Andrei Akhmetzhanov (France)

(Joint work with Pierre Bernhard, Frederic Grognard and Ludovic Mailleret (INRA Sophia Antipolis, France))

ESS vs Cooperative Behavior in a Prey-Predator Model

In this work we consider a system of two interacting populations of preys and predators.  It is assumed that the two populations interact during a season of length T and die at the end of it.  Reproductive processes occurring during the season determine the size of the populations at the beginning of the next season.

We assume that the prey population behaves passively and the predators have some control on their reproduction: they must choose between investing their time in foraging the prey, what increases their reproductive capacities, or in reproducing.  The maximization of the predators fitness (strictly speaking their number of descendants in the next generation) has been studied previously but is shown to be not evolutionarily stable (ESS) as a population using such a strategy might be invaded by some mutants that take advantage of their small density and non-cooperative behavior.

We propose here to investigate a prevention strategy for the predator population which does not allow any mutant to invade.  Such a strategy would be ESS but not optimal with respect to the maximization of the fitness.  We show how such a strategy can be obtained as the solution of a zero-sum differential game.

Moreover, we compare these two reproductions strategies in terms of their influence on the dynamics of the system through many seasons.  Though not ESS, the optimal strategy leads to a stable situation in a long-term perspective.  On the contrary, the prevention strategy is ESS but it is not long-term stable and leads to an instance of the so-called "Tragedy of the Commons".

Marianne Akian (INRIA, France)

Tropical Polyhedra are Equivalent to Mean Payoff Games

We show that several decision problems originating from max-plus or tropical convexity are equivalent to mean payoff (zero-sum, two players) game problems.  More precisely, checking whether a tropical polyhedral cone is reduced to the zero vector is equivalent to checking whether a mean payoff game has at least one winning initial state; checking whether an (affine) tropical polyhedron is empty can be transformed in linear time to checking whether a prescribed initial state of a mean payoff game is winning, and vice versa; and checking whether several points belong to a common tropical hyperplane can be transformed in quadratic time to checking whether a mean payoff game has at least one winning initial state.  These results imply that the problems mentioned above concerning tropical algebra and convexity belong to NP(coNP and can be solved in pseudo-polynomial time.  We also obtain as a corollary a game theoretical proof of the fact that the tropical rank of a matrix, defined as the maximal size of a submatrix for which the optimal assignment problem has a unique solution, coincides with the maximal number of rows (or columns) of the matrix which are linearly independent in the tropical sense.  Our proofs rely on techniques from non-linear Perron-Frobenius theory.  Some of the equivalences turn out to carry over to the case of infinite systems of inequalities (non-polyhedral tropical convex sets) and of games with infinite action spaces.

Steve Alpern (London)

How to Patrol a Network against an Unknown Attack

(Joint work with Alec Morton and Katerina Papadaki)

We model the problem of patrolling a network (say a museum with many rooms and arbitrary interconnecting passages) against an attack in an unknown room (node) at an unknown time.  The attack is known to require a fixed number of periods, denoted m, out of a total of T periods t=1,2,...,T.  For a given network Q, known to both players is a zero sum game G(Q,T,m) played by a maximizing Patroller and a minimizing Attacker.  A pure strategy for the Patroller is a walk w(1),...,w(T) on Q, with w(t) and w(t+1) the same or adjacent nodes.  A pure strategy for the Attacker is a node i and an attack interval {t_1,t_{1+1},...,t_{1+m-1}}.  The Patroller wins, with Payoff 1, if w(t)=i for some t in the attack interval; otherwise the Attacker wins, with Payoff 0.  We solve this game for certain classes of networks and present a number of techniques for arbitrary networks.

Tibor Antal (Harvard)

Who Laughs Last? Perturbation Theory for Games

Evolutionary game theory studies frequency dependent selection.  The fitness of a strategy is not constant, but depends on the relative abundances (=frequencies) of strategies in the population.  The main question is which strategy is the most abundant in the long run.  When the effect of selection is sufficiently weak, we can answer this question by developing a perturbation theory.  The method is quite general, and easily applicable to a large class of models.  First we consider the simplest possible example of a well mixed population, then we turn to more general cases, including games with multiple strategies and games in structured populations.

