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1. Introduction
Here we explore a logical design for computers that matches the logic of quantum physics. This will allow the full use of quantum processes for computation. As an added and larger advantage, it will also adapt our humanly-conceived computer logic to the actual logic of nature. 
Quantum processes involve actions (rather than static states) and the universal superposition of opposite states (e.g. spins). We envision quantum decision gates that use the superposition of quantum opposites to generate complex logical functions beyond those of Boolean logic. Such devices serve for generic computation because opposites actually co-exist in natural and human processes at every level of organization. Thus we hope to model social and mathematical processes more directly with a biotic logic, which will be a new approach from the current approach based on traditional static logic.
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Figure 1
The “general purpose” digital computer is constructed from electrical circuits connecting logical gates that represent Boolean logic functions. This corresponds to a mechanical, static, non-evolutionary world view in which opposites exclude each other, as they do in the case of abstract mathematical objects (principle of no contradiction). Such general purpose computers in fact are not able to solve all problems equally well: for example complex problems such as weather prediction demand an impractical amount of time, and quantum systems can be simulated on classical computers only at an exponential cost. 
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Figure 2

The development of the proposed new computers corresponds to a world view focused on processes, evolution and the creation of complexity via the interaction of opposites such as electrical charges and biological sexes. The logical theory that connects this view and the quantum decision gates is Bios Theory (Sabelli, 2005), and its realization via physical models of decision making (Thomas, 2006). Decision theory is a newly proposed extension to the theory of games that is based on the same logic as are causal processes in nature. Bios is a newly discovered causal process in nature that follows chaos in the evolution from simple to complex (Sabelli, 2005), and is illustrated in mathematical recursions (figure 3) in which trigonometric functions model bipolar feedback (Kauffman and Sabelli, 1998). Here the opposites are bipolar and bidimensional, as they are in quantum processes (see later). The Schrödinger equation produces a biotic pattern (Sabelli and Kovacevic, 2006; Thomas et al., 2006) that is to say, a sequence of morphologically organic-like forms (complexes, figure 4), diversification (increase variance with time), novelty (more changes than its randomized copy), and nonrandom complexity as observed in biological processes (hence the term bios, meaning life).  
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FIGURE 3 A simple model A(t+1) = A(t) + g*sin(A(t)) of bipolar feedback that generates steady-state, bifurcation, unifurcation, bifurcation tree, chaos, bios and leaps as the parameter 
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 increases. Leaps are not presented in the picture. Both unifurcations and leaps are catastrophes.  
The fact that biotic processes generate more novelty than random processes has obvious implications regarding quantum phenomena. As quantum processes generate biotic patterns, we propose to develop quantum biotic devices as logical gates. Quantum computations should not be restricted to static molds. Quantum biotic processes can be useful for generic computation because biotic patterns exist everywhere at all levels of organization: temporal distribution of galaxies and of quasars (Sabelli and Kovacevic, 2003, 2006; Thomas et al., 2006), geographical structures, meteorological processes, DNA base sequences (Sabelli, 2005), heartbeat series (Carlson-Sabelli et al, 1994; Sabelli et al., 1995) and other physiological processes (Sabelli and Carlson-Sabelli, 2005), animal populations (Sabelli and Kovacevic, 2006), economic processes (Patel and Sabelli, 2003; Sugerman and Sabelli, 2003; Levy-Carciente et al, 2004; Sabelli and Carlson-Sabelli, 2005), and some musical compositions (Levy et al, 2006) and literary texts (Sabelli, 2005). 
The objective of this chapter is to sketch the general principles of a logic that incorporates the biotic complexity of quantum processes as a foundation for quantum computation. 

[image: image5.emf]Schrödinger equation, real part

-0.2

-0.1

0

0.1

0.2

0.3

0 1000 2000


[image: image6]
FIGURE 4 Time series and recurrence plot of biotic pattern generated by the Schrödinger equation. We show an example of a bound particle in a one dimensional box, which is a useful idealization of an electron bound inside an atom. Bound particles have many quantum states, which can be represented as an infinite number of simple trigonometric functions. Each state evolves over time. An initial packet formed from a superposition of states will, over time spread out. This behavior is biotic, as shown with both discrete (Sabelli and Kovacevic, 2006) and continuous (Thomas et al, 2006) models. 
2. Logic and Rationality
Rationality consists in thinking according to the mathematical structure of nature at all levels of organization (Galileo’s hypothesis).  The term “logic” has at least four distinct uses: the logic of nature, the science of reasoning, mathematical logic, and computer logic, in decreasing order of extension. The term logic derives from logos, the term used by Heraclitus to indicate that the organization of nature corresponds to that of human reason. Nature is rational, not random or chaotic. 
It is desirable to examine the logic of quantum physics as a foundation for computational logic. If one really understands the physical process, one should be able to deduce its logic, without waiting for philosophers to provide an interpretation or for the symbolic logicians to complete their formalization. But interpretations do not emerge from nature: they are processed by humans immersed in a given culture. Many presentations of quantum physics imply that it demonstrates that nature is illogical, entities are in no specific state unless observed, the coexistence of contradictory properties must be accepted without question, and changes occur without cause. Feynman’s famous remark “nobody understands quantum mechanics” reflects its current formulation, which Einstein, Schrodinger, Bohm and Bell, among others, find objectionable. Thus the task of developing a logic for quantum computation also involves the formulation of a realistic and rational interpretation of quantum phenomena. 
The universe is creative and life-like (biotic), proposed the Greek founders of science. Processes are created by the interaction of opposites (Heraclitus, Empedocles). The coexistence of opposites in nature demands that a method of reasoning in which opposition plays a central role, i.e. Socrates’ Dialectics, which is the foundation and context of Aristotle’s Logic. Logic was developed in ancient Greece along with Arithmetic and Geometry. These are historically the three roots of mathematics. But Logic is not a purely mathematical discipline. Logic was conceived as the study of reason, a study that they viewed as both descriptive and normative. So it was seen by Aristotle and again by Boole, who clearly called his book The Laws of Thought. In our times, Logic has gone beyond a descriptive and normative science of thinking to become an engineering of computing, calculating, ordering, organizing, and other forms of thinking. Historically, the first computational devices were analog: the differential gear of a car first appeared in early computational devices.
 Later on Shannon (1938) discovered the possibility of mapping Boolean logical functions onto simple electronic gates. Boolean logical functions allow the mathematization and thereby mechanization of logic, i.e. computation. 
Three essential tenets of Aristotelian Logic have been consistently ignored by his medieval followers and later thinkers: first the existence of a third open value (neither true nor false) for what has not yet come to pass, thus allowing for creativity; second, the superiority of states of coexisting opposites (the “Golden Middle”); and third, the local character of the principle of no contradiction. Opposites do not coexist at the same time, at the same place and in the same context. Opposites can otherwise coexist. Thus true Aristotelian Logic is compatible with process concepts; in fact Aristotle pioneered the notion of causal development. Computational logic may be expanded by including these essential tenets of Aristotelian logic. In contrast, standard contemporary logic has adopted the static perspective of medieval logic, excluding third values and rendering non contradiction an absolute, universal principle. 
The science of reason, Logic, need not be based on the simplest branch of mathematics, as Russell attempted to do. The notion that one can formulate logical norms without attending to the physics of nature and the psychobiology of thinking seems at best overconfident. In any case, such Logic fails to describe reality—an obvious example is its inability to describe quantum phenomena as well as natural reasoning—and even to provide sufficient bases for arithmetic (Gödel’s theorem). Static two-value logic based on set theory fails as a science of reason by:
1. Advancing a static concept of identity A=A that does not describe either physical actions or personal identity, both of which continually change.
2. Postulating the separation and mutual exclusion of opposites.
 

3. Portraying processes and properties as spatial and separate atomic-like entities rather than as actions and interactions. 
Physicists have also considered the coexistence of opposites from the perspective of oriental philosophy. The Taoist concept of the complementarity of opposites was adopted by N. Bohr as central to quantum physics (Capra, (1975), and explored as a logic of systems (Xu and Li; 1989; Sabelli, 1989, 1998), but computer scientists so far have not made use of this concept. 
Following the rediscovery of Heraclitus’ texts, the notion of creative opposition was named Dialectics by Hegel, reshaped by Marx, and made famous his followers. Dialectic logic has been proposed as an alternative to standard logic (Planty-Bonjour, 1965; Joja, 1969; Lefebvre, 1947) but it has not been possible to use it in computation because it has not been formulated mathematically, although some attempts have been made (Gauthier, 1984; Kosok, 1984; Sabelli, 1971, 1984). Because its vague verbal formulation, dialectics allows for all kind of abuse in reasoning (as illustrated by the rejection of quantum mechanics by Soviet Marxists). 

Mathematical dynamics provides tools to expand Boolean logic. Based on mathematics, natural science, and psychobiology, Bios Theory focuses on fundamental opposites, such as quantum conjugates, electric charge and biological sexes, that generate bifurcations, triads, chaos, bios and, beyond, atoms and organisms, rather than neutralizing each other in equilibrium or dialectic synthesis. 

3. Physical bases for computational logic and for Bios Theory
The physical bases for rationality are (1) quantum of action, (2) electrodynamics, (3) chromodynamics, and (4) relativistic cosmological nucleation and expansion. Here we reformulate Bios Theory on these physical foundations. 
1 The quantum of action
Action is the change of energy in time.
 Planck’s constant involves energy and time. While for Planck h was a mathematical constant, Einstein explained the photoelectric effect by assuming that light quanta were actual particles, which he called photons. Quanta are the units of action in nature. Action is the one and sole constituent of the universe (Sabelli, 2005). Just as inertia, not rest, is intrinsic to mechanical movement, energy continually transforms itself; action, not stasis (resting equilibrium), is the simplest spontaneous condition. Action requires time: there are no instantaneous interactions at a distance. Action involves conservation and change as inseparable aspects. Energy is transformed and conserved (first law of thermodynamics
), so actions cause change, and conversely there cannot be events without cause (“chance”).
 Correspondingly, time is unidirectional, asymmetric, unipolar, and irreversible.
 Ordered in spacetime, actions form lattices, one of the three mother structures of mathematics according to Bourbaki (1948; see also Piaget, 1950).
 
