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Abstract : In this paper, we have defined First Zadeh’s ingtlan , First Zadeh’s intuitionistic fuzzy
conjunction and intuitionistic fuzzy disjunction d#o intuitionistic fuzzy soft sets and some thbasic
properties are studied with proofs and examples.
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1.Introduction

The concept of the intuitionistic fuzzy (IFS , felhort ) was introduced in 1983 by K. Aanassovdd]an
extension of Zadeh's fuzzy set. All operationsfirted over fuzzy sets were transformed for the ¢aselFS
case .This concept is capable of capturing therin&ion that includes some degree of hesitation and
applicable in various fields of research .For exeEmpn decision making problems, particularly hretcase of
medical diagnosis ,sales analysis ,new producketizg , financial services, etc. Atanassov ef{aB] have
widely applied theory of intuitionistic sets in legprogramming, Szmidt and Kacprzyk [4] in grougcision
making , De et al [5] in medical diagnosis etcefidfore in various engineering application, intistic
fuzzy sets techniques have been more popular theay fsets techniques in recent years. Aftemilgdia lot
of operations over intuitionstic fuzzy sets duriagt ten years [6] ,in 2011, K.Atanassov [7] consted two
new operations based on the First Zadeh’s IF-imfibn [8] which are the First Zadeh'’s conjunctiomda
disjounction, after that ,in 2013, K.Atanassov[ifjroduced the second type of zadeh ‘s conjunctod
disjunction based on the Second Zadeh's IF-imgbecat

Another important concept that addresses unceiitd#iormation is the soft set theory originated by
Molodotsov [10]. This concept is free from the g@eterization inadequacy syndrome of fuzzy setrtheo
rough set theory, probability theory. Molodtsov lsagcessfully applied the soft set theory in maiffedent
fields such as smoothness of functions, game theopgrations research, Riemann integration, Perron
integration, and probability. In recent years, sedt theory has been received much attentionesitsc
appearance. There are many papers devoted to yuheifconcept of soft set theory which leads t@res of
mathematical models such as fuzzy soft set [113124,15], generalized fuzzy soft set [16,17], poiity
fuzzy soft set [18] and so on. Thereafter ,P.K.Magd his coworker [19] introduced the notion oliitibnstic
fuzzy soft set which is based on a combinationhef intuitionstic fuzzy sets and soft set models siudlied
the properties of intuitionistic fuzzy soft set.teg a lot of extentions of intuitionistic fuzzyfsare appeared
such as generalized intuitionistic fuzzy soft &][ possibility intuitionistic fuzzy soft set [2H}tc.

In this paper our aim is to extend the three newrajons introduced by K.T. Atanassov to the ocafse
intuitionistic fuzzy soft and study its propertiéhis paper is arranged in the following mannarséction2
,some definitions and notion about soft set, fusnft set and intuitionistic fuzzy soft set andngoproperties
of its. These definitions will help us in later §ea . In section 3 we discusses the three operatiof
intuitionistic fuzzy soft such as First Zadeh’s iiption , First Zadeh intuitionistic fuzzy conjction and
First Zadeh intuitionistic fuzzy disjunction . section 4 concludes the paper.



2.Preliminaries

In this section, some definitions and notions alsodit sets and intutionistic fuzzy soft set areegivThese
will be useful in later sections.

Let U be an initial universe, and E be the satligbossible parameters under consideration wiheet to U.
The set of all subsets of U, i.e. the power séi a6 denoted by P(U) and the set of all intuititic fuzzy
subsets of U is denoted by’IFLet A be a subset of E.

2.1. Definition A pair (F , A) is called a soft set over U , whérées a mapping givenby F: A P (U).

In other words, a soft set over U is a parametdriaenily of subsets of the universe U . Eag A, F () may be
considered as the setofapproximate elements of the soft set (F , A).

2.2.Definition

Let U be an initial universe set and E be #teo$ parameters. Let fBenote the collection of all intuitionistic
fuzzy subsets of U. Let. & E pair (F, A) is called an intuitionistic fuzzgfs set over U where F is a mapping
given by F: A IFY .

2.3.Defintion

Let F: A IFY then Fis a function defined as 4 €{ x, M) (X) ,VEe)(x):x €U,e € E} wherepu,v
denote the degree of membership and degree ofn@mnbership respectively.

