, µA(x))}µA(x) : U → [0, 1],where [0, 1] means real numbers between 0 and 1 135

(including 0,1);µA(x) denotes the membership degree. That is to say, each element is 136

mapped to [0, 1] by membership function. 137

There are lots of definitions for fuzzy operations. According to the max-min system 138

given by Zadeh [9],the fuzzy intersection, union, and complement are defined as 139

follows:µA∩B(x) = min {µA(x), µB(x)};µA∪B(x) = max {µA(x), µB(x)};µAc(x) = 140

1− µA(x). 141

Fuzzy set can be used to describe perception and subjectivity of human as they 142

represent uncertain or imprecise information. However, the reliability of information 143

from different evaluator in the process of decision making such as medical diagnosis is 144

also very important. 145

Z-numbers 146

Z-numbers were proposed by Zadeh as a new way to deal with uncertainty and 147

reliability of information [46]. 148

Definition:Z-numbers2 [47]. A Z-numbers is denoted asZ = (Ã, B̃),which is an 149

ordered pair of fuzzy numbers.Ã is a fuzzy restriction on the values that a real-valued 150

uncertain variable X can take, and B̃is a measure of reliability of Ã. 151

Hence, A Z-number is associated with a real-valued uncertain variable x. Ã and B̃ 152

are described in real number or natural language, such as (about 37.7 degree, quite 153

sure).The ordered triple (x, Ã, B̃) is referred to a discrete Z-valuation [49],which can be 154

understood that x is (Ã, B̃), where x is a variable, Ã is a fuzzy set used to describe the 155

June 23, 2022 4/21



restriction, and B̃ is a fuzzy number used by natural language to describe reliability of 156

Ã.A discrete Z-valuation can be model sentences like ”fever with pneumonia will surely 157

be very high”, where x is a variable ”fever”,Ãis a fuzzy set ”very high”, andB̃ is a fuzzy 158

constriction used by natural language ”surely” to describe reliability of Ã. 159

Fuzzy soft set 160

In 1999, Molodtsov initiated soft set theory [19]as a new mathematical tool for coping 161

with uncertainty that seems to be free from the inherent flaws. In this section U refers 162

to the initial non-empty universe of objects, cases, selections and so on.Let E is a set of 163

parameters and A ⊆ E,which are often attributes or characteristics of the objects. Let 164

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, 166

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 ⊆ E. Let (P̃ , U) 168

denote the power fuzzy set of initial universal set U , and a pair (F̃ , A) is called a fuzzy 169

soft set over U iff F̃ is a mapping given by F̃ : A→ P̃ (U). 170

As an illustration, consider the following example [32]. 171

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(d1 = Viral fever,d2 = 174

Malaria,d2 = Typhoid,d2 = Gastric ulcer,d1 = Pneumonia) given 175

byU = {d1, d2, d3, d4, d5}. 176

Also let A ⊆ E be the set of symptoms (e1 =Temperature, e2 =Headache, 177

e3 =Stomach pain, e4 =Cough, e5 =Chest pain),given by A = {e1, e2, e3, e4, e5}. 178

Let (F̃ , A) is a mapping given by F̃ (e1) =
{
d1
0.2 ,

d2
0.4 ,

d3
0.9 ,

d4
0.7 ,

d5
0

}
,F̃ (e2) = 179{

d1
0 ,

d2
0.8 ,

d3
0.1 ,

d4
0.7 ,

d5
0

}
,F̃ (e3) =

{
d1
0.6 ,

d2
0.2 ,

d3
0.8 ,

d4
0 ,

d5
0

}
, F̃ (e4) = {Φ}, 180

F̃ (e5) =
{
d1
0.6 ,

d2
0.7 ,

d3
0.5 ,

d4
0.8 ,

d5
0

}
. 181

All the available information on these diseases can be characterized by a fuzzy soft 182

set (F̃ , 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 184

attributes on alternatives) and thus cannot be lightly confirmed. P.K. Majumdar and 185

S.K. Samanta [27] gave a modified definition of fuzzy soft set named generalized fuzzy 186

soft set which can indicate not only the degree of belongingness but also the degree of 187

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 190

we propose the concept of Z-numbers soft set by combining both Z-numbers set and soft 191

set. 192

3.On Z-numbers soft set 193

Definition:Z-numbers soft set. Let U refers to the initial non-empty universe of objects, 194

cases, selections and so on, and E is a set of parameters and A ⊆ E. Let ZnF (U) 195

denote the power Z-numbers set of initial universal set U ,and a pair ( ˜̃F,A) is called a 196

Z-numbers soft set over U iff ˜̃F is a mapping given by ˜̃F : A→ ZnF(U),which can be 197

detailed as Eq (1): 198

( ˜̃F,A) =
{(
xi,
(
xi satisfies parameter ej , A (xi)ej′ B (xi)ej

))
: ∀x ∈ U,∀e ∈ E

}
(1)
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whereA (xi)ej is fuzzy restriction on the value of degree that alternative xi have 199

parameterej and B (xi)ej means the reliability of A (xi)ej . 200

Here a Z-numbers soft set ( ˜̃F,A) also can be noted ˜̃FA. Tao et al. [64] presented the 201

concept of linguistic Z-numbers fuzzy soft sets and its application on a multi-attribute 202

group decision making problem without any language transformation. In this paper 203

Z-numbers soft set is shorted as ZnSS. 204

Actually, there are maybe several different kinds of Z-numbers soft set, such as 205

continuous Z-numbers soft set, linguistic Z-numbers soft set, discrete Z-numbers soft set 206

and so on. Because in a Z-numbers (x, Ã, B̃), the fuzzy number Ãand B̃may be the 207

different fuzzy form such as continuous values, linguistic language value or some other 208

discrete value. We can call them continuous Z-numbers, linguistic Z-numbers, discrete 209

Z-numbers and so on. So, a Z-numbers soft set over U can also be defined as Eq (2): 210

( ˜̃F,A) =
{(
xi,
(
xi satisfies parameter ej , µ (xi)ej , γ (xi)ej

))
: ∀x ∈ U,∀e ∈ E

}
(2)

whereµ (xi)ej is fuzzy restriction on the value of degree that alternative xi have 211

parameterej and γ (xi)ej means the reliability of µ (xi)ej . 212

Undoubtedly, it can be converted to the value between [0, 1] no matter what kind of 213

fuzzy form to use. Henceforth in this paper we will describe a Z-numbers set 214

asZ = (x, µA(x), rB(x)) by using converted [0,1] value of degree that alternative xi have 215

parameter ej and the degree of reliability, that is to say µ (xi)ej ∈ [0, 1], γ (xi)ej ∈ [0, 1]. 216

Obviously, every fuzzy soft set may be considered as a Z-numbers soft set when the 217

reliability γ (xi)ej is constant one. A Z-numbers set could also be naturally viewed as a 218

Z-numbers soft set whose parameter set is a singleton. 219

Here also consider an example just like example in section Preliminaries. Supposed 220

all the available information can be characterized by a Z-numbers soft set( ˜̃F,A). Let 221

( ˜̃F,A)is a mapping given by ( ˜̃F,A) =
{

˜̃F (e1) , ˜̃F (e2) , ˜̃F (e3) , ˜̃F (e4) , ˜̃F (e5)
}

, where, 222

˜̃F (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)} ,
˜̃F (e2) = {(d1, 0, 0.8) , (d2, 0.8, 1) , (d3, 0.1, 1) , (d4, 0.7, 0.1) , (d5, 0, 1)} ,
˜̃F (e3) = {(d1, 0.6, 0.5) , (d2, 0.2, 0.3) , (d3, 0.8, 0.5) , (d4, 0, 1) , (d5, 0, 0.9)} ,
˜̃F (e4) = {Φ},
˜̃F (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)} .

223

A Z-numbers soft set ( ˜̃F,A) can also be represented in the form of a two-dimensional 224

table, shown in Table 1 225

Table 1. A ZnSS Model for influenza
(

˜̃FA

)
.

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)

Noting that if all the γ (xi)ej = 1, the Z-numbers soft set ( ˜̃F,A) is a fuzzy soft set 226

(F̃ , A). If the γ(xi) for each ej is a constant value, the Z-numbers soft set ( ˜̃F,A) is a 227

generalized fuzzy soft set, which is presented by P.K. Majumdar and S.K. Samanta [27]. 228

So, we can say fuzzy soft set and generalized fuzzy soft set both are different kind of 229

Z-numbers soft set. 230
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Definition:Z-numbers soft matrix.Let ( ˜̃F,A) be a Z-numbers soft set over the initial 231

universe U . Let E be a set of parameters and A ⊆ E. Then a subset of U × E is 232

uniquely defined by
{(
µ (xi)ej , γ (xi)ej

)
: e ∈ A, x ∈ U

}
which is called a relation 233

R̂Aform of ( ˜̃F,A) . Now the relation R̂A is characterized by the membership value 234

µ (χi)ej and the reliability degree value γ (χi)ej . Then R̂A is represented by a matrix as 235

Eq (3): 236

R̂A =


a11 a12 · · · a1n
a21 a22 . . . a2n
...

...
. . .

...
am1 am2 . . . amn

 (3)

where aij =
(
µ (xi)ej , γ (xi)ej

)
.The above matrix is called a Z-numbers soft matrix 237

of order m× n corresponding to the Z-numbers soft set ( ˜̃F,A) or ˜̃FA. 238

In matrix form a Z-numbers soft set ( ˜̃F,A)in the above Example can be expressed as 239

follows: 240

˜̃FA =


(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)
(0.9, 0.6) (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)

 241

where the ”ith” column vector represents ˜̃F (ei), the ith row vector represents di. 242

If two Z-numbers with the same level of fuzzy restriction, the higher level of the 243

reliability, the larger the Z-numbers would be. First, let us give the related concept on 244

the subset(⊆), equal, intersection(∩), union(∪), and complement of Z-numbers set, 245

which are defined as follows: 246

(1) ZA ⊆ ZB , when µA(x) ≤ µB(x) and rA(x) ≤ rB(x); 247

(2) ZA = ZB , whenµA(x) = µB(x) and rA(x) = rB(x) ; or when ZA ⊆ ZB and 248

ZB ⊆ ZA ; 249

(3) ZcA = (x, µcA(x), rcA(x)) = (x, 1− µA(x), 1− rA(x)) ; 250

(4) ZA ∩ ZB = (x, µA∩B(x), rA∩B(x)) = (x, µA(x) ∗ µB(x), rA(x) ∗ rB(x)) ; 251

(5) ZA ∪ ZB = (x, µA∪B(x), rA∪B(x)) = (x, µA(x) ◦ µB(x), rA(x) ◦ rB(x)) ; 252

If take standard max and min operations, µA∩B(x) = min {µA(x), µB(x)} , rA∩B(x) 253

= min {rA(x), rB(x)} .If take t− norm and t− conorm operations, µA(x) ∗ µB(x) 254

= µA(x) · µB(x), µA(x) o µB(x) = µA(x) + µB(x)− µA(x) · µB(x). 255

In the rest of this paper, we will take t− norm and t− conorm operations to 256

consider the general case. Next, we give the definition on the subset, equal, intersection, 257

union, and complement of Z-numbers soft set. 258

Definition:Z-numbers Soft Subset.Let ˜̃FA and ˜̃GB are two Z-numbers soft sets over 259

(U ,E ).Now ˜̃GB is said to be a fuzzy Z-numbers soft subset of ˜̃FA if and only if: (1) B is 260

a fuzzy subset of A; (2) G(e) is also a fuzzy subset of F (e),∀e ∈ E. 261

Consider a Z-numbers soft set ˜̃FA over (U,E) given in above Example. Let ˜̃GB is 262

another Z-numbers soft set over (U,E) defined as follows: 263

˜̃G (e1) = {(d1, 0.1, 0.4) , (d2, 0.3, 0.3) , (d3, 0.8, 0.1) , (d4, 0.7, 0.1) , (d5, 0, 1)}
˜̃G (e2) = {(d1, 0, 1) , (d2, 0.5, 0.8) , (d3, 0.1, 0.8) , (d4, 0.6, 0.9) , (d5, 0, 1)} , ˜̃G (e4) =
{(d1, 0.5, 0.2) , (d2, 0.2, 0.5) , (d3, 0.7, 0.1) , (d4, 0, 1) , (d5, 0, 1)} .

