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1.1 Prologue Chronicle 

Ever since from human history three major problems faced is that of data-loss, 

cloudy/blurred data and confused data from perplexed chances of life-situations. Our 

forefather’s used stones, tally marks etc. for counting purpose. In a long course of time, it 

made them to think of more easier ways. Several works can be found along with time to 

handle this crisis namely, Classical Probability Theory (Gerolamo Cardano, 1501-1575) 

[68], Classical Set Theory (Georg Cantor, 1876-1894) [32], Fuzzy Set Theory (Lotfi 

Aliasker Zadeh, 1965)[50], Rough Set Theory (Pawlak, 1982) [61], Intuitionistic Fuzzy 

Set Theory (Krassimir. T.Attanassov, 1986) [48], Multiset Theory (Wayne.D.Blizard, 

1991) [87], Vague Set Theory (Gau & Buehrer, 1993) [31], Theory of Interval 

Mathematics (Raymon. E.Moore, 1996) [72], Neutrosophic Set Theory (Florentin 

Smarandache, 1998)[28, 107], Soft Set Theory (D.Molodtsov, 1999) [53], Plithogenic 

Set Theory (Florentin Smarandache, 2016) [29, 102]. 

Probability theory may count as a pioneer work in ancient era. Later Crisp Set Theory 

stepped into the scence. It was a famous work of the Russian mathematician Georg Cantor 

[32]. Logic of fuzzy put forth more place for representative value instead of 0 and 1 of set 

logic. It generalized fixed boundries of crisp sets to reality and takes any value from [0,1]. 

Person behind this remarkable achievement, Lotfi Aliasker Zadeh[50], died on 6th 

september 2017. Elements with partial membership can’t record inside a set. Upto a level, 

this issue got settled through fuzzy set theory. 

Pawlak [61] pointed out soft sets and spoke on why it is the need of the hour in a 

concrete way during a workshop in 1993. This influenced Molodtsov [53] who was an 

attendee of it and he put a goal in mind to develop the idea presented by Pawalak. He 

succeeded in it and came out with feathers by gifting a parameter set to the axiom kit of 

set logic. It has loosened all the existing rigid structure of classical sets. Neutrosophic set 

also evolved around this time with an additional aid of cloudiness representor. Hybrid 

structures like fuzzy soft [13], soft fuzzy [13], vague soft [89] etc. developed later to make 

things more easier. All of them are found rich with parameterization tools. 

Set theoretical ideas lying in the primary zone of this thesis are - vague, 
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neutrosophic and soft. This dissertation presents three hybrid forms vague binary 

soft, pythagorean vague binary soft, and neutrosophic vague binary by insisting 

a binary universe to break the conventional way of single universe structure. An additional 

point used is the pythagorean concept of vague set. Neutrosophic Vague 

is a combined form of neutrosophic and vague. Binary universe concept has been applied 

towards this set to draw out its binary effect.    

       Being a backbone to    this work, idea of vague deserves some more attention. Point 

to be noted is that Intuitionistic Fuzzy Set(in short, IFS)[48] is totally different  

from vague even it seems to be same. Difference is in its defining criteria of falsehood. 

In IFS falsehood is got by subtracting truth value from 1. But the argument of 

vague is that this deducted value will be a combination of false membership value 

& indeterminacy/ hesitancy membership value. This idea is important since these 

two values have their own place in research areas.  

       Neutrosophic Vague Binary Set has been framed via  newly developed Vague Binary 

Set. Four different algebras namely, BCK/BCI [95], BZMVdM [14], K[24], 

G[73] -to Neutrosophic Vague Binary Set with its properties, notions and examples 

are also provided. 

1.1 Historical Sketch 

This section is divided into four subsections each of them will be a pointer to historical 

paths. 

Various Pure Uncertain Set’s 

   This section deals with various pure uncertain sets without any collaboration 

in its structure which found as base for chapter’s 2 and 4. its operations, topology 

and related concepts are also provided.  

  In 1993, Gau and Buehrer [31]introduced false membership function for an 

element in a set and developed vague set. Truth membership value of an element 

gives  the   lower  bound  of  an  element’s   membership  value.  False   membership   value 
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Remark 1.3.32. [101] 

In 2018 Smarandache generalized the Soft Set to the Hyper Soft set by transforming 

the classical uni-argument function F into multi-argument function. 

