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A CATEGORY THEORY AND HIGHER DIMENSIONAL ALGEBRA
 APPROACH TO COMPLEX SYSTEMS BIOLOGY, META-SYSTEMS AND


ONTOLOGICAL THEORY OF LEVELS: EMERGENCE OF LIFE,
 SOCIETY,


HUMAN CONSCIOUSNESS AND ARTIFICIAL INTELLIGENCE


I. C. Baianu, Ronald Brown and James F. Glazebrook


Abstract.


In this monograph we present a novel approach to the problems raised by higher complex-
 ity in both nature and the human society, by considering the most complex levels of objective
 existence as ontological meta-levels, such as those present in the creative human minds and
 civilised, modern societies. Thus, a ‘theory’ about theories is called a‘meta-theory’. In the
 same sense that a statement about propositions is a higher-levelhpropositionirather than a
 simple proposition, a global process of subprocesses is ameta-process, and the emergence of
 higher levels of realityvia such meta-processes results in the objective existence ofontologi-
 cal meta-levels. The new concepts suggested for understanding the emergence and evolution
 of life, as well as human consciousness, are in terms of globalisation of multiple, underlying
 processes into the meta-levels of their existence. Such concepts are also useful in computer
 aided ontology and computer science [1],[194],[197]. The selected approach for our broad–


but also in-depth– study of the fundamental, relational structures and functions present in
living, higher organisms and of the extremely complex processes and meta-processes of the
human mind combines new concepts from three recently developed, related mathematical
fields: Algebraic Topology (AT), Category Theory (CT) and Higher Dimensional Algebra
(HDA), as well as concepts from multi-valued logics. Several important relational structures
present in organisms and the human mind are naturally represented in terms of universal
CT concepts, variable topology, non-Abelian categories and HDA-based notions. The unify-
ing theme of local-to-global approaches to organismal development, biological evolution and
human consciousness leads to novel patterns of relations that emerge in super- and ultra-
complex systems in terms of global compositions of local procedures [33],[39]. This novel
AT concept of combination of local procedures is suggested to be relevant to both ontoge-
netic development and organismal evolution, beginning with the origin of species of higher
organisms; such concepts may provide a formal framework for an improved understanding
of evolutionary biology and the origin of species on multiple levels–from molecular to species
and biosphere levels. It is claimed that human consciousness is anuniquephenomenon which
should be regarded as a composition, or combination of ultra-complex, global processes of
subprocesses, at ameta-levelsupported by, and compatible with, the human brain dynamics
[11]–[23],[33]. Thus, a defining characteristic of such conscious processes involves a combi-
nation of global procedures or meta-processes– that may also involve parallel processing of
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both image and sound sensations, perceptions, emotions and decision making, etc.– that
 ultimately leads to the ontological meta-level of the ultra-complex, human mind. Then,
 an extension of the concept of co–evolution of human consciousness and society leads one
 to the concept of social consciousness [190]. One arrives also at the conclusion that the
 human mind and consciousness are the result not only of the co-evolution of man and his
 society [91],[186],[190], but that they are, in fact, the result of the original co-emergence of
 the meta-level of a minimally-organized human society with that of several, ultra-complex
 human brains. The human ‘spirit’ and society are, thus, completely inseparable–just like
 the very rare Siamese twins. Therefore, the appearance of human consciousness is consid-
 ered to be critically dependent upon the societal co-evolution, the emergence of an elaborate
 language-symbolic communication system, as well as the existence of ‘virtual’, higher dimen-
 sional, non–commutative processes that involve separate space and time perceptions in the
 human mind. Two fundamental, logic adjointness theorems are considered that provide a
 logical basis for categorical representations of functional genome and organismal networks in
 variable categories and extended toposes, or topoi, ‘classified’ (or encoded) by multi-valued
 logic algebras; their subtly nuanced connections to the variable topology and multiple geo-
 metric structures of developing organisms are also pointed out. Our ultra-complexity view-
 point throws new light on previous semantic models in cognitive science and on the theory
 of levels formulated within the framework of Categorical Ontology [40],[69]. A paradigm
 shift towards non-commutative, or more generally, non-Abelian theories of highly complex
 dynamics [33],[40],[69] is suggested to unfold now in physics, mathematics, life and cognitive
 sciences, thus leading to the realizations of higher dimensional algebras in neurosciences
 and psychology, as well as in human genomics, bioinformatics and interactomics. The pres-
 ence of strange attractors in modern society dynamics, and especially the emergence of new
 meta-levels of still-higher complexity in modern society, gives rise to very serious concerns
 for the future of mankind and the continued persistence of a multi-stable Biosphere if such
 ultra-complexity, meta-level issues continue to be ignored by decision makers.


Keywords: Categorical Ontology and the Theory of Levels (COTL); meta-levels; Non-
 Abelian Categorical Ontology; analysis and synthesis; Theoretical Biology; General Sys-
 tems Theory and Complex Systems Biology; closed and open systems; boundaries and hori-
 zons; complex, super–complex and ultra–complex system dynamics; nonlinear dynamics; Au-
 topoiesis and generalised metabolic–replication systems; (M,R)-systems (MRs) and organ-
 isms; Theory of Categories, Functors and Natural Transformations (CT);


Yoneda–Grothendieck Lemma; category of categories, super-category, or 2-category;


n-category; ETAC and ETAS axioms; Non–Abelian Algebraic Topology (NAAT); Double
Groupoids, category of double groupoids and double category; Higher Homotopy–Generalised
van Kampen theorems (HHGvKTs); Higher Dimensional Algebra (HDA) of Networks; Higher
Dimensional Algebra of Brain Functions; non–commutative topological invariants of complex
dynamic state spaces; Quantum Algebraic Topology (QAT) and Axiomatic Quantum Theory
(AQT); Quantum Double Groupoids; artificial intelligence (AI) and Biomimetics; automata
vs. quantum automata and organisms; ÃLukasiewicz-Moisil (LM) Logic Algebras of Genetic
Networks and Interactomes; LM- and Q- Logic; Relational Biology Principles; Organismic
Supercategories (OS) and Categories of Relational Patterns; Natural Transformations in
Molecular and Relational Biology; molecular class variables (mcv); Similarity, Analogous
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and Adjoint Systems as adjoint functors; weak adjointness, nuclear transplants and cloning;


the origin of life and primordial MR models; universal properties in CT; pushouts, pullbacks,
 cones and co-cones; duality; categorical limits, colimits and chains of local procedures in de-
 velopmental and evolutionary biology; biogroupoids, variable groupoids, variable categories,
 locally Lie groupoids and groupoid atlas structures; local-to-global aspects of Biological Evo-
 lution; Compositions of Local Procedures (COLPs); co-evolution of human society and the
 human mind; Human Consciousness and Synaesthesia; Co-emergence of human conscious-
 ness and society; variable biogroupoids, variable biotopology and variable categories; Rosetta
 biogroupoids of human social interactions; social interactions, objectivation and memes; an-
 ticipation; strange attractors of modern society dynamics


