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Some applications of idempotent elements in MV algebras

CRISTINA FLAUT

ABSTRACT. In this paper we provide some properties and applications of MV-algebras. We prove that a
Fibonacci stationary sequence in an MV-algebra gives us an idempotent element. Moreover, taking into account
of the representation of a finite MV-algebra, by using Boolean elements of this algebra, we prove that a Fibonacci
sequence in an MV-algebra is always stationary. This result is interesting comparing with the behavior of such a
sequence on the group (Zn, +), where the Fibonacci sequences are periodic, with the period given by the Pisano
period. We also give some examples of finite MV-algebras and the number of their idempotent elements. As an
application in Coding Theory, to a Boolean algebra it is attached a binary block code and it is proved that, under
some conditions, the converse is also true.

1. INTRODUCTION

C. C. Chang, in the paper [2], introduced MV-algebras as a generalization of Boolean
algebras. In the last decades, numerous papers have been devoted to the study of the
properties and the applications of MV-algebras, Wajsberg algebras and Boolean algebras.
Some applications of these algebras were provided in [5], where was presented an algo-
rithm which can built Wajsberg algebras starting from a binary block codes.

In this paper, some new properties and applications of MV-algebras are given.

In [9] was defined a Fibonacci sequence on an MV-algebra and some examples and
properties of this notion were given. Starting from these ideas, in the present paper,
we improved some of the above mentioned results and we give other new ones. We
proved that a Fibonacci stationary sequence on MV-algebras gives us an idempotent el-
ement. Moreover, taking into account of the representation of a finite MV-algebra, by
using Boolean elements of this algebra, we prove that such a sequence is always station-
ary. This result is interesting, since in the group (Z,,, +), the group of integers modulo n,
the Fibonacci sequences are periodic, with period given by the Pisano period. From here,
we can remark that the representation of a finite MV-algebra can gives us a method for
finding new interesting results.

In Section 3, some examples of finite MV-algebras and the number of their idempotent
elements are given. In Section 4, starting from a Boolean algebra of order two, it was pro-
vided an algorithm to build a Boolean algebra of order 2¥*1. Moreover, as an application
in Coding Theory, to a Boolean algebra it is attached a binary block code. Under some
conditions, the converse of this statement is also true.

Definition 1.1. The following ordered set (£, <) is called lattice if for all elements =,y € L
there are their supremum and infimum elements, sup{z,y} and inf{z, y}, denoted by

sup{z,y} =xVyandinf{z,y} =z Ay.

Received: 07.09.2021. In revised form: 13.12.2021. Accepted: 30.12.2021

2010 Mathematics Subject Classification. 03G05 , 06F35, 06F99, 11B39.

Key words and phrases. MV-algebras, Wajsberg algebras, Boolean algebras, Fibonacci sequences, binary block codes.
Corresponding author: Cristina Flaut; cflaut@univ-ovidius.ro; cristina_flaut@yahoo.com

161



162 CRISTINA FLAUT
The lattice (£, <) is called a distributive lattice if for each elements x,y, z, we have the
following relations:
xV(yAz)=(xVy) A(xVz),

rA@yVz)=(@xAy)V(xAz).

Alattice (£, <) is called a bounded lattice if there are an element 0 being the least element
in £ and an element 1 being the greatest element in L.

In a lattice (£, <) an element x € £ has a complement if there is an element y € L
satisfying the following relations:

xVy=1landz Ay =0.

An element having a complement is called complemented. We remark that a complement
of an element is not unique. If (£, <) is distributive, then each element has at most a
complement.

Alattice (£, <) is called a complemented lattice if it is a bounded lattice and each element
x € L has a complement.

Definition 1.2. ([2]) We consider an abelian monoid (X, 4, 0) equipped with an unary
operation ”[”, such that the following conditions are satisfied:

i)z® [0=]0;

i) [([z) = @3

iii) [([z ® y)®y = [([y ® x) Dz, for all elements z,y € X. This abelian monoid is called
an MV-algebra and we denote it by (X, &, [,0).

Remark 1.1. 1) ([11]) With the above notations, in an MV-algebra we denote the constant
element [0 with 1, therefore

1=o.

Considering the following multiplications

zoy=[([za[y)
and

roy=z0[y=[([rdy),
we have that
zoy=[([z0][y).

