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Preface





How does it happen that a properly endowed natural scientist comes to concern himself with epistemology? Is there no more valuable work in his specialty? I hear many of my colleagues saying, and I sense it from many more, that they feel this way. I cannot share this sentiment. . . . Concepts that have proven useful in ordering things easily achieve such an authority over us that we forget their earthly origins and accept them as unalterable givens. Thus they come to be stamped as “necessities of thought,” “a priori givens,” etc. The path of scientific advance is often made impassable for a long time through such errors. For that reason, it is by no means an idle game if we become practiced in analyzing the long commonplace concepts and exhibiting those circumstances upon which their justification and usefulness depend, how they have grown up, individually, out of the givens of experience. . . . By this means, their all-too-great authority will be broken.

—Albert EINSTEIN





This book invites you to reflect on a new concept: simplexity. I use this term to designate a most remarkable invention of life and one that applies at any number of levels, from molecules to thoughts, individuals to pairs, and ultimately to consciousness and love.

Complexity has become a major buzzword. The economy is complex. Life in megacities is complex. The mechanisms of Alzheimer’s disease are complex. Finding the right biofuel to replace gasoline is complex, and so is managing separate families to achieve both the harmonious rearing of children and sexual freedom for parents. We are staggering under the weight of complexity. As if that were not enough, we belong to various social, religious, and political groups and must juggle any number of identities: citizen, neighbor, doctor or bricklayer, tourist, patient, client, or voter. Each of these factors shapes us and imposes on us certain behaviors, norms, customs, and habitus (sociologist Pierre Bourdieu’s expression for deeply “embodied” ways of doing and thinking) that place us in ever-changing, interlocking social and psychological webs of a complexity unequaled in the history of humankind.

Scientific theories of matter and life must also contend with the complexity of natural processes. No domain is immune. Physics has long been searching for a way out of complexity. Although the discipline is fairly mature, faced with complexity, it must accept the uncertainty relationships that define the very limits of knowledge and admit, for example, that we cannot know both the position and the momentum of a particle.

In an effort to formalize complexity, scholars from all disciplines created an institute devoted to the subject in Santa Fe, New Mexico. Physicist and Nobel Laureate Murray Gell-Mann, the discoverer of quarks, is one of its founders. His book The Quark and the Jaguar elegantly summarizes the steps involved in constructing a theory of complex adaptive systems.1 Everybody is familiar with the metaphor: The flap of a butterfly’s wings in Brazil triggers a tornado in Texas. In other words, a very simple law of organization can give rise to complex structures.2


The Wonders and Deceptions of Simplicity

Our brains are overwhelmed by the immense quantity of information required to live, act, and understand. In response to the challenges of complexity, ways of simplifying things are proliferating. Intended to keep us all from going mad, these approaches slap on a facade of simplicity in the form of fancy mathematical theories that mask their authors’ failure to grasp reality. Motivated by special interests, these mathematical models can lead to calamities, as evident in the recent financial crisis and the failure of the banking system due in part to artificial, completely unrealistic “models” of “Homo economicus.” Similarly, efforts to facilitate decision making tend to reduce humans to logical processes so as to model them using logico-mathematical theories that simplify real life. But despite the quest for effective solutions, “simple heuristics that make us smart,”3 the truth is that today we are like the mythical Theseus lost in a labyrinth, without Ariadne’s thread to help us find the way. We are made to think that the exit is just at the end of the corridor, but the corridor leads nowhere. Lost in the genuine complexity of the world, aware of the ineptitude of formal models, we are easy prey for fundamentalist beliefs and obscurantism.

This need to simplify touches everything. The quest is evident in all areas of social and political life, of medicine, science, technology, and day-to-day existence. The complexity of electronic gadgets is disguised by their ease of handling. It takes huge software programs to make computers user-friendly. Tax forms and medical protocols are being simplified, as are administrative documents. Criminal proceedings are being simplified to accelerate them. We can now vote electronically and have a simple choice between candidates we see debating on a television screen. People’s lives are being simplified by creating supermarkets where they can find all the product “solutions” they need. Engineers are trying to simplify the design of “light pipes,”4 and chemists have uncovered simplifying principles for enzymatic and kinetic reactions.5 The result of this frenzy of simplification is accrued complexity. The easier computers are to use, the more bloated the software. Simplification costs.