Martino Bardi (Padova)

Multiscale Problems for Differential Games

Reducing the dimension of the state-space is a classical problem in control theory and it is often treated by separating the state variables that evolve on different time-scales in the framework of Singular Perturbations.  Some new methods based on the asymptotic analysis of the Bellman-Isaacs PDEs were developed by O. Alvarez and the speaker to handle differential games [1].  I will present some applications to games with random parameters modeled as an ergodic diffusion process evolving on a time scale faster than the state of the control system, as in the theory of financial models with stochastic volatility by Fouque, Papanicolaou and Sircar [2].  In some cases I compute the correct averaged system and costs and show that they can have a different form from the original system, and that some parameters must be computed via suitable harmonic averages instead of the standard historical mean.  We test the results on some classical differential game models in marketing.

Some of the results are joint work with A. Cesaroni and L. Manca [3, 4].

[1] O. Alvarez, M. Bardi: Ergodicity, stabilization, and singular perturbations for Bellman-Isaacs equations, Mem. Amer. Math. Soc. 204 (2010), pp. 1-88.

[2] J.-P. Fouque, G. Papanicolaou, R. Sircar:  Derivatives in financial markets with stochastic volatility, Cambridge University Press, Cambridge, 2000.

[3] M. Bardi, A. Cesaroni, L. Manca: Convergence by viscosity methods in multiscale financial models with stochastic volatility, SIAM J. Finan. Math. 1 (2010), 230--265.

[4] M. Bardi, A. Cesaroni: Optimal control with random parameters: a multiscale approach, submitted.

Tamer Başar (Illinois)

Non-Neutral Decision Making in Stochastic Teams and Games

Interaction between information/communication and control (with “control” interpreted in a broader context, including strategic decision making in multi-agent teams and games) has been a dominating research topic for several decades.  This interaction is in general a complex one because different decision units (agents) linked through their interactions over a network could affect each other’s performance through also the information content of their actions. In team problems, for example, with an overall common objective, the more information the agents share on the uncertain environment (through transmission of messages) the better is the performance (global as well as local), and a judicious construction of local actions or decisions could improve the relevant information content of transmitted messages.  One critical question that arises in this context is for each sending agent how to reshape (for example, encode) the locally received information and embed it into its action, and for the receiving agent how to process it (decode or filter) so that it will be of utmost value in the construction of its action---with each agent actually playing both roles, leading sometimes to a conflict between these dual roles.  A further question is how agents should use the limited resources they have in the most efficient way, which may occasionally lead to no action as a possible decision, so that resources can be saved for future actions.  These issues become more pronounced and complex in game situations, where it could even happen that enhancement of the quality of information through decisions or actions would be detrimental to a player.  Decision-making systems, be they team or game related, where the quality of the information exchanged over communication channels is affected by decisions or actions are known as non-neutral.  This phenomenon brings in inherent difficulties to stochastic team and game problems in the construction of team-optimal policies for the former and (Nash) equilibrium policies in the latter. Even though non-neutrality is almost half-a-century old today as a concept, the question of how to cope with the tradeoffs that arise in this context is still in search of a universally applicable satisfactory answer.

This talk will provide an overview of the issues as described above underlying the interplay between communication and decision making in stochastic multi-agent dynamic teams and non-cooperative dynamic games, and discuss results not only on “what to send” and “how to shape”, but also on “when to send”, with non-neutrality being the centerpiece.

