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Preface

	Since von Neumann and Morgenstern laid its foundations in 1944, game theory has traversed more than eight decades of development. Non-cooperative games, cooperative games, evolutionary games, and behavioral and experimental games have appeared in succession, building an imposing edifice centered on the Nash equilibrium, the extensive and normal forms, and the refinement program. Yet the repeated discovery that real players cooperate, reciprocate, frame, learn, and change the very games they play laid bare the fundamental limits of the classical theory in explaining the complex, dynamic, and uncertain reality of strategic interaction.

	Meanwhile, quantum mechanics, born in the early twentieth century, has not only transformed physics but also profoundly reshaped humanity's worldview. Such core ideas as quantum superposition, entanglement, measurement collapse, quantum probability, and the uncertainty principle offer an entirely new language for grasping a real world that is complex, uncertain, and relational. Introducing the mathematical apparatus and mode of thought of quantum mechanics into game theory—not as a loose physical analogy but as a philosophical reconstruction grounded in the practical, relational character of human conduct—and thereby constructing quantum game theory, is the pioneering attempt undertaken in this book.

	This is the world's first monograph to expound quantum game theory systematically; it is organized into six parts and thirty chapters. Part I, "Theoretical Foundations," traces the century-long development of game theory, critiques the mechanistic nature of the classical theory, and establishes the philosophical basis, the quantum-player hypothesis, and the analytical framework. Part II, "The Core Theory of Quantum Games," constructs the quantum strategy space, entangled games, measurement-collapse equilibrium, quantum uncertainty, and quantum disequilibrium games. Part III, "Types and Extensions of Quantum Games," develops quantum zero-sum and non-zero-sum games, coordination, evolutionary, and cooperative games. Part IV, "Information, Learning and Mechanism Design," treats Bayesian games, signaling, repeated games, quantum learning, and quantum mechanism design. Part V, "Quantum Game Theory Across the Disciplines," carries the framework into economics, politics, sociology, biology, and computer science. Part VI, "Frontiers and the Future," explores quantum computing, experiments, artificial intelligence, philosophy and ethics, and the road ahead.

	This book pursues three aims. The first is theoretical unity and depth: deriving the core phenomena of strategic interaction from first principles and establishing an axiomatic, unified framework that overcomes the fragmentation of scattered effects and solution concepts. The second is originality and authority: every chapter contains original theoretical construction, mathematical derivation, and applied analysis, developed to the standard of a world-class research monograph. The third is clarity and readability: expressing profound theory through lucid prose and disciplined formalism, so that readers across economics, psychology, political science, biology, computer science, and quantum information may master this new field step by step.

	Quantum game theory is a young and rapidly developing field, and the framework presented here is only a beginning. I am keenly aware that the establishment of any new paradigm requires continual criticism, correction, and refinement. I sincerely welcome the valuable comments of colleagues and readers alike, as together we advance the development of quantum game theory and deepen our understanding of human strategic life.

	 

	Huilin Zhao

	Business School, Shantou University, 2026
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Chapter 1: A Century of Game Theory and the Birth of Quantum Game Theory

	————————

	Introduction: A Century of Strategy and the Birth of a Quantum Theory of Games

	Game theory is the mathematical study of strategic interaction among rational decision-makers. Since its formal birth in the mid-twentieth century it has grown into one of the most influential analytical frameworks in the modern social sciences. From economics to political science, from sociology to biology, and from computer science to philosophy, the ideas and methods of game theory have penetrated almost every discipline that studies how human beings interact. Since the 1990s the Sveriges Riksbank Prize in Economic Sciences in Memory of Alfred Nobel has been awarded repeatedly to game theorists—to Nash, Selten, and Harsanyi in 1994; to Vickrey and Mirrlees in 1996; to Akerlof, Spence, and Stiglitz in 2001; to Aumann and Schelling in 2005; to Hurwicz, Maskin, and Myerson in 2007; to Roth and Shapley in 2012; and to Tirole in 2014. This roll call of names bears witness to the central place game theory now occupies in modern economics.

	Yet behind this conspicuous success a deep theoretical crisis has been quietly gathering. Classical game theory rests on the Newtonian, mechanistic worldview. It assumes that players are fully rational, completely informed, utility-maximizing homines oeconomici; that the structure of a game is fixed, strategies determinate, and equilibria stable; and it analyses human strategic interaction through the methods of linear causality, static equilibrium, and methodological individualism. These assumptions have been enormously successful in simple, highly structured situations. Confronted, however, with the complex, dynamic, and uncertain interactions of the real world, the explanatory and predictive power of classical game theory has been severely strained.

	A large body of experimental and behavioral economics shows that human behavior in games departs systematically from classical predictions: people cooperate far more often than predicted in the Prisoner's Dilemma, reject unfair offers in the Ultimatum Game, contribute well above the Nash-equilibrium level in public-goods games, and display reciprocity and altruism in trust games. These "anomalies" are not random errors but systematic features of human interaction. Although classical game theory has patched itself by importing bounded rationality, social preferences, and evolutionary dynamics, it has never genuinely escaped its mechanistic framework or built a unified theory capable of explaining how human beings actually interact.

	The birth of Quantum Game Theory is a fundamental response to this crisis. Quantum game theory does not mechanically graft the mathematical formalism of quantum mechanics onto game theory. Setting out instead from the philosophical ground of Marx's practical ontology, it re-examines the very nature of human strategic interaction. A game is not a mechanical encounter among isolated individuals but the unfolding, within human practical activity, of social relations. Players are not rational calculators with fixed preferences but historically generated, mutually entangled "quantum players" bearing multiple, superposed preferences. A strategy is not a determinate pure or mixed strategy but a superposition of possible strategies that collapses into a concrete choice in the "measurement" of interaction. An equilibrium is not a static Nash equilibrium but a dynamic, non-equilibrium, continually evolving process of measurement collapse.

	This chapter traces the century-long development of game theory—from its classical sources to the birth of the modern theory, from the Nash-equilibrium revolution to the golden age—analyses the achievements and predicaments of classical game theory, and explains the historical necessity that gives rise to quantum game theory. We shall see that the development of game theory is not a linear accumulation of knowledge but a succession and leap of paradigms, and that quantum game theory is no idle speculation but an internal requirement of the paradigm revolution now under way. Just as the quantum revolution of the early twentieth century transformed physics, quantum game theory promises to transform the social sciences in the twenty-first: supplying a wholly new quantum perspective on strategic interaction, new quantum instruments for economic analysis, political inquiry, and social governance, and a new quantum road toward the unification and advancement of game theory. Figure 1-1 charts this century-long trajectory as a succession of three paradigms—classical, evolutionary, and quantum game theory—rather than as a linear accumulation of results.