2.4. Definition . For two intuitionistic fuzzy soft sets (F , A) a(@, B) over a common universe U , we say that
(F, A) is an intuitionistic fuzzy soft subset & ,B) if

(1) AcBand
(2) F €) SG(e) for all e € A. i.e ppe)(X) < Hge)(X) , VE(e) (X) = V() (x) for all e € E and
We write (F , A)< (G, B).

2.5. Definition . Two intuitionitic fuzzy soft sets (F, A) and (8) over a common universe U are said to be
soft equal if (F, A) is a soft subset of (G, BYd®, B) is a soft subset of (F, A).

2.6. Definition. Let U be an initial universe, E be the set of paeters, and AC E .

(@) (F, A) is called a null intuitionistic fuzzp® set (with respect to the parameter set A) ptehbygp,, if F
(a) =¢ for all ae A.

(b) (G, A) is called a absolute intuitionistic fyyzgoft sett (with respect to the parameter setlaAjoted by/,
,if G(e) = U for all ee A.

2.7. Definition

Let (F, A) and (G, B) be two IFSSs over the samigense U. Then the union of (F,A) and (G,B) is diab
by ‘(F,A)U(G,B)’ and is defined by (F,AV (G,B)=(K,C), where C=AB and the truth-membership, falsity-
membership of ( K,C) are as follows:

{(Mp) (X)), Vpey(x) : x U} ,ife € A — B,
H(e) = {(1ee) (), vey(x) : x U} ,ife € B- A
{max(uF(g),uG(g)), min (VF(s)rvG(g)):x U},if&‘ € ANB



Wherepy () (x) = max(pr(), Hee)) @nd Vi) (1) = min (Veee), Veee))
2.8. Definition
Let (F, A) and (G, B) be two IFSSs over the samiwanse U such that A B#0. Then the intersection of

(F, A) and ( G, B) is denoted by ‘( F, &) (G, B)' and is defined by ( F, AN( G, B) = ( K, C),where C =A
NB and the truth-membership, falsity-membership I§f C ) are related to those of (F, A) and (G, B) b

{(ﬂF(s)(x)ﬁvF(s)(x) X U} ,ifg €A - B'
K(e) = {(ee)(X), vy (®) : x U} ,ife € B- A
{min(uF(g),uG(g)), max (VF(S)’VG(S)):x U}, ife e ANnB

3. New operations on intuitionistic fuzzy soft set

3.1 First Zadeh’s implication of IF-Soft set

3.1.1.Definition: Let (F, A) and (G, B) are two intuitionstic fuzgpft set s over (U, E) .We define the First
Zadeh’s intuitionistic fuzzy soft set implicatioff, A) —{(G,B) is defined by

(F, A Z—{ (G,B) = [ max gy » Min W) » R} MIN (e » Vi) ]

3.1.2. Example Let (F, A) and (G,B) be two intuitionistic fuzapft set over (U, E) where U={a, b,c} and E ={
e;.e;},A={ e} SE ,B={e,} CE.

(F ,A)={F(e;)=(a, 0.3,0.2), (b,0.2,0.5) ,(c,0.4,0.2)}
(G ,B)={G(e;)=(a, 0.4, 0.5), (b, 0.3,0.5) ,(c,0.6,0.1)}
Then

(F, A)= (GB)={(a, 0.3,03) ,(b,0.5,02), (c, 04, 0.1)

3.1.3.Proposition : Let (F, A) ,(G, B) and (H, C) are three intutistic fuzzy soft set s over (U,E)
Then the following results hold

0] F,ANGBE) = (HC=2pAF. A~ HCOIN G, B)~(H C)]

(ii) (F,AVGBE) = HC=2pUF. A~ HCJUIG. B~ (HC)]

(iii) (F,ANGB)~ (HC)2[F, A~ (HC)Ju [(G,B)~(H C)]

(iv) (F, A) p~t (F,A)¢=(F,A)°€

(v) (F, A)Z (p,A) =(F,A) ¢ wherep denote the null intuitionistic fuzzy soft

Witkp,A) ={(0,1)vxeU,VveeA}

Proof

(i) (F,AN(GB)~ (H C)