2000Mathematics Subject Classification: 16B50, 68Q15,03G20 (Algebraic logic::


ÃLukasiewicz algebras), 03G12 (Quantum logic), 93A30 (Systems theory; control :: General
 :: Mathematical modeling ), 18A15 (Category theory; General theory of categories and
 functors : Foundations, relations to logic), 18A40 (Category theory: General theory of cate-
 gories and functors:: Adjoint functors ), 93B15 (Systems theory; control:: Realizations from
 input-output data), 92D10 (Genetics and population dynamics::Genetics), 18B40 (Category
 theory: Special categories :: Groupoids, semigroupoids, semigroups, groups), 18G55 (Cat-
 egory theory;Homotopical algebra), 55U40 (Algebraic topology: Applied category theory::


Foundations of homotopy theory).
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1. Introduction


Ontology has acquired over time several meanings, and it has also been approached in
 many different ways, but all of these are connected to the concepts of an‘objective existence’


and categories of items. A related and also important function of Ontology is to classify
 and/or categorize items and essential aspects of reality [2],[206]-[210]. Mathematicians spe-
 cialised in Group Theory are very familiar with the classification problem into various types
 of the mathematical objects, or structures called ‘groups’. Computer scientists that carry out
 ontological classifications, or study AI and Cognitive Science [201], are also interested in the
 logical foundations of computer science [1],[194],[197],[201]. We shall thus employ the adjec-
 tive“ontological” with the meaning of pertaining to objective, real existence in its essential
 aspects. We shall also consider here the nounexistenceas a basic, or primary concept which
 cannot be defined in either simpler or atomic terms, with the latter in the sense of Wittgen-
 stein. The authors aim at a concise presentation of novel methodologies for studying such
 difficult, as well as controversial, ontological problems of Space and Time at different levels
 of objective reality defined here as Complex, Super–Complex and Ultra–Complex Dynamic
 Systems, simply in order ‘to divide and conquer’. The latter two are biological organisms,
 human (and perhaps also hominide) societies, and more generally, variable ‘systems’ and
 meta-systems that are not recursively–computable. An attempt is made from the viewpoint
 of the recent theory of ontological levels [2],[40],[137],[206]-[209] to understand the origins
 and emergence of life, the dynamics of the evolution of organisms and species, the ascent of
 man and the co-emergence, as well as co-evolution of human consciousness within organised
 societies. It is also attempted here to classify more precisely the levels of reality and species
 of organisms than it has been thus far reported.


In spite of the difficulties associated with understanding the essence of life, the human
mind, consciousness and its origins, one can define pragmatically the human brain in terms
of its neurophysiological functions, anatomical and microscopic structure, but one cannot
as readily observe and define the much more elusive human mind. The existence of the
human mind depends both upon a fully functional human brain and its training or edu-
cation by the human society. Human minds that do not but weakly interact with those
of any other member of society are partially disfunctional, thus creating difficult problems



(7)with the society integration of such humans. Obviously, it does take a fully functional
 mind to observe and understand the human mind. Theories of the mind are thus consid-
 ered here in the context of a novel ontological theory of levels. Thus, in this monograph
 we have focused in the last two sections on the ultra-complex problems raised by human
 consciousness and its co-emergence with the human society, as well as on the very com-
 plex interactions in modern society and their possible outcomes. Current thinking [87],
 [91],[182],[186],[188], [190],[195]-[196],[203],[247] considers the actual emergence of human
 consciousness [83],[91],[186],[190],[261] –and also its ontic category– to be critically depen-
 dent upon the existence of both a human society level of minimal (tribal) organization
 [91],[186],[190], and that of an extremely complex structuraln –functional unit –the human
 brain with an asymmetric network topology and a dynamic network connectivity of very
 high-order [187],[218], [262]. Anticipatory systems and complex causality at the top levels
 of reality are also discussed in the context of Complex Systems Biology (CSB), psychology,
 sociology and ecology.


Our novel approach to meta-systems and levels using Category Theory and HDA math-
 ematical representations is also applicable–albeit in a modified form–to supercomputers,
 complex quantum computers, man–made neural networks and novel designs of advanced
 artificial intelligence (AI) systems (AAIS).


The next six sections proceed from the Ontological Theory of Levels to Categorical Ontol-
 ogy, the definition and classification of dynamic systems, the emergence of complex systems,
 the origins of Life on Earth, the emergence of super-complex organisms through evolution ,
 as well as the co-emergence and co-evolution ofH. sapiensand society. Section 8 is a concise
 presentation of novel designs of meta-level AI systems, as well as Biomimetics, in general.


Rigorous definitions of the logical and mathematical concepts employed in this monograph
are provided in Sections 2 to 7, and also in the Appendix. A step-by-step construction of our
conceptual framework was provided in a recent series of publications on categorical ontology
of levels and complex systems dynamics [33]-[34],[39]-[40], and are here also summarized in
Sections 2 to 4. Besides introducing super-complex and ultra-complex systems that emerge
as meta-levels of ontic reality, the ontological classification of dynamic systems is considered
in Section 4 from the point of view of dynamic analogy, topological conjugacy and dynamic
adjointness beween systems. Classes of dynamically equivalent systems lead directly to a
certain type of groupoids associated with systems dynamics and their symmetry, and are
therefore called dynamic groupoids; categories of dynamic groupoids and their homomor-
phisms are called therefore dynamic categories. Section 5 begins with a brief, theoretical
subsection on Complex Systems Biology (CSB), and a subsection on general biological princi-
ples and postulates; the next three subsections discuss the emergence of life and consider the
problem of mathematical representations of functional organisms, including the original life-
form on Earth, called theprimordial. The next five subsections in Section 5 present several
detailed examples of fully developed mathematical representations of functional organisms in
categories, such as: (Metabolic-Repair)-systems, (M, R)-systems, ÃLukasiewics logic-algebra
representation of dynamic genetic networks, and dynamic programming/algebraic geometry
models of oncogenesis and cellular controls. The last subsections in Section 5 are introduc-
ing two general representations of dynamic processes in evolutionary biology- autopoiesis
and chains/compositions of local procedures (COLPs) that represent speciation and the



