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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 Barès
Quebec City, QC, Canada Éloi Bossé
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Group
KDD Knowledge Discovery in Databases
KID Knowledge, Information and Data
KIME Knowledge-Information-Matter-Energy
KS Knowledge System
MAPE Monitor-Analyze-Plan-Execute
MAS Multi-agent Systems
MCDA Multi-criteria Decision Analysis
MCDM Multi-criteria Decision-Making
MS Management Science
M2M Machine-to-Machine
NATO North Atlantic Treaty Organization
NATO SAS RG NATO Systems Analysis and Studies Research Group
ORBAT ORder of BATtle
OODA Observe-Orient-Decide-Act
QoI Quality of Information
SA Situation Analysis
SAW Situation Awareness
SM Sense-Making
STO Socio-technical Organizations
TER Total Entity Resolution
TQM Total Quality Management
TU Total Uncertainty
UMM Uncertainty Management Methods
UN United Nations
URREF Uncertainty Representation and Reasoning Evaluation

Framework
WoT Web of Things
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List of Symbols

ℕ ¼ {1, 2, 3, . . .} The set of natural numbers
ℝ The set of real numbers
|A| The cardinality of a set A
AC The complement of A
2 Membership sign; belongs to
⊆ Subset; inclusion sign
⊂ Proper subset; strict inclusion
∅ Empty set
[ Union
\ Intersection
X Cartesian product
< Less than
� Less than or equal to
> Greater than
� Greater than or equal to
sup Supremum
inf Infimum
max Maximum
min Minimum
:: or ≝ Defined as; given by
∴ Therefore
~ or Ø Negation
⟹ Implication
⟶ Correspond to
8 Universal quantifier; for all
∃ Existencial quantifier; there exists
asc" Ascendant of
desc# Descendent of
‘ Conclusion; turnstile symbol; assertion sign
⟺ Equivalence
Dom(R) Domain of relation R
Rng(R) or Im(R) Range or image of relation R
coR The complement relation coR of R
R�1 The reverse or inverse of relation R
6¼ Not equal
P-relation A relation with property P
aRb a is related to b
poset P a partial ordering or a partial order of P
lub or sup or ⨆

Least upper bound
glb or inf or ⨅ Greatest lower bound
P
L

Q The ordinal sum of two posets

List of Abbreviations xix



 ¼ P,
F
, u , 0, 1ð Þ A lattice as a poset P

R ∘ S Composition of relations R and S
R ⊲ S Subcomposition of relations R and S
R ⊳ S Supercomposition of relations R and S
R ⋄ S Ultracomposition of relations R and S
x =2 A x is not element of A
μ membership function
ν non-membership function
μA(x) degree of membership of element x in A
υA(x) degree of non-membership of element x in A
αA The α-cut of A
αþA The strong α-cut of A
0þA The support of A
1A The core of A
hgt(A) The height of A
plth(A) The plinth of A
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