=[ mMin @) 5 Kege)) MaX Vi) » Vee) | o B +VHE)



=max {(Max ey Vece) » MIn min (rey s Bge) B 13 N { Min Gapcey s Bao): Vi ]
€y
(F.A) = (H,©)1n (G, B)= (H,O)]
=[ s Wreey » MiN @re) « Bae)} s MiN Gy Vi) 10 [MaX ey Min Gggey » Bae)} s Min (e |
VH(e)

=[min {(max (Ve , Min @re) s Bace)) (Max by » Min Qg Raee)))}  max {min (e , V) , min
(Ilc(e) avH(s))} 2)

From (1) and (2) itis clear that (F, AXG’B)Z_I (H, C) 2 [(F, A)Z—1> H, O In [(G, B)Z_I H, O]

(iDAnd (i) the proof is similar to (i)

(iv) (F, A)Z (F,A)¢=(F,A)°¢

=[ max (Ve » Min W) » Vi), Min (e S Bege)) |

= (VF(e)a #F(s))

It is shown that the first Zadeh’s intuitionisfizzy soft implication generate the complemerintditionistic
fuzzy soft set.

(v) the proof is straightforward .

3.1.4.Example Let (F, A) , (G,B) and (H, C) be three intuitionésfuzzy soft set over (U, E) where U={a, b,c}
and E ={e, ,e; } ,A={e;} €S E,B={e;} S Eand C={e; } € E.

(F ,A)={F(e;)=(a, 0.3, 0.2) , (b, 0.2,0.5) ,(c, 0.4, 0.2)}
(G ,B)={G(e;)=(a, 0.4, 0.5), (b, 0.3,0.5) ,(c, 0.6, 0.1)}
(H ,C)={H(e,)=(a, 0.3, 0.6), (b, 0.4, 0.5) ,(c, 0.4, 0.1)}
Firstly , we have (F, Ap (G,B) ={(a, 0.3, 0.5), (b, 0.2, 0.5), (c, 0.4 .2

Then (F, A)n (G’B)Z_I (H, C) 4max { (max (.2, min (0.3,0.4)) ,0.3 }, min { min (0.3,0.5)0. 6))},

rf(max .5, min (0.2,0.3)) ,0.4 } , min { min (0.2,0.3)0.5))},
makmax 0.2, min (0.4,0.6)) ,0.4 }, min { min (0.4,0.6)0.1))}]
= {(@5,0.3), (b,05,0.2), (c,0.4,0.1)}
3.2. First Zadeh intuitionistic fuzzy conjunctionof IF-Soft set

3.2.1.Definition: Let (F, A) and (G, B) are two intuitionistic foy soft sets over (U,E) .We define the first
Zadeh’s intuitionistic fuzzy conjunction of (F, And (G,B) as the intuitionistic fuzzy soft setpver (U,E),
written as (F, A, (G,B) =(H,C) Where C=AB=+@andve€C,xeU,

Bue)(x) = Min e (X) , R (X))