Roman V. Belavkin (London)
The Effect of Information Constraints on Decision-Making and Economic Behaviour
Economic theory is based on the idea of rational agents acting according to their preferences.  Mathematically, this is represented by maximization of utility or the expected utility function, if choices are made under uncertainty.  Originally developed in game theory, this formalism has become dominant in operations research, machine learning and even used in cognitive science to model human behaviour.  There is, however, a number of paradoxical counter-examples in behavioural economists causing a degree of scepticism about the correctness of the expected utility model of human decision-making.  I will try to convince you that many of these paradoxes can be avoided if the problem is treated from a learning theory point of view, where information constraints are explicitly taken into account.  I will use methods of functional and convex analyses to demonstrate geometric interpretation of the solution of an abstract optimal learning problem, and demonstrate how this solution explains the mismatch between the normative and behavioural theories of decision-making.
Vladimir Belitsky (Brasil)

When and how Heterogeneity of Social Susceptibility of Consumers Causes Multiplicity of Population Relative Excess Demands

Social relations are known to play an important role in formation of the price-demand relation in social consumption processes.  But since these relations may influence different individuals with different strength then there arises the question how the price-demand relation is affected by the heterogeneity across a population of the idiosyncratic social susceptibility.  We answer this question using an appropriate interacting agent model for social consumption.  Our constructions, arguments and results apply to a duopoly market but they may be almost directly extended to other cases of social consumption.  We focus at the explanation of when, why and how the more expensive product of a duopoly market may become constantly more demanded.  We reveal the role in the formation of this phenomenon of the heterogeneity of the idiosyncratic social susceptibility, alone and in combination with the heterogeneity of the idiosyncratic reservation price (that in a duopoly market, turns into the idiosyncratic perception of the fair difference of prices of the competing products).  The effect of the second of these two heterogeneities on the price-demand relation has been studied in works prior to ours, albeit always under the assumption that the social susceptibilities of consumers are all equal.  We explain thoroughly the specifics of the approach and argument that yield an advance of our study in respect to the previous studies.  Those, together with our results, provide now a complete characterization of the emergence of the price-demand relation in a very generic stylized model for social consumption; the generality being guaranteed by the fact that the model mirrors the social susceptibility and the reservation price of every single consumer and allows these idiosyncratic characteristics to change form consumer to consumer. 
Pierre Bernhard (France)

(Joint with Naima el Farouq)

A Robust Control Approach to Option Pricing: the Uniqueness Theorem

We prove the missing uniqueness theorem which makes our probability-free theory of option pricing in the interval market model, essentially complete.

Luca Dall’Asta (Italy)

Statistical Mechanics of Strategic Substitutes on Networks

Game theory was recently applied to study strategic behaviors (e.g. public goods provision, information collection) in complex socio-economic networks, in which a player's payoff depends only on the actions taken in her local neighborhood.  The locality of the interactions together with a disordered underlying topology opens up to the existence of a large number of (very different) Nash equilibria, that can be hardly described using standard game theoretic methods.  An example is provided by models of strategic substitutes defined on networks (local public goods).  Using tools from statistical mechanics we are able to characterize both qualitatively and quantitatively the properties of such equilibria, understanding how they depend on the underlying topology and indicating possible mechanisms to reach the optimal ones.

Constantinos Daskalakis (MIT)

The Complexity of Equilibria
How long does it take a market or a game to reach an equilibrium state?  I will review joint work with Paul Goldberg and Christos Papadimitriou, showing that convergence to a Nash equilibrium may take prohibitively long.  Since a Nash equilibrium is guaranteed to exist in every game---by Nash's seminal result, the theory of NP-completeness does not seem appropriate for characterizing its complexity.  Our result is that the Nash equilibrium is as hard computationally as the Brouwer fixed-point computation problem, in a precise technical sense.  The existence of the Nash equilibrium was established via Brouwer's fixed-point theorem; hence our result is the computational converse of Nash's theorem.

