N
N

N

HAL

open science

On the reinforcement of uninorms and absorbing norms

Hoel Le Capitaine, Carl Frélicot

» To cite this version:

Hoel Le Capitaine, Carl Frélicot. On the reinforcement of uninorms and absorbing norms. [Technical
Report] UNIVERSITE NANTES ANGERS LE MANS. 2016. hal-01357234

HAL Id: hal-01357234
https://hal.science/hal-01357234
Submitted on 29 Aug 2016

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-01357234
https://hal.archives-ouvertes.fr

On the reinforcement of uninorms and absorbing
norms

Hoel Le Capitaine
Ecole Polytechnique de Nantes,
LINA (UMR CNRS 6241),
44306 Nantes, France,
Email: hoel.lecapitaine @univ-nantes.fr

Abstract—Aggregation operators Reinforcement ... We propose
a n-ary extension of absorbing norms, defined with the help of
generative functions, and its relationship with additive generating
functions of uninorms. In this paper, we also present new
aggregation operators, namely the k-uninorms and k-absorbing
norms. These operators are a generalization of usual uninorms
and absorbing norms for which a set combination of inputs is
introduced. Their main ability is to provide reinforcement for
contradictory inputs, as nullnorms and as opposed to uninorms.
On the other hand it still provides full reinforcement for agreeing
inputs, as uninorms and as opposed to nullnorms. Numerous
examples are given in order to illustrate the behavior of the
proposed operators.

finish the abstract : reinforcement (weak?) before

Index Terms—Absorbing norms, aggregation operator, null-
norms, reinforcement, uninorms

I. INTRODUCTION

Deeper introduction ...

During the last decades, one has witnessed a tremendous
growth in the use of aggregation functions theory and its
applications. A number of aggregation functions are closely
linked to the theory fuzzy sets. In particular, triangular
(co)norms [15], [12], uninorms and nullnorms [27], [3], [8]
are prototypical examples of aggregation functions used in
practice. As opposed to usual aggregation operators such as
the arithmetic mean, these functions allow more flexibility,
and thus present a more interesting data-specific behavior than
standard aggregation operators.

Another reason of using such operators is that they allow
to deal with the inherent uncertainty of the data.
complete on uncertainty

We are interested in this paper in uninorms, as they gen-
eralize both triangular norms and triangular conorms thanks
to their neutral element. We also inspect nullnorms, which
are also operators combining triangular norms and triangular
conorms. Both uninorms and nullnorms show an interesting
structure on the unit interval [9], [14]. In particular, it can be
shown that uninorms act as full reinforcement operators: the
output is large when all the inputs are large, the output is low
when all the inputs are low, and the output is moderate when
the inputs are in-between. There is no such study, or property,

Carl Frélicot
Université de La Rochelle,
MIA,

17000 La Rochelle, France,
Email: carl.frelicot@univ-Ir.fr

exhibited for nullnorms. Furthermore, the property of full rein-
forcement is not always adapted to the attitude of the decision-
aiding system. This paper addresses the aforementioned issues
by proposing new classes of operators, namely the k-uninorms
and the k-absorbing norms, that show more adaptability to the
input than standard uninorms and nullnorms.

This paper is organized as follows. We first give some
definitions and fundamentals about fuzzy binary connectives
and their n-ary extensions in Section II. In Section III, we give
a short tour on uninorms, nullnorms and absorbing norms,
and propose function generated n-ary extensions of these
operators.

Then we present some recent related works on this topic,
and we propose the k-uninorms and k-absorbing norms, as
well as their properties. We also give some detailed examples
on prototypical examples, and their use in ranking for decision-
aiding, in Section V. Finally, we draw a conclusion and give
some perspectives in Section VI.

II. PRELIMINARIES

In many domains, making the fusion of information, or
aggregation of information, is an important task. Generally
speaking, aggregating data corresponds to mapping several
values into a single value that is representative of the input
values. Often, aggregated values come from evaluation of
whether an expert, or a machine. In this paper, we assume
that, without loss of generality, input values belongs to the
unit interval I = [0, 1].!

More formally, an aggregation operator is defined as follows
[12]

Definition An operator 4 is an aggregation operator if and
only if it satisfies boundary conditions and monotonicity:
e A(0,---,0)=0and A(1,---,1) =1
e Voo < oyncc e < oy = A, @) <
Ay, yn)

As additional properties, one can find symmetric, associative
aggregation operators, see [16] for more details and other
properties. Triangular norms, introduced by Menger [22], are a
generalization of the triangle inequality in probabilistic metric

lif not, a simple normalization allows to obtain this property.



spaces. More recently they have been used as conjunctive
operations in logic and intersections in lattices. Triangular
norms (t-norms for short), together with their dual operators,
triangular co-norms, which are disjunctive operators in logic,
can be considered as a family of operators allowing to manage
logical and and or connectives for multi-valued and fuzzy
logic.

