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Abstract

The paper is devoted to a concept of aggregation of
binary fuzzy relations. Consider two n-ary vectors,
when we know the degrees to which corresponding
components are in relation we can measure the de-
gree to which vectors are in relation. Tasks with
such background justify the necessity of aggregation
of binary fuzzy relations and we contribute to the
topic in this paper. First we recall the approach
previously appeared in literature and then we in-
troduce other approaches suitable for various prac-
tical applications. Later we study the property of
T-transitivity since it indicates in some sense the
consistency of aggregation.

Keywords: fuzzy relation, aggregation function, 7-
transitivity.

1. Introduction

Aggregation of fuzzy relations is important in fuzzy
preference modeling (see e.g. [6]), decision making
and solving other problems related to imprecise in-
formation (see e.g. [5])). Assume we have two vec-
tors x = (x1,...,2,) and y = (y1,...,Yn), we know
the degree to which each particular pair of elements
(x5,9:),1 € {1,...,n} is related, and thus we would
like to know the degree to which vectors x and y are
related. Aggregation of corresponding binary fuzzy
relations is aimed at solution of this problem.
Method of pointwise aggregation of fuzzy relations
is studied e.g. in [12]. We would like to contribute
to the topic by proposing and studying other meth-
ods.

The paper is organized as follows: Section 2 fol-
lowing the introduction contains some basic notions
and results necessary for better understanding of
our research; we introduce notions of o-aggregation
and A-T-aggregation of fuzzy relations in Section 3,
we also provide practical examples and motivations
standing behind these formalizations; consistency of
proposed aggregation methods is verified in Section
4, where we study the preservation of T-transitivity
during the aggregation process; and we conclude the
paper in Section 5 by outlining possible directions
of the future researches.
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2. Preliminaries

In the sequel we use the basic notions and properties
of t-norms. For detailed information on t-norms the
reader can refer e.g. to [9].

We recall the definition of aggregation function:

Definition 1. [7/ An aggregation function is a
mapping A : [0,1]™ — [0,1] which fulfills the fol-
lowing properties:

o Alxy,..c,zpn) < A(y1, ..., Yn) whenever z; < y;
for alli € {1,...,n} (monotonicity);
e A(0,...,0) = 0 and A(1,...,1) = 1 (boundary

conditions).

For the details on aggregation functions the
reader can see e.g. [7].
Although we employ the notion of aggregation func-
tion in our paper obtained results can be also ex-
tended to the aggregation operators (for details on
aggregation operators refer to [10]).
We continue with an overview of basic definitions
and results on fuzzy relations. First time defini-
tions of fuzzy order relation and fuzzy equivalence
relation were introduced by L.A. Zadeh in 1971
([13]) under the names of fuzzy ordering and sim-
ilarity relation. Fifteen years later U. Hohle and
N. Blanchard in their paper [8] proposed to involve
fuzzy equivalence relation (L-valued equality) into
the definition of fuzzy order (partial ordering). In
our paper we use more recent results on fuzzy or-
der defined with respect to the fuzzy equivalence
relation studied in [2].

Definition 2. A fuzzy binary relation R on a set
X is a mapping R: X x X —[0,1].

Definition 3. (see e.g. [13], [1]) A fuzzy binary
relation E on a set X is called fuzzy equivalence re-
lation (or T-equivalence) with respect to a t-norm
T, if and only if the following three axioms are ful-
filled for all z,y,z € X :

1) E(z,z) = 1 reflezivity;

2) E(x,y) = E(y,x) symmetry;

3) T(E(x,y), E(y, 2)) < E(x, 2) T-transitivity.

The following result establishes principles of
construction of fuzzy equivalence relations using
pseudo-metrics.

Theorem 1. (see e.g.[1], [2]) Let T be a continuous
Archimedean t-norm with an additive generator t.



For any pseudo-metric d, the mapping Eq(x,y) =
t=D (min(d(z,y),t(0))) is a T-equivalence.

