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Abstract. We introduce the concept of an intuitionistic fuzzy gen-
eralized bi-ideal of a semigroup, which is an extension of the concept
of an intuitionitic fuzzy bi-ideal(and of a nonintuitionistic fuzzy bi-ideal
and a nonintuitionistic fuzzy ideal of a semigroup), and characterize reg-
ular semigroups, and both intraregularand left quasiregular semigroup

in terms of intuitinistic fuzzy generalized bi-ideals.
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1. Introduction

In his pioneering paper[23], Zadeh introduced the notion of a fuzzy set in
a set X as a mapping from X into the closed unit interval [0, 1]. Since then,
Rosenfeld[22] and Liu[21] applied this concept to group theory.

In 1986, Atanassov[l] introduced the concept of intuitionistic fuzzy sets as
the generalization of fuzzy sets. After that time, Coker and his colleagues|6,7,8],
Lee and Lee[20], and Hur and his colleagues[13] introduced the concept of in-
tuitionistic fuzzy topological spaces using using intuitionistic fuzzy sets and
investigated some of its properties. In particular, Hur and his colleagues [12]
applied the notion of intuitionistic fuzzy set to topological group. In 1989,
Biswas[3] introduced the concept of intuitionistic fuzzy subgroups and studied
some of it’s properties. In 2003, Banerjee and Basnet[2] investigated intuition-
istic fuzzy subrings and intuitionistic fuzzy ideals using intuitionistic fuzzy
sets. Also, Hur and his colleagues[9,11,14-16] studied various properties of
intuitionistic fuzzy subgroupoids, intuitionistic fuzzy subgroups, intuitionistic
fuzzy subrings, intuitionistic fuzzy ideals(filters) and intuitionistic fuzzy con-
gruences.

In [19], Lajos charicterized semigroups, which are regular, and both in-
traregular and left quasiregular, in terms of generalized bi-ideals.

In this paper, we will introduce the concept of an intuitionistic fuzzy gen-
eralized bi-ideal of a semigroup, which is an extension of the notion of a nonin-
tuitionistic fuzzy generalized bi-ideal (and of a nonintuitionistic fuzzy bi-ideal
and a nonintuitionistic fuzzy ideal), and characterize such semigroups by in-
tuitionistic fuzzy generalized bi-ideals.

For other charactarizations of semigroups by intuitionistic fuzzy bi-ideals

and intuitionistic fuzzy ideals, see [14].
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2. Preliminaries

We will list some concept and two results needed in the later sections and
we obtain some results.

Forsets X, Y and Z, f = (fi1, fo) : X — Y x Z is called a complex mapping
if fi: X —Y and f,: X — Z are mappings.

Throughout this paper, we will denote the unit interval [0, 1] as I and for
an ordinary subset of a set X, we will denote the characteristic function of A

as XA-

Definition 2.1[1,6]. Let X be a nonempty set. A complex mapping A =
(a,va) + X — I x I is called an intuitionistic fuzzy set(in short, IFS) in
X if pa(z) + va(z) < 1 for each x € X, where the mapping ps : X — I
and vy : X — I denote the degree of membership (namely pa(x)) and the
degree of non-membership(namely va(x)) of each x € X to A, respectively. In
particular, 0. and 1. denote the fuzzy empty set and the intuitionistic fuzzy
whole set in a set X defined by 0.(z) = (0,1) and 1.(x) = (1,0) for each
r € X, respectively.

We will denote the set of all IFSs in X as IFS(X).

Definition 2.2[1]. Let X be a nonempty sets and let A = (ua,va) and
B = (up,vp) be an IFSs in X. Then

(1) AC B if and only if pa < pp and vy > vp.

(2) A= B if and only if AC B and B C A.

(3) A® = (va, pa).

(4) ANB = (ua A pp,va Vvp).

(5) AUB = (s V pp,va Avp).

(6) [JA=(pa,1—pa), < >A=(1-wva,va)

Definition 2.3[6]. Let {A;}ics be an arbitrary family of IFSs in X, where
A; = (pa,,va,) for each i € J. Then

(1) N Ai = (Apa,, Vra,).
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(2) UAZ = (VMAN /\yAi)'

Definition 2.4[9]. Let (X, ) be a groupoid and let A, B € IFS(X). Then the
intuitionistic fuzzy product of A and B, Ao B is defined as follows : for each
reX,

ro8() = { (Vomyola(0) A 5 ()] Aucya ) V() i 2 = 32,

(0,1) if otherwise.

