ITALIAN JOURNAL OF PURE AND APPLIED MATHEMATICS — N. 41-2019 (434-455) 434

CHARACTERIZATIONS OF MV-ALGEBRAS IN TERMS
OF CUBIC SETS

Yongwei Yang*

School of Mathematics and Statistics
Anyang Normal University

Anyang 455000

China

yangyw2010@126.com

Yongzhao Wang

School of Mathematics and Statistics
Anyang Normal University

Anyang 455000

China

Xiaolong Xin
School of Mathematics
Northwest University
Xi’an, 710127

China

Abstract. The operations of cubic sum, cubic product, cubic intersection, cubic union
are given in MV-algebras, and the concepts of cubic MV-ideals and cubic prime MV-
ideals in MV-algebras are introduced. Then some characterizations of cubic MV-ideals
and cubic prime MV-ideals are obtained. The image set of cubic prime MV-ideals
is proved to be a chain under the order relation < by discussing the properties of
cubic prime ideals, and the cubic prime MV-ideal theory and extension theorem of MV-
algebras are presented. Finally, the quotient structure of cubic MV-ideals is constructed
by cubic cosets, and three isomorphism theorems concerning the quotient of cubic MV-
ideals are presented by using the notion of invariant cubic sets.
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1. Introduction

Non-classical logic systems which lay logical foundation for dealing with uncer-
tain information processing and fuzzy information in computer science, have
become one of the most active research directions in artificial intelligence field.
The study of logic algebraic systems not only promotes the development of
non-classical mathematical logics, but also enriches the content and methods of
algebras. MV-algebras were introduced by Chang [1] as the algebraic counter-
part of Lukasiewicz infinite-valued calculus, and MV-algebras entered deeply in
many areas of mathematics and logics. The notions of pseudo MV-algebras [2]
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and generalized MV-algebras [3] as two non-commutative but equivalent gener-
alizations of MV-algebras have independently appeared, and they are used for
algebraic foundations of non-commutative fuzzy logic.

Ideal theory is a very effectively tool to study logical algebras and the com-
pleteness of the corresponding nonclassical logics. On the one hand, ideals are
closely related to congruence relations with which one can associate quotient
algebras; on the other hand, the sets of provable formulas in the correspond-
ing inference systems from the point of view of uncertain information can be
described by fuzzy ideals of those algebraic semantics. A number of researches
have motivated to develop nonclassical logics, and also to enrich the ideal the-
ory of algebras [4, 5, 6]. In addition, based on the fuzzy set theory introduced
by Zadeh, the related fuzzy structures (i.e., the fuzzification) of ideals in MV-
algebras were further studied [7, 8]. Hedayati [9] extended the notions of fuzzy
ideals to (€, € Vq)-fuzzy (implicative) ideals in pseudo MV-algebras by using the
concept of quasicoincidence of a fuzzy value with a fuzzy set. Using falling shad-
ows theory, [10] proposed the concept of falling fuzzy (implicative) ideals which
as a generalization of a Tx-fuzzy (implicative) ideal in MV-algebras. Moreover,
based on the concept of the soft set, [11] established the int-soft ideal theory in
pseudo MV -algebras.

Using a fuzzy set and an interval-valued fuzzy set, Jun et al. [12] introduced
a new notion, called a cubic set, and investigated several properties, then they
applied the cubic theory to BCK/BCl-algebras, and proposed cubic P-ideals
and cubic a-ideals [13, 14]. Continue the Jun’s work in [15], Khan et al. [16]
introduced the concepts of cubic h-ideals, cubic h-bi-ideals and cubic h-quasi-
ideals in hemirings, and provided some basic properties. Combining cubic sets
and soft sets, [17] introduce the notions of cubic soft o-subalgebras and (closed)
cubic soft ideals in BCK/BCl-algebras, and investigate related properties.

The paper aims to investigate ideals of MV-algebras based on the cubic the-
ory. The concepts of cubic MV-ideals and cubic prime MV-ideals in MV-algebras
are given, and some characterizations of them are present by the introduced cu-
bic operations. Inspired by the fuzzy prime filter theorem in [18], the cubic
prime MV-ideal theorem is provided in MV-algebras. A congruence relation
on an MV-algebra is constructed via a cubic MV-ideal. Furthermore, a quo-
tient structure of MV-algebras is constructed by cubic cosets, and some certain
isomorphism theorems are proved by using the notion of invariant cubic sets.

2. Preliminaries

In this section, we will provide basic terminologies and notations of MV-algebras
which are necessary for the understanding of subsequent results.

An algebra (M, ®,—,0) of type (2,1,0) is called an MV-algebra if it satisfies
the following axioms: for any x,y,z € M,

(MV1) 2@ (ydz2)=(zdy) & 2,
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MV6) ~(-zDy) Sy =—-(-ydx) 2.

Let (M, ®,—,0) be an MV-algebra, for any z,y € M, we put 1 = =0, zQy =
(rr@y), xr —y=-wxdy, c0y =@y, xVy = (-rdy) Dy = (zOy) Dy,
x Ay = —(-zV-y) = (z®-y)®y. In what follows, unless mentioned otherwise,
(M,®,—,0) is an MV-algebra and will often be referred to by its support set
M.

Proposition 2.1 ([19, 20]). Let (M,®,—,0) be an MV-algebra. Then the fol-
lowing assertions are valid: for any x,y,z,s,t € M,

1) x <y if and only if ~x ®y =1 if and only if x Sy = 0;
roy<zifand onlyif x <yd z;
3) z@-ax=0,zd-z=1, (zoy) AN(lyez)=0;

rRQy<rANy<zVy<zdy;

(xds)eyet) <(zey) & (sot);

)
)
)
5)zoy=-wo-z,202< (26y)® (yO2);
)
) ife <y, then y< -z, zQ2<y®zandxr®z<ydz;
)

(zVy)oy=z0y,z0(xAy) =x6y.

Let (M,®,—-,0) be an MV-algebra and I a nonempty set of M. Then [
is called an ideal of M if it satisfies: for any x,y € M, (1) z,y € I implies
x@y€l; (2)x<yandyelimply z €I. An ideal I is proper iff I # M. We
say that an ideal P is prime iff it is proper and satisfies for any x,y € M, either
royePoryoxe P.

Filters, the order duals of lattice ideals, have a variety of applications in
logic and topology. Since MV-algebra M is a lattice, we can give the notion of
lattice filters. A nonempty subset F' of M is called a lattice filer if it satisfies:
for any z,y € M, (1) z,y € F implies c ®y € F; (2) x <y and = € F imply
y € F[21].

Let My and My be MV-algebras. A function f : M7 — My is a homomor-
phism iff it satisfies the following conditions: for any z,y € M, (1) f(0) = 0,
(2) flzay) = flz) @ fy), B) fox) = —f(x).