Example 1. Let us consider the set of real num-
bers X = R and metric d(xz,y) = |z — y| on it.
Taking into account that tr(x) = 1 — x is an addi-
tive generator of Ty, (Lukasievicz t-norm) and that
tp(x) = —In(x) is an additive generator of Tp
(product t-norm), we obtain two fuzzy equivalence
relations:
By (2,y) = max(1 - o - y],0);
EP(:E7y) = €—|-’L'—y|_

Definition 4. [2] Let < be a crisp order on X and
let E be a fuzzy equivalence relation on X. FE is
called compatible with < if and only if the following
implication holds for all x,y,z € X 1z Sy X z =
(E(x,2) < E(y,z) and E(z,z) < E(z,y)).

Remark 1. Let X be the set of real numbers and <
be a linear order on it. Then, for a fized element x,
E(z,x0) is non-decreasing in the interval [—oo, xo]
and non-increasing in the interval [xg, 00], where E
is a fuzzy equivalence relation which is compatible
with <.

Definition 5. (see e.g. [2]) A T-transitive fuzzy
relation L : X x X — [0,1] 4s called fuzzy or-
der relation with respect to a t-norm T and a
T-equivalence E (or T-E-order), if and only if it
additionally fulfills the following two axioms for all
x,y € X

1) L(z,y) > E(x,y) E-reflexivity;

2)T(L(z,y), L(y,z)) < E(z,y) T-E-antisymmetry.

A fuzzy order L is called strongly linear if
and only if Vo,y € X : max(L(x,y), L(y,x)) = 1.

The following theorem states that strongly linear
fuzzy order relations are uniquely characterized as
fuzzifications of crisp linear orders.

Theorem 2. [2] Let L be a binary fuzzy relation
on X and let E be a T-equivalence on X. Then the
following two statements are equivalent:

1. L is a strongly linear T-E-order on X.

2. There exists a linear order < the relation E s
compatible with, such that L can be represented
as follows:

Limy) = {119(50 Y)

ifv <y
otherwise.

This theorem shows that if we have a set X, a
linear order =< on it and a T-equivalence on X which
is compatible with =<, then we can build a fuzzy
linear order as it was shown above.

Further, in some results we consider special type of
fuzzy order relation on interval [0, 1]:
Do) =1 e
gz = yl),

otherwise,
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where ¢ is a non-increasing function.

For more information regarding to fuzzy orders con-
structed on the base of fuzzy equivalence relations
see [5],[4].

In general L defined by (1) is not a fuzzy order
relation. The choice of a function g is important.
The necessary condition for the relation E(x,y) =
g(|x — y|) to be compatible with < is that function
g is non-increasing. Therefore, if we prove a result
for an arbitrary fuzzy relation L defined as above,
the result will also hold for a fuzzy order relation

1, ifa <y

E(z,y) = g(|z — y|), otherwise,

R((E ’ y) = {
where E is a fuzzy equivalence relation compatible
with <.

Fuzzy order relation defined as above can be widely
used in practical applications, see e.g. [5].

In our paper, studying the process of A-T-
aggregation, we focus on the preservation of T-
transitivity where initial fuzzy order relation are

given by (2).
3. Motivation and construction

In this section first we recall the notion of pointwise
aggregation of binary fuzzy relations studied in [12].
Later we define aggregation of binary fuzzy relations
by means of a t-norm T and an arbitrary (or the
particular) aggregation function A. We propose two
methods aimed at the aggregation of n binary fuzzy
relations. We call the first one o-aggregation and it
is similar to the definition of pointwise aggregation
with one more assumption: it allows arbitrary per-
mutations of arguments. The second one we call
A-T-aggregation, it employs ideas of the extension
principle (see e.g. [14], [11]) and it conceptually dif-
fers from approaches described before.

For the sake of brevity further we denote vectors in

bold e.g. X = (21, s 2n), ¥ = (Ui, s U3)-

Definition 6. [12]' Let R; : X; x X; — [0,1],

i €{1,...,n} be binary fuzzy relations,

A:[0,1]" — [0,1] be an arbitrary aggregation func-
tion then

R(Xa y) = A(Rl (xla y1)7 ) Rn(zna yn))
is called pointwise aggregation of fuzzy relations.
R: X x X — [0,1], where X = [[ X;, given by

K2
Definition 6 allows us to define the value to which
arbitrary vectors x,y are in relation.