(8)emergence of complex species as possible solutions to local-to-global, dynamic problems of
evolutionary biology. Section 6 presents a literature consensus regarding the co-emergence
and co-evolution of human consciousness and society, even though the empirical/historical
evidence is scarce, incomplete and often debated. For us the most interesting question by
far is how human consciousness and civilisation emerged subsequent only to the emergence
ofH. sapiens. This may have arisen through the development of speech-syntactic language
and an appropriately organized ‘primitive’ society [91],[186] (perhaps initially made of ho-
minins/hominides). No doubt, the details of this highly complex, emergence process have
been the subject of intense controversies over the last several centuries, and many differing
opinions, even among these authors, and they will continue to elude us since much of the
essential data must remains either scarce or unattainable. Defining human consciousness
proves to be an even more difficult task than defining super-complex systems which repre-
sent functional organisms. It is also suggested in Section 6 that without the consideration
of meta-level processes of neurophysiological subprocesses in the human brain, as well as
their representations in higher dimensional algebra (HDA), one may not be able to obtain
an improved understanding of human consciousness. Moreover, the subtle and most com-
plex interactions present in human societies required the introduction in Section 7 of several
new concepts in order to represent certain essential aspects of society dynamics and evo-
lution such as those related to memes and political decision making. The continuation of
the very existence of human society may now depend upon an improved understanding of
highly complex systems and the human mind, and also upon how the global human society
interacts with the rest of the biosphere and its natural environment. It is most likely that
such tools that we shall suggest here might have value not only to the sciences of complexity
and Ontology but, more generally also, to all philosophers seriously interested in keeping on
the rigorous side of the fence in their arguments. Following Kant’s critique of ‘pure’ reason
and Wittgenstein’ s critique of language misuse in philosophy, one needs also to critically
examine the possibility of using general and universal, mathematical language and tools in
formal approaches to a rigorous, formal Ontology. Throughout this monograph we shall
use the attribute‘categorial’ only for philosophical and linguistic arguments. On the other
hand, we shall utilize the rigorous term‘categorical’ only in conjunction with applications of
concepts and results from the more restrictive, but still quite general, mathematicalTheory
of Categories, Functors and Natural Transformations (TC-FNT) presented here concisely
in Section 3 . According to SEP (2006): “Category theory ... is a general mathematical
theory of structures and of systems of structures. Category theory is both an inter-
esting object of philosophical study, and a potentially powerful formal tool for philosophical
investigations of concepts such as space, system, and even truth... It has come to occupy a
central position in contemporary mathematics and theoretical computer science, and is also
applied to mathematical physics.” [248]. Traditional, modern philosophy– considered as a
search for improving knowledge and wisdom– does also aims at unity that might be obtained
as suggested by Herbert Spencer in 1862 through a ‘synthesis of syntheses’; this could be
perhaps iterated many times because each treatment is based upon a critical evaluation and
provisional improvements of previous treatments or stages. One notes however that this
methodological question is hotly debated by modern philosophers beginning, for example,
by Descartes before Kant and Spencer; Descartes championed with a great deal of success
the‘analytical’ approach in whichall available evidence is, in principle, examined critically



(9)and skeptically first both by the proposer of novel metaphysical claims and his, or her, read-
 ers. Descartes equated the ‘synthetic’ approach with the Euclidean ‘geometric’ (axiomatic)
 approach, and thus relegated synthesis to a secondary, perhaps less significant, role than
 that of critical analysis of scientific ‘data’ input, such as the laws, principles, axioms and
 theories of all specific sciences. Spinoza’s, Kant’s and Spencer’s styles might be consid-
 ered to be synthetic by Descartes and all Cartesians, whereas Russell’s approach might also
 be considered to be analytical. Clearly and correctly, however, Descartes did not regard
 analysis (A) and synthesis (S) as exactly inverse to each other, such as A ÀS, and also
 not merely as ‘bottom–up’ and ‘top–bottom’ processes (↓↑). Interestingly, unlike Descartes’


discourse of the philosophical method, his treatise of philosophical principles comes closer
 to the synthetic approach in having definitions and deductive attempts, logical inferences,
 not unlike his ‘synthetic’ predecessors, albeit with completely different claims and perhaps
 a wider horizon. The reader may immediately note that if one, as proposed by Descartes,
 begins the presentation or method with an analysisA, followed by a synthesis S, and then
 reversed the presentation in a follow-up treatment by beginning with a synthesis S∗ fol-
 lowed by an analysis A0 of the predictions made by S0 consistent, or analogous, with A,
 then obviously AS 6= S0A0 because we assumed that A 'A0 and that S 6= S0. Further-
 more, if one did not make any additional assumptions about analysis and synthesis, then
 analysis→synthesis6=synthesis→analysis, orAS6=SA, that is analysis and synthesis
 obviously ‘do not commute’; such a theory when expressed mathematically would be then
 called ‘non-Abelian’. This is also a good example of the meaning of the term non-Abelian
 in a philosophical, epistemological context.


2. The Theory of Levels in Ontology


This section outlines our novel methodology and approach to the ontological theory of
 levels, which is then applied in subsequent sections in a manner consistent with our recently
 published developments [33]-[34],[39]-[40]. Here, we are in harmony with the theme and
 approach of Poli’s ontological theory of levels of reality [121], [206]–[211]) by considering
 both philosophical–categorial aspects such as Kant’s relational and modal categories, as well
 as categorical–mathematical tools and models of complex systems in terms of a dynamic,
 evolutionary viewpoint.


2.1. Fundamentals of Poli’s Theory of Levels


The ontological theory of levels by Poli [206]-[211] considers a hierarchy ofitems struc-
 tured on different levels of reality, or existence, with the higher levels emerging from the
 lower, but usually not reducible to the latter, as claimed by widespread reductionism. This
 approach modifies and expands considerably earlier work by Hartmann [137] both in its vi-
 sion and the range of possibilities. Thus, Poli in [206]-[211] considers four realms orlevels of
 reality: Material-inanimate/Physico-chemical, Material-living/Biological, Psychological and
 Social. Poli in [211] has stressed a need for understanding causal and spatiotemporal phe-
 nomena formulated within a descriptive categorical context for theoretical levels of reality.


There is the need in this context to develop asyntheticmethodology in order to compensate
for the critical ontic data analysis, although one notes (cf. Rosen in 1987 [232]) that anal-
ysis and synthesis are not the exact inverse of each other. At the same time, we address in



(10)categorical form the internal dynamics, thetemporal rhythm, or cycles, and the subsequent
 unfolding of reality. The genera of corresponding concepts such as ‘processes’, ‘groups’,


‘essence’, ‘stereotypes’, and so on, can be simply referred to as‘items’ which allow for the
 existence of many forms of causal connection [210]-[211]. The implicit meaning is that the
 irreducible multiplicity of such connections converges, or it is ontologically integrated within
 a unified synthesis.


2.2. Towards a Formal Theory of Levels in Ontology


This subsection will introduce in a concise manner fundamental concepts of the ontolog-
 ical theory of levels. Further details were reported by Poli in [206]-[211], and by Baianu and
 Poli in this volume [40].


2.3. The Object-based Approach vs Process-based (Dynamic) Ontology
 In classifications, such as those developed over time in Biology for organisms, or in
 Chemistry for chemical elements, the objects are the basic items being classified even if
 the ‘ultimate’ goal may be, for example, either evolutionary or mechanistic studies. An
 ontology based strictly on object classification may have little to offer from the point of view
 of its cognitive content. It is interesting that D’Arcy W. Thompson arrived in 1941 at an
 ontologic “principle of discontinuity” which “is inherent in all our classifications, whether
 mathematical, physical or biological... In short, nature proceeds from one type to another
 among organic as well as inorganic forms... and to seek for stepping stones across the gaps
 between is to seek in vain, for ever.” (p.1094 of Thompson in [259], re-printed edition).