The Principle of Least Action describes action as an integral quantity used to determine the evolution of a physical system between two defined states, i.e. a change of energy in time; imbued of the economic spirit, the principle requires the action to be least.
 Students, who conserve their critical faculties, question how natural processes “know” how to evolve in such economic fashion. Actually at the quantum level, an entity does not follow a single path, but its behavior depends on all imaginable paths and the value of the actions of each path (Feynman, 1974).
  Regardless of their diversity, these various definitions of action show time and energy as inseparable; they do not change independently from each other. We can extend this definition of action to all levels of organization. For instance, cardiac action involves force and time (timing, duration and frequency) of contraction; in psychological processes, mania is characterized by high energy fast processing while depression is characterized by low energy and motor retardation (Sabelli, 2005). In the context of classical mechanics, the Lagrangian is the kinetic energy of a mechanical system minus its potential energy. In quantum physics, time and energy are conjugates, and hence non-commutative—Boolean logic is commutative. Action is the integral of differences. This is a noteworthy union of opposites.
 Differences are directional, not commutative; going from A to B is the opposite, not the same, as going from B to A. Action actually involves two orthogonal pairs of conjugated opposites: energy and time, position and momentum. Position and time are locations in 4-dimensional spacetime, while energy and momentum represent self-causing, self-changing substance.
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Figure 5. Conjugate opposites

2 Electrodynamics
Electrical charge is a coexistence of opposites (bipolarity) that constructs complex arrangements from atoms to organisms, and generates electromagnetic radiation that carries information among distant galaxies as well as in brains and computers. (Nuclear forces and gravitation act in smaller or larger realms; they do not currently play a direct role in the function of the computer.) Information, so fundamental in genetics and computer science, does not need to appear as a separate dimension in physics: electrical charge is information. More generally, information is encoded in opposition and other gauge symmetries.
  Physical symmetries are abstracted by groups, another basic structure of mathematics according to Bourbaki. 

Opposition embodies information: two values are necessary and sufficient to encode information. Thus complexity results from successive bifurcations. This new conception of information (Sabelli, 2005) renders it causal and gives equal significance to repetition and to difference as its carriers, in contrast to a focus on uncertainty (Heisenberg) and probability (Shannon, 1948), and the definition of information as entropy, difference or distinction. Shannon’s entropy refers to the communication of information along wires, explicitly excludes meaning, and presupposes the distinction among two or more values as the embodiment of information. Distinction requires asymmetry (Sabelli, 2005); partition alone is not sufficient. In fact distinction does not require a partition into separate classes, as in Aristotelian and Boolean logic, set theory, or the theory of form (Spencer-Brown, 1969). Twoness is a simple and familiar form of opposition and it is widely used to encode information. However opposites can be contained in an asymmetry within a unity, such as the direction of an action, the polarity of a magnet or the spin of a quantum. The Möbius ribbon, the Klein bottle and fractals further illustrate that opposites are not determined by boundaries. Distinction involves either change or repetition. Difference or change carries information (Bateson, 1979), but only in a static system; in changing processes it is repetition that conveys pattern (Sabelli). For instance, messengers such as light are always described by the periodic repetition characterized by a frequency.  
Besides charge, there are other fundamental oppositions, such as spin which has only two values, ½ and –½ for electrons. Pauli’s exclusion principle states that two identical fermions (electrons, protons, neutrons, quarks) cannot simultaneously occupy the same quantum state. If two fermions 1 and 2 are in states a and b respectively, the corresponding wavefunction ψ is

ψ = ψ1 (a) ψ2 (b) -  ψ1 (b) ψ2 (a)
This antisymmetric wave function requires two such entities located in the same place (e.g. two electrons in the same orbital) to have opposite spin. In a way Pauli’s principle updates Aristotle’s principle of local no contradiction, and thereby imposes a dialectic. 
The information carried by electrical charge also creates structure.  Matter, often described as neutral, actually is bipolar; atoms are made by positive nuclei and negative electrons. Their separation forms structure. 

3. Nuclear structure
Structures, starting with matter itself, are formed as nucleations around centers, not as bounded systems; this fact alone indicates the limitation of sets, classes and systems as fundamental logical entities. The fundamental centers are the tridimensional baryons (protons and neutrons) formed by quarks of three colors (quantum chromodynamics) and their further nucleation as atomic nuclei. There is a not understood but significant relation between triadicity, stability and transformation. Protons are extremely stable –their decay has not been observed, while neutrons outside the nucleus are extremely unstable, and it is the conversion between protons and neutrons via the weak force that creates higher forms of matter. Structures are not static. They are engines, like enzymes, even creative engines, as accelerators that create new particles and elements. 
4. Material organization.

Macroscopically, matter is further organized in heterogeneous forms generated by gravitation in 4-dimensional space time. At this level, organization involves both nucleation and its opposite expansion, as well as stability and its opposite transformation. The organization of matter in N dimensional space is abstracted by topology, the third basic structure of mathematics according to Bourbaki, with its ancestor, geometry, stressing the tridimensionality of actual physical space. 
4. Psychobiological and Mathematical Bases for Biotic Logic

Bios theory generalizes these four physical processes as generic dynamics present at all levels of organization (Sabelli, 2005). Generalizing the notion of action quanta, we propose unipolar discrete action at all levels of organization (e.g. action potentials, cardiac contractions, individual persons). Generalizing quantum electrodynamics, we derive the notion that information is bipolar and that fundamental opposites exist at each level of organization, as illustrated by sex; cooperation and conflict; abundance and scarcity; true and false. Generalizing from the weak nuclear force and the strong nuclear force (quantum chromodynamics), we seek and find connectedness and tridimensionality at all levels of organization. At all levels there will be the three dimension of physical space, because all is material, as well as specific dimensions such as primary colors.
We have here encountered the small integers (1, 2, 3, 4) as fundamental features of quantum processes. This is not surprising as actions are quantic and ordered in time; numbers are unit quantities (cardinal numbers) and ordered (ordinal numbers). Numbers are also forms. Numbers such as the small integers and π are generic forms present at multiple levels of organization (Pythagoras; Galileo; Pierce; Jung; Robertson, 1995). We propose to seek these numerical forms at each level and in each process (Sabelli and Carlson-Sabelli, 1996). At all levels there are units, pairs and triads. At all levels there is unidirectionality, symmetry, and spatial organization. At all levels there is a linear flow in time, two-way transformations, and hierarchical feedbacks. At all levels there is oneness of substance, a partition into two classes and hierarchy of three levels. Triadicity is a fundamental form that repeats in many processes at multiple levels of organization, as illustrated by macroscopic physical space, π atomic orbitals, DNA codons, family triads, conceptual triads, and symbolic triads including Trinitarian concepts of God. 
 Triads are fundamental not only because of Aristotelian logic and examples from quantum physics (three colors for quarks), but also because of Sarkovskii’s theorem (Peitgen, et al., 1992) that shows period 3 as the end of an ordered series of periodicities, including infinity. This theorem is central to modern nonlinear dynamics. The infinite periodicities implied by period 3 have been interpreted as chaos, and in fact gave the name to this field. While logic and dialectics focus on twoness, and others propose instead a three valued logic, we consider it necessary to consider both twoness and triadicity. We further speculate that the four dimensional spacetime of Relativity Theory may help us some day to understand the fundamental role of quaternity at many levels of organization.
 
The same basic natural forms (action, opposition, and spatial organization) appear in abstract form as Arithmetic, Logic and Geometry, which are the historical foundations of mathematics. They reappear in an even more abstract manner in Lattice, Group and Topology, the “mother structures” of mathematics. Lattices are sets of discrete units ordered by an asymmetric and transitive order relation < that abstracts actions, which are quantic and ordered in unidirectional time rather than hierarchies, which always involve bidirectional interactions. The other basic quantum concepts are symmetries modeled by gauge groups: electrical charge by U(1), the weak force by SU(2) and the strong force by SU(3);
 gravity is also is a gauge symmetry, but as yet not as yet integrated into the Standard Model. These gauge symmetries are actions, not static symmetries as one may find in a crystal. Symmetry versus asymmetry is the basic opposition underlying information. Paraphrasing Heraclitus, asymmetry is the father and symmetry is the mother of all things. 