	[image: Image]

	Figure 1-1 The Evolution of Game-Theoretic Paradigms: From Classical Equilibrium to Entangled Quantum Play

	I. Intellectual Origins and Classical Precursors

	The intellectual sources of game theory reach back to the earliest civilizations. Ever since human society formed, strategic interaction has been a basic dimension of life—the clash of enemies in war, bargaining in trade, the play of power in politics, tactical maneuver in social life. All are raw material for game theory. The systematic scholarly study of strategic interaction, however, is a distinctly modern achievement.

	▸  (1) Strategic Wisdom in the Ancient World

	The ancient civilizations already displayed profound insight into strategic interaction. The Art of War attributed to Sun Tzu in ancient China is the world's earliest systematic treatise on the military game. Sun Tzu advanced the informational idea that "knowing the other and knowing oneself, in a hundred battles one is never in peril," the optimal-strategy idea of "subduing the enemy without battle," and the dynamic-game idea that "just as water retains no constant shape, so in war there are no constant conditions." Although not expressed mathematically, these ideas already contain game theory's central insights—information, strategy, equilibrium, and dynamics in strategic interaction.

	Ancient Greece likewise made essential contributions. In The Republic, Plato devised the thought experiment of the Ring of Gyges: if a man possessed a ring that made him invisible, would he still abide by morality and law? The question is fundamentally game-theoretic—will a rational individual choose cooperation in the absence of external sanction? Plato's answer anticipates the later discussion of the social contract and repeated games. Aristotle, in the Politics and the Nicomachean Ethics, examined justice, fairness, and reciprocity, concepts that later became central to social preferences and fair play in game theory.

	The ancient Indian Arthashastra, composed by Kautilya, systematically treated strategic interaction in statecraft—diplomatic strategy, the craft of war, economic policy, and intelligence gathering—and is regarded as one of the ancient world's most systematic works of political game theory. Kautilya's "mandala" theory of foreign relations (a neighbor is a natural enemy, and an enemy's enemy a friend) is in essence a model of international political games.

	▸  (2) Game-Theoretic Insights of Early Modern Thinkers

	With the rise of capitalism and the market economy in the early modern era, human strategic interaction grew more complex and frequent, and thinkers began to reason about games more systematically.

	In Leviathan (1651) Thomas Hobbes advanced his celebrated theory of the "state of nature," in which human beings, lacking a state and government, live in a "war of all against all," their lives "solitary, poor, nasty, brutish, and short." Hobbes's state of nature is in essence a vast Prisoner's Dilemma: each individual chooses predation and attack as a dominant strategy, leaving everyone worse off, whereas universal peaceful cooperation would make everyone better off—individual rationality yielding collective irrationality. Hobbes's solution, a social contract establishing a powerful state (the Leviathan) whose external coercion compels cooperation, is an early statement of what game theory calls external enforcement and the commitment problem.

	In his Discourse on the Origin and Basis of Inequality among Men (1755), Jean-Jacques Rousseau offered the Stag Hunt: two hunters may cooperate to hunt a stag (which requires joint effort and yields a large payoff) or each separately hunt a hare (which needs no cooperation and yields a smaller but assured payoff). The Stag Hunt is a classic coordination game with two Nash equilibria—both hunt the stag, or both hunt hares—where the stag equilibrium is Pareto-optimal and the hare equilibrium risk-dominant. Rousseau used the game to illuminate the difficulty of cooperation and coordination in humanity's transition from nature to society: although cooperation benefits all, uncertainty over whether others will cooperate may drive people toward an inefficient non-cooperative equilibrium.

	In The Wealth of Nations (1776) Adam Smith famously invoked the "invisible hand": each individual pursues private gain, yet under the guidance of the market mechanism self-interested action promotes the general good. The invisible hand is a game-theoretic insight in disguise—under particular institutional arrangements (competitive markets), individually rational self-interest can yield a collectively desirable outcome (Pareto optimality). This is the intellectual source of the later First Welfare Theorem, that a competitive-market equilibrium is Pareto-optimal. Smith was nonetheless clear-eyed that self-interest does not always serve society: in The Theory of Moral Sentiments he examined the regulation of conduct by sympathy and the moral sense, and in The Wealth of Nations he warned against collusion and monopoly among merchants—anticipating the game-theoretic study of market failure and collusive games.

	▸  (3) Nineteenth-Century Attempts at Mathematization

	In the nineteenth century, as mathematics advanced, several scholars began to analyse games mathematically. In 1838 the French mathematician and economist Antoine-Augustin Cournot published Researches into the Mathematical Principles of the Theory of Wealth, advancing the celebrated Cournot model of two firms producing a homogeneous good and choosing quantities to maximize profit. The Cournot model is history's first formal game-theoretic model: it analyses strategic interaction between two players and defines what was later termed the Cournot equilibrium—a state in which, taking the other's output as given, each firm chooses its optimal output, neither wishing to deviate unilaterally. Cournot equilibrium is in substance Nash equilibrium applied to a particular game, more than a century before Nash's formal definition.

	In 1881 the British economist Francis Ysidro Edgeworth published Mathematical Psychics, introducing the Edgeworth box and the contract curve to analyse the exchange game between two consumers. Edgeworth advanced the idea of recontracting: during exchange, agents may repeatedly rewrite contracts until reaching a state none wishes to alter unilaterally. This anticipates the later game-theoretic concept of the core—the set of allocations no coalition can block. Edgeworth also conjectured a limit theorem: as the number of agents grows, the set of competitive equilibria converges to the core, a conjecture later proved rigorously by Debreu and Scarf.

	In 1913 the German mathematician Ernst Zermelo published a paper on the game of chess, proving that in any finite, perfect-information, two-player zero-sum game either the first player has a winning strategy, or the second player does, or both can guarantee at least a draw. Zermelo's theorem is the first rigorous mathematical theorem in game theory's history. It opened the way to the mathematical analysis of games and laid groundwork for von Neumann's later minimax theorem. The three broad stages through which game theory subsequently developed are summarized in Table 1-1.

