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Abstract

In this work the concept of C'V-algebra is introduced and some of its properties like, self-distributiveness,
essence, ideals, fuzzy ideals and tripolar fuzzy ideals are investigated. Homomorphism between C'V-
algebras is defined and it is established that images and pre-images of essences are also essence when the
homomorphism is onto.
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1|Introduction

It was Zadeh who introduced the notion of fuzzy set in 1965, as a generalization of the concept of characteristic
function of a set. Fuzzy set is identified as a better tool for the scientific study of uncertainty, and came as
a boost to the researchers working in the field of uncertainty. Many extensions and generalizations of fuzzy
set was conceived by a number of researchers and a large number of real-life applications were developed in
a variety of areas like, logic, finite state machines, automata theory, artificial intelligence, computer science,
control engineering and so on. In addition to this, parallel analysis of the classical results of many branches of
Mathematics was undertaken in the fuzzy settings. One such abstract area in the branch of fuzzy algebra. It
was initiated by Rosenfeld, who coined the idea of fuzzy subgroup of a group in 1971 and studied some basic
properties of this structure. Iseki and Tanaka have introduced the theory of BC'K-algebras. Iseki has introduced
BC-algebras. Hu and Li introduced BC H-algebras. The class of BC'I-algebras is a proper subclass of the class
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of BC H-algebras.

Zhang introduced the concept of bipolar fuzzy set as an extension of fuzzy set whose membership degree range
is [-1,1]. In a bipolar valued fuzzy set the membership degree 0 means that elements are irrelevant to the
corresponding property, the membership degrees on (0,1] indicate that elements somewhat satisfy the property,
and the membership degrees on [-1,0) indicate that elements somewhat satisfy the implicit counter property.
Kim and Kim introduced the notion of a BE-algebra. Ahn and So introduced the notion of ideals in B E-algebras.
Kim has studied the notion of essence in BE algebra. The monograph by Chinnadurai gives a detailed discussion
on fuzzy ideals in algebraic structures. Senapti et al. introduced and investigated some of their properties of
fuzzy dot subalgebras, fuzzy normal dot subalgebras and fuzzy dot ideals of B-algebras. The notion of cubic
intuitionistic g-ideals in BCl-algebras is introduced by Senapti et al. Murali Krishna Rao introduced tripolar
fuzzy interior ideals of I'- semigroup. Jana et al initiated the concept of bipolar fuzzy soft subalgebras and
ideals of BCK/BCl-algebras baesd on bipolar fuzzy points. Mostafal and Ghanem introduced tripolar fuzzy sub
implicative ideals of KU-Algebras. In this research work, we introduce the concept of C'V-algebra and tripolar
fuzzy ideals in C'V-algebra.

2|CV-algebra

Definition 2.1. A non-empty set U with a binary operation * satisfying the conditions
Hux0=0=0xu

(i) uxu=mu

(iil) u* (v *w) = w* (u*v), for all u,v,w € U is called CV-algebra.

Example 2.1. The set U = {0,1,2,3} with the binary operation x, with the following Cayley table
becomes C'V-algebra.

L W ~ | F
SESESESIES)
_~ NN S~
ENESIESENES
L L~ e

Definition 2.2. A CV-algebra (U, *,0) is said to be self-distributive if
ux(vxw) = (u*xv)* (u*xw) for all u,v,w € U.

Example 2.2. The set U = {0,1,2,3} with the binary operation *, with the following Cayley tables
become self-distributive C'V-algebra.

x| 01|23 x| 01|23
0o|10(0]0]|0 010(0|0|0
110(1]2]|3| and 110(1|2]|3
21011123 21011]2|3
3102|238 3101|123

Definition 2.3. If a non-empty subset E of the C'V-algebra U satisfies the condition U x £ = E, then E is
called an essence of U.

Example 2.3. In Example 2.2. {0} and U itself are essences of U. F; = {0,1}, E; = {0,1,2}, E5 = {0,1, 3}
are also an essences of U but E4 = {0,2}, F5 = {0, 3} are not an essences of U.

Lemma 2.1. If (U, ,0) be CV-algebra, then u * (v *u) = v *u.
Proof: u* (v*xu) =v*(uxu) =v*u, by (iii) and (ii) of Definition 2.1.