Now we will recall the concept of interval-valued fuzzy sets. A closed subin-
terval @ = [a~,a™] of a closed unit interval [0, 1] is called an interval number,
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where 0 < a= < a™ < 1. Denote by DJ0,1] the set of all interval numbers.
We define the operations A, V, >, < and = in case of two elements in D|0, 1].
Consider two elements @, = [a] ,a]],d2 = [a; ,a7] in D[0,1], then

1) a1 > ap if and only if a] > a; and a? > a;;

2) a1 < ag if and only if a] < a; and aT < a;;

(1)

(2)

(3) a1 = az if and only if ] = a; and af = aj;
(4)

(5)

(6)

4) a1 A ag = [min{ay, a;},min{af, a;}];

5) a1V az = [max{aj ,a; }, max{af, a;}];

6) rinficpd; = [}Qﬁ a; ,inf aj], where @; € D[0,1], i € A;

€A
(7) rsup;ep@; = [supa; ,supaj ], where @; € D[0,1], i € A;
ieA icA
other operations > and < can be defined analogously.
An interval-valued fuzzy set (briefly, IVF-set) fi4 defined on a nonempty set
X is given by
fia = {(@, 15 @), w (@))€ X,

where p (z) < ph(z) for allz € X. Then the ordinary fuzzy sets p; : X — [0,1]
and ,uJAf : X — [0,1] are called a lower fuzzy set and an upper fuzzy set of fia,
respectively.

3. Cubic MV-ideals of MV-algebras

In this section, we define some cubic operations on MV-algebras, then introduce
a new notion called cubic MV-ideal of MV-algebras and study several properties
of it.

Definition 3.1 ([12, 13]). Let X be a nonempty set. A cubic set A in X as an
object having the following form:

A ={(z, pa(x), Aa(2))]x € X},

which is briefly denoted by A = (jia, A4), where jig = [, py] is an IVF set
in X and A4 is a fuzzy set in X. In order to facilitate our subsequent discussion,
for any x € X, the number A(x) = (fia(x), \a(z)) is called a cubic element,
where the numbers fi4(z) and Ag(z) represent, respectively, the membership
degree and non-membership degree of the element x to the set A, and ,uj(x) +
Aa(z) < 1.

For two cubic elements A(z) and A(y) of the cubic set A, we give the fol-
lowing operations:

(1) A(z) = A(y) if and only if fia(z) < fa(y), Aa(z) = Aa(y);
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(2) A(z) < A(y) if and only if fia(z) < fia(y), Aa(z) > Aa(y);
(3) A(x) = A(y) if and only if fia(z) > fia(y), Aa(z) < Aa(y);
(4) A(z) = A(y) if and only if fa(z) > fia(y), Aa(z) < Aa(y);
(5) A(z) = A(y) if and only if fa(z) = fia(y), Aa(z) = Aa(y);
(6) A(z) Y A(y) = (pa(z) V f1a(y), Aa(@) A Xa(y));
(7) A(z) A Ay) = (falz) A fra(y), Aa(@) V Aaly))

mieAAi = (rsupiEAﬂAm}g/{ )\Ai) :

Let X be a nonempty set and A a nonempty subset of X. The cubic char-
acteristic function of A is defined as x4 = {(, fiy, (z), Ay 4 (2))|z € X}, where

—

i (2) 1,1, ze€A, ) 0, =xz€A,
) = =
Hxa [0, 0], otherwise,

Let A = (fia, a) and B = (fip, Ap) be two cubic sets of X, we put AC B
if and only if A(z) < B(x) for any = € X; A C B if and only if A(z) < B(x) for
any z € X.

In what follows, we introduce the operations ® and © which provide interest-
ing further characterizations of cubic MV-ideals in the subsequent discussions.

1, otherwise.

Definition 3.2. Let A = (jia,A\a) and B = (fip, A\B) be two cubic sets of M.
Then:

(1) the cubic sum ® of A and B is defined as
A®B = {(z, (A®B)(2))|x € M} == {(, (ha+iip)(x), Aa+Ap)(z))|x € M},
where (A® B)(z) = Sup{A(y) R A(2)|z =y & 2,y, 2 € M}.

(2) the cubic product ® of A and B is defined as
A@B = {(z,(A@B)(z))|lz € M} := {(z, (Laciip)(x), (AacAp)(z))|z € M},
where (A® B)(z) = Stp{A(y) A A(2)|x =y ® 2,9, 2 € M}.

Inspired by [16], we can also give the intersection and union of two cubic sets
as follows. Let A and B be cubic sets of an MV-algebra M. The intersection
and union of A and B, denote by AM B and A LI B respectively, are cubic sets:

B(@))le € M} := {(z, (fia U i) (x), (\a 0 Ap) ()| € M},
B(a))la € M} == {(x, (i1 0 jip) (), (A4 U Ap) () |z € M},

ANB = {(x, A(x)

A
AUB ={(z,A(z) v
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Lemma 3.3. For any cubic sets A, B, C, D and E in an MV-algebra M, then
we have:

(1) A® (BUC) = (A®B)U(A® C);
(2) A (BUC)=(Ae@B)U(A(C);

3) A®(BNC)=(A®B)N(A®C);

(4) A®@(BNC)=(A®@B)N(A®C);

(5) AU(BNC)=(AuB)N(AuC);

(6) AN(BUC)=(ANB)UANCOC);

() A (Be®C)=(A®B)®(C;

8) A (Be®C)=(A@B)®eC;

(9) if DCA ECB, then D@ EC A® B;
(10) f DEA, EC B, thn D@ EC A® B.

Proof. (5), (6), (9) and (10) are straightforward. The proofs of (2), (3) and (4)
are similar to that of (1), and the proof of (8) is similar to that of (7), therefore,
we only give the proofs of (1) and (7).

(1) For any x € M, assume that there exist y,z € X such that z = y & z,
then

(A + (BB Y o)) (x) = rsup {fia(y) A (B Y fic)(2)|x = y @ 2}

= rsup {fa(y) A (aB(2) V fic(2))|z =y @ 2}

= rsup {(fa(y) A ip(2)) V (a(y) A fic(2)) |z = y © 2}

= rsup {(a(y) A fip(2)} V rsup{(fa(y) A ho(2)|z = y ® 2}

= (Aa+aB)(x) V (s + fic)(z)

= ((ha + i8) U (A + fic)) (),

(M + (A @ A0))(z) = inf {max {Aa(y), (\s M Ac) ()} o =y @ 2}
= inf {max {4 (y), min {\p(2), \c(2)}} |r =y ® z}

— inf {min {max {\a(y), Ap(2)} max (Aa(g) Ac(2)} o =y & 2}
= min{inf{max{As(y), \p(z) }Hz=y @ z}, inf{max{\a(y), \c(2) }Hz =y D z}}
=min{(Aa + Ap)(z),(Aa + o) (2)}

=((Aa+2Ag) M (A4 + Ao))(x).

