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KYBERNETIKA — VOLUME 60 (2024), NUMBER 5, PAGES 682-689

PROPERTIES OF QUANTUM LOGIC MAPS AS
FUZZY RELATIONS ON A SET OF ALL SYMMETRIC
AND IDEMPOTENT BINARY MATRICES

REINIS ISAKS

A quantum logic is one of possible mathematical models for non-compatible random events.
In this work we solve a problem proposed at the conference FSTA 2006. Namely, it is proved
that s-maps are symmetric fuzzy relations on a set of all symmetric and idempotent binary
matrices. Consequently s-maps are not antisymmetric fuzzy relations. This paper also explores
other properties of s-maps, j-maps and d-maps. Specifically, it is proved that s-maps are neither
reflexive, nor irreflexive, and nor transitive, j-maps have the same properties as s-maps and d-
maps are reflexive and not transitive.
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1. INTRODUCTION

In 2006, at the 8th Conference on Fuzzy Set Theory and Applications, a number of
problems related to the classification of strict t-norms, Lipschitz t-norms, interval semi-
groups, copulas, semicopulas and quasicopulas, fuzzy implications, mean values, fuzzy
relations, MV-algebra, and effect algebras were raised [3]. This work offers a solution
for the problem of s-maps as fuzzy relations, which was introduced in this conference.
Namely, it is proved that s-maps are symmetric fuzzy relations on a set of all symmetric
and idempotent binary matrices. This paper also explores properties of s-maps, j-maps
and d-maps.

The paper is structured in the following way: in the Section 2 the initial problem is
given; we study the properties of s-maps in Section 3; we propose the solution for the
initial problem in Section 4; in Section 5 and 6, we examine j-maps and d-maps on a set
of all symmetric and idempotent binary matrices.

2. THE GIVEN PROBLEM

Let A be a set of all symmetric matrices, such that each element of a matrix is either 0
or 1 and for each A € A we have A- A = A. Let I be the identity matrix and let © be
the zero matrix.
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Definition 2.1. (Néndsiova and Pulmannova [5]) A fuzzy relation s : Ax A — [0, 1]
is called an s-map, if:

1. s(I, I)=1;
2. if A, B € Asuch that A-B=B-A=0, then s (A, B)=0;
3. if A, Be€ Asuch that A-B=B-A =0, then for all C € A:
e s(A+B, C)= s(A,C)+s(B,0),
e s(C, A+ B)= s(C,A)+s(C,B).
Let us formulate the main theorem that is ought to be proven:

Theorem 2.2. (Mesiar and Klement [3]) If the fuzzy relation s : Ax A — [0, 1] is
an s-map, then it is symmetric, i.e., s (A, B) = s (B, A) for all A, B € A.

3. PROPERTIES OF S-MAPS

From the given conditions, we will formulate the properties of the s-map, which will help
us to solve the symmetry problem and understand the given fuzzy relation.

Let us prove that the s-map of any matrix from set A and the identity matrix is
symmetric:

Lemma 3.1. (Al-Adilee and Néndasiova [1]) If the fuzzy relation s is an s-map, then for
al Ac A:s(A, I)=s(I,A).

Proof. For a given matrix A, put B=1—A. Then A+ B=1,A-B=B-A=0
and using of 2. of Definition 2.1, we compute s(A, ) = s(A, A) = s(I, A). O

Definition 3.2. A set of matrices B C A is called a null set if for all A, B € B and A #
B:s(A, B)=s(B,A) =0, where s is an s-map.

Let us prove that s-maps have the distributive property over addition:

Lemma 3.3. If the fuzzy relation s is an s-map, Hy, Ho, ..., H; € B (i € N\ {1}), then
for all A € A:

S(H1+H2++ Hl,A):S(H17A)+ 5(H27A)++S(H1,A)7
s(AJHy+Ho+ ...+ H)=s(AH)+ s(A Ho)+...+s(A H;).

Proof. The proof follows from 2. of Definition 2.1 by induction. O

Next we will look at the properties of s-maps to examine them more closely. We will
start by proving that s-maps are not reflexive or irreflexive fuzzy relations.
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Remark 3.4. If a fuzzy relation s is an s-map, then it is neither reflexive nor irreflexive.

