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Preface

 

The key idea that I wish to describe in this book is that the theory of biological evolution is based on concepts that are inconsistent with the notions of matter in modern physics, the problems of meaning in mathematics, what randomness entails in computing theory, and what game theoretic and ecological perspectives tell us about the natural world. Many of the ideas Darwin formed in his theory of evolution were based on notions of space-time, matter, and causality used in classical physics. Deep connections between physics and chemistry had not been made then, and consequently the problems of physics and their implications for chemistry did not have a bearing on biological theories. Mathematics was supposed to be logically complete and consistent, and its incompleteness and paradoxes had not been demonstrated. Computing theory did not exist, and its problems did not have an impact on biology. Game theory had not yet been invented, and its implications for competitive behaviors were not known. Over the decades after Darwin much has happened in other fields outside biology, but, unfortunately, the problems of causality, motion, completeness, complexity, non-linearity, and meaning in these other fields have not had any serious impact on biology. Biology still lives in a relative time-warp of philosophical presuppositions that were acceptable in Darwin’s time but are now false.

Let’s take for example the conceptual revolutions in physics. The ideas of causality, motion, and space-time have undergone a dramatic revision in quantum theory, but they have had little impact on biology. Biologists still think of changes as being caused by forces when, in fact, quantum theory states that a closed system is always in a stationary state. Biologists believe that molecules are real things, when quantum physics tells us that the same ensemble of particles can be divided into many different sets of molecules. Biologists still think that a living being is built up of thing-in-itself particles, ignoring new ideas such as entanglement and non-locality. The unresolved measurement problem in quantum physics—which entails that objects are not real until a measurement is performed—has had literally no impact on biology; biologists continue to think that there is in fact a reality which exists without observation. Their ideas about chemistry don’t explain the cyclic nature of biological processes. They still think of biological processes as being irreversible, when cyclic changes in biological systems indicate a different type of reversibility.

There are considerable conceptual problems when ideas in physics must be extended to living beings. For instance, the brain can hold ideas about the world, but physical objects can only indicate their own properties. But this problem is generally ignored because physicists study non-referential objects, and biologists extend this view of nature even to living beings, which are referential. In short, their explanation of biology ignores the most important part of the body—namely the mind-brain and how it controls the body. The problems of perception and how chemistry results in the experience of qualities such as color, taste, and smell, are notoriously difficult and unsolved. The relation between emotion and causality are not understood; we think emotions are effects when they can also be causes; indeed, psychologists dwell largely on emotional lives because they control the cognitive behaviors, but biologists have been perennially neglecting the problems of goals and intentions. 

The problem of reference appears in mathematics and computing theory as the incompleteness and incomputability of all number systems, although the connection between incompleteness, incomputability and reference is generally not well-understood. Again, those scientists working outside mathematics take a pragmatic approach to mathematics: numbers are useful for calculations but what numbers are is not relevant to other areas of science. In particular, problems of mathematics or computing are not problems of physics or biology because numbers are not physical. However, these problems become very important when a physical theory must explain the ability to process meanings in the brain. Now, numbers must be treated as concepts rather than quantities. A true conceptual treatment of numbers has never been successful because mathematicians have tried to derive number concepts from objects. This in turn entails that no formal system (in the sense defined currently) can ever contain meanings. If biological systems are described using such mathematics, they too could not have meanings. This is not a question of biological complexity; it is rather a problem of not possessing a mathematical formalism in which to describe a physical system that can represent meanings about the world—i.e., the mind-brain.

If classical notions of causality, motion, and determinism fail so noticeably in physics, then they must also fail in chemistry and biology. If the problems of meaning have not been solved in mathematics and computing theory, then they could not be solved in chemistry and biology, which simply inherit the logical thinking of physical theories. If the behavior of sub-atomic particles cannot be predicted in quantum physics, then the formation of bonds and molecules also cannot be predicted. Evolutionists seem oblivious to these challenges. They suppose that all fundamental issues about the nature of atoms, space-time, and causality have been settled, and they now wish to settle the issue of how molecules form living beings. They presume that physical systems can encode meanings, when this is known to be logically impossible in a physical system. The paradox is not that living bodies consist of molecules. The paradox is that the theory of molecules itself is incomplete. Could it be that when the physical theories are completed, they would also be able to explain the meaning-forming capabilities in living beings? Could it be that this ability would require a substantial revision to logic and mathematics, since meanings cannot be encoded in physical objects?