Lemma 2.2. If (U, x,0) be CV-algebra, then
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(i) ux (0*u) =0 and (i) ux (w*u) = w * u.
Proof:

(i) ux (0*u) =u*0=0, by (i) and (ii) of Definition 2.1.

(ii) ux (w*u) = w* (u*u) = w*u, by (iii) and (ii) of Definition 2.1.

Lemma 2.2. Every essence contains the element 0.
Proof: Let E be an essence of U. Then () # E = U x F, and so there exists a € E such that and thus
0=Ux0=UxFE = E. Hence every essence contains the element 0.

Theorem 2.1. Every essence is a sub algebra of U.

Proof: Let E be an essence of U and let u,v € E. Thenuxv € ExE CU%E = FE. And so FE is a sub algebra
of U.

But the converse is not true. In Example 2.1. the set {0, 2} is a sub algebra but not an essence of U.

Theorem 2.2. Let E and F be essences of U. Then ENF and E U F are an essences of U.
Proof: Let R=ENF. Then 0xRCUxR=Ux(ENF)=UxE)N(UxF)=ENF.
So Ux R = R is an essence of U.

Now let S=FEUF. Then0xS CUxS=Ux(EUF)=UxE)U({UxF)=EUF.

So U xS = S is an essence of U.

Lemma 2.3. Let E be an essence of CV-algebra of U. If 0 € FF C U, then Fx E = E.
Proof: Let E be an essence of C'V-algebra of U. Then Ox EF C Fx E CU x E = E. Therefore Fx E = FE.

Lemma 2.4. Let U be a CV-algebra. If 0 € E C U, then F is contained in E x F' for every sub set
Fof U.
Proof: Let f € F. Then f =0% f € E* F and so F is contained in F % F.

Theorem 2.3. Let U be a CV-algebra. If F is an essence of U and F is a sub algebra of U and
E CF,then EUF and EN F are the essences of F'.

Proof: Fx(ENF)=(FxE)N(FxF)C(UxE)YNFCENF.

Obviously, ENF C Fx (ENF). Therefore Fx (ENF)=ENF.

Hence E N F is an essence of F'.

Similarly £ U F' is also an essence of F if £ C F.

Definition 2.4. Let U and V be CV-algebras. A mapping ¢ : U — V is called a homomorphism
if p(u*v) = p(u) * p(v) for all u,v € U. Note that ¢(0) = 0.

Lemma 2.5. For any sub sets E, F' and G of C'V-algebra U, we have

(1) ECF=ExGCFxG,GxECG*F,
2)(ENF)«xGC(ExG)N(F*G
B) Gx(ENF)C (G*E
(
(

i

( )

) (G F),

) (EUF)xG=(E+xG)U(F«*Q),
5) Gx(EUF)=(G+xE)U(GxF).

Proof:

(1) Let u e ExG. Then u = e * g for some e € F and g € G. Since E C F it follows that u = e x g for some
e € F and ginG. So that u € F x G. Which implies that £ x G C F % G. Similarly we can obtain Gx E C G« F.

(2) Since ENFCFand ENFCF. Fromue ExG,weget (FENF)xGCExGand (ENF)xGC F*G,
and so (ENF)*GC (ExG)N(F*G).

(3) From (1)and (2), we can write Gx (ENF) C (GxE)N (G* F).
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(4) Since E C EUF and F C EUF. Weget ExG C (EUF)*Gand FxG C (EUF) G, and so
(ExG)U(FxG)C(EUF)xG. Ifue (EUF)xG, then u=vxg for some v € EUF and g € G. Tt follows
that u = v* g for some v € F and g € Goru=vxg for somev € Fand g € G. Sothat u =vxg € ExG
oru=v*g € FxG. Hence u € (ExG) U (F *G), which shows that (EUF)xG C (ExG)U (F xG). Thus
(EUF)xG=(E+G)U(F Q).

(5) From (1)and (4), we can write Gx (EUF) = (GxE)U (G* F).

Lemma 2.6. For any subsets E, F' of C'V-algebra U, we have the following results

) B¢ = E,

(1
(2) (EUF)® = E°NF°and (ENF)° = E°U F°,

)
B)EUF=FUFEand ENF=FNE,
(4) EU(FUG)=(EUF)UG and EN(FNG)=(ENF)NG,
(5) FUD=F and ENU = E,

)

(6) EUE®=U and EN E° = 0.
P

roof:

(Dletuce E=u¢E°=>ucE"=ECE". Nowletuec B = u¢ E°=u € E = E“ C F. Hence we
get E = E<°.