Ithe original definition is given for the aggregation op-
erator or extended aggregation function, in order to align
the compared approaches we consider the case of aggrega-
tion function, i.e. when the number of augments is fixed.
Furthermore in the original paper this process is called ag-
gregation of fuzzy relations, but we call it pointwise aggre-
gation to distinguish this approach from other approaches
introduced in the paper.



As it is described in [12], aggregation of fuzzy rela-
tions can be used in data querying problems. If we
assume that x = (z1, ...,x,) is a query, where x; is
a value referring to the i-th field of the query, and
y = (y1, ..., yn) is an arbitrary data record, then R
given by Definition 6 measures the degree to which
y matches query x.

Let us now introduce the notion of o-aggregation:

Definition 7. Let R; : X; x X; — [0,1],

i € {1,...,n} be binary fuzzy relations,

A be an arbitrary aggregation function and
(Yo(1)) -+ Yo(n)) be an arbitrary permutation of vec-
tor 'y (o is a permutation from the set S, of all
permutations of the set {1,...,n}). Then

Ro(xv Y) = (IT%aSX{A(Rl (.%‘17 ya(l))v () Rn(xru ya(n)))}

is called o-aggregation.

The domain and~ co-domain of RU are the same
like in the case of R:
R, : X x X —[0,1], where X =[] X;

The necessity of R, is justified by similar practical
needs as in the case of pointwise aggregation.
Let’s consider the example:

Example 2. R, can measure the degree to which
a query y matches a query x, where all records are
sentences and all elements of the record are words
in the language where the order of words is not of
the vital importance, e.g. Slavonic, Baltic languages
or English in some particular cases.

In this case we should use only one fuzzy relation
R (not different R; for each attribute i), because
symmetry need to be preserved. Since we allow the
arbitrary permutations of the elements of wvectors
preservation of symmetry is not possible when we
have different R;. Moreover to preserve the prop-
erty of symmetry we should introduce a symmetric
aggregation function.

Let consider the query "When I am in Latvia I usu-
ally visit Jurmala", if we apply Ry it is very well
matched to the query "I usually visit Jurmala when I
am in Latvia’', since it disregards the order of words.
We can expect Ry, value close to 1 and this is good
reflection of the reality since both queries contain the
same information. In this case the classical point-
wise aggregation does not work.

Now we define A-T-aggregation and justify its ne-
cessity.

Definition 8. Let R; : [0,1] x [0,1] — [0, 1],

i € {1,...,n} be binary fuzzy relations,

A:[0,1]™ — [0,1] be an arbitrary aggregation func-
tion, T be an arbitrary t-norm then

Rar:[0,1] x [0,1] — [0,1] given by

Rar(z,y) = L {T(Ri(21,91)s -y Ry yn)) -
(y11’7".“"7y77:- )’

A@y, oy an) = 2, A(y1, - yn) = y}
is called A-T-aggregation of fuzzy relations.
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We require the domain of R; to be [0,1] x [0, 1],

because we aggregate elements from the corre-
sponding set and we consider aggregation functions
defined on [0,1]™. Although extension to aggrega-
tion functions defined on 1", where I is a nonempty
real interval, is a matter of rescaling and with few
changes it can be easily done. In this case the
domain of the relation RAT would be T x T.
The essence of A-T-aggregation is similar as in
previous cases: we compare two n-ary vectors
by fusing corresponding binary fuzzy relations.
However in this case we take into account the
aggregation of corresponding vectors.

Remark 2. In our work we will use the above defi-
nition of A-T-aggregation of fuzzy relations, but we
present here also an alternative definition.

Let R; : [0,1] x [0,1] — [0, 1],

i €{1,...,n} be binary fuzzy relations,

A:[0,1]" — [0,1] be an arbitrary aggregation func-
tion, T be an arbitrary t-norm. Then

RA,T(XaY): /sup/ {T(Rl(x/layi)’""Rn(m;wy;)):

(@], ),

(Y15-5Un)

Ay, xl) = Az, .oy T0),

n

AL, s Un) = AW, - Un) }

is called T-A-aggregation of fuzzy relations.