2) ([3], Lemma 1.1.3) For each « € X, the relations x @ [ = 1 and z ® [z = 0 are
satisfied.

Proposition 1.1. ([11]) For the MV-algebra (X, ®, [,0) and z,y € X, the following conditions
are equivalent:

a)xzo [y =0;

b)lzdy=[0=1,

dy=zdyor)=zd[([ydr);

d) An element w € X such that © & w = y can be found.

Definition 1.3. ([11]) We consider MV-algebra (X, ®, [,0). For z,y € X, the following
order relation are defined on X:

r<yif[zrdy=[0=1.
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Remark 1.2. i) From the above, we have that the definition of the order relation on the
MV-algebra (X, &, [,0) can be done by using one of the equivalent conditions a)-d) from
the above proposition.

ii) ([3], Proposition 1.1.5) The order relation defined above gives us a lattice structure
on an MV-algebra:

a)zVy=(@olysy=(oy)sy=[[roy) oy

bz Ay =[([zV]y) =206 ([x®y). We will denote this lattice with £ (X).

Definition 1.4. ([2]) We consider an algebra (W, *, ™, 1) equipped with a binary operation
” x” and a unary operation "~ satisfying the following conditions, for every z,y,z € W:
i) (2 )+ [(y % 2) * (@%2)] = 1
i) (2 ) £y = (y +2) %
iil) (Txy)*x (yxz)=1;
iv) 1*xx = x.
This algebra is called a Wajsberg algebra.

Remark 1.3. ([3], Lemma 4.2.2 and Theorem 4.2.5)
a) For a Wajsberg algebra (I, x, 7, 1), if we define the following multiplications

TOyY=(z*7)
and
DYy =1T*y,
for all z,y € W, the obtained algebra (W, ®, ®, ~,0,1) is an MV-algebra with 0 = 1.
b) If on the MV-algebra (X, ®, ®, [,0, 1) we define the operation

wxy=[rdy,
it results that (X, *, [, 1) is a Wajsberg algebra.

Definition 1.5. For the finite MV-algebras (X, *,7,01) and (Y,-,,02), we define on their
Cartesian product Z = X x Y the following multiplication ” A”,

(1.1.) (1,y1) A (z2,92) = (@1 * 22,91 - Y2),

The complement of the element (x1,y1) is | (1, y1) = (%1, z5) and 0 = (01, 02). Therefore,
by straightforward calculation, we obtain that (Z, A, |,0) is also an MV-algebra.

Definition 1.6. The algebra (5,VA,],0,1), equipped with two binary operations Vv and
A and a unary operation |, is called a Boolean algebra if (B,VA) is a distributive and a
complemented lattice with

bV b =1,

bATb =0,
for all elements b € B. The elements 0 and 1 are the least and the greatest elements from
the algebra B.

Remark 1.4. Boolean algebras represent a particular case of MV-algebras. Indeed, if
(B,VA,],0,1) is a Boolean algebra, then can be easily checked that (5,V,],0) is an MV-
algebra.

Remark 1.5. ([3], p-25)

1) With the above notations, for each MV-algebra (X, ®,[,0), we have that £ (X) is
a distributive lattice. For the algebra X we will denote B (X)) or B(L (X)) the set of all
complemented elements in X. The elements from 5 (X) are called Boolean or idempotent
elements.

2) Let (X, ®, [,0) be an MV-algebra. Therefore z € B (X)ifz®dy =2 Vy,forally € X.
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Definition 1.7. Let (£, VA) be a lattice with 0 and 1, the least and the greatest elements
from £. A nonempty subset Z C L is called an ideal of the lattice £ if the following
conditions are satisfied:

a)0eT;

b)Ifr € Zand y < x, theny € Z;

o) Ifx,y € Z, therefore x Vy € T.

If x € L, the set

{zeL/)z<z}

is called the principal ideal generated by x and will be denoted by (—o0, z].

Remark 1.6. i) ([3], Theorem 6.4.1) We consider (X, @, [, 0) an MV-algebra. For an element
B € B(X), we have that ((—o0, 8],®, [, 0) is an MV-algebra, where [Pz = B A [z.

ii) ([3], Lemma 6.4.5) For the MV-algebra (X, @, [,0) , we consider the elements z1, z2, ...,z €
B(X)—{0,e}, k > 2, such that

a)xVaaV..Vr =1;

b) Fori # j, wehave z; Az; = 0,4,5 € {1,2, ..., k}.