It is clear that for any A, B,C € IFS(X), if B C C, then Ao B C Ao (C
and Bo A C (Co A

Let S be a semigroup. By a subsemigroup of S we mean a non-empty subset
of A of such that
A*cC A
and by a left [resp. right] ideal of S we mean a non-empty subset A of S such
that
SACA [resp. AS C A].

By tow-sided ideal or simply ideal we mean a subset A of S which is both a
left and a right ideal of S. We well denote the set of all left ideals [resp. right
ideals and ideals] of S as LI(S) [resp. RI(S) and I(5)].

Definition 2.5[9]. Let S be a semigroup and let A € IFS(S). Then A is
called an :
(1) intuitionistic fuzzy subsemigroup (in short, IFSG) of S if

pa(zy) > pa(@) Apaly) and va(ry) <wva(z) Vva(y)

for any x,y € 9,
(2) intuitionistic fuzzy left ideal (in short, IFLI) of S if

pa(ry) > paly) and va(ry) < va(y)

for any x,y € 9,
(3) intuitionistic fuzzy right ideal (in short, IFRI) of S if

pa(zy) = pa(z) and va(zy) < va(z)
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for any x,y € 9,
(4) intuitionistic fuzzy (two-sided) ideal (in short, IFI) of S if it is both an

intuitionistic fuzzy left and an intuitionistic fuzzy right ideal of S.

We will denote the set of all IFSGs [resp. IFLIs, IFRIs and IFIs] of S as
IFSG(S) [resp. IFLI(S), IFRI(S) and IFI(S)]. It is clear that A € IFI(S)
if and only if pa(zy) = pa(z) V paly) and va(zy) < va(z) Avaly) for any
z,y € S, and if A € IFLI(S) [resp. IFRI(S) and IFI(S)], then A € IFSG(S).

Result 2.A[9, Definition 3.1 and Proposition 3.2]. Let S be a semigroup
and let 0 # A € IFS(S). Then A € IFSG(S) if and only if Ao A C A.

Result 2.B[9, Proposition 3.8]. Let A be a non-empty subset of a semi-
group S.

(1) A is a subsemigroup of S if and only if (xa, xac) € IFSG(S).

(2) A € LI(S) [resp. RI(S) and I1(S)] if and only if (xa, xac) € IFLI(S)
[resp. IFRI(S) and IFI(S)].

Lemma 2.6. Let S be a semigroupiod let A € IFS(S). Then A € IFLI(S) if
and only if 1.0 A C A.

Proof. (=) : Suppose A € IFLI(S) and let a € S.
Case (i) : Suppose (1. 0 A)(a) = (0,1). Then clearly 1.0 A C A.

Case (ii) : Suppose (1. o A)(a) # (0,1). Then there exist z,y € S with
a = xy. Thus

Pioala) = \/ 11 () A pa(y)]

a=zy

< \/ [1A pa(zy)]  (Since A € IFLI(S))

a=xy

=V 1A pa(@)] = jra(a)

a=xy



262 Kul Hur, Hee Won Kang and Jang Hyun Ryou

and

noala) = N ne(@) Vea)] = N\ 0V va(ey)]

a=xy a=xy

= A [0Vva(a) =wva(a).

a=xy
Hence, in all, 1.0 A C A.

(<) : Suppose the necessary condition holds. Let A € IFS(S) and let
a = xy for any x,y € S. Then, by the hypothesis, 1.0 A C A. Thus

pa(ry) = pala) > paoony(@) = \/ [ (b) A pa(o)]

a=bc

v

. (z) A paly)  (Since a = zy)
= 1A pa(y) = paly)

and
valey) = va(@) < vaon(@) = A\ () Va(o)
< @)V oals) = 0V aly) = valo)
Hence A € IFLI(S). This completes the proof. |

Lemma 2.6 [The dual of Lemma 1.6]. Let S be a semigroup and let A €
IFS(S). Then A € IFRI(S) if and only if Ao 1. C A.

The combined effect of these two lemmas is as follows :

Theorem 2.7. Let S be a semigroup and let A € IFS(S). Then A € IFI(S)
if and only if 1o AC A and Aol. C A.