	Table 1-1 Three Stages in the Development of Game Theory

	
		
				Stage

				Period

				Core Features

				Representative Figures and Works

		

		
				Classical game theory

				1944–1990s

				Rational actor, Nash equilibrium, static analysis

				von Neumann, Theory of Games and Economic Behavior; Nash

		

		
				Evolutionary game theory

				1970s–

				Bounded rationality, evolutionary stability, dynamic analysis

				Maynard Smith, Evolution and the Theory of Games; Axelrod

		

		
				Quantum game theory

				1999–

				Quantum player, superposition, entanglement, non-equilibrium

				Meyer, "Quantum Strategies"; Eisert et al., "Quantum Games and Quantum Strategies"

		

	

	 

	II. The Birth of Modern Game Theory and von Neumann's Foundations

	The formal birth of modern game theory is conventionally dated to 1944, when John von Neumann and Oskar Morgenstern jointly published Theory of Games and Economic Behavior. This landmark work first established game theory's mathematical framework in a systematic way, raising it from scattered insights into an independent mathematical discipline.

	▸  (1) Von Neumann's Early Contributions

	John von Neumann was one of the greatest mathematicians of the twentieth century, making pioneering contributions across pure mathematics, physics, computer science, and economics. His interest in game theory began in the late 1920s, while teaching at Princeton, where he and his colleagues debated the strategic problem of poker. Poker is a quintessential game of incomplete information: a player does not know the opponent's hand and must infer strength from betting behavior while using one's own betting to mislead (to bluff). Von Neumann recognized that poker's strategic interaction could not be analysed by traditional mathematics and required an entirely new theoretical framework.

	In 1928 von Neumann published "On the Theory of Games of Strategy," proving the celebrated minimax theorem: in a finite two-player zero-sum game there exists a mixed-strategy equilibrium in which each player maximizes the minimum guaranteed payoff while minimizing the opponent's maximum. The minimax theorem was game theory's first deep general theorem. It established that rational interaction in zero-sum games yields a determinate equilibrium, and that each player's optimal strategy is a mixed strategy—randomizing over pure strategies with particular probabilities—rather than a pure strategy. Its proof deployed the then-frontier tools of topology and convex analysis, demonstrating the power of mathematics in the analysis of strategic interaction.

	Profound though it was, the minimax theorem applied only to zero-sum games, where one player's gain equals the other's loss and total payoff is zero. In the real world most games are non-zero-sum: players share common interests as well as conflict, and cooperation can produce mutual gain. Von Neumann perceived this limitation and began to consider extending game theory to non-zero-sum and many-player settings.

	▸  (2) The Publication of Theory of Games and Economic Behavior

	In the 1930s von Neumann met the Austrian economist Oskar Morgenstern at Princeton. Morgenstern was deeply interested in the mathematical foundations of economic theory and saw that von Neumann's game-theoretic ideas could supply economics with a wholly new mathematical basis. The two began to collaborate, systematizing von Neumann's ideas into a complete scholarly work.

	Published in 1944, Theory of Games and Economic Behavior ran to more than six hundred pages and established game theory's mathematical framework. Its principal contributions are fourfold.

	First, it supplied a standard mathematical representation of a game. Von Neumann and Morgenstern defined a game as a mathematical structure comprising players, strategy sets, and payoff functions, and proposed the normal form and the extensive form. The normal form represents a game by a payoff matrix and suits simultaneous-move games; the extensive form represents it by a game tree and suits ordered-move games. Both remain standard instruments of game theory.

	Second, it developed utility theory. To analyse games mathematically, players' preferences must be quantified. Von Neumann and Morgenstern built expected-utility theory: under a set of axioms—completeness, transitivity, continuity, and independence—preferences can be represented by a utility function, and the valuation of a risky prospect equals the probability-weighted average of the utilities of its outcomes. Expected-utility theory became the foundation of game theory and, beyond it, the cornerstone of the modern economic theory of choice under risk.

	Third, it analysed zero-sum games in depth, developing pure and mixed strategies, the minimax theorem, the value of a game, and dominance, proving the existence of mixed-strategy equilibrium and devising solution methods (the linear-programming approach was later shown to be equivalent to solving zero-sum games).

	Fourth, it made an initial foray into non-zero-sum and many-player games. Recognizing zero-sum games' limits, von Neumann and Morgenstern introduced the coalition—in a many-player game, subsets of players may form coalitions that coordinate to secure a larger collective payoff. They developed the characteristic function describing the maximum payoff each coalition can guarantee and proposed the stable set as a solution concept. Their treatment of non-zero-sum and many-player games, however, was not fully successful: the stable set is overly complex, often hard to compute, and may even fail to exist. This very limitation left room for Nash's revolutionary contribution.

	Theory of Games and Economic Behavior caused an immense scholarly response, demonstrating for the first time the possibility of analysing human strategic interaction with rigorous mathematics and founding a new discipline. Yet the work had evident limits—it was excessively mathematical and abstract, its treatment of non-zero-sum games was imperfect, and its proposed solution concept was difficult to apply. In the years after publication game theory's development seemed to stall—until a young mathematician appeared who would transform the field entirely.

	III. Nash Equilibrium and the Revolution in Game Theory

	In 1950 a twenty-two-year-old doctoral student in mathematics at Princeton completed a dissertation of a mere twenty-eight pages that changed the direction of game theory. The student was John Nash, and his concept of the Nash equilibrium became the core of modern game theory, earning him the 1994 Nobel Prize.

	▸  (1) The Formulation of Nash Equilibrium

	In his 1950 dissertation Non-Cooperative Games, Nash proposed a simple yet profound solution concept. A strategy profile is a Nash equilibrium if each player's strategy is a best response to the strategies of the others. Equivalently, in equilibrium no player can raise his or her payoff by unilaterally changing strategy: taking everyone else's strategy as fixed, each player's strategy is already optimal.

	Simple as it appears, the concept is revolutionary. Unlike the minimax theorem, which applies only to zero-sum games, the Nash equilibrium applies to every type—zero-sum and non-zero-sum, two-player and many-player, simultaneous and sequential. It liberated game theory from the narrow province of zero-sum games and made it a universal instrument for analysing all strategic interaction.

	Nash proved existence in two ways. The first rested on Kakutani's fixed-point theorem: assembling each player's best-response correspondence into a correspondence from the set of strategy profiles to itself, Kakutani's theorem guarantees a fixed point, which is precisely a Nash equilibrium. The second rested on Brouwer's fixed-point theorem, with Nash constructing a continuous function mapping strategy profiles into themselves. Both proofs are elegant and economical, displaying the power of topological methods in game theory.