The domain and co-domain of RT, 4 in this case
are the same like in the case of R:

Rar:X xX —0,1],

where X = [0, 1]™.
This definition shows similarity of approaches.
And now let us justify the concept of A-T-
aggregation.
The definition of monotonicity for an aggregation
function A says that if x; < y; for all i € {1,...,n}
then A(z1,...,zn) < A(y1,..,yn). Then for re-
sults of aggregation x and y we definitely know
that <y whenever there exist vectors (x1, ..., x,)
and (y1,...,yn) such that A(zq,..,z,) = 2z and
A(y1,..,yn) =y and ; <y; for all i € {1,...,n}.
Now let imagine that for each coordinate we have
different order relations:

21 1 Y1y e Tn Sp Yn-

Then if we continue by using fuzzy language we can
rewrite: R
x <yas R(z,y)

and
x; <; y; as Ri(xq,y;) foralli e {1,...,n}.

As a connective we use a t-norm T, and, finally,
instead of "for all" we use supremum. Thus we get

sup  {T(Ri(z1,y1)s s Rn(Tn,yn)) :

(1}1,...71",)7
(Y1,-+5Yn)

R(‘T7y) =



A(myy oy n) = 2, A(Y1, s Yn) = ¥},

what is exactly the Definition 8. By the example of
monotonicity property we have shown that prop-
erty of aggregated results is in relation with the
property of elements of vectors, which aggregate
to these results, where the relations’s strength is
defined by t-norm 7. In this example we spoke
about order relations but the same reasoning works
also for equivalence relations.

The alternative motivation could be as follows:

We know that if 21 < y1,...,2, < ¥y, then x < y
(where A(z1,...,21) =« and A(y1,...,y1) = ¥).
Using fuzzy order relations and a t-norm 7 as a
connective we could rewrite:

T(Ri(21,91)s s Ru(@nsyn)) < R(z,y).

Since we could rewrite the above inequality for all
vectors which are aggregated to x and y, it is natural
to define R(x,y) as in the Definition 8.

To illustrate the essence of A-T-aggregation let us
give an example.

Example 3. We consider a data set describing
progress in studies of students. For each student
the estimations in tree main courses are given in a
table. The data set is shown in Table 1:

Table 1: Evaluation of students

Students| Course | Course | Course | Aggreg.
1 2 2 result

51 0.8 0.7 0.6 0.7
S9 0.8 1 1 0.93
S3 0.7 0.9 1 0.87
S4 0.6 0.8 0.9 0.77
S5 0.8 0.9 0.6 0.77
S6 0.6 0.7 0.5 0.6
S7 0.8 0.5 1 0.77
S8 0.9 0.5 0.8 0.73
S9 0.7 0.9 0.6 0.73
S10 0.7 0.8 0.8 0.77

In this table the students’ results are given as well as
the aggregated values of the results in three different
courses, the arithmetic mean is used to aggregate the
results. And let now tmagine that we have to com-
pare all the students. We not only want to know for
a pair of students s; and s; which student is better,
but we want to know the degree to which student s;
is better than student s;. Let us introduce the fuzzy
order relations R; to compare the marks of students
in course i by the following way:

1, if a; < b;

max(1 — |a; — b;|,0), otherwise

Ri(a;,b;) = {

In this example we introduce the same fuzzy order
relations for all coordinates i € {1,2,3}, but in
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general they can be different. Let us compare the
students sg and si9 or, mamely, let calculate the
degree to which the student sg is worse than student
s10 (or, in other words, the degree to which student
s10 @s better than student sq). If we use pointwise
aggregation and minimum as an aggregation func-
tion, the result will be R(Sg, s10) = 0.9.

However if we want to compare the results of
students, taking into account aggregated results
(and disregarding in some sense each course result),
we should use the A-T-aggregation (A-arithmetic
mean). If we use minimum t-norm, then the result
will be:

Ra 1(s9,510) = 1

since  there  ex-
ists a  wvector  (0.8,0.9,0.6)  such  that
A(0.8,0.9,0.6) = A(0.7,0.8,0.8) = 0.77 and

min(Ry(0.7,0.8), R2(0.9,0.9), R5(0.6,0.6)) = 1.

A-T-aggregation is useful in the cases when
aggregated results are much more important than
each component itself.