264

Then, ˜̃GB is a subset of a Z-numbers soft set ˜̃FA. 265
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Definition:Equality of two Z-numbers soft sets.Let ˜̃FA and ˜̃GB are two Z-numbers 266

soft sets over (U,E). ˜̃FA and ˜̃GB are said to be Z-numbers soft equal if and only if ˜̃GB is 267

a fuzzy Z-numbers soft subset of ˜̃FA , and ˜̃FA is also a fuzzy Z-numbers soft subset of 268

˜̃GB , which can be denoted as ˜̃FA = ˜̃GB . 269

Definition: Complement of a Z-numbers soft set. Let ˜̃FA is a Z-numbers soft set over 270

(U,E).Then the complement of ˜̃FA is denoted ˜̃FCA , where, ˜̃FCA = 271{(
xi,
(
xi not satisfies parameter ej , 1− µ (xi)ej , 1− γ (xi)ej

))
: ∀x ∈ U,∀e ∈ E

}
272

In table form, complement of a Z-numbers soft set ˜̃FA in the above Example can be 273

expressed as Table 2 274

Table 2. Complement of ( ˜̃F,A).

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)

Definition: Union of two Z-numbers soft sets. Let ˜̃FA and ˜̃GB are two Z-numbers 275

soft sets over (U,E). The union of ˜̃FA and ˜̃GB is denoted by ˜̃HC = ˜̃FA ∪ ˜̃GB , where 276

C = A ∪B, and 277

˜̃HC(x) = (x, µC(x), rC(x)) =

 (x, µA(x), rA(x)) , if A ∪B = A
(x, µB(x), rB(x)) , if A ∪B = B

(x, µA(x) ◦ µB(x), rA(x) ◦ rB(x)) , if A ∪B = C
278

Definition:Intersection of two Z-numbers soft sets. Let ˜̃FA and ˜̃GB are two 279

Z-numbers soft sets over (U,E). The intersection of ˜̃FA and ˜̃GB is denoted by 280

˜̃HC = ˜̃FA ∩ ˜̃GB , where C = A ∩B, and 281

˜̃HC(x) = (x, µC(x), rC(x)) = (x, µA(x) ∗ µB(x), rA(x) ∗ rB(x)). 282

Let us consider two Z-numbers soft sets ˜̃FA and ˜̃GB over (U,E) given in the above 283

example.Then, Union of two Z-numbers soft sets ˜̃HC = ˜̃FA ∪ ˜̃GBand Intersection of two 284

Z-numbers soft sets ˜̃HC = ˜̃FA ∩ ˜̃GBare as Table 3 and Table 4. 285

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)

Definition:Null Z-numbers soft set. Let ˜̃FA is a Null Z-numbers soft set over (U,E), 286

when ˜̃F (e) = (0, 1) for anye ∈ E. 287

Definition:Absolute Z-numbers soft set. Let ˜̃FA is a absolute Z-numbers soft set over 288

(U,E), when ˜̃F (e) = (1, 1) for anye ∈ E. 289

Let ˜̃FA is a Z-numbers soft set over (U,E), then the following holds:(1) ˜̃FA is a 290

Z-numbers soft subset of ˜̃FA ∪ ˜̃FA. (2)F̃A ∩ F̃A is a Z-numbers soft subset of ˜̃FA. 291
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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)

(3) ˜̃FA ∩ ∅ = ∅.(4)
˜̃
FA ∪ ∅ = ˜̃FA.(5) ˜̃FA ∩ ˜̃A′ = ˜̃FA.(6) ˜̃FA ∪ ˜̃A = ˜̃A. 292

Let ˜̃FA, ˜̃GB , and ˜̃HC are any three Z-numbers soft sets over (U,E), then the 293

following holds:(1) ˜̃FA ∪ ˜̃GB = ˜̃GB ∪ ˜̃FA; (2) ˜̃FA ∩ ˜̃GB = ˜̃GB ∩ ˜̃FA; (3) ˜̃FA ∪
(

˜̃GB ∪ ˜̃HC

)
= 294(

˜̃FA ∪ ˜̃GB

)
∪ ˜̃HC ; (4) ˜̃FA ∩

(
˜̃GB ∩ ˜̃HC

)
=
(

˜̃FA ∩ ˜̃GB

)
∩ ˜̃HC . 295

Obliviously, the operational laws of Z-numbers mentioned above are generalized rules 296

of fuzzy set. But it is that the operational laws of Z-numbers soft set mentioned above 297

are not rules of generalized fuzzy soft set. 298

4.A model based on similarity of Z-numbers soft sets 299

The majority of the decision-making process assume that the decision maker’s cognition 300

for all aspects of a problem is the same. However, this is not quite true because of 301

decision maker’s inadequate experience, lack of knowledge, different risk preferences and 302

so on. Therefore, it is quite essential to recognize the impact of the decision maker’s 303

cognition on the reliability of the information provided. We now develop an approach to 304

solve this kind problem considering the reliability of fuzziness of problem parameters. 305

For given objects(diseases) with certain attributes(symptoms), the Z-numbers soft set as 306

a novel type of soft set can describe the uncertainty that not all the objects satisfy all 307

attributes, but can show details cognitive information of one object satisfying the 308

attribute. Because of the complexity of the real medical diagnosis, using only one aspect 309

of information to describe uncertain events is fully difficult. A new decision-making 310

method with new perspective is presented based on Z-numbers soft set to solve such 311

practical decision-making problems in this section. 312

We set out the problem in the context of initial medical treatment. Moreover, in the 313

decision framework proposed in this paper, we use technique of similarity measure 314

between two Z-numbers soft sets to estimate the biggest possibility that an ill person is 315

suffering from some certain diseases. Therefore, we first give the similarity on 316

Z-numbers soft sets. 317

Similarity on Z-numbers soft sets 318

First, it is necessary to know whether two patterns or images or alternative are identical 319

or approximately or at least to what degree they are identical. Similarity measure have 320

extensive application in these areas such as pattern (disease) recognition, image 321

processing, region extraction and so on. Some researchers have studied the problem of 322

similarity measure between soft sets, fuzzy soft sets, intuitionistic fuzzy soft sets, 323

interval-valued fuzzy soft sets and so on. Considering the reliability of the information 324

involved in the process, it is required to compare two Z-numbers soft sets in 325

consequence. Hence, in this section a measure of similarity between two ZnSS has been 326

given, which can solve the calculation on similarities. 327

Let U refers to the initial non-empty universe of objects, cases, selections and so on, 328
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and E is a universal set of parameters, U = {x1, x2, · · · , xm} , E = {e1, e2, · · · , en}.Let 329

˜̃FA and ˜̃GB be two ZnSS over the parameterized universe (U,E),where ˜̃FA =
(

˜̃F (ej)
)

330

=
(
xi,
(
µA (xi)ej γA (xi)ej

))
, ˜̃GB =

(
˜̃G (ej)

)
=
(
xi

(
µB (xi)ej , γB (xi)ej

))
, i = 331

1, · · ·m, j = 1, · · · , n. Then the similarity between ˜̃FA and ˜̃GB is denoted by 332

M
(

˜̃FA,
˜̃GB

)
, which is expressed as Eq (4): 333

S
(

˜̃FA,
˜̃GB

)
= max

{
Mj

(
˜̃FA,

˜̃GB

)}
= max {Mj (µA (xi) , µB (xi))×Mj (γA (xi) , γB (xi))}

(4)

where Mj (µA (xi) , µB (xi)) = 1−
∑m

i=1

∣∣∣µA(xi)ej
−µB(xi)ej

∣∣∣∑m
i=1

(
µA(xi)ej

+µB(xi)ej

) 334

and Mj (γA (xi) , γB (xi)) = 1−
∑m

i=1|γA(xi)ej

)
−γB(xi)ej

)
|∑m

i=1

(
γA(xi)ej

)
+γB(xi)ej

)) 335

Consider the following two ZnSS by example: 336

˜̃FA =


(0.2, 0.6) (0.1, 0.8) (0.2, 0.4)
(0.5, 0.8) (0.2, 0.4) (0.4, 0.8)
(0.9, 0.4) (0.6, 0.4) (0.7, 0.6)
(1.0, 0.6) (0.5, 0.6) (0.9, 0.4)

 and 337

˜̃GB =


(0.4, 0.5) (0.6, 0.7) (0.4, 0.9)
(0.3, 0.5) (0.5, 0.6) (0.3, 0.6)
(0.2, 0.6) (0.2, 0.5) (0.2, 0.6)
(0.9, 0.4) (0.1, 0.3) (0.1, 0.5)

 338

where U = {x1, x2, x3, x4} , E = {e1, e2, e3}.Then, 339

M1

(
˜̃FA,

˜̃GB

)
= M1 (µA (xi) , µB (xi))×Mj (γA (xi) , γB (xi)

=

(
1−

∑m
i=1|µA(xi)e1

−µB(xi)e1 |∑m
i=1(µA(xi)e1

+µB(xi)e1)

)
×
(

1−
∑m

i=1|γA(xi)e1)−γB(xi)e1)|∑m
i=1(γA(xi)e1)+γB(xi)e1))

)
=

(
1−

∑m
i=1

∣∣∣µA(xi)ej
−µB(xi)ej

∣∣∣∑m
i=1

(
µA(xi)ej

+µB(xi)ej

)
)
×

(
1−

∑m
i=1|γA(xi)ej

)
−γB(xi)ej

)
|∑m

i=1

(
γA(xi)ej

)
+γB(xi)ej

))
)

=
(

1− 0.2++0.2+0.7+0.1
0.6+0.8+1.1+1.9

)
×
(

1− 0.1+0.3+0.2+0.2
1.1+1.3+0.6+1.0

)
≈ 0.584

340

It is easy to get M2

(
˜̃FA,

˜̃GB

)
≈ 0.358,M3

(
˜̃FA,

˜̃GB

)
≈ 0.416. 341

Hence, the similarity between the two ZnSS over the parameterized universe (U,E) 342

will be S
(

˜̃FA,
˜̃GB

)
= max

{
M1

(
˜̃FA,

˜̃GB

)
,M2

(
˜̃FA,

˜̃GB

)
,M3

(
˜̃FA,

˜̃GB

)}
= 0.584. 343

Let ˜̃FA and ˜̃GB are two Z-numbers soft set over (U,E), then the following holds: 344

(1) 0 ≤ S
(

˜̃FA,
˜̃GB

)
≤ 1. 345

(2) S
(

˜̃FA,
˜̃GB

)
= S

(
˜̃GB ,

˜̃FA

)
. 346

(3) ifF̃A = G̃B , thenS
(
F̃A,

˜̃
GB

)
= 1. 347

(4) if ˜̃FA ⊆ ˜̃GB ⊆
˜̃
HC , thenS

(˜̃FA, ˜̃HC

)
≤ S

(˜̃GB , ˜̃HC

)
. 348

(5) if ˜̃FAisacrispsoftset, thenS
(

˜̃FA,
˜̃FCA

)
= 0. 349

Proof. Let ∆µFG =
∣∣∣µA (xi)ej − µB (xi)ej

∣∣∣ and ∆γFG =
∣∣∣γA (xi)ej − γB (xi)ej

∣∣∣ for 350

short. 351

(1) From the definition of ZnSSs, we can have µA (xi)ej , µB (xi)ej , γA (xi)ej

)
, 352

γB (xi)ej ∈ [0, 1].Then min {∆µFG,∆γFG} ∈ [0, 1] and max {∆µFG,∆γFG} 353

∈ [0, 1]. 354
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We can also obtain that 1−min {∆µFG∆γFG} ≤ 1 + max {∆µFG∆γFG}, 355

