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ABSTRACT : In this paper we introduce the concept of intuitionistic fuzzy prime d-ideals of d-algebra , and we study several
interesting properties and investigate some relation on intuitionistic fuzzy prime d-ideal and intuitionistic fuzzy prime BCK-ideal in
d-algebra .

1. Introduction

BCK-algebra is a classe of abstract algebras introduced by Y. Imai and K. Iseki [5,12] . A d-algebra is a useful generalization of
BCK-algebra was introduced by J. Negger and H. S. Kim [3]. J. Negger, Y. B. Jun and H. S. Kim [4] discussed ideal theory in
d-algebra. After the introduction of intuitionistic fuzzy set by Atanassov in 1986 [6], there was a number of generalizations of this
concept . This concept was generalizations for fuzzy set concept which was introduced by Zadeh in 1965 [7]. In [10] Y. B. Jun, J.
Neggers and H. S. Kim apply the ideal theory in fuzzy d-ideals of d-algebras . Y. B. Jun, H. S. Kim and D.S. Yoo in [10] introduced
the notion of intuitionistic fuzzy d-algebra. We introduce the notion of intuitionistic fuzzy d-ideals of d-algebra in [1] , and in this
paper we introduce the concept of intuitionistic fuzzy d-ideals of d-algebra and some relation on intuitionistic fuzzy prime d-ideal and
intuitionistic fuzzy prime BCK-ideal in d-algebra .

2. Background
Definition (2.1) : [3] A d-algebra is any non-empty set X with a binary operation # and a constant 0 which satisfies that:

l. gea =10
1. O0zo=10
1. fasb=bxa=0thena=2~r

va b eX Wewillreferto a =5 by ab,and it is said to be commutative if =) = v(y=) forall =y €X  and y(y=) is denoted
by {xAv).Everyset X inthe following is a d-algebra

Definition (2.2) : [4] In a d-algebra X the set ¢ # A £ Xis called a d-subalgebra of X if ab € A whenever a.b € A . And if
& *= A E X then 4 iscalled a BCK-ideal of X if it satisfies:

(D) De A

(Dy) ab € Aand b € A implies & € 4,

Definition (2.3) :[4] In A d-algebra {X:=.07), the ¢ # A E X, A is called a d-ideal if it satisfies:
(D)) ab eAand b € A then & € A,
D)acedandbeX thenabed ie AXE A

Definition (2.4): [7] A fuzzy set 11 in a non-empty set X is a map from X into [0,1] of the real numbers. A level subset of a fuzzy set

nin X,istheset 7, = {a € X.nla) =t} forall te[0.1].

Definition (2.5): [8] A fuzzy set 7 is called a fuzzy d-subalgebra if it satisfies n{ab) = mininlal.n(b)} foralla.b € X . Andit's
called a fuzzy BCK-ideal if it satisfies that :

1) 7(0) =nla) forall a X

2) nla) = min{ylab).n(b)} forall a.beX

Definition (2.6) : [11] Letn be a fuzzy set, then 7 is called a fuzzy d-ideal of X if it satisfies : (Fdy) n(a) = min{nlabl.n(b)} and
(Fdy) nab) = n{a). foralla.beX
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Definition (2.7) [10] : If » € [0,1] and a fuzzy set v in a non empty set of X, the set
Ulw,r) ={a : vla) = r} is called an upper r-level cut of v , and the set
Liw(a).r) ={a : vla) = r} is called a lower r-level cut of v.

Definition (2.8) [6] : An IFS " intuitionistic fuzzy set" A inaset X is an object having the form A = {= a.a,(a).B,(a) =:a € X} |
such that @4:X — [0.1] and B4:X — [0.1] denoted the degree of membership (namely (=) and the degree of non membership
(namely £,4(al) for any elements a € X totheset 4, and 0 = a,(a) + B,(a) =1, forall a e X,

To simplicity, we shall use A == a,. 8, = instead of A = {= a.a,(a).B,(a) =:a X}
Definition (2.9) [9] : If A isan IF5 from non empty set X, we define
()zA={zamlaaeX == {<aala)l-aa): aeX =} = {<aala) @l =}
(i) bA={<a1-F0a) > acXt={<al1-g(a).f(a):ac X} ={<aFla) g,(a) =}

Definition (2.10) [10] : Let X be ad-algebra. An IF5 A =< a@,. 8, = in X iscalled an intuitionistic fuzzy d-algebra if satisfies
aylab) = minfa,(a), e, (B} and B.lab) < max{f,(a), B,(b)} forall a.b e X .