Vie)(X)= Max (Ve (x), Min (e (X) , Vge) (X))}



3.2. 2.Example
Let U={a, b, c} and E =fe; , e, ,e3 ,es}, A={ e, ,e;,e,} CE,B={e; ,e; &5 CE
(F, A) ={ F(e1) ={( (a, 0.5, 0.1), (b, 0.1, 0.8), (c, 0.2, 0.5)},
F¢,) ={( (a, 0.7, 0.1), (b, 0, 0.8), (c, 0.3, 0.5)},
F¢,) ={( (a, 0.6, 0.3), (b, 0.1, 0.7), (c, 0.9, 0.1)}}
(G, B) ={ G(e;) ={( (a, 0.2, 0.6), (b, 0.7, 0.1), (c, 0.8, 0.1)},
G¢,) ={( (a, 0.4, 0.1), (b, 0.5, 0.3), (c, 0.4, 0.5)},
Gés) ={((a, 0, 0.6), (b, 0, 0.8), (c, 0.1, 0.5)}}
Let (F, A)A, (G,B) =(H,C) whereC=AB={e, ,e,}
(H, C)={H (e;) ={(a, min(0.5, 0.2), max(0.1, min(0.5, 0.6)))
(b, min(0.1, 0.7), n@8, min(0.1, 0.1)))
(c, min(0.2, 0.8), r@6, min(0.2, 0.1)))},
H é,) ={(a, min(0.7, 0.4), max(0.1, min(0.7, 0.1)))
(b, min(0, 0.5), max@Pmin(0, 0.3)))
(c, min(0.3, 0.4), ri@6, min(0.3, 0.5)))}}
(H, C)={H (e;)= {(a, min(0.5, 0.2), max(0.1, 0.5)),
(b, min(0.1, 0.7)ax(0.8, 0.1)),
(c, min(0.2, 0.8)ax(0.5, 0.1))},
H ;)= {(a, min(0.7, 0.4), max(0.1, 0.1)),
(b, min(0, 0.5), n@x0.8)),
(c, min(0.3, 0.4)ax(0.5, 0.3))}}
(H, C)={H (e1)={(a, 0.2, 0.5), (b, 0.1, 0.8), (c, 0.2, 0.5)},
H¢,)={(a, 0.4, 0.1), (b, 0, 0), (c, 0.3, 0.5)}}
3.2. 3 Proposition :Let (F, A) (G, B) and (H, C) are three intaitistic fuzzy soft set s over (U,E)
Then the following result hold

(F, AK,1 (GB)= (H,C) 2(F, A= (H OIR, [(G.B)= (H O]

Proof: let (F, A) ,(G, B) and (H,C) are three intuitistic fuzzy soft set ,then

(F, A%, (GB)= (H,C)



= (max [ max g (x),, Min (e (X) , Ve () 1 . min (Min@ee (x) | K (X))  Bue (X)), min [ min
(Ilp(e) (x), He(e) (X)) 1 VH(e) €3))) (1)

Let [(F, A) =2 (H, ©) 1%, [G . B)=> (H, C)]
(F,A) Z—{ (H, C) =(maXx Vg (%), Min (pee)(X) 5 Baee ()], Min[pg) (x) vy (x)])

(G, B)Z (H, C)] = (max ¥g ) (%), min (o) (%) , Lpey(x))] s Min[igey (%) Ve (2)])

Then [(F, A)Z (H,C) 1A, [(G, B)z H,C)]

=(min [ max {veg (x), min e (X) , B (X)) } max {vge) (x), min (g (%) , tye(x)) 3,
max [ min (e (X) , Vhe () , min { max {vge) (x), min (g (x) , a0}, Min(ige) (X)), Vae) (01
(2)

From (1) and (2) it is clear that
(F.AK(GB)= (H C)2[F,A - (H C)A, [G,B)=(H O]

3.3. The First Zadeh intuitionstic fuzzy disjunction of IF-Soft st

3.3.1. Definition: Let (F, A) and (G, B) are two intuitionistic fey soft set s over (U,E) .We define the first
Zadeh’s intuitionistic fuzzy conjunction of (F, And (G,B) as the intuitionistic fuzzy soft set@pver (U,E),
written as (F, AV, (G,B) =(H ,C)Where C=AB=@gandveeA,xeU

Bae) () = Max @) (x), min (Vpe) (X) , e (X))
VHE) (X)= MiN (Vi) (X)) V) (X))
3.3. 2Example
Let U={a, b,c} and E =fe; , e, , €3 , e}, A={ e; ,e;,e,} CE, B={e; ,e, €5} CE
(F, A) ={ F(e,) ={( (a, 0.5, 0.1), (b, 0.1, 0.8), (c, 0.2, 0.5)},
F¢,) ={((a, 0.7,0.1), (b, 0, 0.8), (c, 0.3, 0.5)},
F¢,) ={( (a, 0.6, 0.3), (b, 0.1, 0.7), (c, 0.9, 0.1)}}
(G, A) ={ G(ey) ={( (a, 0.2, 0.6), (b, 0.7, 0.1), (c, 0.8, 0.1)},
G¢,) ={( (a, 0.4, 0.1), (b, 0.5, 0.3), (c, 0.4, 0.5)},
G¢s) ={((a, 0, 0.6), (b, 0, 0.8), (c, 0.1, 0.5)}}
Let (F, A)V, (G,B) =(H,C)whereC=AB={e; ,e,}
(H, C)={H (e;) ={(a, max(0.5, min(0.1, 0.2)), min(0.1, 0.6))
(b, max(0.1, min(0087)), min(0.8, 0.1))
(c, max(0.2, min(0063)), min(0.5, 0.1)) },