Therefore, we have that

X ~ (—o00,21] X (—00, 2] X ... X (—00, zk].

iii) If z1, z2, ...,z € B(X) — {0, e}, the above decomposition is proper.

2. CONNECTIONS BETWEEN FIBONACCI SEQUENCES AND INDEMPOTENT ELEMENTS IN
AN MV-ALGEBRA

In the last decades, a lot of papers have been devoted to the study of the properties
and applications of Fibonacci sequences in various algebraic structure, as for example [7],
[9], [10], [12], etc. In the following, we will prove that a Fibonacci sequence defined on
a finite MV-algebra is stationary and is not periodic. This result is interesting comparing
with the behavior of such a sequence on the group (Z,, +), the group of integers modulo
n, where the Fibonacci sequences are periodic, with period given by the Pisano period.

Let X = {29 < 21 < ... < z,} be a finite totally ordered set, with z¢ the minimum
element and x,, the maximum element. The following multiplication ” * ” is defined on
X:

rixa; =1,ifx; <y
(21) Ti*Tj = Tp—itj, otherwise;
x90=0,2, = 1,200 =|z.

It results that (X, , |, 1) is a Wajsberg algebra. As was remarked in [6], Theorem 19, rela-
tion (2.1) gives us the only modality in which a Wajsberg algebra structure can be defined
on a finite totally ordered set, such that, on this algebra, the induced order relation is given
by (2.1). Moreover, the relation |z; = x,,_; is fulfilled.

Remark 2.7. 1) Theorem 5.2, p. 43, from [8] tells us that an MV-algebra is finite if and only
if it is isomorphic to a finite product of finite totally ordered MV-algebras. Using connec-
tions between MV-algebras and Wajsberg algebras, it results thatif M = (X,$,©,[,0,1)
is a totally ordered MV-algebra, then the obtained Wajsberg algebra, W = (X, x, [, 1), is
also totally ordered. The converse of this statement is also true, since zxy = [z ®y implies
that z <;; y if and only z <y y.

If the number of elements in a finite MV-algebra or in a finite Wajsberg algebra is a
prime number, therefore these algebras are totally ordered algebras. Remark 1.6, ii) gives
us a similar result and, additionally, we obtain that the sets (—oo, 2;],7 € {1, 2, ..., k}, from
that decomposition are totally ordered.
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Example 2.1. ([13], Example 3.3) We consider the following MV-algebra (X, &, [,0), with
the multiplication & and the operation ” [ given in the below tables:

d10 a B8 v & €

010 a B v ¢ ¢

oza’y(S'yee:Hoaﬁ 5
~ €

BB 6 B e § ¢ .

Y|y v € v € ¢ [e 6 v B a0

6|6 € 0 € € ¢

e le € € € € ¢

We remark that 5 & 8 = 8 and v @ v = . We have
BVy=[(y@&7)@dy=F®y=cand
BAy=T[([BV]y) =[(yVB) = [e = 0. Now, we compute (—o0, 3] and (—o0,v]. By
using Remark 1.6, ii), it results: (—o0, 8] = {0, 8}, (—o0,7] = {0, «,v}. Therefore, X ~
(70075] X (7007’”'
Definition 2.8. We consider (X, 4, [,0) an MV-algebra. For z,y € X, the following se-
quence

<2,y >=1{2,9, 2B Y,y B (X DY), .oy Un, Unt1, Unt2,y -}

are defined, where vy = z,u; = y and up42 = U, ® un41, for n € N. This sequence is
called the Fibonacci sequence attached to the elements x,y, (see [9], Definition 3.1). If there is
anumber k € N such that u,, = q, for all n > k, a € X then the sequence < x,y > is called
k-stationary.

Proposition 2.2. For the MV-algebra (X, @, [, 0) we consider x,y € X. If the sequence < x,y >
is k-stationary then wy, is idempotent.