More precisely, a t-norm is a binary function T : [0,1]?> —
[0, 1] that is, for any z, y and z in the unit interval

o commutative, T (z,y) = T (y,x)

« monotonic, for y > z, T(x,y) > T(z,z2)

o associative, T (z, T(y,2)) = T(T(z,y), 2)

o having 1 as neutral element, T(1,2) = x
It is interesting to note that the associativity of t-norms allows
an easy extension to n-ary operators. Moreover, the representa-
tion theorem [20] allows to obtain generated t-norms thanks to
additive or multiplicative generating functions [15]. A strictly
decreasing function ¢ : [0, 1] — [0, co[, with ¢(1) = 0, can be
used to construct a t-norm

T(ar,- - an) =t (Zt(m)) : M
i=1

where t(=1) is the pseudo-inverse function of ¢, defined by
tD(y) = sup (x € I|t(z) > y).

Example o Let t(z) = —log(x), then T(zy, -+ ,2,) =
[T, z; is the product t-norm,
e Let t(x) = 1 — =z, then T(x1, - ,x,) =

max (0,> 1, 2; — (n — 1)) is the Lukasiewicz t-norm.

Beside mathematical properties, t-norms also show an in-
teresting behavioral property as they provide downward rein-
forcement [31]. More precisely, if all the input values are low,
then the aggregation is even more low. Such aggregation is
seen as pessimistic attitude toward decision.

The dual operator of t-norms (i.e. a commutative, monotonic
and associative operator with neutral element 0) is called a
triangular conorm L (t-conorm for short). As for t-norms, it
exists a strictly increasing function s : [0,1] — [0, co[, with
5(0) = 0, that can be used to construct a t-conorm:

Ly, ymn) = s (Zs(:cn) : )

i=1

where s(—1 is the pseudo-inverse function of s, defined by
sV (y) = sup(z € I|s(z) <y). Note that additive gen-
erators of a t-norm and its dual t-conorm are related by
s(z) =t(1 — x).

Example o Let s(x) = —log(l — ), then
L@, @) = 1 = [[,(1 — 2;) is the sum
product t-conorm,

e Let s(z) = a, then L(2q, - ,2,) = min(1,>." | z;)
is the bounded sum (Lukasiewicz t-conorm).

By duality of t-norms, t-conorms provide upward reinforce-
ment : if all the inputs are large, then the result is even larger.
Such aggregation is seen as optimistic attitude toward decision.

More details on triangular norms are out of the scope of this
paper, and the interested reader can refer to more complete
surveys, see e.g. [15], for more informations.

III. UNINORMS AND NULLNORMS

A. Uninorms

Triangular norms and triangular conorms provide a down-
ward and upward reinforcement, respectively, but not simulta-
neously. In order to deal with this problem, Yager and Rybalov
[27] introduced an aggregation operator, the uninorm /. This
operator is a generalization of triangular norms and conorms.
The neutral element e belonging to the unit interval allows to
use a t-norm or t-conorm depending on the input values.

Definition An uninorm is a binary operator ¢/ which is
commutative, associative, increasing with a neutral element
e lying in the unit interval, and for which every =z € [0, 1],
U(z,e) = z holds.

An interesting property of uninorms is that they allow a
compensation between values that are separated by a specified
neutral element. Consequently, uninorm operators are able
to provide both downward and upward reinforcement, as
well as compensation for in-between values. Naturally, the
relationship of uninorms and triangular norms is important,
and one can even write a triangular norm as a function of an
uninorm

U(ex,e
Tu(w,y) = L0 ®
Alternatively, the function
Ue+ (1 —e)z,e+(1—e)y) —e
Lu(e,y) = Herdzener L= el) )

1—c¢

is a triangular conorm [10]. The behavior and the structure of
an uninorm is strongly linked to triangular norms in [0, ¢]?,
while it is related to triangular conorms in [e, 1]2. On the other
parts of the squared unit, I/ is bounded by the minimum and
the maximum, i.e. for all (z,y) € [0,1]2\([0,e]? U [e, 1]?), U
is a compensation operator. Since / is an associative function,
we have U(0,1) € {0,1}. One calls a conjunctive uninorm an
uninorm U satisfying ¢/(0,1) = 0, and a disjunctive uninorm
U(0,1) = 1. The functions defined in (5) and (6) provide a
generic family of operators :

eT(Z,4) if (z,y) €0,¢[?
Uz, y) = e+ (1 —e)l (f:Z,’{iZ) if (z,y) € [e, 1]?
min(z,y) otherwise
4)
eT(Z,4) if (z,y) €0, ¢]?
Uw,y) = { e+ (1-e)L (£, 152) if (2,p) e, 1]
max(z,y) otherwise