The tridimensional organization of matter and concepts determines hierarchical interactions that are bidirectional (like cycles) and asymmetric (like actions), insofar as the simpler echelons have temporal priority, greater energy and duration, and generate more complex organizations that acquire supremacy. The human central nervous system displays the asymmetry of action from back to front, the bilateral symmetry of opposition, and a hierarchy from simple and older levels to complex and newer ones (cortical supremacy) in the vertical dimension (Sabelli, 1989).      
These basic forms -unidirectional action, bipolar opposition and spatial organization- are also reflected in cognitive processes. Cognition begins in the infant with actions which construct the bifurcation between self and world. At the other extreme of complexity, human mathematics, a product of the mind, truthfully reflects the mathematical organization of the universe, a wonder that marveled Einstein and should not cease to marvel us. Brain naturally represents reality correctly because it is constructed by natural evolution out of natural components, and shaped by millions of years of activity and selection through cooperation, competition and sexual matching, (Vandervert, 1988; Sabelli, 1989). The biological bases of informatics are the innate ability to count, communicate (e.g. innate language grammar (Chomsky, 1976)) and navigate (e.g. cognitive maps of spatial location) that developed into Arithmetic, Logic and Geometry, and later on into Lattice, Group, and Topology. The “mother structures” of mathematics also are the basic cognitive structures in child development (Piaget, 1950). We propose that these structures constitute the universal logic of nature and thought (Sabelli, 2001, 2005). At all levels we have unidirectional action, bipolar opposition, tridimensional space, and other fundamental forms. The existence of homologous forms at multiple levels of organization allows the development of general purpose computers.
Mathematics as a totality offers tools to mechanize logic. Lattice order (discrete sets ordered by a transitive and asymmetric relation), provides a dynamic concept of identity applicable to discrete and causal actions in unidirectional time. Groups (closed sets with inverses modeling natural cycles and two way communication) provide a scheme for the separation (self-other), contradiction (true-false), and mutual transformation and implication of opposites. Topology (abstracting connectedness in spacetime, i.e. continuity in both conservation and change) offer multiple designs for logical operations.  Dynamic systems that incorporate recursive action, bipolar opposition and topological connectedness generate processes with creative, life-like (biotic) features. Taking mathematics as a totality as a science of reason, we explore how to develop a new computational logic that is homological with quantum physical processes.
5. Biotic Logic:  Action as dynamic identity.
Physical action may serve as a principle of dynamic identity, i.e. becoming, which is required to understand the continuity of identity through time (e.g. the evolution of a tree from acorn to oak) and the multiple expressions of identity in different contexts (e.g. the behavior of a person at work and at home). Action is self-referential: action produces interactions and hence change. Static identity A=A is valid only for abstract entities, for short periods of time for macroscopic entities, and never true for actions. Reflexivity A=A means idempotency; self-interaction does not produce change: A and A= A or A = A. In the case of dynamic identity, reflexivity means self-transformation, so A(t) implies A(t+1). Dynamic identity implies transformation (not equality) and temporal asymmetry (not symmetry). Beyond the copula “to be” and “if-then” implication, we may include in Logic also other actions, i.e. active verbs such as “to do”. 
The various properties of action have significant implications regarding computation. First, macroscopic energy flow produces heat and interactions produce decoherence of quantum superposition (see later). Second, inter-actions are not instantaneous; they are communications via messengers, and therefore they involve time; thus interactions are processes of mutual feedback. Feedback is an important component of creative biotic processes. Third, as an action, a message or communication is the end result of a multiplicity of an infinity of imaginable paths. Information is contained in the message, the sequence of terms, the sentence, not the letters. 

6. Biotic Logic: Opposition as information 
Opposites are primarily forces
 rather than different classes. The term “opposite” means both “partner” and “antagonist”; this ambiguity of meaning reflects the inseparability of these opposites.  The opposition of the thumb shows that opposition is essential for synergy.  Procreation reminds us that opposition is fundamentally creative. 
6.1 Opposition is universal diverse, and tautological 

All fundamental processes contain pairs of matching and contrasting complementary opposites (Heraclitus, Lao-tzu, Hegel) such as quantum conjugates (energy and time), electrical charge, spin, and biological sexes. Obviously these are very diverse forms of opposition. Opposites are inseparable, just as left and right, which persist no matter how we divide the object; right if and only left. There an A if and only if there is a no-A. Real opposition is tautological. 
Fundamental opposites are connected, complementary, connate (same origin), similar, and co-creative. Their pairing is necessary and fundamental.  They are not simply mutually exclusive as in standard logic, nor simply polar, “complementary” or “antithetic” as in Dialectics.
 Opposition is self-referential: opposites are similar and different, synergic and antagonistic, connected and separate. Opposites carry information and produce or arrest change, thereby creating pattern and structure. 
Quantum electrodynamics provides a physical embodiment of information for computation. As charge, information is bipolar (1 and –1). At the quantum level, there are many properties that can also encode information, such as spin, nuclear spin, color, etc, all of which can in principle be measured simultaneously. Spin state can be thought as representing a direction in one dimension in physical space. The spin is continually and rapidly changing in the three dimensions of space. Thus, even when the initial state is specified (such as up), over time it will change. When we measure the spin of an electron in one dimension, we necessarily affect its spin every other dimension of space. A property such as spin must be expressed by two complex Schrodinger-Dirac equations, thus four real numbers at every point in space. A measurement process for spin in one dimension (e.g. Stern and Gerlach experiment) filters the system into two distinguishable states, up (+½ spin) and down (–½ spin) in physical space. Although the terms up and down mean linear opposition, in quantum mechanics they are used to refer to orthogonal states that we can combine in various proportions. The quantum state
│ψ> = α │0> + β │1>

is usually described as a superposition of opposite orthogonal basis states. Actually there is no difference between basis and intermediate states other than what is what we choose as a basis in which to measure. “Superposition” means nothing other than taking the linear combination of orthogonal states. Although a given measurement selects a basis and we can determine only the fraction in each basis state │0> or │1>, the intermediate states have real, verifiable consequences, which are significant for computation. We learn partial information about the complex numbers α and β. 

The qubit is thus described by four real numbers constrained by the absolute square of the wave function being constant. The qubit thus resides on the surface of a 3-sphere and is locally described by a three dimensional subspace, involving three orthogonal diameters, three pairs of opposites. Spin continually changes direction. Groups thus offer a fruitful model for negation: rotation separates and connects opposites. While Logic and Dialectics focus on 2, it seems necessary to develop a 2N valued logic, starting with the quaternity – the cross or square of opposites that emerges from the repetition of bifurcation. 

6. 2. Mutual implication of opposites imply each other. 
No-A necessarily implies A; destruction implies previous existence and creation. The implication of complementary classes in extensional logic is asymmetric. There is an x implies that there is a no-x.  But that there is a no-x does not imply (or exclude) that there is an x. If there is a unicorn, there are some things that are no unicorns; otherwise we could not distinguish the unicorn from the rest of the universe. But the fact that there are things that are not unicorns does not imply that there are unicorns. 

The mutual implication of opposites is most evident in their alternation, which is ubiquitous in nature. Period 2 is widely observed in natural and human processes; e.g. day and night, walking, conjugated carbons in aromatic molecules, rise and fall of waves. Period 2 captures some important aspects of the seminal but vague dialectic concept of the negation of the negation as being similar to, and reinforcing the original assertion. The dialectic concept of negation (sublation,  conserve, negate and supersede) also includes a notion of hierarchy. 
 To model sublation, one can use lattice-like sets (see later). Opposites also alternate in nonperiodic fashion, such as chaotic and biotic patterns.  By alternating in space and/or time, opposites coexist globally while remaining separated locally. 

6.3 Bios principle of quantum superposition, local partition and global complementarity

At the quantum level, there are fundamental conjugates such as energy and time, and there are fundamental properties such as spin that come in pairs. Further, these opposites superpose. A quantum entity exists in a continuum of different states (“superposition”), and continuously changes. This enormous amount of information, however, is not directly observable. Whenever we interact with a quantum property, let us say, spin, to measure it, we obtain either one result or its opposite (“the collapse of the wavefunction”), demonstrating a fundamental twoness in nature.
  Central to quantum physics is that opposites add linearly (meaning adding states with complex coefficients, each coefficient being two real parameters). Opposites such as opposite spins are diametric opposites in tridimensional physical space and orthogonal in the four dimensional parameter space.  The law of opposition is that there always is such twoness, not that there are pure mutually exclusive opposites like the true and false of standard logic. Logic and Dialectics focus on twoness. Quantum physics demonstrates that twoness is both fundamental, and incomplete. Moreover, at the quantum level two particles that have interacted continue determining each other even after they are separated (entanglement), no matter how distant they are from each other (quantum non-locality). 

At macroscopic levels, opposites are locally and partially separated in time, space or context (local principle of no contradiction), not in all three. Positive and negative charges necessarily coexist in every atom, albeit in different particles. Male and female necessarily coexist in the same species but usually in different individuals. Life and death coexist but separate in time or place. Every living organism eventually dies, and while alive it is continually replacing its cells, literally living and dying at once. Rarely if ever are there entities that, showing one property P, are entirely free of its opposite –P. Opposite classes represent  asymmetric distribution of opposite properties: there is a class of entities in which +P > -P, and a class of entities in which –P > +P. 
Globally, opposites coexist and co-determine each other (Dialectics); they form systems, and co-create new entities. 

In summary, opposites superpose at the quantum level, and split at macroscopic levels into distinct components that together make up every process. Biotic logic integrates physics, Logic and Dialectics by proposing that opposite processes display three different forms of interaction according to the size and complexity of the level of organization: quantum superposition, local macroscopic separation (logical no contradiction), and global complementarity (dialectic contradiction) (Sabelli, 2001). 
An opposition thus involves the commonality between the opposing actions (let us say, the absolute value of P), the actual opposition +P and –P, the structures that embody the opposition (such as the class of entities in which +P > -P and the class of entities in which –P > +P), and the system formed by the coexistence and interaction of these opposite forces and of the members of opposite classes. Sexuality involves the commonalities between all members of a species (far greater than their differences), the distinction between femaleness and maleness, separate classes of females and males, the coexistence and interaction of feminine and masculine traits in each person, and the coexistence and intercourse of males and females. Protons and electrons are particles with mass and charge, their mass is very different, their charge is opposite, and their coexistence generates atoms. 
The existence of multiple levels of opposition corresponds to the multiple levels in which we can consider physical processes. A light ray as conceived in geometric optics is actually a wave, manifested in diffraction phenomena, that at a more elementary level is constituted by the multiple paths of action described by Feynman. We may regard these paths as multiple “biotic opposites”. The  periodic oscillation of radiation correspond to the helical models of opposition commonly advanced in dialectics, while the linear geometric models correspond linear logic. The concept of multiple, elementary biotic opposites is being explored as an alternative to philosophical notions of complementarity.

