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1. INTRODUCTION 

Neutrosophy is a branch of philosophy, which emphasizes the origin and nature of neutralites, along with their 

interaction with different conceptive domains. Fuzzy logic [1] extends classical logic by assigning a membership 

function ranging in degree between 0 and 1 to the variables. As a generalization of fuzzy logic, neutrosophic logic 

introduces a new component called indeterminacy and carries more information than fuzzy logic. The application of 

neutrosophic logic would lead to better performance than fuzzy logic. Neutrosophic logic is so new that its use in many 

fields merits exploration. The concept of Neutrosophic set was introduced by F. Smarandache [2,3,4,5,6]. It is a 

mathematical tool for handling problems involving imprecise, indeterminacy and inconsistent data. In neutrosophic logic 

a proposition has a degree of truth(T), a degree of indeterminacy(I) and a degree of falsity (F), where T, I, F are standard 

or non-standard subsets of ]
-
0, 1

+ 
[. But in real life application in scientific and Engineering problems it is difficult to use 

neutrosophic set with value from real standard or non-standard subset of ] -0, 1+ [. Hence I. Arockiarani et.al [7] consider 

the neutrosophic set which takes the value from the subset of [0, 1]. Intuitionistic fuzzy sets [ 10,11] and interval valued 

intuitionistic fuzzy sets [ 12] can only handle incomplete information and inconsistent information which exist 

commonly in   real situations. The focus of this paper is to initiate the concept of subgroupoids in fuzzy neutrosophic set. 

This paper elucidates the fuzzy neutrosophic subgroupoids and derives the results associated with it. 

2. PRELIMINARIES 

Definition 2.1: [7] A Fuzzy neutrosophic set A on the universe of discourse X is defined as  

A=   where [0,1] and 3)()()(0  xFxIxT AAA
 

Definition 2.2: [7] Let X be a non- empty set, and )(),(),(,,)(),(),(, xFxIxTxBxFxIxTxA BBBAAA    

(i) A  B   for all x if )()(,)()(,)()( xFxFxIxIxTxT BABABA  . 

(ii) ))(),(min(,))(),(max(,))(),((max, xFxFxIxIxTxTxBA BABABA . 

(iii) ))(),(max(,))(),(min(,))(),((min, xFxFxIxIxTxTxBA BABABA . 

(iv) A\B (x)= ))(),(max(,))(1),(min(,))(),((min, xTxFxIxIxFxTx BABABA  . 

Definition 2.3: [7] A Fuzzy neutrosophic set A over the universe X is said to be null or empty Fuzzy neutrosophic set if   

TA(x) = 0, IA(x) = 0, FA(x) = 1 for all x X. It is denoted by N0 . 

Definition 2.4: [7] A Fuzzy neutrosophic set A over the universe X is said to be absolute (universe) Fuzzy neutrosophic 

set if TA(x) = 1, IA(x) = 1, FA(x) = 0  for all  x X. It is denoted by N1  

Definition 2.5: [7] The complement of a Fuzzy neutrosophic set A is denoted by A
c
 and is defined as  
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A
c
 = )(,)(,)(, xFxIxTx ccc AAA

where )()(,)(1)(,)()( xTxFxIxIxFxT AAAAAA ccc   

The complement of a Fuzzy neutrosophic set A can also be defined as A
c
 = AN 1 . 

Definition 2.6: [8] Let X and Y be two non- empty sets and  YXf : be a function. 

(i) If  YyyFyIyTyB BBB  :)(),(),(, is a fuzzy neutrosophic set in Y then the pre image of B under 

f ,denoted by )(1 Bf 
, is the fuzzy neutrosophic set in X defined by 

 XxxFfxIfxTfxBf BBB   :))(()),(()),((,)( 1111
 

Where ))(())((1 xfTxTf BB 
 

(ii) If  XxxFxIxTxA BBB  :)(),(),(, is a fuzzy neutrosophic set in X then the image of A under 

f ,denoted by )(Af ,is the fuzzy neutrosophic set in Y defined by 

 YyyFfyIfyTfyAf AAA  :))(()),(()),((,)( ~  where 
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And yFfyFf AA ))1(1())((~   

Definition 2.7: [9] Let ),( .X   be a group and let A  be fuzzy neutrosophic set in 