Definition 1.3.33. [29, 102] (Plithogenic Set) 

A plithogenic set P is a set whose elements are characterized by one or more at- 

tributes, and each attribute may have many values. Each attribute value v has a cor- 

responding degree of appurtenance d(x, v) of the element x to the set P, with respect to some 

given criteria. In order to get a better accuracy for the plithogenic aggregation operators, 

a contradiction (dissimilarity) degree is defined between each attribute value and the 

dominant (most important) attribute value. The plithogenic aggregation operators 

(intersection, union, complement, inclusion, equality) are based on contradiction degrees 

between attribute values and the first two are linear combinations of the fuzzy operator t-

norm and t-conorm Plithogenic Set was introduced by Smarandache in 2017 and it is a 

generalization of the crisp set, fuzzy set, neutrosophic set, since these types of sets are 

characterized by a single attribute value (appurtenance): which has one value 

membership for the crisp set and fuzzy set, two values (membership and nonmembership) 

for intuitionistic fuzzy set, or three values (membership, nonmembership and 

indeterminacy) for neutrosophic set. 

 Definition 1.3.34. [103, 104, 105, 106]: (Neutro-Algebra and Anti-algebra) 

 In 2019 and 2020 Smarandache generalized the classical algebraic structures to Neutro 

  Algebraic Structures (or Neutro Algebras) whose operations and axioms are partially true, 

 partially indeterminate, and partially false as extensions of Partial Algebra and to Anti   

 Algebraic Structures (or Anti Algebras) whose operations and axioms are totally false. And 

general he extended any classical structure, in no matter what field of knowledge, to a neutro 

structure and Anti Structure 
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Chapter 2 
 

Vague Binary Soft Set 

 
One of the integral parts in the configuration of Molodtsov’s [53] soft set                    

theory is single universe. In literature meaning, word Binary indicates Two. Ahu Acikgo˙z 

[02] extended single universe concept of soft set theory to double/binary universe notion 

and kept the name as Binary Soft Set theory. Wei Xu, Jian Ma [89] have done vague 

extension of soft sets and named it as vague soft set theory. New set developed in this 

chapter is a combination of the above two  theories. 

 

Chapter Scheme: 

 

Section 2.1 : Vague Binary Soft Sets & its operations  

Section 2.2 : Algebraic Properties of Vague Binary Soft Sets 

Section 2.3 : Vague Binary Soft Topology 

Section 2.4 : Vague Binary Soft Continuity 

 

2.1 Vague Binary Soft Set and Its Operations 

Vague Binary Soft Set (In Short, VBSS) is the newly framed set presented in this               

section by combining vague soft and binary soft concepts. In this section, its                        

operations have also been constructed 

Definition 2.1.1. (Vague Binary Soft Set) 

 

Let (U1, U2) be a binary universe with U1 = {u1, u2, −−, ur, −−, ui} , 

U2 = {v1, v2, −−, vs, −−, vj }.  E = {e1, e2, −−, et, −−, ek} be a fixed parameter set 

where A = {e1, e2, −−, ep, −−, em} with A ⊆ E. Let V (U1), V (U2) denote power set 
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Abstract:  Nowadays, human society is using artificial intelligence in a large manner so as to 

upgrade the present existing applicational criteria’s and tools. Logic is the underlying principle to 

these works. Algebra is inevitably inter-connected with logic. Hence its achievements to the 

scientific research outputs have to be addressed. For these reasons, nowadays, research on various 

algebraic structures are going on wide. Crisp set has also got developed in a parallel way in the 

forms as fuzzy, intuitionistic fuzzy, rough, vague, neutrosophic, plithogenic etc. Sets with one or 

more algebraic operations will form different new algebraic structures for giving assistance to these 

logics, which in turn acts to as, a support to artificial intelligence. BCH/BCI/BCK- are some algebras 

developed in the first phase of algebraic development output. After that, so many outputs got 

flashed out, individually and in combinations in no time. Q- algebra and QS –algebra are some of 

these and could be showed as such kind of productions. G- algebra is considered as an extension to 

QS – algebra. In this paper neutrosophic vague binary G – subalgebra of G – algebra is generated 

with example. Notions like, 0 – commutative G - subalgebra, minimal element, normal subset etc. 

are investigated. Conditions to define derivation and regular derivation for this novel concept are 

clearly presented with example. Constant of G – algebra can’t be treated as the identity element, 

generally. In this paper, it is well explained with example. Cosets for neutrosophic vague binary                    

G – subalgebra of G - algebra is developed with proper explanation. Homomorphism for this new 

concept has been also got commented. Its kernel, monomorphism and isomorphism are also have 

discussed with proper attention.  