(6)
In (5), one can note that ¢/(0,1) = 0, implying that U/ is
a conjunctive uninorm, while in (6), one have U(0,1) = 1,



making U a disjunctive uninorm. The properties of ¢/, T and
1 allows to extend each uninorm to its n-ary operator [4] :

Uz, - xp) :Z/I(T*(min(xl,e),~~- ,min(Ty, e)),

L*(max(zy,e), - ,maz(z,, e)),

where T*, L* are given by

1*(x,y)=e+(l—e)L(——,—

Also, due to its definition, it is important to note that any
uninorm {/ holds the compromise property (i.e. larger —or
equal- than the minimum and lower —or equal— than the maxi-
mum) if the neutral element lies between the minimum and the
maximum value. A interesting behavior of compensation for
Archimedean uninorms [6] may occur for two values separated
by the neutral element e, in particular, we have the following
definition.

Definition An aggregation operator U/ is a continuous
Archimedean uninorm if for any (z1,--- ,z,) € U, cy[0,1]",
{0,1} C {x1, - ,x,}, if and only if there exists a monotonic
bijection g : [0,1] — [—o0, 00], with g(e) = 0, such that

Uiwr, ) =g (ot ™

As defined by (7), U is a generated uninorm with additive
generator g, with neutral element e. Note that if g(1) = 0, U
is t-norm (see Eq. (1)), while if g(0) = 0, U is t-conorm (see
Eq. (2)).

Uninorms provide full reinforcement, i.e. both downward and
upward reinforcement. When inputs are mixed or contradictory
(i.e. low and large values), the output is averaging the input.
Consequently, an operator providing full reinforcement is
optimistic for positive inputs, and pessimistic for negative
inputs.

In this paper, we use the general additive function g defined

as o

go(x) = log (®)

11—z’
Note that using the value o = 1 in (8) allows to retrieve the
uninorm 31II operator as defined in [31]:

H:‘L:l i
H?:l i + H?:1(1 — ;)

The corresponding pseudo-inverse function g,! of (8) is
defined as

u(xh... 71'n) =

exp(x) \*

9ol (2) = (MXP(:CQ " ©)

Note that given a neutral element e of a generated uninorm,

—log(2

one can obtain the corresponding value of o as o = L().
log(e)

As can be observed, lim, .o(1/2)Y/* = e = 0, and

limg s 100(1/2)/* = e = 1. Consequently, both t-norms and

t-conorms can be obtained (by taking the limit). Conversely,
having the function g, one can obtain the corresponding neutral
element by noting that e = g~1(0).

Proposition IIL.1. Let U, be defined as Uy (a1, ,x,) =
gt ( S ga(:vi)). Then U, is decreasing with .
Proof. The general term of U, is given by
« 1/a
Uu. = ]._.[?:1 Ty )
“ [T 2 + 10 1 —af

Taking the derivative of Eq. (10) with respect to « yields
U, /O < 0, whatever «, concluding the proof.? O

(10)

For the sake of clarity and brevity, we use in this paper
only three different values of «, 0.5, 1 and 2 that correspond
to the neutral elements 0.25, 0.5 and 0.707, respectively. The
corresponding iso-values of these uninorms are given in Figure
1, where pure white encodes the value 0, and blue the value 1.
As can be observed, the values on the four bounds of the unit
interval do not change, but this not the case for the diagonal
x ~ y. In this case the lower e, the larger output for two low
inputs, and the reverse for two large inputs.

B. Nullnorms

In the previous section, uninorms, which are ordinal sums
of t-norms and t-conorms, have been presented. In this section,
we devote our attention to a family of operators that are closely
related to uninorms, the nullnorms [5]. Instead of relaxing the
neutral element, the nullnorms relax the annihilator constraint
from being one or zero to be any value in the unit interval. By
duality to uninorms, nullnorms behave like a t-conorm when
aggregated values are lower than the absorbing element, noted
a, and behave like a t-norm when aggregated values are larger
than a. In other cases, the nullnorms reduce to their absorbing
element, a.

Definition A nullnorm Y is a commutative, associative and in-
creasing function, having a zero-element (absorbing element)
a € [0,1], which satisfies V(x,0) = z for all + < a, and
V(z,1) = x for all z > a.