These days, there is a tendency to confuse modernity and simplicity. Oversatiated with the pervasiveness and exuberance of baroque art, the whims of classical architecture, and the extravagant refinements of suits and dresses, the twentieth century welcomed a reductionist movement in favor of the simplest shapes and materials. Typified by the influential Bauhaus school, the movement came to dominate industry and design. Fortunately, we are now seeing a countermovement, and clothing designers, for example, appear to have rediscovered the joy of playing—in the musical sense of the term—with forms and colors, textures and rhythms, and with the flow and folds of material.




The Originality of Life

Let me define more precisely what I mean by simplexity.6 I did not invent the concept. The word simplexity has been used by geologists since the 1950s, and it is common in the fields of commerce, design, and decoration. Nonetheless, this usage is of limited interest to us, for it is often intended to be synonymous with simplicity. For me, simplexity means something else. First and foremost, it is a property of life. In this book, I will examine the concept of simplexity and its significance in an effort to better understand what makes life unique. Simplexity is not simplicity. It is fundamentally linked with complexity, with which it shares common roots. As Gell-Mann writes, “Simplicity refers to the absence (or near absence) of complexity. Whereas the former word is derived from an expression meaning ‘once folded,’ the latter comes from an expression meaning ‘braided together.’”7

Some complexity theorists have striven to identify what distinguishes living organisms from inert matter. According to one of these theorists, physicist and mathematician Nicola Bellomo, “Although living systems obey the laws of physics and chemistry, the notion of function or purpose differentiates biology from other natural sciences. More important, what really distinguishes biology from physics are survival and reproduction, and the concomitant of function.”8 Consequently, he proposes a mathematical theory of interactions between “a large number of interacting entities which will be called active particles, or occasionally agents, and which are generally organized in different interacting populations.” As interesting as this concept of action is, it has its limits. It does not really deal with what is most original about action in living organisms. Nowhere is there any mention of the idea that life has found solutions to simplify complexity. Nor does it evoke the utterly remarkable ability of living creatures to create borders delimiting closed spaces, such as the cell and the body itself. These solutions are indeed simplifying principles that reduce the number or the complexity of processes. They make it possible to rapidly analyze information or situations, taking into account past experience and anticipating the future—which helps to grasp intention—all the while respecting the complexity of reality. In my view, the ensemble of these solutions is simplexity. Simplex solutions are not just ways of reformulating or summarizing a problem. Put another way, they enable actions that are more elegant, faster, and more efficient. They also give priority to the senses, even if it means making a detour.

Simplexity is complexity decoded, so to speak, because it is based on a rich combination of simple rules.9 To borrow a phrase from the mathematician and philosopher Gottfried Leibniz, about the best of all possible worlds being one that combines the greatest variety of phenomena with the simplest laws, it is “complicated simplicity.”10 The music of French composers Pierre Boulez and Pascal Dusapin is modern; you do not have to like it, but it is simplex. Also simplex is a Bach fugue, which begins with several notes and evolves slowly toward soaring whorls of combined sounds. It seems complex, but the notes actually follow rigorous laws. Another example is found in the great Russian liturgies, where the polyphonies give the illusion of great simplicity through a skilled arrangement of rhythms and sonorous spaces. These overlap and intertwine in a dance that seems to be a solo in the sublime way it harmonizes the multiple activities going on in the brain.

Simplifying in a complex world is never simple. In particular, it requires us to choose, refuse, connect, and imagine. I have said elsewhere that the basis of our thoughts, from the development of our highest cognitive functions, even the most abstract, lies in action, and that our brain evolved to anticipate the consequences of an action, projecting onto the world its preperceptions, hypotheses, and interpretative schemas. The originality of life is precisely that it found solutions to resolve the problem of complexity by mechanisms that are not always simple, but simplex. It is possible to have the impression that complexity is reducible to a mouse click on a computer, that the world really is within reach of a Google Web page, that to solve the major psychiatric disorders we have simply to discover their genes. Such an approach suffices for operating a washing machine, a computer, or a ticket vending machine at the train station. But it is useless faced with the genuine problem of how to integrate the multiple complexities thrown up by our social, material, and natural environment. Simplexity theory complements complexity theory. In some way, it contains complexity. Laying the foundation for a biologically founded theory of simplexity is the modest aim of this book.
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FIRST PART

Remember to dare









In certain circumstances supreme boldness becomes supreme prudence.