We thus conceive three levels of opposition: (1) macroscopic logical or mechanical. Paths are linear in the sense of geometric optics. (2) Dialectic or periodic in the sense of waves. Periodic oscillations include among its most important cases period 2 alternation, period 3, and the infinite periodicities it implies. (3) Biotic or creative, which involves multiple components, and generates new ones.   

6.4. Opposition: quantity, quality and polarity.

Oppositions can be unipolar (a set and its complement in two-valued logic, matter and void, construction and destruction, proton and neutron with regard to electrical charge), bipolar and asymmetric (proton and electron), or bipolar and symmetric (positron and electron). Fundamental opposites (such as electrical charge and male and female) are similar in substance and opposite in information. To represent this relation one needs to consider opposite sign or bipolarity (like 1 and -1). Polarity is bipolarity –anti-matter is not a deficit in matter, evil is not a deficit of goodness. Opposition implies at least three values, positive, negative and zero, in contrast to the widely used 0 to 1 scales. But opposites are not simply poles in a linear continuum. Opposites also are synergistic in some respects and antagonistic in others. 
Insofar as opposites are linear, opposition is bipolar in sign and unipolar in quantity. One aspect of opposition is a difference in some quantity (e.g. temperature, regarding hot and cold sensations); in this sense, opposites are poles of a continuum in which as one waxes, its opposite wanes. This concept underlies mechanics as well as probabilistic and fuzzy logics. But even at the extremes, each opposite contains the other in a diminished form, as represented symbolically by the yin/yang of Taoism, and as clearly observed in fractals. 
Differences in quantity imply differences in quality (Galileo) and changes in quantity generate changes in quality (Hegel, Engels). There are nonlinear, sudden jumps in quality (dialectic leaps), as illustrated by biological thresholds and leaps in the process equation. Opposites are different from their less extreme forms (as highlighted by Taoism) and in some ways similar to each other and opposite to moderation (as avowed by popular wisdom). In this respect, Freud’s a potiori argument (learn about a phenomenon by examining its extreme form) can be misleading.

Standard logic makes opposites mutually exclusive. If A is true (1) then no-A is false (0). Polar models (including versions of Taoism and Dialectics) likewise postulate that increases in one extreme result in decreases of its opposite; other versions postulate conjoint increase (polarization) or decrease. The fact is that opposites can wax and wane together  or autonomously rather than reciprocally; for instance, anger and fear often coexist and enhance each other. This relative independence of opposites requires that we plot them in separate axes. Two dimensional plots also allows one to consider the non-linear aspects of opposition, i.e. the simultaneous existence of similarity and difference, and of synergy and antagonism. Note that these three dimensions, amount or intensity of each opposite, similarity or difference, and synergy and antagonism do not coincide; e.g. similar entities are allies in some contexts and compete in others. 

Opposites are orthogonal (like 1 and i, the square root of -1) as is the case for the basis states of a qubit. A qubit includes orthogonal diameters of polar opposites: 1 and – 1 or i and –i. Bipolarity and orthogonality are two separate forms of opposition that coexist in the qubit. Orthogonal variables often represent necessarily coexisting (i.e. complementary) dimensions.
 We coin the term “conjugate opposites” to describe fundamental opposites that imply each other.
 The expression “complementary opposite” has been used in the context of so many different theories
 that it no longer conveys a specific meaning.
 The meaning of Bohr’s concept of  complementarity is still open to question and should not be interpreted to mean the dismissal of the logical principle of no contradiction.
 
6.5. Negation and bifurcation

Oppositions are actions. Opposites are bifurcations from a common origin, alternate with each other periodically or aperiodically, and interact, influencing each other and creating new entities. Bifurcations do not create dichotomies that separate opposites; they create cycles that contain and connect opposites. These cycles may be periodic, chaotic, or biotic. In static logic, opposition is simple negation, leading to paradoxes of self-reference such as “I am lying” (or its equivalent, Russell’s paradox) which is nothing more than period 2, an alternation of opposites. Dialectics also highlights period 2, but adds a hierarchical character to it as well as a constructive role, so negation is more powerful than assertion, and the negation of the negation is the synthesis of opposites. Bifurcation involves an increase in diversity from periodic to chaotic to biotic patterns.
 Thus bifurcation creates multiple qualities and structures.  
7. Biotic Logic:  structures, classes and dimensions 

Processes create structures. Actions, oppositions and nucleation precede and create structures, objects and sets of objects. Actions and structures carry multiple types of information (qualities). They manifest as properties from the viewpoint of isolated entities, and as relations when regarded in context. Although processes, properties (information, dimension), and classes (matter, extension) are correlated, there is no exact overlap between them. Opposites exist as qualities and as classes, but the two do not exactly overlap: there are women and men, and there is masculinity and femininity, but both sexes partake, in different proportions, of both sets of qualities. The usually made  assumption that properties such as being red can be defined by the set of red things, is of limited value. Opposite properties are statistically but not absolutely divided in separate classes at the macroscopic level. 

The logic of classes is itself a complex matter. Kauffman (2002, 2004) is developing a “Bio-logic” where he explores the boundary between biology and the study of formal systems (logic). He arrives at a summary formalism, a chapter in “boundary mathematics” where there are not only containers <> but also extainers ><, entities open to interaction and distinguishing the space that they are not. The boundary algebra of containers and extainers is to bio-logic what Boolean algebra is to classical logic. He shows how this formalism encompasses significant parts of the logic of DNA replication, the Dirac formalism for quantum mechanics, formalisms for protein folding and the basic structure of the Temperley Lieb algebra at the foundations of topological invariants of knots and links. 

We conceptualize qualities, i.e. information, as dimensions (Sabelli, 1989; Thomas, 2006) rather than as classes. The traditional focus on classes has been extremely useful regarding the classification of elementary particles, chemical elements and biological species. Classes are used by philosophers to encode qualities by the extension of the entities that manifest a given property, at least since Aristotle, but dimensions are preferable because they can also provide quantitative information (e.g. not only that X is red but also how red it is) and also encode the coexistence of qualities (e.g. X is so much red and so much green). Using dimensions also solves some simple conundrums, such as “does the American flag belong to the class of red objects or to the class of non-red objects?” 

Dimensions encode qualities. In physics, which for good reasons is the model reference science, properties are represented as dimensions.
  The concept of dimension involves quantity and quality, and thus formalizes their essential unity (Galileo, Hegel, Engels), which is the foundation of modern science insofar as it hinges on measurement. Current stress on qualitative science and scale-free phenomena, while valuable in themselves, should not obscure the dialectic unity of quantity and quality. Besides involving both quantity (measurement) and quality (properties and relations), dimensional analysis in physics involves a theoretical system. All fundamental physical processes can be expressed in terms of combinations of three basic dimensions, mass (M), length (L), and time (T), which allows us to define other physical dimensions (Although one may use other concepts as the basic dimensions, each choice of a possible fundamental dimension implies what others can be chosen. Dimensions belong to reality; they are not human arbitrary decisions.) Attending to dimensions reveals the fundamental aspects of a concept. The essence of action in physics is its dimensionality M L2 T-1, indicating self-causation (energy) and asymmetry (time). Dimensions are conserved in a unidirectional manner: the dimensions of the simpler components are by necessity present in their composites. Causality stems from the conservation of dimension. The dimensions of cause and effect must by necessity be the same: this implies that causation must be natural and deterministic; never can it be supernatural or aleatory. Also, the dimensions of the simple must be considered in every complex process. Further, attending to these most fundamental properties of action serve to see the relation between physical action and more complex forms (chemical, biological, social, psychological). To understand biological, social and even psychological processes it is necessary to consider their physical dimensions–how would we practice medicine without measuring fever or pulse rate? How will the economy fare if the global temperature continues increasing?   

Biology, sociology,
 and psychology of course also involve more complex qualities, such as form,
 which is desirable to conceptualize as dimensions –new forms, not different forces  or substance than physical ones. We do not posses as yet a system of dimensions to organize and measure these processes, but this does not mean that biological and psychological dimensions do not exist.
 
Dimensional analysis is the conceptual tool we apply to understand physical situations involving a mix of different kinds of physical quantities. We may generalize its use to all sciences to replace extensional logic based on set theory. To define a system of fundamental dimensions for human processes, as it has been done in physics, it is cogent to start with social dimensions as these are fewer and older than psychological ones. We thus first consider as age (a continuous variable) and generation (child, parent, grand-parent), sexuality (femininity and masculinity,), socioeconomic role, and cultural/national/religious roots. 

There are no barriers to the practical use of dimensions. The number of dimensions necessary to describe, for instance, a person’s race is no larger, only more accurate, than the number of classes offered to describe it. Dimensions are routinely used in psychiatric diagnosis. Multiple dimensions enter in mathematics without any difficulty, and quantum processes are described in Hilbert space, a Euclidean-like space of infinite dimensions. 