To alleviate the negative implications of this complexity result, I will consider special classes of games with better computational features.  The first class of games, called anonymous, is motivated by and broadly generalizes the class of symmetric games considered already in John Nash's 1951 paper.  For this class of games, we provide polynomial-time approximation schemes using intricate probabilistic approximation theorems obtained via Stein's method.  Next we consider zero-sum polymatrix games, a multi-player generalization of zero-sum bimatrix games.  Our result here is a generalization of von Neumann's minimax principle to as broad a class of multiplayer games as possible (assuming the computational hardness results discussed above).  These results are based on joint works with Christos Papadimitriou and Yang Cai.
Giulio Bottazzi Pietro Dindo (Pisa)

Evolution and Market Behavior with Endogenous Investment Rules

We consider a complete asset market and investigate long run wealth-driven selection when investment rules depend on endogenous variables such as past and, possibly, current prices.  As in previous works, where investment rules depend on exogenous dividends only, we find that betting proportionally to dividend probabilities is selected for, thus bringing prices to their fundamental values.  However, when the latter rule is absent, price feedbacks can be strong enough to destabilize the market, thus leading to multiple survivors and asset mis-pricing.  By investigating the random dynamical system which corresponds to market dynamics we derive precise conditions under which instability occurs.

Maurizio Falcone (Università di Roma)
(In collaboration with E. Cristiani (CEMSAC and IAC-CNR))

A Constructive Approach to Pursuit-Evasion Games
The approximation of optimal control problems and games via numerical methods is a difficult but necessary task for many real applications.  There are a number of interesting issues related to this topic: the approximation of optimal strategies and optimal trajectories, the synthesis of feed-back control, the stability of this approximation with respect to unknown perturbations, the presence of state constraints in the problem.  In this talk we will give an overview of numerical methods based on the Dynamic Programming approach for pursuit-evasion games.  The advantage of this method is that it stands on firm mathematical grounds, the drawback is the difficulty to use it for large scale problems due to the course of dimensionality.  This is due to the fact that in this approach one has to compute first the weak solution of a non linear PDE, the Isaacs equation.  We will illustrate our results for pursuit-evasion games on some classical examples in low dimension (2 or 3) also giving some hints on the extension of these techniques to problems in higher dimension. 

Helena Ferreira (Portugal)
Bayesian-Nash Equilibria in a Game Theoretical Model of Planned Behavior

We introduce, in the literature, a Game Theoretical Model of Planned Behavior in which we propose Bayesian-Nash Equilibria as one, of many, possible mechanisms of transforming human intentions in behavior.  This model establishes an analogy between the Theory of Planned Behavior that analyses the decision-making mechanisms of individuals and Game Theory concepts.  We study the best strategic individual decision taking in account the collective response and consequently the use of a constant strategy in no saturation situations and splitted strategies in boredom and frustration situations, distinguishing two different concept worlds. Furthermore, we study the role of leaders in individual/group behavior and decision-making.
Leslie Fletcher (Liverpool)

(In collaboration with J. Binner and V. Kolokoltsov) 

An Improved Lanchester Model for Market Share in a Duopoly

Versions of the Lanchester model are widely used to model the evolution of market shares in a duopoly in which each player seeks to win customers from the other by advertising and similar activities.  We set out a very general version in which the value of the market and the effectiveness of advertising vary with time and marketing campaigns are time limited, also allowing for a presumption against customer churn – that is, when keeping an existing customer is less costly than gaining a new one.  We identify some qualitative properties of the market share trajectory and make a careful examination of the assumptions needed to prove the existence and uniqueness of a Nash equilibrium in the contest for market value.

Tobias Galla (Italy)

Intrinsic Noise in Game Dynamical Learning

Demographic noise has profound effects on evolutionary and population dynamics, as well as on chemical reaction systems and models of epidemiology.  Such noise is intrinsic and due to the discreteness of the dynamics in finite populations.  We here show that similar noise-sustained trajectories arise in game dynamical learning, where the stochasticity has a different origin: agents sample a finite number of moves of their opponents in between adaptation events.  The limit of infinite batches results in deterministic modified replicator equations, whereas finite sampling leads to a stochastic dynamics.  The characteristics of these fluctuations can be computed analytically using methods from statistical physics, and such noise can affect the attractors significantly, leading to noise-sustained cycling or removing periodic orbits of the standard replicator dynamics.
Sayantan Ghosal (Warwick)
(With Gabriel Desgranges)