	▸  (2) The Influence of Nash Equilibrium

	Nash equilibrium transformed the field. Before Nash, game theory focused on zero-sum games, with solution concepts that were complex and hard to apply; after Nash, it turned toward non-cooperative games—games in which players decide independently and form no binding coalitions—and the Nash equilibrium became the standard solution concept: simple to use and vast in scope.

	Through the 1950s Nash equilibrium spread rapidly across economics. Nash himself applied it to bargaining, proposing the Nash bargaining solution: under a set of axioms—Pareto efficiency, symmetry, invariance, and independence of irrelevant alternatives—the outcome of two-person bargaining maximizes the product of the players' surplus. The Nash bargaining solution became the foundation of later bargaining theory. In 1951 he published the journal version of Non-Cooperative Games, elaborating the framework; in 1952 Kenneth Arrow and Gérard Debreu used Nash-equilibrium reasoning to prove the existence of general equilibrium—treating a competitive market as a game whose equilibrium is its Nash equilibrium and applying fixed-point methods. The Arrow–Debreu general-equilibrium model became the core of modern microeconomics, with Nash-equilibrium reasoning as its mathematical basis.

	In the 1960s game theory penetrated every branch of economics. In 1961 William Vickrey analysed auction mechanisms, proposing the Vickrey auction (the second-price sealed-bid auction) and proving that it induces bidders to reveal their valuations truthfully, work honored with the 1996 Nobel Prize. Thomas Schelling applied game theory to international relations and conflict management, introducing the Schelling point (or focal point)—the equilibrium on which players may spontaneously coordinate because of some conspicuous cultural, historical, or perceptual feature. His The Strategy of Conflict became a classic of game theory in political science and international relations, and earned him the 2005 Nobel Prize.

	▸  (3) The Limits of Nash Equilibrium

	For all its power, Nash equilibrium has clear limits.

	The first is multiplicity. In many games equilibria are not unique—there may be several, even infinitely many. The Stag Hunt has two pure-strategy equilibria, the Battle of the Sexes two pure and one mixed equilibrium, and infinitely repeated games may admit infinitely many equilibria (the folk theorem). Multiplicity raises the equilibrium-selection problem: when several equilibria exist, which will rational players choose? Nash equilibrium alone cannot answer; additional criteria—Pareto efficiency, risk dominance, focal points, forward induction—must be imported, yet these criteria are not always mutually consistent and no universally accepted theory of equilibrium selection exists.

	The second is the rationality assumption. Nash equilibrium rests on extraordinarily strong rationality: every player is fully rational (capable of costless, unbounded computation and always choosing optimally), completely informed (knowing the game's structure and others' preferences and rationality), and this rationality is common knowledge (each knows all are rational, each knows all know all are rational, in infinite regress). These assumptions are almost never met in reality: human rationality is bounded, information incomplete, and common knowledge unattainable. Experimental economics documents systematic departures from Nash predictions.

	The third is static character. Nash equilibrium is a static concept: it describes the state a game is in at equilibrium but says nothing of how equilibrium is reached or of the dynamics outside it. Real games are dynamic and evolutionary—players adjust through learning, imitation, and trial and error, the game's structure may change over time, and equilibria are repeatedly broken and rebuilt. Static analysis cannot capture these processes and must be supplemented by evolutionary game theory and theories of learning.

	The fourth is the interpretation of mixed strategies. In many games equilibrium is in mixed strategies, yet the meaning of randomization is elusive. Why would a rational player randomize? If the opponent's strategy is determinate, the best response is generally a pure strategy; only when the opponent also mixes can mixing be a best response. This yields a circular argument—each mixes because the other mixes, and the other mixes because each does. Scholars have proposed purification, bounded-rationality, and evolutionary interpretations, none wholly resolving the puzzle.

	These limits set the agenda for later game theory—equilibrium refinements (subgame-perfect, Bayesian-Nash, perfect-Bayesian, and the sequential equilibrium of Kreps and Wilson, 1982), evolutionary game theory, behavioral and experimental game theory—all developed in response. Most such developments, however, repaired classical game theory from within without breaking through its mechanistic worldview. Quantum game theory aims precisely to transcend these limits at their root and to build a wholly new framework.

	IV. The Golden Age and Expansion Across Fields

	From the 1970s game theory entered a golden age, growing from a branch of economics into a general analytical framework for the social sciences and bearing rich fruit across economics, political science, sociology, biology, computer science, and philosophy.

	▸  (1) The Dominance of Game Theory in Economics

	In the 1970s game theory permeated every branch of economics and became its central analytical tool.

	In industrial organization it transformed the analysis of market structure and firm conduct. The older tradition (such as Bain's structure–conduct–performance paradigm) was largely descriptive and empirical, lacking rigorous foundations. Through the 1970s and 1980s Jean Tirole, Jean-Jacques Laffont, Drew Fudenberg, and others rebuilt industrial organization with game theory, using non-cooperative games to model price and quantity competition in oligopoly, product differentiation, entry deterrence, collusion, and R&D rivalry. Tirole's The Theory of Industrial Organization became the field's standard text and earned him the 2014 Nobel Prize.

	In the economics of information, game theory supplied the core instrument for analysing strategic interaction under asymmetric information. George Akerlof's "lemons market" modelled adverse selection; Michael Spence's signalling model showed how observable signals convey private information; Joseph Stiglitz's screening model showed how contracts can be designed to induce self-selection by the informed party. This work founded information economics and earned its authors the 2001 Nobel Prize.

	In mechanism design, game theory offered a systematic method for designing desirable economic institutions. Mechanism design is "reverse game theory": rather than taking rules as given and deriving outcomes, it takes a desired outcome as given and designs the rules. Leonid Hurwicz introduced incentive compatibility; Eric Maskin developed implementation theory (which social-choice rules are Nash-implementable); Roger Myerson advanced the revelation principle (that any mechanism's equilibrium outcome can be replicated by a direct truth-revealing mechanism). Widely applied to auctions, public-goods provision, optimal taxation, and contract theory, this work earned the 2007 Nobel Prize.

	In auction theory, following Vickrey's pioneering work in 1961, Paul Milgrom, Robert Wilson, and others through the 1980s analysed revenue equivalence and the differences among auction forms (English, Dutch, first-price sealed-bid, second-price sealed-bid), developed the affiliated-values model (in which bidders' valuations are correlated rather than independent), and treated multi-unit and combinatorial auctions. Milgrom and Wilson received the 2020 Nobel Prize.