3. Intuitionistic fuzzy generalized bi-ideals.

A subsemigroup A of a semigroup S is called a bi-ideal of S if ASA C A.
We will denote the set of all bi-ideals of S as BI(S).
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Definition 3.1{14]. Let S be a semigroup and let A € IFSG(S). Then A is
called an intuitionistic fuzzy bi-ideal (in short, IFBI) of S if

pa(zyz) > pa() Apa(z) and va(zyz) <va(z) Vva(z)

for any x,yz € S.

We will denote the set of all IFBIs of S as IFBI(S).

Result 3.A[14, Proposition 2.5]. Let A be a non-empty subset of a
semigroup S. Then A € BI(S) if and only if (xa, xac) € IFBI(S).

Remark 3.2. Let S be a semigroup.

(1) If pa is a fuzzy left ideal [resp. right ideal ideal and bi-ideal] of S, then
A= (pa,ps) € IFLI(S) [resp. IFRI(S), IFI(S) and IFBI(S)].

(2) If A € IFBI(S), then pa and v§ are fuzzy bi-ideals of S.

(3) If A € IFBI(S), then [ A, ( )A € IFBI(S).

A nonempty subset A of a semigroup S is called a generalized bi-ideal [19]
if ASA C A. We will denote the set of all generalized bi-ideals of S as GBI(S).

Definition 3.3.  Let S be a semigroup and let A € IFS(S). Then A is
called an intuitionistic fuzzy generalized bi-ideal(in short, IFGBI) of S if for
any x,y,z € 9,

pa(xyz) > pa(z) A pa(z) and va(zyz) < wva(z) Vwva(z).

We will denote the set of all IFGBIs of S as IFGBI(S). It is clear that
IFBI(S) C IFGBI(S). But the converse inclusion does not hold in general.

Example 3.4. Let S = {a,b,c,d} be the semigroup with the following

multiplication table:
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St R
=}
s}
s}
=}

a a b a

dla a b

O

We define a complex mapping A : S — I x I as follows :
A(a) = (0.5,0.4), A(b) = (0,1), A(c) = (0.2,0.8), A(d) = (0,1).
Then we can easily show that A € IFGBI(S) but A ¢ IFBI(S ).

Remark 3.5. Let S be a semigroup.
(1) If pa is a fuzzy generalized bi-ideal of S, then A = (pia, piac) € IFGBI(S).
(2) If A € IFGBI(S), then pa and vae are fuzzy generalized bi-ideals of S.
(3) If A € IFGBI(S), then [ |A, (YA € IFGBI(S).

The following two lemmas are easily seen.

Lemma 3.6. Let A be a nonempty subset of a semigroup S. Then A €
GBI(S) if and only if (xa, xac) € IFGBI(S).

Lemma 3.7. Let S be a semigroup and let A € IFS(S). Then A € IFGBI(S)
if and only if Aol_o A C A.

4. Regular semigroups.

A semigroup S is said to be regular if for each a € S, there exists an x € S

such that a = axa.
Proposition 4.1. Let S be a reqular semigroup. Then IFGBI(S) CIFBI(S).

Proof. Let A € IFGBI(S) and let a,b € S. Since S is regular, there exists an
x € S such that b = bxb. Then

pa(ab) = pa(a(bzb)) = pa(a(bx)b) = pala) A pa(b)
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and
va(ab) = va(a(bxd)) = va(a(bz)b) < va(a) V va(d).
Thus A € IFSG(S). So A € IFBI(S). Hence IFGBI(S) € IFBI(S). n

Theorem 4.2. Let S be a semigroup. Then S is reqular if and only if
A=Aol_0A for each A € IFGBI(S).

Proof. (=) : Suppose S is regular. Let A € IFGBI(S) and let a € S. Since

S is regular, there exists an x € S such that a = axza. Then

Haotoala) = \/ [1a01. () N pa(2)]

a=yz
faor. (ax) A pa(a) (Since a = azxa)

= (\ pap) A (@) A pa(a)

ar=pq

pa(a) A (z) A pala)

v

v

= pa(@) N1 A pa(a) = pa(a)

and

VAol oala) = /\ (Va1 (y) V va(2)] < vaor.(ax) V va(a)

a=yz

= (N va®) Vi (@) Vvala) < vala) Vin_(2) V va(a)

az=pq
= va(a) V1Vuwva(a) =rva(a).
Thus A C Ao1l.o0A. Since A € IFGBI(S), by Lemma 3.7, Aol_ 0 A C A.
Hence A= Aol.o0 A
(<) : Suppose the necessary condition holds. Let A € GBI(S). There, by
Lemma 3.6, (x4, xac) € IFGBI(S). Thus, by the hypothesis,

