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PREFACIO

El presente volumen contiene los trabajos aceptados en el VIII Congreso de Matematica Aplicada,
Computacional e Industrial (VIII MACI - 2021), realizado de forma virtual entre los dias 3 y 7 de mayo de
2021 organizado en la ciudad de La Plata, Argentina.

El congreso bianual MACI convoca a la comunidad de profesionales del area de la Matematica Aplicada,
Computacional ¢ Industrial, de Argentina y la region. Organizado por ASAMACI y AR-SIAM, cada
realizacion tiene lugar en una ciudad diferente de Argentina, habiéndose realizado los anteriores en
Cérdoba (2007), Rosario (2009), Bahia Blanca (2011), Buenos Aires (2013), Tandil (2015), Comodoro
Rivadavia (2017) y Rio Cuarto (2019).

Estas reuniones tienen como objetivo la difusion de trabajos originales o en desarrollo, el planteo de
problematicas abiertas, el fomento de la investigacion y motivacion para la formacion de recursos
humanos en las distintas disciplinas que se desarrollan dentro de la Matematica Aplicada, Computacional
e Industrial.

Estas actividades se enmarcan en las politicas generales de la Seccion Argentina de la Society for
Industrial and Applied Mathematics (AR-SIAM) y la Asociacion Argentina de Matematica Aplicada
Computacional e Industrial (ASAMACI), creadas por iniciativa de profesionales locales en 2006 y 2008,
respectivamente. Cabe destacar, que la presente edicion, se realizé en homenaje a Domingo Tarzia en el
afo de su septuagésimo aniversario.

En esta octava edicion se aceptaron para su publicacion 178 trabajos, los cuales fueron expuestos en forma
oral durante el congreso. Los mismos fueron previamente evaluados por revisores andénimos v,
consecuentemente, revisados por los autores en una segunda instancia. Gracias a esto muchos de los
manuscritos fueron sustancialmente mejorados, en calidad y originalidad, en base a las sugerencias de los
revisores. Los trabajos, seglin su tematica, se enmarcaron en veintiséis sesiones.

Durante el Congreso se dictaron siete conferencias plenarias a cargo de los profesores Cleve Moler
(MathWorks Inc.), Mabel Tidball (INRAE-Montpellier, Francia), Claudia Pons (Universidad Abierta
Interamericana UAI y UNLP, Argentina), Mikhail Solodov (IMPA Instituto de Matematica Pura e
Aplicada, Brasil), Claudia Sagastizdbal (Unicamp, Brasil), Inés Armendariz (Universidad de Buenos
Aires, Argentina) y Enrique Pujals (City University of New York, EEUU). Se ofrecieron cuatro cursos
para estudiantes avanzados de grado y de posgrado, impartidos por los profesores Marcos Raydan
(Universidad NOVA de Lisboa, Portugal), Paula Zabala (Universidad de Buenos Aires, Argentina),
Horacio Rotstein (New Jersey Institute of Technology, Rutgers University, EEUU) y Esteban Tabak (New
York University, EEUU).

Ademas, se realizaron tres mesas redondas abiertas a todo publico:

* "Matematica Aplicada en la Industria y Sociedad", coordinada por Damian Fernandez y Lisandro
Parente, la cual cont6 con los siguientes invitados: Carlos Pita (JAMPP, Argentina), Matias Lee, Maria
Martinez y Francisco Cucullu (Xcapit, Argentina), Juan Carlos de los Reyes (MODEMAT, Escuela
Politécnica Nacional, Ecuador) y Gonzalo Pita (Johns Hopkins Whiting School of Engineering, EEUU).

* "La Matematica del COVID", coordinada por Claudia Gariboldi, la cual cont6 con los siguientes
invitados: Juan Pablo Aparicio (INENCO-UNSa, Argentina), Guillermo Duran (CONICET-UBA,
Argentina), Pablo Lotito (PLADEMA-UNCPBA, Argentina) y Claudia Sagastizabal (Unicamp, Brasil).