Proposition(2.11) [10] : Every IFS d-algebra A == a,. B, = of X satisfies oq(0) = a,la) and ,(0) = 8,(a) Va e X .
Definition (2.12) [10]: An IF5 A =< @44 = in X iscalled an intuitionistic fuzzy BCK-ideal of X if it satisfies that:
(i) ay(0) = ayla) | B,00) < B,(a)

(i) a,la) = minfa,(ab), a, ()}

(zi1) B,(a) = max{f,(ab).f,(B)}  forall a.be X

Definition(2.13) : [1] An intuitionistic fuzzy d-ideal of X " shortly IFd — ideal " isthe IF5 A == a4, f; = in X with the
following inequalities :

(IFd,) a,(a) = minfe,(ab), e, (b))

(IFd;) Byla) < max{B,(ab), B,(b)}

(IFd;) a,(ab) = a,(a)

(IFd,) Bilab) = B,(a) |, foralla.beX

Lemma (2.14) : [1] An IF5 A =<wa,. B, = isan IFd —ideal of X ifandonlyif o, and B, are a fuzzy d-ideals .

Theorem (2.15) : [1] Let 4 == ey, 84 = bean IF5 in X. Then A == @y, f3 = isan IFd —ideal of X ifand only if
o0A= {<a,® >} and ¢ 4={< B8, =} are IFd — ideal of X.

Theorem (2.16) : [1] " An IFS A == ay.Bs =isan IFd —ideal of X ifand only if for all s.t € [0.1] the sets Ulay.t) and
L(Ba.s) are either empty or d-ideal of X. "

Theorem (2.17) : [1] " Ifan IF5 A =< a,.fi; = isan IFd — ideal of X, then the sets
X =lxreXia,(x) = a,(00} and X; = {x € X: B, (x) = 8,(0) are d-ideal of X."
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3. Intuitionistic fuzzy prime d-ideal

Definition(3.1) : In a commutative d-algebra X , a d-ideal I is said to be prime if a A& €l impliesa el or b el  forall
a,be X .

Example (3.2) : Let X = {0,m.n,T. £} be a d-algebra with the following table

*lo|m|n| r]|$
olofojo]o]oO
m m|0|m| 0 m
ninjnjo|"|0
fFlf]fln|[0fN
s | ¢ | ¢ |m|m|oO

We can take I = {0.m} , which is a prime d-ideal

Definition(3.3) : An IFd — ideal A =< oy B, = of X is an intuitionistic fuzzy prime d-ideal " shortly IFPd — ideal "in X if the
IF5 in X with the following inequalities :

(UFPd,) asla Ab) = max{a,la), a, (b))
(IFPd,) B,(a A b) = min{B,(a). 5, (B)} forall a.beX

Example (3.4) : Let X = {0.p. g} with the following table

*10|p|q
olo|o]o
Pl ag]0]q
alp|pP|O
. (09 ifa=0 B IM ifa =0
Note that if a4la) = IU.UI ifa = p.g . Bala) = 05 ifa=pgq"

S0 A == a4 iy > is IFd —ideal by [1], anditisclearthat A == &8, = is an IFPd — ideal.

Remark (3.5) : It is easy to show that every IFPd — ideal isan IFP — ECK — ideal

The converse of this remark cannot be true in general , and the next example showing that

Example (3.6) : Let X = {0.m.mn,2.} with the following table

= = | 8

= = |8
=]
o
o
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Let A =< @48, = be an IF5 in X | define e,(0) =1, ayim) =09 | gyln) =05, aylp) =0

B.0) =0, B,0m) =01 Byln) =05, B.(p) =1 Thend =< ay. By = inX isan IFP — BCK — ideal of X but it is notan
IFPd — ideal (infactitisnot IFd — ideal),
where ay(n) =0.5 =z min{a,(mm), a,(m)} =0.9

Theorem (3.7) : If {4;.i € A} isan arbitrary family of IFPd — ideal, then [ A; isan IFPd — ideal, when
Ma; ={<ah ag, {a) _.V_EAI:':G] la e X}

Proof : Since e, {a A b) < max{a,(a), a,(B)? and f.(a A b) = min{#,(a), B, (b)Y va,be X Nowforall i e A
Neg (anb) = ;“'.{max{a_,h.(a:], ey (b) B = [max{ A ay (a), A\ a_,h.(b:]}} , and

V B,.(a Ab) = V{min{g, (a), 8, ()]} = {min{V B, (a) .V g, ()]}
Hence M4; = {< a. Nay, (@) ,"-.-"_EAL.{Q:I la € X} isan IFPd — ideal,

Lemma (3.8) : An IF5 A =< ua, f, = isan IFPd —ideal of X ifandonlyif &, and B4 are a fuzzy prime d-ideals .

proof : Suppose that A == e, B4 = an IFPd — ideal of X.Since 4 == &4, f, > isan IFd — ideal (by Theorem (3.5)), so (by
Lemma (2.14)) a4 and B, are a fuzzy d-ideals. Now for all a.b € X we get o, (e A b) < max{a,(a), ay(b)] and
Bala A B) = min{B,(a), £, ()1

Now Balanbl=1-g,(anb) =1 —minig,(a).5,(b)}
= max{l — §,(a).1 - 5, ()}
= max{F,(a), B, (b)}
Hence & and B4 area fuzzy prime d-ideals . The converse is clear.