The problems of physics, mathematics, and computing theory are not problems of nature. It is likely that causality in nature, and logic and numbers are quite different from how we have currently conceived them. To build a causally complete theory, new notions about causality are needed. To incorporate meanings in the material world, new notions about logic and numbers are necessary. These new ideas about matter, logic, and numbers would not just change our view of physics and mathematics, but also our ideas about living beings. Without their solution, biology would be incomplete, too. 

This book extends my earlier work in physics, mathematics, and computation into biology. The first chapter surveys some basic intuitions about the evolution of ecosystems, organizations, and societies and what these forms of evolution have to do with biological evolution. The second chapter describes how evolutionary theory depends on ideas about matter and causality that are not true in modern physics; they were true in classical physics. The chapter also discusses the problem of meaning as it appears in mathematics, computing theory, and linguistics, entailing a fundamentally different view of nature, which is incompatible with the materialist-reductionist ideology in biology. The chapter hints towards potential pathways that can be used to bridge the gaps. The third chapter describes a newer approach to the problems in quantum theory, mathematics, and computing, and summarizes my prior work on the role of meaning within science. The central theme of the chapter is how the mind-body dualism that forms the bedrock of modern science (and creates many foundational problems) can be solved. The fourth chapter shows the relevance of this semantic view to biology and what the solution to the mind-body problem will entail for evolutionary theory, outlining a new model of evolution compatible with other forms of evolution prevalent in societies and cultures. The fifth and final chapter contrasts these ideas with other alternatives to evolution found in literature today. The contrast helps us see that there are alternative ways of looking at evolution than the ideas of random mutation and natural selection, which dominate thinking today.

I call this way of looking at matter the semantic view because it treats material objects as symbols of meaning rather than meaningless things. If the semantic view resolves foundational problems in physics, mathematics and computing, I find it a more compelling approach to biology than thinking of meanings as random events. 

In other areas of science, randomness is considered a problem, not a feature of reality. For example, physics has probability in quantum theory, relativity has indeterminism associated with gauge transforms, chemistry has uncertainty in molecular states, mathematics has incompleteness, and computing theory has incomputable problems. In no field of science, except biology, are chance, uncertainty, probability, and indeterminism welcome features of science, let alone reality. In each field, there are attempts to solve problems of indeterminism, incompleteness, and incomputability. Although many such attempts have failed in the past, the efforts continue. Biology, therefore, has the dubious distinction of celebrating what other areas of science will consider a problem worth solving. By suggesting that information originates in random events, we are overlooking potential sources of causality in nature. If physics, mathematics, and computing were to address the problems of indeterminism and incompleteness, there would be no reason to suppose that biology will have any theoretical room to postulate random chance events.

Shifts in fundamental theories of nature will therefore have dramatic effects on the mainstay in biology—evolution. This book describes how such shifts are implied by current physical theories but require such a fundamental shift in thinking that they would not be brought about without a dramatic change in our notions of matter, space-time, and causality. The book discusses what the new notions could be. Structure and function in biology, in this new view, are not products of random chance events. They are rather systematic outcomes of the same process of information creation by which we create books, music, art, and science. A biological species is the representation of an idea. Like a book encodes ideas into matter, the body of the living being similarly encodes ideas into structure.

The evolution of species can now be modeled by the same laws that govern the evolution of ideas. As ideologies come into favor and then fall out of favor, species are also created and modified. The central question now is: Can we predict biological evolution using this model? I will argue that we can. The ability to predict evolution is a distinct scientific advantage, because the current theory of biological evolution does not predict it. The current theory speaks about random mutations at the molecular level, which are so hopelessly complex that physicists have found it impossible to solve equations for anything but the simplest of the molecules, even with many approximations. Only an atomic theory capable of predicting macroscopic changes can predict biological evolution. The macroscopic theory of quantum phenomena also requires a new kind of mathematics. A discussion of the problems in physics and mathematics and their evolution is thus relevant to the biological questions of evolution.

Similarly, the problems of meaning in computing and mathematics constrain the theory that can describe meanings in living beings. The ability to perceive and conceive, to have intentions and knowledge, to experience and to feel, are issues central to an understanding of life. These are largely neglected in science and, by implication, in biology. The dominant dogma in biology holds that these reduce to the interactions amongst molecules. However, how such interactions create quality, contextuality, and intentionality—which are central features of any experience—remains a deeply mystifying problem. Traditionally, if we cannot reduce a feature of reality to known features, we postulate that the unexplained feature is fundamental in nature. However, the postulates that arise from the need to explain meaning and mind are so antithetical to the current materialist dogmas that it has become nearly impossible to talk about these ideas without the discussion being labeled as pseudo-science. 