Hence, A® (BUC)=(A®B)U(A®C)
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(7) For any x € M, assume that there exist y,z € M such that x = y & z,
then

(fia + (fip + fic)) (%) = 18Py, 10A(Y) A (BB + fic)(2)}
= 18UD,_ye. {4 (Y) ATSUD,_, 0., {8 (21) A fic(22)} }

= ISUD, g, {TSUD, a0, {4(Y) A i (21) A fio(22)} }

= ISUD,— (2 020) 1AAY) A fis(21) A fic(22)}

((fia + fig) + fc) (@) = 15UPp—yq. { (24 + i) (Y) A fic(2)}
= ISUP, e {ISUDy—y g, {2401 A i (Y1)} A fic(2) }

= TSUD, a0 {1SUDy—yy g (A (Y1) A fiB(y2) A fio(2)}}

= ISUDy—(y, )@= LAAYL) A i (y2) A e (z) € M}

since = y® (21 ®22) = (y1 Dy2) B 2, then (fa+ (i + fic)) (@) = ((ha+iB) +
fic)(z).

(Aa+ s +A0))(@) = inf {max{Aa(y),(As +Ac)(2)}}

= inf {max{AA(y), inf {max{)\B(zl),)\c(ZZ)}}}}

r=y®dz z=21D22
= int { _int mox Qua() An(er) Al |
r=ydz | z=21D22

= inf {max {Aa(y), AB(21), Ac(22)}},
r=y®d(z1Pz2)

((Aa+AB) + Ac)(z)
= zi‘;}fez {max {(Aa + Ap)(y), A\c(2)}}

r=y®dz y=y1Dy2

= inf {max{ inf {max{AA(yl),AB(yz)}},Ac(z)}}

r=ybz | y=y1Dy2

= inf {max{Aa(y1), \B(y2), A\c(2)}},
z=(y1By2) D=

= inf { inf {max{)\A(m),/\B(y2)7)\0(2)}}}

since x =y @ (21 ® 22) = (y1 ® y2) ® 2, hence
inf {max{Aa(y), Ag(21), Ac(22) }}
z=yd(z1Bz2)
= inf  {max{Aa(y),\B(21),Ac(22)}},
z=y®(21P22)

and so (A4 + (A + Ao))(z) = (A4 + AB) + Ao)(2).
Therefore A® (B®C)=(A® B)®C. O

Lemma 3.4. Let A and B be nonempty subsets of an MV-algebra M. Then
the followings hold:
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1) AC B if and only if x4 C xB;

(1)

(2) xaUxB = X4uB, XAT1XB = XAnB;

(3) XA ®xB = XaeB, where A® B={xdy|lr € A,y € B};
(4)

4) XA ©® XB = XAeB, where A® B={z®y|r € A,y € B}.

Proof. (1) and (2) is obviously, the proof of (4) is similar to that of (3), here
we only need to prove (3). For any = € M, we consider two cases.

(i) if x € A @ B, then there exist y; € A and z; € B such that x = y; @ 2;.
Then ﬂXA@B ($) = [15 1]' Since (ﬂXA +[‘XB)(33) = I'sup {[LXA (y) A ﬂXB (Z)|$ =y Z}
> ﬂXA (y1> /\:&’XB (Zl> = [17 1]7 then (/]’XA + ﬁxzs*)(x) = [17 1] = <laXA€BB (x)v and so,
[LXAGBB (z) = [1,1].

AxatAvs) (@) = x;%gez {max {A, (1), Ayp (2)}} < max{A, (1), Ayp(21)} =
0, therefore (A, + A ;) (2) = 0= A 05 (2).

(ii) if x ¢ A & B, then there exist y1 € M\A or z; € M\A such that
T =y1®z1, then (fiy, + fiyy ) (2) = 18up {fix 4 (Y) A fiy s (2)|lz =y ® 2} = [0,0] =
fixaes (), and (Ay,, +Ayp) () = xg;gez {max {A,(¥) A Az (2)}} =1= )\XA@B ().

Therefore, we have x4 ® xB = X4AeB- O
Definition 3.5. Let A = (fia, Aa) be a cubic set of an MV-algebra M. Then A

is called a cubic MV-ideal of M if it satisfies the following conditions: for any
x,y € M, if (1) A(x) N A(y) X Az @ y); (2) x <y implies A(y) < A(z).

For better understanding the notion of cubic MV-ideals, we illustrate it by
the following example.

Example 3.6. Let M = {0,a,b,1} be a set such that 0 < a < 1land 0 <b < 1.
The operations & and — are defined as follows:

@0 a b 1

0 0 a b 1 - ‘ 0 a b 1
ala a 1 1 5

b|/b 1 b 1 1 a 0
171 1 1 1

then (M,®,—,0) is an MV-algebra. Define a cubic set A = (fia,Aa) in M as
follows:

08,09, z=0, 0.1, =0,

N [0.3,0.4], z=a, 0.5, z=a,
) = Aa(x) =

fia(@) 02,05, x=b, A@Y =904 ooy,

0.1,0.3, z=1; 0.6, =1,

it is to check that A is a cubic MV-ideal of M.
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(2) Let I be an ideal of MV-algebra M, I'y = (&1, 1) and I'y = (&g, f2) be
cubic elements such that (&1, 51) < (&2, 32). Define a function as follows:

r el
O P
! Fl, xgé[

Routine calculation shows that Igf is a cubic MV-ideal of M. Here the cubic

set Ill:f is called the generalized cubic characteristic function of I.

Proposition 3.7. Let A be a cubic set of an MV-algebra M. Then A is a cubic
MV-ideal of M if and only if for any x,y € M,

(1) A(z) < A(0);
(2) Aly) A Az ©y) = Alx).

Proof. The sufficiency is very clear, we now give the proof of the necessity. For
any z,y € M, if x <y, then A(z) = A(y) A A(x & y) = A(y) A A(0) = A(y).
Notice that (x @ y) ©y < x, we have A((z @ y) ©y) = A(x), and A(x ® y) =
Aly) NA((zdy)oy) = A(x) A A(y), therefore A is a cubic MV-ideal of M. [

Note that the concept of level sets in the fuzzy set theory, Khan et al. [16]
give the notion of cubic level sets which serves as a bridge between of cubic sets
and crisp sets.

Let A = (fia, Aa) be a cubic set of a nonempty set X, r € [0,1] and [s,t] €
D[0,1] such that r +t < 1. The set

L(A; (s, t],r)) = {x € X|pa(z) > [s,t], Aa(x) <7}

is called a ([s,t],r)-cubic level set of A. The proof of the next proposition is
obviously, and will be omitted.

