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Preface

The “Università degli Studi di Palermo” in Italy hosts the eleventh edition of the
“International Conference on Complex Networks & their Applications” (COM-
PLEX NETWORKS 2022) from November 8 to November 10, 2022. Every year,
COMPLEX NETWORKS brings together researchers from various scientific
backgrounds to review the field’s current state and formulate new directions.
The diversity of the attendees’ scientific interests (Finance, Medicine and Neu-
roscience, Biology and Earth Sciences, Sociology and Politics, Computer Science
and Physics, etc.) is a unique opportunity for cross-fertilization between funda-
mental issues and innovative applications.

The quality of the contributors is undoubtedly an essential element for a
successful edition. The success also goes to the keynote speakers. These leaders
and visionaries in their fields present fascinating plenary lectures with big-picture
ideas and unique perspectives to help attendees deepen their understanding of
scientific challenges. We are delighted to bring together this great line-up of
speakers.

– Luís A. NUNES AMARAL (Northwestern University, USA)
– Manuel CEBRIAN (Max Planck Institute for Human Development, Ger-

many)
– Shlomo HAVLIN (Bar-Ilan University, Israel)
– Giulia IORI (City, University of London, UK)
– Melanie MITCHELL (Santa Fe Institute, USA)
– Ricard SOLÉ (Universitat Pompeu Fabra, Spain)

Our thanks also go to the speakers of the traditional tutorial sessions for
delivering insightful talks on November 7, 2022.

– Michele COSCIA (IT University of Copenhagen, Denmark)
– Adriana IAMNITCHI (Maastricht University, Netherlands)

The success also relies in the deep involvement of many individuals, institu-
tions, and sponsors.

We sincerely gratify the advisory board members for inspiring the essence of
the conference:

Jon Crowcroft (University of Cambridge), Raissa D’Souza (University of Cali-
fornia, Davis, USA), Eugene Stanley (Boston University, USA), and Ben Y. Zhao
(University of Chicago, USA)

We record our thanks to our fellow members of the organizing committee:
The lightning sessions chairs:

Alessandro Rizzo (Politechnico di Torino, Italy), Giancarlo Francesco Ruffo (Uni-
versità degli Studi di Torino, Italy), and Huijuan Wang (TU Delft, Netherlands)
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The poster sessions chairs:
Manuel Marques Pita (Universidade Lusófona, Portugal), Michele Tumminello
(Università degli Studi di Palermo, Italy), Laura Ricci (Università degli Studi di
Pisa, Italy)

The tutorial chairs:
Luca Maria Aiello (Nokia-Bell Labs, UK) and Leto Peel (Maastricht university,
Netherland),

The special issue chair:
Sabrina Gaito (University of Milan, Italy),

The publicity chairs:
Christophe Cruz (University of Burgundy, France), Xiangjie Kong (Zhejiang
University of Technology, China)

The sponsor chairs:
Claudio Fazio (Università degli Studi di Palermo, Italy) and Roberto Interdo-
nato (CIRAD - UMR TETIS, Montpellier, France)

The Web chairs:
Zakariya Ghalmane (LINEACT, CESI, France) and Stephany Rajeh (University
of Burgundy, France),

Our profound thanks go to Matteo Zignani (University of Milan, Italy), pub-
lication chair, for the tremendous work in managing the submission system and
the proceedings publication process.

We would also like to record our appreciation for the work of the local com-
mittee chair, Federico Musciotto (Università degli Studi di Palermo, Italy), and
all the local committee members, Yuri Antonacci (Università degli Studi di
Palermo, Italy), Giosuè Lo Bosco (Università degli Studi di Palermo, Italy),
Luca Faes (Università degli Studi di Palermo, Italy), Giacomo Fiumara (Uni-
versità degli Studi di Messina, Italy), Vincenzo Giuseppe Genova (Università
degli Studi di Palermo, Italy), Matteo Milazzo (University of Catania, Italy),
Pasquale de Meo (Università degli Studi di Messina, Italy), Alessandro Pluchino
(Università degli Studi di Catania, Italy), Andrea Rapisarda (Università degli
Studi di Catania, Italy), for their work in managing the sessions. They intensely
participated to the success of this edition.

We would like to express our gratitude to our partner journals: Advances in
Complex Systems, Applied Network science, Complex Systems, Entropy, Plos
One and Social Network Analysis and Mining.

We are thankful to all those who have contributed to the success of this
meeting. Sincere thanks to the authors for their creativity.
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Finally, we would like to express our most sincere thanks to the program com-
mittee members for their considerable efforts in producing high-quality reviews
in a minimal time.

These volumes make the most advanced contribution of the international
community to the research issues surrounding the fascinating world of complex
networks. Their breath, quality, and novelty demonstrate the profound impact
of complex networks in understanding our world. We hope you enjoy the papers
as much as we enjoyed organizing the conference and putting this collection of
articles together.

