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ABSTRACT. In this paper, the notion of an M-function and cut function on a set, are in-
troduced and investigated several properties. We use algebraic properties to introduce an
algorithm which show that every finite M V-algebras and Fibonacci sequences determines a
block-code and presented some connections between Fibonacci sequences, M V-algebras and

binary block-codes. Furthermore, an MV -algebra arising from block-codes is established.

1. INTRODUCTION

The notion of MV-algebra was introduced by C. C. Chang as an algebraic counterpart for the
Lukasiewicz infinite-valued propositional logic [5]. The bounded commutative BC K-algebras
are precisely the MV-algebras [10]. A recent application of BC K-algebras and residuated
lattices have been given in [2,3,4]. In coding theory, a block-code is any member of the large

and important family of error-correcting codes that encode data in blocks. Error-correcting
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codes are used to reliably digital data over unreliable communication channels subject to
channel noise. When a sender wants to transmit a possibly very long data stream using a
block code, the sender breaks the stream up into pieces of some fixed size. Each such piece is
called message and the procedure given by the block-code encodes each message individually
into a codeword, also called a block in the context of block codes. The sender then transmits
all blocks to the receiver, who can in turn use some decoding mechanism to recover the original
messages from the possibly corrupted received blocks. The performance and success of the
overall transmission depends on the parameters of the channel and the block code. The
Fibonacci sequence is an integer sequence defined by a simple linear recurrence relation. The
sequence appears in numerous settings in mathematics and other sciences. In particular, the
shape of several naturally occurring biological organisms is governed by the Fibonacci sequence
and its close relative, the golden ratio. The Fibonacci number has been studied in different
forms for centuries and, consequently, the literature on this subject is incredibly vast. Kim,
Neggers, and so introduced the concept of generalized Fibonacci sequences over a groupoid
in [8] and discussed it specifically for the case where the groupoid contains idempotents and
pre-idempotents. In [1], the authors constructed a Fibonacci sequence over M V-algebras and
proved in [3] that, to each n—ary block-code V', one can associate a BC' K-algebra X such that
the n—ary block-code generated by X, Vx contains code V as a subset, and the converse was
also found to be true in certain circumstances.

In present paper, we introduce the notion of a cut function and investigate its properties.
Moreover, the present study will show that every finite M V-algebra and Fibonacci sequence
over MV -algebras determines a binary block-code such that these codes are the same and
show that, to each binary block-code V', associated an MV-algebra X such that the binary
block-code generated by X, Vx contains code V as a subset. Using codes, we can easily obtain
orders determining the supplementary properties of these algebras and provide an algorithm
which allows us to find an MV -algebra starting from a given binary block-code. This new look
will help us to achieve new results and applications of these algebras and sequences. Due to
this connection of MV -algebras and Fibonacci sequences with coding Theory, we can consider
the above results as a starting point in the study of new applications of these algebras in the
coding theory and computer science. It is well known that various classical error-correcting
codes are ideals in certain algebras. For example, all cyclic codes are principal ideals in group
algebras of cyclic groups. Several other classes of codes have also been shown to be ideals
in group algebras, and this additional algebraic structure has been used to develop faster

encoding and decoding algorithms for these codes.
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2. PRELIMINARIES

For a non-empty set A and ”%” be a binary operation defined on A and z € A a fixed

element, we have that (A, *,z) is a (2,0) type set.

Definition 2.1. [5] An MV-algebra A is an algebra A = (A, @, ,0) of type (2,1, 0) satisfying

the following equations:

for any z,y € A.

Lemma 2.2. [5| For xz,y € A, the following conditions are equivalent:
(i) z*dy=1,

(i) xOy* =0,
(iii) y =2 @ (y © 1),
(

iv) There is an element z € A such that t & z = y.