Obviously there are many dimensions that we have not defined, but the existence of which is made evident by time series analyses (e.g. correlation dimension, embedding dimension, etc); instead of considering them as convenient mathematical conventions, we regard them as abstract representations of real dimensions, and more specifically as dimensions of form. Taking dimensionality as complexity, we construe creativity as dimensiogenesis (Sabelli, 2005). 
To construct a general logic of quality, we propose as a general principle that for each level of organization there must be dimensions homologous to unidirectional action, bidimensional and bipolar information, a tridimensional space with different quality in each direction (like color), and the more complex forms generated by them. Starting with the concept of action, entities are represented in phase space, and the portrait of opposites require a plane rather than a one-dimensional scale. 
8. The Phase Space of Opposites
The multidimensional space of quantum physics offers a natural realization for a dimensional logic. Let us illustrate the ideas with the much simpler case of the two dimensional representation of a process. Any process involves the interaction of forces that can be represented by vectors, and that are in part synergistic and in part antagonistic. These forces share dimensions of energy and time, and often many other properties, since they participate in the same process. They are additive in some dimensions and subtractive in others. We thus represent the process in term of opposite forces. Opposites are similar; what distinguishes them is sign (information). Electron and positron annihilate each other but their mass is converted to energy.  Each of the two opposite vectors should then be decomposed into two orthogonal components, one corresponding to the properties they share and the other portraying their differences and antagonism. To represent opposition requires at least two orthogonal dimensions.  This is the phase plane of opposites, a method that was devised to collect and analyze empirical data (Carlson-Sabelli and Sabelli, 1992 a, b; Sabelli, 1995). 
Opposites such as supply and demand, cooperation and competition, attraction and repulsion, are plotted using orthogonal axes, thus creating a phase plane where we can plot trajectories in time. The plane allows representation of linear as well as nonlinear, complementary and partial opposites, and shows similarities and differences between them. The concept also provides an interpretation for phase portraits and return-maps both in terms of opposition and of energy and information. For instance these two-dimensional plots reveal and measure how opposite motivations and interpersonal feelings co-exist and may be positively correlated or uncorrelated, not inversely proportional or mutually exclusive as implicit in the linear scales standard in psychology and sociology. The diamond of opposites allows quantity, change, and the coexistence of opposites to be considered in all classes. 
A preliminary understanding of the diamond of opposites is to regard its four quadrants as a 2 by 2 table (iterated negation). But a 2 by 2 table classifies entities into 4 mutually exclusive classes, while the diamond offers a two-dimensional field within which processes flow, often gradually, from one point to another. Moreover, the opposites coexist in all cases, including those in the two quadrants in which one opposite predominates and the neutral cases in which neither appears to dominate over the other. 
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Figure 6. Phase Plane of Opposites (right), a bidimensional representation of opposites, contrasted to categorical, and linear scales (left). The phase plane allows one to represent the trajectory of processes as observed empirically as well as to relate these observations to underlying opposite forces and to physical theory. 
The phase plane allows one to examine how the interaction of opposites produces different outcomes or choices (Carlson-Sabelli et al., 1992b). Given simultaneous attraction and repulsion, their difference is the information that determines the choice (selection or rejection), and the sum of the attraction and repulsion gives the energy of the choice. For simple fold catastrophes, the energy (the sum of opposites) is the bifurcating factor while the information (provided by the difference of opposites) is the asymmetric factor. These observations lead us to regard Thom’s catastrophes as logical operations (see later). 

Catastrophes as mathematical structures represent the simplest of the complex structures generated by interacting opposites. This relation between energy, information and opposites may also apply to more complex situations, such as the formation of structures in nature. 

9. Biotic Logic
In brief, a biotic logic involves the following concepts: (1) action as dynamic identity; (2) opposition as a fundamental twoness which is self-referential (opposites overlap and separate, cooperate and conflict, persist and bifurcate); (3) tridimensional conceptual space; (4) generation of higher levels of complexity (information) that are homologous (new forms of action, opposition, space and generation); (5) mutual feedback between simpler actions that have priority and complex levels that have the supremacy of higher density of information. 
  Though we cannot develop here a complete Quantum Biotic Logic, Table 1 sketches some similarities and differences with Boolean and dialectic logics. 
The implementation of a complex logic is not a matter of choice. From set theory (Boolean logic) we cannot generate real numbers, from real numbers we cannot generate topological groups, and even more complex mathematics is needed to portray nature. 
Lattice Theory describes important aspects of logic processes. Implication displays the properties of the partial order relation <. Negation involves not only the symmetry implicit in A = no-no-A, but also an asymmetry: 1f A is true, then no-A implies A. Dialectic negation (sublation)   explicitly includes hierarchy. The notion of hierarchical negation may be modeled by lattice-like sets (Sabelli, 1971, 2005). 
 Helicoids are sets ordered by a relation sublation ↓ which is asymmetric (if A ↓ B then not B ↓ A) and indirectly transitive (if A ↓ B, B ↓ C, and C ↓ D then A ↓ D, and A is not sublated by C. There are two classes of elements (figure 8). From these postulates we can infer A < C. Thus C is similar (in color) and stronger than A. In his modern classic, “Proofs and Refutations,” Lakatos (1976) offers a heuristic in which a counterexample is used to improve the original conjecture, thus unifying proofs and refutations in a single dialectic process of creation. The refutation (falsification) of the refutation of a hypothesis serves as its confirmation as an alternative to the inductive definition of confirmation that leads to Hempel’s paradox
 (Sabelli, 1989). Helicoids have also been used to model neural pathways through the study of drug antagonisms (Sabelli, 1972).
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Figure 8. Helicoids.
Table 1. Biotic, Boolean and Dialectic Logic
	
	Logic

	
	Biotic 
	Boolean
	Dialectic

	Formulation
	Physical (classic and quantum) and mathematical (lattice, group and topology) 
	Mathematical: set theory
	Verbal 

	Identity
	Physical action, the integral of temporal change in energy 
	Static A = A valid for mathematical entities
	Dynamic, as evident in sociology and  psychology 

	Negation
	Multiple forms:  Lattice dual, Group inverse, Topological bifurcations
	Set theory complementation. 


	Sublation: to end and simultaneously conserve. 

	Opposites 
	Similar, synergic and / or antagonistic. 22 bifurcations. Elementary biotic opposites. 
	2. Differences stressed. Black or white thinking. 
	2. Similarities or differences stressed in different contexts. 

	Implication and exclusion of opposites
	Mutual implication of opposites. 

Exclusion of identical fermions (Pauli)
	Mutual implication of complementary sets. Mutual exclusion of opposites in Logic.
	Contradiction (Hegel) and conflict (Marx) are universal.

	Contradiction
	Aristotle’s local principle of no contradiction (exclusion for same place, time and context)
	Absolute principle of no contradiction
	Contradiction must leads to conflict resolved by either synthesis or destruction of one or both

	Verbs modeled
	Catastrophes, chaos,  bios and leaps as models for active verbs
	To be, to imply
	No formal models

	Logical values
	Opposite signs and  varying quantities: N and – N for bifurcations, and similar to N2 for decision gates. 
	0 and 1
	Not formalized but implicit opposites of varying quantities.

	Third value
	Triads. Quantum chromodynamics. Categories. Aristotelian third value open to future.   Sarkovskii’s theorem.
	Exclusion. 
	Polarization excludes intermediate classes. 

	Information
	Information = opposition as in repetition or difference 
	Probabilistic information theory   uses logical values 0 and 1 
	Probabilistic information theory, developed along the same lines 

	Graphic representation
	Phase space of opposites and decision theory
	Venn diagram
	None

	Negation of the negation
	At < At+2. 

A < no-no-A

Ubiquitous period 2 in time, space, context. 
Helicoid model.
	Identical: 
A = no-no-A. 
	Third term (synthesis) similar but superior

to thesis
Ubiquitous period 2 in time, space, context. 

	Logical operations
	Iterated negation, catastrophes, 
quantum gates,

decision gates 
	And, Or
	Dialectic synthesis,   no formal model

	Quality
	Dimensions
	Classes
	Classes (e.g. socioeconomic)

	Quantity and Quality
	Quantitative parameters of catastrophes, chaos, bios and leaps.
	Regarded as separate categories. 


	Necessary and non-linear relation between them. Dialectic leaps.

	Simplicity and complexity
	Bipolar and asymmetric feedback (priority of the simple and supremacy of the complex)
	Focus on simplicity; complex analyzed into simple components
	Focus on single composition, material (Marx) or ideal (Hegel) 

	Logical properties included
	Asymmetry and symmetry, non-commutativity, direct and indirect transitivity
	Reflexive identity, asymmetric negation, directly transitive implication 
	Not formalized but implicit asymmetry and direct and indirect transitivity

	Heuristic
	Homology across levels. Refutation of refutation as confirmation. 
	Proof by refutation of the opposite. Confirmation by induction. 
	Dialectic of proof and refutation (Lakatos) 

	Computation
	Planning quantum computer with biotic logic
	Developing quantum computer with Boolean logic
	No computer application

	Innovation processes
	Causal and creative development by synergy and conflict (bipolar feedback)
	Mechanical determinism. Innovation only by chance.
	Innovation by synthesis. 

Frequent use of deterministic models. 

	Human processes
	Sociatry (collective psychotherapy). 
Bio-socio-psychological medicine.
	Unchanging human nature. Competition leading to conflict (Malthus, standard economics, Social Darwinism, racism). 
	Conflictual models (Darwinian evolution, Marxian class war, Freudian Oedipal conflict). 


10. Multiple Types of Quantum Gates

To approach the complexity of nature, computers may need to use multiple types of gates, including complex gates. There will necessarily be Boolean like gates channeling action, as they form lattices ordered in spacetime; also, by necessity, every quantum computer must include macroscopic connections. 