This book aims to show how the ideas of mind and meaning can be scientific not just in the context of biology but also in physics, mathematics, and computing, which are generally seen as being beyond reproach as far as mind and meaning are concerned. The book will argue that nature is not governed by separate theories of evolution that prevail at different levels of complexity. Rather, nature can and should be explained by a single theory that governs both inanimate matter and living bodies. However, a theory that can truly bridge the current divide between living and inanimate matter will also paint a view of matter, space-time, and causality quite different than that prevalent in the current theories of inanimate matter. Specifically, ideas about meaning and intentionality need to be brought into the discussions about numbers, objects, causality, and laws.

Science has made tremendous progress in the past by keeping the mind outside of science. What then tells us that the approach needs to be changed now? The answer is that the problems of inconsistency, indeterminism, incompleteness, and irreversibility force us to reexamine this eviction of mind from science. The reconciliation between animate and inanimate matter under the same theory cannot be achieved until mind is reintroduced in science in a way that is useful even to inanimate descriptions. This shift in science probably represents a greater change in our thinking than the earlier one, which separated mind from matter. I don’t expect this journey to be easy, or its implications to be easily accepted as they do much damage to established ideas, but I do expect it to be fruitful. I believe that much progress can be made in biology if we can force ourselves to think in newer ways than we have thought so far.


1: The Big Picture of Evolution

 

I believe that mechanism in biology is a prejudice of our time, which will be disproved. In this case, one disproof, in my opinion, will consist in a mathematical theorem to the effect that the formation within geological time of a human body by the laws of physics (or any other laws of similar nature), starting from a random distribution of the elementary particles and the field, is as unlikely as the separation by chance of the atmosphere into its components.

 —Kurt Gödel

 

Setting the Scene

The modern molecular theory of evolution comprises three main ideas. First, that species are created and destroyed; the species that exist today have evolved from other species in the past, which may now be extinct. Second, that the evolution of species does not have a direction and the species are not ‘headed’ towards an ultimate goal, such as towards some utopian perfection. Third, that the mechanism of evolution is random chance events followed by natural selection. Random chance events imply that evolution takes place without volition or free will. Natural selection means that if a mutation improves the chances of survival for the mutating species in some given environment, then the species lives on while others perish. 

The modern theory of evolution differs from its Darwinian ancestor in the mechanism by which evolution takes place. In Darwinian theory, too, there was evolution from ancestral species and the evolution did not have a direction or ultimate goal. However, Darwin’s theory spoke about the role that the environment plays in the acquisition of new traits, which are then passed on to the offspring. This idea is called pangenesis and indicated Darwin’s supposition that traits in living beings are enhanced or reduced based on “use or disuse.” This theory is now known to be false, as a carpenter’s son is not necessarily a better carpenter. Darwin’s pangenesis was an extension of Lamarck’s idea that an organism passes on the acquired traits. The mechanism of evolution in the modern evolutionary theory is instead based on Mendel’s work on genetics. The modern version claims that molecules can randomly mutate, and when the mutation occurs in the genetic material—which is passed to an offspring—then a new biological trait has been randomly created. If this trait helps the offspring survive better, then random mutations can be used to explain the evolution and diversification of species.

There is considerable evidence today on the existence of genetic mutations. There is also no physical or chemical theory that explains or predicts which of these genetic mutations will occur when. Without a theory that can predict these mutations, it seems compelling to assume that these mutations are in fact random. Of course, a theory that has randomness as its causal foundation is not a scientific theory in the conventional sense of a cause-and-effect model. If the cause is random then the effects resulting from this cause must also be random. How could we use such a theory to make predictions?

Indeed, Karl Popper—a philosopher of science—at one time argued that evolution is not a scientific theory because it does not offer predictions that can be potentially falsified. According to Popper, all scientific theories must in principle be falsifiable, which would happen if the predictions of the theory were proved to be contrary to the facts. Since evolutionary theory does not make predictions that can potentially be falsified, it could not be a scientific theory. Popper later revised his stance and said that evolution is a scientific theory although it is very difficult to make predictions with it. This is indeed reflected in the fact that evolutionary theory does not offer predictions about how the current species may evolve in the future.

Most biologists today use evolution to ‘make sense’ of the historical data, not so much to make predictions. One such type of data is the genetic similarity between species. The human and the chimpanzee DNA are 99% similar and this could be explained if we assume a common ancestor from which both humans and chimps have evolved. Evolution also helps explain why some species may become extinct if they are not able to adapt to the environment, which is indicated by the study of fossils and their carbon dating. 

And yet evolution involves some leaps of logic. The idea that there is genetic similarity between several species is different from the idea that this similarity is caused by evolution. Genetic similarity between the DNA of two species does not conclusively prove that these species had a common biological ancestor, although a common ancestor is a possible explanation of the genetic similarity. Likewise, the carbon dating of fossils suggests that species appeared in a specific order although the order of their appearance does not conclusively demonstrate that one species evolved from another. 