	▸  (2) Expansion into the Other Social Sciences

	Beyond economics, game theory spread rapidly through the social sciences.

	In political science it became central to international relations, electoral politics, legislative process, and public choice. From the 1950s Schelling applied game theory to international relations and nuclear deterrence, introducing brinkmanship and credible commitment. From the 1970s rational-choice or formal theory developed swiftly: scholars used games to analyse electoral competition (how candidates choose policy positions to maximize votes), legislative games (strategic voting and coalition formation), international cooperation (how states cooperate under anarchy), and revolution and collective action (how individuals overcome free-riding). Game theory turned political science from a descriptive, historical discipline toward an analytic, theoretical one.

	In sociology game theory offered new purchase on norms, networks, collective action, and social change. Where classical sociology stressed how structure and culture shape the individual, game theory stresses how individual strategic interaction generates structure and norms: norms can be understood as game equilibria, networks as interaction structures, collective action as public-goods games, and change as shifts among equilibria. Since the 1990s analytical sociology and rational-choice sociology have wedded game theory to the sociological tradition with substantial success.

	In biology game theory became a powerful tool for evolution, ecology, and animal behavior. In 1973 John Maynard Smith and George Price introduced the evolutionarily stable strategy (ESS): if every member of a population follows a strategy such that natural selection prevents any mutant strategy from invading, that strategy is evolutionarily stable. Wedding equilibrium reasoning to Darwinian natural selection, ESS supplied the central instrument for analysing the evolution of animal behavior. Maynard Smith's Evolution and the Theory of Games (1982) established the framework systematically, after which evolutionary game theory was applied to territorial contests, mating displays, parental investment, the evolution of cooperation, and altruism—and in turn influenced economics, where evolutionary and institutional economics adopted its perspective.

	In computer science game theory became indispensable to algorithms, networks, artificial intelligence, and cryptography. With the rise of the internet and distributed systems, many computational problems turned out to be games: route selection on the internet, resource sharing in peer-to-peer networks (a public-goods game), resource allocation in cloud computing (mechanism design), offense–defense in cybersecurity (a zero-sum game), and protocol design in cryptography (mechanism design). Algorithmic game theory emerged at the intersection of computer science and economics. The 2012 Nobel Prize to Roth and Shapley, for stable matching theory and the practice of market design, honored precisely such cross-disciplinary applications.

	▸  (3) The Rise of Experimental and Behavioral Game Theory

	Since the 1980s a major direction has been experimental and behavioral game theory—testing classical predictions in the laboratory, studying how people actually behave in games, and constructing descriptive behavioral theories.

	In the 1950s Melvin Dresher and Merrill Flood at the RAND Corporation ran the first famous Prisoner's Dilemma experiment, having subjects play repeatedly; behavior did not match the classical prediction of mutual defection, and cooperation occurred frequently. Reinhard Selten began experimental work on game behavior in the late 1950s and became a pioneer of experimental economics, later sharing the 1994 Nobel Prize.

	Through the 1970s and 1980s experimental economics developed rapidly. Vernon Smith, one of its founders, systematized experimental methodology and used experiments to test market mechanisms, auctions, and public-goods provision. His experiments showed that under certain market institutions (such as the double auction) outcomes converge quickly to competitive equilibrium even with incomplete information and bounded rationality—partly supporting classical predictions—while in public-goods, ultimatum, and trust games results depart systematically from the classical account. Smith received the 2002 Nobel Prize.

	Through the 1980s and 1990s behavioral game theory arose, as Colin Camerer, Ernst Fehr, Matthew Rabin, and others systematically studied behavioral deviations and built descriptive theories, with four core findings. First, people cooperate more in Prisoner's Dilemma and public-goods games than Nash predicts—they are conditional cooperators (willing to cooperate if others do), though cooperation decays with repetition. Second, people reject unfair offers, as Güth and colleagues first observed in the Ultimatum Game: proposers typically offer 40–50 percent of the stake and responders reject offers below 20 percent, revealing a preference for fairness and a willingness to punish unfairness at a material cost. Third, people display reciprocity and altruism in trust games. Fourth, learning in games is bounded: players do not converge on Nash equilibrium at once but adjust gradually through trial, imitation, and reinforcement, sometimes converging to non-Nash outcomes.

	These findings pose a serious challenge to classical rationality. Human rationality is bounded; people care about fairness, reciprocity, and altruism as well as material payoff; computation is limited and decisions rely on heuristics and rules of thumb. Behavioral game theorists have built descriptive models—Rabin's fairness model, Fehr and Schmidt's inequality-aversion model, Camerer's cognitive-hierarchy model, and the Erev–Roth reinforcement-learning model. Most, however, add "behavioral correction terms" within the classical framework without breaking through its mechanistic worldview or converging on a single, generally accepted unified framework.

	V. The Achievements and Predicament of Classical Game Theory

	After nearly eight decades classical game theory has achieved a great deal, yet it also faces a deep predicament. A balanced assessment of both is the precondition for understanding the historical necessity that gives rise to quantum game theory.

	▸  (1) The Achievements

	The achievements are beyond dispute.

	First, classical game theory built a rigorous, general mathematical framework for strategic interaction. Before it, social-scientific analysis of interaction was largely descriptive and intuitive. Game theory defined the structure of a game (players, strategies, payoffs, information, order) with mathematical precision, proposed a family of solution concepts (Nash, subgame-perfect, Bayesian-Nash equilibrium, ESS), and developed solution methods (fixed-point theorems, linear and dynamic programming, computational techniques). The framework turned the analysis of interaction from art into science, markedly raising the theoretical level of the social sciences.

	Second, it has borne rich applied fruit across disciplines, becoming a core instrument of economics, political science, sociology, biology, and computer science. From market competition to international conflict, from auction design to network protocols, from animal behavior to artificial intelligence, its ideas and methods are everywhere. Auction theory designs spectrum sales and electricity markets; mechanism design builds matching markets (residency matching, school choice); game theory informs international climate agreements and nuclear-arms negotiations.

	Third, it has spawned major theoretical innovations and cross-disciplinary fields—the economics of information, mechanism design, auction theory, contract theory, industrial organization, evolutionary game theory, experimental and behavioral economics; algorithmic game theory, computational social choice, and multi-agent systems at the border with computer science; evolutionary game theory and mathematical biology at the border with biology; and the ethics of games and renewed social-contract theory at the border with philosophy.