X . Then A  is called a fuzzy neutrosophic group (in short, FNG) in X if it satisfies 

the following conditions: (i) )()()(),()()( yIxIxyIyTxTxyT AAAAAA  and 

)()()( yFxFxyF AAA  (ii) )()(),()(),()( 111 xFxFxIxIxTxT AAAAAA  
  

 

3. FUZZY NEUTROSOPHIC POINT AND FUZZY NEUTROSOPHIC PRODUCT 

Definition 3.1: Let  1,0,, rqp  and 3 rqp .A fuzzy neutrosophic point ),,( rqpx of X  is the fuzzy 

neutrosophic set in X  defined by 










xyif

yxifrqp
yx rqp

)1,0,0(

),,(
)(),,( ,for each Xy  

Definition 3.2:  A fuzzy neutrosophic point ),,( rqpx   is said to belong to a fuzzy neutrosophic set 

AAA FITA ,,  in X  denoted by Ax rqp ),,(  if  )(),(),( xFrxIqxTp AAA  . We denote the set of all 

fuzzy neutrosophic points in X as )(XFNP . 

Theorem 3.3: Let AAA FITA ,,  and BBB FITB ,, be fuzzy neutrosophic sets in X ,then BA   if and only 

if for each )(),,( XFNPx rqp  , BxAx rqprqp  ),,(),,( . 

Proof: Let BA  and Ax rqp ),,( then )()( xTxTp BA  , )()( xIxIq BA  and )()( xFxFr BA  .Thus 

Bx rqp ),,( . Conversely, take )(),,( XFNPx rqp  , BxAx rqprqp  ),,(),,( and Xx . 

Let )(),(),( xFrxIqxTp AAA  .Then ),,( rqpx is a fuzzy neutrosophic point in X and Ax rqp ),,( . 

By the hypothesis, Bx rqp ),,( .Thus )()(),()(),()( xFrxFxIqxIxTpxT BABABA  .Hence 

BA  . 
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Theorem3.4: Let AAA FITA ,,  be a fuzzy neutrosophic set of X .Then   AxxA rqprqp  ),,(),,( , . 

Definition3.5: Let X be a set and let  1,0,, rqp  with 3 rqp .Then the fuzzy neutrosophic support 

XC rqp ),,( is defined by for each 

Xx , ),,()(),,( rqpxC rqp  .(i.e.,) rxFqxIpxT
rqprqprqp CCC  )(,)(,)(

),,(),,(),,(
. 

Definition 3.6: [3]Let  ),( .X  be a groupoid and let A and B be two fuzzy neutrosophic sets in X .Then the fuzzy 

neutrosophic product of A and B , BA  ,is defined as follows: for any Xx , 

 





 

 

otherwise

xyzwithXXzyeachforzTyT
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1

,),()()(
)(  

Proposition 3.7: 

 Let “  ” be as above, let )',','(),,( ,  yx   be two fuzzy neutrosophic points and let )(, XFNSBA  .Then 

(1) )',','()',','(),,( )(   xyyx    (2)  
ByAx

yxBA



)',','(),,( ,

)',','(),,(



 . 

Proof: Let Xz .Then 

 





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


otherwise
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
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0
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Similarly 
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
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

 


otherwise

zxyif

1

'
 

Hence )',','()',','(),,( )(   xyyx  . 

(2) Let  
ByAx

yxC



)',','(),,( ,

)',','(),,(



 .Let Xw  and we may assume that there exist Xvu , such that 

wuv  , 1)(,0)(,0)(  uFuIuT AAA and 1)(,0)(,0)(  uFuIuT BBB . 
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 
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))(),(),((  and Bv uFuIuT BBB
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Thus CBA TT   

Similarly, CBA II   
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Thus  CBA FF  .Hence  
ByAx

yxBA



)',','(),,( ,

)',','(),,(



 . 

The following proposition holds from definition 3.6. 

Proposition 3.7: Let ),( .X  be a groupoid and let “  ” be as above. 

(1) If   “.”   is associative (respectively commutative) in X ,then so is “  ” in )(XFNS . 

(2) If   “.” has a unity Xe  ,then )()0,1,1( XFNPe  is a unity of “  ” in )(XFNS . 