Whereas the existence of different ontological levels of reality is well-established, one cannot
 also discard the study of emergence and co-emergence processes as a path to improving our
 understanding of the relationships among the ontological levels, and also as an important
 means of ontological classification. Furthermore, the emergence of ontological meta-levels
 cannot be conceived in the absence of the simpler levels, much the same way as the chemical
 properties of elements and molecules cannot be properly understood without those of their
 constituent electrons.


It is often thought that the object-oriented approach can be readily converted into a
process-based one. It would seem, however, that the answer to this question depends criti-
cally on the ontological level selected. For example, at the quantum level,object and process
become inter-mingled. Either comparing or moving between levels– for example through
emergent processes– requires ultimately a process-based approach, especially in Categorical
Ontology where relations and inter-process connections are essential to developing any valid
theory. Ontologically, the quantum level is a fundamentally important starting point which
needs to be taken into account by any theory of levels that aims at completeness. Such com-
pleteness may not be attainable, however, simply because an ‘extension’ of G¨odel’s theorem
may hold here also. The fundamental quantum level is generally accepted to be dynamically,
or intrinsically non-commutative, in the sense of the non-commutative quantum logic and
also in the sense of non-commuting quantum operators for the essential quantum observ-
ables such as position and momentum. Therefore, any comprehensive theory of levels, in
the sense of incorporating the quantum level, is thus –mutatis mutandis– non-Abelian. A
paradigm shift towards anon-Abelian Categorical Ontology has already begun [33]-[34],[37]-
[38],[40],[69], as it will be further explained in the next section.



(11)2.4. From Component Objects and Molecular/Anatomical Structure to
 Organismic Functions and Relations: A Process–Based Approach to Ontol-
 ogy


Wiener in 1950 made the important remark that implementation ofcomplex functionality
 in a (complicated, but not necessarily complex–in the sense defined above) machine requires
 also the design and construction of a correspondinglycomplex structure, or structures [269].


A similar argument holdsmutatis mutandis, or by induction, forvariable machines, variable
 automata and variable dynamic systems [12]-[23]; therefore, if one represents organisms
 as variable dynamic systems, onea fortiori requires asuper-complex structure to enable or
 entailsuper-complex dynamics, and indeed this is the case for organisms with their extremely
 intricate structures at both the molecular and supra-molecular levels. This seems to be a
 key point which appears to have been missed in the early-stages of Robert Rosen’s theory of
 simple (M, R)-systems, prior to 1970, that were deliberately designed to have “no structure”


as it was thought they would thus attain the highest degree of generality or abstraction, but
 were then shown by Warner to be equivalent to a special type of sequential machine or
 classical automaton [17],[264].


The essential properties that define the super– and ultra– complex systems derive from
 theinteractions, relations and dynamic transformationsthat are ubiquitous at such levels of
 reality– which need to be distinguished from the levels of organization internal to any biolog-
 ical organism or biosystem. Therefore, a complete approach to Ontology should obviously
 include relations and interconnections between items, with the emphasis on dynamic pro-
 cesses, complexityandfunctionalityof systems. This leads one to consider general relations,
 such asmorphisms on different levels, and thus to thecategorical viewpointof Ontology. The
 process-based approach to an Universal Ontology is therefore essential to an understanding
 of the Ontology of Reality Levels, hierarchies, complexity, anticipatory systems, Life, Con-
 sciousness and the Universe(s). On the other hand, the opposite approach, based on objects,
 is perhaps useful only at the initial cognitive stages in experimental science, such as the sim-
 pler classification systems used for efficiently organizing data and providing a simple data
 structure. We note here also the distinct meaning of ‘object’ in psychology, which is much
 different from the one considered in this subsection; for example, an external process can be


‘reflected’ in one’s mind as an ‘object of study’. This duality, or complementarity between


‘object’ and ‘subject’, ‘objective’ and ‘subjective’ seems to be widely adopted in philosophy,
 beginning with Descartes and continuing with Kant, Heidegger, and so on. A somewhat sim-
 ilar, but not precisely analogous distinction is fundamental in standard Quantum Theory–


the distinction between the observed/measured system (which is the quantum, ‘subject’ of
 the measurement), and the measuring instrument (which is a classical ‘object’ that carries
 out the measurement).


2.5. Physicochemical Structure–Function Relationships


It is generally accepted at present that structure-functionality relationships are key to
 the understanding of super-complex systems such as living cells and organisms. Integrat-
 ing structure–function relationships into a Categorical Ontology approach is undoubtedly
 a viable alternative to any level reduction, and philosophical/epistemologic reductionism in
 general. Such an approach is also essential to the science of complex/super-complex systems;


it is also considerably more difficult than either physicalist reductionism, entirelyabstract re-



(12)lationalism or ‘rhetorical mathematics’. Moreover, because there are many alternative ways
 in which the physico-chemical structures can be combined within an organizational map
 or relational complex system, there is amultiplicity of ‘solutions’ or mathematical models
 that needs be investigated, and the latter are not computable with a digital computer in
 the case of complex/super-complex systems such as organisms [23],[232]. The problem is
 further compounded by the presence of structural disorder (in the physical structure sense)
 which leads to a very high multiplicity of dynamical-physicochemical structures (or ‘config-
 urations’) of a biopolymer– such as a protein, enzyme, or nucleic acid, of a biomembrane, as
 well as of a living cell, that correspond to a single function or a small number of physiolog-
 ical functions [20]; this complicates the assignment of a ‘fuzzy’ physico-chemical structure
 to a well-defined biological function unless extensive experimental data are available, as
 for example, those derived through computation from 2D-NMR spectroscopy data (as for
 example by W¨utrich, in 1996 [271]), or neutron/X-ray scattering and related multi-nuclear
 NMR spectroscopy/relaxation data [20] Detailed considerations of the ubiquitous, or univer-
 sal, partial disorder effects on the structure-functionality relationships were reported for the
 first time by Baianu in 1980 [20]. Specific aspects were also recently discussed by W¨utrich
 in 1996 on the basis of 2D-NMR analysis of ‘small’ protein configurations in solution [271].