Namely, s(0,0) = 0 and s(I,I) = 1 which contradicts the definitions of reflexivity and
irreflexivity [2], respectively.

Now let us prove that s-maps are not transitive.

Theorem 3.5. If a fuzzy relation s is an s-map, then it is not transitive.

Proof. Suppose we are given an s-map of s matrices of order n. We find two matrices
A, B € Asuchthat A # © and B # O, and A-B = B-A = ©. We assume that the s-map
is transitive. Then by the definition of transitivity [2] it follows that: s (A, B)As (B, () <
s(A,C) forall A, B,C € A. Therefore:

s(A,I)ANs(I,B) <s(A,B).
But since s (A, B) = s (B, A) =0, it follows that:
s(A,I)As(I,B) <0

Hence, one of the values s (A, I) or s (I, B) is equal to 0.
Assume that s (A,I) =0 (An analogous proof if one chooses that s (I, B) = 0). But
then from Lemma 3.1 it follows that:

s(A,I)=s(AA)=0.
But in that case, the only matrix for which s (A, A) = 0 is satisfied is the zero matrix,
i.e. A= 0©. But that contradicts our initial assumption. O

4. SYMMETRY OF S-MAPS

It is easy to see that the only matrices which belong to set A are diagonal. To make it
more convenient to write the matrices, let’s denote them respectively by tuples of order
n, which consist of the elements of the main diagonal of matrices from the set A. In
general:

aj; -+ 0

= (all,agg, .. .,ann) = (al,ag, .. .,an) .

0 - ap
Now we will define the terms base matrices, basis set and explore their properties.
Definition 4.1. A matrix C' € A is called a base matrix if only one of its elements is 1.
The set of all possible basis matrices A C A will be called a basis set:
A ={C;=(,0,...,0),Co = (0,1,...,0),...,C, =(0,0,...,1)}.

It is easy to see that every matrix A from set .4 can be expressed as the sum of base
matrices. In fact, if A = (ay,a2,...,a,),then A=a;-Cy+ay-Co+...+a, C,.
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Lemma 4.2. The basis set A C A is a null set.

Proof. We choose arbitrary matrices A, B € A, A # B. Then, for an arbitrary index
1, if a; = 1 then b; = 0 and vice versa, b; = 1 implies a; = 0. Therefore A-B=B-A=0
and this gives A is a null set. a

Now we have defined and proved everything necessary for the solution of the problem.
Let us prove that from the given conditions, it follows that the s-map is always symmetric
on a set of symmetric binary matrices.

Theorem 4.3. If the fuzzy relation s is an s-map, then s (4, B) = s(B, A) for all
A, BeA.

Proof. We consider the ssmap s : A x A — [0, 1] and choose matrices A, B € A,
which are of order n. We divide the matrix A into the sum of the basis matrices:

j
A=a1-Cl+a2-02+...+an~0n:H1+H2+...+Hj:ZHt (1<j<n),
t=1

where H; are the basis matrices for which a; =1 (i =1,2,...,n).

s(A,B)=s (th,B>.

We use Lemma 3.1:

S(Ht,B).

J
=1

(g

= t

Next, we divide matrix B into the sum of base matrices. As with the matrix A, let’s
denote by Gy, (1 < k < n) those base matrices for which b, =1 (i =1,2,...,n).

k
B:bl'Cl+b2-02+...+bn~cn:G1+G2+...—|—Gk:ZGm.
m=1

Again using Lemma 3.1 we get:

Consider an arbitrary s-map s (H;,G,), where 1 <i<j and 1 <r <k.
o if H;, = G,, then s (H;,G,) = s (G, H;) = s (H;, H;) = s(G,,G,);

o if H; # G, then s (H;,G,) = s (G, H;) = 0.
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Hence:
J k J k
S(AB)=> "> s(H;,Gp)=>_ > 5(Gp, H) =
t=1m=1 t=1 m=1
k k J k J
SN 5(GuH) =) 5(Gm, > Hi)=s (Z Gm,ZHt> = 5(B, A)
m=1t=1 m=1 t=1 m=1 t=1

Example 4.4. For matrices of order n, the fuzzy relation s(A, B) = tr(’:B) is an s-

map (see Table 1). Note that in this and the following examples A = <(1) 0) and

(3 )

=
~| || @ >

o|lo|lo|ol®

piH Ol Of s

piHoIH O of I3
— ool Of ~

Tab. 1. S-map values for 2 x 2 matrices.