For any two elements z,y € A let us agree to write x < y if and only if = and y satisfy the
equivalent conditions (i) — (iv) in the above lemma.
So, < is an order relation on A (called the natural order on A). We will say that an MV-
algebra A is an MV -chain if it is linearly ordered relative to natural order.
Let A and B be MV-algebras . A function f: A — B is a morphism of M V-algebras if and
only if it satisfies the following conditions, for every x,y € A:
(MVz) f(0) =0,
(MVg) f(z©y) = f(z)® f(y),
(MVy) f(z%) = (f(x))".
If A and B are MV-algebras we write A ~ B if and only if there is an isomorphism of

MYV -algebras from A to B (that is a bijective morphism of MV -algebras).
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Definition 2.3. [1] Let A= (A, @, *,0) be an MV -algebra. If a,b € A, we construct a sequence

as follows:

[a,b] := {a,b,ug, ut, ug, ..., U, ...},
where ug :=a ® bu; = b & ug, uz = ug B u1, and Ugro = Uk P Upy1-

A sequence [a, b] is called a Fibonacci sequence on M V-algebra.

Remark 2.4. [9] In every MV-chain A we have:
(i) rdy==xifand only if z =1 or y =0,
(ii) x @y = x if and only if x* ® y* = y*.

Definition 2.5. [6] An algebra (L,—,*,1) of type (2,1,0) will be called Wajsberg algebra if
for every z,y, z € L the following axioms are verified:

(W) 1 —=x=uz,

(W2) (= y) = [(y = 2) = (> 2)] =1,

Ws) (z=y) »y=(y—z) =

(Wy) (2" = y*) = (y —>z)=1.

There is a one-to-one correspondence between M V-algebras and Wajsberg algebras.

3. CODES BASED ON MV-ALGEBRAS AND FIBONACCI SEQUENCES

We aim to achieve binary block-codes from the algebraic properties of MV -algebras and
using the notion of MV -chain and Boolean algebras. Several relations on binary block-codes
are derived from MV -algebras.

Let A be a non-empty set and X be an MV -algebra.

Definition 3.1. A mapping A: A — X is called an M-function on A. A cut function of g,
for ¢ € X, where X is an MV-algebra, is defined by Aq : A — {0,1} such that (for all x € A)
(Ag(z) =1 q@ A(z) = q).

Remark 3.2. (i) ,Zq is the characteristic function of the following subset of A, called a cut
subset or an g-cut of A: Ay ={zxecAlga A(z) = ¢},
(i) A; = A and Ay = {z € A|A(z) = 0}.

Definition 3.3. Let A = {1,2,...,n} and X be an MV-algebra. A codeword in a binary
block-code V is vy = x1x9...x, such that x; = j & /L;(z) =jforie Aandje {0,1}. We
denote this code with Vx. In this way, each M-function A: A — X has associated a binary
block-code of length n.

Example 3.4. Let A ={0,z,y,z} and X = {0,a,b,1} be an MV-algebra with the following

operation:



Alg. Struc. Appl. Vol. 9 No. 2 (2022) 77-95. 81

c | B
o | o
o7

S 2
T o
=
= o = o | o
e e T =

The function A: A — X given by

~_0xyz
_Oabl
is an M-function on A. Then
A, |0 a b 1
Ay |1 00 0
A, 1100
Ay 1010
A1 111

Thus its cut subsets of A are as follows:
Ay =0, A, = {0,z}, Ay = {0,y}, A, = A.
Proposition 3.5. Let X be an MV -chain and A:A— X bean M -function on A. Then
(Vp.geX) (pdg=p= A, C 4).
Proof. Let p,q € X be such that p@ ¢ = p and z € A;. Then q@g(a:) = ¢q. Using Remark 2.4,
we have ¢* @ A(z)* = A(z)* and p* ® ¢* = ¢*, so (p* @ ¢*) ® A(z)* = A(z)*, using (MV}), it

follows that p* @ (¢* ® A(z)*) = A(z)* hence p* ® A(z)* = A(z)*, thus pe A(z) = p. Therefore
x € Ap e, Ag C Ay

Notice that in above proposition A, ¢ Aq, in Ezample 3.4, for 0,a,b € X, we have
(ad0=a= Ay CA,) and (bd0=b= Ay C Ap).
But (Aq € Ap) and (Ay € Ay).