(Xa;xa¢) 0 1o o (xa, xac) = (Xa, Xac)-

Let a € S. Then

IU’(XA7XAC)01~O(XA7XAC)(G) = \/ [N(XA,XAc)OIN (y) A xa(2)]

a=yz

= xala)=1
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and
V(XA7XAC)01~O(XA7XAC)(G) = /\ [V(XA,XAC)01~ (y) V X ae (Z)]
a=yz
= Xac(a) =0.

Thus there exist b, ¢ € S with a = bec such that

Pixaxac)ol~ (b) = xalc) =1 and v, yae)01- (b) = Xac(c) = 0.

S0 Vy—palxa(®) Apa(q)] = 1 and A,_, [xac(p) Vr1.(q)] = 0. Then there exist
d,e € S with b = de such that
Xa(d) = pi_(e) =1 and xac(d) =11 (e) = 0.

Thus d € A,e € S,c € S and a = bc = (de)c € ASA. So A C ASA. Since A €
GBI(Y9), it is clear that ASA C A. Hence A = ASA. Therefore A is regular.
This completes the proof. |

The following result is due to Lemma 3.7 and Theorem 4.2.

Theorem 4.3. A semigroup S is reqular if and only if (IFGBI(S), 0) is a

reqular semigroup.

Theorem 4.4. A semigroup S is reqular if and only if for each A € IFGBI(S)
and each B € IFI(S), ANB=AoBoA.

Proof. (=) : Suppose S is regular. Let A € IFGBI(S) and let B € IFI(S).
Then, by Lemma 3.7, Ac BoA C Aol.oA C A. Also, by Theorem 2.7,
AoBoACl.oBol.Cl.oBCB. SoAocBoACANB. NowletaeS.
Since S is regular, there exists an « € S such that a = ara(= araza). Since

B e IFI(S),
pup(xax) > pplax) > pp(a) and vp(rar) <vg(ax) < vg(a).
Then

[taoBoa(a) = \/ [1a(y) A ppoa(2)]

a=yz
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v

pa(a) A pipoa(zraza) (Since a = azazxa)

pal@) A\ [us(p) A pap)]

rara=pq

pala) A pp(zaz) A pa(a)

v

v

pa(a) A ppla) A pala)

pra(a) A pp(a) = pang(a)

and

Vaopoa(d) = J\ [Va(y) V vpoa(2)] < va(a) V vpoa(zaza)

a=yz

= wvala)V /\ [ve(p) Vva(p)] <wvala)Vvg(rax) V va(a)

rara=pq

< wa(a) Vvg(a) Vva(a) = vala) Vvg(a) = vang(a).

So ANBC AoBoA. Hence Ao BoA=ANB.

(<) : Suppose the necessary condition holds. It is clear that 1. € IFI(S).
Let A € IFGBI(S). Then, by the hypothesis, A = AN1. = Aol_oA. Hence, by
Theorem 4.2, S'is regular. This completes the proof. |

Result 4.A[19, Theorems 1 and 4]. Let S be a semigroup. Then the
following are equivalent:

(1) S is regular.

(2) ANL C AL for each A € GBI(S) and each L € LI(S).

(3) RNANL C RAL for each A € GBI(S), each L € LI(S) and each R €
RI(S).

Now we give a characterization of a regular semigroup in terms of intu-

itionistic fuzzy generalized bi-ideals and intuitionistic fuzzy bi-ideals.

Theorem 4.5. Let S be a semigroup. Then the following are equivalent:
(1) S is regular.
(2) ANB C Ao B for each A € IFBI(S) and each B € IFLI(S).
(3) AN B C Ao B for each A € IFGBI(S) and each B € IFLI(S).
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(4) CNANBCCoAoB for each A € IFBI(S), each B € IFLI(S) and
each C € IFRI(S).
(5) CNANB C CoAoB for each A € IFGBI(S) and each B € IFRI(S).