In any field of science, the data underdetermines the theory. Generally, there are many possible explanations for the same data, and the theory that makes fewer assumptions, involves fewer leaps of logic, and explains a wider variety of phenomena is chosen over others. Evolutionists generally focus on the fact that evolutionary theory is optimal because it makes fewer assumptions. On the face of it, the theory only requires two ideas—random mutation and natural selection—both of which are empirically confirmed. So, the theory is based on ideas that are validated and hence good assumptions.

However, there are also serious questions about whether random mutations followed by natural selection can generate the kind of complexity that exists in biological species. This issue is often debated in the context of species that require transitional forms to arrive at the present state through evolution, although no transitional form fossils have yet been discovered. This is also widely discussed in the Intelligent Design (ID) community since to even select, species must have a functional form; you cannot select a non-functional foot or hand, because it neither adds nor removes an advantage. So, to select, the form being selected must already be very complex to be functionally useful or harmful. If a functional form is very complex, then it cannot emerge suddenly, randomly, and incrementally. That begs the question of how such forms were originally produced. Honestly, I am not an expert in all the evidence that exists for and against evolution, and I will steer clear of debating that evidence and what it means for evolution, one way or another. I will rather be preoccupied with some theoretical issues in the evolutionary theory itself. 

These theoretical issues may be called meta-biological concerns, for lack of a better term. Most people who hear the term meta-biology may think of metaphysics, which is a branch of philosophy that deals with the things that exist or could exist. If meta-biology were like metaphysics, then it would be a branch of philosophy that describes the nature of life. But that is not what I am aiming for. The term ‘meta’ means that which lies beyond, and by meta-biology I mean issues that lie outside biology—in physics, mathematics, computing, and game theory—and which have something significant to say about biology. I believe that there are some very important theoretical constraints that emerge when well-established ideas in computing, physics, mathematics, and game theory are brought to bear on biology.

For instance, I will discuss arguments from Gödel’s incompleteness theorem in mathematics and Turing’s halting problem in computing theory to show why the theory of evolution is either inconsistent or incomplete. I will show that the theory of evolution has a similar logical form as the problems that led to incompleteness in mathematics and incomputability in computing theory. Thus, if the theory uses both random mutations and natural selection, then it is inconsistent and if it uses only one of them then it is incomplete. 

I will also discuss problems in quantum physics to show that the idea of randomness in biology has a basis in quantum probabilities and this puts the idea of random mutations on the same level as the unsolved quantum measurement problem in physics. Quantum measurement is an unsolved problem because if current quantum theory were indeed a final theory of matter then the everyday world—including living beings—could not exist as stable objects. Quantum statistics restricts what can safely be said about molecules, chemical bonding, and hence about molecular mutations, although most chemists don’t take these facts about quantum theory very seriously. Chemistry converts the quantum indeterminism into a classical determinism, thereby ignoring the problems that arise from a profound appreciation and understanding of these issues.

The problems of causality in quantum theory leave gaps in our understanding of how energy and matter flow in a biological system—for instance in carrying nervous impulses to the brain. Many things that biologists assume—such as the existence of molecules, motion, and force-based causality—are ideas that were true in classical physics but have undergone a radical denial in quantum theory. New notions about objects, change, and causality have, however, not emerged so far, and most physicists continue to use the classical ideas as a pragmatic working hypothesis in science. This is especially true of chemistry, biochemistry, and biology, where ideas drawn from classical physics—such as motion, force, and things—continue to be used in the same way as they were prior to quantum theory. 

Of course, this does not imply that there isn’t matter, change, and causality in nature although it does imply that the classical notions about matter, causality, and change are incorrect. What does the failure of classical physical concepts in quantum theory entail for biology? I will show that quantum problems unseat many classical ideas about matter, causality, and change that biologists use, and that disruption in turn entails radical revisions to the ideas about the mechanism of evolution, in ways we do not yet acknowledge.

There are also issues arising from representational and computational capabilities in the brain, given that Gödel’s incompleteness and Turing’s halting problem show that there cannot be physical systems that can consistently represent and compute meanings. How can the physical processes of random mutation and natural selection create brains with meanings when there cannot be a complete and consistent theory of meaning in mathematics and computing? Obviously, semantics requires us to incorporate meanings in mathematics and then in physics, before biology can use them. That too changes the way we must look at material objects, especially how these objects make up living beings, and what it means for evolution.