Proof. Let k € N be a natural number such that the sequence < z,y > is k-stationary.
Therefore, up = ug11 = g2 = .... Wehaveus =2 @ y,uzs =y @ (2 Dy) = 2 B 2y,2y =
Yy Dy, uq = 2x @ 3y, etc. It results that

Up = frno12 @ fry,
where ( f,,)nen is the Fibonacci sequence
fo=0,i=1frp1=fo+ fno,neN,n>1
Since u = up, = Ug41 = Ugt2 = ..., we have
U= fr12® fry = [k ® frt1y = [k+12 D frt2y-

Therefore, u = ug12 = fr17 @ frroy = (fr—17 D fry) @ (frr ® frg1y) = u @ w. It results
that u = uy, is an idempotent (Boolean) element. |

Proposition 2.3. Let (X, @, [,0) be an MV-algebra and z,y € X. If the sequence < xz,y > is
2-stationary for all x,y € X, therefore X is a Boolean algebra.

Proof. We have that z&y is idempotent, therefore z®y = (z®y)®(zdy), forall z,y € X. If
we take y = 0, therefore x = x @, for all z € X. It results that X is a Boolean algebra. [

The above proposition is a kind of generalization of the Proposition 4.18 from [9] with
a proof included.

Proposition 2.4. Let (X, ®, [,0) be a finite MV-algebra and x,y € X. Therefore the sequence
< x,y > is stationary for all x,y € X.

Proof. Since a finite MV-algebra is isomorphic to a finite product of finite totally ordered
MV-algebras, it is enough to prove this result in the case of the finite totally ordered alge-
bras. Let X = {x¢,z1,...,2,} be a finite totally ordered MV-algebra. We denote zy = 0
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and z, = 1. From relation (2.1) and since [z; = z,—;, we have that the multiplication
7 @7 is given by the following formulae:

@y =1,ifi+7>mn;
T Prj =4y, ifi+7<n;
z9o=0,2, =1, 250 ==x.
Case 1. Letz,y € X,z # 0,y # 0, and the sequence

<zT,y>= {mvya DY, YD (:L’ @ y) y ooy Uns Un41, Un4-2, }7
where ug = z,u; = y and upi12 = Up P uny1, for k € N. Itis clear that us = 2 @y >
andus =2z@y >y lfa@y=zorxdy =y, therefore y = 0 or z = 0, false. Assuming
ug = x @y > x, we have that
uz =y ®(2ByY)=(2SY) Sy >T DY = us,
uy= (oY) (Yo (r2y)) >y (rSy) = us,
us = (z@yY)® (edy) @ ye(zdy)) > (2dy) @ (yd (x @ y))) = ug, etc. It results
that the obtained increased sequence is stationary, since the set X is finite. Therefore, there
is k € Nsuch that uy =1 = up41 = upq2 = .... We get

<zy>={2,1,20y,y (DY), ..., up—1,1,1,1,1,...}.

Case 2. Let z,y € X,y = 0. We obtain the sequence < z,y > with uy = z,u; = 0,us =
z,u3 = x,ug =« @z > x. We apply the Case 1, obtaining a stationary sequence, that
means a number k£ € Nsuch that uy, =1 = ugr1 = tgao = ...

Now, by using Definition 1.5, it is clear that in a finite MV-algebra the sequence < z,y >
is stationary for all z,y € X. O

Remark 2.8. 1) The above result is not true for infinite MV-algebras, as can be easily seen
by using the famous Chang’s MV-algebra.

2) Let (X, ®, [,0) be a finite MV-algebra and x,y € X. From the above, it results that
the algebra X is k-stationary and we have that u,, = a, for all n > k. We consider the
following map

A X xX = X A(z,y) = ug.
In MV-algebra (X, 4, [,0), given by the Example 2.1, we have that A (v,0) =, A (v,6) =
g, Aa, B) = e. Indeed,
-the sequence [,0] = v,0,7,7, ... is 2-stationary;
-the sequence [, 0] = 7, 4, €, €, ... is 2-stationary;
-the sequence [o, 5] = «, 3,6, 9, ¢, ¢, ... is 4-stationary.

Remark 2.9. We consider (X,®,[,0) a finite MV-algebra such that X ~ (—o0,z1] X
(=00, 2] X ... x (=00, x|, with the sets (—o0,z;] = {0,2;}, for all i € {1,2,....k}. It
results that X is a Boolean algebra. Indeed, using above results, we have that all elements
in X have the form (a1, as, ..., o), where a; € (—o0, z;]. From here, we get the known
result that a finite Boolean algebra has 2* elements.