Let A : A — X be an M-function on A and ~ be a binary relation on X defined by
(Vp,qge X) (p~q<= A, =A,;). Then ~ is an equivalence relation on X.
Let A(A):={q € X|A(z) = ¢, for some z € A} and for q € X, (¢] := {z € X|g® = = ¢}.

Proposition 3.6. For an M -function A:A— X on A, we have

(Vp.q € X) (p~q = (] NA(A) = (] N A(A)).
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Proof. We have

qu<:>Ap:Aq7
= (Vzc A)(p® A(z) =p < ¢ Az) = q),
= {z € A|A(z) € (p]} = {z € A|A(2) € (q},

> (p| N A(4) = (¢ N A(A).

For any = € X, let / ~ denote the equivalence class containing z, that is, z/ ~:= {y €
X|x ~ y}.

Lemma 3.7. Let A: A — X be an M -function on A. For every x € A, we have A(x) =
inf{A(z)/ ~}, that is, A(z) is the smallest element of the ~-class to which it belongs.

Proof. We have

A(x) = inf{q € X|Ay(zx) =1},
—inf{q e X|g® A(z) = q},
= inf{q € X|q € A(z)/ ~},

— inf{A(x)/ ~}.

Construction of the code: Let A = {1,2,...,n} and X be a finite MV-algebra. Every
M-function A : A — X on A determines a binary block-code C' of length n in the following
way:
to every x/ ~, where x € X corresponds a codeword w, = x1x9...z, such that z; = j if and
only if Ay(i) = j, fori € X and j € {0,1}.

Let V' be a binary block-code and let v, = x122...2,, and vy = y1y2...yn be two code words
belonging to V. We define an order <. on V as following:
vz =¢ vy if and only if y; < a;, for all ¢ € {1,2,...,n}.

Example 3.8. Let X = {0,a,b,¢,d,1} be an MV-algebra with the following operation:
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Let A: X — X be the identity M-function on X.

@10 a b c d 1
00 a b c d 1
ala a d 1 d 1
blb doc c¢c 1 1
clc 1 ¢c ¢c 11
dld d1 111
1/1 11111

Then
g$0abcdl
Ay[1 0000 0
A1 1000 0
Ay {1 0000 0
A /101 10 0
Ag|1 1.0 00 0
A1 11111

83

thus Vx = {100000, 110000, 100000, 101100, 110000, 111111} is a code obtained by the MV -

algebra X.

FIGURE 1. a) Partial ordering . b) Order relation=,

1
d
a
0
(X, <)

fa)

100000

110000
111111

Example 3.9. Let A = {a1,a2,a3,a4,as5,as} and let X = {0,a,b,c,d, 1} be an MV-algebra

with the following operation:
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Let A: A — X be an M-function on A given by

~ a]; ag a3 a4 a5 ag

A=

a ¢ b 1 0 d
Then

ﬁxacbl(]d

Ay{0 000 10

A1 000 10

A, |0 00 010

A, /1000 10

Ag10 01 01 1

A1 11111
thus

Vx = {000010, 100010, 000010, 100010,001011,111111} is a code obtained by the MV -algebra
X.

1
Q00010
c d
00101 100010
a b
111111
0
| A =] [V, =]

(a) (b)

FIGURE 2. a) Partial ordering . b) Order relation=,
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cut sets of A are as follows:
Ay = {as} = Ay, Ay = {a1,a5} = Apy Ag = {as, a5, a6}, A=A

Example 3.10. Let Ly = {0,1/3,2/3,1} be an MV-chain and A : A — X be an M-function
on A given by
~ a; az as a4

A= . Then
1/3 0 1 2/3

A, |1/3 0 1 2/3
Ay [0 100
Ayzl0 100
Ay;3|0 1 00
A |1 111

Thus Vx = {0100,0100,0100, 1111} is a code obtained by the MV -chain X.

o

(X,<) (V=)

. TR
Ry |1}

FIGURE 3. a) Partial ordering . b) Order relation=,

Theorem 3.11. Every finite MV -chain X determines a block-code C such that (X, <) is
isomorphic to (C,=.).