But of even greater importance is the fact that even if random mutations and natural selection were theoretically sound ideas (i.e. that they were based on sound fundamental principles in physics, and if they could be mathematically consistent and complete) they would still not explain the creation of new species. This conclusion follows from the application of non-linear dynamical principles to biological ecosystems, which tells us that an ecosystem must either oscillate violently (called chaos) or sit in stable states (called attractors). If the ecosystem oscillates violently, it will kill most of the species. If it rather sits in stable states, it will not create any new species.  I will discuss how current biology treats the biological ecosystem as a linear system which evolves gradually, like a slow-moving ball. In a linear system, causes flow in one-direction rather than returning to act on the original cause to cause a system-wide oscillation. Assumptions about linearity lead to the notion that new species can be created, although a non-linear system forbids this viewpoint.

Much of the discussion in biology today happens without a deep appreciation of these problems. We sort of assume that issues of causality and completeness have already been settled in physics and chemistry, and all that remains to be said is how living beings emerged from molecules. We also assume that minds can be reduced to matter although there are some fundamental logical and mathematical problems in carrying out that reduction, in principle. 

Most of the current oppositions to the theory of evolution delve far more into the empirical evidence on whether the theory is consistent with the observations, but seldom on the conceptual and logical issues in the theory itself. This book hopes to fill that gap in the current discourse about evolution. I will not expend effort in debating the empirical evidence, but outline the form of the theory that can conceptually and theoretically be consistent with what is empirically and theoretically known in physics, mathematics, computing, game theory, and what we intuitively know to be the problems of encoding meaning in matter. While brains are part of the meaning problem, the question of meaning is not tied to the brains. Rather, the problem of meaning can also be discussed in the context of semantic computing machines, the issue of semantics in mathematics, and the revisions to physical theories needed to encode meaning within matter.

It is noteworthy that science is a combination of theory and observations. Unless a new theory explains the old and the new observations in an encompassing manner, the current theory continues as the pragmatic and heuristic instrument for organizing data. While there is mounting evidence that the current theory of evolution does not explain all the available data, change cannot occur unless there is a theoretical alternative. So, while it is important to keep collecting new data, it is also important to formulate a different theory that explains all the data and predicts data that can be confirmed. 

This book is focused on the theoretical enterprise and hopes to bridge the gap between what is well-known in areas of science outside biology—computing, mathematics, game theory, and physics—to what biology needs to explain the observed biological diversity. By stepping outside the traditional debates about the evidence that stands for and against evolution, I hope to show many fundamental problems in the theory itself. Once we see the problems, we will have the necessary argument to claim that the theory is illogical.

 

The Alternative to Molecular Evolution

However, discussing the flaws of evolution is not the main goal of this book. I will discuss the flaws only to illustrate the need for an alternative. The rest of the book is about what the alternative can be. I believe there is an alternative theoretical explanation of biological similarity that employs new fundamental properties in nature. I will argue that these properties are structure and function. If structure and function are fundamental properties, and different species embody these properties in different ways, then what is called mutation in current evolutionary theory would be studied as the change in structure and function. Like current physical theories describe the evolution of an object’s state—because we believe that aspects of that state are fundamental—there can be new causal physical theories that describe the evolution of structure and function. Just as current quantum physics explains all chemical elements based on six quarks and six leptons, we could explain many different structures and functions based on a finite number of structures and functions. 

In a theory that treats structure and function as fundamental properties in nature, we could be asking the following interesting questions: Which are the elementary structures and functions from which other structures and functions can be created by combination like atoms are created by combining sub-atomic particles? What causes the structure and function to combine, and what kinds of laws should govern this combination? What is the relation between a structure and a function, given that many structures can enact the same function and a structure can be used for many functions? 

Answers to these questions will require a theory about new types of logical entities, which can be described mathematically, and used for making predictions. Like chemical element groups and the similarity between elements are an epiphenomenon of current quantum physics, the biological similarity between species can be an epiphenomenon of such a theory, as similarities between species can be reduced to the similarities between structure and function in species. Like Neon, Argon, and Krypton have similar properties of inertness because of electron orbital occupancy, it would be possible to speak about the similarity of different species based on fundamental structures and functions. The laws of nature in such a theory will speak about why some structures and functions are fundamental, how these elementary structures and functions are produced, the laws by which these entities combine, and the causality that dictates their evolution. Evolutionary theory will now be replaced by a theory that answers the basic questions about structures and functions.