—Carl von CLAUSEWITZ






CHAPTER ONE

Making the Complex Simplex





Simplifying principles gives hope that the behavior of seemingly incomprehensible biological networks will eventually be deciphered. I have emphasized simplicity in biology to encourage the point of view that general principles can be discovered. Without such principles, it is difficult to imagine how we might ever make sense of biology on the level of an entire cell, tissue, or organism.

—Uri ALON





Why propose the neologism simplexity to describe the properties of life when the term simplicity already exists? It is more than just a play on words. The word connotes the remarkable fact that biological devices, or processes, appeared in the course of evolution to allow animals and people to survive on our planet. Given the complexity of natural processes, the developing and growing brain must find solutions based on simplifying principles. These solutions make it possible to process complex situations very rapidly, elegantly, and efficiently, taking past experience into account and anticipating the future. They also enable us—by means of a fundamental principle of “intersubjectivity”—to understand the intentions of others. They do not make reality any less complex. They may involve detours, an apparent complexity, by presenting problems in a novel way, changing reference frames, points of view, and so forth. Contrary to what we might think, simplifying is not simple, for it requires us especially to refuse, inhibit, choose, connect, and imagine. Some solutions devised by life are universally valid for all species of animals, including humans. This is true of the senses. But each organism also comes up with solutions as a function of its Umwelt (a concept we have examined in the book Neurobiology of “Umwelt” );1 that is, the organism’s own relation with the environment based on its position in the phylogenetic tree. Even the complex set of genes, their expressions, and probably also their associated environmental influences (epigenesis) are organized according to principles that both enable simplification and promote diversity. This is how, for example, four families of genes—only four!—control the organization of the body into segments, yet the anatomy of the cranial nerves still differs depending on the species (see fig. 1). Let us take a little closer look at genetics and simplexity.


Patterns and Small Worlds

Uri Alon, an Israeli physicist who is looking to uncover the general principles underpinning biological circuits and networks, has this to say on simplicity:


“Complex” is perhaps the most common adjective used to describe biological phenomena. In every cell, complex networks of interactions occur between thousands of metabolites, proteins, and DNA. Every interaction is itself a complex dance between exquisitely shaped proteins, designed to interface with each other if the conditions are right. And every protein looks like tangled strands of spaghetti festooned with atomic appendages. So where is the simplicity? . . . The point I wish to make is not that biology is simple, but that biological networks of interactions are simpler than they might have been.

 




[image: Figure 1. Voir légende.]

FIGURE 1. The simplex anatomical organization of the cranial nerves.

The four HOX genes that determine the segmentary localization of the parts of the body also determine the distribution of the nerves along the spinal cord (following the “rhombomeres,” numbered r1 to r8). This simplification (only four genes) enables enormous diversity in the distribution, depending on the species, as here in the example of cranial nerves. [Adapted from E. Gilland and R. Baker, “Evolutionary Patterns of Cranial Nerve Efferent Nuclei in Vertebrates,” Brain, Behaviour, and Evolution 66 (2005), 234–254.]


There seems to be a degree of simplicity in several aspects of these networks, which is intriguing given that cells evolved to survive, and not for scientists to understand.2


Despite the incredible quantity of patterns of interaction between genes, the neuronal networks they give rise to are constructed from a very small number of what Alon calls “motifs.” For example, the bacterium Escherichia coli contains a motif that responds to stress by producing flagella that resemble whips. These enable the bacterium to swim toward more-hospitable areas. This same motif also turns up in hundreds of other systems, including very complex organisms. These specific patterns appear to be related to the need to develop robust structures.

