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Abstract: The basic idea of natural computing is learning from nature. Naturalist framework provides
info-computational architecture for cognizing agents, modelling living organisms as informational
structures with computational dynamics. Intrinsic natural information processes can be used as
natural ecosystem services to perform resource-efficient computation, instead of explicitly controlling
every step of computational process. In robotics, morphological computing is using inherent material
properties to produce behavior like passive walking or grasping. In general, morphology (structure,
shape, form, material) is self-organizing into dynamic structures resulting in growth, development,
and decision-making that represent processes of embodied cognition and constitute naturalized basis
of intelligent behavior.

Keywords: information; knowledge; structures; general theory of information; cognition; turing
machine; structural machine; data structures; knowledge structures

1. Introduction

Morphological computation is a process of creation of new informational structures
in nature, living as well as non-living, defining relationships realized in the substrate
of matter/energy. Cognition in living system involves life-organizing, life-sustaining
goal-directed processes, while in artifactual systems, cognition comprises corresponding
engineered process based on sensors, actuators, and computing units. Unlike self-organized
natural cognition, engineered computational cognition is essentially dependent on human-
made infrastructure with resource supply and control. Physical /morphological cognition
in solid-state inanimate matter is governed by language-controlled information processing
without intrinsic connection to autonomous agency which all living creatures have. Engi-
neered cognitive systems can still learn a lot from living agents, even from the simple ones
like unicellular organisms about resource effective cognitive processes.

Natural info-computational model of reality for an agent includes agent itself and the
world as it appears for the agent (Umwelt). Computation is information processing [1]. It
is natural information transformation [2-7], on different levels of organization (physics,
chemistry, biology, cognition) [2,8-10].

Evolutionary process in living organisms, in the sense of extended evolutionary
synthesis [11,12] unfolds as a result of interactions of living agents with the environment,
including other living agents. It starts with the first simplest pre-biotic structures and leads
to more complex forms such as viruses and bacteria, continuing up in complexity through
the evolution of species, from single cells to humans [13,14].

The info-computational framework is treating cognition as an open-ended process of
self-organization where computation for the most part proceeds as signal processing in
natural systems, and only under special circumstances it takes form of symbol manipulation
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and language-based communication [15]. Both living and engineered info-computational
artifacts possess various degrees of cognitive capacities [8-10,16].

Mechanisms of cognition, based on natural computation/morphological computation
are far more sophisticated than the machine-like classical computationalist models based
on abstract symbol manipulation, as argued in detail by Kampis [16]. As Witzany and
Baluska [17-19] show, the rule-based machines are not good enough models of natural
cognition of highly complex living organisms. According to Varela [19], embodiment is the
fundamental characteristics of cognition, which implies that senses, feelings, and emotions
must be considered as constitutive of cognition, also elaborated in [8,20-22].

Info-computational approach incorporates scientific knowledge about the processes
in nature, translating them into language of natural info-computation. The aim of this
approach to cognition is to increase understanding of cognitive processes in diverse types
of agents, biological and synthetic, including their ability of learning, and learning to learn
(meta-learning) [22], as well as their communications and mutual interactions. The focus
is on the understanding of the fundamental mechanisms of cognitive processes based on
natural information and morphological computation, which boils down to the study of
the structures and their dynamics at different levels of organization. Magnani uses the
term “cognitive domestication of ignorant entities” to describe the process of using natural
computation as ecosystem service for intelligent technology.

As the development of increasingly sophisticated intelligent cognitive computational
systems rapidly progresses, a framework that can seamlessly connect the natural with the
artificial is useful for learning in both directions—from the natural system to the model
and back.
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