The notion of iterated negation (Sabelli, 1979, 1984, 1989) expands the use of Boolean logic. Opposition is universal; it repeats in time and space. Thus opposition does not imply dichotomy. On the contrary, each single bifurcation expands to multiple bifurcations. Cascades of bifurcations (Feigenbaum, 1983) generate 2N complexity in mathematical recursions. In biology, cell division and differentiation represents the most elementary step in growth, development, and evolution. In physics, cosmological evolution consists in a sequence of “symmetry-breakings”. In mathematics, a fork bifurcation splits one process into complementary opposites. In a process, there are 2N, not just two, opposites. The first bifurcation gives you two opposites, 1 and 0 or 1 and -1, which is negation in logic. Iterating negation in two-valued logic generates 2N values; the bifurcation of a bifurcation thus allows one to accommodate dialectic contradiction within the context of mathematical logic. We start by constructing a 2 by 2 table in which one side of the table is one action (present or absent) and the other is its opposite (present or absent). In other words, we generate a four-valued logic by iterating the standard two-valued negation. Iterated negation thus generates four values: A, its opposite A-1, both, and neither. While in two valued logic A = 1 implies no-A = 0 and conversely A = 0 implies no-A = 1, we admit the relative independence of opposites so in a given situation both may exist A = 1 and no-A =1 (contradiction, ambivalence or complexity) or neither may be present (neither A nor no-A). Iterated negation represents the second step in a cascade of bifurcations. Just as the combination of two entities provides 16 logical functions in Boolean logic, the iteration of negation generates 16 combinations of opposites. 

Some forms of opposition, including negation, may be modeled by catastrophes. Thom’s catastrophes provide a good starting point to go beyond the standard “and” and “or” gates. First, according to Thom’s theorem, we need to consider only a few control forms
. The limited number of archetypal morphologies that Thom identified is assumed to be universal. Certainly forms are created and constrained by physical factors that also extend across the chemical, biological, social, and psychological domains. We may apply this concept to logical statements. Second, it is good starting point because catastrophe forms appear in the study of choice (Carlson-Sabelli et al., 1992b). Third, Thom (1983) and others have already explored how catastrophes can be used to model active verbs representing actions, as contrasted to Boolean logic that only models the non-active copula “to be.” Thom give a constructive and a destructive interpretation to each catastrophe. For instance, the fold represents to begin and to end; the cusp represents to engender or unite and to capture and to break; the butterfly represents to give and to receive, as well as to exfoliate.     

In our view, a fold catastrophe abstracts or-exclusive (A or B but not both) while A and no-A may be modeled by bifurcation. Butterfly catastrophes generate three possible outcomes and may thus relate to creative processes. Catastrophes may serve to implement some forms of dialectic reasoning: given A, find no-A by increasing or decreasing a catastrophe parameter. 

According to Thom (1980), the universe can be understood in terms of structures that are momentarily stable, and which are not of an infinite variety but are drastically constrained by factors of space and time. But processes that generate catastrophes do so only within limits beyond which they generate more complex patterns (Sabelli, 2005). Biotic processes (quantum, biological, economic, etc) involve continual change. They do not jump from one attractor to another but they evolve within and between complexes (which some interpret as attractors). We thus need to go beyond catastrophes to model higher order logical operations. Trigonometric functions modeling bipolar opposition generate bifurcation trees, chaos, and bios. Quantum physical processes may also generate bios as illustrated by Schrödinger equation. Quantum gates (Nielsen and Chuang, 2000) offer even rich models for opposition. While in standard logic opposition leads to one operation, negation, mechanized by the NOT gate in standard computers, quantum computation already involves several types of one-qubit gates, providing for modeling implication of opposites. 
Quantum computing may also allow us to implement more complex forms of processing In this manner we can examine:

· Co-determination: how A and no-A coexist and determine each other through processes of mutual feedback. 

· Co-creation paradigm: how A and no-A co-create, e.g. by their synthesis.  

· Co-negation: Negate both terms of a dichotomy, to create a new third possibility as the negation of the both opposites, a practical notion when confronted with an undesirable alternative. 
11. Decision Theory
We may use physical dynamics as a theory of decision making (Thomas, 2006) that allows one to develop different types of complex gates; complex gates are advantageous in the processing of complex problems and may become the core of a computational machine. Let us introduce the idea with a relatively simple bi-triadic gate. Consider two armies: the Red and the Green. Both armies have a symmetric set of choices: Fight from the high ground, fight from the low ground or fight as archers. The one that chooses high ground, defeats the one that chooses low ground but will be vulnerable to attack by archers some of the time. The one that picks low ground defeats the archers by hand to hand combat but will be defeated if the enemy chooses high ground. And the one that chooses archers will defeat the enemy on high ground some of the time but will be defeated some of the time by the enemy on low ground. The following matrix portrays the output reflecting these choices at each play: 

Table 2. Example of Output Matrix in a Decision Gate

	Output matrix for bi-triadic gate (two three valued inputs,  seven distinct outputs)
	Red

	
	High
	Low
	Archers

	Green
	High
	0
	100
	-25

	
	Low
	-100
	0
	50

	
	Archer
	25
	-50
	0


These outputs are logical values or, from the perspective of game theory, utilities. No pure strategy is optimal; for instance, if Green chooses high ground every time, Red is capable of choosing archers every time. There is a clear advantage in not letting the other side know what choice you are going to make. A mixed set of strategies, chosen so as to not let the other know which choice will actually be made yet made in certain proportions, is optimal (i.e. gives the best outcome for each player independent of what the other player chooses), and is of course the same for each player: 
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 archers. The decision a player makes is not random, though random elements may exist to “hide” the choice from the other player. The decision is based on imperfect information; it is based on not knowing what decision the other player will make. Moreover, decision making is a repetitive activity, and the decision made at each time depends on what has happened in the past. Thus over time a player can determine even the mix of strategies of their opponent and adjust their own mix accordingly; the optimal strategy is one that is supposed to reflect a steady state and is a particular view of reality; a reality that leads to no dynamic changes. We know that there are dynamic changes, and these are not accounted for in the standard game theory. In decision theory, the output of the gate influences its input for the next step, as well as the parameters of the gate that determine the decision. This includes the standard game theory as a special case, but allows for dynamic changes.

Decision theory allows history to be represented. This is a bipolar feedback, the same as those that generate biotic processes. Decision theory achieves this feedback by considering the physical process involved. The standard approach invokes “optimal strategy” to mean that there is a presumed and idealized feedback from the output to the next input such that only steady state occurs; the gate is at equilibrium. This means the decision values of the gate and the mixed strategies are all constant. Decision theory allows both to change in time. Decision theory in fact meets the criteria described earlier for a biotic logic, and provides an existence proof that such a logic can be constructed at other levels of complexity from the physical or chemical world. On the flip size, biotic logic provides a philosophical foundation for theories such as decision theory; a reason why such theories should and must be considered as relevant for processes at their level.

Consistent with the notion that processes are homologous at different levels of organization, decision theory constructs a notion of action, charge and space. The conceptual space is formed from time T and the input strategies S that indirectly reflect that all decisions occur in the physical time and space. The conceptual space is a gauge symmetric differential geometry homologous to physical space-time (i.e. Minkowski space) where distances between points in space-time are specified by a metric gab. In Minkowski spaces, there is a limiting velocity for message transfer that relates units of time to units of input. This along with the fundamental unit of action specifies two of the three dimensions of space-time. Over time, the state of a gate moves in this conceptual space.  

Charge is one attribute of the state of the gate.  Note that the output matrix of the bi-triadic gate we are using as an example, is anti-symmetric (intuitively, look at the distribution of numbers relatively to the diagonal, and you see that they change signs). For any decision gate, we can always form an appropriate anti-symmetric output. In Minkowski space, the messenger field (homologous to the photon that mediates charge interactions) is described by an antisymmetric matrix (normally associated with the electric and magnetic fields). In decision theory the output matrix is this messenger field, and the interaction of the charge of the gate with this messenger field determines the motion of the gate. This proves the coexistence of opposites in decision theory, and it is due to the “charge” of the gate 

Generalizing to all types of gates, we can write the output matrix as 
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 represent the equilibrium mixed strategy inputs. The subscripts represent any of the dimensions in the conceptual space of inputs and time. In Minkowski space the messenger field defined by the output matrix determines the motion of the gate and the motion of the gate generates the field. An electric current (moving charges) generates a magnetic field. There is feedback from the motion to the field. Thus the output matrix values are not static entities of game theory, but dynamic entities that adjust. It makes sense that such adjustments take place because over time with feedback, there is some information that becomes available to the decision gate based on history. The gate is in fact a learning gate.
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FIGURE 7 Recurrence plot of the biotic pattern generated by a decision gate (see Thomas, 2006, page 124). Dimension 10. N = 2000. The demonstration that decision gates can generate biotic patterns indicates that a biotic logic is possible. 

10. 2 Actualization

Action, not static states, determines the logic. Figure 7 illustrates the biotic nature of actions in a decision gate. To actualize a functioning computer, one needs equations that allow for measurement. The next paragraphs sketch briefly how this may be done [see Thomas, 2006 for more details]. 

The behavior of these decision gates is determined by the principle of action in a gauge theory in Minkowski conceptual space. The mathematics is perhaps difficult but well understood by some, and is homologous to the theory of relativity by Einstein applied to this conceptual space. The significant point is that the equations provide all the quantitative behaviors of this biotic logic. When the action is large compared to the quantum of action, the principle of least action equates two parts, a part that depends only on the metric and a part that depends on the sources
. The metric part is determined by the combination 
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 of the curvature tensor and the metric, where the curvature is that function of the metric that determines the curvature properties of the conceptual space and depends on the second derivatives of the metric with respect to space and time. The source part is determined by the energy-momentum tensor 
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, which is the relativistic generalization of the usual notions of energy and momentum The principle of least action equates the two parts into the famous and well known equation of Einstein:
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The equations are significant because they determine all the quantitative behavior of the decision gates: starting with known values of output matrix and metric and known positions of the gates, all values at subsequent points in time are determined. In this theory there are only three dimensional qualities: time, the common dimension of each direction in the conceptual space, and the dimension of mass that characterizes the inertia.