As befitting the situation, there are devised universal categories of reality in its en-
 tirety, and also subcategories which apply to the respective sub-domains of reality. We
 harmonize this theme by considering categorical models of complex systems in terms of
 an evolutionary dynamic viewpoint using the mathematical methods of Category Theory
 which afford describing the characteristics, classification and emergence of levels, besides
 the links with other theories that are, a priori, essential requirements of any ontological
 theory. We also underscore a significant component of this essay that relates the ontology
 to geometry/topology; specifically, if a level is defined via ‘iterates of local procedures’ (cf


‘items in iteration’ cf. Brown and ˙I¸cen in [71]), that will further expanded upon in the last
 sections; then we will have a handle on describing its intrinsic governing dynamics (with
 feedback). As we shall see in the next subsection, categorical techniques– which form an
 integral part of our ontological considerations– provide a means of describing a hierarchy of
 levels in both a linear and interwoven, or entangled, fashion, thus leading to the necessary
 bill of fare: emergence, higher complexity and open, non-equilibrium/irreversible systems.


We must emphasize that the categorical methodology selected here is intrinsically ‘higher
 dimensional’, and can thus account for meta–levels, such as ‘processes between processes...’


within, or between, the levels–and sub-levels– in question. Whereas a strictly Boolean clas-
 sification of levels allows only for the occurrence ofdiscrete ontological levels, and also does
 not readily accommodate either contingent or stochastic sub-levels, the LM-logic algebra
 is readily extended to continuous, contingent or even fuzzy sub-levels, or levels of reality
 [11],[23],[32]-[34],[39]-[40],[120],[140]. Clearly, a Non-Abelian Ontology of Levels would re-
 quire the inclusion of either Q- or LM- logics algebraic categories (discussed in the following
 section) because it begins at the fundamental quantum level –where Q-logic reigns– and


‘rises’ to the emergent ultra-complex level(s) with ‘all’ of its possible sub-levels represented
by certain LM-logics. (Further considerations on the meta–level question are presented by
Baianu and Poli in this volume [40]). On each level of the ontological hierarchy there is
a significant amount of connectivity through inter-dependence, interactions or general rela-
tions often giving rise to complex patterns that are not readily analyzed by partitioning or



(13)through stochastic methods as they are neither simple, nor are they random connections.


This ontological situation gives rise to a wide variety of networks, graphs, and/or mathemat-
 ical categories, all with different connectivity rules, different types of activities, and also a
 hierarchy of super-networks of networks of subnetworks. Then, the important question arises
 what types of basic symmetry or patternssuch super-networks of items can have, and how do
 the effects of their sub-networks percolate through the various levels. From the categorical
 viewpoint, these are of two basic types: they are either commutative or non-commutative,
 where, at least at the quantum level, the latter takes precedence over the former, as we shall
 further discuss and explain in the following sections.


We are presenting next a Categorical Ontology of highly complex systems, discussing
 the modalities and possible operational logics of living organisms, in general.


3. Categorical Ontology and Categorical Logics
 3.1. Basic Structure of Categorical Ontology. The Theory of Levels:


Emergence of Higher Levels, Meta–Levels and Their Sublevels


With the provisos specified above, our proposed methodology and approach employs
 concepts and mathematical techniques from Category Theory which afford describing the
 characteristics and binding of ontological levels besides their links with other theories.


Whereas Hartmann in 1952 stratified levels in terms of the four frameworks: physical, ‘or-
 ganic’/biological, mental and spiritual [137], we restrict here mainly to the first three. The
 categorical techniques which we introduce provide a powerful means for describing levels in
 both a linear and interwoven fashion, thus leading to the necessary bill of fare: emergence,
 complexity and open non-equilibrium, or irreversible systems. Furthermore, any effective ap-
 proach to Philosophical Ontology is concerned withuniversal items assembled in categories
 of objects and relations, involving, in general, transformations and/or processes. Thus, Cat-
 egorical Ontology is fundamentally dependent upon both space and time considerations.


Therefore, one needs to consider first a dynamic classification of systems into different levels
of reality, beginning with the physical levels (including the fundamental quantum level) and
continuing in an increasing order of complexity to the chemical–molecular levels, and then
higher, towards the biological, psychological, societal and environmental levels. Indeed, it
is the principal tenet in the theory of levels that : “there is a two-way interaction between
social and mental systems that impinges upon the material realm for which the latter is the
bearer of both” [209]. Therefore, any effective Categorical Ontology approach requires, or
generates–in the constructive sense–a ‘structure’ or pattern of linked items rather than a
discrete set of items. The evolution in our universe is thus seen to proceed from the level
of ‘elementary’ quantum ‘wave–particles’, their interactions via quantized fields (photons,
bosons, gluons, etc.), also including the quantum gravitation level, towards aggregates or
categories of increasing complexity. In this sense, the classical macroscopic systems are de-
fined as ‘simple’ dynamical systems that arecomputable recursivelyas numerical solutions of
mathematical systems of either ordinary or partial differential equations. Underlying such
mathematical systems is always the Boolean, or chrysippian, logic, namely, the logic of sets,
Venn diagrams, digital computers and perhaps automatic reflex movements/motor actions
of animals. The simple dynamical systems are always recursively computable (see for ex-
ample, Suppes, 1995–2006 [253]-[254], and also [23]), and in a certain specific sense, both



(14)degenerate and non-generic, and consequently also they are structurally unstable to small
 perturbations; such systems are, in general, deterministic in the classical sense, although
 there are arguments about the possibility of chaos in quantum systems. The next higher
 order of systems is then exemplified by ‘systems with chaotic dynamics’ that are convention-
 ally called ‘complex’ by physicists who study ‘chaotic’ dynamics/Chaos theories, computer
 scientists and modelers even though such physical, dynamical systems are still completely
 deterministic. It has been formally proven that such ‘systems with chaos’ are recursively
 non-computable (see for example, refs. [23] and [28] for a 2-page, rigorous mathematical
 proof and relevant references), and therefore they cannot be completely and correctly simu-
 lated by digital computers, even though some are often expressed mathematically in terms
 of iterated maps or algorithmic-style formulas. Higher level systems above the chaotic ones,
 that we shall call ‘super–complex, biological systems’, are the living organisms, followed at
 still higher levels by the ultra-complex ‘systems’ of the human mind and human societies
 that will be discussed in the last sections. The evolution to the highest order of complexity-
 the ultra-complex, meta–‘system’ of processes of the human mind–may have become possi-
 ble, and indeed accelerated, only through human societal interactions and effective, elabo-
 rate/rational and symbolic communication through speech (rather than screech –as in the
 case of chimpanzees, gorillas, baboons, etc).