Hocine Cherifi Rosario N. Mantegna Luis Mateus Rocha Chantal Cherifi
Salvatore Micciche’

Hocine Cherifi
Rosario N. Mantegna

Luis Mateus Rocha
Chantal Cherifi

Salvatore Micciché
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1 Introduction

Probabilistic topic models are machine learning tools for processing and understanding
large text document collections. Among the different models in the literature, Latent
Dirichlet Allocation (LDA) [1] has turned out to be the benchmark of the topic mod-
elling community. The key idea is to represent text documents as random mixtures
over latent semantic structures called topics. Each topic follows a multinomial distri-
bution over the vocabulary words. In order to understand the result of a topic model,
researchers usually select the top-n (essential words) words with the highest probability
given a topic and look for meaningful and interpretable semantic themes [2], [3], [4].
This work proposes a new method for exploring topics in LDA models, using Statis-
tically Validated Networks (SVNs). The main idea of the proposed method is to con-
sider co-occurrence between essential words as a measure of association. Two different
approaches, called undirected and directed are proposed. Firstly, the symmetrical asso-
ciation between two words is taken into account, i.e. how many times two words are
found in the same sentence. Conversely, in the directed approach, the order in which
the words are in the sentence is also considered.
We use hypothesis testing to assess whether the co-occurrence between two words can
be attributed to the chance or if these links carry relevant information about the structure
of topics. Specifically, textual data is represented as a bipartite network in which one set
of nodes is made by sentences, and the other set of nodes is made by a list of essential
words associated with a given topic. A link between a word and a sentence is set if the
word belongs to that sentence. Therefore, the projection of the bipartite network on the
set of words results in a word-co-occurrence network [5].
Note that the directed approach produces a directed network while the undirected one
an undirected network. Indeed, a directed link from one word to another may be val-
idated, but not the other way around. The two methods are applied to a real dataset,
highlighting the differences.

2 Method

Let us consider a corpus of N sentences and an LDA model providing a list of K latent
topics, each described by an ordered list of essential words w1, . . . , wi, . . . ,wn. For each



topic, an undirected and a directed SVN are constructed by performing a battery of
statistical tests against the null hypothesis of random co-occurrence, one for each pair
of words. Let wi and w j be two essential words in a topic, their co-occurrences are
denoted as:

– Symmetric Xi j: the number of sentences in which wi and wk appear together;
– Anti-symmetric from wi to w j, Xi→ j: the number of sentences in which wi precedes

w j;
– Anti-symmetric from w j to wi, X j→i: the number of sentences in which w j precedes

wi,

note that Xi j = Xi→ j +X j→i.
In the undirected approach, we aim at statistically validating only the symmetric co-
occurrences Xi j against a null hypothesis of random co-occurrence, While in the di-
rected method, we test the statistical significance of Xi→ j and X j→i. The null hypothesis
must account for the heterogeneity of the considered words, that is, the total number of
times they individually appear in the text, Ni and N j, respectively. The probability dis-
tribution that describes the random co-occurrence is the hypergeometric distribution.
Indeed, assuming that the actual co-occurrences of these words (that may be symmetric
or antisymmetric depending on the model) is Ni j, then the probability that a value larger
than or equal to Ni j is observed by chance, according to the null hypothesis, is:

pv(Ni j|Ni,N j,N) =
min(Ni,N j)

∑
X=Ni j

(Ni
X

)(N−Ni
N j−X

)
(N

N j

) . (1)

where parameters Ni and N j naturally allow for the incorporation of the aforementioned
heterogeneity of words in the null hypothesis.
To claim that the number of co-occurrences, Ni j, between words is too large to be con-
sistent with the null hypothesis of random co-occurrences, we shall set a threshold α
of statistical significance. Since we are facing multiple and dependent comparisons, we
needed to use a correction method for multiple hypothesis testing; we opted for the
more conservative Bonferroni correction [6].

3 Results

We applied our methods to a corpus of articles from the New York Times1, setting
50 topics and considering ten essential words for each topic. Directed and undirected
SVNs were obtained, and the Betweenness centrality [7] and the PageRank [8] mea-
sures were computed to spot the most influential words in each topic. Fig. 1 reports
the SVNs related to one of the estimated topics. Note that the directed approach pro-
duces more sparse networks. The reason is twofold: i) the total number of symmetric
co-occurrences Xi j splits into two smaller ones {Xi→ j,X j→i} being more challenging to
be validated; ii) twice as many tests are performed in the directed approach; thus the

1https://www.kaggle.com/nzalake52/new-york-times-articles
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Fig. 1. SVNs of one the estimated topics from the New York Times dataset.

Bonferroni correction is stronger. The undirected network shows only one big compo-
nent, including all the essential words. It is important to stress that the word “academy”
plays a fundamental role in being a bridge, thus having high centrality degree. Its role is
less relevant in the directed network since their antisymmetric co-occurrences with the
words “music”, and “film” are not significant. As a matter of fact, the directed network
has two components corresponding to two sub-topics within the main one. The word
“role” become the most influential term in the main component.
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