Proof. Let X = {q1,q2,-..,qn} be a finite MV-chain in which ¢; is the least element and let
A: X — X be the identity M-function on X. The decomposition of A provides a family
{A,|z € X} which is the desired code under the order <.. Let g : X —» {A ]z € X} be a
function defined by g(z) = gz, for all x € X. By Lemma 3.7 every ~-class contains exactly
one element. Hence g is onto. Let p,q € X be such that p® ¢ = p. Then A, C A, by

Proposition 3.5, which means that Zq < gp. Therefore g is an isomorphism.

Theorem 3.12. Every finite MV -algebras X determines a block-code C' such that (X, <) is
isomorphic to (C, =<.).

Proof. We use Remark 3.2(i), Proposition 3.6 and Lemma 3.7.
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An element a of an MV-algebra A is called an idempotent or Boolean if a @ a = a, if @ and
b are idempotents, then a ® b and a ® b are also idempotents. Boolean algebras are just the
MV -algebras obeying the additional identity a®a = a or a ®b. In fact MV-algebras are non-
idempotent generalizations of Boolean algebras. We can provide examples of MV -algebras

with some properties, in our case, Boolean algebras.

Example 3.13. Let X = {0,a,b,1} be an MV-algebra with the following table obtained from
Example 3.4.
Then Vx = {1000, 1100, 1010,1111} is a code obtained by the M V- algebra X.

; 1000

b a 101 1100
0 1111
(X, <) (V. =)

{a) [h)

FIGURE 4. a) Partial ordering . b) Order relation=.

Example 3.14. Let X = {0,a,b,c,d, e, f,1} be an MV-algebra with the following operation:

@0 a b c
00 a b ¢

d
d

al|la a C C

o

(@)

o

(@)

Q. o~ o

[—
L T e L T e e T = S o S (R o '}
e e e e e T B

_ = Fh
I e T o S =
L p)
—

Let A: X — X be the identity M-function on X. Then
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A, 10 a b ¢ d e f 1
Ay|1 00 00O0O0O
A1 1000000
A,/1 0100000
A./111 1000 0
A1 00 01 000
A1 1001100
Aff1 0101010
A1 1111111

thus
Vx = {10000000, 11000000, 10100000, 11110000, 10001000, 11001100, 10101010, 11111111} is a
code obtained by the MV -algebra X.

According to Examples 3.13 and 3.14, we see that there will be no duplicate code.

Now, using Definition 2.3, we attempt to obtain binary codes on Fibonacci sequences and

compare the results with those presented in the previous content.

Example 3.15. Let X = {0,a,b,c,d,1} be an MV-algebra with the table obtained from
Example 3.8. If a,b € X, then [a,b] := {a, b, ug, u1, uz, ...}, then by Definition 2.3 we have:
up=ad®b=d,uy=bdd=1,us=d®1=1,us=14d1=1,... . Hence

[a,b] :={a,b,d,1,1,1,...}, and [b,a] := {b,a,d,d,1,1,1,...},... .

The number of modes that can be checked is 36.

[0,0],[0,aq],...,[0,1], [a, 0], [a,a], ..., [a, 1], ..., [1, 0], [1, a], ..., [1, 1].

Notation. Let A = (A,@,%,0) be an MV-algebra and u € A be such that [a,b] =
{a,b,up,u1,...,u,u,...} for any a,b € A. Then we will show the general sentence of the sequence
with the symbol g[a,b]=u. For other details about Fibonacci sequences on MV-algebras and

about some new applications of them, the reader is referred to [1].

Definition 3.16. Let A : A — X be an M-function on A. We define the following cut function
of g, for ¢ € X on Fibonacci sequences as follows:
ﬁq : A — {0,1} such that (Vz € A)(Avq(x) =1 A(g,2) =glg.z] = ¢.