Proposition 3.8. Let A = (fia, a) be a cubic set of M. Then the following
statements are equivalent:

(1) A is a cubic MV-ideal;

(2) for any r €10,1], [s,t] € D[0,1] and r +t < 1, the nonempty cubic level set
L(A;([s,t],r)) is an ideal of M.

Analogues to the notion of cubic MV-ideals, we can present the notion of
cubic lattice filters as follows.

Let A = (jia,Aa) be a cubic set of an MV-algebra M. Then A is called
a cubic lattice filter of M if it satisfies that for any z,y € M, A(x) A A(y) =
A(z AN y). Tt is easy verify that if A is a cubic lattice filter of M, then for
any r € [0,1], [s,t] € DI[0,1] and r +¢ < 1, the nonempty cubic level set
L(A;([s,t],r)) is a lattice filter of M.
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Theorem 3.9. Let A = (fia, Aa) be a cubic set of an MV-algebra M. Then A
is a cubic MV-ideal of M if and only if z © x <y implies A(x) N A(y) < A(z)
for any x,y,z € M.

Proof. Assume that A is a cubic MV-ideal of M and there exist z,y,z € M
such that z© x <y, then A(z ©x) = A(y). In view of Proposition 3.7, we have
A(z) = A(z) NA(z o x) = A(x) A A(y).

Conversely, it follows immediately from 0 © z = 0 < x that A(0) = A(x) A
A(x) = A(x). Notice that 26 (x6y) < y, we obtain that A(z) = A(y)AA(xoy).
Thus A is a cubic MV-ideal of M. O

Proposition 3.10. Let A be a cubic set of an MV-algebra M. Then A is a
cubic MV-ideal of M if and only if for any x,y € M,

(1) A(z) A Ay) = Az D y);
(2) A(y) 2 Az ®y).

Proof. The proof will be complete if we show that (2) is equivalent to the
condition (2) of Definition 3.5. Assume that A is a cubic MV-ideal of M, since
x®y <y for any x,y € M, then we get the condition (2) of Proposition 3.10.
Conversely, suppose that the condition (2) of Proposition 3.10 holds. For
any z,y € M, if x <y, then (-y @ z) ® y = z Ay = z, and hence A(x) =
A((-ry @ z) ®y) = A(y), therefore (2) of Definition 3.5 is valid. O

Proposition 3.11. Let A be a cubic MV-ideal of M. Then the following results
hold: for any z,y,z € M,

(1) if Az ©y) = A0), then A(y) < A(z);
(

2) Az Vy) = Az) A Aly);

3) Az ®y) = A(x) A Aly);

(4) A(z) A A(-z) = A(0);

(5) Az Oy NA(Yy© 2) 2 Az © 2).

Proof. (1) Since A is a cubic MV-ideal of M, then we have A(y) N A(x ©y) =
A(y) = A(z) by Proposition 3.7.

(2) Using (z Vy) < z @ y and together with Theorem 3.9, we obtain that
A(x)ANA(y) = A(zVy). As for the reverse inequality, from z,y < xVy, we have
A(x Vy) X A(x) and A(z Vy) < A(y), and so A(z Vy) < A(x) A A(y). Hence
(2) is valid.

(3) Since (zVy) < @y, one more application of Definition 3.5 yields A(x ®
y) = A(x Vy) = A(x) A A(y). The reverse inequality follows from Proposition
3.10, which completes the proof of (3).

(4) is a consequence of (3).

(5) is immediately from Proposition 2.1 (5) and Theorem 3.9. O
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Theorem 3.12. Let A be a cubic set of M. Then A is a cubic MV-ideal of M
if and only if the following conditions are valid:

(1) A® AT A;
(2) xM®ALC A.

Proof. Assume that A is a cubic MV-ideal of M and x is an element of M. We
will first show that (1) holds. Let x be expressed as x = y® z for some y, z € M.
Then we get that fia(z) = fia(y © 2) > fia(y) A fia(z), Aa(z) = Aa(y © 2) <
max{Aa(®), A a(2)}. And 50 fa(z) > rsup {7a() A fa(e)z =y © 2} = (in +
fa)(x), Aa(x) < inf {max{Aa(y), \a(z)} |z =y Dz} = (Aa + Aa)(x), hence
A®AC A

For any x € M, we have (fiy,, o fia)(x) = rsup{fiy,, () N fa(2)|z = y® 2z} =
rsup{[L, 1 A fa(2)|z = 4 ® 2} = rsup{jia()lz = y ® 2} < rsup{iialy ® )|z =
y® 2} = fia@), and (hgy, 0 Aa)(@) = inf{max{Ayy, (1), A(2)Ha = y @ 2} =
inf{max{0,\a(2)}|z = y ® z} = inf{da(2)|r = y ® 2z} > inf{As(y ® 2)|x =
y® 2z} = Aa(x), therefore xpr ® A C A.

Conversely, suppose that A® AC A and yyy © A C A. For any x,y € M,
we get that fia(z @ y) > (fa + fia)(z @ y) > fia(z) A fa(y) and Aa(z S y) <
A+ 2a)(z@y) <max{da(z), \a(y)}, that is A(x) A A(y) < A(xz @ y). Due
to the fact that fia(z ® y) > (fix,, © fia)(z ®@y) > MXM( ) A Ba(y) = fa(y)
and A(z ®@ y) < (A, 0 Aa)(z @ y) < max{\,,(z), \a(y)} = Aa(y), that
is, A(y) = A(x ® y), we get that A is a cubic MV-ideal of M by Proposition
3.10. O

Proposition 3.13. Let A and B be cubic MV-ideals of M. Then the following
results are valid:

(1) AN B is a cubic MV-ideal of M ;

(2) if A® B is an inverse isotone mapping, then A® B is a cubic MV-ideal of
M.

Proof. (1) It is obviously.

(2) For any z,y,z € M, if z©x < y, that is, z < x @ y, according to
Proposition 3.11 (3), we have (A® B)(z) A (A® B)(y) = sup{A(z1) A B(z2)|z =
z1 @2} ASUD{A(y1) AB(y2)|y = y1©y2} = Sup{ A(21) AB(22) AA(y1) AB(y2) |z =
11 ® T2,y = y1 Sy2} X SUP{(A(21) AA(y1)) A (B(22) AB(y2)) |z @y = (21©91) ©
(z2 © y2)} = BUP{(A(z1 & y1)) A (B(x2 @ y2))|lz By = (11 B 1) & (12 D y2)} =
(A®B)(z®y) < (A® B)(z). Thus A® B is a cubic MV-ideal of M. O

Let X be a non-empty set and (&, 3) a cubic element. For any = € X, if
Cia,p)(z) = (@, B), then C(4 gy is called a constant cubic set of X. For the sake of
convenience, a nonconstant cubic MV-ideal is called a proper cubic MV-ideal.
We define the image set Im(A) of the cubic set A of X as: Im(A) = {A(x)|z €
X}.
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Definition 3.14. Let A be a proper cubic MV-ideal of M. For any x,y € M, if
A(z©oy) = A(0) or A(y © =) = A(0), then A is called a cubic prime MV-ideal.