We say that a is the annihilator of V' (by monotonicity). For
a given nullnorm ) with annihilator element o €]0, 1], the
binary operator 73, defined by:

Va+(1—a)z,a+(l—a)y) —a
1—a

is a t-norm, and for a nullnorm V' with annihilator element

a €]0, 1], the binary operator Sy defined by:

Tyv(z,y) = (an

V(az, ay)
a

Ly(z,y) = (12)

is a t-conorm. Therefore, the structure of a nullnorm on [0, a]?
is closely related to a t-conorm, and its structure on [a, 1]? is
closely related to a t-norm. When fixing T and L, a unique

2The complete derivation is omitted for sake of brevity.



U(z,y), e =0.25

U(z,y), e=0.5

Figure 1. Values of generated continuous uninorms on the unit square, for three different values of o = 0.5, 1 and 2. These values are corresponding to the
neutral elements e = 0.25, 0.5 and 0.707, respectively. The middle one (e = 0.5) coincides with the 3II operator.

nullnorm satisfies Eq. (11) and Eq. (12) on the rest of the unit
square. This is the nullnorm given by:

V(z,y) =a Y(z,y) € [0,1]°\([0,a]* U[a,1]*) (13)
As for uninorms, one can show that a nullnorm can be written
as

al(%,Y) if (z,y) € [0,a)?
Viw,y) = a+(1-a)T ($2,522) if (2,9) € [a,1]
a otherwise

(14)
One can also obtain nullnorms from generating functions.

Definition An aggregation operator V is a continuous nilpo-
tent nullnorm with absorbing element a if and only if there
exists an increasing bijection ¢ : [0,1] — [0, 1] such that

V(:cl, 7xn) =
gt (med <Z q(z;), 4 q(x;) — (n — 1)7‘1(“))) (15)

In practice, nullnorms are barely used, due to their proper-
ties. In particular, whenever there are two values, one above
and one below the absorbing element, then the output is
this absorbing element. Unfortunately, this is almost always
the case for real data. A soften version of nullnorm, called



absorbing norm, has been introduced in [25]. This relaxation
particularly focus on the monotony of nullnorms, which is
the reason why nullnorms can barely be used in practical
applications.

Definition An absorbing norm V is a commutative and as-
sociative function, having a zero-element (absorbing element)
a € [0, 1], which satisfies V(x,a) = a for all x € [0, 1].

As for nullnorms, if we set a to 0, then V' (x, y) is a t-norm, and
alternatively, setting a to 1 gives a t-conorm. Two important
classes of absorbing norms are the conjunctive and disjunctive
absorbing norms, defined by

al(2,4) if (z,y) € [0,a]?
Vigy) =4 a+(1-a)T (£2,152) if (2,9) € 0,1
M(z,y) otherwise

(16)
where M (x,y) can be either the minimum operator or the
maximum operator. The most important consequence, com-
pared to nullnorms, is that it is not constant and equal to the
absorbing element in [0,a] X [a, 1] and [a, 1] x [0, a].

Proposition IIL.2. Let us write the n-ary extension of absorb-
ing norm using multiplicative generator as

V(zy, - xp) =h"1 (H h(azl)>

where the function h : [0, 1] —]—o0, 0o is a strictly increasing
and continuous mapping satisfying h(0) = —oo, h(a) = 0 and
h(1) = 4o00. V(x1, -+ ,2n) is a an absorbing norm.

A7)

Proof. Commutativity is easily obtained by commutativity of
the product. Let us consider the associative property.

which concludes the proof. [

Note that if h(0) = 0, V is t-norm (see Eq. (1)), while if
h(1) =0, V is t-conorm (see Eq. (2)).

Proposition IIL.3. The element a for which h(a) = 0 holds
in (17) is an absorbing element of V (x1,- -+ ,Zpn).

Proof. Let a € {x1,--- ,2,}, then we have [[,_, h(z;) = 0.
Therefore, we have V(xq,---,2,) = h™1(0) = a, which
concludes the proof. [

Note that V(zy,---,x,) does not satisfy the boundary
conditions on 0 and 1 of nullnorms. In particular, we have

0 ifforalli, z; >a

V(xl,"' 7g;n,()): a ifae{x]_,"' 7xn} (18)
1 ifdi, x;<a
and
0 if 3, z;, <a
V(l'l,"' 71‘7“1): a ifaE{CIh,"' axn} (19)

1 ifforalli, z; >a

Consequently, V(z1,--- ,x,), as defined by Eq. (17), is not
a nullnorm, but an absorbing norm (see [1] and [13]). As
described in [26], this operator can be seen as the negation
of the fuzzy xor operator.

Proposition IIL.4. The element e defined by h=1(1) is a
neutral element of V(x1,- -, xy).