* "Matematica Aplicada en la Educacion", coordinada por Mabel Rodriguez y Gabriel Soto, la cual conto
con los siguientes invitados: César Retamal (Univ. de Talca, Chile), Marcel Pochulu (Univ. Nac. de
Villa Maria, Argentina), Flavio Guifiez (Univ. de Chile, Chile), Pablo Carranza (Univ. Nac. de Rio
Negro, Argentina).
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Fuzzy GROUP IDENTIFICATION PROBLEMS
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Abstract: We consider a class N = {1, ..., n} of agents, each one with an opinion about the membership to a group
J of the members of the society, consisting in a function p; : N — [0, 1], indicating for each agent, including herself,
the degree of membership to J. We consider the problem of aggregating those functions, satisfying different sets of
axioms and characterizing different aggregators. While some results are analogous to those of the model with crisp
preferences, the fuzzy version is able to overcome some of the main impossibility results found in the literature.

Keywords: Group Identification Problems, Fuzzy, Aggregation
2000 AMS Subject Classification: 91B10 - 91B12 - 91B14

1 INTRODUCTION

People usually classifies other people, objects or entities in groups. Sometimes these classifications are
obvious, as in the assignment of countries to the continent to which they belong. But in many cases, opin-
ions may not be even clear cut and thus it becomes hard to reach a consensus. For instance, if a group of
people wants to identify which of them should be considered “tall”, finding out whether a member is such
may be far from evident. Of course, a consensus could be reached on that people that are 2.00 meters height
or more are “tall”. But it is not clear whether someone who’s height is 1.75 meters can be considered “tall”.
In this paper we introduce a fuzzy approach to the group identification problem formalized by Kasher and
Rubinstein (K-R) in “Who is a J?”’[3]. They consider a finite society that has to determine which of its
subsets of members consists of exactly those individuals that can be deemed to be Js. By a slight abuse of
language, this subset is denoted J. Each different set of axioms postulated to yield a solution to this problem
characterizes a class of aggregation functions, called Collective Identity Functions (CIFs). The “Liberal”
one labels as a J any individual that deems himself to be a .J; the “Dictatorial” CIF is such that a single
individual decides who is a J. Finally, the “Oligarchic” CIF determines that somebody is a J if all the
members of a given group agree on that.

In our model, every agent, instead of labeling any of the individuals in N = {1,...,n} (the society) as
belonging or not to .J, assigns a value in the [0, 1] interval to each agent, representing the degree in which
that agent is believed to belong to J. The axioms in K-R have counterparts in our framework. On the other
hand, we also consider another axiom drawn from the literature, namely the Extreme Liberalism axiom [2].
We present fuzzy versions of those crisp axioms. We deal first with the axioms defining the “Liberal” aggre-
gator, showing that the fuzzy versions of the results in K-R remain valid. But when we turn to the axioms
defining the Dictatorial aggregator, our results differ from those in the crisp setting. More specifically, K-R
prove an impossibility result when the domain and the range of the aggregator are restricted, indicating that
the Dictatorial CIF is the only one satisfying those conditions. But there does not exist a clear “translation”
of those restrictions into our framework, allowing different interpretations. In some of these we obtain more
aggregators verifying the axioms, while in others there does not exist any of them.

The plan of the paper is as follows. Section 2 is devoted to present the model and the set of axioms consid-
ered here. In Section 3 we deal with “Liberal” aggregators while in Section 4 we focus on the Dictatorial
aggregator. Finally, Section 5 concludes.

2 MODEL AND AXIOMS

Let N = {1,...n} be a set of agents that have to define who of them belongs to the group of Js
(which by a slight abuse of language is denoted .JJ). The opinion of agent 7 is characterized by a function
pi + N — [0, 1] where p;(j) indicates the assessment of agent ¢ of the degree of membership of j to .J.
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Agent 7 has thus a vector of opinions P; = {p;(1),...,pi(n)}. A profile of opinions P is a n X n matrix
P ={P,,..., P,}. With P we denote the set of all the profiles of opinions.