	Fourth, it has changed how society thinks about social problems. Its central insights—that individual rationality can yield collective irrationality (the Prisoner's Dilemma), that outcomes depend on expectations and beliefs, and that institutional design can guide individual conduct toward social goals—have become basic habits of modern social-scientific thought. Game theory is not merely a toolkit but a worldview and a methodology, teaching us to see social problems through strategic interaction, to grasp the complex relation between individual conduct and collective outcomes, and to understand the decisive role of institutions and rules.

	▸  (2) The Predicament

	Yet these achievements cannot conceal a deep predicament.

	First, the predicament of rationality. Full rationality—unbounded computation, complete information, consistent preferences, common knowledge—is mathematically elegant but empirically unrealistic. Human rationality is bounded, information incomplete, preferences inconsistent, and cognition biased. Although behavioral game theory has patched the theory with bounded rationality and social preferences, most patches add deviation parameters atop the homo economicus rather than reconstructing the model of the player. A theory true to human behavior must rethink, from the ground up, what a player is.

	Second, the predicament of equilibrium analysis. Classical game theory centers on equilibrium—the state a game converges to—and studies its properties and comparative statics. It faces multiple difficulties: multiplicity (many equilibria, no prediction of which is chosen); attainability (no account of how equilibrium is reached under bounded rationality and incomplete information, where players may never reach it); stability (small perturbations may dislodge an equilibrium); and the importance of disequilibrium behavior (real games are usually out of equilibrium, as players learn and adjust and structures change, so equilibrium may be a transient special case rather than the norm). Static equilibrium analysis cannot capture these dynamic, non-equilibrium processes.

	Third, the predicament of information and knowledge. Classical treatment is simplified: information is divided into complete versus incomplete, Bayesian methods handle the latter, and players are assumed to hold prior beliefs and update by Bayes's rule. Real information is far more complex—ambiguous, polysemous, context-dependent; knowledge is tacit, practical, socially constructed; beliefs are not fixed priors but dynamically generated in interaction. Experimental evidence documents systematic biases—overconfidence, confirmation bias, anchoring, framing. More fundamentally, players often do not even know the full structure of the game—who the players are, what strategies exist, what the payoff function is. Such Knightian radical uncertainty cannot be described by Bayesian probability and lies beyond the classical framework.

	Fourth, the predicament of methodological individualism. Classical game theory treats players as independent, given individuals and reduces social phenomena to the aggregate of individual conduct, neglecting how social relations and structures shape the individual. Players are not independent atoms but beings embedded in networks of relations, whose preferences, beliefs, capacities, and identities are historically formed. Players are entangled: your preferences shape mine, your beliefs shape mine, your conduct shapes mine—not as ordinary strategic interaction but as ontological mutual constitution. Treating players as pre-existing individuals, classical game theory cannot deeply grasp how norms, culture, institutions, and identity shape play.

	Fifth, the predicament of dynamics and evolution. Classical game theory is essentially static, analysing equilibrium under a fixed structure. Real games evolve: structures change, new players enter, new strategies are invented, payoff functions shift, information updates. A game is not a fixed mathematical object but an evolving social process. Dynamic games (repeated, sequential) still hold the basic structure fixed, and evolutionary game theory generally holds strategy sets and payoffs fixed while only strategy frequencies evolve. Neither adequately treats the evolution of the game structure itself—the creation of strategies, entry of players, emergence of information, change of rules. A genuinely dynamic theory must do so, and the classical framework cannot.

	These predicaments are not accidental but the inevitable products of the mechanistic worldview, which treats the world as a mechanical system of independent atoms, causality as linear and determinate, equilibrium as the natural state, and change as exogenous disturbance. Effective in simple, structured situations, this worldview reveals fundamental limits before complex, dynamic, uncertain interaction. To transcend the predicament requires a revolution in worldview—from mechanism to the quantum view, from classical to quantum game theory.

	VI. The Birth of Quantum Game Theory: A Historical Necessity

	The birth of quantum game theory is no accident. It is an internal requirement of game theory's paradigm revolution, a convergence of several intellectual traditions, and the theoretical expression of the spirit of the age.

	▸  (1) The Inspiration of the Quantum Revolution

	The early-twentieth-century revolution in physics—the birth of quantum mechanics—transformed humanity's understanding of the world, revealing at its most fundamental level several core features: superposition (before measurement a quantum system may simultaneously occupy a superposition of possible states), entanglement (two or more systems may be in an entangled state whose properties are correlated beyond classical locality), measurement dependence (a system's properties depend on how it is measured, and measurement itself disturbs the state), uncertainty (certain pairs of quantities cannot be simultaneously precise), and non-equilibrium (quantum systems are dynamic and probabilistic, with no static equilibrium in the classical sense).

	These ideas have shaped philosophy, mathematics, computer science, and biology. In recent years they have entered the social sciences—psychology, decision science, economics, finance—giving rise to quantum cognition, quantum decision theory, quantum economics, and quantum finance. This work shows that human cognition and decision display strikingly quantum-like features—uncertainty, context dependence, measurement interference, order effects, non-local correlation—that the mathematical framework of quantum mechanics describes naturally.

	It must be stressed, however, that quantum game theory does not mechanically graft quantum formalism onto games. Its core concepts—superposition, entanglement, measurement collapse, uncertainty, non-equilibrium—are not physical analogies borrowed from quantum mechanics but philosophical graspings of the nature of strategic interaction grounded in Marx's practical ontology. Quantum terminology is "borrowed" only to express these insights conveniently: just as physicists use the wave function to describe a quantum state, we use superposition to describe a player's strategic state, yet the concept's content grows from the nature of human practical activity rather than being transplanted from physics. This is the fundamental difference between quantum game theory and work that merely makes physical analogies with quantum mathematics.

	▸  (2) The Philosophical Ground of Practical Ontology

	Quantum game theory rests philosophically on Marx's practical ontology. In the Theses on Feuerbach, Marx famously wrote that "all social life is essentially practical," and that "the essence of man is no abstraction inherent in each single individual. In its reality it is the ensemble of the social relations." These propositions form the core of practical ontology.