Proof. (1) = (2): Suppose S is regular. Let A € IFBI(S), let B € IFLI(S)
and let @ € S. Since S is regular, there exists an z € S such that a = aza.
Then (Ao B)(a) # (0,1). Thus

fraop(a) =V, [1a(y) A pp(2)]

> paa) A pp(za) (Since a = aza)
> pa(a) A pug(a) (Since B € IFLI(S))
= pans(a)

and
405(®) = Aumyala(8) Y v5()] < val0) V V(o)
<wyul(a) Vg(a) =vanp(a).
Hence Ao BC AN B.

(2) = (3): It is clear.

(3) = (1): Suppose the condition (3) holds. Let A eGBI(S), let L €LI(S)
and let a € ANL. Then a € A and a € L. Since A € GBI(S), by Lemma 3.6,
(x4, xac) € IFGBI(S). By Result 2.B(2), (xz,xzc) € IFLI(S). Thus, by the
hypothesis,

(x4, xa¢) N (XL xLe) C (X4, Xae) © (XL, XLe)-

So

M(XAvXAC)O(XbXLC)(a) > M(XAvXAC)m(XLXLC)(a) = XA(G) A XL(CL) =

and

V(XAvXAC)O(XLQ(LC)(&) < V(XA,XAc)ﬂ(XuXLc)(a) = Xac(a) V xre(a) = 0.

Then [(xa, x4¢) © (X, Xze)](a) # (0,1). Thus
Veey:xa(y) Axc(z)] = Land A, [xac(y) V xze(2)] = 0.
So there exist b, c € S with a = bc such that

XA(b) =1, XAC(b) =0 and XL(C) =1, XLC(C) =0.
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Thus b€ Aand c € L,ie.,a=0bce AL. So ANL C AL. Hence, by Result
4.A, S is regular.

(1) = (4): Suppose S is regular. Let A € IFBI(S), let B € IFLI(S) and
let C' € IFRI(S). Since S is regular, there exists an = € S such that a = aza.
Then

ficoaon(@) =V ,y. o (y) A pracs(2)]

> uc(ax) A paop(a) (Since a = aza)
> (@) A (Voo polia(®) A is(@)])  (Since € € TFRI(S))
> uc(a) A pala) A pg(za) (Since a = aza)
> pc(a) A pa(a) A pg(a) (Since C' € IFRI(S))
= ptcnanp(a)

and
Veoao(a) = Naoy.lvo(y) V vaos(2)] < volax) V vass(a)
< 1)V (Aucyylra(0) V v5(@)]) < vela) V va(@) V vp(aa)
<vwve(a) Vvala) Vg(a) =venans(a).
Hence CNANBCCoAoB.

(4) = (5): It is clear.

(5) = (1): Suppose the condition (5) holds. Let A € GBI(S), let B €
LI(S) and let R € RI(S). Leta € RNANL. Thena € R, a € Aanda € L.
Since A € GBI(S), by Lemma 3.6, (x4, xac) € IFGBI(S). By Result 2.B(2),
(XR, Xre) € IFRI(S) and (xr, xzc) € IFLI(S). By the hypothesis,

(XR, Xre) N (X4, Xae) N (XL, Xze) € (XR, XRe) © (X4, Xac) © (XL, XLe)-
Then

IU/(XRJ(RC)O(XA%AC)O(XL7XLC)(a) > M(XR,XRc)ﬁ(XA,XAc)ﬁ(XLXLc)(a)
= xr(a) A xala) Axr(a) =1
and

Vixrxre)oOcanae)otenze) (@) < Vixaxre)n(xanae)n(xexze) (@)
= xr(a) V xa(a) V xr(a) =0.
Thus (XR: XRC) o (XAa XAC) o (XL: XLC) 7é (07 1) SO

V [cmnneroteana @) A xe(z)] =1

a=yz

and
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A Wocmcme)otenncae) @) V x2(2)] = 0.

a=yz

Then there exist b,c € S with a = bec such that

Hxroxre)oeanas)(0) = 1, Vicraxne)otxaxae) () =0
and

xr(c) =1 and xzc = 0. (%)
Thus [(Xr, Xre) © (X4, x4)](b) # (0,1). So

ViopglXr(P) A xa(q)] = 1 and A, [xre(p) V xac(q)] = 0.
Then there exist d,e € S with b = de such that
Xr(d) =1, xre(d) = 0 and xa(e) = 1, xac(e) = 0. (%)

By (%) and (xx), d € R, e € Aand ¢ € L. Thus a = bc = dec € RAL. So
RNANLN C RAL. Hence, by Result 4.A, S is regular. This complete the
proof. W

5. Left quasiregular semigroups.

A semigroup S is said to be left quasiregular if every left ideal of S is

globally idempotent.