4. T-transitivity

This section is devoted to the preservation of T-
transitivity property during the aggregation pro-
cesses described before. We use notation T™* for
the t-norm used in transitivity property to distin-
guish from the t-norm used in the aggregation and
correspondingly we write T™-transitivity. Preserva-
tion of T*-transitivity in some sense indicates how
consistent is our aggregation, therefore it is of our
particular interest. We remind the definition of T*-
transitivity for fuzzy relations:

Definition 9. (see e.g. [8]) Consider a binary fuzzy
relation R on a set X and an arbitrary t-norm T*.
R is called T*-transitive if for all x,y,z € X the
following property holds:

T*(R(x,y), R(y, z)) < R(z, 2).

In the same manner T*-transitivity for aggre-
gated fuzzy relation is defined:

Definition 10. R is called T*-transitive if for all
corresponding xX,y,z the following property holds:

T*(R(x,y), R(y,z)) < R(x,2).

We define T*-transitivity of R, R A, in the same
way like in Definition 10.

4.1. Pointwise aggregation

Notion of aggregation functions dominance is cru-
cial for preservation of T*-transitivity of R:

Definition 11. [12] Consider an n-argument ag-
gregation function A™ : [0,1]" — [0,1] and an m-
argument aggregation function B™ : [0,1]™ — [0, 1].
We say that A™ dominates B™ if for all x; ; € [0, 1]



with i € {1,....,m} and j € {1,...,n} the following
property holds:

B™(A™(@115 s T10)s 0, AN (Tm1s ooy Tn)) <

S An(Bm(Z‘Ll, ...71}m71), ceey Bm(ﬂflﬂu ceey Z‘mm))

The following result for the pointwise aggregation
can be found in [12].

Theorem 3. [12] Let |X| > 3 and let T* be a
t-norm. An aggregation function A preserves T™-
transitivity of fuzzy relations on X if and only if A
belongs to the class of aggregation functions which
dominate T*.

4.2. g-aggregation

In this subsection we outline the properties neces-
sary for the preservation of T™*-transitivity in the
case of o-aggregation.

Theorem 4. If R is a T*-transitive fuzzy relation,
and A is a symmetric aggregation function which
dominates T™ then R, is also T*-transitive, where

Ra(xv Y) = O%%X{A(R(xlv yo'(l))7 () R(l’n, ya(n)))}

Proof. We need to show that
1 (Ra (X, ¥), RU (v,2)) < RU (x,2)

for arbitrary x,y, z.

One can see that if we use symmetric aggregation
function and only one fuzzy relation R for all coor-
dinates ¢ € {1,...,n}, it is not important which one
of the vectors x or y or both of them we permute in
Definition 7, result is the same. Therefore by Defini-
tion 7 there exists x* = (7, ..., 2}) the permutation
of x such that

RU(X5Y) = A(R(ziyl)a ey R(‘T:nyn))

Similarly there exists z* = (27, ..., z);) the permuta-
tion of z such that

Ry(y,z) = A(R(y1,27), .y R(yn, 2)).

By the fact that A dominates 7™ and that R is
the T*-transitive fuzzy relation we conclude:

T*(Ro(x,y), Ry (y,2)) =
T*(A(R(21,y1)s - R(2, ),
A(R(y1,27); s R(yn, 27))) <
< A(T*(R(2F,91), R(y1, 27)); s
s T (R, yn ) R(yn, 277))) <

< A(R(zt, 20), ..., R(z, 2)) < Ry(x,2).

n»Tn
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4.3. A-T-aggregation

In this section we consider special type of fuzzy or-
der relations given by formula 2 and explore when
A-T-aggregation of such fuzzy order relations pre-
serves T*-transitivity.

We denote A, the set of vectors x such as A(x) = x,
similarly we denote A,.

In the next two theorems we show that in some
cases in order to calculate the value R4 r(x,y) it is
sufficient to know the values R;(z,y) for all 7.

Theorem 5. If x <y, A is an arbitrary idempotent
aggregation function, R;,i € {1,...,n} are given by
formula 2 then Rar(z,y) = 1.