Proof. Let h='(1) € {wx1,--,z,}, therefore Ik €
{1,---,n} such that z, = e. Then V(z1,---,z,) =

BT ) = b () Ty e has) ).
Hence, V (21, ,2,) = h™1 (H?:L#k h(xl)), concluding
the proof. O

Nor nullnorms nor absorbing norms show any reinforcement
property. In particular, when both elements are below the
absorbing element, and therefore considered as low, the result
is larger than the maximum value (due to the use of t-
conorm) of the elements. Conversely, when both elements
are above the absorbing element, the result is lower than the
minimum. Consequently, such an operator is the dual of full
reinforcement operators : it is optimistic for negative inputs,
and pessimistic for positive inputs.

Proposition IIL.5. Let g be an additive generative function of
a representable uninorm. Then

V@, - an) = g_l <Hg(x1)>
=1

is an absorbing norm, where the neutral element of the
uninorm is equal to the absorbing element of the absorbing
norm.

Proof. The proofs of Propositions II1.2, III.3 and II1.4 gives
the sufficient material to prove this proposition. O

In the sequel, we use the same generating function, defined
by gu(z) = ha(z) = log % (see Eq. (8)) for both generated
uninorms and generated absorbing norms. Let V,, be defined
as Va($1, t 7mn) = 91;1 (H?:l ga(l'i)).

Example Using o = 1, we obtain

exp (TT1-, log 124 )
‘/1(1‘1)"":131’7/): "
1+ exp (Hi:l log lf'izi)

Here again, for the sake of clarity and brevity, we use only
three different values of a, 0.5, 1 and 2 that correspond




Un a=05 a=1 a=2

Vi 0.998 0.990 0.952

va 0.009 0.001 0.001

v3 0.926 0.6 0.181
Table T

VALUES OF GENERATED UNINORMS ON PROTOTYPICAL EXAMPLE
VECTORS {v1,Vv2,v3}.

to absorbing elements 0.25, 0.5 and 0.707, respectively. The
corresponding iso-values of these absorbing norms are given
in Figure 2, where pure white encodes the value 0, and blue
the value 1.

As can be observed, the values on the four bounds of
the unit interval do not change, whatever «. If we consider
the diagonal x ~ y, one can see that it is decreasing till
reaching the absorbing element a, and then increase towards
1. This operator gives a low output for contradictory inputs,
and a large output for agreeing inputs, especially for elements
close to the boundary. In general, increasing the value of the
absorbing element tends to increase the output of the operator.

C. A numerical example

Let us consider three different vectors characterizing three
different situations. Those three vectors will be used through-
out all the paper in order to emphasize the behavior of the
different aggregation functions that will be presented.

o three high values : v = {0.9,0.8,0.75},
o three low values : vo = {0.05,0.1,0.2},
« mixed (contradictory) values : vz = {0.4,0.9,0.2}.

Using generated uninorms on {vi, vy, vs} gives the Table L.
As can be expected, the output for v; and v, are respectively
high and low, whatever the value of «. For these specific
inputs, U, thus provides full reinforcement. Considering vs,
the conclusion are not so clear, depending on the value of
o. In particular, if o = 1, corresponding to the 3II-operator,
the output value of 0.6 lies between the minimum and the
maximum value, whereas it is not the case for &« = 0.5
and o« = 2. More precisely, using a small value for «
only provides upward reinforcement (0.926 > max(v3)) ,
and a large value of « provides downward reinforcement
(0.181 < min(vs)). It can be explained by the fact that
when « tends toward zero, then U, converges to a t-conorm.
On the other hand, when « increases, U/, converges to a t-
norm. This behavior is interesting for a number of reasons,
but particularly because it allows to use operators providing
full reinforcement for unmixed inputs (e.g. v; or vs), and
whether downward (pessimistic attitude) or upward (optimistic
attitude) reinforcement for mixed inputs (v3).

However, it does not differentiate well the amount of well
satisfied criteria for mixed inputs. In particular, let us consider
three criteria, and the following two inputs a = {0.9,0.8,0.1}
and b = {0.9,0.3,0.2}. Both a and b have contradictory
inputs, but a clearly has two satisfied criteria, whereas b only
one. This difference is not well represented by U/, so that one

Va a=05 a=1 a=2

Vi 0.999 0.965 0.743

Vo 0.201 0 0

V3 0.173 0.774 0.999
Table II

VALUES OF GENERATED ABSORBING NORMS ON PROTOTYPICAL EXAMPLE
VECTORS {v1,Vv2,v3}.

needs a tool to cope with it. In particular, we are interested
in providing operators that are able to evaluate to what extent
an input presents mixed values, and how many high and low
values, while keeping a full reinforcement behavior for clear
inputs.