2)Letu e (EUF)* o u¢ EUF s u¢ FEandu ¢ F < u e E°and u € FC & u € E°NF° Then
(EUF)*=E°NF° Andletue (ENF)<su¢ ENFsu¢ Eoru¢ FEueEorue FCsue ECUFC
Then (E N F)¢ = B¢ U F°.

B FEFUF={u:ue€eForu€e€F}={u:ue€Foru€c€FE}=FUFEand ENF ={u:u € E and
ueFt={u:ueFandue E}=FNE.

(4) Let w e FU(FUG) @ ue€ Eorue FUGSue Forue Forue Geue (EorF)or
ueGesue (FUF)UG. Then EU(FUG) = (EUF)UG. Andalsolet u e EN(FNG) < u€E
andu e FNG&oueFandue Fandue G ue (Fand F)andu e G < u e (ENF)NG. Then
EnNn(FUG)=(ENF)NG.

5)Letue FUDP<s ue Forueld < ue E. Then FEUP =FE. And alsolet w e ENU < u € F and
ueUwuekE Then ENU =E.

(6) Letue FEUE° < uec Forue E°<ueU. Then EUE®=U. And alsolet u € ENE° < u € E and
uw€ E°< uel. Then ENE°=0.

Theorem 2.4. Let ¢ : U — V be a homomorphism of C'V-algebra.
(1) If ¢ is onto and E is an essence of U, then ¢(FE) is an essence of V,

(2) If F is an essence of V, then p~1(F) is an essence of U.
Proof:

(1) Suppose that ¢ is onto and F is an essence of U.

Let f € o(F) and v € V. Then f = ¢(e) and v = p(u) for some e € E and u € U.

Thus v * f = p(u) xp(e) = p(uxe) € p(U* E) = p(E) and so V x p(E) C ¢(E). Obviously p(F) CV x p(F).
Therefore V x o(E) = p(E).

Hence ¢(E) is an essence of V.

(2) Let e € ¢! (F) and u € U. Then ¢(e) € F and ¢p(u) € V. p(uxe) = o(u) xp(e) € Vx F = F. We have
uxe € o 1(F). That is, U x ¢~ }(F) C o~ 1(F). Obviously ¢~} (F) C U x ¢~ }(F).

Therefore U x o~ (F) = ¢~ 1(F).

Hence ¢~1(F) is an essence of U.

Theorem 2.5. Let E be a C'V-algebra, then F U E€ is also a C'V-algebra.
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Proof: Given F is a C'V-algebra, then there exists 0 € E. But 0 ¢ E°. Definitely 0 € F U E°. Hence E U E° is
also a C'V-algebra.

Lemma 2.6. Let E, F be essences of C'V-algebra of U. Then Ux E=Ux F iff E = F.
Proof: Since by Definition 2.5. if Ux E =U x F, then £ = F.
Ifweassume E=F,then EC Fand FCE=UxECUxFandUxF CUxE=UxE=UxF.

3|On ideals in C'V-algebra

Definition 3.1. A non-empty subset Z of U is called an ideal of U if
(i)IfueUandleZ, thenuxl €Z, ie, UxZ CT,
(ii) fuw e U and I,m € Z, then (Ix (mxu))xu € L.

Example 3.1. In Example 2.2. {0} and U are the only ideals, since
(Ix(1x2)*x2=2%#{0,1} and (2% (2+3))x3=3#{0,1,2}.

Lemma 3.1. Every ideal of U is an essence of U.
Proof: In Example 2.2. {0} and U are the only ideals of U that are also an essence of U. But every essence of
U need not be an ideal of U.

Theorem 3.1. Every ideal of U contains 0.

Proof: Let Z # () be an ideal of U. There exists u € Z. Then
0=0xuecU*xZCT.

Hence 0 € 7.

Theorem 3.2. If 7 is an ideal of U, then (Ixu)xu € Z foralll € Z and u € U.
Proof: Let m = u in Definition 3.1(ii). Thus, (Ix (uxu))xu= (I*xu)xu € T.

Lemma 3.2. Let Z be an ideal of U. If l € 7 and | > u, then v € 7.
Proof: Let | € Z,u € U with I > u. Then I xu = u. Hence u = u*u = (I *u) xu € Z. Therefore u € T.