In what follows we will show some characterizations of cubic prime MV-
ideals.

Proposition 3.15. Let A be a proper cubic MV-ideal of M. Then A is a
cubic prime MV-ideal of M if and only if for any r € [0,1], [s,t] € D[0,1] and
r+t <1, the nonempty cubic level set L(A;][s,t],r) is a prime ideal of M.

Proposition 3.16. Let A be a proper cubic MV-ideal of M. Then the following
assertions are equivalent:

(1) A is a cubic prime MV-ideal of M;
(2) A(z Ay) = A(0) implies A(z) = A(0) or A(y) = A(0) for any z,y € M.

Proof. Assume that A is a cubic prime MV-ideal of M. Let A(z Ay) = A(0).
Notice that x & (zx Ay) = x ©y and A is a cubic MV-ideal of M, we have
A(z) = Az ANy)ANA(z (zAy)) = A(x S (xAy)) = A(z©y) by Proposition 3.7,
and so A(0) = A(z) = A(z ©y). Similarly A(0) = A(y) = A(y© x). From A
is a cubic prime MV-ideal, it follows that A(x ©y) = A(0) or A(y & z) = A(0),
hence A(z) = A(0) or A(y) = A(0).

Conversely, suppose that (2) is valid. For any z,y € M, (z0y)A(yox) =0,
then A((xoy) A (yoz)) = A(0). Then A(xSy) = A(0) or A(yS ) = A(0) by
hypothesis, therefore A is a cubic prime MV-ideal. O

Theorem 3.17. Let A be a proper cubic MV-ideal of M. Then A is a cubic
prime MV-ideal of M if and only if Im(A) is a chain under the order relation
=, and A(x Ny) = A(x) Y A(y) for any x,y € M.

Proof. Suppose that A is a cubic prime MV-ideal of M, then A(z ©y) = A(0)
or Aly © x) = A(0) for any z,y € M. If A(x ©y) = A(0), consider that
rO(xoy) <z Ay, we get that A(z) = A(x ©y) A A(x ANy) = A(x Ay) by
Theorem 3.9. Combining with A(xz Ay) = A(x) and A(z Ay) = A(y), we have
A(x Ny) = A(z) and A(x) = A(y). Similarly, if A(y & x) = A(0), we can prove
that A(x Ay) = A(y) and A(y) = A(x). Hence, Im(A) is a chain under the
order relation <, and A(z Ay) = A(z) ¥ A(y).

Conversely, due to the fact that (x © y) A (y © ) = 0, we obtain that
A(0) = A((zoy)A(yox)) = A(zoy) Y A(y©x). Since Im(A) is a chain, then
A(0) = A(x o y) or A(0) = A(y © z), thus A is a cubic prime MV-ideal. O

Proposition 3.18. Let A, B be cubic sets of M. If A is a cubic prime MV-ideal
of M, and B is a proper cubic MV-ideal of M such that A T B and A(0) = B(0),
then B is a cubic prime MV-ideal of M.
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Proof. Since A is a cubic prime MV-ideal of M, then A(x ©y) = A(0) or
Aly o z) = A(0) for any z,y € M. If A(x ©y) = A(0), from A C B and
A(0) = B(0) it follows that B(x © y) = B(0). Similarly, B(y © x) = B(0) if
A(y© x) = A(0). Thus, B is a cubic prime MV-ideal. O

Proposition 3.19. Let A and C5 ) be a cubic set and a constant cubic set of
M, respectively. If A is a cubic prime MV-ideal of M and (&, ) < A(0), then
AUCa4,p) 18 a cubic prime MV-ideal of M.

Proof. For any z,y,z € M, if z6z <y, then A(z) = A(z) A A(y) by Theorem
3.9, and so (AU Cap))(2) = A(2) ¥ Cap)(2) = (Alx) A A(y)) V Cap(2) =
(A() ¥ Clapy(2)) A (A(5) Y Coa ) (2)) = (A(@) ¥ Clapy (8)) A (A) Y Capy (1) =
(AUC@a,p))(x) A(AUC4,8))(y). Therefore, AUC(4 ) is a cubic MV-ideal of M.

Nextly, we will show that A U C ) is prime. In view that A is a cubic
prime MV-ideal of M, and (&, 8) < A(0), we get that (AL C4.6))(0) = A(0) Y
Cla,p)(0) = A(0) ¥ (&, 8) = A(0) # A(1), thus AUC4,p) is a proper cubic MV-
ideal of M. Since (AU C4,8))(0) = A(0) and A E AUC(4,), then AUC4 ) is
a cubic prime MV-ideal of M by Proposition 3.18 . O

Definition 3.20. Let (&, ) be a cubic element, and X be a set of some cubic
elements. The cubic element (&, ) satisfies the chain property on X if it is
comparable with all elements of X.

Lemma 3.21. [19] Let I be an ideal of MV-algebra M and F(# () be a lattice
filter of M with INF = (). There is a prime ideal P of M such that I C P and
PNF=0.

Inspired by the fuzzy prime filter theorem in [18], we give the cubic prime
ideal theorem in MV-algebras as follows.

Theorem 3.22. (Cubic Prime Ideal Theory ) Let A be a proper cubic MV-
ideal of M with A(0) < ([1,1],0). Suppose that there is a cubic lattice filter
B of M such that AT B C C,), and (&, 3) satisfies the chain property on
Im(A) U Im(B), then there is a cubic prime MV-ideal D such that A T D and
DNBLC C(&’ﬂ).

Proof. Since A is a proper cubic MV-ideal, then L(A, A(0)) is a proper ideal
of M. Nextly, we consider the following three cases relative to the (&, )-cubic
level sets of A and B:

Case (1): L(B;(a, 3)) = 0. It follows that B C C4,p). Taking F' = {0}, then
there is a prime ideal P of M such that L(A, A(0)) C P by Lemma 3.21. Here
we put D = Pf(l[(ld”’o), that is, D is the generalized cubic characteristic function
of the ideal P. &nd so D is a cubic prime MV-ideal of M, with A C D and
DNBLC C(&”g).