Using generated absorbing norms on {vy, vy, v3} gives the
Table II. The operator V,, is the absorbing norm generated by
the function g, defined in (8). As can be seen, here again,
the outputs obtained for v; and vo are high and low for any
value of «, respectively. More precisely, as mentioned in the
previous section, low values of a make V,lpha tends to a
t-norm. Consequently, even if the output is larger than the
maximum value of vy (0.201 > 0.2), as expected, it is a rather
low value. On the opposite, when « increases, V,, converges
to a t-conorm. In this case, we obtain an output which is lower
than the minimum value of v; (0.743 < 0.75). Moreover, one
can note that, for mixed inputs, the impact of o on V, is the
opposite of the impact of a on U,. It can be noted that the
output for vy is low for the following reason: the first two
elements (with any permutation) agree on being low, so that
the intermediary output is large, being in contradiction with
the third element, therefore resulting in a low output.

As a side remark, it is interesting to note that absorbing
norms V,, are not increasing nor decreasing with respect to «,
see e.g the values for v; and vs.

D. Related works

Recently, in [19], the class of almost equitable uninorms
has been proposed. These operators have been introduced to
deal with contradictory inputs. In particular, they are uninorms
respecting U (z, N (z)) = e, where N () is the strong negation
of x. In other terms, considering one value and its opposite is
neutral in the aggregation. An interesting point is that if one
considers representable uninorms with additive generator g,
then using N(z) = g~!(—g(x)) as strong negation provides
an almost equitable uninorm.

In [28], Yager introduced the concept of noble reinforce-
ment for aggregation operators. By noble reinforcement, the
author means that only sufficiently large input should reinforce
each output and produce a large output. This is in opposition
with the behavior of t-conorms, where a large number of low
values may result in a large output. As for full reinforcement
operators, noble reinforcement operators are obtained thanks
to a Takagi-Sugeno-Kang fuzzy system. The property of noble
reinforcement is also extended so that reinforcement only
occurs if a required number of large values is observed.

In [7], the property of mean reinforcement is presented.
It is slightly related to full reinforcement, in that low scores



Figure 2. Values of generated continuous absorbing norms on the unit square, for three different values of o = 0.5, 1 and 2. These values are corresponding

to the absorbing elements a = 0.25, 0.5 and 0.707, respectively.

produce low score, and large scores produce large scores.
However, bounds are different. In case of low values, the
output must be lower than the average, while it must be larger
than the average for an input containing only large values.
They propose a generalization of the 31II operator with the help
of symmetric sums, that is satisfying the proposed property.

In [23], the authors present the concept of fuzzy majority
opinion. By relating the current problem to the quantification
in fuzzy logic, they are using linguistic quantifiers for defining
OWA operators [30]. Stating that similar values have close
positions if they are sorted, they use an induced ordered

weighted average (IOWA) operator defined as

TOW A() = complete equation (20)

[Talk about specificity measures [29] J

In [21] and [18], the authors present k fuzzy connectives,
aiming to assess to what extent several (k) values are high or
low in unconstrained fuzzy sets. Their proposition is based
on the set combination of triangular norms and triangular
conorms. In particular, considering the powerset P of a set
{1,---,n}, and P(k) the subset of P such that [P(k)| = &,



the k fuzzy disjunction is defined by
Jk_(xl,... , Tn) T J_ T,

0eP(k—1)j=1,j¢6
where we impose 1 < k£ < n. Using additive generators of
triangular norms and triangular conorms, one can write Eq.
(21) as

Jk_(xl’ ) = D <

21

> t(s(—l)( > s(ﬂ@-)))),

0eP(k—1) j=1,j¢0

where ¢ and s are additive generators of triangular norms (see
Eq. (1)) and triangular conorms (see Eq. (2)), respectively.
Naturally, one can use the same transformation for the dual
operator, the k£ fuzzy conjunction

th...,xn):w( > (Y t(xn)))-

0eP(k—1) j=1,j¢6

This operator is a step toward the objective of this paper, but
it does not provide full reinforcement, thus showing the same
drawback as triangular norms and triangular conorms.

IV. k-UNINORMS AND k-ABSORBING NORMS

A. k-uninorms

In order to provide both full reinforcement and the ability to
discriminate the number of high (low) values, we propose to
define the set combination of uninorms and absorbing norms.
The k-uninorm is thus given by the absorbing norm of the
uninorm, following the same principle as in Eq. (21)

More specifically, we define the k-uninorm as

Ur(z1,-+ 2n) = Vogepr—1) (Ujzy jeo(25)) -

Using additive generator and multiplicative generator of uni-
norms and absorbing norms, respectively, one can write

II ols

6eP(k—1)

n

> gl

J=1,j¢6

Up(z1,+,@n) =g~

which can be further simplified as

I > 9@

0eP(k—1) j=1,7¢0

Proposition IV.1. Uy(xy,--- ,x,), defined by (22), is an
aggregation operator, i.e. it is a monotonic operator satisfying
boundary conditions.

