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Abstract

Fuzzy graph theory has gained in visibility for social network analysis. In this work fuzzy logic and their role in
modeling social relational networks is discussed. We present a proposal for extending the fuzzy logic framework to
intelligent social network analysis using the good properties of robustness and interpretability of compensatory fuzzy
logic. We apply this approach to the concept path importance taking into account the length and strength of the
connection. Results obtained with our model are more consistent with the way human make decisions. Additionally a
case study to illustrate the applicability of the proposal on a coauthorship network is developed. Our main outcome is
a new model for social network analysis based on compensatory fuzzy logic that gives more robust results and allows
compensation. Moreover this approach makes emphasis in using language for social network analysis.

Keywords: coauthorship network, compensatory fuzzy logic, fuzzy graph, social network analysis.

Resumen

La teoria de los grafos difusos ha ganado en visibilidad para el anélisis de redes sociales. En este trabajo se discute el
rol de las relaciones difusas y su papel en el modelado de redes sociales. En el articulo se presenta una propuesta para
extender el marco de trabajo de la légica difusa al analisis inteligente de las redes sociales usando las propiedades de
robustez e interpretabilidad asociadas a la logica difusa compensatoria. Mediante este enfoque es analizada la
importancia de los caminos teniendo en cuenta la longitud y la fortaleza de la conexién entre nodos de la red. Los
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resultados obtenidos resultan més consistentes con la forma de tomar decisiones en los humanos. Adicionalmente se
presenta un estudio de caso basado en el analisis de una red de coautoria mostrando la aplicabilidad de la propuesta. El
principal resultado obtenido radica en un nuevo modelo para el analisis de redes sociales basado en la logica difusa
compensatoria brindando resultados mas robustos y permitiendo la compensacion. Adicionalmente el modelo
contribuye al uso del lenguaje en el proceso de analisis de redes sociales.

Palabras clave: analisis de redes sociales, grafos difusos, légica difusa compensatoria, redes de coautoria.

Introduction

Recently the ideas of a fuzzy relationship and fuzzy graph have gained in visibility. Fuzzy cognitive maps (Leyva et
al., 2014) and the paradigm for intelligent social network analysis (PISNA) (Yager, 2008; Yager, 2014) are two
examples. Social networks have become an important technology with examples like Facebook and LinkedIn or

ResearcheGate, a network dedicated to researchers.

However the current approaches for social network analysis (SNA) based on fuzzy graphs have some limitations,
especially for dealing with sensitivity to changes in the values of truth and compensation when calculating the accuracy
of compound predicates (Ortega et al., 2013). Rickard and Yager (2013) propose a method for improving interpretability
in SNA using interval type-2 (I1T2) fuzzy sets (John and Coupland, 2006). The main drawback with this approach is the
high computational cost and the need of preprocessing the information. Another proposal (Brunelli et al., 2014) is based
on the construction of higher dimensional fuzzy m-ary adjacency relations from the binary relations by means of ordered
weighted averaging (OWA) functions (Yager, 1988). This approach introduces a flexible consensus measure but is not

directly applicable to general tasks of social network analysis.

In this paper we propose a model for SNA combining fuzzy graph and compensatory fuzzy logic (CFL) (Andrade et
al., 2014a). This combination allows overcoming the limitation in traditional fuzzy logic for SNA to estimate the truth
or falsity of observations about a network.

The outline of this paper is as follows: Section 1 is dedicated to fuzzy graphs and Section 2 to compensatory fuzzy
logic. The intelligent fuzzy social network analysis based on CFL proposal is presented in Section 3. A case study is

discussed in Section 4. The paper closes with concluding remarks, and discussion of future work in Section 5.
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Computational methodology
Fuzzy Graph

While crisp relations are appropriate for describing relations like parent of, fuzzy set are better at capturing relationships
of degree like friendship (Wierman, 2010). A fuzzy relationship on X isa mapping R : X X X — [0, 1] where R(X,
y) indicates the degree of relationship between x and y (Yager, 2010). This allows extending the connections in a
network from connected or not to fuzzy connections. Here we denote a fuzzy graph as G =<V, E, R > here V is set of
vertices, E is the set of edges and R is a relation R: V x V — [0,1].

Fuzzy set theory has been applied to social network analysis (SNA) modeling fuzzy relations that exist between entities
as graph (Nair and Sarasamma, 2007). A social network can easily be represented by a fuzzy relation or a fuzzy graph
extending the analyst’s capabilities of examining networks (Yager, 2008).