Case (2): L(A; (&, B)) = 0. We obtain that A C C ) and A(0) < (&, B). If

P is the prime ideal given in case (1), and D = Pf(log(’]ﬁ ), then D is a cubic prime
MV-ideal of M, with AC D C C(dﬁ) and DM BLC (@,8)-
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Case (3): L(A;(a,B)) # 0 and L(B;(a,8)) # 0. Then L(B;(a,p)) is a
lattice filter of M, and (&, ) = A(0). From AN B C C,), we obtain that
) =

L(A; (a,8)) N L(B; (&, 8) (0, thus L(A;(&,8)) # M, and so L(A; (&, B)) is
a proper ideal of M. By Lemma 3.21, it follows that there is a prime lattice
ideal P of M such that L(A;(&,8)) € P and L(B;(a,8)) N P = (. We put
D = P([lﬂ1 ) 0), it is easy to see that D is a cubic prime MV-ideal of M, and
WewﬂlshowthatAEDanle_lBI:C g). Forany z € M, if z € P,

(&,
then x ¢ L(B;(&,p)), and so A(x) < ([1,1],0) = D(x) and B(z) < (&,f),
hence (D M B)( ) (&, ) C(&ﬁ)( x); if x ¢ P, then © ¢ L(A;(&,f)), thus
A(x) < (&, B) = Ca,p)(x) and (D N B)(x) 2 (&, ) = C(a,p)(x). Therefore, in
any case we have A( ) = C( y(z) and (DM B)(z) 2 Cia,p)(T). O

4. Quotient structures of MV-algebras based on cubic MV-ideals

In the section, we defined the quotient structure of cubic MV-ideals, then present
three isomorphism theorems concerning the quotient of cubic MV-ideals.

Let A = (fia,Aa) be a cubic MV-ideal of an MV-algebra M and = € M. The
cubic set A” is called the cubic coset of A which is defined as: for any y € M,

A¥(y) = Az oy) NA(ly o o).
We denote M /A the set of all cubic cosets with respect to A.

Lemma 4.1. Let A be a cubic MV-ideal of an MV-algebra M. Then the fol-
lowing assertions hold: for any x,y,z,s,t € M,

1 =AY if and only if A(x ©y) = A(ly© x) = A0);

(1) A

(2) the set A, = {x € M|A(z) = A(0)} is an ideal of M;
(3) A*(y)

(4) A%(y) = A7 (~y);
(5) A*(y) A

(6) A*(y) A

5) At(y) A AY(z) = A”(2);

6) A%(y) A A(t) = A" (y @ t).

Proof. (1) Suppose that A* = AY, then A”(z) = AY(x), it follows that A(z
x)=A0)=Alyox)AA(xSy). Thus A(x 6 y) = A(y © z) = A(0).

Conversely, assume that A(x ©y) = A(y © ) = A(0). According to Propo-
sition 3.11 (5), we get that A(x o 2) = A(zcy) AA(yo z) = Ay © z) and
A(zozx) = A(zoy)NA(yox) = A(20y). Hence A*(z) = A(x©2)ANA(z0x) =
Alye z) NA(zoy) = AY(z). Similarly, AY(z) = A%(z), therefore A* = AY.

(2) and (3) are obviously.

(4) is immediately from Proposition 2.1 (5).
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(5) Sincez o2z < (z0y)@®(yoz) and 26z < (yoz)® (2 ©y), then
Alzey)NA(yez) R A(zez) and A(yex)ANA(zey) 2 A(ze ) by 3.11 (3),
whence (5) follows form the monotonicity of A.

(6) The proof of (6) is similar to that of (5). O

As an immediate consequence of Lemma 4.1, we have

Proposition 4.2. Let A be a cubic MV-ideal of M. A relation =4 on M is
defined as follows: for any x,y € M,

x=ayif and only if Alx©y) = Ay ©z) = A(0),
Then =4 s a congruence relation on M.

Given x € M, the equivalence class of x with respect to =4 will be denoted
by [z]a and the quotient set M/ =4. Since =4 is a congruence, defining the
operations on the set M/ =4 as: —[z]a = [~2]a and [2]4 & [y]a = [x B y]a for
any x,y € M. Then the system (M/ =4,®,,[0]4) becomes an MV-algebra.

The next corollary is an easy consequence of Lemma 4.1 and Proposition 4.2.

Corollary 4.3. Let A be a cubic MV-ideal of M. Then
(1) A® = AY if and only if x =4 y, for any x,y € M;
(2) Av=10]a.

Let A be a cubic MV-ideal of an MV-algebra M. For any A® AY € M/A,
we define A%V AY = ATV AT N AY = AN AT @ AY = A AT = A7 and
the order < on M/A by A* < AY if and only if A* Vv AY = AY.

Lemma 4.4. Let A be a cubic MV-ideal of M. Then A® < AY if and only if
Az o y) = A(0).

Proof. For any z,y € M, A* < AY if and only if A* Vv AY = A*VY = AY if and
only if Alye (zVy)) =A((zVy) sy) = A(0), that is, A(x & y) = A(0). O

Corollary 4.5. Let A be a cubic MV-ideal of M. Then A® < AY if and only if
AT N AY = A%,

Theorem 4.6. Let A be a cubic MV-ideal of M. Then (M/A,&®,—, A%) is an
MV-algebra, which is called a cubic quotient MV-algebra.

Proof. We can claim that the operations on M/A are well-defined. In fact, if
A* = AY and A* = A!, according to Corollary 4.3, we have that z =4 y and
s=a4t,and so x B s =4 y Dt, it follows that ATPS = AY®! Similarly, we can
prove ATVS = AYVt and A = AYM. Then we can easily check that M /A is an
MV-algebra. O

Theorem 4.7. Let A be a cubic MV-ideal of M. Then M/A= M/ =4.
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Proof. Define a map ¢ : M/A — M/ =4 by p(A”) = [x]a for any = € M.
Assume that A% AY € M/A, then A* = AY if and only if x =4 y, which
implies that ¢ is an one-to-one function. Obviously, ¢ is surjective. Moreover,
P(AF @ AY) = o(AP) = [2® yla = (o)1 ® [y]a = (A7) © 9(AY), p(~AT) =
W(A™") = [~z]a = —[z]a = —p(A*), thus ¢ is an isomorphism and the proof is
complete. ]

From the above theorem we immediately obtain:

Corollary 4.8. Let f : My — My be a homomorphism of MV-algebras and A
be a cubic MV-ideal of M with kerf = A.. Then M /A= f(M).

Definition 4.9. Let A be a cubic MV-ideal of M and B a cubic set of M. A
cubic set B/A of the MV-algebra M /A is defined as follows: for any A* € M/A,

(B/A)(AY) = sup{B(y)|A* = A%,y € M},
and B/A is called a quotient cubic set of M/A.

Proposition 4.10. Let A, B be cubic MV-ideals of M. Then B/A is a cubic
MV-ideal of M/A.

Proof. For any x1,29 € M, (B/A)(A** & A*?) = (B/A)(A**%*2) = sup{B(y1 ®
)| 471972 — AN} > Sup{ By ) AB(ya) A = AV, A2 = AV} = BJA(A)A
B/A(A™2).