	From this standpoint quantum game theory re-understands the game: a game is not mechanical interaction among isolated individuals but the unfolding of social relations in human practical activity; players are not independent atoms prior to interaction but practically engaged subjects historically generated and mutually constituted within social relations; strategies are not fixed choices in the mind but possibilities dynamically generated in practical interaction; payoffs are not objective fixed numbers but values constructed within relations and situations; and equilibrium is not a static, determinate state but the dynamic process of continual measurement collapse and re-superposition.

	Practical ontology supplies the philosophical ground for the five quantum features.

	Superposition: a player's strategies and preferences are not singular and determinate but a superposition of multiple possibilities. Before interaction the strategic state is a superposition—cooperate or defect, pursue self-interest or fairness, act aggressively or cautiously. These possibilities are not a simple probability mixture (the classical mixed strategy) but an ontological superposition in which the player's strategic identity is itself indeterminate and multiple, collapsing into a concrete choice only in the measurement of interaction.

	Entanglement: players are not independent but entangled. Your strategic choice is not independent of mine but bound up with it—your cooperative disposition elicits mine, your defection triggers my retaliation, your beliefs shape my beliefs, your identity shapes my identity. This is not ordinary strategic interaction (a best response to a given strategy) but ontological mutual constitution, in which strategic states, preferences, beliefs, and identities are generated and transformed in entanglement, with no "pure self" independent of the other.

	Measurement collapse: outcomes are not predetermined but collapse in the measurement of interaction. Before players actually choose and interaction actually occurs, the outcome is a superposition of possibilities—cooperation, defection, compromise, conflict; only when choice is actually made do these possibilities collapse into one determinate result. Moreover, the manner of measurement shapes the collapse: different orders of interaction, different presentations of information, and different decision frames yield different outcomes. This is why framing, order, and anchoring systematically affect experimental results—they alter the measurement and hence the collapse of the superposition.

	Uncertainty: games contain radical uncertainty that classical probability cannot describe. Players may not know the full structure, others' strategies and preferences, what interaction will produce, or even their own preferences (which are generated in interaction). This is not risk—uncertainty describable by a probability distribution—but Knightian radical uncertainty, in which the very set of possible outcomes is open and unknown and no prior probability can be assigned. The superposition concept describes this radical uncertainty better: before measurement the system occupies a superposition of possibilities that are open and generative rather than fixed and known.

	Non-equilibrium: games are essentially non-equilibrium, with no static equilibrium in the classical sense. A game is a dynamic, evolutionary process—players learn, adjust, and experiment; strategies are created and discarded; structures change; equilibria appear briefly and are swiftly broken. The Nash equilibrium is a static idealization under fixed structure, full rationality, complete information, and common knowledge. None of these holds in reality, and the game remains forever in non-equilibrium evolution. Quantum game theory takes non-equilibrium as its point of departure: rather than assuming convergence, it analyses dynamic evolution out of equilibrium, attending to critical transitions, path dependence, positive feedback, and emergence.

	▸  (3) The Theoretical Advantages of Quantum Game Theory

	Grounded in practical ontology and organized by the five quantum features, quantum game theory enjoys advantages classical game theory cannot match.

	First, a more realistic model of the person. The homo economicus of classical theory is abstract and unrealistic—fully rational, purely self-interested, independent, fixed-preference. The quantum player is concrete and realistic—boundedly rational, bearing multiple superposed preferences, entangled with others, historically generated within social relations. The quantum-player model naturally explains the behavioral anomalies: cooperation (the cooperative possibility within superposition collapses in interaction), fairness preferences (entanglement with the other induces concern for fairness), reciprocity (mutual response in measurement collapse), framing (different measurements yield different collapses), and learning (the dynamic evolution of superposition). Far from anomalies, these are essential features of strategic interaction.

	Second, a richer concept of strategy. Classical strategy is impoverished—only pure strategies (determinate actions) and mixed strategies (fixed-probability randomization), the latter treating randomness as an exogenous, fixed distribution unable to capture dynamic generation and measurement collapse. The superposed strategy is richer: the strategic state is a superposition that is dynamic, context-dependent, and generated in interaction, collapsing into a concrete choice under measurement, with different measurements yielding different collapses. It naturally captures the indeterminacy, context dependence, and dynamism of human strategic conduct.

	Third, a deeper concept of interaction. Classical interaction is shallow—a strategic response among independent, pre-existing individuals. Quantum interaction is deep—ontological entanglement and mutual constitution among players who are themselves generated and transformed in interaction, with no independent self prior to it. Quantum game theory analyses not "strategic interaction among fixed players" but "the generation and evolution of players within interaction," affording a better grasp of how norms, culture, identity, and relation—internal entanglement structures rather than external background—shape play.

	Fourth, a more dynamic concept of equilibrium. Classical equilibrium is static; the measurement-collapse equilibrium is dynamic, describing how superposition collapses into concrete outcomes under measurement—a context-dependent, non-deterministic process rather than a fixed state. Every interaction is a measurement that collapses a superposition, and the post-collapse state becomes the initial superposition for the next interaction, in a cycle of dynamic evolution. Rather than assuming convergence to a fixed equilibrium, quantum game theory traces this evolutionary trajectory and attends to critical transitions, path dependence, positive feedback, and emergence.

	Fifth, a more unified framework. Classical game theory is fragmented—non-cooperative, cooperative, evolutionary, behavioral, and experimental branches developed separately, their solution concepts (Nash, subgame-perfect, Bayesian-Nash equilibrium, ESS, the core, the Shapley value) tailored to different settings with few internal logical ties. Quantum game theory, unified by practical ontology and the five quantum features, can integrate them: non-cooperative games as weakly entangled games, cooperative games as strongly entangled games, evolutionary games as the dynamic evolution of superpositions, behavioral games as the context dependence of measurement collapse, and the various equilibria as collapse outcomes under different measurements. It promises to overcome fragmentation and build a single, general framework.

	▸  (4) The Research Program

	The research program of quantum game theory has four core components: foundational theory, the theory of game types, applied research, and experimental and empirical research.

	Foundational theory studies the philosophical basis, core concepts, mathematical framework, and solution concepts: a systematic account of practical ontology; precise game-theoretic meanings for superposition, entanglement, measurement collapse, uncertainty, and non-equilibrium; a mathematical representation (quantum strategy spaces, entanglement and measurement operators, evolution equations); quantum solution concepts (measurement-collapse equilibrium, entangled equilibrium, evolutionarily stable superpositions); and the basic properties of existence, uniqueness, stability, and efficiency.