-1

Uk(z1,---,2n) =g (22)

Proof. Let us consider the boundary conditions. We consider
the generic case where 1 < k < n. With constant value z; = a
for any ¢, we can write (22) as

Uk(a, - ,a) = g—l (((n—l— 1— k)g(a))(’“il))

Setting a to 0 gives Uy (0, - -- ,0) = 0 due to the bound values
of g. The same property gives Uy(1,---,1) =1 for the other
bound. Now we proof that Uy (z1,- -+ ,2,) is monotonic. By

U k= k=2 k=3 Uy k= k=2 k=
Vi 0.998 1 0.999 Vi 0.990 1 0.965
va 0.009 0.002 0.201 Vo 0.001 0 0
v3 0.926 0.915 0.173 v3 0.6 0.068 0.774

U, k=1 k=2 k=3

Vi 0.952 0.972 0.743

Vo 0.001 0 0

V3 0.181 0.386 0.999

Table IIT

k-UNINORMS WITH DIFFERENT VALUES OF k£ AND a (o = 0.5, 1, 2, FROM
LEFT TO RIGHT).

definition, g is monotonic and increasing, so that, for any 6,
we have

S oglap) < >0 gy,
Jj=1,j¢0 Jj=1,j¢0
for 1 < wyi,---,z, < y,. Finally, we obtain
Uk(z1, - ,2n) < Uk(y1,- -+ ,Yn), concluding the proof. [

Proposition IV.2. Using k = 1 in equation (22) provides an
uninorm as defined by (7).

Proof. Replacing k by 1 in (22) gives

U, a) =g [ TT S0 oten) ],

0cP(0) j=1,5¢6

and therefore, we obtain

Up(z1,- an) =g Zg(l”j) ;
j=1

which is the definition of a generated uninorm, thus concluding
the proof. O

Let us set a = 1, so that the generated uninorm corresponds
to the 31I operator, and the generated absorbing norm is given

by
exp (H?Zl log 12%)
1+ exp (H?Zl log 135])

In Table III, the output values of the k-uninorm operator is
given, when applied to the same prototypical examples v,
vy and vs. The order k of the operator ranges from 1 to
3 (i.e. the length of the vector), and the parameter « takes
the values 0.5, 1 and 2. As can be noted in this table, the
columns for which k£ = 1 corresponds to uninorm operators,
so that a full reinforcement can be observed. Conversely, the
column for which & 3 corresponds to absorbing norm
operators, and same comments as in section III-C can be
stated. Finally, the column for which k£ = 2 is an interesting
intermediate step between uninorms and absorbing norms.
The full reinforcement property is still observed, and is more
prominent than for uninorms (e.g. for o = 2, 1 > 0.990 and
0 < 0.001). However, for contradictory inputs (v3), depending
on the value of «, the operator provides whether upward

Vizy, - an)




reinforcement (o = 0.5), downward reinforcement (o = 1)
or compensation (o = 2).
B. k-absorbing norms

One can define the dual operator of k-uninorms by consid-
ering the combination of absorbing norms and uninorms. In
particular, we define the k-absorbing norm as

Vi(wy, - ) = Upep(r—1) (szmge(%)) .

Again, using multiplicative generator and additive generator
of absorbing norms and uninorms, respectively, one can write

DO R i | e

Vk}(xla" : 7XTL) = h_l

A€EPr_1 jGN\A
(23
which can be further simplified as
Vilxr,ox) =h [ Y I () (24)

A€EPr_1 jJEN\A

Proposition IV.3. Vi (1, - ,x,), defined by (22), is an
aggregation operator, i.e. it is a monotonic operator satisfying
boundary conditions.

Proposition 1V.4. Using k = 1 in equation (24) provides an
absorbing norm as defined by (17)

Proof. There are no set (except the empty one) 8 such that €
P(0), so that Vi(x1,- - ,x,) = h™" ([T}, h(fj))’ which is
the absorbing norm defined by (17). O

Proposition IV.5. Using k = n in equation (22) provides an
absorbing norm as defined by (17).

Proof. If kK = n, then U,(z1, - ,z,) =
971 HQE]P(n_l) Z?:nga g(mj))’ so that Un(xlv T 71'n) =
g7 (Il 9(ey) ). O

Proposition IV.6. Using k = n in equation (24) provides an
uninorm as defined by (7).

