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Abstract This paper is dedicated to the research of the dynamics of devel-
opment and interactions among several scientific communities in the field of
fuzzy logic and soft computing. This analysis was performed with the help
of the following characteristics: conferences participants’ renewal, the level of
cooperation in scientific communities, participation of one community’s key
players in activities of the other ones, comparative number of most active
participants in each community, uniformity of key players’ participation in
different conferences.
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1 Introduction

At present scientific communities are an essential part and an important form
of the scientific process organizing. In recent years, scientific communities are
often studied by methods of network analysis. In particular, the co-authorship
networks and citing networks [7] are popular. However, the scientific commu-
nity tends to develop: there are new communities; some communities degrade,
while others are combined, etc. The life cycle of scientific communities is con-
sidered in a number of works (see [1]). The interactions among the scientific
communities in the field of artificial intelligence for the last 19 years were in-
vestigated in [2], and [4] is a similar study that was carried out for scientific
communities in the field of computer science. In [10] the dynamic changes in
the co-authorship network of conference ISIPTA [9] were analyzed.

The given work is devoted to the investigation of the development and
interactions of scientific communities in the field of fuzzy mathematics
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(EUSFLAT, NAFIPS), imprecise probability (SIPTA, BFAS) and soft com-
puting (SMPS) during the period 1999-2014. The database of this study is
based on the materials of the conferences held by the above mentioned sci-
entific communities.

2 Dataset description

Following scientific communities were considered:

• BFAS (Belief Functions and Applications Society) [3]. BFAS was formed
in 2010. Conference – BELIEF.

• EUFSLAT (European Society for Fuzzy Logic and Technology) [8] was
founded in 1998. Conference – EUFSLAT.

• NAFIPS (North American Fuzzy Information Processing Society) [6].
NAFIPS was established in 1981. Conference – NAFIPS.

• SIPTA (The Society for Imprecise Probability: Theories and Applica-
tions) [9] was formed in 2002. Conference – ISIPTA (International Sym-
posium on Imprecise Probability: Theories and Application).

• SMPS (International Conferences on Soft Methods in Probability and
Statistics) [5]. Conference SMPS has been held since 2002.

Conferences EUFSLAT, ISPITA, SMPS, BELIEF (for brevity they are
designated with letters E, I, S, B respectively) are held once every two years,
and conference NAFIPS (symbol N) – every year.

The Fig. 1 provides the visualization of the intersection of the conferences’
themes. It could be expected, that connection within groups of communities
EUSFLAT, NAFIPS, SMPS on the one hand, and BFAS, ISIPTA on the
other hand would be tighter within groups than between them.

Fig. 1 The schematic visualization of the
intersection of communities’ themes

Fig. 2 The renewal level of participation
in conferences

The data about the authors of the papers presented at conferences during
the period 1999-2014 was collected. There are N = 3377 participants in
total. Since almost all the conferences are held every two years, the entire
time interval 1999-2014 was divided into 8 equal subintervals [1999,2001),
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..., [2013, 2015). On the figures below the left boundaries of all subintervals
are indicated on the horizontal axes. Data on the conferences held by the
NAFIPS community have been combined for the 2009 and the 2010, 2011
and 2012 and then considered as a single event.

3 Analysis of the development dynamic of scientific

communities

3.1 Renewal of conferences’ participants

One of the main indicators that can characterize the internal development
of the scientific community can be a number of new conference participants,
who did not participate in previous conferences of the community. Let Allji is
a set of all participants of the conference j in the period i. The coefficient of
renewability for j -th conference in the period i can be considered as a value
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, which is the ratio of the number of new entrants

to the number of all participants of this conference in the considered period.
The Fig. 2 shows that the average renewal of ISIPTA conference partici-

pants is significantly lower than renewability for other conferences. Almost all
the conferences (except for SMPS) tend to decrease renewal of participants.
At the same time it should be noticed that the total number of participants
in each conference on average varies slightly.

Experienced researchers take part in the conferences as well as their young
colleagues. However, in terms of development and interaction of the scientific
communities it seems more meaningful to consider the information about
experienced researchers, in other words those who took part in several con-
ferences and presented several papers at the same conference. Let’s call these
researchers key participants.