Then, we consider briefly those integrated functions of the human brain that support
 the ultra-complex human mind and its important roles in societies. Mores specifically,
 we propose to combine a critical analysis of language with precisely defined, abstract cat-
 egorical concepts from Algebraic Topology reported by Brown et al, in 2007 [69], and
 the general-mathematical Theory of Categories, Functors and Natural Transformations:


[56], [80], [98]-[102], [105]-[106],[113],[115-[119],[130], [133]-[135],[141]-[143], [151],[154], [161]-
 [163],[165]-[168], [172], [175]-[177],[183], [192]-[194],[198]-[199] [213]-[215],[225], [227],[246],
 [252], [256] into a categorical framework which is suitable for further ontological develop-
 ment, especially in the relational rather than modal ontology of complex spacetime struc-
 tures. Basic concepts of Categorical Ontology are presented in this section, whereas formal
 definitions are relegated to one of our recent, detailed reports [69]. On the one hand, philo-
 sophical categories according to Kant are: quantity, quality, relation and modality, and
 the most complex and far-reaching questions concern the relational and modality-related
 categories. On the other hand, mathematical categories are considered at present as the
 most general and universal structures in mathematics, consisting of related abstract objects
 connected by arrows. The abstract objects in a category may, or may not, have a specified
 structure, but must all be of the same type or kind in any given category. The arrows
 (also called ‘morphisms’) can represent relations, mappings/functions, operators, transfor-
 mations, homeomorphisms, and so on, thus allowing great flexibility in applications, includ-
 ing those outside mathematics as in: Logics [118]-[120], Computer Science [1], [161]-[163]


[201],[248], [252], Life Sciences [5],[11]-[17],[19],[23],[28]-[36],[39],[40],[42]-[44],[70],[74],[103]-
[104],[230],[232],[234]-[238],[264], Psychology, Sociology [33],[34],[39],[40],[74], and Environ-
mental Sciences [169]. The mathematical category also has a form of ‘internal’ symmetry,
specified precisely as the commutativity of chains of morphism compositions that are uni-
directional only, or as naturality of diagrams of morphisms; finally, any object A of an
abstract category has an associated, unique, identity, 1A, and therefore, one can replace all
objects in abstract categories by the identity morphisms. When all arrows are invertible,



(15)the special category thus obtained is called a ‘groupoid’, and plays a fundamental role in
 the field of mathematics called Algebraic Topology.


The categorical viewpoint– as emphasized by William Lawvere, Charles Ehresmann and
 most mathematicians– is that the key concept and mathematical structure is that of mor-
 phisms that can be seen, for example, as abstract relations, mappings, functions, connec-
 tions, interactions, transformations, and so on. Thus, one notes here how the philosophical
 category of ‘relation’ is closely allied to the basic concept of morphism, or arrow, in an
 abstract category; the implicit tenet is that arrows are what counts. One can therefore ex-
 press all essential properties, attributes, and structures by means of arrows that, in the most
 general case, can represent either philosophical ‘relations’ or modalities, the question then
 remaining if philosophical–categorial properties need be subjected to the categorical restric-
 tion of commutativity. As there is noa priori reason in either nature or ‘pure’ reasoning,
 including any form of Kantian ‘transcendental logic’, that either relational or modal cate-
 gories should in general have any symmetry properties, one cannot impose onto philosophy,
 and especially in ontology, all the strictures of category theory, and especially commutativ-
 ity. Interestingly, the same comment applies to Logics: only the simplest forms of Logics,
 the Boolean and intuitionistic, Heyting-Brouwer logic algebras are commutative, whereas
 the algebras of many-valued (MV) logics, such as ÃLukasiewicz logic are non-commutative
 (or non-Abelian).


3.2. Categorical Representations of the Ontological Theory of Levels: From Simple to
 Super– and Ultra– Complex Dynamic Systems. Abelian vs. Non-Abelian Theories


General system analysis seems to require formulating ontology by means of categorical
 concepts (Baianu and Poli, 2010 [40]; Brown et al.[69]). Furthermore, Category Theory ap-
 pears as a natural framework for any general theory of transformations or dynamic processes,
 just as Group Theory provides the appropriate framework for classical dynamics and quan-
 tum systems with a finite number of degrees of freedom. Therefore, we have adopted a cat-
 egorical approach as the starting point, meaning that we are looking for“what is universal”


(in some domain, or in general), and that only for simple systems this involvescommutative
modelling diagrams and structures (as, for example, in Figure 1 of Rosen, 1987 [232]). Note
that this ontological use of the word ‘universal’ is quite distinct from the mathematical use
of‘universal property’, which means that a property of a construction on particular objects
is defined by its relation to all other objects (i.e., it is aglobal attribute), usually through
constructing a morphism, since this is the only way, in anabstractcategory, for objects to be
related. With the first (ontological) meaning, the most universal feature of reality is that it
istemporal, i.e. it changes, it is subject to countless transformations, movements and alter-
ations. In this select case ofuniversal temporality, it seems that the two different meanings
can be brought into superposition through appropriate formalization. Furthermore, con-
crete categories may also allow for the representation of ontological ‘universal items’ as in
certain previous applications to categories of neural networks [14],[23],[32]-[33]. For general
categories, however, each object is a kind of a Skinnerian black box, whose only exposure
is through input and output, i.e. the object is given by its connectivity through various
morphisms, to other objects. For example, the dual of the category of sets still has objects
but these have no structure (from the categorical viewpoint). Other types of category are
important as expressing useful relationships on structures, for examplelextensivecategories,



(16)which have been used to express a general van Kampen theorem by Brown and Janelidze in
 1997 [65].


Thus, abstract mathematical structures are developed to definerelationships, to deduce
 and calculate, to exploit and define analogies, sinceanalogies are between relations between
 things rather than between things themselves. A description of a new structure is in some
 sense a development of part of a new language; the notion of structure is also related to
 the notion of analogy. It is one of the triumphs of the mathematical theory of categories
 in the 20th century to make progress towards unifying mathematics through the finding of
 analogies between various behavior of structures across different areas of mathematics. This
 theme is further elaborated in the article by Brown and Porter in 2006 [66] who argued
 that many analogies in mathematics, and in many other areas, are not between objects
 themselves but between the relations between objects.


3.3. Categorical Logics of Processes and Structures: Universal Concepts and Properties
 The logic of classical events associated with either mechanical systems, mechanisms,
 universal Turing machines, automata, robots and digital computers is generally under-
 stood to be simple, Boolean logic. The same applies to Einstein’s GR. It is only with
 the advent of quantum theories that quantum logics of events were introduced which are
 non-commutative, and therefore, also non-Boolean. Somewhat surprisingly, however, the
 connection between quantum logics (QL) and other non-commutative many-valued logics,
 such as the ÃLukasiewicz logic, has only been recently made [88],[31]–[34].


Such considerations are also of potential interest for a wide range of complex systems, as
 well as quantum ones, as it has been pointed out previously [18],[23],[31]-[34]. Furthermore,
 both the concept of ‘Topos’ and that of variable category, can be further generalized by
 the involvement of many-valued logics, as for example in the case of ‘ÃLukasiewicz-Moisil, or
 LM Topos’ [32]. This is especially relevant for the development of non-Abelian dynamics
 of complex and super-complex systems; it may also be essential for understanding human
 consciousness in the sequel.