Example 3.17. Let X = {0,a,b,c,d,1} be an MV-algebra with the following table obtained
from Example 3.8.

Then we have following Fibonacci sequences table:
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gl——-]10 a b ¢c d 1
0 0 acecl1
a a a1l 111
b c 1 c c 11
c c 1l cc 11
d 111 1 11
1 111 1 11

Let A: X — X be the identity M-function on X. Then

A, |10 a b ¢ d 1
Ay[1 0000 0
A1 1000 0
Ay {00000 O
A1 01100
Ag0 00 0 0 0
A1 11111

Thus Vx = {100000, 110000, 000000, 101100, 000000,111111} is a code obtained by the Fi-

bonacci sequences of X.

Example 3.18. Let A = {aj,a2,a3,a4,a5,a6} and X = {0,a,b,c,d, 1} be an MV-algebra
with the following table obtained from Example 3.9.

Then we have following Fibonacci sequences table:

gl——-]|0 a b ¢ d 1
0 0 ad1l1d1
a a a1l 111
b d 1 d1d1
c 111111
d d 1 d1d1
1 1 11111

Let A: A — X be an M-function on A given by

~ ay az a3z a4 a5 G
A= . Then

a ¢ b 1 0 d
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Azla ¢ b 1 0 d
Ay{0 00010
A,/1 0 0010
Ay {00000 O
A. {00000 O
Ag10 01 01 1
A1 11111

Thus Vx = {000010,100010,000000,000000,001011,111111} is a code obtained by the Fi-
bonacci sequences of X. cut sets of A are as follows:
Ay = {as}, Au = {a1, a5}, Ay = Ac = 0, Ag = {a3, a5, a6}, A = A.

Example 3.19. Let X = {0,a,b,1} be an MV-algebra with the following table obtained from
Example 3.13.

Then we have following Fibonacci sequences table:

g[——]|0 a b 1
0 0 a b1l
a a a 1 1
b b1 b1
1 1 111

Let A: X — X be the identity M-function on X. Thus Vx = {1000,1100,1010,1111} is a

code obtained by the Fibonacci sequences of X.

Remark 3.20. From the block-code obtained by the aforesaid methods, it is obvious that the
code attained in Example 3.8 is the same as that obtained in Example 3.17, and the codes
obtained in Examples 3.9 and 3.13 are the same as those attained in Examples 3.18 and 3.19.
The explanation is that we use only algebraic properties, not its order of MV-algebra. In [7],
the authors constructed a binary block-codes of MV -algebras and Wajsberg algebras, but the
problem is that the properties of MV -algebras have not been used. But this method codes

based on the properties of MV -algebras and is a more comprehensive method.

4. MV - ALGEBRAS ARISING FROM BLOCK-CODES

Definition 4.1. Let (X, <,0, 1) be a finite partially ordered set, which is bounded. We define
the following binary — on X as follows:

r=1l—-z,2—>(y—2z)=y—(zr—2)and (z >y) y=(y—>zx) >

for all x,y,z € X.

We define the operation ® such that (®, —) forms an adjoint pair, i.e., z < x — y if and only
ifroz<y.
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Proposition 4.2. With the above operations on X, the lattice (X,—,*,1 = 0%) is an
Wajsberg-algebra and (X, ®,®,*,0,1) is an MV -algebra, we denote x ®y = x* — y and
x—y=2xa"®y, where (z* =2 —0), for all z,y € X.

Example 4.3. Let X = {0,a,b,1} be a set with partial ordering. Define a unary operation *

and — on X as follows:

(X, <)
(a)

FIGURE 5. a) Partial order

—10 a b 1
0|1 111
a |b 1 b 1
b la a 1 1
1 {0 a b 1
* |0 a b 1
z*|1 b a 0

Then (X, —, *,1) is an Wajsberg-algebra.

Let C' be a binary block-code with n codewords of length n. We consider the matrix
Mc = (mij)ije12,...ny € Mn({0,1}) with the rows consisting of the codeword of C. This

matrix associated to the code C.