Replication of identical or similar motifs that fulfill specific, important functions is a good example of what I call simplexity. Identical or similar motifs are used throughout the living world to minimize energy, reduce entropy, and even to transmit information faster. Simplexity also appears in molecular assemblies for which, sometimes, the basic principles consist simply in the ability of the constituents to produce reciprocal patterns of excitation and inhibition as a function of chemical concentration. In the same text cited here, Alon comments, “Such models seem to capture the essential dynamics of protein circuits, while being, in a sense, insulated from most of the complexity of the proteins themselves.”3 It stands to reason that modeling can be a powerful tool for studying simplifying principles to describe what many biology researchers call “small worlds.” Other examples of efforts to identify solutions that simplify a given process are to be found in different areas of biology, such as immunology, but also in disciplines that study the molecular basis of behavior.4




Tools for Life

For the purpose of argument, let me suggest a preliminary list of basic characteristics of life that I believe rely on simplex properties that constitute tools for life:

Modularity. Separation of function is an essential feature of life. It is well known that there are several visual pathways, for example, for orientation (via the colliculus), emotion (via the amygdala), identification (via the so-called ventral pathway), and localization and context definition (via the dorsal pathway). Different types of memory—explicit, implicit, procedural, and so forth—have separate neuronal networks. We also have separate neuronal loops for the control of movement between the basal ganglia, the thalamus, and the cortex, for eye movements, limb movements, memory, and emotion. A number of descending and ascending pathways between the brain and the spinal cord subserve different functions. Although we must refrain from an excessively localized theory of brain processes, it is still true that different areas in the brain process specific aspects of perception, action, memory, and emotion, each belonging to ever-changing networks that interact dynamically through such mechanisms as direct action and synchronization of oscillations. Likewise, there are separate and coordinated mechanisms for automatic behavior and cortically controlled action. This diversity is a feature of simplexity. More generally, modularity (the equivalent of our “division of work” in society) is a fundamental property of living organisms.

Speed is another fundamental property of life and of the brain. Very few animals can manage without it; the sloth is an exception. Speed demands elegant solutions, not necessarily simple, but efficient. It calls for anticipating the consequences of action, which is indispensable in capturing prey or escaping from a predator. Thus, the praying mantis, fearsome devourer, moves on the bee that it wishes to trap in 60 milliseconds. In molecular assemblies, as well as in the higher activities of the nervous system, functions are distinguished by their temporal dimension. For instance, some molecular mechanisms work rapidly and others slowly. Similarly, in motor control, but also in perception, “tonic” (slow, sustained) systems are distinct from “phasic” (rapid, transitory) systems. Sensorimotor functions are divided into specialized modules that cooperate (see fig. 2). In humans, it takes between 75 and 100 milliseconds for the sight of a snake to trigger fear. Emotion pathways are also divided into fast- and slow- responding: In the presence of a snake the fast amygdala pathway triggers fear and reaction in less than 100 milliseconds, while slower cortical pathways analyze the object of fear and eventually modify the fear response. The anticipatory motor action produced by an obstacle that could trip you activates at 100 milliseconds. This kind of speed is also found in more-complex cognitive acts, such as decision making, which sometimes is accomplished in a flash. An airplane pilot has very little time to avoid a catastrophe. A bus driver who takes his eyes off the road for more than a second is asking for trouble. Playing a violin piece by Paganini or Mozart requires a dazzling dexterity—the lightning-quick translation of thought into action—whose only equal is the mental dexterity of the composer.

[image: Figure 2. Voir légende.]

FIGURE 2. Modularity: different neuronal networks supporting a repertoire of actions.

This schematic drawing shows the modularity of the systems for reaching for an object, grasping it, redirecting the eyes by saccades, and visually pursuing a moving target. LGN indicates the lateral geniculate nucleus, the center of the visual thalamus. V1 to V6/PO indicate the different visual (occipital) areas; MDP, MIP, 7a, 7b, VIP, AIP, and LIP are regions of the parietal cortex; MST, FST, TEO, STS, and IT designate the areas of the temporal cortex. The areas labeled BA correspond to the frontal and prefrontal cortex, according to Brodmann’s nomenclature. [From J. Atkinson, The Developing Visual Brain (Oxford: Oxford University Press, 2002). Reprinted by permission of Oxford University Press.]


To enable this execution, life has devised a problem-solving method similar to that formulated by seventeenth-century French philosopher and mathematician René Descartes: Break complicated problems down into simpler subproblems, thanks to specialized modules, though, of course, everything must be put back together again. I call this the simplexity detour.