Keywords: neutrosophic vague binary G - subalgebra, neutrosophic vague binary G - normal set, 

neutrosophic vague binary G – normal subalgebra, neutrosophic vague binary G G - part, 

neutrosophic vague binary G - p radical , neutrosophic vague binary G - p semisimple, neutrosophic 

vague binary G - minimal element, 0- commutative neutrosophic vague binary G – subalgebra, 

neutrosophic vague binary G – Derivation, neutrosophic vague binary G – Regular Derivation, 

neutrosophic vague binary G - Coset, Kernel of neutrosophic vague binary G – Homomorphism.  

Notations: NVBS – neutrosophic vague binary set, NVBSS – neutrosophic vague binary subset.                  

In this paper NVB is used to indicate neutrosophic vague binary and NV is used to indicate 

neutrosophic vague and N is used to indicate neutrosophic.  

1.Introduction 

      Without mathematics mobility in human-life even became an unthinkable process. But when 

get into the mathematical world, one faces with, versatile facets of maths, which again get take 

diversions. The thing is that, dry subject is less get commented on or even less get touched with! 
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Abstract: Ineradicable hindrances of the existing mathematical models widespread from 

probabilities to soft sets. These difficulties made up way for the opening of “neutrosophic set 

model’. Set theory of ‘vague’ values is an already established branch of mathematics. Complex 

situations which arose in problem solving, demanded more accurate models. As a result, 

‘neutrosophic vague’ came into screen. At present, research works in this area are very few. But it 

is on the way of its moves. Algebra and topology are well connected, as algebra and geometry.                 

So, anything related to geometric topology is equally important in algebraic topology too. Separate 

growth of algebra and topology will slow down the development of each branch. And in one sense 

it is imperfect! In this paper a new algebraic structure, BCK/BCI is developed for ‘neutrosophic’ and 

to ‘neutrosophic vague’ concept with ‘single’ and ‘double’ universe. It’s sub-algebra, different kinds 

of ideals and cuts are developed in this paper with suitable examples where necessary. Several 

theorems connected to this are also got verified.                                                                          

Keywords: Vague H - ideal, neutrosophic vague binary BCK/BCI - algebra, neutrosophic vague binary 

BCK/BCI – subalgebra, neutrosophic vague binary BCK/BCI - ideal, neutrosophic vague binary BCK/BCI  

p- ideal, neutrosophic vague binary BCK/BCI  q - ideal, neutrosophic vague binary BCK/BCI  a-ideal, 

neutrosophic vague binary BCK/BCI  H - ideal, neutrosophic vague binary BCK/BCI - cut                                                         

  

Notations: NVBS : neutrosophic vague binary set, NVBSS : neutrosophic vague binary subset, NVBI : 

neutrosophic vague binary ideal, N BCK/BCI - algebra : neutrosophic BCK/BCI-algebra, NV BCK/BCI - 

algebra : neutrosophic vague BCK/BCI-algebra, NVB BCK/BCI - algebra : neutrosophic vague binary 

BCK/BCI - algebra, N BCK/BCI - subalgebra : neutrosophic BCK/BCI -  subalgebra, NV BCK/BCI - subalgebra 

: neutrosophic vague BCK/BCI - subalgebra, NVB BCK/BCI – subalgebra : neutrosophic vague binary 

BCK/BCI - subalgebra, N BCK/BCI - ideal : neutrosophic BCK/BCI –ideal, NV BCK/BCI - ideal : neutrosophic 

vague BCK/BCI - ideal , NVB BCK/BCI- ideal : neutrosophic vague binary BCK/BCI - ideal, NVB BCK/BCI              

p-ideal : neutrosophic vague binary BCK/BCI p-ideal, NVB BCK/BCI  q - ideal : neutrosophic vague 

binary BCK/BCI  q - ideal, NVB BCK/BCI  a - ideal : neutrosophic vague binary BCK/BCI  a - ideal, NVB 

BCK/BCI  H - ideal : neutrosophic vague binary BCK/BCI  H - ideal 

 

1. Introduction 

    Before 1990’s, mathematicians and researchers made use of different mathematical models 

for problem solving viz. , Probability theory, Hard set theory, Fuzzy set theory, Rough set theory, 

mailto:e-mail@e-mail.com
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Abstract: Vague sets and neutrosophic sets play an inevitable role in the developing scenario of 

mathematical world. In this modern era of artificial intelligence most of the real life situations are 

found to be immersed with unclear data. Even the newly developed concepts are found to fail with 

such problems. So new sets like Plithogenic and new combinations like neutrosophic vague arose. 