Proposition 4.4. With the above notation, if the codeword 11...1 +is in C and the matrix
n—times
M is upper triangular with my; = 1 for all i € {1,2,...,n}, there are a set A with n element,

an MV -algebra X and an M -function A:A— X on A such that A determines C.

Proof. We consider the lexicographic order, denote by <., on C. It is clear that (C, <je;)

is a totally ordered set. Let C' = {w1,wa,...,wy}, with w1 > w2 >jer oo Zjer wp. This
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implies that w; = 11..1 and w, = 00..0 1. On C, we define a partial order =<¢ as
n—times (n—1)—times

in construction of the code by the M-function. Now, (C, <¢) is a partially ordered set with
wy S¢ w; 2o Wy, © € {1,2,...,n}. Note that wy correspond to 0 and w,, correspond to 1 in X.
Hence (C,=¢,0,1) is a bounded lattice. We define on (C, <¢,0,1) a binary relation @& and
the operation ® as Proposition 4.2 and Definition 4.1. Then X = (C,=<¢,0,1,®,®, %) is an
MV -algebra and C' is isomorphic to X. We consider A = C and the identity map A:AS X ,
w — w, as an M-function on A. The decomposition of A provides a family

Cx ={A,: A= {0,1}|A,(z) =1 & ¢g& A(z) = ¢,Vz € A,g € X}.

This family is the binary block-code C relative to the order relation <¢.

Proposition 4.5. Let A = (aij)ic{1,2,..n}je{1,2,..m} € Mnm({0,1}) be a matriz with rows
lexicographic ordered in the descending sense. Starting from this matriz, we can find a matrizc
B = (bij)ijef12,..ky € Mc({0,1}), k = n+m, such that B is an upper triangular matriz, with
bi; =1, Vi e {1,2,...,k} and A becomes a sub matriz of the matriz B.

Proof. We can extend the matrix A to a square matrix B, such that B is an upper triangular
matrix. For this purpose, we insert in the left side of the matrix A (from the right to the left)
the following n new columns of the form 00...01,00...10, ..., 10...00.

S~ S——

n n n
It results a new matrix U with n rows and n+m columns. Now, we insert the bottom of

the matrix U the following m rows:00...00 10...00, 00...001...00, ..., 000 1. We obtained the
S~ N = ~~

n m n+1 m—1 n+m—1
desired matrix B.

Proposition 4.6. With the above notations, we consider C a binary block-code with n code-
words of length m, n # m, or a block-code with n codewords of length n such that the codeword

11...1 is not in C, or a block-code with n codewords of length n such that the matrix Mo is

n—times
not upper triangular. There are a natural number k > max{m,n}, a set A with m elements

and an M -function A A Cy, where C, denote the MV -algebra with k elements, such that

the obtained block-code Cc, contains the block-code C' as a subset.

Proof. Let C be a binary block-code, C = {w1, wa, ..., wy}, with codewords of length m. We
consider the codewords wi, wo, ..., w, lexicographic ordered, wy <jer W2 Kiex - Llex Wp. Let
M € M, »({0,1}) be the associated matrix with the rows wi, ws, ..., w, in this order. Using
Proposition 4.4, we can extend the matrix M to a square matrix M € M,({0,1}), p=m+n,
such that M = (m;’j)i,je{ljgwwp} is an upper triangular matrix with m;i =1, for all i €

{1,2,...,p}. If the first line of the matrix M’ isnot 11...1 then we insert therow 11..1 asa
— —
p—times p+1—times
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first row and the 1 00...0 as a first column. Let k=p+1, applying Proposition 4.4 for the matrix
p—times

M’ ,we obtain a MV-algebra Cj, = {z1, 22, ..., 2}, with x; correspond to 0 and zj, correspond
to 1, and a binary block-code C¢,. Assuming that the initial column of the matrix M have
in the new matrix M’ positions 01,152, ., tjn € {1,2, ..., k}, let X = {zj1,2j0,...,xjn} C Cj.
The M-function A : A — C}, is such that g(x]z) =xj;, 1 € {1,2,...,m}, determines the binary
block-code Cj, such that C' C Cg, as restriction of the M-function A C; — Cj on A such
that A(z;) = z;. g

Remark 4.7. Propositions 4.4, 4.5 and 4.6 generalized Proposition 4.4, 4.5 and 4.6 in [2] to
MYV -algebras.