The feedback of the messenger fields on the gates due to charges determines the motion of the charges, and the messenger fields are determined by the motion of the charges, an effect we have characterized as being homologous to Maxwell’s equations:. It goes much further however by identifying that there is a feedback of the source fields on the metric itself, a feedback that depends on the inertia or mass of the gate that determines the metric. The metric is determined by the motion of the sources and the motion of the sources is determined by the metric. This is a statement that is interpreted in physical phenomena as a Newtonian gravitation, and it is present in decision theory; it is in addition to the decision gate forces. It exists because of mass. It is matter that determines the qualities of this force and determines the metric, and it is the metric that determines the motion of the gate in the force. The motion is characterized by various contributions (homologous to Euler’s law for fluids): a contribution due to the charge of the gate, a contribution due to the mass of the gate (gravitational), and a contribution that is determined by the properties of the mass (Cf. Bernoulli principle). The latter are sometimes approximated by a fluid with a pressure and energy density: the change in pressure over distance produces a force well known in weather as “wind move from high pressure to low pressure”. This force accounts for lift in airplanes, and in sailboats their ability to sail close to the wind.

In decision theory the phase planes of opposites is equivalent to the phase plane of the conjugate variables of directions in the space and their conjugate momenta. Phase plane plots are standard in physics, chemistry and thermodynamics and have vast usefulness. They support the claim of the general ideas of biotic logic.

We make connection with the ideas of game theory in the rather special case that decisions are static. In this case there is no acceleration, so that flows are constant. We ignore the effects of gravitation and of pressure change so that the only forces are those of the messenger field, the output matrix. In this case the force is zero for strategies that are at equilibrium. 
The output of decision gates in time displays a pattern that carries information, lowest for steady state, and increases for more complex patterns: periodic, chaotic (local sensitivity to initial conditions results in unpredictable terms but predictable range) and biotic (global sensitivity to initial conditions results in unpredictable terms and range).

12. Engineering

Quantum computation faces enormous technical difficulties, starting with working at single-atom and single-photon scales, and then putting quantum gates together into circuits and preventing decoherence. All over the world many scientists are developing many different physical implementations for quantum computers, including photons (Zeilinger et al 2005). Quantum dots allow to one to employ single electrons. Recent experiments show that it is feasible to operate single-electron spins in quantum dots as quantum bits (Koppens et al., 2006). 

The engineering of quantum computers depends on how quantum physics is conceived and developed. Probabilistic models of quantum processes are taught as fact, but the fundamental equations of quantum physics are entirely deterministic; this is compatible with a causal interpretation of physics à la Einstein and Schrödinger rather than with stochasticity.
 An important implication is that quantum processes always are in specific states. Being actions, quantum entities are in continual, spontaneous change, until an interaction (such as a measurement) determines, i.e. fixes one parameter. Many physicists question whether or not a quantum entity is in a particular state if nobody observes it (Wheeler, 1957). A qubit is said by some to exist in more than one state, until measuring causes that superposition to “collapse” into one state or the other. Also Schrödinger's cat is said to exist in more than one state until we open the cage. With apologies to many authors who misquote Schrödinger, we must let the cat out of the bag: he intended, and in our opinion succeeded, to refute the notion that the state of a physical system is “undefined” until observed by the fact that the cat is alive or dead regardless of our knowing it. Claiming that quantum particles are in no particular state unless observed pushes us into metaphysical idealism akin to that of Bishop Berkeley, who doubted whether or not a falling tree makes a sound when nobody hears it.

Another practically important issue is energy consumption. Quantum processes do not generate heat and entropy; electrons moving in atomic orbitals do not heat up and radiate. Could then reversible gates work like Maxwell's demons, generating information without increasing entropy? Even if this could be possible, computation involves macroscopic processes such as measurement. Although information can be expressed in different ways (e.g. as voice, written words, or action potentials in brain neurons) without changing it, they all involve macroscopic processes in irreversible time that increase entropy. Macroscopic physical processes are not reversible. Computers cannot work like Maxwell's demons. Feynman (1996) has calculated the minimum of energy required for computation. 

In order to minimize energy consumption, one needs to perform computations using quantum processes and reduce as much as possible the number of macroscopic interactions such as measurement and communication with the human operator. In physical processes, there is immense information involved in quantum superposition which is not communicated; communication reduces it to two complementary opposites. This is relevant to quantum computation: we can process much at the quantum level without producing heat (entropy) until we measure it. At the psychobiological level, there is an immense amount of information at the biological level that remains largely unconscious, and only the small tip of the iceberg becomes conscious. The existence of two levels of information in both natural and mental processes indicates an interesting parallel between them. The existence of two levels of information seems a very general phenomenon. For instance the chemical properties of an atom are given by the valence electrons, not by the core electrons and the nucleus. 

A current focus in quantum computing is the design of logically reversible gates which could minimize energy cost (Landauer’s principle). Note, however, that irreversibility emerges from creation not only from destruction. We cannot postdict the past, and we cannot predict the future. A dynamic logic by necessity must include logically irreversible gates. Irreversibility is a sine qua non of creativity. It also appears in simpler processes. Although equilibrium is often highlighted as emblematic of reversibility, equilibration is an irreversible process, as once trajectories reach the attractor, we cannot know their point of origin. The Schrödinger equation generate bios, and biotic processes are not mathematically reversible (Sabelli, 2005).  

13. Conclusion: Biotic Logic in classic and quantum computation

The real power of quantum computation has been the development of new algorithms that allow exploitation of quantum superposition. As a result we can now solve problems such as factorization, and come up with new methods to deal with encryption. We propose here to make further use of quantum superposition to develop a logic that is dialectic rather than classificatory. Philosophical dialectics provides a threat of Ariadne that guides us beyond static views. Quantum processes provide in principle a way to move from a static to a dynamic biotic logic that incorporates mathematical structures, physical principles and psychological insights far beyond philosophy. Biotic Logic (Sabelli, 1984, 1995, 2005) has been substantially expanded here. 
In summary, we outline a new approach that adapts the logic of the computer to the logic of nature as embodied by both quantum computing devices and by natural and human processes. Regarding quantum physics as the fundamental logic of nature demands to consider its theory as logical principles. To find a logical interpretation to quantum principles may thus not be regarded as a proposal, or a matter of choice, but is a task to be accomplished. While we are far from attaining it, such goal can be reached. The continuity of evolution requires that the same fundamental forms must be expressed at all levels of organization, so the principles of quantum physics and the principles of rational thinking must be homologous. 

Logic (mathematical, computational, and philosophical) develops in a tension between the logic of nature –quantum and classic physics-, and the logic of human behaviour –socioeconomics and psychology. Note that both the physical and the human logic each involves at least two levels. Thus even from the perspective of physics, in computation involves quantum processes that have priority and macroscopic interactions that have supremacy. Material realities –physical and economic—have priority, while ideological and psychological interpretations have supremacy. Thus electrons are in particular states, albeit continuously changing, regardless of whether we observe them or not, and quantum computers are designed according to ideological presuppositions, not simply as determined by quantum physics. Strict adherence to the different meaning of terms in common language and in the various disciplines is required for interdisciplinary communication and for clear thinking. Attending to both physical and human processes, both of which are at least biotic, and often much more complex, we propose a quantum bio-logic. Our attempts in this direction include Sabelli’s biotic logic that stresses the priority of physics and the supremacy of ideological and psychological factors, Thomas’ physical models of economic decision making, and Kauffman’s bio-logic. 

A biotic quantum logic may help to construct functioning quantum computers, but even before the enormous engineering problems involved in this enterprise are solved, it can guide the logic of current computers. Conversely, models for biotic logic in digital computers may help one to develop quantum computation. 
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FIGURE 9. Two types of logic and two types of computer.
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� Much older calculation devices include the abacus for arithmetic, and the octant and the sextant for navigation.


� Moreover, representing negation by set theory complementation generates meaningless aggregates unless the complement is defined within a narrow universe of discourse (e.g. “non-red” includes hippopotamus, hippocampus, triangles, and blue objects). A negation must always be a concrete negation (Hegel) that includes the other (e.g. the negation of “man” is “woman”; the negation of “going to the movies” implies a possibility of going).


� The concept of action transforms process philosophy into physics-based science.


� Energy is conserved in all physical processes, and is in fact more basic than thermodynamics. 


� In this article we challenge the usual statistical interpretation of quantum mechanics that takes quantum probability theory as a genuine doctrine of chances.


�  Time is irreversible not only from the perspective of biology but also in physics. Charge, parity and time together are conserved (CPT invariance),  but the observed violation of CP invariance implies that time is not reversible, although time reversibility is claimed as “fact” in many descriptions of classic, relativistic and quantum mechanics, and in theoretical discussions of quantum computation (see later). 


� The partial rather than total order of lattices corresponds to the limitations in the definition of simultaneity implicit in Relativity Theory.


� Actually action must be at a minimum, a maximum, or a saddle point for small perturbations about the true evolution. The derivative of the function equals zero; this is described as “extremal” or “stationary” although in other contexts stationary means that the mean, variance and autocorrelation do not change over time.


� Hamilton’s view provides useful insight into the relationship between classical and quantum physical processes. Hamilton’s view identifies the variables that are conjugate, and in fact demonstrated that they fundamentally do not commute. His view of action also provides a connection to the view that classical physics provides a geometric optics approximation to the real world of quantum phenomena. In general, the kinetic energy is a quadratic function of the velocities: � EMBED Equation.DSMT4  ���. The system will be composed of many components, each with its own position in space, so the totality of unconstrained coordinates will be large. The coefficients may depend on these coordinates. The generalized space determined by the unconstrained coordinates can be given a metric suggested by this form of the kinetic energy: � EMBED Equation.DSMT4  ���. Hamilton studied the behavior of physical systems by studying their motion in this space, and wrote his principle of least action using this measure for distance: � EMBED Equation.DSMT4  ���. The principle of least action is homologous to the principle applied to light traveling through a material with an index of refraction � EMBED Equation.DSMT4  ���. Though light is a wave, when the wave length of light is sufficiently small compared to the size of the optical medium in which it travels, light take the path of least time subject to the proviso that its speed in a medium is determined by the index of refraction. The modern formulation (Feynman’s quantum electrodynamics) of the behavior of light is in terms of the Lagrangian (as opposed to the Hamiltonian). It incorporates the view that light consists of quanta, and that the behavior of physical processes is described by the integration of the complex number � EMBED Equation.DSMT4  ��� over all possible paths, where the rate of change of the phase S with time is the Lagrangian function, � EMBED Equation.DSMT4  ���.  The phase is Lagrange’s action. In this view, the principle of least action arises when the actions are sufficiently larger than the unit of action, Planck’s constant � EMBED Equation.DSMT4  ���. This is the limit of geometrical optics, which we now apply to all phenomena, not just light.