Classical set theory dealt with single universe and can be studied by taking it’s subsets. Situations 

demand two universes instead of a unique one in certain problems. In this paper two universes are 

introduced simultaneously and under consideration in a neutrosophic vague environment. It’s basic 

operations, topology and continuity are also discussed with examples. A real life example is also 

discussed.  

Keywords: binary set, fuzzy binary set, vague binary set, neutrosophic vague binary sets, 

neutrosophic vague binary topology, neutrosophic vague binary continuity 

 

 

1. Introduction 

Functions are tightly packed but relations are not. They are more general than functions. Decimal 

system deals with ten digits while binary with two - only with 0 and 1. For detecting electrical signal’s 

on or off state binary system can be used more effectively. It is the prime reason of selecting binary 

language in computers. Binary operations in algebra will give another idea! After a binary operation, 

‘operands’ produce an element which is also a member of the parent set - means ‘domain and co-

domain’ are in the same set. But binary relations are quite different from the ideas mentioned above. 

They are subsets of the cartesian product of the sets under consideration, taken in a special way. It is 

clear that binary stands for two. In point-set topology information from elements of topology will 

give information about subsets of the universal set under consideration. But real life can’t be confined 

into a single universal set. It may be two or more than two.  Being an extension of classical sets 

[George Cantor, 1874-1897] [27], fuzzy sets (FS’s) [Zadeh, 1965] [29] can deal with partial 

membership. In intuitionistic fuzzy sets (IFS’s) [Attanassov, 1986] [12] two membership grades are 

there - truth and false. As an extension of fuzzy sets Gau and Buehrer [9] introduced vague sets in 

1993. Neutro-sophy means knowledge of neutral thought. It is a new branch of philosophy 

introduced by Florentin Smarandache [6] in 1995 - by giving an additional component - 

indeterminacy. Movement of paradoxism was set up by him in early 1980’s. New concept dealt with 

the principle of using non-artistic elements to set artistic. Within no time so many hybrid structures 

developed by using the merits of the newly developed theory. In 2014, Alblowmi. S. A and Mohmed 

Eisa [1] gave some new concepts of neutrosophic sets. In 1996, Dontchev [5] developed Contra-

continous functions and strongly s-closed spaces. In 2014, Salama A.A, Florentin Smarandache and 

Valeri Kromov [25] developed neutrosophic closed set and neutrosophic continous functions. 

mailto:e-mail@e-mail.com
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Abstract: The aim of this paper is to introduce the novel concept vague binary soft sets and to 

characterize some of its properties.                                                                                                    

Keywords: Vague binary set, vague binary soft set, vague binary soft equal set, vague binary 

soft complement, vague binary soft AND operation, vague binary soft OR operation                                                                                                                                        

Notations: 𝐹 (e) represents the e-approximate element under the mapping 𝐹 . Usual set theoretical 

operations with double dot on top will be used for vague binary soft set operations. Vague binary 

soft set is denoted by VBSS. Collection of all vague binary soft sets over the common universe 

𝑈1, 𝑈2 under fixed parameter set A is denoted by VBSS 𝑈1 , 𝑈2 𝐴                                                                                                              

1. Introduction                                                                                                                                                            

              In most of the real life situations, humanity is bound to face with loss of data, unclear 

data, game of chance etc. To overcome such situations, classical probability theory (Gerolamo 

Cardano, 1501-1575)[5], fuzzy set theory (Zadeh, 1965)[2,5], rough set theory (Pawlak, 

1982)[2,5], intuitionistic fuzzy set theory (Attanassov, 1986)[2,5],vague set theory (Gaue & 

Buehrer, 1993)[5], theory of interval mathematics (Moore, 1996)[5], neutrosophic set theory 

(Smarandache, 2005)[2] etc have played an important role. Inspired from „Pawlak‟s work done 

in 1993‟, Molodtsov introduced soft sets in 1999. It has loosened all the existing rigid structure 

of classical sets by providing plenty of parameterization tools. Hybrid structures like fuzzy soft 

[3], soft fuzzy [3], neutrosophic soft [2], vague soft [2,4] etc developed later to make things more 

easier. All of them found rich with parameterization tools.                                                                                           

             Later in 2016, Ahu Acikg𝑜 z [1] introduced binary soft sets with its operations and 

concluded that soft set can be given on n-dimension initial universal sets with a parameter set 

like F: A ⟶ 𝑃(𝑈𝑖)
𝑛
𝑖=1 , where 𝑈𝑖are initial universal sets for 1⩽i⩽n and A is the parameter set. 