H é,) ={(a, max(0.7, min(0.1, 0.4)), min(0.1, 0.1))



(b, max(0, min(0.85)), min(0.8, 0.3))
(c, max(0.3, min(0064)), min(0.5, 0.5))}}
(H, ©)= { H (e1)= {(a, max(0.5, 0.1), min(0.1, 0.6)),
(b, max(0.1, 0.7)n(0.8, 0.1)),
(c, max(0.2, 0.5)n(d.5, 0.1))},
H &)= {(a, max(0.7, 0.1), min(0.1, 0.1)),
(b, max(0, 0.5), (@18, 0.3)),
(c, max(0.3, 0.4jn(0.5, 0.5))}}
(H, C)={H (e1)={(a, 0.5, 0.1),(b, 0.7, 0.1), (¢,0.2, 0.5)},
Hé,)={(a, 0.7, 0.1),(b, 0.5, 0.3), (c,0.4, 0.5)}}
3.3.3. Proposition;

0] (@A) A (U, A)=(p A
()  (@.A) V,, (U, A)= (U, A) where(U,A) ={(1,0) ¥x€U Ye€A}
(iif) (F,AV,: (@ .A) =(FA)

Proof
0] Let (¢ ,A) A,1 (U, A) =(H, A) ,where Foralk € A, x€ U ,we have
Hu(e(x) =min (0,1) =0
Vi(ey(x)=max (1,min (0, 0) ) =max (1, 0)=1
Therefore (H, A)=(0,1) , Foralle A, xe U
It follows that (¢ ,A) A, (U, A) = (p ,A)
(ii) Let (@ ,A) V,; (U, A) =(H, A) ,where For alt € A, x€ U ,we have
B (x) =max (0 ,min (1, 1)) =max (0,1)=1
Vyey(x)=min (1,0)=0
Therefore (H, A) =(1,0) , Foralle A, xe U
It follows that (¢ ,A) A, (U, A) = (U, A)
(iii) Let (F, A)V,, (¢ ,A) =(H, A) ,where For alt € A, x€ U ,we have
Bae)(X) = MaX {upg)(x) ,Min (V) (x), 0) ) =MaX fipe (x) , 0)=Hp( (X)
Ve ()= Min V) (x) ,1) =vy ) (x)
Therefore (H, A)=fip)(x) , vy (x)) , Foralle e A, x€ U

It follows that (F, AWV, (¢ ,A) =(F, A)



3.3.4. Proposition

(F, AV, (GB)=2 (H.©) 2[(F, A= (H, O 1% G, B) = (H, O]

Proof , the proof is similar as in proposition 3.2.3
3.3.5.Proposition;

(i) [(F,A) A1 (G, B)F=(F,A) ¢ V,, (G,B)
(ii) [(F,A) V,, (G, B)F=(F,A) ¢ R,y (G,B) ©
(“I) [(F'A) ¢ Kz,l (G 'B) C]C= (F! A) vz,l(G! B)

Proof;
0] Let [(F ,A) A, (G, B)F=(H, C) where Fora € C, xe U ,we have
[(F.A) A1 (G, B) = [Min {ppe) (%), Beee) (0} Max {Vie) (x), Min (1) (%) , Veee) (O]
Fax V(e (2), Min (pe) (%)  Ve(e) (D)}, Min {fp ) (%) Ko (X))
&.,A) “V,,(G,B) ¢
(i) Let [(F,A) V,41(G, B)"=(H, C) ,where For af € C, xe U ,we have
[(F ,A) V,1(G, B) T = [(Max {ve(e) (x),min (Vi) (%) , By ()}, Min {Vee) (%) 1 V) (0}
= [Minvf () () . Vi) (0} Max {ppce) (%), Min (Ve (X) , B o) CON°
&.A) “ R;q (G,B) €
(iii) The proof is straightforward.
3.3.6. Proposition
The following equalities are not valid