Definition 3.2. Let Z be an ideal of U. Define Z; by
I, ={ueUltxu €T} foranyteU.

Lemma 3.3. Let U be a self-distributive C'V-algebra and Z an ideal of U. Then Z; is a sub algebra
of the C'V-algebra U.

Proof: Let [,m € Z;. Then t xl € Z and t xm € Z. By self-distributive property

tx(Ixm)=({Ex)x(t*m) CIxZ CUxZCLT.

Then [ xm € Z;.

Therefore Z; is a sub algebra of the C'V-algebra U.

Theorem 3.3. Let U be a self-distributive C'V-algebra and Z is an ideal of U. Then Z; is an ideal
of the C'V-algebra U.

Proof: Let u ¢ U and 1 € 7,. We have txl € Z,and so t x (u*1l) = (txu) * (tx1) e UxZ C T.

Then uxl €Z;y. --» (1)

Also let I,m € 7, and u € U. We obtain t xl € Z and t xm € 7.

Then t*((Ix(mxu))*u) = (tx(Ix(mxu)))*(txu) = ((tx])*(tx(mxu)))x(txu) = ((tx)*((txm)*(t*xu)))xtxu) € Z.
Then (Ix (m*u))xu €Ty --+ (2)

From (1) and (2) Z, is an ideal of the C'V- algebra U.
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4|Fuzzy ideals in C'V-algebra

Definition 4.1. A fuzzy set p in U is called a fuzzy ideal of U if it satisfies

(i) p(u*xv) > plu), Vu,v € U,
(ii) p((u* (v*w)) *w) > min{u(u), u(v)}, Vu,v,w € U.

Example 4.1. Define a fuzzy set p : U — [0,1] by w(0) = 0.7,u(1) = 0.5,u(2) = 0.5,u(3) = 0.5
in Example 2.2. Then we have a fuzzy ideal of the C'V-algebra.

Lemma 4.1. Every fuzzy ideal p of U satisfies the inequality: u(0) > p(u),Vu € U.
Proof: By the definition of C'V-algebra and fuzzy ideal in U,

1(0) = p(u0) = p(u).

Lemma 4.2. If p is a fuzzy ideal of U, then p((u*0) *v) > p(u), Vu,v € U.
Proof: Since by the definition of fuzzy ideals in U and by Lemma 4.3.
p((wx 0) xv) = p((ux (0% v))*v)

> minpu(u), 1(0)}

= p(u).

For every I,m € U, let ;" be a fuzzy set in U defined by

m a, iflx(m*u)=0
w'" () = ;
B, otherwise
for all w € U and «, 8 € [0, 1] with a > .

Example 4.2. Let U = {0,I,m,n} be the C'V-algebra with binary operation as defined by the cay-
ley table,

S 3 T
SSEESSEENSIEY N
—_— o~ O~

-3 3 oS3
33 oS

Then p is not a fuzzy ideal of U.

Proof: ul((1* (Ixm))xm) = ub((l*m)*m)
=ty (m xm)

—l

=po(m)

=p

<

=5 (1)

< min{uy (1), mo(1)}-

Therefore i}, is not a fuzzy ideal of U.

Theorem 4.1. If U is self-distributive, then the fuzzy set p;* in U is a fuzzy ideal of U for all
I,meU.
Proof: Let {,m € U. For any u,v € U, if (I x (m*v)) # 0, then " (u) = 5 < uj*(u*v).
Assume that (I x (mu)) = 0. Then,
Lk (m*(uxv)) =10x((mxu)*(mxv))
=({*x(mx*u))*(Ix(mxv))
=0x(lx(m=*v))
=0,
and so, p"(u*v) = a = p"(u).
Hence p]*(uxv) > p)"(u) for all u,v € U.
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Now for every u,v,w € U, if [ x (mxu) # 0 or I x (m*v) # 0, then p*(u) = B or u*(v) = B.

Thus " (ux (v % w)) #w) = § = min{uf" (u), 4" (v)}.

Suppose that (Ix (m*u)) =0 and (I *x (m*v)) =0, then

Ik (mx(u*x(vxw))*w)) =1x(m*(ux(vrw))*(m*w)))
=lx((m*u)*x(mx*(vxw))*(m*w))
=(Ix(m*u))*x(I*x(mx(vrxw)))*(Ix(m*w))
=0x((Ix(m*v)*(I*x(Mm*w))* (I *(m*w))
:8*0*(1*(m*w))*(l*(m*w))

Which implies that, p]*((u* (v+w)) *w) = o = min{pu*(v), u*(v)}.