Vague binary sets and Vague binary soft sets with two initial universal sets are introduced. Some 

of the basic operations for vague binary soft sets like union, intersection, complement, AND 

operation, OR operation, Cartesian product are introduced in this paper. Terms like null vague 

binary soft set, absolute vague binary soft set are also introduced.                                                                                                                                      

2.Preliminaries                                                                                                                               

Definition 2.1:[2,5]                                                                                                                                           

A vague set A in the universe of discourse U={𝑢1, 𝑢2, …….,𝑢𝑛} is characterized by two 

membership functions given by                                                                                                                                  

(1) a truth membership function 𝑡𝐴: U ⟶ [0,1]                                                                                                          

(2) a false membership function 𝑓𝐴: U⟶ [0,1] where 𝑡𝐴(𝑢𝑖) is a lower bound of the grade of 

membership of 𝑢𝑖derived from the “ evidence for 𝑢𝑖” and 𝑓𝐴(𝑢𝑖) is a lower bound on the negation 
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Abstract – Vague binary soft topological spaces over two initial universal sets with a 
fixed parameter set is developed in this paper. Notions like interior, closure, exterior, 
boundary, neighborhood, separation axioms are also discussed with some of its 
properties 
Keywords – Vague binary soft topology, vague binary soft interior, vague binary soft 
exterior, vague binary soft boundary, vague binary soft neighborhood, vague binary soft 
separation axioms 

AMS 2010 Mathematics subject classification: 54A05, 54D10, 03E72, 03B52 
Notations: VBSS, VBSSS, VBST, VBSTS, VBSOS,VBSOSS, VBSCS,VBSCSS, VBSP, 
VBSS (U�, U�)� denotes vague binary soft set, vague binary soft subset, vague binary 
soft topology, vague binary soft topological space, vague binary soft open set,vague 
binary soft open subset, vague binary soft closed set,vague binary soft closed subset, 
vague binary soft point, set of all vague binary soft sets over U1, U2 under a fixed 
parameter set A respectively in this paper 

 

1. INTRODUCTION 

    Modern topology got a strong base on Georg Cantor’s [12] classical set theory 
developed in the 19th century. Numerous theories like fuzzy set theory [14] [Zadeh, 
1965], Rough set theory [9] [Pawlak, 1982], Intuitionist fuzzy set theory [7] 
[Attanassov,1986], Vague set theory[6] [Gau and Buehrer, 1993],Theory of interval 
mathematics[10][Moore, 1995], Neutrosophic set theory[4] [Smarandache, 2005] 
developed. Molostsov [8] introduced Soft set theory in 1999. It is rich with its 
parameterization tools and found more effective and useful in comparison with other 
branches. 
      Ahu Acikg�̈z and Nihal Tas [1] introduced the concept of binary soft set theory in 
2016, with two initial universal sets and a fixed parameter set and studied some of its 
properties. It widened the growth of Soft set theory to a new direction. Concept of binary 
soft topology and related basics are a continuation work done by Benchalli et al. [11]. 
They also introduced separation axioms [2] for binary soft sets. In 2014, Chang Wang and 
Yaya Li [13] introduced topological structure of vague soft sets. In 2010 Wei Xu et.al., 
[13] developed vague soft sets and used it in decision making problems. In 2014, Chang 
Wang and Yaya Li [3] introduced topological structure of vague soft sets.  Francina 
Shalini. A and Remya. P. B [5] developed a hybrid structure, vague binary soft sets in 
2018 and studied some of its properties. This paper aims its continuation work vague 
binary soft topological spaces and some of its basic notions. Vague binary soft separation 
axioms are also developed and some of its basic properties are verified. 

 
2. PRELIMINARIES 
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Abstract—Classical set theory has gone a long way in its developmental scenario. Among this soft set theory provides a 
strong tool to measure uncertainty due to its abundance in parameter set. Vague sets play equal importance when 
handling with uncertainty. In this paper various distance measures are discussed using a hybrid structure vague binary 
softsets. 
Keywords—Vague Binary Soft Sets, Hamming distance of vague binary soft sets, Normalized hamming distance of vague 
binary soft sets, Euclidean distance of vague binary soft sets, Normalized Euclidean distance of vague binary soft sets 
 
Notations:VSS(U), vss, vbss denotes set of all vague soft sets over U , vague soft set, vague binary soft set respectively in 
this paper 
AMS Classification Code— 97E60, 03EXX, 03B52, 51Kxx 

 

1. INTRODUCTION 

George Cantor’s classical set theory was inadequate in certain real life situationswhich made 