Theorem (3.9) : Let A =< a4, B4 = bean IFPd —ideal of X /then A= {< @, &, >} and $ A= {:: Ba.Ba }} are
IFPd — ideals of X.

proof :Since A == @y, By > isan IFPd — ideal we getthat 0 A = {< @,.@; =} and
4 A={< BB, =} are IFd —ideals (by Theorem (2.15)).So forall a.b X we get
ayla A b) = max{ay(a), ay(B)} , then 1 — ayla A b) = 1 — maxia, (a), a, (5D}

= min{l —a,(a). 1 — ay(B)}
= min{a,;(a), @y (8}
Hence 0 A = {=< a4.&; =} isan IFPd —ideal of X

And Bsla AB) = min{f,(a), B, (B0} |
Now B lambl=1-p,lanb) =1 —minlf,(a).8,()} = max{l—g,0a).1-p,0(5)}

< max{B, (a), B, ()}
Hence ¢ A = {< B,.B, =} isan IFPd — ideal of X.

Theorem (3.10) : A == au.By =isan IFPd — ideal if and only if for all s.t € [0,1] the sets Ulay. t} and LB, s) are prim
d-ideals.

203



Journal of Iragi Al-Khwarizmi Society (JIKhS) Year 2018  pages: 200-204

Volume:2 Special issue of the first international scientific conference of Iragi Al-Khawarizmi Society 28-29 March 2018

proof : Let A =< ay, B4 = be an I[FPd — ideal of X, soitisan IFd — ideal, and let Ula,.t), L(B4.5) non empty set for any

st € [0,1]. So (by Theorem (2.16)), Ula,. t).L(B,.5) are d-ideal . Now let a.b € X such that @ A b € Ula,. t) this implies
aalanb) =t and a,(b) =t then ayla A b) = maxfa,(a), a,(b)], and hence man{o,(al). a (b} =alaAb) =t . Then
aalo) =t or ay(b) =t sothat @ € Ulay.t) or b € Ulay, t). Hence Ulay,. t) is a prime d-ideal in X. In the same way we can find
that L{B4.5) is a prime d-ideal in X.

Conversely , suppose that for all s.t € [0.1] , the set Ule,. t) and L(f4.5) are prime d-ideals. Then Ula,. t) and L{B4.5) are
d-ideals of X. Since 4 == &, f, = IFd — ideal by (theorem 2.16). If A == &4, f4 = isnot IFFd — ideal of X | then there exist

a.b € X suchthat ayla Ab) = max{a,(a), ay(b)} . Let t = f[{aﬁ'iaﬂh] + max{e, (a), a, (b) 1] | this implies

(aala A b) >t > maxla, (a), ay(b)} we getthat aAb e Ulayt) | but a g Ula,. t) and b & Ula,.t) which is a contradiction .
Hence A == @y, 84 = isan IFPd — ideal of X .

Theorem (3.11) : Ifan IF5S A == oy, f; = isan IFPd — ideal, then the sets
X =leeXia,la) =a,0)} and Xz = {a € X:8,(a) = 5,000} are prime d-ideals.

proof : Let a Ab € X, s0 aylaAb) = ay(0) . Since A =< @y, 84 = isan IFPd —ideal |then ayla A b) £ max{a,(a), a,(B) ],
but o, (0) = &, la), so e, (0) = max{a,(a), ay(b)} . Now either a,la) = a, (D) and this implies a € X; , or a,(b) = a,(0) and
hence & € X;. Thus X isa prime d-ideal .

Now let & A b € Xz, Then B4la Ab) = B84(0), s0 fala Ab) = 3,000 = min{g,(a). B,(B)} (since A =< @y By >isan
IFPd — ideal), but 8,(0) < B,(a) | soeither B,(a) = B,(0) then a € Xz ,or B4(b) = B,(0) then b € X3 Thus X isaprime
d-ideal .

The proof of the next tow propositions is clear .

Proposition (3.12) : Let A == o, f; = be an IFPd — ideal, then the sets
Po={aeX:ayla) =0} and P, = {a € X:,(a) =0} either empty or prime d-ideals.

Proposition (3.13) : Let A == o, f; = be an IFPd — ideal, then the sets
I, ={a e X:a,(a) =1} and I, = {a € X: f,(a) = 1} are either empty or prime d-ideals.

Can Ay Y ALY 4ilali ) mna s o sedall 138 J g Ragall (ailiadl) (pe dpall ) G ki g el ol 81 0 e o s anll 138 8 Liash 3 AuadAd)
d i 8 Y el BCK (i 43 jlia 5 501 gaadl d (M e clidlal)
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