Therefore p)" ((u* (v *w)) * w) > man{p™*(u), p*(v)}.

Hence p;" is a fuzzy ideal of U,V I,m € U.

Theorem 4.2. The intersection of any set of fuzzy ideals of C'V-algebra U is also a fuzzy ideal.
Proof: Let u; be a family of fuzzy ideals of C'V-algebra U, then for any u,v,w € U,

(3) () (% 0) = in (% 0))
> inf(ui(w)
= (Npi) (w)-

(1) (M) ((u* (v *xw)) *w) = inf p;(((ux (v*w))*w)

> inf(min{p;(u), pi(v)}

— minfinf (i (u), inf (1 (v))}

— min{(Oai(w)), (Oaa(0)) }-

Hence the intersection of any set of fuzzy ideals of C'V-algebra U is also a fuzzy ideal.

5|Tripolar fuzzy ideals in C'V-algebra

Definition 5.1. A tripolar fuzzy set A = {(u, u™ (u), u™ (u), A\ (u)|u € U} in U is called a tripolar fuzzy ideal
of U if it satisfies

(i) pt(uxv) > pt(u), p~ (uxv) < p~ (u) and AT (uxv) < At (u) Vu,v € U,

(i) pF((u* (v w)) *xw) > min{p®(u),x™(0)}, p~((u* (vrw) xw) < max{u™(u),n”(v)} and
AT ((ux (v*w)) xw) < max{\T(u), \T(v)}, Yu,v,w € U.

Example 5.1. The set U = {0,1,2,3} with the binary operation x, with the following Cayley table
becomes tripolar fuzzy ideal of C'V-algebra.

* 0 1 2 3
put 1081050505
pw- 08105106108
AT 102040607

Lemma 5.1. Every tripolar fuzzy ideal A of U satisfies the inequality: p*(0) > u™(u), p=(0) < p=(u),
AT(0) < At (u) Vu e U.
Proof: By the definition of C'V-algebra and tripolar fuzzy ideal in U,

p(0) = pF(ux0) = p*(u), p=(0) = p~ (ux0) < p~(u), AT(0) = A*(ux0) < AT (u).

Hence A satisfies p*(0) > pt(u), p=(0) < p=(u), AT(0) < AT (u) Vu € U.
Lemma 5.2. If A is a tripolar fuzzy ideal of U, then put((u*0) xv) > p(u), p=(ux0) xv) < p=(u),

AT ((ux0) xv) < AT (u), Yu,v € U.
Proof: Since by the definition of C'V-algebra, tripolar fuzzy ideals in U and by Lemma 5.3.
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pt((ux0) xv) = pt((ux (0%v)) *v)
> min{/ﬁ(uw+ 0)}

= p*(u).
= (e 0) 5 ) = = ((u (0% )) % 0)
< maz{p~(u), p=(0)}

= p~(u).

A ((ux0) % v) = AT ((u* (0xv)) xv)
< max{\T(u), \T(0)}

= AT (u).

Theorem 5.1. The intersection of any set of tripolar fuzzy ideals of C'V-algebra U is also a tripolar
fuzzy ideal.

Proof: Let A; = {(u, uj (v), p; (u), \] (u)|u € U} be a family of tripolar fuzzy ideals of C'V-algebra U, then for
any u,v,w € U,

() (i) x v) = inf (1 (ux v))
> inf (4 ()
= (M)

(i2) (Mg ) (ux v) = inf(p; (uxv))
inf(p; ()
(N7 ) (w)

(#33) (NN ) (ux v) = inf (A (u*v))

< inf(A (u)
= (NA) (u)

(dv)(Nu ) ((u (U*w))* w) =inf pi (((ux (vxw))*w)
> inf (min{p; (u), pif (v )})

mm{mf(m (w).inf (i (1))}
min{(Np; (). (i (v)))

() (Mg ) ((u (v w)) *xw) =

< inf(maxz{p; (u), p; (v)})

— maa{in f (u; (u), inf (i (v

= maz{(Np; (v)), (Np; (v))}

(i) (NN ((ux (v % w)) xw) =
< inf(maz{\S (u), \f (v)})
= maz{inf(\f (u),inf(\] (v))}
= maz{(NA] (u)), (NAf (v))}.