Proof. Let k = n, so that V,(x1,-+,%x,) =
h~1 Zeep(nfl)H?:ngeh(xj)), which is equal to

h1 Z?:l h(xj)) , giving the generated uninorm defined by
Eq. (7). O

In Table IV, the output values of the k-absorbing norm
operator is given, when applied to the same prototypical
examples vy, vy and v3. The order k& of the operator ranges
from 1 to 3 (i.e. the length of the vector), and the parameter «
takes the values 0.5, 1 and 2. Following from the propositions
IV.4, IV.5 and 1V.6, the column for which ¥k = 1 and k = 3
have already be described in Table III: V} is an absorbing
norm, and is equivalent to Us, and V3 is a generated uninorm.
Consequently, we focus on the columns for which £ = 2 in
this analysis. Let us consider the case o = 1. The output for
agreeing inputs such as vy and v is large, while it is low for

Vi, k= k=2 k=3 Vie k=1 k=2 k=
Vi 0.999 0.999 0.998 Vi 0.965 0.999 0.990
va  0.201 0.640 0.009 Vo 0 0.999 0.001
vy  0.173 0.490 0.926 vy 0.774 0.03 0.6

Vi, k=1 k=2 k=3

Vi 0.743 0.890 0.952

Vo 0 1 0.001

vy 0999 0.385 0.181

Table IV

k-ABSORBING NORM WITH DIFFERENT VALUES OF k AND «
(o = 0.5,1, 2, FROM LEFT TO RIGHT).

, contradictory inputs, such as vs. The operator can be seen as
a measure of agreement between the input values. Observing
the values of v; and vy, we see that the values of vy are
lower than the value of v; are larger. It can be detected when
increasing the value of « to 2: the measure of agreement of
vo is larger the one of v; (1 > 0.890). Conversely, when
« decreases, this behavior is reversed: the agreement within
vy decreases, while agreement within v; remains constant.
The value V5(vs for @« = 1 is low, meaning that there are
no agreement between the input values. This is moderated by
changing the value of «, either by increasing or decreasing it.

finish comments of Table IV

V. A CASE STUDY IN MULTI-CRITERIA DECISION MAKING

In this section, we consider a scenario of multi-criteria
decision making. In particular, we have four different, and
supposed independent, criteria C;, ¢ = 1,---,4 that may
represent the degree of utility of an individual x to a context
dependent task (e.g. hiring for a job, getting a bank credit,
auctions, ...). In our simple case study, we consider ten
different individuals z;, 7 = 1,---, 10 that represent various
prototypical characteristics. Complete values and characteristic
of each individual are given in Table V. In this table, a +
symbol represents a large input, a — symbol stands for a low
input, and the symbol ~ is used for moderated inputs.

We give in Table VI the corresponding outputs of k-
uninorms and k-absorbing norms, for different values of a.
In this table, we also give the three clusters obtained for each
operator if we consider the following intervals

o output is considered as low if it belongs to [0,0.25]

e output is considered as moderate if it belongs to
]0.25,0.75]

« output is considered as large if it belongs to [0.75, 1]

Each cluster is represented by a color: , moderate | and

. Interestingly, the 18 different possible operators all
give a different partition of individuals, while presenting some
similarities. In particular, for Uy, individuals {x;, z¢, 29} and
{xq, xs} are often clustered together. This result was expected
from the characteristics of these individuals (see Table V): the
first cluster is considered as large and slightly large inputs,
and the second one as low inputs. The operators Us and Us
tend to cluster together {x4,z5} and {z7,xs}. These two



Individual | Cy Cs Cs3 Cy | Characteristic

1 0.8 09 095 0.75 4+

T2 02 015 01 025 4—

3 0.85 0.7 0.3 0.2 2+4,2—
T4 075 06 045 025 14,3 ~
x5 055 05 05 045 4~

6 08 095 09 0.2 3+,1—
7 0.05 025 025 08 14,3—
Ts 05 02 015 0.1 1~,3—
g 0.5 0.9 08 0.75 3+,1~
10 055 045 09 015 | 1+,2~,1—

Table V
DESCRIPTION OF EACH INDIVIDUAL IN TERMS OF CRITERIA C; AND ITS
CHARACTERISTIC.

clusters correspond to moderate inputs and slightly low inputs,
respectively. U, (which is also V;) clusters together {z4} and
{z7}, which show an odd number of well separated large
(or low) values, therefore illustrating its property of negation
of exclusive operator. Finally, V5 and V3 tends to provide
the cluster {x3, x4, 10}, which are moderated inputs having
contradictory values.

In the next table, Table VII, the ranking of the output, for
each of the 18 operators is given. As can be expected, 1 is
ranked first with 15 out of the 18 operators.

finish comments of Table VII

VI. CONCLUSION

We presented in this paper ...
finish conclusion

A natural application of the proposed operators is consensus
reaching for group decision making problems [24]. Among
the potential perspectives, ...on weighting operators, as in
[18], in a context of similarity measurement [17], [11], or for
recommender systems [2], or even
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