5Reliability. To avoid errors, the neuronal mechanisms of the brain and its parts must be highly reliable. But reliability is no friend of complexity, especially when it involves living organisms at several levels, from the molecular up to the cognitive. Novel solutions for increasing reliability do exist, however, among them redundancy, noise (paradoxically), cooperation between inhibition and excitation, and coupled oscillators. As we will see below, it is now also believed that the brain uses probabilistic processes to cope with uncertainty. These solutions may be endowed with properties such as “contraction” to aid in coordinating and stabilizing the thousands of neural loops involved in brain operations.

Flexibility, vicariance, and adaptation to change. An organism must be able to resolve a problem, perceive, capture, decide, or act in several different ways (vicariance) to adapt to context, compensate for deficits, and face new situations. But to have a repertoire of solutions at the ready, it must not get bogged down in complexity. Suppose that I have to be at the Panthéon at Porte Maillot in Paris at a certain hour. The simplest solution is to take the bus, which is direct. But traffic is jammed all along the way, and I will be late. So instead I take the regional rail, which requires me to change at Châtelet, a complicated station where everybody gets lost. Amazingly, I arrive on time! My solution introduced a bit of complexity, but it simplified my life: I was not late. Another example, on a different level: Say I have a portfolio of stocks and the market starts to plummet. The simple solution is to sell my shares quickly. The simplex solution, both simpler and more complex because it requires a mental detour, consists in doing nothing while waiting for the market to go back up. This involves reasoning, betting on the future. Compared with simplicity, simplexity includes a tension, sometimes an opposition between simple and complex, that is characteristic of life.

Memory. Present action relies on the memory of past experience to predict the future consequences of action. Connecting the past with the restless present calls for common simplifying principles between the memory of the past and the way in which anticipation is coded in the brain. The multiplicity of mechanisms of memory (explicit, implicit, episodic, verbal, iconic, affective) bring us back to modularity. But memory is not only a property of higher brain mechanisms. All levels of the brain have various mechanisms of memory. Even motoneurons, for example (the neurons located in the spinal cord that activate muscles), may enter a mode called the plateau potential, which is characterized by sustained activity.

Generalization is another very important property of simplex systems. An example is what we call motor equivalence. You can shift your gaze by moving your eyes, but also by a combined movement of the eyes and head, even your entire body. To do that, the movement must be encoded, programmed in a fairly general way so it can be executed by any of the segments of the body, whatever its complexity. I propose that, to ensure this generality, the shift of gaze is encoded in the form of speed, with dynamic-memory mechanisms,6 which makes it possible to integrate the speed signal and transform it into a position signal by processing it in the internal models of the specific effector.7 Similarly, the word love can be written with a finger, a hand, or even a foot—as people do who cannot use their hands—but you can also do it while running on the beach. This suggests that the geometry of movement is determined in a very general way. We will allude to this property further on. This question of generalization is central to current thinking about rehabilitation of motor function in neurological patients with brain lesions. Robots and machines for re-educating these patients exist, but when they have been trained on the machine, patients have trouble in transferring, that is, generalizing, their relearned capacities to their everyday lives. Many other examples of the capacity to generalize can be found, for instance, in perception and language. Naturally, this list of properties is far from exhaustive, and we will come back to them, in particular regarding the importance of movement and action, which are the foundation of thought, as nicely articulated by neuroscientist Rodolfo Llinás.8

 








CHAPTER 2

Sketching a Theory of Simplexity





It is not because behavior is simpler that it is preferred; on the contrary, it is because it is preferred that we find it simpler. . . . For the most part preferred behavior is the simplest and most economical with respect to the task in which the organism finds itself engaged; and its fundamental forms of activity and the character of its possible action are presupposed in the definition of the structures which will be the simplest for it, preferred in it.

—Maurice MERLEAU-PONTY





I would like to try to sketch out a theory of simplexity. A sketch is not a final drawing; it is the expression of an intention, an idea, imprecise and indecisive, the bearer of its own evolution. It is a question that hints at its response, a kind of free association. Let me suggest that a simplex process is one governed by several principles, implemented successively or in parallel. My list of principles is intended to define a framework, incomplete and open to discussion, whose aim is to delimit the concept of simplexity. To avoid any misunderstanding, let me emphasize that I do not deny the fundamental value of complexity theories. I would just like to throw open a window and start a conversation, very humbly, in reference to the mathematicians who envisaged non-Euclidean geometries, or to Leonardo da Vinci, who abandoned painter Leon Battista Alberti’s overly strict approach to perspective, and, more recently, to psychologist and Nobel Laureate Daniel Kahneman, who rethought the cognitive basis of economic theory and challenged the rational nature of human decision making.