5. PROPERTIES OF J-MAPS

Let us start with the definition of a j-map.

Definition 5.1. (Al-Adilee and Néndsiova [I]) A fuzzy relation ¢ : Ax A — [0, 1] is
called a j-map, if:

1. ¢(©,0)=0and q(I,I) = 1;
2. if A,B € Asuch that A-B=B-A=0, then q(A,B) =q(A,A)+ q(B, B);
3. if A, B € Asuch that A- B = B-A =0, then for all C € A:

e 4(A+B,C) = q(4,0) +q(B.C)—q(C.C),

e q(C,A+B)= q(C,A)+q(C,B)—q(C,C).

It is easy to see from the second property of j-maps, that j-maps are symmetric for
all matrices in the null set.
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Lemma 5.2. (Al-Adilee and Néndsiova [1]) If A, B € A such that A- B=B-A =0,
then ¢(A+ B, A+ B) = ¢(A, B).

Proof. The proof follows from 3. of Definition 5.1. ]

It is easy to see, that j-maps are neither reflexive nor irreflexive nor transitive. The
proofs are very similar to the ones in chapter ”Properties of s-maps”. Now we are going
to prove that j-maps are symmetric for all A, B € A.

Theorem 5.3. If the fuzzy relation ¢ is a j-map, then ¢ (4, B) = ¢ (B, A) forall A, B €
A.

Proof. We consider the jymap ¢ : A x A — [0, 1]. We can then write matrices A
and B which are of order n as sum of their respective base matrices:

J m
=Y H(1<j<n)and B=Y G (1<m<n).
= k=1

Hence from 3. of Definition 5.1:

m m

AB—qZ S =l Y G - (G- 1) oY Gr Y Gr)
k=1 t=1 k=1

t=1 k=1 k=1

:ZZq Hy,Gi) — (m—1)-> q(Hy, H) = (5= 1) - q¢(>_ Gr, Y Gr).
t=1

t=1 k=1 k=1 k

Il
=

Then we can apply Lemma 5.2 and 3. of Definition 5.1 to get:

ZGk,ZGk qu G, G).-
k=1 k=1 k=1

We can acknowledge that ¢(Hy, Gx) = q(Gg, H¢) for all base matrices, where ¢ =
1,2,...,5and k=1,2,...,m. Hence we can conclude that:

J m 7 m
:ZZth’G’f Zth»Ht (j—1) Zqu,Gk
t=1 k=1

t=1 k=1

m 7 m
> a(Gr, Hy) = (m—1)-> q(Hy, Hy) = (5= 1) - Y q(Gr, Gr) = q(B, A).

J
=1k=1 t=1 k=1

t
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qAB || A|B|I
1 1
© 0 lstall
A AR AENE
B 1171
I 1(1]1|1

Tab. 2. J-map values for 2 X 2 matrices.

Example 5.4. For matrices of order n, the fuzzy relation q(A, B) =
a j-map (see Table 2).

6. PROPERTIES OF D-MAPS

Definition 6.1. (Al-Adilee and Nandsiovd [1]) A fuzzy relationd : Ax A — [0, 1] is
called a d-map, if:

1. d(©,I)=d(I,0) =1;
2. d(A,A)=0forall Aec A
3. if A,B € Asuch that A- B=B-A=0, then d(A, B) = d(A,0) + d(©, B);
4. if A,B € Asuch that A- B= B-A =0, then for all C € A:
e d(A+B,C)= d(A,C)+d(B,C)—d(0,0C),

e d(C,A+B)= d(C,A)+d(C,B)—d(C,0).

From 2. of Definition 6.1, we get that d-maps are reflexive. As with all other quan-
tum logic maps, d-maps are not transitive.

From the following examples, we can notice that the symmetry of d-maps does not
follow from the given properties.

Example 6.2.

= fol—oing ©| D
Ofwlngol- |~

koind = | kol s

polH O — ke 3

Tab. 3. D-map values for 2 x 2 matrices.
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Example 6.3. (Néndsiovd and Valdskové [4])
d(A, B) = s(A, A) + s(B,B) — 2s(A, B),
where s: A x A — [0, 1] is an s-map.
(Received December 12, 2023)
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