� Newton’s use of the term action, currently dismissed as “obsolete”, calls attention to the inseparability of action and counter-action at the simplest level. 


� Gauge symmetry is a symmetry transformation that can be performed not only globally but also locally —a transformation in a particular region of space-time does not affect what happens in another region. This requirement is a generalized version of the equivalence principle of general relativity. A gauge process involves a messenger (no instantaneous action at a distance), such as the photon for electromagnetic interactions that is sensitive to the force it carries. Gauge theories provide a unified framework (the Standard Model) to describe electromagnetism, the weak force and the strong force with the gauge group U(1) × SU(2) × SU(3). 


� Thus  quaternity is noted regarding the two conjugated oppositions in action, in the fundamental structure of the qubit  (see later), in the four vales generated by the bifurcation of a bifurcation that allows for iterated negation and the incorporation of dialectic contradiction in Boolean logic (see later), and in the need for four or more factors for the generation of biotic expansion, diversification and novelty (Sabelli and Carlson-Sabelli, 2005). Psychologically, quaternity corresponds to concepts of justice (Jung; see Robertson, 1995).


� Electric charge has a fundamental oneness (one in the complex plane is the phase, hence it is a one that is topologically the circle, not the line). The twoness of the weak force is a sphere in two dimensional complex plane, hence it is really more complicated and shares the same structure as rotations in three dimensions. Going along in the same fashion, the threeness of quarks is really an eight fold way because the three are in a space with three complex dimensions, and a sphere in that space is 8 dimensional.


� “Opposition is not to be defined as maximum degree of difference, but as a very special kind of repetition, namely of two similar things that are mutually destructive in virtue if their similarity. They are always a couple or duality, opposed as tendencies or forces, not as beings nor yet as states” (Ogden, 1932).


� A dialectic antithesis is not inevitably necessary and fundamental: for instance a cognitive-emotional dissonance (e.g. being Christian and homosexual) may be the pair of thesis and antithesis that moves the psychological process of a person, but it is not a fundamental, generic opposition, because its terms are not necessarily coexisting and inseparable.  


� From the German "aufheben", literally "out/up"-"lifting".


� As a measurement is nothing more than an interaction, a similar determination of a single state, rather than a continuum of incessantly changing states, must occur whenever processes interact; this may be the basis for the transition from the quantum superposition of opposites to the macroscopic exclusion of opposites (local no contradiction). In a similar manner, particle properties may emerge from waves when they interact with other entities.  


� Orthogonal does not mean independent. Conjugates are orthogonal and inseparable. Space dimensions are orthogonal and inseparable. Opposites are paired (inseparable) in phase space just as material dimensions are triadic (inseparable) in physical space. In both cases orthogonal. Our use of the term orthogonal departs from current usage in statistics and in the social sciences, where variables that affect a particular result are said to be orthogonal if they are “independent”, and “independence” is understood to mean that by varying each separately, one can predict the combined effect of varying them jointly because there are no synergistic or antagonistic effects. 


� The term “conjugate” means “joined together”, especially coupled in a pair. Thus conjugate means time and energy, or position and momentum in quantum physics, an acid and a base differing in one proton in chemistry, words derived from a common source in linguistics, and inversely or oppositely related with respect to one of a group of otherwise identical properties in mathematics ---for instance, the complex conjugate of a complex number z = a + ib  is z* = a – ib.


� Complementarity has been discussed in the context of Greek Physiology, Chinese Taoism, Medieval scholasticism, German Dialectics, the Copenhagen interpretation of Quantum Mechanics, Systems Theory, among others. Linear opposites vary inversely, as one wax, the other wanes; complementary angles vary in such a way. This is not the way in which complementarity is understood in quantum mechanics or in philosophy, where it refers to the coexistence of opposites. 


� Unipolar opposites (like 0 and 1) are regarded by some authors as paradigmatic of complementary opposites, showing that the concept of complementarity is only vaguely defined.  


� The fact that at the present state of our knowledge we need to describe entities as having both particle-like and wave-like properties (de Broglie’s duality) does not mean that we must give up rationality. Perhaps quantum entities are neither waves nor particles. Some physicists model quantum entities as particles. Schrödinger proposed a precise mathematical description of quantum processes as waves. Feynman described such action wave as the adding together of the actions of all the histories which include a given event, and that together correspond to the least action of macroscopic physics. While these models are often interpreted in terms of probability, one may also regard them as portraits of the real form of the quantum entities. In this interpretation, an observation is an interaction.  A quantum process appears as a particle in exactly one place when the wave interacts with another wave or with a structure, but a photon interferes with itself because it is a wave made up of multiple smaller particles each of which follows one of Feynman’s paths that together constitute the action wave. This is of course a very simplistic version of elaborate theories being developed by string theorists.


� Bifurcation cascades generate increasingly diverse periodic series, then chaos and bios. Chaotic series show local sensitivity to initial conditions (change in trajectory) and diversification (increase in variance with embedding) only at low embedding dimensions. Biotic series show global sensitivity to initial conditions (change in the range of trajectories) and diversification (increase in variance with embedding) at low and high embedding dimensions. 


� A dimension (Latin, "measured out") is a parameter required to describe the relevant characteristics of an object or process as its position within a physical or conceptual space —where the dimensions of a space are the total number of different parameters used for all possible entities objects that must be considered.  A Cartesian coordinate system is used to uniquely determine each point in the plane through two numbers, in space using three coordinates, and in higher dimensions with as many parameters as necessary. In this manner we can plot changes in quantity and quality. A Euclidean space (also called Cartesian space) is a generalization that applies Euclid's concept of distance, and the related concepts of length and angle, to a coordinate system in any number of dimensions. A Hilbert space is a generalization of Euclidean space that is not restricted to finite dimensions. Hilbert spaces are of crucial importance in the mathematical formulation of quantum mechanics. Differential geometry provides a different type of generalization to spaces that are locally Euclidean, but whose large scale properties are not flat. A sphere is a good example of this since at very small distances it appears flat, but at large scale the curvature is evident. Differential geometry allows coordinates that are not Cartesian. A general coordinate system specifies the distance � EMBED Equation.DSMT4  ��� between neighboring points � EMBED Equation.DSMT4  ��� and � EMBED Equation.DSMT4  ��� in terms of a metric � EMBED Equation.DSMT4  ���, which is a matrix of numbers,  and a prescription for calculating such small distances in terms of the product of the coordinate distances and the matrix:


	� EMBED Equation.DSMT4  ���.


The prescription is to multiply the product of the shown distances by the indicated metric element and sum over all the possible directions of the space. The resultant distance is the square root of this quadratic form. By considering new coordinates that are linear combinations of the original, a new quadratic form can be formed; it is always possible to make a choice so that the resultant form is either Euclidean, or more generally a diagonal form in which some squares are added and some subtracted. Spaces that are not Euclidean are called Minkowski spaces. Newtonian physics is formulated for a Euclidean space whereas Einstein’s physics is formulated for Minkowski space with time being treated differently from the space dimensions.


� Regarding qualities as dimensions instead of as classes has evident implications for sociology where age, sex, socioeconomic and national classes play an important role. Dividing people as belonging to one race increases discrimination and conflict, and is false. (Most “Blacks” are largely “White”; “Hispanics” are of any color; Italian or Jewish brothers can become one “Hispanic” and the other “White” if born in different places.) The reality is that a person is female to some degree and male to some other, shares several races and cultures, continuously changes age, and relates in three ways regarding socioeconomic class: over some, under others, and at the same level as many others. 


� Physics focuses on generic processes rather than on the specific form of physical mountains or galaxies.


�  The fact that we still have not agreed upon units to measure biological or psychological dimensions is an incentive to define them clearly, not an objection against conceptualizing them as dimensions. Dimensions are not the same as units. Dimensionless quantities may have units, for example, angles. Dimensions are objective facts of nature.





� Defining confirmation as the empirical demonstration of a case, the hypothesis “All ravens are black” is supported by finding a red shoe, as ‘All A are B” is equivalent, in standard logic, to “No no-B is A.” 


� "(T)he number of qualitatively different configurations of discontinuities that can occur depends not on the number of state variables, which is generally very large, but on the control variables, which is generally very small. In particular, if the number of control variables is not greater than four, then there are only seven types of catastrophes, and in none of these more than two state variables are involved" (Saunders, 1980.)


� When the action is small compared to some action scale, it is possible to envision a quantum version of the decision theory. This has not yet been done, though if possible it would be a more complete instantiation of Biotic Theory complete at all levels of comparison with known physical theories. The known difficulties are that the known physical theories have not yet integrated gravitation successfully, though string theories are working hard to accomplish that. It may be many generations however before this comes to fruition.


� Even if we need statistical methods involving multiple observations to measure a quantum process (as it may be necessary for computation), this does not imply that quantum processes are inherently probabilistic. We use statistical methods in biology for many reasons, while never implying that the processes are in themselves probabilistic. 
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