Inhibition and the Principle of Refusal

Inhibition is a remarkable functional property of living organisms and of the human brain. It is one of the greatest discoveries of evolution. It enables competition and, consequently, decision making, plasticity (flexibility), and stability. It is used in the brain to enhance speed, to select from among the complex constituents that make up any phenomenon, act, or situation, whether concerning our relationship to the environment or the mechanisms of our thought processes. All the major centers of the brain (cerebellum, basal ganglia, prefrontal cortex) that are involved in coordinating movement, choosing one action among many, predicting the future, or deciding have inhibitory mechanisms at their disposal. For example, the development of the prefrontal cortex allowed humans not to be slaves to lived reality, the flow of events, the world, but rather to keep their distance from reality, to change their point of view. Our executive functions1 give us the capacity to inhibit primitive cognitive strategies2 or innate reflexes that kick in too quickly. One might say that to think is to inhibit and disinhibit; to create is to inhibit automatic or learned solutions; to act is to inhibit all the actions that we do not take. The refusal to lose ourselves in complexity is an attitude, an intellectual stance that enables reexamination, a bit like the “bracketing” (mentally setting aside presumptions) so dear to the German phenomenologist and mathematician Edmund Husserl.




The Principle of Specialization and Selection:
Umwelt

The most striking example of my second principle is the repertoire of sensory cues used by each different species of animal. One species scans the world only for cues important for its survival. The tick knows about the world only through the smell of butyric acid and the heat that signal the presence of a living animal whose blood can be sucked! Most animals act according to their Umwelt; they sense only those aspects of the world that are relevant for their survival. We can generalize this idea and apply it to cognitive function and decision making in general. Deciding involves selecting from the information around us whatever is pertinent to the goal of action. It is a principle of parsimony, identical to that at work in the art of war, politics, and reasoning, or that expressed in popular wisdom in the form of proverbs and sayings such as “He who grasps at too much loses all” or “A bird in the hand is worth two in the bush.”

This selection is not only induced during a stimulus-response process. It is intrinsic to adopting a perspective, whereby a living, selforganizing, autonomous organism projects its intentions and hypotheses onto the world. In this act, our brain is more a comparator and an emulator than a simple information processor. It uses numerous attentional mechanisms that I will address in a later chapter. This preliminary filtering of information from the world is itself the result of a specialization. As we already pointed out in the previous chapter, modularity is essential: The brain is formed of centers dedicated to certain kinds of processing—vision, the body, memory, language, and emotion.3 The uniqueness of humans is that, to be able to create worlds, at least to some extent they have the illusion that they can escape their Umwelt!




The Principle of Probabilistic Anticipation

The third principle is anticipation based on memory. This double strategy, both prospective and retrospective, situates the present in the dynamic flow of a changing universe. It enables comparison of sensory data with the results of past action and prediction of the consequences of ongoing action. Recent data show this double control at the level of the thalamus, which processes sensory information.4 Anticipation founded on memory requires the brain to operate in a world full of uncertainties and therefore probabilistic functioning, which is not simple. We can only estimate the speed of our body in space, tomorrow’s weather, or the behavior of the stock market. It is no surprise, then, that roboticists rely so heavily on the Kalman filter, a probabilistic mathematical tool. For our purpose, what is important is that prediction is always probabilistic. In fact, today, researchers in psychology and neuroscience use models derived from a theorem formulated by Thomas Bayes, an eighteenth-century British mathematician and Presbyterian minister, who drew a connection between past and future probabilities (see fig. 3). Of course, other probability theories could and will be proposed, but for now, Bayesian inference is particularly useful in modeling a variety of human processes.