1−min {∆µFG∆γFG} ∈ [0, 1], 1 + max {∆µFG∆γFG} ∈ [1, 2].Therefore, 356

0 ≤ S
(

˜̃FA,
˜̃GB

)
≤ 1 can be easily obtained. 357

(2) Since ∆µFG = ∆µGF and ∆γFG = ∆γGF, it is obvious that 358

S
(

˜̃FA,
˜̃GB

)
= S

(
˜̃GB ,

˜̃FA

)
. 359

(3)If ˜̃FA = ˜̃GB ,we have µA (xi)ej = µB (xi)ej , γA (xi)ej = γB (xi)ej for each 360

xi ∈ U ,Then we can get S
(

˜̃FA,
˜̃GB

)
= 1. 361

(4) When ˜̃FA ⊆ ˜̃GB ⊆ ˜̃HC , it has µA (xi)ej ≤ µB (xi)ej ≤ µC (xi)ej , and 362

γA (xi)ej ≥ γB (xi)ej ≥ γC (xi)ej for each xi ∈ U .Then we have
∣∣∣µA (xi)ej − µC (xi)ej

∣∣∣ 363

≥
∣∣∣µA (xi)ej − µB (xi)ej

∣∣∣ and
∣∣∣γA (xi)ej − γC (xi)ej

∣∣∣ ≥ ∣∣∣γA (xi)ej − γB (xi)ej

∣∣∣ for 364

each xi ∈ U .Thus, 365

min
{∣∣∣µA (xi)ej − µC (xi)ej

∣∣∣ , ∣∣∣γA (xi)ej − γC (xi)ej

∣∣∣} ≥ min
{∣∣∣µA (xi)ej − µB (xi)ej

∣∣∣ ,∣∣∣γA (xi)ej − γB (xi)ej

∣∣∣} ·max
{∣∣∣µA (xi)ej − µC (xi)ej

∣∣∣ , ∣∣∣γA (xi)ej − γC (xi)ej

∣∣∣} ≥
max

{∣∣∣µA (xi)ej − µB (xi)ej

∣∣∣ , ∣∣∣γA (xi)ej − γB (xi)ej

∣∣∣} . .366

From operations on Z-numbers soft set, we can getS
(

˜̃FA,
˜̃HC

)
≤ S

(
˜̃GB ,

˜̃HC

)
easily. 367

(5)If ˜̃FA is a crisp soft set, we have ˜̃FA = {(µ, (1, 0))} or ˜̃FA = {(µ, (0, 1))} .Then, the 368

complement set of ˜̃FA an be calculated as ˜̃FCA = {(µ, (0, 1))} or ˜̃FCA = {(µ, (1, 9))} 369

respectively. Thus, S
(

˜̃FA,
˜̃FCA

)
= 0. 370

Decision framework 371

In this section, we introduce the following decision framework to estimate the biggest 372

possibility that an ill person is suffering from some certain disease in medical diagnosis 373

under ZnSS environment considering the reliability of the information for the different 374

observers’ cognition. Supposed that a patient with a lot of nonspecific symptoms needs 375

to figure out where is the most likely disease so as to help him register effectively to the 376

appropriate section. Hence, we will try to discuss approaches to estimate the biggest 377

possibility-disease recognition from a multi-observer data for an ill person having 378

uncertain symptoms in this paper. Fig 1 shows decision framework in medical diagnosis 379

based on Z-numbers soft set. 380

The decision framework involves the following steps: 381

Step 1: Construct the model Z-numbers soft sets for different diseases. In this paper 382

it is given that the model Z-numbers soft sets for different diseases denoted by ˜̃DA, 383

˜̃DB ... 384

Step 2: Give judgment information of different observers on the ill person. In the 385

majority situation, the judgment information is basically similar to ”fever will surely be 386

very high”, ”cough will high probability be severe”, etc. And a different set of 387

symptoms is likely to be selected by different observers. The concept of Z-numbers soft 388

set presented in this paper has significant potential in the describing of the uncertainty 389

of the human knowledge because it consists of restraint and reliability of the measured 390

value in details. 391

Hence, here we assumed that the observers provide their judgment information on 392

the alternatives with regard to attributes by Z-numbers soft sets. Thus, the 393

observersOk(k = 1, 2, · · · , l) provides their judgments information for attributes 394

ej(j = 1, 2, · · · , n), which can be expressed by Z-numbers soft sets ˜̃POk
(ej). 395
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Fig 1. Decision framework based on ZnSS.

Step 3:Calculate the union operations on all Z-numbers soft sets ˜̃POk
(ej) of different 396

observers, which is denoted by ˜̃HC = ∪ ˜̃POk
(ej) , k = 1, 2, · · · , l and j = 1, 2, · · · , n. 397

Then by the repeated use of ˜̃PO1
∪
(

˜̃PO2
∪ ˜̃PO3

)
=
(

˜̃PO1
∪ ˜̃PO2

)
∪ ˜̃PO3

and 398

˜̃PO1
∪ ˜̃PO2

=

 (x, µO1
(x), rO1

(x)) , if O1 ∪O2 = O1

(x, µO2
(x), rO2

(x)) , if O1 ∪O2 = O2

(x, µO1(x) ◦ µO2(x), rO1(x) ◦ rO2(x)) , if O1 ∪O2 6= O1 6= O2

399

The final result is that we can get the adjusted Z-numbers soft set ˜̃HC on the visible 400

symptoms of the ill person by integrated observation and judgment from the 401

observersOk(k = 1, 2, · · · , l). 402

Step 4: Calculate and obtain the similarity between the adjusted Z-numbers soft set 403

˜̃HC and the model Z-numbers soft sets for different diseases denoted by ˜̃DA, ˜̃DB ...Here, 404

it need to apply the method of similarity measure on different ZnSS. The similarity 405

between the adjusted Z-numbers soft set ˜̃HC and the model Z-numbers soft sets for 406

different diseases are denoted by S
(

˜̃HC ,
˜̃DA

)
, S
(

˜̃HC ,
˜̃DB

)
... 407

Step 5: Rank the similarity S
(

˜̃HC ,
˜̃DA

)
, S
(

˜̃HC ,
˜̃DB

)
...from big to small. Identify 408

the most likely disease. Choose the biggest score of similarities, the corresponding 409

disease is the most likely disease. 410

5.Case Study 411

In this paper there is only a simple example only with two diseases under consideration 412

(influenza and COVID-19) to show the possibility of using this approach-based 413

Z-numbers soft set, not a medical diagnosis in a real-world scenario, which is similar to 414
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the existing studies [32, 41]. But the method can be generalized in practice. On the one 415

hand, there are not only two choices in reality to estimate for preliminary diagnosis of 416

disease which could be improved by clinical results. In that case, the ranking results of 417

the evaluation can help patients make the choice of registration ranking. On the other 418

hand, the work in this paper can also help develop a platform for primary diagnosis. 419

Illustrative example 420

In the following example, we will try to estimate the biggest possibility that an ill 421

person with some fuzzy symptoms is suffering from some kind of disease in medical 422

diagnosis. For example, an ill person has some symptoms in the outbreak of COVID-19. 423

It is quite essential to preliminary estimate by some observers or some online diagnose 424

that the disease is more likely to be a influenza or a COVID-19 for shortage of offline 425

outpatient service. In this paper the prim symptoms under consideration include fever 426

(e1), cough with chest congestion (e2), runny nose (e3), body ache (e4), headache (e5), 427

breathing trouble (e6), diarrhea (e7), sore throat (e8). To be sure the observers often 428

provide the symptom information roughly the same as “fever will surely be very high”. 429

Hence, the judgment of the observers on the symptoms can be express by different 430

Z-numbers soft set, in which we use converted [0, 1] value of degree that alternative xi 431

have parameter ej and the degree of reliability. We let the universal set only contain 432

two elements “yes” and “no”, i.e., U = {y, n}, and E = {e1, e2, e3, e4, e5, e6, e7, e8}. 433

In this example it is given that the model Z-numbers soft sets for a influenza ˜̃FA in 434

Table 5 and a COVID-19 ˜̃GB in Table 6. Now there are three related observers provide 435

the symptom information, which can be constructed by Z-numbers soft sets ˜̃PO1 in 436

Table 7, ˜̃PO2
in Table 8, and ˜̃PO3

in Table 9. 437

Table 5. A ZnSS Model for influenza ˜̃FA.
˜̃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)

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)

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)

Calculation Process 438

Step 1: Construct and input the model Z-numbers soft sets ˜̃FA and ˜̃GB for a influenza 439

and a COVID-19 in Table 5 and 6. 440
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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)

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)

Step 2: Obtain the symptom information from the 3 observers ˜̃O1, ˜̃O2 and ˜̃O3, then 441

construct and input the corresponding Z-numbers soft sets ˜̃PO1 in Table 7, ˜̃PO2 in 442

Table 8, and ˜̃PO3 in Table 9. 443

Step 3: Calculate the union operations on all Z-numbers soft sets, 444

˜̃H∪C = ˜̃PO1 ∪
˜̃PO2 ∪

˜̃PO3 . Now we get he adjusted Z-numbers soft set on the visible 445

symptoms of the ill person by the integrated observation and judgment from the 446

observers, seen as Table 10. 447

Table 10. ZnSS ˜̃HC for union operations for ˜̃H∪C = ˜̃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)

Step 4: Calculate the similarity between the adjusted Z-numbers soft set ˜̃HC and the 448

model Z-numbers soft sets for different diseases the model Z-numbers soft sets ˜̃FA and 449

˜̃GB for a influenza and a COVID-19 in Table 5and Table 6. 450

(1)S
(

˜̃HC ,
˜̃FA

)
= max

{
Mj

(
˜̃HC ,

˜̃FA

)}
= max {Mj (µC (xi) , µA (xi))×Mj (γC (xi) , γA (xi))}

451

where M1

(
˜̃HC ,

˜̃FA

)
= 0.709,M2

(
˜̃HC ,

˜̃FA

)
= 0.629, M3

(
˜̃HC ,

˜̃FA

)
= 0.710, 452

M4

(
˜̃HC ,

˜̃FA

)
= 0.634, M5

(
˜̃HC ,

˜̃FA

)
= 0.640, M6

(
˜̃HC ,

˜̃FA

)
= 0.712, 453

M7

(
˜̃HC ,

˜̃FA

)
= 0.765, M8

(
˜̃HC ,

˜̃FA

)
= 0.899, 454

(2)S
(

˜̃HC ,
˜̃GB

)
= max

{
Mj

(
˜̃HC ,

˜̃GB

)}
= max {Mj (µC (xi) , µB (xi))×Mj (γC (xi) , γB (xi))}

455

where M1

(
˜̃HC ,

˜̃GB

)
= 0.753,M2

(
˜̃HC ,

˜̃GB

)
= 0.803, M3

(
˜̃HC ,

˜̃GB

)
= 0.402, 456

M4

(
˜̃HC ,

˜̃GB

)
= 0.722, M5

(
˜̃HC ,

˜̃GB

)
= 0.571, M6

(
˜̃HC ,

˜̃GB

)
= 0.684, 457

M7

(
˜̃HC ,

˜̃GB

)
= 0.765, M8

(
˜̃HC ,

˜̃GB

)
= 0.760, 458

Hence, S
(

˜̃HC ,
˜̃FA

)
= 0.899, S

(
˜̃HC ,

˜̃GB

)
= 0.803 459

Step 5: Identify the most likely disease. 460

In this example, S
(

˜̃HC ,
˜̃FA

)
is bigger, so the ill person is most likely getting a 461

influenza. 462
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Result Discussion and Comparisons 463