For any zi,x2 € M such that A" < A%2 then A" = A"t A A2 and
(B/A)(A™) = Stp{B(y)| A" = AV} = Sup{B(yo)| A" = AV, A% = AV} =
STD{B(y1Aya) | AP — AMAR A% — A} > Sup{B(yn)| A2 — A%} — BA(A™).

Thus B/A is a cubic MV-ideal of M/A. O

Definition 4.11. Let f be a mapping from an MV-algebra My into an MV-
algebra Ms, and A, B be cubic sets of My and My, respectively. Then

(1) the inverse image f~Y(B) of B under f is defined as f~*(B)(z) = B(f(z)),
for any x € My;

(2) the image f(A) of A under f is defined as

_Js{A@)|f(x) =y}, fHy) #0,
fA)) = {([0,0], 1), otherwise.

The following result can be easy proved together with Definition 3.5, and so
we omit the proof.

Proposition 4.12. Let f : My — Ms be a homomorphism of MV-algebras and
A, B be cubic MV-ideals of My and Ms, respectively. Then

(1) the inverse image f~*(B) is a cubic MV-ideal of M;
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(2) the image f(A) is a cubic MV-ideal of M.

Proposition 4.13. Let A, B be cubic MV-ideals of an MV-algebra M and
¢ : M — M/A a natural homomorphism, that is, ¢(x) = A® for any x € M.
Then

(1) ¢(B) = B/A for any cubic set B of M;
(2) ¢~ Y(B)/A = B for any cubic set B of M/A.

Proof. (1) For any A” € M/A, we get that ¢(B)(A*) = sup{B!|p(t) = A*,t €
M} =sup{B!|A! = A*,t € M} = B/A(A%). And therefore p(B) = B/A.

(2) For any A® € M /A, we obtain that (¢~1(B)/A)(A%) = sup{p1(B)(t)| At
= A%t € M} = sup{B(p(t))|A! = A%t € M} = sup{B(AY)|A' = A* t €
M} = B(A*). Thus ¢~ }(B)/A = B. O

For the purpose of investigating homomorphism theorems of MV-algebras
based on cubic MV-ideals, we introduce the following notions.

Let f: M1 — M> be a homomorphism of MV-algebras and A, B be cubic
MV-ideals of M; and Ma, respectively. If f(A) C B, we say that A is weakly
homomorphic to B, and we write A ~ B. If f(A) = B, we say that A is
homomorphic to B, and we write A =~ B. If f is bijective and f(A) = B, we
say that A is isomorphic to B, and we write A = B.

As an immediate consequence of the above Proposition 4.13, we record here
the following result.

Corollary 4.14. Let A, B be cubic MV-ideals of M. Then B ~ B/A.

Theorem 4.15. Let A, B be cubic MV-ideals of an MV-algebra M, and f :
My — My be an epimorphism of MV-algebras such that kerf = A.. Then

B/A = f(B).

Proof. Define a map ¢ : M1/A — My by p(A*) = f(z) for any x € M;. Then
for any x1,x2 € M, we have that A™ = A®2 if and only if 1 © 9,20 © 1 €
A, = kerf if and only if f(z1 © 22) = f(z2 © x1) = f(0) = 0 if and only
if f(x1) = f(x2). Therefore ¢ is an one-to-one function. It follows that ¢ is
surjective due to the fact that f is a surjective function. For any x1,xo,x € M,
P(A™ & AT2) = p(A™2) = f(x1 © 22) = f(21) @ f(w2) = P(A™) © (A™),
P(0AY) = p(A™) = f(—z) = = f(x) = ~¢(A%), thus ¢ is a homomorphism.
Moreover, for any y € My, p(B/A)(y) — STp{(B/A)(A)|p(A%) = y} —
SI(B()AT = A)f(z) = y} = SBLB()AT = A f(z) = y)
= sup{B(2)|f(2) = f(x), f(z) = y} = f(B)(y), that is p(B/A) = f(B). And
so B/A = f(B). O

Definition 4.16. Let f : My — My be a homomorphism of MV-algebras and A
be a cubic MV-ideal of My. A is called an invariant cubic set with respect to f
if f(z1) = f(x2) implies A(z1) = A(z2), for any x1, 22 € M.
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Proposition 4.17. Let f : My — Ms be a homomorphism of MV-algebras, and
A be a cubic MV-ideal of M1. Then A is invariant with respect to f if and only
if kerf C A,.

Proof. Suppose that A is invariant with respect to f. For any = € kerf, we
have f(z) =0 = f(0), then A(x) = A(0), hence z € A,, and so kerf C A,.
Conversely, assume that kerf C A,. For any x1,x9 € My, if f(z1) = f(x2),
according to the proof of Theorem 4.15 we get that 16z, 22621 € kerf C A,,
and so A(z1 © z2) = A(z2 © x1) = A(0). Noting that A is a cubic MV-ideal of
M, then A(z9) < A(x1) and A(x1) =< A(x2) by Proposition 3.11 (1). Therefore
A(z1) = A(xz), and thus A is invariant with respect to f. O

Lemma 4.18. Let f: My — Ms be an epimorphism of MV-algebras, and A be
a cubic MV-ideal of My such that A is invariant with respect to f. Then for
any x1, 9 € My, A™ = A% if and only if f(A)T@) = f(A)f(=2),

Proof. Suppose that A** = A®2 using Lemma 4.1 we obtain that A(z1 Sxs) =
A(zo0x1) = A(0). Since A is a cubic MV-ideal of M; and f is an epimorphism,
it follows that f(A) is a cubic MV-ideal of My by Proposition 4.12. Then
FA)(f(21) & f(x2)) = fF(A)(f(z1E22)) = fH{F(A) (21 © 22) = A(z1 © 22) =
A(0) = f(A)(O). Similarly, we can show that f(A)(f(z2) © f(z1)) = f(A)(0),
thus f(A)7) = F(A)).

Conversely, let f(A)/@) = f(A)/@2) | It follows that f(A)(f(z1)© f(x2)) =
F(A)(f (216 @2)) = f(A)(0) = A(0). And A(z1 © 22) = [~ (f(A)) (21 & 22) =
f(A)(f(x1©2x2)) = A(0), analogously, A(zeox1) = A(0). Hence A" = A*2. [

Theorem 4.19. Let f : My — Ms be an epimorphism of MV-algebras, and
A, B be cubic MV-ideals of My. Then BJA= f(B)/f(A).

Proof. Define h : M;/A — M/ f(A) by h(A®) = f(A)f@) for any x € My, it
follows from Lemma 4.18, we get that h is an one-to-one function. Note that f
is a surjective function, hence h is surjective. For any x1,xo,x € My,

h(A®1 @ A%2) = h(AT1922) = f(A)(@1®22) — f(A)/ (@B (r2) = f(A)/(@1) g
F(A) @) = h(A™) @ h(A™), h(=A") = h(A™") = f(A)ID = f(A)@ =
—h(A*), thus h is a homomorphism.