A fuzzy subset J of N is characterized by a membership (characteristic) function f;y : N — [0, 1], that
indicates the degree of membership of an agent to J. Let F = {f; : N — [0, 1]} be the set of possible
membership functions of a fuzzy subset J. We denote by F'J the Fuzzy Collective Identity Function (FCIF)
such that F'J : P — F.

A FCIF takes a profile of opinions and returns a membership function for the fuzzy subset J. More precisely,
the membership function of the set J associated to the profile P € P is denoted f f . We do not impose
further restrictions on this membership function. It can be different for every i, for example, f'(1) = p; (1)
while f£(2) = 22(2),

In what follows we will present in an axiomatic way the properties that a social planner would like to see
implemented by a “fair” aggregation process, several of them introduced already by K-R in their seminal
work.

e Fuzzy Monotonicity (FMON): let P € P be such that f7(i) = a and let P’ be a profile such that
Py ;> Py for some k with Py ;= Py j forall (h, j) # (k, i), then IR (1) > a.
If P is a profile such that P,g’l < Py for some k with Py, = Py ; for all (h,j) # (k,i), then

7)< a

e Fuzzy Strong Monotonicity (FSMON): let P € P be such that f7'(i) = a and let P’ be a profile
such that P ; > P,; for some k with P}, ; = P, ; for all (h, j) # (k,),then () > a.
If P" is a profile such that P, < Py ; for some k with P/, = P, ; for all (h,j) # (k,i), then

fjll(i) <a

e Fuzzy Consensus (FC): if p;(j) > a; and p;(j) < b; for some a;j,b; € R, aj,b; > 0 and for all
1 €N, thena]<fJ( ) < bt

e Symmetry (SYM): agents j and k are symmetric if:
- pi(j) = pi(k) foralli € N — {j,k}
- pj(i) = p(i) foralli € N — {j, k}
= pj(k) = pr(J)
= pj () = pr(k)
Then, if two agents j and k are symmetric it follows that f'(j) = f¥' (k).

o Fuzzy Symmetry (FSYM): agents j and k are fuzzy-symmetric if:
- pl(] 7pl(k) > 0.5 Orpi(j)7P (k) <0.5foralli e N — {.]7 k}
) )

- p;(i > ,pe(i) < 0.5foralli € N — {j, k}
- pi(k),pr(j) > 0.5 0r pj(k),pr(j) < 0.5
- pi(4), p(k) > 0.5 0rpj(4),pr(k) < 0.5

If two agents j and k are fuzzy-symmetric then f¥(5), fZ (k) > 0.5 or f1'(j), ¥ (k) < 0.5.

e Independence (I): let P and P’ be two profiles such that given an agent j € N, p;(j) = p}(j) for all
i € N. Then fV(j) = £ (5).

e Fuzzy Independence (FI): let P and P’ be two profiles such that given an agent j € N and for every
i € N we have p;(j) >051ffpl( 1) > 0.5 and p;(j) < 0.5iff p(j) < 0.5.
Then f(j) > 0.5iff f1 "(4) > 0.5.

!Alcantud and Andrés Calle [1] call this property Unanimity.
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Liberalism (L): if p; (i) = 1 for some i € N, then f' (k) = 1 for some k € N.
If p; (i) = 0 for some i € N, then f¥'(k) = 0 for some k € N.

e Fuzzy Liberalism (FL): if p;(i) > 0.5 for some ¢ € N, then ff(k) > 0.5 for some k € N.
If p; (i) < 0.5 for some i € N, then f¥ (k) < 0.5 for some k € N.
e Extreme Liberalism (EL):
(i) If p;(j) = 1 for some i, j € N, then f¥'(k) = 1 for some k € N.
(ii) If p;(j) = 0 for some i, j € N, then f¥ (k) = 0 for some k € N.
e Fuzzy Extreme Liberalism (FEL):

(i) If pi(4) > 0.5 for some 4,5 € N, then (k) > 0.5 for some k € N.
(ii) If p;(j) < 0.5 for some i, j € N, then fI'(k) < 0.5 for some k € N.