3.4. Quantum Logics (QL), Logical Lattice Algebras (LLA) and
 ÃLukasiewicz Quantum Logic (LQL)


As pointed out by Birkhoff and von Neumann in 1936, a logical foundation of quantum
mechanics consistent with quantum algebra is essential for the internal consistency of the
theory. Such a non-traditional logic was initially formulated by Birkhoff and von Neumann
in 1936 [52], and then called ‘Quantum Logic’ (or subsequently Q-logics). Subsequent re-
search on Quantum Logics [88] resulted in several approaches that involve several types of
non-distributive lattice (algebra) for n–valued quantum logics. Thus, modifications of the
ÃLukasiewicz Logic Algebras that were introduced in the context of algebraic categories by
Georgescu and Popescu in 1968 [119], followed by Georgescu and Vraciu in 1970 with a char-
acterization of LM-algebras [118], also recently being reviewed and expanded by Georgescu
[120] , can provide an appropriate framework for representing quantum systems, or– in
their unmodified form- for describing the activities of complex networks in categories of
ÃLukasiewicz Logic Algebras [18]. There is a logical inconsistency however between the quan-
tum algebra and the Heyting logic algebra of a standard topos as a candidate for quantum
logic [32]–[34],[88].



(17)Furthermore, quantum algebra and topological approaches that are ultimately based on
 set-theoretical concepts and differentiable spaces (manifolds) also encounter serious problems
 of internal inconsistency. There is a basic logical inconsistency between quantum logic–which
 is not Boolean–and the Boolean logic underlying all differentiable manifold approaches that
 rely on continuous spaces of points, or certain specialized sets of elements. A possible
 solution to such inconsistencies is the definition of a generalized ‘topos’–like concept, such
 as a Quantum, Extended Topos concept which is consistent with both Quantum Logic and
 Quantum Algebras [3],[164], being thus suitable as a framework for unifying quantum field
 theories and modelling in complex systems biology.


3.5. Lattices and von Neumann-Birkhoff (VNB) Quantum Logic [52]: Definition and
 Some Logical Properties.


We commence here by giving the set-based definition of a lattice.


D1. Ans–latticeL, or a‘set-based’ lattice, is defined as a partially ordered set that has
 all binary products (defined by the s–lattice operation “ V


”) and coproducts (defined by
 the s–lattice operation “W


”), with the “partial ordering” between two elements X and Y
 belonging to thes–lattice being written as “X¹Y”. The partial order defined by¹holds
 inL asX ¹Y if and only ifX =XV


Y (or equivalently,Y =XW


Y Eq.(3.1) (p.49 of Mac
 Lane and Moerdijk’s book [177]). A lattice can also be defined as a category subject to all
 ETAC axioms (see, for examplel [166])– but not subject, in general, to the Axiom of Choice
 usually encountered with sets relying on (distributive) Boolean Logic [12]-[18], [25]– as well
 as ‘partial ordering’ properties, ¹.


3.6. ÃLukasiewicz-Moisil (LM) Quantum Logic (LQL) and Algebras


Quantum algebras, following Majid in 1995 and 2002 [178]-[179], involve detailed studies
 of the properties and representations of Quantum State Spaces (QSS; see for example, Alfsen
 and Schultz in 2003 [3]). As an example, with all truth ‘nuances’ or assertions of the type
 hhsystem A is excitable to the i-th level and system B is excitable to the j-th leveliione
 can define a special type of lattice that subject to the axioms introduced by Georgescu and
 Vraciu [118 ] becomes a n-valued ÃLukasiewicz-Moisil, or LM–, Algebra ; for further details
 see also the subsection on LM-algebra in the Appendix . Further algebraic and logic
 details are provided by Georgescu in [120] and Baianu et al. in [32]. In order to have the
 n-valued ÃLukasiewicz Logic Algebra represent correctly the observed behaviours of quantum
 systems (that involve a quantum system interactions with a measuring instrument –which
 is a macroscopic object) several of the LM–algebra axioms have to be significantly changed
 so that the resulting lattice becomes non-distributive and also (possibly) non–associative
 [88]. With an appropriately defined quantum logic of events one can proceed to define
 Hilbert and von Neumann/ C*–algebras, etc, in order to be able to utilize the ‘standard’


procedures of quantum theories (precise definitions of these fundamental quantum algebraic
 concepts were presented in [6]. On the other hand, for classical systems, modelling with the
 unmodified ÃLukasiewicz Logic Algebra can also include both stochastic and fuzzy behaviours.


For an example of such models the reader is referred to a previous publication modelling
the activities of complex genetic networks from a classical standpoint [18]. One can also
define as in [118] the ‘centers’ of certain types of LM, n-valued Logic Algebras; then one



(18)has the following important theorem for such Centered ÃLukasiewiczn-Logic Algebras which
 actually defines an equivalence relation.


Theorem 0.1. The Adjointness Theorem(Georgescu and Vraciu, 1970 in ref. [118]).


There exists an Adjointness between the Category of Centered ÃLukasiewiczn-Logic Alge-
 bras,CLuk–n, and the Category of Boolean Logic Algebras (Bl).


Remark 0.1. This adjointness (in fact, actual equivalence) relation between the Centered
 ÃLukasiewicz n-Logic Algebra Category andBlhas a logical basis: non(non(A)) =Ain both
 BlandCLuk–n.


Remark 0.2. The natural equivalence logic classes defined by the adjointness relationships
 in the above Adjointness Theorem define a fundamental,‘logical groupoid’ structure.


Remark 0.3. In order to adapt the standard ÃLukasiewicz Logic Algebra to the appropriate
 Quantum ÃLukasiewicz Logic Algebra,LQL, a few axioms of LM-algebra need modifications,
 such as : N(N(X)) =Y 6=X (instead of the restrictive identityN(N(X)) =X, whenever
 the context, or ‘measurement preparation’ interaction conditions for quantum systems are
 incompatible with the standard ‘negation’ operation N of the ÃLukasiewicz Logic Algebra;


the latter remains however valid for the operation/ dynamics of classical or semi–classical
 systems, such as various complex networks with n-states (cf. Baianu in 1977 [18],[23]).


Further algebraic and conceptual details are provided in a rigorous review by Georgescu in
 [120], and also in two recently published reports [33],[69].


3.7. A Hierarchical, Formal Theory of Levels. Commutative and Non-Commutative
 Structures: Abelian Category Theory vs. Non-Abelian Theories


Ontological classification based on items involves the organization of concepts, and indeed
 theories of knowledge, into ahierarchy of categories of items at different levels of ‘objective
 reality’, as reconstructed by scientific minds through either abottom-up(induction, synthesis,
 or abstraction) process, or through a top-down (deduction) process [209], which proceeds
 from abstract concepts to their realizations in specific contexts of the ‘real’ world. Both
 modalities can be developed in a categorical framework. We discuss here only the bottom-
 up modality in Categorical Ontology.