Moreover, according to Definition 4.9, Definition 4.11 and Lemma 4.18, for
any x € M;, we obtain that

LB/ FANAT) = (F(B)/F(A))(AAY)) = (fF(B)/F(A))(f(A) )

= sup{f(B)(y)|f(A)") = f(A),y € M2}

= Sup{sup{ B(2)|(2) = y, 2 € Mi}|f(A)/™) = f(A),y € Mo}

= sup{B(2)| f(4)/?) = f(A)",z € My}

=Sup{B(2)|4* = A%,z € My} = (B/A)(A"),
that is, h=1(f(B)/f(A)) = B/A. Due to the fact that h is isomorphic, we get
that h(B/A) = f(B)/f(A), hence B/A = f(B)/f(A). O
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Corollary 4.20. Let f : My — My be an epimorphism of MV-algebras, and
A, B be cubic MV-ideals of My. Then f~Y(B)/f~1(A) = B/A.

Lemma 4.21. Let A, B be cubic MV-ideals of M and AT B. If A(0) = B(0),
then B* = BY if and only if (B/A)(A*) = (B/A)(AY), for any z,y € M.

Proof. For any z,y € M, if B* = BY, then B(zx ©y) = B(y © ) = B(0).
And we have (B/A)(A%*%Y) = sup{B(z)|4* = A*™Y 2 € M} = Bz oy) =
B(0) = (B/A)(A%), thus (B/A)(A*®Y) = (B/A)(A® © AY) = (B/A)(A"), which
means (B/A)(AY) < (B/A)(A") by Proposition 3.11 (1). Similarly, we can prove
(B/A)(A%) < (B/A)(AY), hence (B/A)(A") = (B/A)(AV).

Conversely, if (B/A)(A*) = (B/A)(AY), it follows that (B/A)(A*®Y) =
(BJA)(A® & AY) = SUp{B(:)|4° = A"V, 2 € M} = (B/A)(A%) = B(0) by
Proposition 3.11 (1). To prove B* = BY, we only need to show that B(z ©y) =
B(y©ez) = B(0). For any z € M, if A* = A*Y then A(z & (xS y)) = A(0) by
Lemma 4.1 (1). Note that B is a cubic MV-ideal of M and A C B, from Proposi-
tion 3.7 (2) we get that B(xoy) = B(z2)AB(z26(z0y)) = B(z)ANA(z6(zoy)) =
B(z)AA(0) = B(2)AB(0) = B(z). And so B(z&y) = sup{B(z)|4* = A™Y 2 €
M} = B(0), thus B(x ©y) = B(0). Similarly, we can show B(y & =) = B(0),
hence B* = BY. O

Theorem 4.22. Let A, B,C be cubic MV-ideals of M and AT B. If A(0) =
B(0), then (C/A)/(B/A) = C/B.

Proof. It is easy to prove that (C/A)/(B/A), C/B are cubic MV-ideals of
MV-algebras (M/A)/(B/A) and M /B, respectively.

Define h : (M/A)/(B/A) — M/B by h((B/A)A") = B* for any x € M, from
Lemma 4.21 we get that h is an one-to-one function. Obviously, h is surjective.
For any 1, z9,20 € M,

B(B/AYY @ (B/A)T™) = h(B/A)#47)
= h((B/A)AT) = pree
= B™ @ B™ = h((B/A)*") @ h((B/A)"™),

and h(~(B/A)A")=h((B/A) A" )=h((BJA)A™)=B"* = ~B* = ~h((B/A)A"),
thus h is a homomorphism. Moreover, using Lemma 4.21 we have that: fqr any
r € M, (C/A)/(B/A)(B/AY™) = SIp{(C/A)(A")|(B/AY™ = (BJA)Y w €
M} = sup{sup{C(v)|A® = A“,v € M}|(B/A)*" = (B/A)" w € M} =
SIp{C(0)|(B/A)Y = (B/AY™ v € MY = Sip{C()|B” = B0 € M} =
(C/B)(B*)=(C/B)(M(B/A)*"))=h="(C/B)((B/A)""), that is, (C/A)/(B/A)
= h~Y(C/B). Since h is isomorphic, we get that (C/A)/(B/A) = C/B. O

Theorem 4.23. Let A, B be cubic MV-ideals of M and A(0) = B(0). If A® B
is an inverse isotone mapping, then A/(AMB) ~ (A® B)/B and A/(ATI B) ~
(A® B)/A.
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Proof. Since A® B is an inverse isotone mapping, it follows that A® B is a cubic
MV-ideal by Proposition 3.13. It is easy to obtain that A/(ANB), (A® B)/B
are cubic MV-ideals of MV-algebras M /(A M B) and M/B, respectively.

Define the map h: M/(AMB) — M/B by h((AMB)*) = B* for any x € M.
For any x1,x2 € M, if (AN B)™ = (AN B)*2, from Lemma 4.1 it follows that
(AN B)(z1©x2) = (AN B)(xz2 ©x1) = (AN B)(0) = B(0), so we get that
B(z1 © x9) = B(xe © x1) = B(0), thus B** = B*2. hence h is an one-to-one
function. Obviously, h is surjective.

Moreover, for any xi,z2,x € M, we have h((AT1 B)* @ (AN B)*?) =
h((AT B)‘Cl@x?) B*1%%2 = B*1 g B¥2 = h((A M B)*) & h((AN B)*2), and
h(=(AT1 B)*) = h((AN B)™) = B™ = =B* = =h((AMN B)*), thus h is a
homomorphism.

For any x € M,

(A® B)/B)(B") = sup{A ® B)(t)|B" = B"}

=5up{A(t1) A B(to)|t = t; @ to, B' = B*} = sup{A(t) A B(0)|B' = B*}

= sup{A(t)|B" = B*},

h(A/(AT B))(B*) =sup{(A/(AN B))((AT B)*)|h((AT1 B)*) = B}

= sup{(A/(AN B))((AN B)*)|B*=B"}=sup{A(t)|(A 1 B)'=(AT B)*, B*=B"}
=< sup{A(t)|B' = B*, B* = B"} = sup{A(t)| B' = B*}.

It follows that h(A/(AT B))(B*) < ((A® B)/B)(B"), hence h(A/(AN B)) C
(A® B)/B), and so A/(AT1B) ~ (A® B)/B. Similarly, we can prove A/(AnN
B) ~ (A® B)/A. O

Definition 4.24. The cubic MV-ideal A of an MV-algebra M has cubic sup-
property if for any monempty subset H of M, there exists xo € H such that
A(xo) = sup{A(x)|z € H}.
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