‘researchers and mathematicians’ to think for some other tools. As a resultresearches in ‘set 

theory’ burst out in different ways and outlooks. Fuzzy set theory(1965, L.A.Zadeh)[5], 

Rough Set theory(1982, Pawlak),Intuitionistic Fuzzy Set theory(1986,Attanassov), Vague set 

theory (1993, Gau & Buehrer)[5, 7], Neutrosophic Set Thery (1995, Smarandache)[5], 

Interval Mathematics(1996, Moore)[5], Soft set theory(1999, Molodtsov) [5]are some of 

them. These theories have their own difficulties and negatives when dealing with certain 

situations. To solve this difficulty ‘hybrid structures’of these theories are developed. They 

handled uncertainties in a more flexible way than the original single set. ‘Vague soft set’is 

such a hybrid structure developed by Xu et al.,[4]in 2010. These hybrid structures extract the 

beneficial properties of their parent sets, which gave researchers & mathematicians ‘strong 

tools’ than the existing ones. Potential of soft sets are high due to their abundancy in 

parameter set. Vague set provides an interval instead of a single value. Binary soft set theory 

was introduced by Ahu Acikg𝑜̈z and Nihal Tas[1, 5] in 2016. It deals with two universes 

instead of a unique one. Later Dr. Francina Shalini.A and Remya.P.B [5] developed vague 

INFOKARA RESEARCH

Volume 8 Issue 8 2019 472

ISSN NO: 1021-9056

http://infokara.com/



International Journal of Research in Advent Technology, Vol.7, No.4, April 2019 
E-ISSN: 2321-9637 

Available online at www.ijrat.org 
 

254 
 

Measures of Similarity between                                           
Vague Binary Soft Sets 

Remya. P. B1 , Dr.Francina Shalini. A2 
Ph.D Research Scholar1 ,  Assistant Professor2  

Department of Mathematics, Nirmala College for Women, Coimbatore, Tamil Nadu                                                                                    
krish3thulasi@gmail.com1, francshalu@gmail.com2 

 
Abstract -Vague sets are one of the extensions of fuzzy sets. Vague binary soft set is one hybrid structure 
developed for dealing complicated situations with uncertainties with two universes. Similarity measures have a 
major role in application field of set theory. In this paper a similarity measure and weighted similarity measure is 
developed for measuring the degree of similarity between vague binary soft sets. 
 
Keywords - vague binary soft set ; similarity measure ; weighted similarity measure  
Notations – In this paper, VBSS denotes vague binary soft set. M((F� , E), (G� , E)), W((F� , E), (G� , E)) is used to 
denote similarity measures and weighted similarity measures of vague binary soft sets.    
 
1. INTRODUCTION    
       Georg Cantor’s classical set theory was 
inadequate to handle with several real life situations 
due to it’s hard nature. So it need some reformations 
in time as a result so many other theories comes out 
viz., fuzzy set theory, intuitionistic fuzzy set theory, 
rough set theory, interval mathematics, vague set 
theory, soft set theory, neutrosophic set theory etc. 
These theories have their own positives and negatives. 
To overcome the negatives and extracting the 
positives some new hybrid structures like fuzzy soft, 
soft fuzzy, intuitionistic fuzzy, rough neutrosophic, 
vague soft, neutrosophic soft etc arose. These theories 
are used in a great extent to practical problems 
consisting uncertainties and vagueness where hard set 
theory always found to fail. Also the researches 
involving them are moving forward in a rapid speed 
globally. This paper concentrates in a particular area 
called similarity measures of one hybrid structure 
vague binary soft sets, developed by Dr. Francina 
Shalini. A. and Remya.P. B [5] in 2018. Similarity 
measures can be used to measure how much two sets 
or patterns or images are alike. In other words they 
can tell ‘How much fuzzy ? ‘- a fuzzy set is ! or ‘ How 
much vague ?’-a vague set is! etc. Similarity measures 
based on set theoretical approach, distance and 
matching function which satisfying some axiomatic 
conditions are well known. Entropy and distance 
measures can also furnish the same role as                               
that of similarity measures. i.e., they are also                        
some kind of measurement tools used in the above 
mentioned  theories with uncertainties. So these three 
together can work remarkably and can produce several 
useful theorems and formulae in this area. Similarity  
measures and distances are duals since large distance 
show low degree of similarity and vice versa. So 
distance measures could be used to define similarity 
measures. Problem under consideration decides                    
which kind of similarity measure to be chosen.                           
Wide applications of this topic in pattern recognition, 