(i.e.,) AeAeA  )0,1,1()0,1,1(   for each  )(XFNSA . 

Proof: Proof is immediate. 

4.  FUZZY NEUTROSOPHIC SUBGROUPOIDS AND IDEALS 

Definition 4.1: Let ),( .G  be a groupoid and let )(0 GFNSAN  .Then A is called a fuzzy neutrosophic 

subgroupoid in G (in short, FNSGP  in G ) if AAA  . 

Definition 4.2: Let ),( .G  be a groupoid and let )(XFNSA .Then A is called a fuzzy neutrosophic subgroupoid in 

G (in short , FNSGP  in G ) if for any Gyx , , )()()(),()()( yIxIxyIyTxTxyT AAAAAA  and 
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)()()( yFxFxyF AAA  .It is clear that N0  and N1 are both FNSGPs of G . 

The following are the immediate results of   Definition 3.6 and Definition 4.1. 

Proposition 4.3: Let ),( .G  be a groupoid and let )(0 GFNSAN  .Then the following conditions are equivalent: 

(1) A is a FNSGP  in G . 

(2) For any Ayx )',','(),,( ,  , Ayx )',','(),,(   , 

(i.e.,) ),( A is a groupoid. 

(3) For any Xyx , )()()(),()()( yIxIxyIyTxTxyT AAAAAA   and )()()( yFxFxyF AAA   

Proposition 4.4: Let  A  be a FNSGP  in a groupoid ),( .G . 

(1) If   “.”   is associative in G ,then so is “  ” in A ,(i.e.,) for any 

,, "),","(),',','(),,( Azyx  )()( "),","()',','(),,("),","()',','(),,(  zyxzyx    

(2) If “.”   is commutative in G ,then so is “  ” in A ,(i.e.,) for any 

,, )',','(),,( Ayx  ),,()',','()',','(),,(  xyyx   . 

(3) If “.”   has a unity Ge ,then )0,1,1(),,(),,(),,()0,1,1( exxxe    for each Ax ),,(  . 

Proof: Proof is obvious. 

 

Definition 4.5: Let G  be a groupoid and let )(GFNSA .Then A  is called a: 

(1) fuzzy neutrosophic left ideal (in short FNLI ) of G  if for any 

Gyx , , )()( yAxyA  .(i.e.,) )()(),()( yIxyIyTxyT AAAA  and )()( yFxyF AA   

(2) fuzzy neutrosophic right ideal (in short FNRI ) of G  if for any 

Gyx , , )()( xAxyA  .(i.e.,) )()(),()( xIxyIxTxyT AAAA  and )()( xFxyF AA   

(3) fuzzy neutrosophic ideal (in short FNI ) of G  if it is both a FNLI and FNRI  

It is clear that A  is a FNI  of G  if and only if for any 

Gyx , , )()()(),()()( yIxIxyIyTxTxyT AAAAAA  and )()()( yFxFxyF AAA  .Moreover 

,a FNI (respectively FNLI , FNRI ) is a FNSGP  of G .Note that for any FNSGP A  of G we have 

)()(),()( xIxIxTxT A

n

AA

n

A  and  )()( xFxF A

n

A   for each Gx , where 
nx is any composite of  

x ’s. 

We will denote the set of all FNSGPs of G  as )(GFNSGP  . 

Definition 4.6: Let  A  be a fuzzy neutrosophic set in  X  and let I ,, with 3  .Then the set 

   
  AAAA FIxTXxxCxAXxX ,,)(:)()(: ),,(

),,(
 is called a ),,(  level 

subset of A . 

Proposition 4.7: Let G  be a groupoid and let I ,, with 3  .If A is a FNI (respectively 

FNLI , FNRI ) of G ,then 
),,( 

AG is a subgroupoid or a (left, right) ideal of G . 

Proof: Suppose A  )(GFNSGP and let yx, ),,( 
AG .Then   )(,)(,)( xFxIxT AAA and 

  )(,)(,)( yFyIyT AAA .Since A  )(GFNSGP , 

)()()(),()()(),()()( yFxFxyFyIxIxyIyTxTxyT AAAAAAAAA  . 
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Thus   )(,)(,)( xyFxyIxyT AAA
.So 

),,( 
AGxy .Hence 

),,( 
AG  is a left ideal of G .By the similar 

argument,we can easily check that 
),,( 

AG is a (right) ideal of G .This completes the proof. 