3. EXAMPLES

In [1], [4] was presented classification of MV-algebras by using different algorithms. In
[5] was presented an application of these algebras in Coding Theory. In the following,
by using examples from [4], Sections 4.1-4.3 and the above Remark 1.6, ii), which give an
alternative method to characterize MV-algebras and, as a consequence, Boolean algebras,
we will give some examples of MV-algebras and Boolean algebras.
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Example 3.2. We consider W = {0 < a < < ¢}, a totally ordered set on which we
define two multiplications A and @, given in the below tables. Multiplication A§, with
@ = B and B = «, gives us a Wajsberg algebra structure on W. The associated MV-
algebra is obtained with multiplication &3. Therefore, in the obtained MV-algebra the
only idempotent elements are 0 and «.

A |

O

(ORIl =)
oo wmn|o
D™ o
= M o
m oM oo oo m
LB S g est
n w0 oo
o omow |
[CEEOE IR Y EeY
m oM om om|m

We consider now partially ordered set W = {0,«, 3,e}. On W we define two multi-
plications A}, and &7, given in the below tables. With multiplication Af,, W becomes a
Wajsberg algebra and, with multiplication ©7,, an MV-algebra structure is obtained.

AL |0 o B e @ |0 a B ¢
0 e € € ¢ 0 0 a B ¢
(3.1.) «@ B e B e «@ a «a € €.
15} a a € € 15} B e [ ¢
€ 0 a B ¢ € € € € ¢

In this algebra all elements are idempotent. We have thataV 8 =ecand a A B = 0.
Therefore, as MV-algebra, W ~ (—o0, a] x (—o0, ], where (—o0, o] = {0, o} and (—o0, 5] =
{0,8}. From here, we obtain that there exist only two non-isomorphic MV-algebras of
order 4. Thus, we can remark that in an MV-algebra of order 4 we can have only 0 or 2
proper idempotents. The MV-algebra (W, &1, ) is the only Boolean algebra of order 4. We
denote this algebra with B,.

Example 3.3. We consider W = {0 < o < 8 < v < § < ¢}, a totally ordered set on which
we define two multiplications A§ and @, given in the below tables. With multiplication
A§, witha =4§, 8=-,5= 3,0 = a, W becomes a Wajsberg algebra and with multiplica-
tion 5an MV-algebra is obtained. We can see that, in this structure, the only idempotent
elements are 0 and ¢.

[e=}er}

M > wm R O
OO0 ™= X m|o
O TR ™ ™D
B2 > o oo
2 m e m M|
S m MM m oo
mmommm ;M| m
M %2 w2 O
m D O oo
m oM wmO|e
m oMM o) ™
momm om0
mommm ;M S,
momommm oo

We consider now the partially ordered set W = {0, , 8, v, 6, ¢} on which we define two
multiplications A%, and 49, given in the below tables. With multiplication A$,, W be-
comes a Wajsberg algebra and with multiplication 6¢;the associated MV-algebra is ob-
tained.
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A 1O a By 8§ e @0 a B v 0 ¢
0 e € € € € € 0 0Ja B 7 0 ¢
« 0 € € 0 € € « a p B 6 € €
B |y 6 e v d e B |B B B e e ¢
Yy |B B B e e e v |7 6 e v 6 €
) a B B § & ¢ é 6 € € 0 ¢ ¢
€ 0 aa B v & ¢ ¢ ele € € € ¢

We remark that in this structure the idempotent elements are {0, 3,v,e} and we have
BV~y =c¢eand 8 A~y = 0. Therefore, as MV-algebra, W ~ (—o0, 8] x (—o0,%], where
(—o00,0] = {0,0a, 8}, (—00,7] = {0,7}. From here, we get that there are only two non-
isomorphic MV-algebras of order 6. Thus, we can remark that in an MV-algebra of order
6 we can have only 0 or 2 proper idempotents.

Example 3.4. We consider now a totally ordered set
W={0<a<pB<vy<7<uv<p< e} on which we define two multiplications A§
and @, given in the below tables. With multiplication A§, having the properties @ = p,
B =wv,5 = 7, W becomes a Wajsberg algebra and with multiplication &§the associated
MV-algebra is obtained. We remark that in the MV-algebra structure, the only idempotent
elements are 0 and «.

o}

AS[O0 o By 7 v pe @0 a B v 1T v p e
0 e € € € € € € ¢ 0 |0 a B8 v 17 v p ¢
a |p € € € € € € € a |a By T UV p e €
B |v p € € € € € € B |B v T v p e € €
Yy |T v p € € € € € N |v T v p € € € €
T |y T v p € € € & T |T v p e € € € €
v |y T v p e € e v |v p e € € € € €
p |la B v T v p e € p |p e € € € € € €
€ 0 o B v 7 v pe € |e € € € € € € ¢

We consider now the partially ordered set W = {0, «, 8,7, 7,v, p,e}. On W we define
two multiplications A}, and &%;, given in the below tables. With multiplication A¥,,
W becomes a Wajsberg algebra and with multiplication &%, the associated MV-algebra is
obtained .