Handing uncertainty in medical diagnose is an open issue. In this subsection, we 464

compare the proposed group medical decision-making model with other existing 465

decision-making approaches. 466

In the existed approaches, theory of fuzzy soft sets is applied in the field of medical 467

decision making at the earliest. As practical applications, the intuitionistic fuzzy soft 468

sets have been successfully applied into medical system [32], and group decision making 469

method using intuitionistic fuzzy soft sets is of great significance in aiding medical 470

diagnosis [41]. Although the traditional uncertainty mathematical theories have 471

developed greatly and achievements have been widely applied in medical diagnosis fields. 472

There is a challenge is how to measure reliability of the information and how to handle 473

the uncertainty effectively to achieve more accurate decision-making. Diagnosing 474

diseases by uncertainty symptoms is not simple task at all. Hence, an approach based 475

on Z-numbers soft set is proposed in this paper. Our proposed method uses the similar 476

example and datasets, which have been analyzed by four existing approaches in [32]. In 477

the method proposed in [32], the difference is measured between diagnoses of each 478

expert and medical knowledgebase using Hamming and Euclidean distance for a patient. 479

The smaller the difference obtained, the more appropriate the diagnosis appears. In 480

[32] researchers also utilized a confident weight assigning mechanism. The larger the 481

weight of the disease is assigned, the more likely the patient suffers from this kind of 482

disease. The ranking results of these approaches are exhibited in Table 11. The disease 483

the patient most likely suffers from is influenza with the method proposed in [41], which 484

is also exhibited in Table 11.The proposed method is also compared with other existing 485

methods: Saeed et al. [68], Riaz et al. [69] and Zulqarnain, R. M., et al. [70]. The 486

comparison results are listed in Table 5.7. 487

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 [41] Influenza µ3 > µ5 > µ1 > µ2 = µ4

Saeed et al. [68] Influenza µ3 > µ2 > µ5 > µ1 > µ4

Riaz et al. [69] Influenza µ3 > µ2 > µ1 > µ5 > µ4

Zulqarnain, R. M., et al. [70] Influenza µ3 > µ2 > µ1 > µ4 > µ5

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

We can find that the disease the patient most likely suffers from is Influenza with 488

our proposed method, which is same as described in the previous five approaches. If we 489

use our method to rank, the ranking of the alternatives in proposed method is almost 490

similar as obtained by the fourth approach, which indicates that the new method works 491

well. However, there are some differences existed in the results between the proposed 492

method and other five methods. The reason why the proposed method is desirable is 493

ascribed to its own uniqueness. The proposed method is Znss-based similarity measures. 494

Z-numbers are composed of two parts: one part denotes a restriction on values that can 495

be assumed, and another part is the reliability of the information. The properties are 496

different and the result is reasonably inconsistent. In fact, because medical diagnosis 497

involves significant fuzzy concepts and uncertainties, the reliability of information is 498

very important. If only the first component is considered while the second component is 499

ignored, then the reliability of information may be limited, which can lead to an 500

incorrect result. In addition, the existing approaches that are compared in the paper all 501
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pay attention to the weight parameter. While they only take single subjective of 502

objective factor into consideration. The new method considers both to get the t 503

parameter. More useful information is considered in the new method. The ranking 504

result may change with different approaches, but the method proposed in this paper 505

considers more evaluation information. 506

Conclusion 507

The notion of the Z-numbers soft set is proposed in this paper in order to handle 508

medical diagnose problem, in which the uncertainty of events from both the macro-angle 509

and the micro-angle could be presented. For given objects with certain attributes, the 510

soft set theory can be used to describe the uncertainty that not all the objects satisfy all 511

attributes, while the application of Z-numbers can show detail cognitive information of 512

one object satisfying the attribute. Z-numbers soft set is a combination of Z-numbers 513

theory and soft set theory. The subset, equal, intersection, union and complement 514

operations are also defined on the Z-numbers soft set. The basic properties of the 515

Z-numbers soft sets are also presented. Similarity measure of two Z-numbers soft sets is 516

discussed, and an approach to medical diagnosis has been developed based on similarity 517

measure of Z-numbers soft sets. An illustrative example is showed. This new extension 518

not only provides an addition to existing theories for handling uncertainties especially in 519

handle the reliability of fuzziness of problem parameters. 520

The advantages of the proposed method are summarized below. 521

(1) The traditional uncertainty mathematical theories have developed greatly and 522

achievements have been widely applied in medical diagnosis. However, the traditional 523

uncertainty mathematical theories have their intrinsic difficulties, which are pointed by 524

Molodtsov [19]. Soft set theory proposed by Molodtsov has been regarded as an 525

effective mathematical tool to deal with uncertainty. The method presented in this 526

paper based fuzzy extensions of soft set theory are presented can express different 527

fuzziness of medical diagnose parameters effectively. 528

(2) Fuzzy numbers have been widely applied in decision making of medical diagnose. 529

However, we found that the reliability of uncertainty symptoms in medical diagnose 530

environments is also important. To solve this situation, Z-numbers are used to model 531

and describe the diagnoses of decision-makers on uncertainty symptoms. Z-numbers 532

combined with the constraint and reliability. 533

(3) When applying Z-numbers, we need an appropriate method for express different 534

fuzziness of medical diagnose parameters and handle the reliability effectively. To 535

address these problems, we combine the soft set and Z-numbers, we propose the notion 536

of the Z-numbers soft set and treat the Z-numbers soft set as a whole, rather than 537

converting the second component, to avoid the loss of symptoms information. 538

(4) Similarity measure have extensive application in the area of disease recognition. 539

Considering the reliability of the information involved in the process, a measure of 540

similarity between two ZnSS has been given in this paper to compare two Z-numbers 541

soft sets in consequence, which can solve the calculation on similarities to help the final 542

diagnose result. 543

(5) In the real the diagnoses of decision-making problems, the proposed method can 544

obtain reasonable and effective results, as demonstrated by comparing the obtained 545

results with those from the existing methods. This method can also be applied to other 546

multi-attribute decision-making problems. 547

The study in this paper is an interdisciplinary approach towards rapid and efficient 548

medical diagnosis. The approach based on Z-numbers soft set can measure reliability of 549

the information and handle the uncertainty effectively to achieve more accurate 550

decision-making. Although the proposed approach has been demonstrated to be 551
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effective through illustrative examples and in-depth discussion, there are still some 552

aspects and potential areas that can be improved in future studies. The difference in 553

importance between two components of a Z-number in Z-number soft set, namely the 554

assessment value and the reliability measure need to be studied further. In this paper, 555

determine the weight of the two components remains an unresolved issue, though the 556

importance of these two components should be different. Second, in the proposed 557

method for compare two Z-numbers soft set using similarity measure without 558

considering the association between parameters. Third, the feasibility and effectiveness 559

of the method are just verified by numerical examples rather than real professional 560

medical knowledge in this paper. Therefore, the future study directions will include the 561

parameterization reduction of Z-numbers soft sets. It is also desirable to further explore 562

the applications of using the Z-numbers soft sets approach to solve real world specific 563

problems in the process of decision making in medical diagnosis. 564
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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 1

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 5

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 7

lab experiments and human error [3]. Due to the information available for experts about 8

the patient’s symptoms in general is inherently uncertain. Research on the theories and 9

methodologies of decision making for real world problems under uncertainty are 10

important and necessary [4–8]. Diagnosing diseases by uncertainty symptoms is not a 11

direct and simple task at all and handing uncertainty in medical diagnoses is an open 12

issue. 13

One of the challenges in the process of this kind medical diagnosis is about how to 14

handle the uncertainty effectively to achieve more accurate decision-making. As a 15

matter of fact, these traditional uncertainty mathematical theories have developed 16

greatly and achievements have been widely applied in medical diagnosis fields [9–18]. In 17

the past decade, many researches were investigated for medical diagnosis by utilizing 18

different technologies, like intuitionistic fuzzy sets [9], interval-valued intuitionistic fuzzy 19

sets [11,12], rough sets theory [12], evidential reasoning [13], quantum decision [14], 20

machine learning [15,16], and fuzzy sets theory [17,18]. However, in the process of 21

medical diagnosis, there may be many critical diseases, where experts do not have 22

sufficient knowledge to handle those problems. For these cases, experts may provide 23

their opinion only about certain aspects of the disease based on the symptoms they 24

focused and remain silent for those unknown symptoms. For this kind of situation, the 25

traditional uncertainty mathematical theories mentioned above have their intrinsic 26

difficulties [19], which are pointed by Molodtsov. Molodtsov initiated the theory of soft 27

sets as a nonparametric way for handling vagueness and uncertainties, which has been 28

proven useful in many fields. Theory of soft sets has inherent advantage for dealing with 29

uncertainties which traditional mathematical tools cannot handle. 30

Therefore, one purpose of this paper is to apply the advantage of soft set to deal 31

with uncertainty to solve this kind of special situation in medical diagnosis. For one 32

aspect, it is free from the inadequacy of the parameterization tools of traditional 33

mathematical tools [20]. For another aspect, theory of soft sets can be used by 34

combining other traditional uncertainty mathematical tools. So far, many mathematical 35

theories combined soft sets and other uncertainty tools, such as fuzzy soft set [21], 36

vague soft set [22], soft rough sets [23], intuitionistic fuzzy soft sets [24], fuzzy hyper 37

soft sets [25], interval-valued soft set [26] and interval-valued intuitionistic fuzzy soft 38

sets [27], multi-fuzzy N-soft [28–31], have been employed as effective and useful tools to 39

deal with uncertainties. Further researches on the diverse soft sets mentioned above 40

have also been conducted into medical decision-making problems [32–41]. Theory of 41

Fuzzy soft sets are applied in the field of medical decision making at the earliest [32]. 42

As practical applications, the intuitionistic fuzzy soft sets have been successfully applied 43

into medical system [38], and group decision making method using intuitionistic fuzzy 44

soft sets is of great significance in aiding medical diagnosis [41]. These rich research 45

methods provide reference and support for this paper. 46

Another challenge in the process of this kind medical diagnosis is about how to 47

measure reliability of the information effectively to achieve more accurate 48

decision-making. For instance, to describe the uncertainties of the kind of ”fever will 49

surely be very high”, membership degree of fuzzy sets, even non-membership degree of 50

intuitionistic fuzzy sets can express the fuzzy uncertain concept ”high fever” better, but 51

the fuzzy uncertain concept ”surely” cannot be model. Obliviously, there are many such 52

kind inherently uncertain descriptions due to the information available for observers or 53

experts about the patient’s symptoms in medical diagnosis. There have been many 54

fruitful results combining soft set and traditional uncertainty mathematical tools, we 55

found that studies on measuring reliability of the information involved based on soft 56

sets are rare. To some extent, the concept of level-fuzzy soft set [42], intuitionistic 57

level-fuzzy soft set [41–43], generalized fuzzy soft set [32] and generalized intuitionistic 58
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fuzzy soft sets [44]can deal with certain reliability. The application of level soft sets can 59

partly express the reliability of judgment on information, such as in reference [45]. Sujit 60

Dasa and Samarjit Kar presented a confident weigh way to each expert in group 61

decision making problem in medical diagnosis [33]. However, these methods only can 62

give whole reliability to all attributes, without giving the measuring reliability of every 63

judgment or information in details. Z-numbers were proposed by Zadeh as a new way to 64

deal with uncertainty and reliability of information [46]. Z-numbers are composed of 65

two parts: one part denotes a restriction on values that can be assumed, and another 66

part is the reliability of the information. Z-numbers may be used to model uncertainty 67

description like ”fever with pneumonia will surely be very high”, ”headache with cold 68

will surely be very heavy”, ”cough with influenza will high probability be severe“, etc. 69