Example 4.8. Let V = {100000,110000,100000,101100,110000,111111} be a bi-
nary block-code. Using the lexicographic order, the code V can be written V =
{111111, 110000, 110000, 101100, 100000, 100000 } ={ w1, w2, w3, w4, ws, ws}. From defining the
partial order < on V', Note that wy =< w;, i € {2,3,4,5,6}, we, w3 < ws,ws and wy cant be

compared with wo,ws. Let My € Mgg({0,1}) be the associative matrix,

5
Il
P = = =
© O O k= =
© O = O O =
©C O = O O -
o O o O O =
©c © ©o o o =

Using Proposition 4.5 , we construct an upper triangular matrix, starting from the matrix

My Tt result the following matrices:

1000001 11111
0100001 10O0O00
D= 0010001 10O0O00O0
000100101100
0000101 0O0O0OO0O0
000O0O0O1I1 00 0 00O

and
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100000111111
01 00O0O011O0O0TO0OTPO
0010001 10O0O0TO0
000100101100
0000101 0O0O0O0OTGO
B 000O0OO0O11T 0O0O0O0TGO
000O0O0OO0O1 O0OO0OO0OT 0@ O
000O0O0OO0OO0OT1TTUO0TO0OTGO0O® O
00 0O0O0OO0OO0ODO0OT1TTG0TGO0OO
000O0O0OO0OO0COOOT1TT O0®O
000O0O0OO0OO0OOOO0OT1@®O
000 0O0O0O0O0OTO0OTO0O01

Since the first row is not 11...1 using Proposition 4.6 , we insert a new row 11...1 as a first
— —

12—times 13—times
row and a new column 10...0 as a first column. We obtain the following matrix:

13—times

—_
—

01
01
01
01
01
11
01
00
00
00
00
0 00

Sy

Il
O O O O O O 0O o o o O =
O O O O O O = O O © © =

S O O O F O O O O kM - -
o O O O O 0O O - O O k- oM
© O B O O O 0 0O M O O K M
o B O O O O O O O O O KM E

1
1
0
0
0
0
0
0
0
0
0
0
1

O O O O O O o o o o o = =
o O O O O o o o o o =+~ o =
o O O O O o o o o +~ o o =
o O O O o o o o =, o o o =

0

The binary block-code W = {wj, ..., w13}, whose codewords are the rows of the matrix B/,
determines an MV-algebra (X, @, *,wy).

Let A = {wr,wg,wy,wip,wii,wiz,wis} and f = A — X, f(w) = w,
i € {7,8,9,10,11,12,13} be an M-function which determines the binary block-code
U={111111,111111, 110000, 110000, 101100, 100000, 100000, 100000, 010000,

001000, 000100,000010,000001}. The code V is a subset of the code U.
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CONCLUSIONS

We first introduced the notion of M-functions and investigated their properties. Using this
concept, we established block-codes. To this end, we use only algebraic properties of M V-
algebra and show that a binary block-code exists without using order relation and proved
that, to each binary block-code V', we can associate an MV-algebra X such that the binary
block-code generated by X, Vx contains code V as a subset. They have particular properties
that are discussed in this article. On the other hand, the MV -chain and Boolean algebra
properties can be used to obtain a non-duplicate binary block-code. In this paper, an algorithm
for construction binary block-codes based on Fibonacci sequences is proposed and make some
connections between MV -algebras and Fibonacci sequences. These connections will also help
us to achieve new results and applications of these algebras and sequences. In future research,

we will look for the answer to how to obtain Fibonacci sequences from binary block-codes.
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