One of the major goals of category theory is to see how the properties of a particular
 mathematical structure, sayS, are reflected in the properties of the categoryCat(S) of all
 such structures and of morphisms between them. Thus, the first step in category theory
 is that a definition of a structure should come with a definition of a morphism of such
 structures. Usually, but not always, such a definition is obvious. The next step is to compare
 structures. This might be obtained by means of a functor A: Cat(S)−→Cat(T). Finally,
 we want to compare such functors A, B : Cat(S)−→Cat(T). This is done by means of a
 natural transformationη :A⇒B. Hereη assigns to each objectX ofCat(S) a morphism
 η(X) :A(X)−→B(X) satisfying a commutativity condition for any morphism a:X−→Y.
 In fact we can say that η assigns to each morphism a of Cat(S) a commutative square of
 morphisms inCat(T) (as shown in Diagram 13.2 of Brown, Glazebrook and Baianu in [69] ).


This notion ofnatural transformation is at the heart of category theory. As Eilenberg-Mac
Lane wrote: “to define natural transformations one needs a definition of functor, and to



(19)define the latter one needs a definition of category”. Also, the reader may have already
 noticed that 2-arrows become ‘3-objects’ in the meta–category, or ‘3-category’, of functors
 and natural transformations [69].


One could formalize-for example as outlined by Baianu and Poli in [40]–the hierarchy
 of multiple-level relations and structures that are present in biological, environmental and
 social systems in terms of the mathematical Theory of Categories, Functors and Natural
 Transformations (TC-FNT, see [69]). On the first level of such a hierarchy are the links
 between the system components represented as‘morphisms’ of a structured category which
 are subject to several axioms/restrictions of Category Theory, such as commutativity and
 associativity conditions for morphisms, functors and natural transformations. Then, on the
 second level of the hierarchy one considers ‘functors’, or links, between such first level cat-
 egories, that compare categories without ‘looking inside’ their objects/system components.


On the third level, one compares, or links, functors using ‘natural transformations’ in a
 3-category (meta-category) of functors and natural transformations. At this level, natural
 transformations not only compare functors but also look inside the first level objects (system
 components) thus ‘closing’ the structure and establishing ‘the universal links’ between items
 as an integration of both first and second level links between items. Note, however, that in
 general categories the objects have no ‘inside’, though they may do so for example in the
 case of ‘concrete’ categories.


From the point of view of mathematical modelling, the mathematical theory of categories
 models the dynamical nature of reality by representing temporal changes through either
 variable categories or through toposes. According to Mac Lane and Moerdijk in ref.[177]


(p.1 of the Prologue), and also in refs.: [1],[21]-[22],[151],[165], and [252] certain variable
 categories can also be generated as a topos:


“A startling aspect of topos theory is that it unifies two seemingly wholly distinct math-
 ematical subjects : on the one hand, topology and algebraic geometry, and on the other
 hand, logic and set theory. Indeed a topos can be considered both as a “generalized space”


and as a “generalized universe of sets”. These different aspects arose independently around
 1963 : with A. Grothendieck in his reformulation of sheaf theory for algebraic geometry,
 with William F. Lawvere in his search for an axiomatization of the category of sets and
 that of “variable” sets, and with Paul Cohen in the use of forcing to construct new mod-
 els of Zermelo-Fraenkel set theory. The study of cohomology for generalized spaces led
 Grothendieck to define his notion of a topos. The cohomology was to be one with vari-
 able coefficients–for example, varying under the action of the fundamental group, as in N.E.


Steenrod’s work in algebraic topology, or more generally varying in a sheaf. ”


For example, the category of sets can be considered as a topos whose only generator is
just a single point. A variable category of varying sets might thus have just a generator
set. However, a qualitative distinctiondoes exist between organisms–considered as complex
systems– and ‘simple’, inanimate dynamical systems, in terms of the modelling process and
the type of predictive mathematical models or representations that they can have [232], and
also, previously in refs.[11]-[14],[22]-[24]. A relevant example of applications to the natural
sciences, e.g., neurosciences, would be the higher-dimensional algebra representation of pro-
cesses of cognitive processes of still more, linked sub-processes (Brown et al. [69], Brown



(20)and Porter [66]). Additional examples of the usefulness of such a categorical constructive
 approach to generating higher-level mathematical structures would be that of supergroups
 of groups of items, 2-groupoids, or double groupoids of items.


On the one hand, there is a second adjointness theorem concerning the category of fuzzy
 sets and a corresponding topos of sheaves:


Theorem 0.2. The Second Adjointness Theorem(published by Lawrence Neff Stout
 in 2004 [252]). Let H be a completely distributive lattice, such as a Heyting logic algebra.


Then there are pairs of adjoint functors between Goguen’s category of fuzzy sets Set(H),
 Eytan’s logos Fuz(H)and the topos of sheaves on H,Sh(H).


On the other hand, the firstAjointness Theorem already discussed above establishes
 a natural equivalence between the category of centered ÃLukasiewicz logic algebras,CLuk–n,
 andBl, the category of Boolean logic algebras. Because functional genomes of living organ-
 isms admit aLuknrepresentation of genetic network activities but are not generally reducible
 to CLuk–nrepresentations [18],[23], it follows that genomes do not admit a Boolean logic,
 complete representation as often attempted by digital ‘genetic nets’ or ‘cell automata’ mod-
 els. Mutatis mutandis the same argument holds for the simple metabolic-replication, or
 (M, R)-systems that have equivalent automata representations [17],[264]. The interesting
 question then remains about the relationship between the category of Heyting algebrasHT


andLukn, the category ofLukn– logic algebras. There is also the corresponding questions
 about the relationship between their representation categories: Set(H) for fuzzy systems,
 and GNetLukn for representations of functional genomes in living organisms; there are no
 known adjoint functor pairs betweenLuknandHT, orSet(H), of course. Therefore, even
 though relational models of physiologically functional organisms involve variable categories,
 or variable groupoids and variable topology (for example, variable gene or interactome net-
 work topology), as well as exhibit fuzzy behaviors [11]-[20], so far there is no strict topos
 of sheaves on a Heyting logic algebra, (and thus a completely distributive and commutative
 lattice) that has been found to possess an adequate representation of either functional or-
 ganisms or genomes. On the other hand, we have previously reported that one can define
 an extended ‘Topos’,TE, based on aLukn-logic algebra as an object classifier ofTE, which
 then admits representations of functional genetic network categories [32]. Naturally, such
 Lukn-logic algebras are generally non-commutative, and their category,GNetLukn(as well
 as Luknitself), is in general anon-Abelian category.


3.8. Symmetry, Commutativity and Abelian Structures


The hierarchy constructed above, up to level 3, can be further extended to higher, n-
levels, always in a consistent, natural manner, that is using commutative diagrams. Let us
see therefore a few simple examples or specific instances of commutative properties. The
type of global, natural hierarchy of items inspired by the mathematical TC-FNT has a kind
of internal symmetry because at all levels, the link compositions are natural, that is, if
f :x−→y andg:y−→z=⇒h:x−→z, then the composition of morphism g with f is given
by another unique morphismh=g◦f. This general property involving the equality of such
link composition chains or diagrams comprising any number of sequential links between the
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