Obviously, Z-numbers can describe levels of human judgment in details. Z-numbers 70

have a significant potential in the describing of the uncertainty of the human knowledge 71

because it consists of restraint and reliability of the measured value in details. Given 72

the advantages of Z-numbers in describing uncertain information, it has been researched 73

extensively and applied widely in various fields in recent years. Theoretical research on 74

the Z-numbers continues comparatively active, such as the arithmetic of different 75

Z-numbers [47–50], the ranking of Z-numbers [51–53], the utility of Z-numbers [54], the 76

Z-valuations and function of Z-numbers [55,56], etc. And that applied research on the 77

Z-numbers continues to be scare but growing fast, such as Measuring Uncertainty [57], 78

decision-making Analysis [58–60], group decision-making problem [61–64], 79

optimization [65], medical diagnosis [66], Control System Design [67], etc. 80

Noting that the soft set provides a technological tool to extend the concept of 81

Zadeh’s fuzzy set, while Z-numbers is a conceptual extension of a fuzzy set. As 82

mentioned above, both of soft sets and Z-number have been widely applied to realistic 83

areas, but the combination of Z-number and fuzzy soft set shows the theoretical 84

applications of the two models. Motivated by the ideas of fuzzy soft sets, a direct 85

extension would be combining soft set and Z-numbers. Therefore, in this paper, we try 86

to conduct Z-numbers soft set to deal with nonparametric uncertainty and reliability of 87

information by combining the advantage of the Molodtsov soft set theory and Zadeh’s 88

Z-numbers concept, which is the core purpose of this paper. Hence, we take advantage 89

of Z-numbers and soft set by combing them. Moreover, the basic operations and 90

properties of Z-numbers soft sets also are defined, and approach to medical diagnosis 91

has been developed based on similarity measure on two Z-numbers soft sets. The 92

approach based on ZnSS presented in this paper can not only measure reliability of the 93

information involved, but also give the measuring reliability of every judgment to all 94

symptoms in details. It is important to note that professional medical knowledge is not 95

used in this paper. 96

Consequently, the contribution and originality of this study are summarized as 97

follows: 98

(1)The notion of the Z-numbers soft set is proposed by combing the theory of soft 99

set and Z-numbers in this paper. Z-numbers soft set has the desirable merit which can 100

take advantage both of soft set and Z-numbers, which is capable of solving the 101

reliability of every judgment to all symptoms in details. 102

(2)The subset, equal, intersection, union and complement operations are also defined 103

on the Z-numbers soft sets. The basic properties of the Z-numbers soft set are also 104

presented. 105

(3)It is required to compare two Z-numbers soft sets. Hence, in this Paper a measure 106

of similarity between two Z-numbers soft sets has been given and discussed. 107

(4)An novel approach to medical diagnosis has been developed based on similarity 108

measure of Z-numbers soft sets. The approach based on Z-numbers soft set can measure 109

reliability of every judgment to all symptoms effectively to achieve more accurate 110
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decision-making result in medical diagnosis. 111

To realize the contributions mentioned above, the remainder of this paper is 112

organized as follows. Section 2 reviews some basic definitions and concepts are used in 113

the following sections. In section 3, we investigate the theory of Z-numbers soft set. 114

Section 4 presents an approach to decision-making based the similarity measure of 115

Z-numbers soft set. In section 5, an illustrative example in medical diagnosis to show 116

that the proposals presented in this paper are not only more reasonable but more 117

efficient in practical application. At last, we conclude our analysis and set out further 118

research directions in Section 6. 119

2.Preliminaries 120

In this section we give a briefly review of some basic definitions and properties used in 121

the following sections. If we use membership function (characteristic function or 122

discrimination function), we can represent whether an element x is involved in a set A 123

or not. 124

Let U be a non-empty finite universe. For any A ⊆ U , A(x) =

{
1, x ∈ A
0, x /∈ A

}
is a 125

characteristic function that is a mapping from U to {0, 1}.Then any characteristic 126

function on universe U determines a classical crisp set of U , that is 127

A = {x ∈ UmidA(x) = 1}. 128

Consequently, fuzzy set is ‘vague boundary set’ comparing with crisp set. The fuzzy 129

set concept presented by Zadeh provides a framework to expressing vague concepts by 130

allowing partial memberships. 131

Fuzzy set 132

Definition:Fuzzy set [9]. Let U be a non-empty finite universe. A fuzzy set 133

A ={(x, µA(x))} on the universe U is defined by the mapping 134

A = {(x, µA(x))}µA(x) : U → [0, 1],where [0, 1] means real numbers between 0 and 1 135

(including 0,1);µA(x) denotes the membership degree. That is to say, each element is 136

mapped to [0, 1] by membership function. 137

There are lots of definitions for fuzzy operations. According to the max-min system 138

given by Zadeh [9],the fuzzy intersection, union, and complement are defined as 139

follows:µA∩B(x) = min {µA(x), µB(x)};µA∪B(x) = max {µA(x), µB(x)};µAc(x) = 140

1− µA(x). 141

Fuzzy set can be used to describe perception and subjectivity of human as they 142

represent uncertain or imprecise information. However, the reliability of information 143

from different evaluator in the process of decision making such as medical diagnosis is 144

also very important. 145

Z-numbers 146

Z-numbers were proposed by Zadeh as a new way to deal with uncertainty and 147

reliability of information [46]. 148

Definition:Z-numbers2 [47]. A Z-numbers is denoted asZ = (Ã, B̃),which is an 149

ordered pair of fuzzy numbers.Ã is a fuzzy restriction on the values that a real-valued 150

uncertain variable X can take, and B̃is a measure of reliability of Ã. 151

Hence, A Z-number is associated with a real-valued uncertain variable x. Ã and B̃ 152

are described in real number or natural language, such as (about 37.7 degree, quite 153

sure).The ordered triple (x, Ã, B̃) is referred to a discrete Z-valuation [49],which can be 154

understood that x is (Ã, B̃), where x is a variable, Ã is a fuzzy set used to describe the 155
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restriction, and B̃ is a fuzzy number used by natural language to describe reliability of 156

Ã.A discrete Z-valuation can be model sentences like ”fever with pneumonia will surely 157

be very high”, where x is a variable ”fever”,Ãis a fuzzy set ”very high”, andB̃ is a fuzzy 158

constriction used by natural language ”surely” to describe reliability of Ã. 159

Fuzzy soft set 160

In 1999, Molodtsov initiated soft set theory [19]as a new mathematical tool for coping 161

with uncertainty that seems to be free from the inherent flaws. In this section U refers 162

to the initial non-empty universe of objects, cases, selections and so on.Let E is a set of 163

parameters and A ⊆ E,which are often attributes or characteristics of the objects. Let 164

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, 166

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 ⊆ E. Let (P̃ , U) 168

denote the power fuzzy set of initial universal set U , and a pair (F̃ , A) is called a fuzzy 169

soft set over U iff F̃ is a mapping given by F̃ : A→ P̃ (U). 170

As an illustration, consider the following example [32]. 171

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(d1 = Viral fever,d2 = 174

Malaria,d2 = Typhoid,d2 = Gastric ulcer,d1 = Pneumonia) given 175

byU = {d1, d2, d3, d4, d5}. 176

Also let A ⊆ E be the set of symptoms (e1 =Temperature, e2 =Headache, 177

e3 =Stomach pain, e4 =Cough, e5 =Chest pain),given by A = {e1, e2, e3, e4, e5}. 178

Let (F̃ , A) is a mapping given by F̃ (e1) =
{
d1
0.2 ,

d2
0.4 ,

d3
0.9 ,

d4
0.7 ,

d5
0

}
,F̃ (e2) = 179{

d1
0 ,

d2
0.8 ,

d3
0.1 ,

d4
0.7 ,

d5
0

}
,F̃ (e3) =

{
d1
0.6 ,

d2
0.2 ,

d3
0.8 ,

d4
0 ,

d5
0

}
, F̃ (e4) = {Φ}, 180

F̃ (e5) =
{
d1
0.6 ,

d2
0.7 ,

d3
0.5 ,

d4
0.8 ,

d5
0

}
. 181

All the available information on these diseases can be characterized by a fuzzy soft 182

set (F̃ , 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 184

attributes on alternatives) and thus cannot be lightly confirmed. P.K. Majumdar and 185

S.K. Samanta [27] gave a modified definition of fuzzy soft set named generalized fuzzy 186

soft set which can indicate not only the degree of belongingness but also the degree of 187

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 190

we propose the concept of Z-numbers soft set by combining both Z-numbers set and soft 191

set. 192

3.On Z-numbers soft set 193

Definition:Z-numbers soft set. Let U refers to the initial non-empty universe of objects, 194

cases, selections and so on, and E is a set of parameters and A ⊆ E. Let ZnF (U) 195

denote the power Z-numbers set of initial universal set U ,and a pair ( ˜̃F,A) is called a 196

Z-numbers soft set over U iff ˜̃F is a mapping given by ˜̃F : A→ ZnF(U),which can be 197

detailed as Eq (1): 198

( ˜̃F,A) =
{(
xi,
(
xi satisfies parameter ej , A (xi)ej′ B (xi)ej

))
: ∀x ∈ U,∀e ∈ E

}
(1)
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whereA (xi)ej is fuzzy restriction on the value of degree that alternative xi have 199

parameterej and B (xi)ej means the reliability of A (xi)ej . 200

Here a Z-numbers soft set ( ˜̃F,A) also can be noted ˜̃FA. Tao et al. [64] presented the 201

concept of linguistic Z-numbers fuzzy soft sets and its application on a multi-attribute 202

group decision making problem without any language transformation. In this paper 203

Z-numbers soft set is shorted as ZnSS. 204

Actually, there are maybe several different kinds of Z-numbers soft set, such as 205

continuous Z-numbers soft set, linguistic Z-numbers soft set, discrete Z-numbers soft set 206

and so on. Because in a Z-numbers (x, Ã, B̃), the fuzzy number Ãand B̃may be the 207

different fuzzy form such as continuous values, linguistic language value or some other 208

discrete value. We can call them continuous Z-numbers, linguistic Z-numbers, discrete 209

Z-numbers and so on. So, a Z-numbers soft set over U can also be defined as Eq (2): 210

( ˜̃F,A) =
{(
xi,
(
xi satisfies parameter ej , µ (xi)ej , γ (xi)ej

))
: ∀x ∈ U,∀e ∈ E

}
(2)

whereµ (xi)ej is fuzzy restriction on the value of degree that alternative xi have 211

parameterej and γ (xi)ej means the reliability of µ (xi)ej . 212

Undoubtedly, it can be converted to the value between [0, 1] no matter what kind of 213

fuzzy form to use. Henceforth in this paper we will describe a Z-numbers set 214

asZ = (x, µA(x), rB(x)) by using converted [0,1] value of degree that alternative xi have 215

parameter ej and the degree of reliability, that is to say µ (xi)ej ∈ [0, 1], γ (xi)ej ∈ [0, 1]. 216

Obviously, every fuzzy soft set may be considered as a Z-numbers soft set when the 217

reliability γ (xi)ej is constant one. A Z-numbers set could also be naturally viewed as a 218

Z-numbers soft set whose parameter set is a singleton. 219

Here also consider an example just like example in section Preliminaries. Supposed 220

all the available information can be characterized by a Z-numbers soft set( ˜̃F,A). Let 221

( ˜̃F,A)is a mapping given by ( ˜̃F,A) =
{

˜̃F (e1) , ˜̃F (e2) , ˜̃F (e3) , ˜̃F (e4) , ˜̃F (e5)
}

, where, 222

˜̃F (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)} ,
˜̃F (e2) = {(d1, 0, 0.8) , (d2, 0.8, 1) , (d3, 0.1, 1) , (d4, 0.7, 0.1) , (d5, 0, 1)} ,
˜̃F (e3) = {(d1, 0.6, 0.5) , (d2, 0.2, 0.3) , (d3, 0.8, 0.5) , (d4, 0, 1) , (d5, 0, 0.9)} ,
˜̃F (e4) = {Φ},
˜̃F (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)} .