Using fuzzy sets it is possible to formalize the idea of vocabulary. For any element y € Y, its membership grade, W(y) €
[0,1] indicate the compatibility of the value y with the linguistic concept W (Yager, 2008). For studying fuzzy graphs,
there are a number of attributes about which it will be useful to have vocabularies. Strength of connection and the
number of links in a path (link-length) are two of them.

It is possible to define a fuzzy adjacency matrix to represent a social network starting from real world information. If a
value adjacency matrix (V = v;;),xn exist with v;; € R, , and v* playing the role of the upper bound, we can rescale

each v;; into r;; with a function r;; = h(r;;), h: [0, v*] —[0,1] (Brunelli and Fedrizzi, 2009).

Compensatory Fuzzy Logic
Fuzzy logic is a multivalent logic system introduced by Zadeh (1965) in 1965 at the University of Berkeley (California).
Although the many advantages of fuzzy logic to model ambiguous or vague knowledge it have certain drawbacks. The
mains limitations in the modeling of knowledge can be summarized as (Alonso et al., 2014):
1. The associative property of conjunction and disjunction operators.
2. The lack of sensitivity to changes in the values of truth of the basic predicates when calculating the truth value
of compound predicates.
3. The lack of compensation for the truth values of basic predicates when calculating the accuracy of compound
predicates.
CFL is s a variant of fuzzy logic that overcomes the preceding limitations. A CFL system is a quartet of operators: a

conjunction, a disjunction, a negation and a strict fuzzy order that satisfies the axioms of compensation, commutativity,
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strict growth, veto, fuzzy reciprocity, fuzzy transitivity and the Morgan’s laws (Andrade, Fernandez and Gonzalez,
2014a; Andrade et al., 2014c). In this work Geometric Mean Based Compensatory Logic (GBCFL) is used due to the
robustness and relative simplicity of its operators (Ortega, Andrade and Gémez, 2013). In GBCFL conjunction is

defined as follows:

1
c(xq, Xg, ey Xp) = (X1 * Xgy e, X7 1)
The disjunction is defined as the dual of the conjunction:
1
d(xq, %z, 0, %) = 1= [(1 = 2)(1 = x2) .. (1 = x)]n &)
The fuzzy negation is:
n(x)=1-—x 3)

and the fuzzy strict order is:

o(x,y) = 0.5[c(x) —c(y)] + 0.5 4)
At any fuzzy predicate p over the universe U, universal and existential propositions are defined respectively as (Andrade
et al., 2014b):

¥ p() = Aeyp(x) (5)
2P (x) = Vyer p(x) (6)

The min-max approach of the Zadeh family of operator (Wierman, 2010) used in the PISMA approach is not sensible
to the changes in the truth values of predicates. With CFL we can express an “appealing” sensibility and attaint more
reliable operators according to the way that human take decisions. Combining the modeling capability of fuzzy graphs

and CFL we can provide more realistic formulation of some concepts available in SNA as well as some new concepts.

Intelligent social network analysis based on CFL

The centrality measures have been used for the analysis in fuzzy graphs ( e.g. (Samarasinghea and Strickert, 2011),
(Yager, 2010)). The most used centrality measures to identifying a central node are: degree centrality, betweenness
centrality, closeness centrality (Samarasinghea and Strickert, 2011). Another way of measuring the centrality of a vertex

by the number of other vertices to which it directly connected by at most k steps (Yager, 2008):
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Ck(x;) = X1 R* (v, v)) (1)

J#i

where R*(v;, v;) is the strength of the strongest path from v; to v; containing at most k links.

Strength (ST) of the path is usually defined as:

ST(p) = Min [R(vi-q,v)] (8)

One of the drawbacks of the Min operator is that it leads to a degradation of outcomes by compressing strength, for
example on a given node, a very strong relation and a moderate one would have the same partial effect if the previous
path strength of influence is weak (Montibeller and Belton, 2009).

In this paper instead we define degree of connection of a path (how strong is a path) taking into account the strength in

all its edges:
S)=._ ¥ [R(wiy,v)] )

i=1ton
where ¥ is the universal proposition in CFL.
Moreover the length of a path L(p) can be defined as the number of edges the path contains. The word Far (F) can be
defined a fuzzy subset F: R — [0,1] such that F (k) is the degree to which a path of k links is Far. (Figure 1).

0.8
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o
o

=
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0.0
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Number of Links

Figure 1. Example fuzzy set representation of far path.