A} 10 a By 7 v pe &40 a B v T v op e
0 e € € € € € € ¢ 0 0 a B ~v 7 v p ¢
@ p E P E p E P E a a vy vy v v g €
15} v v € € € € € & B B v T v T € p €
~ T Vv p € p E p E N Yy v v g € € €
T Y Yy v v € € € € T T U p € p € p €
v B v T v T € p e w v U € € € € € ¢
p a oy Yy v v E € p p € p € p € p €
3 00 a B8 v 7 v p e ¢ € € € € € € € €

In this structure the idempotent elements are {0, o, p,e}. For o and p we have that
aVp =cand a A p = 0. Therefore, as MV-algebra, W ~ (—o0,a] x (—o0, p|, where
(—OO, a] = {07 a}/ (_007 p] = {07 B, p}'
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In the following, we consider the partially ordered set W = {0, o, 8, v, 7, v, p, €}, where
we define two multiplications A§; and &3;, given in the below tables. With multipli-
cation A§;, W becomes a Wajsberg algebra and with multiplication &3, the associated
MV-algebra is obtained.

AS ;10 o By 7 v pe @50 a B v 17 v op e
0 e € € € € € € ¢ 0 0 a B v 7 v p €
@ p € p € p € pE « a a vy v v v e €
B8 v v € € v v € € B 8 v B v p € p €
(3.2) ¥ T U p € T U p E Y v v Yy € € € ¢
T Y Yy v Y € € € € T T U p E T UV p E
v B v B v p e p e w v U € € UV U € €
p a a vy v v v E E P p € p € p € p €
€ 0 a B v T v p e € €E € € € € € € ¢

In this structure all elements are idempotent, therefore it is a Boolean algebra. For «
and pwehavethataVpVrT =¢,aABAT=0and vV pVy =¢,vApAvy = 0. Therefore, as
MV-algebra, W ~ (—o0, a] x (—00, 8] x (—o0, 7] or W =~ (—00, v] X (—00, p] X (—00, 7], where
(—00,0] = {00}, (—00, 8] = {0, 8}, (—00,7] = {0,7}, (—00,7] = {0,7}, (~o0,v] = {0, v},
(_007 p] = {07 p}'

From here, we get that there are only three non-isomorphic MV-algebras of order 8.
Thus, it results that in an MV-algebra of order 8 we can have only 0, 2 or 6 proper idem-
potents.

4. BINARY BLOCK CODES ASSOCIATED TO A BOOLEAN ALGEBRA

In this section we will denote Boolean algebras of order 2%, k > 1, with Bys.

In [5], to an MV-algebra and to a Wajsberg algebra were associated binary block codes
and, in some circumstances, it was proved that the converse is also true. Using some of
these ideas, to algebra B,x+1 we will associate a binary block code and we will prove that
the converse of this statement is also true, namely to such a binary block code a Boolean
algebra Byr+1 can be associated.

Definition 4.9. Two Boolean algebras (3,VA,],0,1) and (B8, Y, A,;0,1) are said to be
isomorphic if there is a bijective function f : B — B’ satisfying the following conditions:

i) flevy)=[f(x)Vf(y)foralzyeB;

ii) f(zAy)=f(z)A[f(y),forallz,y € B;

iii) f (Jz) = f (z), for all z € B;

iv) f(0) = 0;
v)f(1)=1.
Let B; be a Boolean algebra with multiplication given in the following table
B
(4.1) 3 (B
€ €
and the map
4.2)) a1 By x By = Ba, 2 (z,y) = &7 y.
Ble

In the following, we will use for the table the same notation 55 .

g | €
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We consider C, a Boolean algebra of order 2 isomorphic to B>, which has the following
multiplication table

&2 10 [a
(4.3.) 0 0|«
o a| o
and the map
(4.4) 02 : Co X Cy = Ca, 03 (2,y) = x &F y.
0|«