223

A Z-numbers soft set ( ˜̃F,A) can also be represented in the form of a two-dimensional 224

table, shown in Table 1 225

Table 1. A ZnSS Model for influenza
(

˜̃FA

)
.

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)

Noting that if all the γ (xi)ej = 1, the Z-numbers soft set ( ˜̃F,A) is a fuzzy soft set 226

(F̃ , A). If the γ(xi) for each ej is a constant value, the Z-numbers soft set ( ˜̃F,A) is a 227

generalized fuzzy soft set, which is presented by P.K. Majumdar and S.K. Samanta [27]. 228

So, we can say fuzzy soft set and generalized fuzzy soft set both are different kind of 229

Z-numbers soft set. 230
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Definition:Z-numbers soft matrix.Let ( ˜̃F,A) be a Z-numbers soft set over the initial 231

universe U . Let E be a set of parameters and A ⊆ E. Then a subset of U × E is 232

uniquely defined by
{(
µ (xi)ej , γ (xi)ej

)
: e ∈ A, x ∈ U

}
which is called a relation 233

R̂Aform of ( ˜̃F,A) . Now the relation R̂A is characterized by the membership value 234

µ (χi)ej and the reliability degree value γ (χi)ej . Then R̂A is represented by a matrix as 235

Eq (3): 236

R̂A =


a11 a12 · · · a1n
a21 a22 . . . a2n
...

...
. . .

...
am1 am2 . . . amn

 (3)

where aij =
(
µ (xi)ej , γ (xi)ej

)
.The above matrix is called a Z-numbers soft matrix 237

of order m× n corresponding to the Z-numbers soft set ( ˜̃F,A) or ˜̃FA. 238

In matrix form a Z-numbers soft set ( ˜̃F,A)in the above Example can be expressed as 239

follows: 240

˜̃FA =


(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)
(0.9, 0.6) (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)

 241

where the ”ith” column vector represents ˜̃F (ei), the ith row vector represents di. 242

If two Z-numbers with the same level of fuzzy restriction, the higher level of the 243

reliability, the larger the Z-numbers would be. First, let us give the related concept on 244

the subset(⊆), equal, intersection(∩), union(∪), and complement of Z-numbers set, 245

which are defined as follows: 246

(1) ZA ⊆ ZB , when µA(x) ≤ µB(x) and rA(x) ≤ rB(x); 247

(2) ZA = ZB , whenµA(x) = µB(x) and rA(x) = rB(x) ; or when ZA ⊆ ZB and 248

ZB ⊆ ZA ; 249

(3) ZcA = (x, µcA(x), rcA(x)) = (x, 1− µA(x), 1− rA(x)) ; 250

(4) ZA ∩ ZB = (x, µA∩B(x), rA∩B(x)) = (x, µA(x) ∗ µB(x), rA(x) ∗ rB(x)) ; 251

(5) ZA ∪ ZB = (x, µA∪B(x), rA∪B(x)) = (x, µA(x) ◦ µB(x), rA(x) ◦ rB(x)) ; 252

If take standard max and min operations, µA∩B(x) = min {µA(x), µB(x)} , rA∩B(x) 253

= min {rA(x), rB(x)} .If take t− norm and t− conorm operations, µA(x) ∗ µB(x) 254

= µA(x) · µB(x), µA(x) o µB(x) = µA(x) + µB(x)− µA(x) · µB(x). 255

In the rest of this paper, we will take t− norm and t− conorm operations to 256

consider the general case. Next, we give the definition on the subset, equal, intersection, 257

union, and complement of Z-numbers soft set. 258

Definition:Z-numbers Soft Subset.Let ˜̃FA and ˜̃GB are two Z-numbers soft sets over 259

(U ,E ).Now ˜̃GB is said to be a fuzzy Z-numbers soft subset of ˜̃FA if and only if: (1) B is 260

a fuzzy subset of A; (2) G(e) is also a fuzzy subset of F (e),∀e ∈ E. 261

Consider a Z-numbers soft set ˜̃FA over (U,E) given in above Example. Let ˜̃GB is 262

another Z-numbers soft set over (U,E) defined as follows: 263

˜̃G (e1) = {(d1, 0.1, 0.4) , (d2, 0.3, 0.3) , (d3, 0.8, 0.1) , (d4, 0.7, 0.1) , (d5, 0, 1)}
˜̃G (e2) = {(d1, 0, 1) , (d2, 0.5, 0.8) , (d3, 0.1, 0.8) , (d4, 0.6, 0.9) , (d5, 0, 1)} , ˜̃G (e4) =
{(d1, 0.5, 0.2) , (d2, 0.2, 0.5) , (d3, 0.7, 0.1) , (d4, 0, 1) , (d5, 0, 1)} .

264

Then, ˜̃GB is a subset of a Z-numbers soft set ˜̃FA. 265
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Definition:Equality of two Z-numbers soft sets.Let ˜̃FA and ˜̃GB are two Z-numbers 266

soft sets over (U,E). ˜̃FA and ˜̃GB are said to be Z-numbers soft equal if and only if ˜̃GB is 267

a fuzzy Z-numbers soft subset of ˜̃FA , and ˜̃FA is also a fuzzy Z-numbers soft subset of 268

˜̃GB , which can be denoted as ˜̃FA = ˜̃GB . 269

Definition: Complement of a Z-numbers soft set. Let ˜̃FA is a Z-numbers soft set over 270

(U,E).Then the complement of ˜̃FA is denoted ˜̃FCA , where, ˜̃FCA = 271{(
xi,
(
xi not satisfies parameter ej , 1− µ (xi)ej , 1− γ (xi)ej

))
: ∀x ∈ U,∀e ∈ E

}
272

In table form, complement of a Z-numbers soft set ˜̃FA in the above Example can be 273

expressed as Table 2 274

Table 2. Complement of ( ˜̃F,A).

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)

Definition: Union of two Z-numbers soft sets. Let ˜̃FA and ˜̃GB are two Z-numbers 275

soft sets over (U,E). The union of ˜̃FA and ˜̃GB is denoted by ˜̃HC = ˜̃FA ∪ ˜̃GB , where 276

C = A ∪B, and 277

˜̃HC(x) = (x, µC(x), rC(x)) =

 (x, µA(x), rA(x)) , if A ∪B = A
(x, µB(x), rB(x)) , if A ∪B = B

(x, µA(x) ◦ µB(x), rA(x) ◦ rB(x)) , if A ∪B = C
278

Definition:Intersection of two Z-numbers soft sets. Let ˜̃FA and ˜̃GB are two 279

Z-numbers soft sets over (U,E). The intersection of ˜̃FA and ˜̃GB is denoted by 280

˜̃HC = ˜̃FA ∩ ˜̃GB , where C = A ∩B, and 281

˜̃HC(x) = (x, µC(x), rC(x)) = (x, µA(x) ∗ µB(x), rA(x) ∗ rB(x)). 282

Let us consider two Z-numbers soft sets ˜̃FA and ˜̃GB over (U,E) given in the above 283

example.Then, Union of two Z-numbers soft sets ˜̃HC = ˜̃FA ∪ ˜̃GBand Intersection of two 284

Z-numbers soft sets ˜̃HC = ˜̃FA ∩ ˜̃GBare as Table 3 and Table 4. 285

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)

Definition:Null Z-numbers soft set. Let ˜̃FA is a Null Z-numbers soft set over (U,E), 286

when ˜̃F (e) = (0, 1) for anye ∈ E. 287

Definition:Absolute Z-numbers soft set. Let ˜̃FA is a absolute Z-numbers soft set over 288

(U,E), when ˜̃F (e) = (1, 1) for anye ∈ E. 289

Let ˜̃FA is a Z-numbers soft set over (U,E), then the following holds:(1) ˜̃FA is a 290

Z-numbers soft subset of ˜̃FA ∪ ˜̃FA. (2)F̃A ∩ F̃A is a Z-numbers soft subset of ˜̃FA. 291
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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)

(3) ˜̃FA ∩ ∅ = ∅.(4)
˜̃
FA ∪ ∅ = ˜̃FA.(5) ˜̃FA ∩ ˜̃A′ = ˜̃FA.(6) ˜̃FA ∪ ˜̃A = ˜̃A. 292

Let ˜̃FA, ˜̃GB , and ˜̃HC are any three Z-numbers soft sets over (U,E), then the 293

following holds:(1) ˜̃FA ∪ ˜̃GB = ˜̃GB ∪ ˜̃FA; (2) ˜̃FA ∩ ˜̃GB = ˜̃GB ∩ ˜̃FA; (3) ˜̃FA ∪
(

˜̃GB ∪ ˜̃HC

)
= 294(

˜̃FA ∪ ˜̃GB

)
∪ ˜̃HC ; (4) ˜̃FA ∩

(
˜̃GB ∩ ˜̃HC

)
=
(

˜̃FA ∩ ˜̃GB

)
∩ ˜̃HC . 295

Obliviously, the operational laws of Z-numbers mentioned above are generalized rules 296

of fuzzy set. But it is that the operational laws of Z-numbers soft set mentioned above 297

are not rules of generalized fuzzy soft set. 298

4.A model based on similarity of Z-numbers soft sets 299

The majority of the decision-making process assume that the decision maker’s cognition 300

for all aspects of a problem is the same. However, this is not quite true because of 301

decision maker’s inadequate experience, lack of knowledge, different risk preferences and 302

so on. Therefore, it is quite essential to recognize the impact of the decision maker’s 303

cognition on the reliability of the information provided. We now develop an approach to 304

solve this kind problem considering the reliability of fuzziness of problem parameters. 305

For given objects(diseases) with certain attributes(symptoms), the Z-numbers soft set as 306

a novel type of soft set can describe the uncertainty that not all the objects satisfy all 307

attributes, but can show details cognitive information of one object satisfying the 308

attribute. Because of the complexity of the real medical diagnosis, using only one aspect 309

of information to describe uncertain events is fully difficult. A new decision-making 310

method with new perspective is presented based on Z-numbers soft set to solve such 311

practical decision-making problems in this section. 312

We set out the problem in the context of initial medical treatment. Moreover, in the 313

decision framework proposed in this paper, we use technique of similarity measure 314

between two Z-numbers soft sets to estimate the biggest possibility that an ill person is 315

suffering from some certain diseases. Therefore, we first give the similarity on 316

Z-numbers soft sets. 317

Similarity on Z-numbers soft sets 318

First, it is necessary to know whether two patterns or images or alternative are identical 319

or approximately or at least to what degree they are identical. Similarity measure have 320

extensive application in these areas such as pattern (disease) recognition, image 321

processing, region extraction and so on. Some researchers have studied the problem of 322

similarity measure between soft sets, fuzzy soft sets, intuitionistic fuzzy soft sets, 323

interval-valued fuzzy soft sets and so on. Considering the reliability of the information 324

involved in the process, it is required to compare two Z-numbers soft sets in 325

consequence. Hence, in this section a measure of similarity between two ZnSS has been 326

given, which can solve the calculation on similarities. 327

Let U refers to the initial non-empty universe of objects, cases, selections and so on, 328
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and E is a universal set of parameters, U = {x1, x2, · · · , xm} , E = {e1, e2, · · · , en}.Let 329

˜̃FA and ˜̃GB be two ZnSS over the parameterized universe (U,E),where ˜̃FA =
(

˜̃F (ej)
)

330

=
(
xi,
(
µA (xi)ej γA (xi)ej

))
, ˜̃GB =

(
˜̃G (ej)