Proof. By idempotence of A we have A(z,...,z) =z
and A(y,...,y) = y. Since x < y we conclude that
(z,....,z) < (y,...,y) componentwise.
Since z <y, R;(x,y) = 1 and hence

Rar(z,y) > T(Ry(2,y), ..., Ru(2,y)) = 1.
O

Theorem 6. If R; for alli € {1,...,n} are fuzzy re-
lations, T = Ty (minimum t-norm), A is an idem-
potent aggregation function, satisfying the following
condition for all (x1,...,2n) € Az, (Y1,..,Yn) € Ay
and for all i € {1,...,n}:

Ri(x,y) > Ty (Ri(x1,y1), Ri(r2,92)s s Ri(%n, Yn))

then

Rar(z,y) = Tar(Ri(2,9), .o Ro(z,9)).

Proof. Using

Ri(x,y) > Ty (Ri(x1,y1), Ri(r2,92)s s Ri(%n, Yn))

by idempotence of T, we get

> T (Ri(z1,91), Ri(z2,Y2), s Ri(@n, Yn))

for all relations R;,i € {1,...,n}.
Therefore, by monotonicity of Ty, we get
Ty (Tar (Ra(2,y), o Ra(2,9)), oo

> T]M(TM(Rl(ﬂ}l, yl)7 ceey Rl(xnvyn))7 EE)
...,TM(RH(I’l, yl), ) Rn(xnayn)))

Using associativity of Tj; we continue in the fol-
lowing way:
Tn (T (Ra(2,y), o R (2,9)), oo,

---,TM(Rl(xay)a ,Rn(x,y))) Z
> TM(TM(Rl(x1,y1)7 ey Rn(xmyn))v )
...,T]\/[(Rl (l‘l, y1), ceey Rn(xnayn)))

Using idempotence of Tj; from the previous we
deduce that



TM(Rl(xvy)7 7Rn(m7y)) 2
Z TM(Rl(xlayl)a >Rn(xn7yn))

Since the previous inequality holds for arbitrary
vectors (z1,...,Tn) € Ag, (y1,..,yn) € Ay it also
holds for the supremum:

Ty (Ri(w,y), .., Ro(2,y)) >

> sup {Tn(Ry (901,?/1) o R (@n,yn))} =
(1,eyxn)EAL,
(y17-~~7yn)€A?/ ~
=Rar(z,y)
But (z,...,z) € A, (y,...,y) € A, thus

RA,T(:E;y) = TJW(Rl(xa y)v ceey Rn(xay))
O

It is easy to see, that if x > y and fuzzy relation
R; is given by formula 2 then the property

is equivalent to the property that there exists an
index s such that

Rz(x7y) Z TM(RZ(ID yl)a Ri(l'g, y2)7 (X3}

x_yg-rs_ys-

Now we show that R A1 based on additive aggre-
gation function has the property described in the
previous theorem.

Theorem 7. If x >y, R; for alli € {1,...,n} are
fuzzy relations given by formula 2, T = Thr, A is
an additive aggregation function then

Ri(z,y) > Tr(Ri(w1,91), Ri(x2,y2), s Ri(Tn, Yn)),

for all (z1,...,xn) € Az, (Y1, ..., yn) € Ay and for all

ie{l,..,n}.
Proof. Let us consider an arbitrary R;,
i € {1,...,n}. We need to show for arbitrary

(x1,...,xn) € Ay and (y1, ..., Yn) € A, that
Ri(z,y) > Tr(Ri(w1,91), Ri(x2,y2), - Ri(T0, Yn))

= min R;(zk,yr). The last equality holds since
k:xr >y

Ri(SCj,yj) =1if Zj S Y-
Equally, because of the nature of the fuzzy order
relation R; (see formula 2), it is sufficient to show
that
x—y < max (Tr— Yk).
k:xp>yk

We have: z —y = A(z1,...,2n) — A(Y1, ..., Yn). Now
we substitute arguments of A(z1, ..., z,) standing in
the positions [ : x; < y; by the corresponding coor-
dinate from the vector (y1,...,yn). So, by mono-
tonicity of A we estimate:

x—y=A@1, ., xn) — AWY1, ey Yn) <

A(Z‘l, Yl 7$n) - A(y17 s YLy ey yn)
Further by additivity of A we get:

r—y S A(xl — Y1, "-;07 vy Ty — yn)

Since additivity implies idempotence we have the
required inequality:

x—y < max (zr— yi).
ki >yk

Thus we have shown that the condition holds. [

From the previous two theorems we have the fol-
lowing result:

Conclusion 1. If R; for alli € {1,...,n} are fuzzy
relations given by formula 2, T = Ty, A is an addi-
tive aggregation function then RA,TM could be rep-
resented as follows:

Lifz <y

RA,TM (x,y) = {TM(Rl(% Y)y ooy

R (z,y)), oth.