Similar as above, for the table we use the same notation Cs. Let f3 : Co — Bo

a | a
be an isomorphism of Boolean algebras.
Therefore, the multiplication table of B4, given in (3.1), can be written under the form

Cy | By
By | By |

We remark that B, = C U By and C> N By = (). To Boolean algebra B, we will attach the
map

By =

05 (x,y), forx,y € Co
w2 (f2(x),y), forx € Co,y € By
o (z, f2(y)), forx € By, y € Cy
o (z,y), forz € B,y € Bay

(45) ©q - 64 X 84 — 64, ©4 (.Z‘, y) =

From the above, it is easy to see that 4 (z,y) = = &, y.

Continuing the above idea, with the above notations, we remark that the multiplication
table of the Boolean algebra Bg can be written under the form
Cy | By

BSZ 64 84 >

where (Cy4, ®}}) is a Boolean algebra isomorphic to B,. Let f4 : C4 — By be an isomorphism
of Boolean algebras. To Boolean algebra C4 we will attach the map

04 :Cy x Cq — Cq, 04 (2,y) = x &) v.
We remark that Bs = C4 U B, and C4 N By = ). To Boolean algebra B, we will attach the

following map

94 (.%‘,y), f01'9571/€c4
04 (fa(z),y), forz € Cq,y € By
w4 (z, f4(y)), forx € By,y € Cy
P4 (xay)v fOI'fE,y S B4

g : Bg x By = Bg, g (v,y) =

From here, it is easy to see that s (z,y) = z &5, y.
Therefore, by using the above ideas, we obtain an algorithm with which the multipli-
cation table of the Boolean algebra B, can be written under the form

CQk—l BQk—l
ng—l BQk—l ’

where Cyr-1 is a Boolean algebra isomorphic to Box-1.

We can remark that if we will interpret Boolean algebras as Boolean rings the above
results can be also and easily obtained. But, to describe the way to attach a binary block
code to a Boolean algebra and reciprocally we need another algorithm. This algorithm
can be described as follows.

(4.6.) By =
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Algorithm 1

Assuming that we built Boolean algebra (B, @%I;) with por @ Bor X Bor — Baok, 0or (z,y) =
z @2 y and, considering (Cor, ®72") a Boolean algebra isomorphic to Box, let for : Cor —
B,, be an isomorphism of these two Boolean algebras.

To Boolean algebra Cy, we will attach the map

4.7) Ooi : Cor X Cor — Cor, O (z,y) = 2 &2 y.

We consider the set Byr+1 = Cor U Bar, with Cor N Bar = ) and to Boolean algebra Bok+1
we will attach the map

O (x,y), for x,y € Con
ook (for(x),y), for & € Cor,y € Box
oo (2, for(y)), for & € Bar,y € Cox
oo (x,y), for & € Bar,y € Bar

(4.8.) (p2k+1282k+1 X82k+1 — 82k+1,4p2k+1 (:L‘, y) =

By defining the following multiplication

k+1
T @3 Y= paen (2,y),
it results that (Bgr+1, @%i“) is a Boolean algebra of order 2¥*!, as can easily be checked.

We consider now (X, @, [, 0) a finite MV-algebra of order n, with X = {0 = ag, a1, a2, ..., Qp—2,& =
an_1}. Let Cp, = {wo, w1, ..., wp_2, we } be a binary block code, with codewords of length
n. In [5], to an MV-algebra and to its associated Wajsberg algebra binary block codes were
associated. Summarizing these methods, we give the following definition.

Definition 4.10. 1) The block code C is attached to MV-algebra X, if for a codeword w; €
X, w; = 1081+ br928e, 20, L1y ooy In—2, be € {07 ].}7
j€40,1,2,..,n — 2,e}, we have that i, = 1 if a; ® a; = € and i, = 0, otherwise,
s€{0,1,2,....,n—2,¢}.

2) A matrix attached to the code C, is a quadratic matrix
Mc = (mij); jeq0,..ny € Mn({0,1}) such that its rows are formed by the codewords of
C.