Hence the intersection of any set of tripolar fuzzy ideals of C'V-algebra U is also a tripolar fuzzy ideal.

I I/\@

inf 7 ((ux (vsw)) *w)
)}

inf A (((ux (v*w))*w)

Theorem 5.2. The union of any set of tripolar fuzzy ideals of C'V-algebra U is also a tripolar fuzzy
ideal.

Proof: Let A; = {(u, ;" (w), p; (u),\] (u)|u € U} be a family of tripolar fuzzy ideals of C'V-algebra U, then for
any u,v,w € U,

(8)(Up") (ux v) = sup(psf (uxv))
> sup(p; (u))

(Up) ()

(43) (Up; ) (ux v) = sup(p; (uxv))
< sup(p; (u))
= (Upy )(u)
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(431) (UN]) (u x v) = sup(\f (uxv))
< sup(A ()
= (U (w)

() (U ) ((ux (v w)) xw) = sup p (((ux (v*w)) *w)
> sup(min{p; (u), pf (v)})
= min{sup(p;" (u), sup(p; (v))}
= min{(Up;" (v)), (Upi (v)}

(0)(Up; )((ux (v*w)) xw) = sup p; (((ux (v*w))*w)
< sup(max{p; (u), p; (v)})
= ma{sup(js; (u). sup(ji; ()}
= maz{(Up; (v)), (Up; (v))}
(vi)(U)\j)((u*(v*w)) w) = sup )\+(((u*(v*w))*w)
< sup(maz{ X (u), ()
= maz{sup(\] (u), Sup()\f( )}
= maz{(UX] (u)), (UAS (v))}.

Hence the union of any set of tripolar fuzzy ideals of C'V-algebra U is also a tripolar fuzzy ideal.

6|Product of Tripolar fuzzy ideal of C'V-algebra

Definition 6.1. Let A and B be two tripolar fuzzy sets in U then the product A x B : U x U — [0,1] is
defined by (A x B)(u,v) = min{A(u), B(v)}, for all u,v € U.

Definition 6.2. Let A = {(u,uf (u), 4y (), X (w)u € U} and B = {(u, i (u), 5 (), X () u € U}
be two tripolar fuzzy sets of U, then the cartesian product A x B = {u] x pd, uy x py, A\f x A3} is defined by

(e % pig ) (u,v) = mind g (u), pg ()}, (1 % pg ) (u, v) = maz{py (w), py (v)} and
(A % A3)(u,v) = maz{A{ (u), A7 (v)}.

Where pf x pug : U x U — [0,1], uy x pgy : U x U — [=1,0], and AT x A\§ : U x U — [0, 1], for all u,v € U.

Theorem 6.1. Let A; = {(u,pui (u),uy (u),\] (w)|u € Ui}, Az = {(u,pug (), py (v ) A (u)|lu € Us},
< An = {(u, b (w), p ( )y A (u)|u € Uy} be n- trlpolar fuzzy sets of U, then A; x Ag X -+ X A, is a tripolar

fuzzy ideal of Uy x Uy X - -+ x U,.

Proof: Let (ul,uQ,...,un), (v1,V2, ooy Up), (W1, Way ..oywy) € Uy X Uy X ... X U,, we have

(1) (e % pd X oo ) (un, Uy oy ) * (V1,02 oy ) = (U, Uy ooy ) * (V1, V2, .0y V)
= puT ((ug xv1), (ug % v2), ..., (y *xvy))
= (pF x pd x o x ) ((ug % v1), (ug % 02), eony (U * )
> min{py (ur *vr), g3 (ug % v2), ooy i3} (tn % 02)}
= min 1), 5 (1), . (1)
= (:u;r X lu';r - X Mn)(ulvu?v“”un)v

(if) (p7 X pg X o X ) (w1, U2y ooy Un) * (01, V2, oy U ) = 0 ((w1, U2y oy Uy) * (U1, V2, o0y Up))
=u" ((ug *v1), (uQ*vg)7 o (Un * vp))
(y X pg XX pg ) ((ur * v1), (U * v2), ey (Un % vn))
maz{uy (u1 *vl) pg (Ug * V2), ey iy (Up, * V) }
maz{py (u1), pg (ug), -os piy (un)}
= (] X fy X oo X pi ) (U, U2, ooy Up),
(i) (A X AT X oo x M) ((ur, U2, ooy n) * (V1,02 ey ) = AT (U1, U2y ooy ) * (01, V2, ey v1))
= AT ((ug *v1), (g * V2), .eny (Up * V)
= (AT X A X oo x M) ((ug 1), (ug * va), ..., (U *0p))
< max{A] (ug % v1), AJ (U *v2), oo A (U % vy,) }