Proposition 4.8: Let   )(GFNSGPA 
 .Then )(GFNSGPA 






 . 

Proof: Let  



AA 


 and let Gyx , .Then 
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


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
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AFAIATA ,, . 

).()()()()()()()( y
A
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A

TyATxATyATxATxy
A

Txy
A
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
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
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Similarly, )()()( yIxIxyI AAA   

)()()()()()()()( yAFxAFyAFxAFyAFxAFxyAFxyAF 



























 








 

Hence 


A is a FNSGP  of G . 

Proposition 4.9: Let  
A  be any family of  FNI s ),( FNRIsFNLIs .Then 


A



 or 


A


  is a 

),( FNRIFNLIFNI . 

Proof: Let G be a groupoid and let  
A be any family of ),( FNRIsFNLIsFNIs of G .Let 


AA



   and let 

Gyx , . 

Suppose  
A is a family of  FNLI s of  .G Then )()()( yTxyTxyT AAA   

 .(Since  A is a FNLI of 

G  for each  ). Similarly, )()()( yIxyIxyI AAA   
 . 

)()()( yFxyFxyF AAA   
 . (Since  A is a FNLI of G  for each  )  

So 


AA


   is a FNLI of G .By the similar arguments, we can easily check that the remainders hold. Also we can 

see that 


A


 is a ),( FNRIFNLIFNI .This completes the proof. 

5. HOMOMORPHISMS 

Proposition 5.1: Let ": GGf   be a groupoid homomorphism and let )"(GFNSB  

(1) If )"(GFNSGPB ,then )()(1 GFNSGPBf 
. 

(2) If B is a ),( FNRIFNLIFNI of "G  then )(1 Bf 
 is a ),( FNRIFNLIFNI  of G . 

Proof: (1) By definition 2.6,  )(),(),()( 1111

BBB FfIfTfBf    where ))(())((1 xfTxTf BB 
. 

Let Gyx , .Then ))(())(()( 1

)(1 xyfTxyTfxyT BBBf
 

  

                                             ))()(( yfxfTB  (since f is a groupoid homomorphism) 

                                                       ))(())(())(())(( 11 yTfxTfyfTxfT BBBB

   
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Similarly, ))(())(()( 11

)(1 yIfxIfxyI BBBf

  . 

))(())(()( 1

)(1 xyfFxyFfxyF BBBf
 

  

                                             ))()(( yfxfFB  (since f is a groupoid homomorphism) 

                                                       ))(())(())(())(( 11 yFfxFfyfFxfF BBBB

  . 

Hence )()(1 GFNSGPBf 
. 

(2) By the similar arguments of the proof of (1), it is clear. 

Definition 5.2: Let )(GFNSA .Then A  is said to have the   sup property if for any )(GPT  ,there exists a 

Tt 0  such that  )()( 0 tAtA
Tt

  .i.e., )()(),()(),()( 000 tFtFtItItTtT A
Tt

AA
Tt

AA
Tt

A

 ,where )(GP  

denotes the power set of G . 

Remark 5.3: Let )(GFNSA .If  A can take only finitely many values (in particular, if they are characteristic 

function), then  A  has the sup property. 

Proposition 5.4: Let ": GGf   be a groupoid homomorphism and let )(GFNSA have the sup property. 

(1) If  )(GFNSGPA ,then )"()( GFNSGPAf  . 

(2) If A is a ),( FNRIFNLIFNI of  G ,then )(Af is a ),( FNRIFNLIFNI of "G . 

Proof: (1) Let "', Gyy  .Then we can consider four cases: 

(i)    )'(,)( 11 yfyf  

(ii)    )'(,)( 11 yfyf  

(iii)    )'(,)( 11 yfyf  

(iv)    )'(,)( 11 yfyf  

We prove only the case (i) and omit the remainders.  Since A  has the sup property, there exist )(1

0 yfx  and 

)'(' 1

0 yfx   such that: 

  )()(),(),()(
)(

000
)(

0 11
xTxFxIxTxT A

yfx
AAA

yfx
A  

  and  

          )'()'(),'(),'()'(
)(

000
)(

0 11
xTxFxIxTxT A

yfx
AAA

yfx
A  

 .  