Of course, a fundamental theory about structures and functions hinges on the possibility that structure and function are indeed fundamental rather than emergent properties in nature. In current biology, structure and function are viewed as emergent properties. Therefore, before we seek to formulate theories about structures and functions, we need to be convinced that these properties are indeed fundamental. That insight itself requires us to step outside the conventional boundaries of current biology. Quite specifically, the idea that structure and function are fundamental (rather than emergent) properties in nature requires the following three steps: 

 


		We need to understand why all theories that aim to describe nature in terms of individual particles or objects are incomplete. Such object theories include classical mechanics, statistical mechanics, quantum theory, and general relativity. I will describe why each of these theories is now known to be incomplete. Unless we are convinced that the reduction of nature to objects is incomplete, structures and functions will remain emergent properties and there would be no need to seek alternatives. 

		We need to recognize that the incompleteness of object-based theories arises when these theories attempt to describe ensembles or collections rather than individual objects. This realization helps us find the root cause of the incompleteness, namely that a theory becomes incomplete when it tries to reduce a collection to independent parts. If all theories that reduce collections to independent parts are incomplete, it follows that collections should not and could not be reduced to independent parts.

		We can now postulate that there must be some properties in collections which cannot be reduced to the properties of the parts in them. Clearly, every ensemble or collection aggregates objects in structures. And the parts of the ensembles perform different functions in the ensemble. If these structures cannot be reduced to the constituent objects, then a new kind of theory of structures must be devised. If the behavior of the whole cannot be reduced to the behavior of parts, then a new kind of theory of functions must be constructed. This theory can inherit some properties of object-based theories. For instance, we could ask which structures are fundamental, how is the state of a structure described, and the laws by which these structures interact and evolve.



 

Current physical theories reduce all structures to the positions of independent particles that participate in that structure. The idea is that the particles are real and they aggregate to form structures. But how does the aggregation occur? Evolutionary theory argues that these aggregations are randomly created and then naturally selected based on a mutual ‘fit’ between structures. The key underlying assumption in this view is that a particle that participates in a structure is unchanged by that participation itself. The same particle could have been part of another structure, and it would not materially change anything in that particle. This assumption in the reduction of structures to parts is false, as I will discuss subsequently. 

For instance, an electron in two different molecules is not the same electron because quantum theory prescribes different eigenfunctions to describe that electron. In fact, even different electrons within a given atom are not identical; the electrons that form the s orbital are different than those that form the p orbitals. There is nothing in physics that allows us to assert that any two electrons in a quantum system are identical and ‘could have’ been in another state. Indeed, we cannot distinguish between the particle and the state. If an electron is in the p orbital, then the electron is the p orbital. Quantum theory only tells us how energy is distributed into parts, and there are many ways to construct and measure this distribution. It is impossible therefore to describe particles and objects in quantum theory without reference to the whole system; each part can only be defined via the ‘role’ it plays as part of a complete ensemble.

When parts are independent of the other parts, then we can reduce the whole into the parts and treat the whole as an emergent property of the parts. When the parts are only defined in relation to the whole, then the whole is in some sense logically prior to the parts. Current physical theories speak about structures as part-part relationships due to the belief that the whole is nothing but the aggregation of independent parts. The notion therefore that a part gets it properties due to its relation to the whole needs a conceptual shift in defining the whole independent of the constituent parts.

The reductionist dogma in science draws upon a classical picture of nature in which we suppose that all objects exist independent of the other objects. These objects, we further suppose, randomly combine to create structures. For instance, we suppose that a table, chair, or bed is made out of planks of wood, which exist within the table, chair, or bed in the same way that they exist outside these structures. A given plank of wood could therefore be part of different collections or structures, which constitute a table, chair, or bed, although this participation in different collections does not change the participating plank. If the table, chair, or bed is only an outcome of aggregating the individual planks of wood, then the planks of wood are the same whether they belong to a table, chair, or a bed. 

This classical physical view of nature has undergone a radical denial in modern physical theories although the new ideology that fits the nature of reality hasn’t yet emerged. Without a new theoretical grounding in our thinking about nature, other areas of science—such as chemistry, biochemistry, and biology—continue to use the classical dogma about nature. If the problems of modern physics were well-understood, their solution would require us to think of the parts as being co-dependent rather than independent. The leap in science is, therefore, that the planks of wood are not the same in the table, chair, or bed. Rather, there is something unique in each plank of wood depending on whether it belongs to a chair, a table, or a bed. Now it is not sufficient to describe the properties of the plank independent of the other planks, because each plank acquires some additional properties within a specific type of collection. The only way these properties can be explained is if we can speak about the plank as part of a bed, a table, or a chair. That in turn requires us to speak about the table, chair, or bed even prior to the planks.