)
=
(
xi

(
µB (xi)ej , γB (xi)ej

))
, i = 331

1, · · ·m, j = 1, · · · , n. Then the similarity between ˜̃FA and ˜̃GB is denoted by 332

M
(

˜̃FA,
˜̃GB

)
, which is expressed as Eq (4): 333

S
(

˜̃FA,
˜̃GB

)
= max

{
Mj

(
˜̃FA,

˜̃GB

)}
= max {Mj (µA (xi) , µB (xi))×Mj (γA (xi) , γB (xi))}

(4)

where Mj (µA (xi) , µB (xi)) = 1−
∑m

i=1

∣∣∣µA(xi)ej
−µB(xi)ej

∣∣∣∑m
i=1

(
µA(xi)ej

+µB(xi)ej

) 334

and Mj (γA (xi) , γB (xi)) = 1−
∑m

i=1|γA(xi)ej

)
−γB(xi)ej

)
|∑m

i=1

(
γA(xi)ej

)
+γB(xi)ej

)) 335

Consider the following two ZnSS by example: 336

˜̃FA =


(0.2, 0.6) (0.1, 0.8) (0.2, 0.4)
(0.5, 0.8) (0.2, 0.4) (0.4, 0.8)
(0.9, 0.4) (0.6, 0.4) (0.7, 0.6)
(1.0, 0.6) (0.5, 0.6) (0.9, 0.4)

 and 337

˜̃GB =


(0.4, 0.5) (0.6, 0.7) (0.4, 0.9)
(0.3, 0.5) (0.5, 0.6) (0.3, 0.6)
(0.2, 0.6) (0.2, 0.5) (0.2, 0.6)
(0.9, 0.4) (0.1, 0.3) (0.1, 0.5)

 338

where U = {x1, x2, x3, x4} , E = {e1, e2, e3}.Then, 339

M1

(
˜̃FA,

˜̃GB

)
= M1 (µA (xi) , µB (xi))×Mj (γA (xi) , γB (xi)

=

(
1−

∑m
i=1|µA(xi)e1

−µB(xi)e1 |∑m
i=1(µA(xi)e1

+µB(xi)e1)

)
×
(

1−
∑m

i=1|γA(xi)e1)−γB(xi)e1)|∑m
i=1(γA(xi)e1)+γB(xi)e1))

)
=

(
1−

∑m
i=1

∣∣∣µA(xi)ej
−µB(xi)ej

∣∣∣∑m
i=1

(
µA(xi)ej

+µB(xi)ej

)
)
×

(
1−

∑m
i=1|γA(xi)ej

)
−γB(xi)ej

)
|∑m

i=1

(
γA(xi)ej

)
+γB(xi)ej

))
)

=
(

1− 0.2++0.2+0.7+0.1
0.6+0.8+1.1+1.9

)
×
(

1− 0.1+0.3+0.2+0.2
1.1+1.3+0.6+1.0

)
≈ 0.584

340

It is easy to get M2

(
˜̃FA,

˜̃GB

)
≈ 0.358,M3

(
˜̃FA,

˜̃GB

)
≈ 0.416. 341

Hence, the similarity between the two ZnSS over the parameterized universe (U,E) 342

will be S
(

˜̃FA,
˜̃GB

)
= max

{
M1

(
˜̃FA,

˜̃GB

)
,M2

(
˜̃FA,

˜̃GB

)
,M3

(
˜̃FA,

˜̃GB

)}
= 0.584. 343

Let ˜̃FA and ˜̃GB are two Z-numbers soft set over (U,E), then the following holds: 344

(1) 0 ≤ S
(

˜̃FA,
˜̃GB

)
≤ 1. 345

(2) S
(

˜̃FA,
˜̃GB

)
= S

(
˜̃GB ,

˜̃FA

)
. 346

(3) ifF̃A = G̃B , thenS
(
F̃A,

˜̃
GB

)
= 1. 347

(4) if ˜̃FA ⊆ ˜̃GB ⊆
˜̃
HC , thenS

(˜̃FA, ˜̃HC

)
≤ S

(˜̃GB , ˜̃HC

)
. 348

(5) if ˜̃FAisacrispsoftset, thenS
(

˜̃FA,
˜̃FCA

)
= 0. 349

Proof. Let ∆µFG =
∣∣∣µA (xi)ej − µB (xi)ej

∣∣∣ and ∆γFG =
∣∣∣γA (xi)ej − γB (xi)ej

∣∣∣ for 350

short. 351

(1) From the definition of ZnSSs, we can have µA (xi)ej , µB (xi)ej , γA (xi)ej

)
, 352

γB (xi)ej ∈ [0, 1].Then min {∆µFG,∆γFG} ∈ [0, 1] and max {∆µFG,∆γFG} 353

∈ [0, 1]. 354
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We can also obtain that 1−min {∆µFG∆γFG} ≤ 1 + max {∆µFG∆γFG}, 355

1−min {∆µFG∆γFG} ∈ [0, 1], 1 + max {∆µFG∆γFG} ∈ [1, 2].Therefore, 356

0 ≤ S
(

˜̃FA,
˜̃GB

)
≤ 1 can be easily obtained. 357

(2) Since ∆µFG = ∆µGF and ∆γFG = ∆γGF, it is obvious that 358

S
(

˜̃FA,
˜̃GB

)
= S

(
˜̃GB ,

˜̃FA

)
. 359

(3)If ˜̃FA = ˜̃GB ,we have µA (xi)ej = µB (xi)ej , γA (xi)ej = γB (xi)ej for each 360

xi ∈ U ,Then we can get S
(

˜̃FA,
˜̃GB

)
= 1. 361

(4) When ˜̃FA ⊆ ˜̃GB ⊆ ˜̃HC , it has µA (xi)ej ≤ µB (xi)ej ≤ µC (xi)ej , and 362

γA (xi)ej ≥ γB (xi)ej ≥ γC (xi)ej for each xi ∈ U .Then we have
∣∣∣µA (xi)ej − µC (xi)ej

∣∣∣ 363

≥
∣∣∣µA (xi)ej − µB (xi)ej

∣∣∣ and
∣∣∣γA (xi)ej − γC (xi)ej

∣∣∣ ≥ ∣∣∣γA (xi)ej − γB (xi)ej

∣∣∣ for 364

each xi ∈ U .Thus, 365

min
{∣∣∣µA (xi)ej − µC (xi)ej

∣∣∣ , ∣∣∣γA (xi)ej − γC (xi)ej

∣∣∣} ≥ min
{∣∣∣µA (xi)ej − µB (xi)ej

∣∣∣ ,∣∣∣γA (xi)ej − γB (xi)ej

∣∣∣} ·max
{∣∣∣µA (xi)ej − µC (xi)ej

∣∣∣ , ∣∣∣γA (xi)ej − γC (xi)ej

∣∣∣} ≥
max

{∣∣∣µA (xi)ej − µB (xi)ej

∣∣∣ , ∣∣∣γA (xi)ej − γB (xi)ej

∣∣∣} . .366

From operations on Z-numbers soft set, we can getS
(

˜̃FA,
˜̃HC

)
≤ S

(
˜̃GB ,

˜̃HC

)
easily. 367

(5)If ˜̃FA is a crisp soft set, we have ˜̃FA = {(µ, (1, 0))} or ˜̃FA = {(µ, (0, 1))} .Then, the 368

complement set of ˜̃FA an be calculated as ˜̃FCA = {(µ, (0, 1))} or ˜̃FCA = {(µ, (1, 9))} 369

respectively. Thus, S
(

˜̃FA,
˜̃FCA

)
= 0. 370

Decision framework 371

In this section, we introduce the following decision framework to estimate the biggest 372

possibility that an ill person is suffering from some certain disease in medical diagnosis 373

under ZnSS environment considering the reliability of the information for the different 374

observers’ cognition. Supposed that a patient with a lot of nonspecific symptoms needs 375

to figure out where is the most likely disease so as to help him register effectively to the 376

appropriate section. Hence, we will try to discuss approaches to estimate the biggest 377

possibility-disease recognition from a multi-observer data for an ill person having 378

uncertain symptoms in this paper. Fig 1 shows decision framework in medical diagnosis 379

based on Z-numbers soft set. 380

The decision framework involves the following steps: 381

Step 1: Construct the model Z-numbers soft sets for different diseases. In this paper 382

it is given that the model Z-numbers soft sets for different diseases denoted by ˜̃DA, 383

˜̃DB ... 384

Step 2: Give judgment information of different observers on the ill person. In the 385

majority situation, the judgment information is basically similar to ”fever will surely be 386

very high”, ”cough will high probability be severe”, etc. And a different set of 387

symptoms is likely to be selected by different observers. The concept of Z-numbers soft 388

set presented in this paper has significant potential in the describing of the uncertainty 389

of the human knowledge because it consists of restraint and reliability of the measured 390

value in details. 391

Hence, here we assumed that the observers provide their judgment information on 392

the alternatives with regard to attributes by Z-numbers soft sets. Thus, the 393

observersOk(k = 1, 2, · · · , l) provides their judgments information for attributes 394

ej(j = 1, 2, · · · , n), which can be expressed by Z-numbers soft sets ˜̃POk
(ej). 395
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Fig 1. Decision framework based on ZnSS.

Step 3:Calculate the union operations on all Z-numbers soft sets ˜̃POk
(ej) of different 396

observers, which is denoted by ˜̃HC = ∪ ˜̃POk
(ej) , k = 1, 2, · · · , l and j = 1, 2, · · · , n. 397

Then by the repeated use of ˜̃PO1
∪
(

˜̃PO2
∪ ˜̃PO3

)
=
(

˜̃PO1
∪ ˜̃PO2

)
∪ ˜̃PO3

and 398

˜̃PO1
∪ ˜̃PO2

=

 (x, µO1
(x), rO1

(x)) , if O1 ∪O2 = O1

(x, µO2
(x), rO2

(x)) , if O1 ∪O2 = O2

(x, µO1(x) ◦ µO2(x), rO1(x) ◦ rO2(x)) , if O1 ∪O2 6= O1 6= O2

399

The final result is that we can get the adjusted Z-numbers soft set ˜̃HC on the visible 400

symptoms of the ill person by integrated observation and judgment from the 401

observersOk(k = 1, 2, · · · , l). 402

Step 4: Calculate and obtain the similarity between the adjusted Z-numbers soft set 403

˜̃HC and the model Z-numbers soft sets for different diseases denoted by ˜̃DA, ˜̃DB ...Here, 404

it need to apply the method of similarity measure on different ZnSS. The similarity 405

between the adjusted Z-numbers soft set ˜̃HC and the model Z-numbers soft sets for 406

different diseases are denoted by S
(

˜̃HC ,
˜̃DA

)
, S
(

˜̃HC ,
˜̃DB

)
... 407

Step 5: Rank the similarity S
(

˜̃HC ,
˜̃DA

)
, S
(

˜̃HC ,
˜̃DB

)
...from big to small. Identify 408

the most likely disease. Choose the biggest score of similarities, the corresponding 409

disease is the most likely disease. 410

5.Case Study 411

In this paper there is only a simple example only with two diseases under consideration 412

(influenza and COVID-19) to show the possibility of using this approach-based 413

Z-numbers soft set, not a medical diagnosis in a real-world scenario, which is similar to 414
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the existing studies [32, 41]. But the method can be generalized in practice. On the one 415

hand, there are not only two choices in reality to estimate for preliminary diagnosis of 416

disease which could be improved by clinical results. In that case, the ranking results of 417

the evaluation can help patients make the choice of registration ranking. On the other 418

hand, the work in this paper can also help develop a platform for primary diagnosis. 419

Illustrative example 420

In the following example, we will try to estimate the biggest possibility that an ill 421

person with some fuzzy symptoms is suffering from some kind of disease in medical 422

diagnosis. For example, an ill person has some symptoms in the outbreak of COVID-19. 423