3.2 Key participants

The significance of a participant s is defined as V ali(s), the sum of the re-
searchers contributions in the creation of all publications for the period i,
where s = 1, ..., 3377, i = 1, ..., 8. It will be assumed that the total value
of the publication is equal to 1 and is divided among all co-authors equally.
If the participant s took part in several conferences during the period i his
total contribution is calculated as V ali(s) =

∑

j V al
j
i (s) (the total contri-

bution was calculated separately for two periods 1999-2007 and 2009-2015,
since the number of conferences which were held during this periods was dif-
ferent). Those conference participants are called key participants, whose total
contributions exceed a certain limit p. Below are the results for the cut-off
threshold of the key participants p = 2, in other words, those who totally
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Fig. 3 Dynamics of changes in the total
number of communities’ key participants

Fig. 4 The correlation between the key
participants of the conferences

wrote not less than 2 works over 8 years. The set of key participants in the
period i is indicated Ki.

Suppose that K
j
i = Ki ∩ All

j
i is a set of key participants of the commu-

nity j, which held the conference in the period i. In this case there is an
opportunity to study the dynamics of the K

j
i sets structural changes and

characteristics of their interactions. The Fig. 3 shows the changes in the total
numbers of the key participants in all communities Ki. As it can be seen
from the graph, the rate tends to increase in the considered time interval.
This suggests that interest in research in the field of imprecise probability,
fuzzy sets and soft computing increases with time, the significance of this
research area is growing.

3.3 The level of communication among communities in

relation to the key participants

One of the key issues is to determine the level of cooperation in scientific
communities in connection with the common key participants of the confer-
ences organized by thematically close communities. This level can be defined
as the correlation between the vectors of the significances of the key partic-
ipants in couples of communities. Thus, ni = |Ki| is the number of the key
participants in the period i. For each period i, the vector wi

j = (wi
1j , ..., w

i
nij

)

is put in correspondence to conference j, where wi
sj = V al

j
i (s) is the signifi-

cance of scientist s just for the conference of j-th community in the period i.
Then, the level of cooperation among communities k and j in the period i can
be considered as a selective linear Pearson correlation coefficient rikj between

vectors wi
k and wi

j . The Fig. 4 shows the variation of the selective correlation
coefficient for all pairs of communities. It is evident that, as a rule, the level of
cooperation among communities in terms of the common key participants of
conferences either are initially small (for example, among E and I, E and B),
or have a tendency to a decrease (for example, between E and S, S and B, I
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and B). All this suggests a trend to isolate these communities. The exception
here is a pair of I and S.

3.4 The participation of the key participants in other

communities

If, however, the key participants of the community are involved in other
conferences, the extent of such participation for the community j in the
period i can be estimated with the formula kij =
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is the number of key conference participants of j-th community in

the period i. The higher this ratio, the more actively the key participants of
the particular community are involved in other communities’ activities. The
high value of this factor could mean that the key participants do not regard
the community as a key community in the considered field of knowledge.

The Fig. 5 is a visualization of this ratio dynamics. One can see that the
least ”key” one was the community of S until 2009. The community N turned
to be the most ”closed”, in other words, the key members of this community
rarely visit other conferences. But this can be explained by ”regional” sepa-
rateness of this community. The most stable is the community E, for which
the rate of participation of key scientists in the other communities does not
change much and remains quite small.

Fig. 5 The dynamics of changes in the par-
ticipation rate in other communities

Table 1 The list of the most active participants
of all communities

Key participant Centra-
lity

Participation
in communities

Dubois D. 0.260 E(7), I(5), S(5), B(2)
Kacprzyk J. 0.256 E(8), S(5), N(2)
Grzegorzewski P.0.229 E(6), S(6), N(1)
de Baets B. 0.211 E(8), I(1), S(4)
Trillas E. 0.183 E(7), N(3)
Prade H. 0.181 E(6), I(1), S(3)
Novák V. 0.175 E(8), N(2)
Recasens J. 0.172 E(7), S(1), N(2)

3.5 The most active community members and most

active communities

Suppose Ki is a set of the key participants of all conferences for the period
i, K =

⋃

iKi is a set of the key participants of all conferences on record.
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Fig. 6 The dynamics of changes in the av-
erage value of activity for the all communi-
ties

Fig. 7 The average homogeneity and av-
erage significance of the key communities’
participants

Consider the ”friendship” graph for the communities participants (confer-
ences) Gi = (Ki, Ei), i = 1, ..., 8 and G = (K,E), where Ei (E) is the set of
edges with weights est, which is equal to the number of the joint participation
of key participants s and t in the same conferences for the period i (for all
periods).