The classical physical belief that the whole is nothing but the collection of independent parts leads to a problem of recursion when the parts have to be defined in a new way as portions of some whole. The problem of recursion arises because the whole depends on the parts and the parts depend on the whole. To speak about the whole, we must first collect all the parts, although the parts themselves cannot be completely defined unless the whole has already been defined. The definition of parts therefore depends on the definition of the whole, which in turn depends on the definition of the parts. There cannot be a clear definition of parts or wholes due to this recursion. And, therefore, there cannot be a notion of a part that acquires a unique property as part of a collection. All the parts must have properties that are independent of the other objects in the collection and the collection is simply a random aggregation of parts.

This problem is so fundamental in current science that it forms the basis of almost every debate about structure and function in biology. The debate arises because when we look at biological forms, we see a tight interrelation between the parts—quite like how planks of wood form a table, chair, or bed. This tight interrelation prompts us to the claim that there is something unique about a part within the collection; for instance, a molecule has some additional properties within a biological organism rather than in the test tube. And yet, there is no theoretical basis on which this idea can be justified. The reductionist supposes that all the parts in a whole are independent and the functional behavior of the whole must therefore be a random occurrence of the aggregation of the independent parts.

Some design theorists now argue that the aggregation of parts into a whole is not random but the result of some intelligent design activity. However, this intelligent design activity does not seem to have a natural cause: its effect can be observed, but it cannot be explained. A non-natural explanation of biological complexity takes us out of science, as far as explanations and predictions of facts are concerned. For instance, which forms should be created by design and why? Of course, current evolutionary theory also does not offer any predictive usefulness, so evolution cannot counter design arguments for this flaw. However, in so far as both evolution and design fail to predict diversity, they remain unsatisfactory scientific ideas.

There is only one way to solve this problem, which is to postulate that the whole exists in some sense independent and prior to the parts. This idea seems bizarre in the context of current objective thinking, but it can be made rigorous in a new semantic view. 

I will have many opportunities to discuss the basis and implications of this idea throughout the course of this book; I will show how many physical theories—including quantum theory, statistical mechanics, and general relativity—show that the only consistent way to think about reality is to acknowledge that a system is something logically prior to the objects in it. However, since this idea is so antithetical to the picture of nature developed in Newton’s times, it has generally been ignored and neglected within science. Nevertheless, to the extent that the dominant dogma in science (that objects are logically prior to systems) is incompatible with the implications of empirically proven physical theories (as systems being logically prior to objects), this leads to many interpretive difficulties in understanding the newer physical theories. These difficulties include the measurement problem in quantum theory, the irreversibility in statistical mechanics, and the indeterminism in general relativity. 

A deep appreciation of problems in physics is necessary to understand why the idea of a whole as something logically prior to parts is required to solve the problems of measurement, irreversibility, and indeterminism within physics. Similar necessities arise from the need to solve logical paradoxes in mathematics and computing theory, as we shall see through discussions in the later chapters. The notion that the whole system is logically prior to the parts in it is therefore essential to the evolution of science and I will elaborate on the reasons for this shift in thinking in subsequent chapters. 

However, before I dive into discussing those problems, it helps to sketch some intuitive examples of this basic idea. To see how the whole can be logically prior to the parts, consider the example of how an ordinary chair is viewed semantically. Figure-1 illustrates the development of the idea of a chair into more complex ideas.
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Figure-1 Refinements of Everyday Concepts

 

In everyday language, notions about ‘study chair,’ ‘dining chair,’ and ‘rocking chair’ are refinements of the idea of a ‘chair.’ We must first have the notion of a ‘chair’ before we can speak about a ‘rocking chair.’ As an idea, the notion of a ‘chair’ is more primitive and simpler relative to the idea of a ‘rocking chair.’ In the same way, the parts of a ‘dining chair’ such as ‘leg,’ ‘seat,’ and ‘back’ are more complex notions relative to the notion of a ‘dining chair.’ Unlike the ‘chair’ which needs just one word, and a ‘dining chair’ which needs two words, a ‘dining chair leg’ needs three words. To describe further smaller parts of the ‘dining chair leg,’ we would need to use even more words, such as ‘dining chair leg base’ or ‘dining chair leg top.’ As we get to smaller and smaller parts, we require more and more words to describe these parts. Note how this approach begins in the idea of a chair and then constructs various types of chairs and then their individual parts. This approach to describing the parts leads us to the following general conclusion:  The whole chair is semantically simpler relative to the parts that make it up. Conversely, the parts of chair are more complex relative to the whole chair. In so far as we think that the simpler things are logically prior to complex things, we could now suppose that the chair is logically prior to its legs or seat.
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Figure-2 Semantic vs. Physical Complexity

 

 The semantic notion of complexity overturns our approach to reduction in nature. In the physical notion of complexity, the smallest parts of nature are more primitive because we believe that small is simple. Physical reductionism therefore begins with the smallest parts and tries to build larger things by aggregation. The aggregation gives the impression that the whole is reducible to parts, although physical theories are unable to carry out this reduction, without dropping classically entrenched ideas such as objectivity, reversibility, and determinism. Could we now adopt a different type of reduction in which the whole is simpler and the parts are more complex, because the parts are created by adding more information to the whole? In the above example of a chair for instance, the ‘chair leg’ is a more complex concept relative to the concept of a ‘chair,’ even though the leg is smaller relative to the entire chair itself. 