decision making medical diagnosis, signal detection, 
security verification systems etc attracted the attention 
of researchers, in a commenting manner to this area, 
nowadays. 
         Molodtsov [5] introduced soft set theory in 1999 
to remove all the existing difficulties of traditional set 
theory. Free of restrictions in describing the parameter 
set made soft set theory more convenient and user 
friendly. In 2010 Athar Kharal [1] introduced distance 
measures and similarity measures for soft sets. 
‘Majumdar’ and ‘Samanta’ introduced similarity 
measure for soft sets based on distances using soft 
matrices. They [9] also introduced in 2011 similarity 
measures for fuzzy soft sets based on three different 
measures set-theoretical approach, matching function 
and distance.  In 1995 Shyi-Ming Chen [12] proposed 
two similarity measures for measuring the degree of 
similarity between vague sets. In 2005, Jingli lu et 
al.,[7] presented a new similarity measure for vague 
sets. In 2006 , Faxin Zhao et al., [4] gave similarity 
measures for vague sets based on set theoretical 
method. Feng Sheng Xu [6] gave a new method on 
measures of similarity between vague sets in 2009. 
Qinrong Feng and Weinan Zheng [11] gave new 
similarity measures for fuzzy soft sets in 2013 based 
on different distance measures viz., normalized 
hamming distance, normalized Euclidean, normalized 
hausdorff, hamming-hausdorff, chebyshev etc. They 
also gave one application based on distances. In 2014 
Zhicai Liu et al., [14] introduced so many similarity 
measures for fuzzy soft sets and pointed out draw 
backs of some of them . In 2015 Wenyi Zeng, Yibin 
Zhao and Yundong Gu [13] proposed similarity 
measure for vague sets based on implication functions. 
Chang Wang and Anjing Qu [2] proposed axiomatic 
definition soft entropy, similarity measure and 
distance measure for vague soft sets in 2013. They 
also put forward some formulas to calculate them and 
some relative theorems. In 2014 Dan Hu, Zhiyong 
Hong and Yong Wang [3] proposed a new approach to 





International Journal of Humanities & Sciences 

IJHS 
Journal Home Page – www.ijhs.co.in # E-mail- editor@ijhs.co.in 

 

 

 

107 

 

Trigonometric Normalized Euclidean Similarity Measure for Vague Binary Soft Sets 

P. B. Remya and A. Francina Shalini 

Department of Mathematics, Nirmala College for Women (Autonomous), Coimbatore, Tamilnadu, India 
 

*[E-mail: krish3thulasi@gmail.com, francshalu@gmail.com]  

Cantor’s set theory got several extensions from nineteenth century to till now. In certain situations, by adding parameters, 

results could be got in a more clear-cut way. Soft set theory extends in that way. By adding vague concept to soft, researchers 

make use of the combined effect of these sets. Vague binary soft concept is the underlying idea in vague binary soft sets. It is 

a clear discussion with two universes. Similarity measures and distance measures are very useful in practical problems. 

Moreover, they are dual to each other. In this paper, similarity measures for vague binary soft sets by inserting trigonometric 

and normalized Euclidean ideas are developed 

     Keywords: Similarity Measure, Distance Measure, Cosine Normalized Euclidean Similarity Measure, Sine Normalized Euclidean 

   Similarity Measure, Cotangent Normalized Euclidean Similarity Measure 

 

 

Introduction 

 Strategies of fuzzy set theory allowed partial 

membership of elements to a set which helped to 

overcome the negativity of classical sets up to an 

extent. But uncertain nature of real-life situations 

demands more powerful tools to deal with certain 

crisis. In 1993, vague sets are introduced by Gau and 

Buehrer [7]. Vague sets allow non-memberships of 

elements which also became useful in the developing 

scenario of research world. In 1995, Shyi-Ming Chen 

[10] introduced some similarity measures between 

vague sets. Later Florentin Smarandache [3] 

introduced neutrosophic set in which uncertainties are 

allowed. In 2005, Jingli Lu, Xiaowei Yan, Dingrong 

Yuan and Zhangyan [8] gave a new similarity approach 

which serves practical purpose of vague sets. In 2010, 

Athar Kharal [1] introduced similarity measures for 

soft sets-i.e., the sets known for serving parameter 

datas. In 2013, Similarity measures for vague soft sets 

are introduced by Chang et al., [2]. In 2013, Quinrong 

Feng and Wenan Zheng [9] introduced new similarity 

measures of fuzzy soft sets based on distance measures. 