Remark 4.10. Since a Boolean algebra is an MV-algebra, we have that:
- the code () attached the the algebra Bs is C; = {01,11} = {wo, w1 } and the attached

matrix is
0 1
o= (0 1),

- the code C} attached to the algebra B, is Cy = {0001,0011,0101,1111} = {wp, w1, we,ws}
and the attached matrix is

Mc, =

_ o O O
—_—_0 o
_ o = O
e



172 CRISTINA FLAUT

- the code attached to the algebra Bg is Cs = {00000001, 00000011, 00000111,
00001111,00010001,00110011,01110111,11111111} and the attached matrix is

00 00 O0O01

8_

_H O OO OO oo

__ 00000
O, OO0 OO
ol i e e R )
_ OO OO =OOo
= =0 O == O
—H O, O OR
e e e

If we denote with 0,, the zero matrix with n elements, we remark that
_ 0, Mg, _ 04 Mg,
MC4 B ( MCz MCz ,MCS B MC4 MC4 ’

Therefore, we have

49) T
9. Cokt1 MCZk Mczk 5

with Coe+:1 the attached binary block code having as codewords the rows of the matrix
Me,,-

In the following, we provide a method to attach to a binary block code Cyx+1 a Boolean
algebra.

First of all, we consider the binary block code Cy = {wy = w}, with < the lexico-
graphic order. We define the following multiplication:

(4.10.) Wo *9 W1 = W1 %2 Wy = W1 *2 W1 = W1, Wq *2 Wg = Wo.

It results that (Cs, ) is a Boolean algebra, isomorphic to Bs.

If we consider Cy = {wy < w1 = we =< w3} with the lexicographic order <, let C} =
{wo < w1} and CY = {w2 < w3} be two disjoint subsets of C,. We have that (C}, ;) is a
Boolean algebra of order 2. On C/ we define the multiplication

i li ! !
w2*2w3:w3*2w2:w3*2w3:w3, w2*2w2:w2.

It results that (CY, *,) is a Boolean algebra isomorphic to (C}, *2). On Cy we define the
following multiplication

w; %2 w;, for w;, w; € C},
w; %5 wj, for w; € Cy,w; € CY,
w; *y w;, forw; € CY ,w; € C,

w; ¥y wj, for w;, w; € CY.

W; *4 wj;=

From here, we have that (C4, *4) is a Boolean algebra isomorphic to B,.

Algorithm 2

Assuming that we have defined the Boolean algebra (Cyx, o) isomorphic to By, let
Corrr = {wy 2wy =X, ... Twak_1 =X ... X war+1_1} be the binary block code defined by the
matrix Mc,, ,,, given by the relation (4.9), with the codewords lexicographically ordered.
We consider the sets C),.,, = {wo 2w X ... Swar_;fand CY .y = {war = ... < waktr_q}.
We have that (C,., ., *ox ) is isomorphic to By« and on CY), ., we define a multiplication .,

such that (CY).,, ¥}, ) is isomorphic to By.
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On Cyr+1 we define the following multiplication

w; *gr+1 wj, for wi, w; € Chyyy,

/ / 1
Wi *g1 Wy, for wy € Chuyr,wy € Oy,

! 11 !
Wi *hyr Wy, forw; € Chyy,wy € Chyy,

! 1!
Wi *pp1 Wy, for wi, wy € Chyy.

(411) W; *9k+1 ’LUj=

It results that (Car+1, *9r+1) is @ Boolean algebra isomorphic to Bayx+1.

From the above results, we proved the following Theorem.

Theorem 4.1. 1) To each Boolean algebra of order 28+, Byki1, we can associate a binary block
code Coi+1, with associated matrix given by the relation (4.9).

2) On binary block code Cyr+1 we can define a multiplication *qr+1such that (Cor+1, *grt1) 1S
a Boolean algebra isomorphic to Bor+1.

5. CONCLUSIONS

The results obtained in this paper can be considered as a new starting point in the study
of MV-algebras or other logical algebras (such as BCK-algebras, due to the connection be-
tween MV-algebras and bounded commutative BCK-algebras). The obtained connections
can rise the question “who influence who?”. We have a partial answer to this question,
in the sense that the study of Fibonacci elements or the study of the binary block codes
defined on these algebras provides us new and interesting properties of these algebras.
Will be interesting to find the answer at the converse question: if the study of proper-
ties of MV-algebras, Boolean algebras, bounded commutative BCK-algebras can gives us
new opportunity to find new results regarding Fibonacci sequences or binary block codes
attached.

Acknowledgments. I would like to thank referees for their many suggestions, which
helped me improve this paper.
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