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ABSTRACT

Cognitive Computing (CC) is an emerging paradigm
of intelligent computing methodologies and systems that
implements computational intelligence by autonomous
inferences and perceptions mimicking the mechanisms of
the brain [12]. CC is emerged and developed based on
the transdisciplinary research in cognitive informatics
and abstract intelligence. Cognitive Informatics (Cl) is a
transdisciplinary  enquiry of  computer science,
information sciences, cognitive science, and cybernetics
that investigates into the internal information processing
mechanisms and processes of the brain and natural
intelligence, as well as their engineering applications [2,
3, 16, 18]. The theoretical framework of cognitive
informatics [5] covers the Information-Matter-Energy
(IME) model [4], the Layered Reference Model of the
Brain (LRMB) [15], the Object-Attribute-Relation
(OAR) model of information representation in the brain
[6], the cognitive informatics model of the brain [14],
Natural Intelligence (NI) [5], and neuroinformatics [5].
Recent studies on LRMB in cognitive informatics reveal
an entire set of cognitive functions of the brain and their
cognitive process models, which explain the functional
mechanisms and cognitive processes of the natural
intelligence with 43 cognitive processes at seven layers
known as the sensation, memory, perception, action,
meta-cognitive, meta-inference, and higher cognitive
layers [15].

Abstract Intelligence (al) is the mathematical form
of intelligence that transfers information into knowledge
and behaviors [11]. The studies on al form a human
enquiry of both natural and artificial intelligence at the
reductive levels of neural, cognitive, functional, and
logical from the bottom up. The paradigms of ol are such
as natural, artificial, machinable, and computational
intelligence. The studies in Cl and al lay a theoretical
foundation toward revealing the basic mechanisms of
different forms of intelligence. As a result, cognitive
computers may be developed, which are characterized as

knowledge processors beyond those of data processors in
conventional computing.

Denotational Mathematics (DM) is a category of
expressive mathematical structures that deals with high-
level mathematical entities beyond numbers and sets,
such as abstract objects, complex relations, perceptual
information, abstract concepts, knowledge, intelligent
behaviors, behavioral processes, and systems [7]. It is
recognized that the maturity of a scientific discipline is
characterized by the maturity of its mathematical (meta-
methodological) means. The paradigms of DM are such
as concept algebra [8], system algebra [9], real-time
process algebra [1, 10], granular algebra [17], visual
semantic algebra [13], fuzzy quantification/qualification,
fuzzy inferences, and fuzzy causality analyses. DM
provides a coherent set of contemporary mathematical
means and explicit expressive power for Cl, al, CC, Al,
and computational intelligence.

The latest advances in Cl, al, CC, and DM lead to
a systematic solution for future generation intelligent
computers known as cognitive computers that think and
feel [12], which will enable the simulation of machinable
thought such as computational inferences, reasoning, and
causality analyses. A wide range of applications of Cl,
al, CC, and DM is expected toward the implementation
of highly intelligent machinable thought such as formal
inference, symbolic reasoning, problem solving, decision
making, cognitive knowledge representation, semantic
searching, and autonomous learning.
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