Here is a brief synopsis of Bayesian theory. To take action, the brain must make some hypotheses. It must decide what the probability is that its hypotheses are correct, on the basis of the information available, its memory of the past, and its predictions for the future. Think of how you make up your mind about what the weather will be today or tomorrow. Bayes’s theorem tells you what to do. If P(H|D) is the probability that a hypothesis is true given the current sensory data, then P(H|D) = P(D|H) × P(H) / P(D), where P(D|H) is the likelihood, that is, the probability, of these data if the hypothesis is true, P(H) being the a priori probability that the hypothesis is true and P(D) the probability of the data.

[image: Figure 3. Voir légende.]

FIGURE 3. Predicting a storm (schematic representation of probabilistic reasoning).

Will it rain? To answer this question, you need the information indicated in the first image. The prior information defines the dependencies among the data—such as the condition of the sky (S) or the temperature (T)—and whether a storm appears imminent (R). These dependencies translate into the probabilistic laws P(S | R) and P(T | R), called likelihoods. Since in this example R does not depend on any other variable, P(R) is the a priori probability of a storm, that is, in the absence of information. The second image shows how Bayes’s law enables one to use this knowledge to calculate the a posteriori probability of a storm, by taking into account observations regarding the sky and information about the temperature.


Despite Albert Einstein’s resistance to the idea at one time, physicists now believe that the universe is governed by the laws of quantum physics, where indeterminacy reigns. An example is the uncertainty principle, published in 1927 by German theoretical physicist Werner Heisenberg, which describes the extent to which it is possible to simultaneously know the position and speed of a particle. In the same way, simplexity seems to me to resolve complex problems by rejecting dry determinism in favor of probability—chance—the idea that order can emerge from disorder. My nephew married a young Indian woman, and I was given the honorific mama (“uncle”) because, for a couple in India, it is a sort of godfather. I asked what my role should be. My nephew explained to me that it is not only to ensure the happiness of the couple but to stir it up a little, in other words, to enrich it with the variety so often cited by neuroscientist Jean-Pierre Changeux as a predilection of the brain.5

The advantage of this use of probabilistic approaches is a certain margin of freedom. Simplex order is not fascist but democratic, not hierarchical but heteroarchical (containing both hierarchical mechanisms and parallel ones). Like a Bach fugue, simplexity leaves innumerable variations to the imagination. It is key to innovation. Although I cannot prove it, I have the impression that simplexity is as good as (if not better than) complexity at giving rise to innovation because of its unique spatial and temporal organization.




The Detour Principle

The fourth principle of simplexity is the detour principle, through an accessory complexity. This idea of detour is fundamental, and it must be accepted for what it is, as when The Michelin Guide suggests that a certain site or town “is worth a detour.” Let us take an example. Imagine that a roboticist wishes to control the position of a robot whose task is to seize objects without knowing their dynamic properties, in a complex environment that is constantly changing, say, catching a paper airplane in flight in windy conditions. The robot must solve “nonlinear” problems. To do that, it replaces the simple variable it wishes to control (position) with a more-complex mix of variables, including position, speed, and acceleration—what we call composite variables.6 Paradoxically, expressing the problem in terms of composite variables simplifies it. If a system exhibits complex behavior that normally can only be represented by “third-order” equations, using composite variables gives a first-order system that is simpler to calculate and whose dynamic behavior is easier to predict. Similarly, if the speed of a system’s changes in position varies in a nonlinear fashion, employing composite variables makes it possible to perform the required calculations in a world of linear speeds that is much simpler. In both cases, there is indeed a detour that appears complex (using composite variables) but that actually results in simpler and more-efficient control of the system. This corresponds to my definition of simplexity.

Another example is computer simulation of an airplane, such as the giant Airbus A380. The simulation it was subjected to before being built required extraordinarily sophisticated algorithms and graphic technologies, but the result of the detour was a greatly simplified process. Or take robotic surgery: Today, a surgeon no longer needs to operate directly on an organ; rather, he manipulates an image of the organ transmitted by a camera placed in the body of the patient. A motorized sensor located at the end of the instrument measures pressure and feeds this “force” back to the hand of the surgeon, giving him the impression that he is touching the organ. This virtual-reality approach is becoming increasingly common in operations such as abdominal endoscopy. It calls for a high degree of dexterity and very specialized training, but it facilitates the task by guiding the surgeon’s gestures and by enlarging or decreasing the size (scale) of the image of the organ to be resected or repaired. In the end, this detour makes the surgeon’s work easier by incorporating flexibility, memory, and the possibility of consulting a data bank of images and of making his movements more precise. According to my theory of simplexity, living organisms also possess numerous mechanisms that, by means of detours, facilitate the solution of nonlinear problems. Moreover, it is precisely the nonlinear nature of the detour that is key. Note that the detour is not the only elegant solution cooked up by life. Shortcuts exist as well. We will return to this subject in chapter 5.