In 2014, Weibin Deng, Changlin Xu and Feng Hu [11] 

gave a novel distance measure between vague sets and 

its application in decision making. In 2018, Francina 

Shalini. A and Remya.P.B [4] developed  vague binary 

soft sets - a hybrid structure of 'vague and soft'- with 

two universes and discussed their various laws and 

other basic properties. In 2019, Francina Shalini. A and 

Remya. P. B [5] developed measures of similarity 

between vague binary soft sets. In 2019, Francina 

Shalini. A and Remya. P.B [6] extended it to 

trigonometric normalized hamming similarity measure 

between vague binary soft sets. Similarity measures are 

very useful to measure similarities between objects. 

Entropy and distance measures are also found to be 

useful to the same extent as similarity measures - while 

measuring uncertainties in day to day real life. 

Different kinds of distance measures viz., Hamming, 

Normalized Hamming, Euclidean, Normalized 

Euclidean are found to be useful in an effective way in 

day to day life. In this paper, one of the distance 

measure - 'Normalized Euclidean' is combined with 

trigonometric functions to measure ‘similarities’ 

between vague binary soft sets. 

2. Preliminaries                                                                                                   

Definition 2.1 : [4] (vague binary soft set)                                        

Let 𝑈1 = {𝑥1, 𝑥2, − − −, 𝑥𝑗}, 𝑈2 ={𝑦1, 𝑦2, − − −, 𝑦𝑘} 

be two initial universes which is common to a fixed set 

𝐴 ⊆ 𝐸 = {𝑒1, 𝑒2, −−, 𝑒𝑚} of parameters. Let 𝑉(𝑈1),
𝑉(𝑈2) denote the power set of vague sets on 𝑈1, 𝑈2 

respectively. A pair (𝐹̈, 𝐴) is said to be a vague binary 
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Abstract— Pythagorean vague binary soft sets are developed in this paper. Various distance measures are mentioned with example and 
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I. INTRODUCTION 

 

Inadequacy of George Cantor’s [4] Classical set theory made researchers to seek new tools to handle complex real life situations. 

Zadeh [4] succeeded in that and introduced fuzzy set theory in 1965, in which partial membership is allowed. Later in 1986, 

Attanassov [4] introduced classical intuitionistic fuzzy sets. IFS’s helped to handle the uncertainty or hesitation region of fuzzy sets. 

He also introduced intuitionistic fuzzy sets (IFS’s) of second type [3] in 1989 in which square sum of the membership grades is less 

than or equal to one. This sum takes greater than or equal to one in some real situations which demands some other tools to overcome 

this difficulty. Thus Pythagorean fuzzy sets [8, 9, 10, 14] arose which handled both these situations flexibly. Pythagorean aspects 

were firstly used in fuzzy set theory. Thus Pythagorean fuzzy sets are introduced in 2016 by Yager [10] to extend intuitionistic fuzzy 

sets. Later intuitionistic pythagorean fuzzy sets [10] are introduced. q-rung orthopair fuzzy set (q - ROFS with q ≥ 3) is developed 

by yager [13] in 2018. Comparing with pythagorean fuzzy set it seems to be more stronger when dealing with uncertainty problems. 

In some situations membership degrees take values inside an interval and not a precise one. Interval valued pythagorean fuzzy set 

introduced by X.Peng [9] handled these situations more reliably. Vague sets were proposed by Gau and Buehrer [1, 2, 4] as an 

extension of fuzzy set theory. Pythagorean vague sets are introduced by Nirmala Irudayam [11] and Vinnarasi in 2018. Duojie et 

al., [3] introduced possibility pythagorean fuzzy soft set and its application in 2019. Pythagorean fuzzy number is introduced by 

Zhang and Xu [11]. They also introduced comparison laws for Pythagorean fuzzy numbers. Weakness of the existing correlation 

coefficients in intuitionistic fuzzy set theory made Harish Garg [5] to develop a novel correlation coefficient in pythagorean fuzzy 

sets in 2016. Later Harish Garg [6] introduced hesitant pythagorean fuzzy set by combining the concepts pythagorean and hesitant 

fuzzy set in 2018. Vague binary soft sets were introduced by Dr.Francina Shalini.A [4] and Remya.P.B. in 2018. They discussed 

some of it’s properties. Pythagorean membership grade takes more space than intuitionistic membership grades. An intuitionistic 

membership grade is always Pythagorean but the converse need not be! Pythagorean vague membership grade is a point on a unit 

circle. This paper aims to develop Pythagorean nature of vague binary soft sets via Pythagorean vague sets and vague binary soft 

sets. Some distance measures are developed. Using that a decision making problem is also discussed. Besides it’s higher stage, q-

rung orthopair vague binary soft sets are also developed. 
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