We propose to find the better path between two vertices in terms of the negation of its farness and the degree of

connection:
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NFS(v;,v;) = [-F (k) AS(R*(vi,v;)]  (10)

max
all paths fromito j

Where — and A are the negation and conjunctive operator in CFL respectively.

Results and discussion

Coauthorship networks (Newman, 2004) are collaboration graph where nodes are scientific. Here we consider that two
scientists are connected if they have appeared as authors in the same paper. Figure 2 shows the network formed by of
research staff at the ISPJAE University inside the Eureka network.

Eureka network is a multinational scientific network. Its objective is the contribution to increase capabilities of useful
knowledge discovering for the management of organizations in Iberian American region. For constructing coauthorship
network three books published by Eureka have been taking into account (Andrade et al., 2013; Espin et al., 2011; Leyva
etal., 2013).

!

Figure 2. ISPAJE University coauthorship network.

In this case study we analyze the principal component of this network. The strength of connection among adjacency

vertices is obtained using the sigmoid membership function with parameters a and b (fig 3):
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( 0, ifx<a
z%a],ifa<x<m
mey =g e @2
Ll—Z[b a] ,Jifm<x<b
1, ifx=b
a+b

where m = —

Inthiscasea=0and b = 5 = v* (fig 3).
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Figure 3. Fuzzy subset representation of term strength.

F (k) is calculate with the sigmoid function (12) with parameter a=0, b=8 and m = 4 (fig 1).

The NFS values of paths among vertices 5y 7 in shown in table I.

Editorial “Ediciones Futuro”
Universidad de las Ciencias Informaticas. La Habana, Cuba

rcci@uci.cu


http://rcci.uci.cu/
mailto:rcci@uci.cu

Revista Cubana de Ciencias Informaticas
ISSN: 2227-1899 | RNPS: 2301

Vol. 8, No. 4, Octubre-Diciembre, 2014
Pags. 74-85

http://rcci.uci.cu

Table I. Value of NFS among vs and v,

Path ~F (k) A S(R¥ (vs, v7)
P, |[561,267] 0.3188
P, 51367 0.3188
P, 51,67 0.4238
P, |[51,7] 0.4677
Ps |[53126,7] |0.3361
P, |[53167] 0.5273
P, |[5317] 0.7224
Py |[5.3617] 0.4917
P, |I[536,217] |031785
Py, | [5,3,6,7] 0.4145
P, | [6,4,1,2,6,7] |0.2277
P, | [5,4,1,36,7] |02277
Py; | [5,4,1,6,7] 0.32420
Py, |[6,4,17] 0.3776

If a ranking were required, this is as follows:

P7>P6>P8>P4>P3>P10>P14>P5>P13>P1~P2>P9>P11~P12
The better path in term of length and strength among researcher 5 and 7 (NFS(vs, v,) = 0.7224) is shown in conjunction
with all paths among them in figure 4. The path found is neither shortest (P4) nor strongest (P6), different to results

with the min-max approach of Zadeh operators (Wierman 2010) and more consistent with the way that human make

decisions.
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Figure 4. Better path in term NFS among researcher 5 and 7.

Comparing our proposal with the PISNA approach as proposed by Yager (2008), we notice that the former model will
only gives the most suitable or the shortest path not allowing to express compensation. Additionally our proposal will
give more robust results because among fuzzy operators the those belonging to CFL are the most robust (Ortega,
Andrade and Gomez, 2013). This results make our model appealing for combining decision making models and social
networks analysis specially in recommendation tasks (Al Falahi, et al., 2012) and consensus reaching (Brunelli and
Fedrizzi, 2014). Our approach is an opportunity to use the language as key element of communication in the construction
of semantic models in SNA (Yager, 2008). It is closer to the objective to make reasoning processes in environments of

uncertainty and imprecision with words (Zadeh, 1999).

Conclusions

In this work we discussed the idea of fuzzy graph and their role in modeling social relational networks. Compensatory
fuzzy logic was introduced and we discussed how these technologies can provide the analyst further flexibility for social
network analysis. We applied this approach to the concept path importance taking into account the length and strength
of the connection.

The new model for intelligent social network analysis based on CFL gives more robust outcomes and allow expressing
compensation. The sensibility of the operators in our proposal gives more consistent results with the way that human
make decisions. Moreover it bring closer the opportunity to use the language as crucial component in the construction

of semantic models in SNA.
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As future research we intend to develop models for combining decision making and social networks analysis.

Discovering knowledge with linguistic summarization of social networks based on CFL is a promising area. The mining

of social relation networks, the development of more flexible ways for querying social networks, and the development

of a software tool are other areas of future work.
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