	The theory of types systematically analyses quantum zero-sum and non-zero-sum games, quantum coordination, evolutionary, and cooperative games, quantum games of incomplete information, quantum signaling and repeated games, quantum game learning, and quantum mechanism design—each type examined for its distinctive quantum features, solution concepts, properties, and applications.

	Applied research carries the theory into economics (competition, pricing, auctions, industrial organization, international trade), political science (international relations, elections, public choice, governance), sociology (norms, cooperation, trust, networks), biology (evolution, ecology, behavior), and computer science (algorithms, cybersecurity, multi-agent systems, artificial intelligence), testing and refining the theory through use.

	Experimental and empirical research tests theoretical predictions through laboratory and field experiments, computational simulation, and empirical data, studying the quantum features of human behavior and gauging the model's explanatory and predictive power. New experimental paradigms are needed to measure superposition, entanglement, and measurement collapse in games, together with new methods of data analysis.

	This is an ambitious, long-term program requiring the joint efforts of scholars across disciplines. As the world's first original textbook of quantum game theory, this book aims to establish its theoretical framework systematically, expound its core concepts and methods, analyse its game types, explore its applications, and lay foundations for its development. We believe quantum game theory can transform game theory and the social sciences in the twenty-first century—supplying a new quantum perspective on strategic interaction, new quantum instruments for economic analysis, political inquiry, social governance, and the design of artificial intelligence, and a new quantum road toward unification and advance.

	◆  Chapter Summary

	This chapter traced the century-long development of game theory—from strategic wisdom in the ancient world to the insights of early modern thinkers, from von Neumann's foundations to the Nash revolution, from the golden age to classical game theory's deep predicament—and finally set out the historical necessity of quantum game theory.

	Game theory's sources reach to antiquity: Sun Tzu's Art of War, Plato and Aristotle in Greece, and Kautilya's Arthashastra all contain deep insights into strategic interaction. Hobbes's state of nature (an early Prisoner's Dilemma), Rousseau's Stag Hunt (a classic coordination game), and Adam Smith's invisible hand laid the intellectual groundwork, while Cournot's oligopoly model, Edgeworth's exchange theory, and Zermelo's chess theorem began the mathematization of games.

	The 1944 publication of Theory of Games and Economic Behavior marked the formal birth of modern game theory, establishing the mathematical representation of games, expected-utility theory, and zero-sum theory. Nash equilibrium, formulated in 1950, was the revolutionary breakthrough that freed game theory from zero-sum games and made it a universal instrument. Since the 1970s game theory has entered a golden age across the social sciences, while experimental and behavioral game theory have exposed its empirical limits.

	Classical game theory nonetheless faces a deep predicament—unrealistic rationality assumptions, the static character and multiplicity of equilibrium analysis, oversimplified treatment of information, the limits of methodological individualism, and inadequate dynamic-evolutionary analysis. The root is the mechanistic worldview, which treats players as independent rational atoms, games as static equilibria under fixed structures, and interaction as linear strategic response. Transcending the predicament requires a revolution in worldview.

	The birth of quantum game theory, inaugurated by Meyer's quantum penny-flip game and by Eisert, Wilkens and Lewenstein's quantum Prisoner's Dilemma in 1999, is historically necessary. Grounded in Marx's practical ontology—"all social life is essentially practical" and "the essence of man is the ensemble of social relations"—it re-understands the game as the unfolding of social relations in practice and the player as an entangled practical subject historically generated within them. Its five quantum features are not physical analogies but philosophical concepts grown from practical ontology, and they confer decisive advantages: a more realistic model of the person (the quantum player), a richer strategy concept (the superposed strategy), a deeper interaction concept (entangled interaction), a more dynamic equilibrium concept (measurement-collapse equilibrium), and a more unified framework. The chapters that follow unfold this research program in full.

	Review Questions

	1. In what sense does Hobbes's "state of nature" anticipate the Prisoner's Dilemma, and how does the Leviathan function as an external enforcement mechanism that resolves it?

	2. Explain why the Nash equilibrium generalizes the minimax theorem. What does Nash equilibrium gain in scope, and what new problems—such as multiplicity and mixed-strategy interpretation—does it introduce?

	3. Choose one empirical regularity discovered by experimental or behavioral game theory (cooperation in the Prisoner's Dilemma, rejection in the Ultimatum Game, or reciprocity in the trust game) and explain why the classical framework treats it as an anomaly whereas the quantum framework treats it as an essential feature.

	4. Distinguish Knightian radical uncertainty from risk. Why can the Bayesian apparatus of classical game theory not handle radical uncertainty, and how does the notion of superposition describe it more adequately?

	5. What does it mean to say that players are "entangled" at the ontological level rather than merely interacting strategically? How would this distinction change the analysis of a public-goods game?
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Chapter 2: The Limits of Classical Game Theory: A Critique of Mechanistic Thought

	————————

	Introduction: The Mechanistic Roots of Classical Game Theory

	Over the past eight decades classical game theory has achieved conspicuous success. It built a rigorous mathematical framework for strategic interaction, applied widely across economics, political science, sociology, biology, and computer science, and carried several of its practitioners to the Nobel Prize. Yet precisely this success may conceal deep theoretical limits. Standing in the twenty-first century and examining the foundations of the classical theory with a more critical eye, we find that it rests on an aging worldview—the mechanistic worldview of Newtonian science.

	The mechanistic worldview is a product of the early-modern scientific revolution. In the sixteenth and seventeenth centuries Galileo, Descartes, Newton, and others built a new picture of the world as a vast machine composed of independent atoms, running according to determinate natural laws, with linear one-way causality, equilibrium as the natural state, and change as an externally induced deviation from equilibrium. The mechanistic worldview triumphed in physics and chemistry and deeply shaped the social sciences: economics, political science, and sociology emulated the natural sciences and analysed social phenomena by mechanistic methods.

	Classical game theory is a paradigmatic expression of that worldview in the social sciences. It treats players as independent, fixed "rational atoms," the game as a static-equilibrium problem under a given structure, strategic interaction as a linear causal chain, and the solution as a determinate equilibrium state. Such methods work in simple, highly structured situations, but they reveal fundamental limits before the complex, dynamic, and uncertain strategic interaction of the real world.

	This chapter offers

	I. The Core Assumptions of the Mechanistic Worldview

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	II. The Mechanistic Nature of Classical Game Theory

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	III. The Methodological Predicament of Classical Game Theory

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	IV. From Mechanism to the Quantum View: The Necessity of a Paradigm Shift
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