l. (F ,A) V,1(G, B)=(G ,B) V,4(F, A)
Il. (F ,A) A,1(G, B)=(G ,B) A 4(F, A)
. [(F.A) A,(G, B)A,:(K, C) =(F .A) A, [(G, B)A,1(K, C)]
V. [(F.A) V,(G, B)]IV,:1(K, C) =(F .A) V., [(G, B)V,1(K, C)]
V. [(F.A) A(G B)V,:(K, C) =[(F.A) V3 (G, B)IA,1 [(G,B) V1 (K, C)]
VI [(F.A) V,(G, B4 (K, C) =[(F.A) A1 (G, B)IV,, [(G,B) A,y (K, C)]

3.3.7 .Example
Let U={a, b,c} and E =fe; , e, , €5, e}, A={ e, , e, e,} CE,B={e, e, ,e5} CE
(F, A) ={ F(e;) ={( (a, 0.5, 0.1), (b, 0.1, 0.8), (c, 0.2, 0.5)},

F¢,) ={( (a, 0.7, 0.1), (b, 0, 0.8), (c, 0.3, 0.5)},

F¢,) ={( (a, 0.6, 0.3), (b, 0.1, 0.7), (c, 0.9, 0.1)}}
(G, A) ={ G(e,) ={( (a, 0.2, 0.6), (b, 0.7, 0.1), (c, 0.8, 0.1)},

Gé,) ={( (a, 0.4, 0.1), (b, 0.5, 0.3), (c, 0.4, 0.5)},



Gé;) ={((a, 0, 0.6), (b, 0, 0.8), (c, 0.1, 0.5)}}
Let (F, A)A, (G,B) =(H,C) whereC=AB={e, ,e,}
Then (F, A&, (G,B) = (H, C)={H €;) = {(a, 0.2, 0.5), (b, 0.1, 0.8), (¢,0.2, 0.5)},
Hé;)={(a 0.4, 0.1), (b, 0, 0), (c,0.3, 0.5)}}
For (G, B), (F, A) = (K, C) where K=MB={e, ,e,}
(K, C)={K (e;) ={(a, min (0.2, 0.5), max (0.6, min (0.2, 0.1)))
(b, min (0.7, 0.1),x1(8.1, min( 0.7, 0.8)))
(c, min (0.8, 0.2),x1(@.1, min (0.8, 0.5)))},
K &) ={(a, min (0.7 0.4), max(0.1, min (0.4, 0.1)))
(b, min (0.5, 0.), ng@B, min (0.5, 0.8)))
(c, min (0.4, 0.3),x(@5, min (0.4, 0.5)))}}
(K, C)= { K (e;)= {(a, min (0.2, 0.5), max (0.6, 0.1)),
(b, min (0.7, 0.ax (0.1, 0.7)),
(c, min (0.8, 0.8)ax (0.1, 0.5))},
K &)= {(a, min (0.4, 0.7), max (0.1, 0.1)),
(b, min (0.5, 0), x1@.3, 0.5)),
(c, min (0.4, 0.8)ax (0.5, 0.4))}}
(K, C)= {K (e1)= {(a, 0.2, 0.6),(b, 0.1, 0.7), (¢,0.2, 0.5)},
K é,)={(a, 0.4, 0.1),(b, 0, 0.5), (¢,0.3, 0.5)}}
Then (G, BR, (F, A) = (K, C) ={K ,)={(a, 0.2, 0.6),(b, 0.1, 0.7), (c,0.2, 0.5)},
K é,)={(a, 0.4, 0.1),(b, 0, 0.5), (¢,0.3, 0.5)}}

It is obviously that (F, AR, (G,B)# (G, B)A, (F, A)

Conclusion

In this paper, three new operations have beendntred on intuitionistic fuzzy soft sets. They aesdd on
First Zadeh’s implication, conjuction and disjunct operations on intuitionistic fuzzy sets. Somxaraples
of these operations were given and a few imponpanperties were also studied. In our following papeve
will extended the following three operations sushsacond zadeh’ IF-implication, second zadeh’ aoctjon
and second zadeh’ disjunction to the intuitioniftizzy soft set. We hope that the findings, in théper will
help researcher enhance the study on the intusticréoft set theory.
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