[IA
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maz{A] (u1), A3 (u2), ..., Af (un)}

n

AT X AT x A (ug, ug, s ),

(iv) (,ui" M; X X ) (w1, Uy ey U ) % (V1502 ey V) K (W1, Way ooy W) * (W1, Wa,y .y W)
= :U“+((( Uy, uz, ?Un) * ((Ula V2, "'7U7L) * (w17w27 cey wn))) * (wla w2, ,'an))

= IU’JF(((ula uz, .. aun) * ((vl *wl)v (UQ *’IUQ), ceey (vn *wn))) * (w17w27 7wn))

= T (((ug * (v1 *w1)), (uz * (V2 * W2)), vy (Up * (Vg * Wy ))) * (W1, W2, ..., W)

= T (((ug % (v1 *wy)) *wy), ((uz * (V2 *w2)) *wW2), ooy ((Un * (U * Wy)) * wy))

= (p x g x o x ) (((ug * (v % wy)) *wr), ((ug * (vg * wa)) * wa), ...

s (U * (v % wy)) *wi))
= minrt (o1 %101)) x01). g (o (00 10)) ), o (i (5 20,) w0,

> min{min{u{ (u1), p (v1)}, min{pg (uz), p3 (v2)}, s min{p} (1), a(vn)}}

= min{min{u{ (u1), py (u2), ..., il (un) }, min{pd (v1), py (v2), s i (V) }}

=min{ (T x pg x o x ) (ur, ugy oo un), (0 X gy X oo x ) (v1,v2, 0 v0) b

) (g X g X oo X ) ((ug, w2y oy un ) * ((V1, U2y oy U)
“(((uy,us, ...7un)*((U17'U2,...,’Un)‘k(wl,'l,U27...7wn)))
Up) * (01 xw1), (Vg * wa), ..., (Vy, * Wy))

<

t“;“‘;“:

ul*(vl*wl) (ug * (Vg *x wa)), ..oy (Up, * (U, * Wy))) * (W1, W2, ..., wy))
“(((ug * (v xwy)) *wy), ((uz * (V2 % ws)) * wa), ..., (U * (U * Wy)) * wy))
(7 X g X e i) (¢ (01 %100)) % 01), (13 5 (v % 2)) % 1)y (% (0% 00)) % 0,))
= min{py (((u1 * (01 x w1)) xwr), pg (g * (V2 % W), ooy iy (((Un * (Vn K wn)) * wn)) *wn))}
< min{max{py (w1), py (v1)}, maz{py (u2), gy (v2)}, oy maz{py, (un), iy, (vn)}}
= min{maz{p; (1), py (u2§7 s i (un )}y maz{py (1), pg (v2), s (V) } 3
)

— =

Zmaff{mm{/if(ul) fig () ooy iy (un) b, man{ py (1), pig (02), oo, iy (0n) }}
=max{(p] X pg X oo X i ) (U1, U2, oy Up), (U] X pg times... X ) (v1, V2, .oy Un) }

AT X AT X X A (i, gy oy ) % (01,02 0y V) % (W1, W2y oy W) * (W1, W2, ..y W)
(((u1, uz, ... un) ((v1 V2, ooy Un) % (W1, Wa, oy Wy))) * (W1, Wa, ...y W)

(U1, Uy ooy ty) * ((v1 xw1), (V2 % Wa), ..., (U * Wy))) * (W1, Wa, ..., Wy ))

(((ug * (v1 *w1)), (ug * (Vo x w2)),s vy ((Un * (Vi * wy))) * (W1, W2, -y wy))

(ot # (o1 1)) % 1), (1 5 (v 5 20)) o 12). s (1 (035 103,)) % 07))

= (AT X AT x o x M) (((ug * (01 xwr)) % wy), ((ug * (Vg % w2)) *x W2), ey (U * (Vg % wy,)) * w05,))
= mzn{)\+(((u1 * (1 % wy)) % wy), A ((ug * (Vg % wa)) * wa), ooy A (U, * (v x W) % wy))}

< min{maz{X{ (un), N (01)}, maz{0 (u2), A3 (02)}, - maz (0 (un), Af (00)}}

= min{maz{\] (u1), \g (u2), ...; A} (un) }, maz{ AT (v1), A\F (v2), ..., A (v3) }}

= maz{min{3} () 0 (). o V)V in 3 (00), 3 (v2) oA (01

=maz{(p] x pg x . x @) (ur, g, ey un), (X pd x o x it (v1, va, ey vn) ¥

Hence A1 x As x -+ x A, is a tripolar fuzzy ideal of Uy x Uy X «-- X Up,.

