Information Fusion and Data Science

Series Editor

Henry Leung, University of Calgary, Calgary, AB, Canada



This book series provides a forum to systematically summarize recent developments,
discoveries and progress on multi-sensor, multi-source/multi-level data and infor-
mation fusion along with its connection to data-enabled science. Emphasis is also
placed on fundamental theories, algorithms and real-world applications of massive
data as well as information processing, analysis, fusion and knowledge generation.

The aim of this book series is to provide the most up-to-date research results and
tutorial materials on current topics in this growing field as well as to stimulate further
research interest by transmitting the knowledge to the next generation of scientists
and engineers in the corresponding fields. The target audiences are graduate stu-
dents, academic scientists as well as researchers in industry and government, related
to computational sciences and engineering, complex systems and artificial intelli-
gence. Formats suitable for the series are contributed volumes, monographs and
lecture notes.

More information about this series at http://link.springer.com/series/15462


http://link.springer.com/series/15462

Michel Barés * Eloi Bossé

Relational Calculus
for Actionable Knowledge

@ Springer



Michel Bares Eloi Bossé

Data Science Department Image and Information
Expertises Parafuse Inc. Processing Department
Jouy en Josas, France IMT Atlantique

Quebec City, QC, Canada

ISSN 2510-1528 ISSN 2510-1536  (electronic)
Information Fusion and Data Science
ISBN 978-3-030-92429-4 ISBN 978-3-030-92430-0  (eBook)

https://doi.org/10.1007/978-3-030-92430-0

© 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 solely and exclusively licensed 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://doi.org/10.1007/978-3-030-92430-0

Preface

One of the major challenges of a newly created scientific domain called “data
science” is to turn data into actionable knowledge to exploit the increasing data
volumes and deal with their inherent complexity (Big data and IoT). The advances in
networking capabilities have created the conditions of complexity by enabling
richer, real-time interactions between and among individuals, objects, systems, and
organizations. Networking involves relations of all kinds and presents challenges of
complexity especially when the objective is to provide technological supports to
human decision-making.

Actionable knowledge has been qualitatively and intensively studied in manage-
ment, business, and social sciences but for computer sciences and engineering,
recently, there has been a connection with data mining and its evolution “Knowledge
Discovery and Data Mining (KDD).” The ambition of our book is to present
advanced knowledge concepts and its formalization to support the analytics and
information fusion (AIF) processes that aim at delivering actionable knowledge. The
book offers four major contributions: (1) the concept of “relation” and its exploita-
tion (relational calculus) for the AIF processes, (2) the formalization of certain
dimensions of knowledge to achieve a semantic growth along the AIF processes,
(3) the modeling of the interrelations within the couple (knowledge, action) to gain
sense, and finally (4) the exploitation of relational calculus to support the AIF core
technological processes that allow to transform data into actionable knowledge.

This book addresses two main poles: computations with relations (relational
calculus) and creation of actionable knowledge. In the first three chapters, we
explore basic properties of knowledge, knowledge representations, and knowledge
processes from scientific and practical perspectives emphasizing existing directions
and areas in knowledge studies. We also examine the fundamental role of informa-
tion and define the relationship that exists between data, information, and knowl-
edge. We discuss the need for formalization. Any automatic process geared to
support human decision-making must be indeed endowed with reasoning ability,
depending on the circumstances and the context of its employment. A suitable
formalism to represent knowledge and information remains the required essential
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for any subsequent artificial reasoning that is achieved throughout a knowledge
processing chain, the AIF processes.

The subsequent three chapters (4—6) address the understanding of the couple
(knowledge, action) and how to support the processing chain in the creation of
actionable knowledge using relational calculus. Chapter 4 presents preliminaries of
crisp and fuzzy relational calculus to support the discussion in the subsequent
chapters. The question of how to deal with knowledge imperfections is addressed.
Chapter 5 examines the couple (knowledge, action). Knowledge is a prerequisite to
taking any reasoned action or course of action according to rational rules. The
questions are what facilitates the relevant decision-making and what are the modal-
ities that can make the action (effect) more efficient. There is a strong dependency
between the notion of knowing about a given world and the decisions that can be
made and consecutively the potential actions that can be undertaken. The notion of
mastering knowledge for efficient actions is treated. Analysis and synthesis of
information, a prerequisite to any decision-making and action, is supported by AIF
technologies. Chapter 6 addresses the usage of relational calculus when applied to
the AIF core processes that perform the multiple transformations required along the
processing chain from data to actionable knowledge.

Jouy en Josas, France Michel Bares
Quebec City, QC, Canada Eloi Bossé
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