The clear advantage of semantic reduction is that the notion of a ‘chair’ exists within the notion of a ‘chair leg,’ although we construct the part from the whole rather than the whole from the parts. Since the ‘chair leg’ is produced from the ‘chair,’ the ‘chair leg’ is different from the ‘table leg’ (because it is produced from the ‘table’). To formulate this difference, the parts must refer to the whole, but the whole does not refer back to the parts, because the whole is logically prior to the parts. This relieves us of the problem of recursion in the physical theory and of the issue in understanding how a part acquires some additional properties within a whole. Now, the ‘leg’ within the ‘chair’ and ‘table’ are not the same object. Rather, they have some unique contextual properties which arise from the fact that they belong to different collections or wholes. The illustration demonstrates that the problem of recursion arises only when the whole is created from the parts. Science can still be reductionist, although reductionism is itself defined in a semantic rather than a physical manner.

Essentially, in the semantic approach, the simplest things in nature are elementary meanings. A ‘chair’ is simpler relative to ‘chair leg’ because the ‘chair leg’ has more semantic information in it. This helps us understand why a collection—e.g., a chair—cannot be reduced to independent planks of wood because each plank of wood in itself is defined as ‘chair leg,’ ‘chair back,’ and ‘chair seat’ which in turn carry the notion of a ‘chair’ within them. If we think that ‘chair’ is the whole, then the whole is somehow present in each part. Likewise, the whole must be logically prior to the constituent parts.

Semantic descriptions wreak havoc to many current scientific ideas, but all these changes can be summarized in a single new idea—a shift in our understanding of the nature of space and time. Space and time are methods by which we distinguish objects; an object at a different location in space or a different instance in time is a different object. If differences in objects are themselves created by dividing an elementary concept by more concepts, thereby creating a hierarchy of concepts, then space and time also have to be described hierarchically rather than linearly. Common examples of such hierarchical descriptions already exist in the everyday world. For instance, locations in the everyday world are described through postal addresses, which require a hierarchical nesting of countries inside the Earth planet, the nesting of states inside the country, the nesting of cities inside a state, the nesting of localities inside a city, the nesting of streets inside a locality, and the nesting of houses or offices inside the street. Time is similarly described hierarchically in the everyday world by embedding years inside centuries, months inside years, weeks inside months, days inside weeks, hours inside days, minutes inside hours, seconds inside minutes, and so forth. The hierarchical notions of space and time are semantic while the physical notions are not; the physical notions about space and time are linear.

In the physical notion of space, the universal space is created as the collection of all possible locations and these locations then individuate the objects. In the semantic notion of space, the individual locations in the universe are created by adding more information to the origin of universe. In the physical notion of matter, similarly, the atoms are simple things and the universe is a complex thing. In the semantic notion, the universe is simple and the atoms are complex. In the physical notion of space, we speak about structures in terms of part-part relationships and in the semantic notion of space we must speak about structures in terms of whole-part relationships. In the physical notion of space, the whole reduces to the independent parts (which are logically prior to the whole). In the semantic notion of space, the parts are created from the whole by dividing simple ideas through the addition of increasing amounts of information.

Essentially, in the semantic view, the universe is the simplest idea, which is then refined through successive steps that add information to the primitives to create ever more detailed objects. The collection of all objects in the universe is the collection of all the ways in which the idea of the universe can be refined. The universe is therefore not merely a collection of things, but all the things in the universe themselves carry the notion of universe within them.

This idea can also be formally stated as follows: The universe is an inverted semantic tree whose root is an elementary concept. Refinements of this concept create myriad objects in the universe. 

When space and time are constructed as hierarchies, then space is closed and time is cyclic. Postal addresses and clock times are therefore not merely artifacts of our human description of nature. They can also be reflections of some real properties in nature which cannot be captured through current physical theories because in these theories space and time are linear, open, and infinite. The semantic view changes how we formulate fundamental theories about nature because it changes the nature of space-time itself.
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