
Communications
in Computer and Information Science 1577

Editorial Board Members

Joaquim Filipe
Polytechnic Institute of Setúbal, Setúbal, Portugal

Ashish Ghosh
Indian Statistical Institute, Kolkata, India

Raquel Oliveira Prates
Federal University of Minas Gerais (UFMG), Belo Horizonte, Brazil

Lizhu Zhou
Tsinghua University, Beijing, China

https://orcid.org/0000-0002-5961-6606
https://orcid.org/0000-0002-7128-4974


More information about this series at https://link.springer.com/bookseries/7899

https://link.springer.com/bookseries/7899


Juan Antonio Lossio-Ventura ·
Jorge Valverde-Rebaza · Eduardo Díaz ·
Denisse Muñante · Carlos Gavidia-Calderon ·
Alan Demétrius Baria Valejo ·
Hugo Alatrista-Salas (Eds.)

Information Management
and Big Data
8th Annual International Conference, SIMBig 2021
Virtual Event, December 1–3, 2021
Proceedings



Editors
Juan Antonio Lossio-Ventura
National Institutes of Health
Bethesda, MD, USA

Eduardo Díaz
Universidad Peruana de Ciencias Aplicadas
Lima, Peru

Carlos Gavidia-Calderon
The Open University
Milton Keynes, UK

Hugo Alatrista-Salas
University of Engineering and Technology
UTEC
Lima, Peru

Jorge Valverde-Rebaza
Visibilia
São Paulo, Brazil

Denisse Muñante
ENSIIE and SAMOVAR
Evry, France

Alan Demétrius Baria Valejo
Federal University of São Carlos
São Carlos, Brazil

ISSN 1865-0929 ISSN 1865-0937 (electronic)
Communications in Computer and Information Science
ISBN 978-3-031-04446-5 ISBN 978-3-031-04447-2 (eBook)
https://doi.org/10.1007/978-3-031-04447-2

© The Editor(s) (if applicable) and The Author(s), under exclusive license
to Springer Nature Switzerland AG 2022
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of the
material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology now
known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this book are
believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the editors
give a warranty, expressed or implied, with respect to the material contained herein or for any errors or
omissions that may have been made. The publisher remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

https://orcid.org/0000-0003-0996-2356
https://orcid.org/0000-0003-2794-8152
https://orcid.org/0000-0002-6136-0566
https://orcid.org/0000-0001-5252-4728
https://orcid.org/0000-0001-8664-9692
https://orcid.org/0000-0003-2621-8342
https://orcid.org/0000-0002-9046-9499
https://doi.org/10.1007/978-3-031-04447-2


Preface

SIMBig 20211, the 8th edition of the International Conference on Information Man-
agement and Big Data, presented novel methods for the analysis and management of
large volumes of data, covering fields such as Artificial Intelligence (AI), Data Science,
Machine Learning, Natural Language Processing, Semantic Web, Data-driven Software
Engineering, Health Informatics, among others. The SIMBig conference series goal
is to promote cooperation between national and international researchers to improve
data-driven decision making by using new technologies dedicated to analyzing data.

SIMBig 2021 also encouraged proposals on the COVID-19 pandemic, with the goal
of informing Latin American policy makers (specially in South America). SIMBig is a
convivial place where participants present their scientific contributions in the form of
full and short papers. This book contains the entire proceedings of the 8th edition of
SIMBig, a full-virtual conference held between December 1 and December 3, 2021. For
this edition, 23 long papers and four short papers were selected for publication, giving
an acceptance rate of 40.3%.

Keynote Speakers’ Resumes

SIMBig 2021 featured eight keynote speakers. Dr. Marinka Zitnik, from Harvard Uni-
versity, USA, presented her research group’s work for infusing structure and knowledge
into biomedical AI. Grand challenges in biology and medicine often lack annotated
examples and require generalization to entirely new scenarios not seen during training.
However, standard supervised learning is incredibly limited in scenarios such as design-
ing novel medicines, modeling emerging pathogens, and treating rare diseases. In this
talk, Dr. Zitnik presented their efforts to overcome these obstacles by infusing structure
and knowledge into learning algorithms. First, Dr. Zitnik presented general-purpose and
scalable algorithms for few-shot learning on graphs. At the core is the notion of local
subgraphs that transfer knowledge from one task to another, even when only a handful
of labeled examples are available. This principle is theoretically justified as the evidence
for predictions can be found in subgraphs surrounding the targets. Dr. Zitnik concluded
with applications in drug development and precision medicine where the algorithmic
predictions were validated in human cells and led to the discovery of a new class of
drugs.

Dr. Natasha Noy, fromGoogle, USA, talked about the project Google Dataset Search
that seeks to build an open ecosystem for dataset discovery. There are thousands of data
repositories on the Web, providing access to millions of datasets. National and regional
governments, scientific publishers and consortia, commercial data providers, and others
publish data for fields ranging from social and life sciences through high-energy physics
to climate science and more. Access to this data is critical to facilitating reproducibility
of research results, enabling scientists to build on others’ work, and providing data

1 https://simbig.org/SIMBig2021/.

https://simbig.org/SIMBig2021/
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journalists easier access to information and its provenance. This talk gave an overview
of Dataset Search by Google, which provides search capabilities over potentially all
dataset repositories on theWeb, andDr.Noy discussed the open ecosystem for describing
datasets that they hope to encourage.