Now we focus on preservation of T™-transitivity:

Theorem 8. If R; for alli € {1,...,n} are
T*-transitive fuzzy order relations given by formula

2:
Rz(m7y) = {1’

ifr<y
gi(lz —y|), otherwise,

where g; are non-increasing mappings, A is an
aggregation function and aggregated fuzzy relation
R4 1 is represented as follows:

Lifr<y

RA,T(SC,Z/) = {T(Rl(x,y), i

R.(z,y)), oth.
then ]?A,T is a T -transitive fuzzy order relation.

Proof. We have to prove that

T*(Rar(z,y), Rar(y,2)) < Rar(z,2).

Let us observe four different cases.

Consider z < y and y < z, then z < z and
Rar(z,z) =1. And thus

T*(RA)T(Z‘, y)? RA,T(% Z)) S RA,T(xa Z)

Consider z > Y and y < z If 2 < z~then the
inequality T*(Ra,7(z,y), Ra(y,2)) < Rar(z,2)
holds since R4 r(x,z) = 1. Therefore we consider
the case when x > 2. Thus y < z < x and

T* (RA,T(xa y)? RA,T(:% Z)) =

=Rar(z,y) =Tu(Ri(z,y),...., Ru(z,y)) =
= M<mu—ngzu—yw s gn(lz —yl) <
<Twu ( 1|z = 2]), g2(lz — 2]), .., gu(lz — 2[)) =

=Ty(Ri(2,2), ..., Rp(,2)) = Rar(z, 2).

Consider z < Y and y > z. If 2 < z~then the
inequality Tf(RA7T(x,y),RA7T(y,z)) < Rar(z,2)
holds since R4 r(x,z) = 1. Therefore we observe
the case when x > 2. Thus z < z <y and



- T*(RA}T(l}y),RA’T(y,Z)) =
= RA7T<ya Z) = TM(Rl(yaz)7 2] Rn(y7 Z)) =
=Tn(91(ly — 21), 92(ly — 1), -, gn(y — 2])) <
< Tm(g1(lz — 2[), g2(|z — 2[), .o g (|2 — 2])) =
=Ty (Ri(z,2), ..., R (z,2)) = Rar(x, 2).

Consider x > y and y > z, then > z. Therefore

By the last we have proven the following:

Conclusion 2. If R, for all i € {1,..,n} are
T*-transitive fuzzy relations given by formula 2,
T =Ty, A is an additive aggregation function then
Ra ., is also a T*-transitive fuzzy relation.

We finish by the following remark:

Remark 3. Ifall R;, i € {1,...,n} are
T*-transitive, T(Ry(x1,Y1), -, Rn(Tn,yn)) =
=T(R1(21,91); - Bi(2,5 yp)) if

A(zy,.yxy) = A(Z), ..., 2)) and

Ayry .y yn) = AL, .. yh) and T dominates T*
then RA,T is also T*-transitive. The proof is obvi-
ous but this case reduces to pointwise aggregation

and the aggregation of vectors does not play role.

5. Conclusion

The concept of aggregation of binary fuzzy relations
studied in this paper is important in many practi-
cal applications. Studying conditions necessary for
preservation of T-transitivity considered in this pa-
per we are covering only some special cases. In the
future studies we want to determine more general
cases when T-transitivity holds for aggregated fuzzy
relation.

Also it is important to know whether some particu-
lar properties of binary fuzzy relations, e.g. reflex-
ivity, symmetry, associativity etc, are preserved in
the aggregated object. Knowing this we are able
to speak about aggregated order, equivalence and
other special types of relations. This is another di-
rection for the study initiated in this paper.
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