3 LIBERALISM
We define the Strong Liberal FCIF as:

L(Py,...,PN)(i) = L;(i) = pi(i)

forallz € N.

Theorem 1 The only FCIF that verifies FMON, FC, FI and FL is the Strong Liberal FCIF.
Corollary 1 The only FCIF that verifies FMON, FC, I and L is the Strong Liberal FCIF.
Corollary 2 If a FCIF verifies FMON, FC, FI and FL then it verifies SYM and FSYM.
Corollary 3 There is no FCIF that verifies FSMON, FC, FI and FL.
We introduce two FCIFs:
e The Unanimity FCIF is defined as: U(Py, ..., Py)(i) = U;(i) = min;p;(i) for all i € N.2
e The Inclusive FCIF is defined as: Inc(Pi, ..., Py)(i) = Inc;(i) = maz;p;(i) foralli € N.2?

Theorem 2 Inc is the only FCIF that verifies FMON, FC, FI and EL (i) or FEL (i).
U is the only FCIF that verifies FMON, FC, FI and EL(ii) or FEL(ii).

Corollary 4 There is no FCIF that verifies FMON, FC, FI and FEL or EL.

4 DICTATORSHIP
We define the Dictatorial FCIF with the agent j as a dictator as:

D(P....., Py)(i) = Dy (i) = p;(i)

forall: € N.

We propose different restrictions for domain and range of the FCIFs. One possibility is that in a profile P;,
there exists at least one j such that p;(j) = 1 and one k such that p;(k) = 0. We call this set of profiles P*.
An alternative set of profiles is P**, in which for every agent ¢ there exists at least one k and one j such that
pi(k) > 0.5 and p;(j) < 0.5. Another possible case is that in which p; # 1 and p; # 0. We call this set

2 Alcantud and Andrés Calle [1] define this aggregator as the Conjunctive FCIF.
3 Alcantud and Andrés Calle [1] call this aggregator the Benevolent FCIF.
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P***.

With respect to the membership functions, we can consider the case in which there exist at least one j and
one k such that f;(j) = 1 and f;(k) = 0. The class of such function is denoted F*.

We define F** as the set of membership functions such that for every profile P there exists at least one k
and one j such that f¥'(k) > 0.5 and (k) < 0.5.

Finally we have the family of functions such that f; # 1 and f; # 0. We call this set F***.

Theorem 3 Consider FCIFs that satisfy axioms FC and F1I.
1. Dictatorial is not the only FCIF such that F'J : P*** — F***,

2. Dictatorial is the only FCIF such that FJ : P* — F** or FJ : P** — F**, and there is no FCIF
such that F'J : P*™** — F**.

3. Dictatorial is the only FCIF such that F'J : P* — F*, and there is no FCIF such that F'J : P** — F*
or F'J : P*** — F*.

Theorem 4 Consider FCIFs that verify the axioms FC and 1.
1. Dictatorial is not the only FCIF such that F'J : P*** — F***,

2. Dictatorial is the only FCIF such that F'J : P* — F** or FJ : P** — F**, and there is no FCIF
such that F'J : P*** — F**,

3. Dictatorial is the only FCIF such that F'J : P* — F*, and there is no FCIF such that F'J : P** — F*
or F'J : P*** — F*.

5 CONCLUSION

In this work we analyze, from a fuzzy point of view, the Group Identification Problem. The opinions
of the agents are no longer crisp statements about the membership or not to a group. Instead of that, their
opinions are expressed in terms of degrees of membership to the class of Js. The axioms FL and FEL (L
and EL) are very restrictive, and do not allow more rules other than the Strong Liberal FCIF. The binary
nature of determining if someone has more or less than 0.5 degree of acceptance, leads in general to the
preservation of the uniqueness and impossibility results. However, when we modify the domain and range
of the FCIFs, we get the possibility of choosing more rules than just the Dictatorial one.
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