It is quite essential to preliminary estimate by some observers or some online diagnose 424

that the disease is more likely to be a influenza or a COVID-19 for shortage of offline 425

outpatient service. In this paper the prim symptoms under consideration include fever 426

(e1), cough with chest congestion (e2), runny nose (e3), body ache (e4), headache (e5), 427

breathing trouble (e6), diarrhea (e7), sore throat (e8). To be sure the observers often 428

provide the symptom information roughly the same as “fever will surely be very high”. 429

Hence, the judgment of the observers on the symptoms can be express by different 430

Z-numbers soft set, in which we use converted [0, 1] value of degree that alternative xi 431

have parameter ej and the degree of reliability. We let the universal set only contain 432

two elements “yes” and “no”, i.e., U = {y, n}, and E = {e1, e2, e3, e4, e5, e6, e7, e8}. 433

In this example it is given that the model Z-numbers soft sets for a influenza ˜̃FA in 434

Table 5 and a COVID-19 ˜̃GB in Table 6. Now there are three related observers provide 435

the symptom information, which can be constructed by Z-numbers soft sets ˜̃PO1 in 436

Table 7, ˜̃PO2
in Table 8, and ˜̃PO3

in Table 9. 437

Table 5. A ZnSS Model for influenza ˜̃FA.
˜̃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)

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)

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)

Calculation Process 438

Step 1: Construct and input the model Z-numbers soft sets ˜̃FA and ˜̃GB for a influenza 439

and a COVID-19 in Table 5 and 6. 440
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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)

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)

Step 2: Obtain the symptom information from the 3 observers ˜̃O1, ˜̃O2 and ˜̃O3, then 441

construct and input the corresponding Z-numbers soft sets ˜̃PO1 in Table 7, ˜̃PO2 in 442

Table 8, and ˜̃PO3 in Table 9. 443

Step 3: Calculate the union operations on all Z-numbers soft sets, 444

˜̃H∪C = ˜̃PO1 ∪
˜̃PO2 ∪

˜̃PO3 . Now we get he adjusted Z-numbers soft set on the visible 445

symptoms of the ill person by the integrated observation and judgment from the 446

observers, seen as Table 10. 447

Table 10. ZnSS ˜̃HC for union operations for ˜̃H∪C = ˜̃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)

Step 4: Calculate the similarity between the adjusted Z-numbers soft set ˜̃HC and the 448

model Z-numbers soft sets for different diseases the model Z-numbers soft sets ˜̃FA and 449

˜̃GB for a influenza and a COVID-19 in Table 5and Table 6. 450

(1)S
(

˜̃HC ,
˜̃FA

)
= max

{
Mj

(
˜̃HC ,

˜̃FA

)}
= max {Mj (µC (xi) , µA (xi))×Mj (γC (xi) , γA (xi))}

451

where M1

(
˜̃HC ,

˜̃FA

)
= 0.709,M2

(
˜̃HC ,

˜̃FA

)
= 0.629, M3

(
˜̃HC ,

˜̃FA

)
= 0.710, 452

M4

(
˜̃HC ,

˜̃FA

)
= 0.634, M5

(
˜̃HC ,

˜̃FA

)
= 0.640, M6

(
˜̃HC ,

˜̃FA

)
= 0.712, 453

M7

(
˜̃HC ,

˜̃FA

)
= 0.765, M8

(
˜̃HC ,

˜̃FA

)
= 0.899, 454

(2)S
(

˜̃HC ,
˜̃GB

)
= max

{
Mj

(
˜̃HC ,

˜̃GB

)}
= max {Mj (µC (xi) , µB (xi))×Mj (γC (xi) , γB (xi))}

455

where M1

(
˜̃HC ,

˜̃GB

)
= 0.753,M2

(
˜̃HC ,

˜̃GB

)
= 0.803, M3

(
˜̃HC ,

˜̃GB

)
= 0.402, 456

M4

(
˜̃HC ,

˜̃GB

)
= 0.722, M5

(
˜̃HC ,

˜̃GB

)
= 0.571, M6

(
˜̃HC ,

˜̃GB

)
= 0.684, 457

M7

(
˜̃HC ,

˜̃GB

)
= 0.765, M8

(
˜̃HC ,

˜̃GB

)
= 0.760, 458

Hence, S
(

˜̃HC ,
˜̃FA

)
= 0.899, S

(
˜̃HC ,

˜̃GB

)
= 0.803 459

Step 5: Identify the most likely disease. 460

In this example, S
(

˜̃HC ,
˜̃FA

)
is bigger, so the ill person is most likely getting a 461

influenza. 462
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Result Discussion and Comparisons 463

Handing uncertainty in medical diagnose is an open issue. In this subsection, we 464

compare the proposed group medical decision-making model with other existing 465

decision-making approaches. 466

In the existed approaches, theory of fuzzy soft sets is applied in the field of medical 467

decision making at the earliest. As practical applications, the intuitionistic fuzzy soft 468

sets have been successfully applied into medical system [32], and group decision making 469

method using intuitionistic fuzzy soft sets is of great significance in aiding medical 470

diagnosis [41]. Although the traditional uncertainty mathematical theories have 471

developed greatly and achievements have been widely applied in medical diagnosis fields. 472

There is a challenge is how to measure reliability of the information and how to handle 473

the uncertainty effectively to achieve more accurate decision-making. Diagnosing 474

diseases by uncertainty symptoms is not simple task at all. Hence, an approach based 475

on Z-numbers soft set is proposed in this paper. Our proposed method uses the similar 476

example and datasets, which have been analyzed by four existing approaches in [32]. In 477

the method proposed in [32], the difference is measured between diagnoses of each 478

expert and medical knowledgebase using Hamming and Euclidean distance for a patient. 479

The smaller the difference obtained, the more appropriate the diagnosis appears. In 480

[32] researchers also utilized a confident weight assigning mechanism. The larger the 481

weight of the disease is assigned, the more likely the patient suffers from this kind of 482

disease. The ranking results of these approaches are exhibited in Table 11. The disease 483

the patient most likely suffers from is influenza with the method proposed in [41], which 484

is also exhibited in Table 11.The proposed method is also compared with other existing 485

methods: Saeed et al. [68], Riaz et al. [69] and Zulqarnain, R. M., et al. [70]. The 486

comparison results are listed in Table 5.7. 487

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 [41] Influenza µ3 > µ5 > µ1 > µ2 = µ4

Saeed et al. [68] Influenza µ3 > µ2 > µ5 > µ1 > µ4

Riaz et al. [69] Influenza µ3 > µ2 > µ1 > µ5 > µ4

Zulqarnain, R. M., et al. [70] Influenza µ3 > µ2 > µ1 > µ4 > µ5

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

We can find that the disease the patient most likely suffers from is Influenza with 488

our proposed method, which is same as described in the previous five approaches. If we 489

use our method to rank, the ranking of the alternatives in proposed method is almost 490

similar as obtained by the fourth approach, which indicates that the new method works 491

well. However, there are some differences existed in the results between the proposed 492

method and other five methods. The reason why the proposed method is desirable is 493

ascribed to its own uniqueness. The proposed method is Znss-based similarity measures. 494

Z-numbers are composed of two parts: one part denotes a restriction on values that can 495

be assumed, and another part is the reliability of the information. The properties are 496

different and the result is reasonably inconsistent. In fact, because medical diagnosis 497

involves significant fuzzy concepts and uncertainties, the reliability of information is 498

very important. If only the first component is considered while the second component is 499

ignored, then the reliability of information may be limited, which can lead to an 500

incorrect result. In addition, the existing approaches that are compared in the paper all 501

June 23, 2022 15/21

cemizhy
高亮
aking into account the first review expert's suggestion to compare with the last 2-3 years of methods, we have added 3 new references ([68-70])

cemizhy
高亮



pay attention to the weight parameter. While they only take single subjective of 502

objective factor into consideration. The new method considers both to get the t 503

parameter. More useful information is considered in the new method. The ranking 504

result may change with different approaches, but the method proposed in this paper 505

considers more evaluation information. 506

Conclusion 507

The notion of the Z-numbers soft set is proposed in this paper in order to handle 508

medical diagnose problem, in which the uncertainty of events from both the macro-angle 509

and the micro-angle could be presented. For given objects with certain attributes, the 510

soft set theory can be used to describe the uncertainty that not all the objects satisfy all 511

attributes, while the application of Z-numbers can show detail cognitive information of 512

one object satisfying the attribute. Z-numbers soft set is a combination of Z-numbers 513

theory and soft set theory. The subset, equal, intersection, union and complement 514

operations are also defined on the Z-numbers soft set. The basic properties of the 515

Z-numbers soft sets are also presented. Similarity measure of two Z-numbers soft sets is 516

discussed, and an approach to medical diagnosis has been developed based on similarity 517

measure of Z-numbers soft sets. An illustrative example is showed. This new extension 518

not only provides an addition to existing theories for handling uncertainties especially in 519

handle the reliability of fuzziness of problem parameters. 520

The advantages of the proposed method are summarized below. 521

(1) The traditional uncertainty mathematical theories have developed greatly and 522

achievements have been widely applied in medical diagnosis. However, the traditional 523

uncertainty mathematical theories have their intrinsic difficulties, which are pointed by 524

Molodtsov [19]. Soft set theory proposed by Molodtsov has been regarded as an 525

effective mathematical tool to deal with uncertainty. The method presented in this 526

paper based fuzzy extensions of soft set theory are presented can express different 527

fuzziness of medical diagnose parameters effectively. 528

(2) Fuzzy numbers have been widely applied in decision making of medical diagnose. 529

However, we found that the reliability of uncertainty symptoms in medical diagnose 530

environments is also important. To solve this situation, Z-numbers are used to model 531

and describe the diagnoses of decision-makers on uncertainty symptoms. Z-numbers 532

combined with the constraint and reliability. 533

(3) When applying Z-numbers, we need an appropriate method for express different 534

fuzziness of medical diagnose parameters and handle the reliability effectively. To 535

address these problems, we combine the soft set and Z-numbers, we propose the notion 536

of the Z-numbers soft set and treat the Z-numbers soft set as a whole, rather than 537

converting the second component, to avoid the loss of symptoms information. 538

(4) Similarity measure have extensive application in the area of disease recognition. 539

Considering the reliability of the information involved in the process, a measure of 540

similarity between two ZnSS has been given in this paper to compare two Z-numbers 541

soft sets in consequence, which can solve the calculation on similarities to help the final 542

diagnose result. 543

(5) In the real the diagnoses of decision-making problems, the proposed method can 544

obtain reasonable and effective results, as demonstrated by comparing the obtained 545

results with those from the existing methods. This method can also be applied to other 546

multi-attribute decision-making problems. 547

The study in this paper is an interdisciplinary approach towards rapid and efficient 548

medical diagnosis. The approach based on Z-numbers soft set can measure reliability of 549

the information and handle the uncertainty effectively to achieve more accurate 550

decision-making. Although the proposed approach has been demonstrated to be 551
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effective through illustrative examples and in-depth discussion, there are still some 552

aspects and potential areas that can be improved in future studies. The difference in 553

importance between two components of a Z-number in Z-number soft set, namely the 554

assessment value and the reliability measure need to be studied further. In this paper, 555

determine the weight of the two components remains an unresolved issue, though the 556

importance of these two components should be different. Second, in the proposed 557

method for compare two Z-numbers soft set using similarity measure without 558

considering the association between parameters. Third, the feasibility and effectiveness 559

of the method are just verified by numerical examples rather than real professional 560

medical knowledge in this paper. Therefore, the future study directions will include the 561

parameterization reduction of Z-numbers soft sets. It is also desirable to further explore 562

the applications of using the Z-numbers soft sets approach to solve real world specific 563

problems in the process of decision making in medical diagnosis. 564
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