Result 5.A[4, Proposition 1.1]. A semigroup S is left quasireqular if and
only if for each a € S, there exist x,y € S such that a = raya.

The following result can be easily proved.

Lemma 5.1. Let S be a semigroup. If S is left quasiregular, then IFGBI(S) =
IFBI(S), i.e., IFGBI(S) C IFBI(S).

Theorem 5.2. Let S be a semigroup. Then S is left quasireqular if and only
if Ao A= A for each A € IFLI(S).
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Proof. (=): Suppose S is left quasiregular and let A € IFLI(S). Then , by
Definition 2.5 and Result 2.A, Ao A C A. Let a € S. Then, by Result 5.A,
there exist z,y € S such that a = xaya. Thus

fraca(@) = Vo_pltra(®) A pa(q)]

> pa(xa) A pa(ya) (Since a = zaya)
> pa(a) A paa) (Since A € IFLI(S))
= pa(a)

and
Vaoa(a) = Noepglva(p) V va(q)] = va(za) V va(ya)
> va(a) Vvala) = va(a).
So AC Ao A. Hence Ao A=A.
(«<=): Suppose the necessary condition holds. Let L € LI(S) and let a € L.
By Result 2.B(2), (xr, xre) € IFLI(S). Then, by the hypothesis,

(Xzs XLe) © (XLs X2e) = (XL XLe)-
Thus

H(xrxze)olxnxee) (@) = xr(a) =1
and

Vixexre)olxepe) (@) = xre(a) =0 .
So [(xr,Xxze) © (xr, xze)](a) # (0,1). Then

Voampgxe(p) Axe(@)] = 1 and A, [xee(p) V xee(9)] = 0.
Thus there exist b, ¢ € S with a = bc such that
Xr(b) =1, xre(b) = 0 and x1(c) = 1, x1¢(c) = 0.

Sobe L,ie.,a=bce LL. Then L C LL. It is clear that LL C L. Thus L =
LL. Hence S is left quasiregular. This complete the proof. ]

A semigroup S is said to be intraregular if for each a € S, there exist

x,y € S such that a = xa’y.

Result 5.B[19, Theorem 6|.  Let S be a semigroup. Then S is both
intrareqular and left quasirequalr if and only if for each B € GBI(S), each L €
LI(S) and each R € RI(S), LN RN B C LRB.
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We give a characterization of a semigroup that is both intraregular and left

quasiregular in terms of intuitionistic fuzzy sets.

Theorem 5.3. Let S be a semigroup. Then the following are equivalent:

(1) S is both intraregular and left quasiregular.

(2) BNCNACBoCoA for each A € IFBI(S), each B € IFLI(S) and
each C € IFRI(S).

(3) BONCNAC BoCoA for each A € IFGBI(S), each B € IFLI(S) and
each C € IFRI(S).

Proof. (2) =(3): It is clear.
(3) =(1): It can be seen as in the proof of Theorem 4.5[(5) implies (1)].
(1) =(2): Suppose the condition (1) holds. Let A € IFBI(S), let B €
IFLI(S) and let C' € IFRI(S). Let a € S. Since S is left quasiregular, by
Result 5.A, there exist u,v € S such that a = uava. Then
a = uava = u(za*y)va = ((ux)a)((a(yv))a).
Thus
Bocoa(a) =V oy s (p) A pesal(q)]
> ps((u)a) A picoa((vy)a)
> 15(0) A Vaposaliic Aa(@)))  (Since B € IFLI(S))
> pp(a) A pe(a(yv)) A pala)
> up(a) A pc(a) A pa(a) (Since C' € IFRI(S))
= ,UBmCmA(a)
and
VBocoa(a) = NospglvB(P) V veoa(q)] < vp((uz)a) V veea((avy)a)
< U5(0)V Ayl V 2a(0)]) < v5(0) V v (aly0) V va(a)
<wg(a)Vve(a)Vrvala) =vencnala).
Hence CNBNA C CoBoA. This complete the proof. [ |
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