In this connection we can rise the problem of determining those members
who are ”friends” with the greatest number of other key participants, tak-
ing into account not only direct relations (participation in one conference),
but also indirect (i.e. a ”sign through a friend”). Such participants can be
considered as the most active members of the communities. This problem is
solved in the analysis of network structures with the help of the eigenvec-
tor centrality. The calculation of the measure of centrality for each node is
connected with the solution of eigenvalue finding problem regarding the adja-
cency matrix A of the network graph [7]: the vector of the relative centralities
x is an eigenvector of the adjacency matrix that corresponds to the largest
eigenvalue λmax.

On the basis of the eigenvector centrality indicators such as the average
value of activities of key participants in each community were introduced:
actj = 1

mjNj

∑N
s=1

nsjxs, where xs is s-th component of the relative cen-

tralities vector x = (x1, ..., xN ) of the ”friendship” graph of key community
members; nsj is the number of times that the participant s took part in the
conference j, j = 1, ..., 5; Nj is the total number of key participants of the
community j at the moment of the index calculating; mj is the number
of conferences that had been held by the community j by the moment of in-
dex calculating.

The Table. 1 provides the list of most active members of all communi-
ties. The number of the considered scientists’ participation in the conferences
of each community is shown in brackets in the last column.

Dynamics of changes in the average value of activity for all communities
is represented in Fig. 6. The most active key players are participants of SMPS
community, the lowest average activity is observed among the participants
of NAFIPS and BFAS communities.
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3.6 Analysis of participation uniformity of the key

participants in different communities

Each participant s was assigned with the vector ns = (ns1, ..., ns5), where nsj

is the number of times, which the participant s took part in the conference j,
j = 1, ..., 5. The vector ns = (ns1, ..., ns5) was put to correspondence to the
vector of relative frequencies ps = (ps1, ..., ps5), where psj =

nsj∑
5

k=1
nsk

. Then

ps = (ps1, ..., ps5) is some probability distribution. Pose the question of the
non-uniformity degree of this distribution, which characterizes the degree of
heterogeneity of participation in conferences of different communities for the
s-th scientist. This degree can be estimated with the help of the Shannon en-
tropy S(ps) = −

∑

5

j=1
psj log2psj . For the uniform distribution this function

reaches its maximum S
(

1

5
, ..., 1

5

)

= log
2
5. The entropy achieves the minimum

S(p) = 0 when exactly one of the pj is one and all the rest are zero.
Now, for each set of key participants Kj of community j the average

homogeneity was calculated by the formula unifj =
1

|Kj |

∑

s∈Kj S(ps).

Great value of unifj indicates that the key members of this community
are also actively involved in the work of other communities. A small value of
unifj demonstrates a certain ”isolation” degree of the community. The Fig. 7
is a graphical representation of communities by points on the plane, where
the first coordinate on the horizontal axis is the average homogeneity of the
community, and the second one on the vertical axis is the average value V alj

of the aggregate contributions of the key participants in community j for the
entire considered period. It can be seen, that the most ”closed” communities
are EUSFLAT and ISIPTA, thus the average contribution of key participants
of these conferences is the highest. The most open community is SMPS,
which can be explained by the variety of scientific papers themes presented at
conferences of this community. On the other hand it is evident that these two
characteristics – average contribution and uniformity are strongly correlated.
Again, the ”outlier” here is ISIPTA community.

4 Conclusions

The main conclusions of this research are as follows:

• almost all of the conferences (except for SMPS) have a tendency to reduce
the renewal of its members (at a fairly constant total number of conference
participants); on average the renewal of ISIPTA conference participants is
significantly lower than other conferences renewal;

• the level of cooperation in scientific communities in relation to the common
key participants of the conferences either is initially small (for example,
between EUSFLAT and ISIPTA, EUSFLAT and the BELIEF), or have
a tendency to a decrease (for example, between EUSFLAT and SMPS,
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SMPS and BELIEF, ISIPTA and BELIEF). All this says about the trend
to isolate these communities; exceptions here are ISIPTA and SMPS con-
ferences;

• in terms of the participation of the key participants of a particular com-
munity in the activities of other communities, until 2009 the most ”open”
was a conference SMPS; as far as this characteristics is concerned the
most stable community is EUSFLAT, for which the participation rate of
key scientists in other communities does not change much and remains
quite small;

• the most active participants of the communities were emphasized; It shows
that the most active participants are key participants of SMPS community;
the lowest activity was observed among the participants of NAFIPS and
BFAS communities;

• in terms of uniformity of participation of key participants of a particu-
lar community in other communities, the most ”closed” communities are
EUSFLAT and ISIPTA, thus the average contribution of key participants
of these conferences is the highest; the most open community on this in-
dicator is SMPS.
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