Dr. Andrei Broder, from Google, USA, presented a point of view about the Web
Advertising Ecosystem. The World Wide Web is arguably an engineering artifact and
social environment that defines our era. A large part of it is made possible by money
generated via advertising. The goal of Dr. Broder’s talk was to give an introduction to
the web advertising ecosystem and illuminate the complex relations between consumers,
publishers, and advertisers.

Dr. Jiawei Han, from the University of Illinois Urbana-Champaign, USA, discussed
their work to convert unstructured text data to structured knowledge. The real-world big
data are largely dynamic, interconnected, and unstructured text. It is highly desirable to
transform such massive unstructured data into structured knowledge. Many researchers
rely on labor-intensive labeling and curation to extract knowledge from such data. Such
approaches, however, are not scalable. We envision that massive text data itself may
disclose a large body of hidden structures and knowledge. Equipped with pretrained
language models and text embedding methods, it is promising to transform unstruc-
tured data into structured knowledge. In this talk, Dr. Han introduced a set of methods
developed recently in his group for such an exploration, including joint spherical text
embedding, discriminative topic mining, taxonomy construction, text classification, and
taxonomy-guided text analysis. Dr. Han showed that a data-driven approach could be
promising at transforming massive text data into structured knowledge.

Dr. Vipin Kumar, from the University of Minnesota, USA, focused on the opportu-
nities and challenges for machine learning on topics related to big data in water. Water
resources worldwide are coming under stress due to increasing demand from a growing
population, increasing pollution, and depleting or uncertain supplies due to changing
climate in which drought and floods have both become more frequent. As domains asso-
ciated with water continue to experience tremendous data growth from models, sensors,
and satellites, there is an unprecedented opportunity formachine learning to help address
urgent water challenges facing humanity. Dr. Kumar’s talk examined the role that big
data and machine learning can play in advancing water science, challenges faced by
traditional machine learning methods in addressing the domain of water, and some early
successes.

Dr. Jian Pei, from Simon Fraser University, Canada, talked about relevant aspects
such as interpretability, fairness, and marketplaces towards trustworthy data science. We
believe data science and AI will change the world. No matter how smart and powerful
an AI model we can build, the ultimate testimony of the success of data science and AI
is users’ trust. How can we build trustworthy data science? At the level of user-model
interaction, how can we convince users that a data analytic result is trustworthy? At
the level of group-wise collaboration for data science and AI, how can we ensure that
the parties and their contributions are recognized fairly, and establish trust between the
outcome (e.g., a model) of the group collaboration and the external users? At the level
of data science participant eco-systems, how can we effectively and efficiently connect
many participants of various roles and facilitate the connection between supplies and
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demands of data andmodels? Dr. Pei’s talk brainstormed possible directions to the above
questions in the context of an end-to-end data science pipeline. To strengthen trustworthy
interactions between models and users, Dr. Pei advocated exact and consistent interpre-
tation of machine learning models. His recent results showed that exact and consistent
interpretations are not just theoretically feasible, but also practical even for API-based
AI services. To build trust in collaboration among multiple participants in coalition, Dr.
Pei reviewed some progress in ensuring fairness in federated learning, including fair
assessment of contributions and fairness enforcement in collaboration outcomes. Last,
to address the need of trustworthy data science eco-systems, Dr. Pei reviewed some
latest efforts in building data and model marketplaces and preserving fairness and pri-
vacy. Through reflection Dr. Pei discussed some challenges and opportunities in building
trustworthy data science for possible future work.

Dr. Francisco Pereira, from the National Institutes of Health (NIH), USA, presented
his research aiming at revealing interpretable object representations from human behav-
ior. Objects can be characterized according to a vast number of possible criteria (e.g.
animacy, shape, color, function), but some dimensions are more useful than others for
making sense of the objects around us. Dr. Pereira described an ongoing effort by his
collaborators to collect a behavioral dataset of millions of odd-one-out similarity judge-
ments on thousands of objects, and a new approach to identify the “core dimensions” of
object representations used in those judgements. His approach models each object as a
sparse, non-negative embedding, and judgements as a function of the similarity of those
embeddings. The resulting model predicts subject behaviour on test data, as well as the
fine-grained structure of object similarity. The dimensions of the embedding space are
coherently interpretable by test subjects, and reflect degrees of taxonomic membership,
functionality, and perceptual or structural attributes, amongother characteristics. Further,
naive subjects can accurately rate objects along these dimension, without training. Col-
lectively, these results demonstrate that human similarity judgments can be captured by
a fairly low-dimensional, interpretable embedding that generalizes to external behavior.

Dr. Jean Vanderdonckt, from the Université catholique de Louvain, Belgium, pro-
vided an overviewof dimension reduction bymodel-based approaches and its application
to gesture recognition. Machine learning algorithms used for 2D/3D gesture recognition
typically require a large training set of templates havingmany dimensions, depending on
the sensor used. Instead of applying classical methods for reducing the dimensionality of
these templates, Dr. Vanderdonckt proposed relying on a model-based approach where
the problem is first mathematically described and then submitted to machine learning
algorithms.

Juan Antonio Lossio-Ventura
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Carlos Gavidia-Calderon
Alan Demétrius Baria Valejo

Hugo Alatrista-Salas
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