Then: )')(()'()( yyTfyyT AAf   








 






 
 

)'()()'()()'()(
)()(

0000
)'( 111

xTxTxTxTxxTzT A
yfx

A
yfx

AAAA
yyfx

 

                ))'(())(( yTfyTf AA   

Similarly, ))'(())(()'()( yIfyIfyyI AAAf  . 

)')(()'()( yyFfyyF AAf   








 






 
 

)'()()'()()'()(
)()(

0000
)'( 111

xFxFxFxFxxFzF A
yfx

A
yfx

AAAA
yyfx
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                ))'(())(( yFfyFf AA  . 

(2) Proof is similar to the proof of (1). 

Definition 5.5: Let YXf : be a mapping and let A  be a fuzzy neutrosophic set in X  .Then A is said to be 

f invariant if )()()()( yAxAyfxf  ,(i.e.,) )()(),()(),()( yFxFyIxIyTxT AAAAAA  . 

It is clear that if A  is f invariant, then AAff  ))((1
. 

Proposition 5.6: Let YXf : be a mapping and let }var:)({ ientinfisAXFNSAA  .Then f is a one -

to-one correspondence between A  and ))(( XfFNS . 

Proof: Proof follows from the definition 5.5. 

Corollary 5.7: Let ": GGf   be a mapping and let isAGFNSGPAA :)({  invariant and has sup property}. 

Then f is a one-to-one correspondence between A  and ))(( GfFNSGP . 

 

6. REFERENCES 

[1] L.A. Zadeh,” Fuzzy sets”, Information and control, 8(1965)338-353. 

[2] F. Smarandache, “Neutrosophy, A new branch of Philosophy logic, in multiple-valued logic”, An international 

journal, 8(3) (2002), 297-384. 

[3] F. Smarandache, “A unifying Field in logics: Neutrosophic logic, in multiple-valued logic”, An international journal, 

8(3) (2002), 385-438. 

[4] F. Smarandache, “Proceedings of the First international conference on Neutrosophy, Neutrosophic logic, 

Neutrosophic set, Neutrosophic probability and statistics”, University of New Mexico, Gallup campus, Xiquan, 

Phoenix, (2002).  

[5] F. Smarandache, “Definition of Neutrosophic logic -A Generalization of the Intuitionistic fuzzy logic “, Proceedings 

of the third conference of the European society for Fuzzy logic and Technology, EUSFLAT 2003, September 10-

12,2003, Zittau, Germany, University of Applied sciences at Zittau / Goerlitz,141-146. 

[6] F. Smarandache, Neutrosophic set, a generalization of the intuitionistic fuzzy sets, Inter. J. Pure Appl. Math., 24 

(2005), 287 – 297. 

[7] I. Arockiarani, J. Martina Jency., “More on Fuzzy Neutrosophic sets and   Fuzzy Neutrosophic Topological spaces”, 

International journal of innovative research and studies, May (2014), vol 3, Issue 5,643-652. 
[8] I. Arockiarani, J. Martina Jency., “On FN continuity in Fuzzy Neutrosophic Topological spaces”, Asian academic 

research journal of multidisciplinary, Vol. 1, Issue 24, Aug 2014, 330-340. 

[9] I. Arockiarani, I.R. Sumathi,” Fuzzy neutrosophic groups”, Advances in Fuzzy mathematics, 10(2) (2015),117-122. 

[10] K. Atanassov,” Intuitionistic fuzzy sets”, Fuzzy sets and systems ,1986,20:87-96 

[11] K. Atanassov,” More on intuitionistic fuzzy sets “, Fuzzy sets and systems, 1989,33 (1):37-46. 

[12] K.T. Atanassov, G. Gargov,” Interval valued intuitionistic fuzzy sets”, Fuzzy sets and systems, 31(1989),343-349. 

[13] Baldev Banerjee and Dhiren Kr. Basnet,” Intuitionistic fuzzy subrings and ideals “, Journal of Fuzzy mathematics, 

11(1) (2003)139-155. 

[14] R. Biswas, “Intuitionistic fuzzy subgroups”, Mathematical forum X (1989) 37-46. 

[15] A. Rosenfeld,” Fuzzy groups”, J.Math.Anal.Appl.,35(1971),512-517. 