7|Homomorphism of Tripolar fuzzy ideal of C'V-algebra

Definition 7.1. Let (U,%,0) and (V,+',0’) be CV-algebras. A mapping ¢ : U — V is said to be a

homomorphism if ¢(uxv) = ¢(u) *" ¢(v) for all u,v € U. Note that ¢(0) = 0.

Deﬁmtlon 7.2. Let ¢ : U — V be a homomorphism of CV-algebras for any tripolar fuzzy set
= {(u, p* (u), ™ (u), AT (v))|u € U} in U and we define A, = {(u, u} (u), p, (u), \;(w))|u € U} in V by

uf;(U):/ﬁ(w( w)), pig (u) = p~ (p(w)) and AL (u) = AT (p(u)), for all u € U.

Theorem 7.1. Let ¢ : U — V be a homomorphism of C'V-algebras. If A = {(u, u*(u), p™ (u), AT
is a tripolar fuzzy ideal of U, then A, = {(u, u} (u), p; (u), \f (u))|u € U} is a tripolar fuzzy ideal of V.

Proof: Let u,v,w € U and A is a tripolar fuzzy ideal of U, we have

(i) uf (uxv) = pt(p(uxwv))
= pt (p(u) * p(v))

(u)[u € U}
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>t (o(u))
= it (u)
(ii) pg (uxv) = p~ (p(u*v))
= p~ (p(u) * p(v))
< p(p(u) = pg (uv)

Hence A, is a tripolar fuzzy ideal of V.

Theorem 7.2. Let ¢ : U — V be an epimorphism of CV-algebras. If A, = {(u, puf (u), p; (w), A} (w))|lu € U}
is a tripolar fuzzy ideal of V, then A = {(u, u*(u),

p(u), A\t (u))|u € U} is a tripolar fuzzy ideal of U.

Proof: For any xz,y,z € V, there exists u,v,w € U such that ¢(x) = u, ¢(y) = v and ¢(z) = w.

) = ut(p(x) *¢(y))
(zxy))
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(e
= pt(p(x * (y*2)) x p(2))
= pt(p(z * (y * 2)) * 2))
ph((xx (yx2)) * 2)

= maz{p~ (u), p~ (v)
(vi) AT ((ux (vrw)) xw) = AT ((@(x) * (2(y) * (2))) *x ¢(2))
= X ((p(z) * ((y * 2))) *x ¢(2))
= M (p(z % (y % 2)) * ¢(2))
= A (p(@* (y*2))*2))
=M ((zx (y*2)) *

Hence A is a tripolar fuzzy ideal of U.

8| Application of Tripolar fuzzy ideal of C'V-algebra

Let U be a set consisting of five students u, v, w,z,y ie., U = {u,v,w,x,y}. They have a result consisting
of three aspects, the result of u is A(u) =< 0.76,0.82,0.52 >, where 0.5 represents ok or notbad. Suppose
A(v) =< 0.86,0.81,0.54 >, A(w) =< 0.68,0.72,0.51 >, A(x) =< 0.79,0.83,0.57 >, A(y) =< 0.64,0.89,0.50 >.
Then we obtain tripolar fuzzy ideal of C'V-algebra by the Cayley table,

* U v w z Yy
ut | 0.76 | 0.86 0.68| 0.79 | 0.64
nw- | 0.82| 0.81 0.72 0.83 | 0.89
AT 0.52 0.54 | 0.0.51| 0.57| 0.50

9|Conclusion

In this paper we have introduced C'V-algebra. We have proved some of its properties like self-distributiveness
and essence. We have given the condition for an existence of ideals, fuzzy ideals and tripolar fuzzy ideals in
CV-algebra and we have proved some of its results. We have defined the product and homomorphism of tripolar
fuzzy ideal of C'V-algebra.
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