The Principle of Cooperation and Redundancy

The cost of specialization and selection (our second principle) is the duplication and creation of a substantial amount of information. However, selection reduces the number of available solutions. In such a context, having several values for the same variable to mitigate the risk of error is extremely useful. By cooperation I mean, for example, the fact that we often have several possible ways to evaluate important aspects of the relationship between the state of our bodies and the world. Suppose that you wish to evaluate how fast you are moving. The proposition is complex, because the visual environment is often jittery with motion (a train, clouds, wind). To accomplish your task, your brain must use two independent measures: a specialized sensor as well as a combination of information provided by various other sensors. For the brain to accept the result, the two estimations must be coherent.7 It is therefore more than just redundancy. We also know that the speed of the head is evaluated twice, by the vestibular system (the three semicircular canals and the two otolith organs located in the inner ear that detect acceleration of the head), and by vision in connection with the measurement of the eye movements.

Cooperation and redundancy are more than just a combination of sensory detectors. They have other fields of application. For example, evolution has provided mechanisms that enable you to envisage the city you are in either egocentrically—that is, first person—based on the route you are following (local perspective), or allocentrically—that is, by imagining a map of the city from a cartographic, global perspective—which has the advantage of permitting you to carry out independent mental operations, such as comparing distances or searching for alternative routes (see fig. 4).

These two perspectives are complementary and constitute a form of simplexity. By employing the detour of the two perspectives and working with them either in parallel or simultaneously, you can simplify your movement in a city, the subway, or a forest. This detour also enables the CEO of a company or a military strategist to simplify the complexity of a construction site or a battlefield. We will touch on the neural bases of the cognitive strategies underpinning these different ways of treating space later on. For now, suffice it to say that perspective helps us to make decisions. Decisions are fundamentally simplex in that they offer an alternative to a complex reality: A surgeon either operates on a patient or releases her; a judge condemns a defendant or acquits him; a stockholder sells her shares or waits for the market to recover; the police chief forbids a demonstration or gives it a green light; a car manufacturer increases the number of models or chooses to specialize. These choices are made depending on context, rules, points of view, and previous decisions, which serve as “frames of reference” (see chapter 10).

[image: Figure 4. Voir légende.]

FIGURE 4. Two distinct cognitive strategies for remembering a route traveled in a city.

(A) An image of a town that corresponds to the “lived experience” of an outing: The point of view is egocentric. (B) A survey or cartographic image. Although it involves a degree of subjectivity, this allocentric point of view enables mental operations that are independent of the subject. These two perspectives correspond to two brain mechanisms for simulating and memorizing trajectories, but there are others. The many cognitive strategies for processing space constitute a modularity that allows the brain to choose a mode appropriate for the task or the context. [The virtual-reality reconstruction is courtesy of Archivideo.]






The Principle of Meaning

Thanks to all these properties, for living organisms, simplexity is what gives meaning to simplification, insofar as simplex solutions are motivated by intentions, goals, or functions.8 As I showed in my book The Brain’s Sense of Movement, the basis of meaning is in the act itself: Meaning cannot be superimposed on life; it is life. To my mind, the concept of simplexity includes the idea of meaning. Elaborating a theory of simplexity thus also entails elaborating a theory of meaning by redefining the term to incorporate the intended or desired act as fundamental. At this stage, the principles I have sketched here are an invitation to debate the idea of simplexity. I do not pretend that they are exhaustive, nor is their formulation definitive. The following chapters will give examples of simplex processes.

 








CHAPTER 3

Gaze and Empathy





The combination of re and gard [French for gaze] is richly connotative. More than just the fact of capturing a view, an image, it evokes the reconsideration and revival of something that was looked at and that, at every reprise, asks to be developed further. Moreover, regard also implies attitude; it compels the person who is doing the gazing to a deeper engagement.

—François CHENG
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