P-Stable Equilibrium: Definition and Some Properties

We define a continuous index of stability, p-stability, which requires equilibrium to be the unique outcome compatible with common knowledge of rationality and common knowledge of p-beliefs (beliefs that put probability at least p on the equilibrium profile).  In a large class of admissible games, every equilibrium is p-stable for some p<1.  In applications of the notion of p-stability we show that: (i) adding incomplete information on fundamentals could decrease the degree of strategic stability; (ii) in an exchange economies where the unique competitive equilibrium is globally unstable under tatonnement dynamics, the corresponding Nash equilibrium is p-stable for some p<1; (iii) enhanced equilibrium efficiency could decrease the degree of strategic stability in a simple trading scenario.
David Gill (Southampton)

A Structural Analysis of Disappointment Aversion in a Real Effort Competition

We develop a novel computerized real effort task, based on moving sliders across a screen, to test experimentally whether agents are disappointment averse when they compete in a real effort sequential-move tournament.  Our theory predicts that a disappointment averse agent, who is loss averse around her endogenous expectations-based reference point, responds negatively to her rival's effort.  We find significant evidence for this discouragement effect, and use the Method of Simulated Moments to estimate the strength of disappointment aversion on average and the heterogeneity in disappointment aversion across the population. 
Paul Goldberg (Liverpool)

How hard is Competition for Rank?

Competition for rank occurs whenever the outcome is a ranking, or league table, of the competitors.  One can note that it is widespread throughout the plant and animal kingdoms, politics, higher education, and artificial contests.  In the talk, I will describe a class of games that capture important aspects of this type of competition, and consider the problem of computing their Nash equilibria.  An important background fact that motivated this study is the hardness of computing Nash equilibria of unrestricted games, which raises interest in more specific types of game for which the computational problem is tractable.  I will also give a general overview of these hardness results, and how they arise.
N. L. Grigorenko (Moscow)

Sufficient Conditions of Existence of the Solution for a Class Game Problem with Many Cost Functional

The game dynamic system, with m vector control parameters and one unknown vector parameter is considered.  Vectors of control and vector of uncertainty satisfy to boundary conditions.  Is available m cost functional, each of which depends on one of control parameters and parameter of uncertainty.  The aim of control process is achievement even of one of cost functional preset value at any vector of the uncertainty, satisfying to boundary condition.  Sufficient conditions on parameters of process, at which there is a control, guaranteeing achievement, for the finite time, even of one of cost functional preset values are resulted, at any admissible uncertainty.  Results of the numerical solution of such class game problem for test models are resulted.

Sergiu Hart (Jerusalem)

Comparing and Measuring Risks

1. Stochastic dominance is a partial order on risky assets ("gambles") that is based on the uniform preference, of all decision-makers (in an appropriate class), for one gamble over another.  We modify this, first, by taking into account the status quo (given by the current wealth) and the possibility of rejecting gambles, and second, by comparing rejections that are substantive (that is, uniform over wealth levels or over utilities).  This yields two new stochastic orders: wealth-uniform dominance and utility-uniform dominance.  Unlike stochastic dominance, these two orders are complete: any two gambles can be compared.  Moreover, they are equivalent to the orders induced by, respectively, the Aumann-Serrano (JPE 2008) index of riskiness and the Foster-Hart (JPE 2009) measure of riskiness.

2. We propose a measure of riskiness of "gambles" (risky assets) that is objective: it depends only on the gamble and not on the decision-maker.  The measure is based on identifying for every gamble the critical wealth level below which it becomes "risky" to accept the gamble.

Papers:

1. Sergiu Hart, "Comparing Risks by Acceptance and Rejection", Center for Rationality DP-531 (December 2009) http://www.ma.huji.ac.il/hart/abs/risk-u.html
2. Dean Foster and Sergiu Hart, "An Operational Measure of Riskiness", Journal of Political Economy 117 (2009), 5, 785-814 http://www.ma.huji.ac.il/hart/abs/risk.html
Pim Heijnen (Amsterdam)
(Joint work with Ben J. Heijdra, University of Groningen)
Environmental Policy and the Macroeconomy under Shallow-Lake Dynamics

We study the environmental and economic effects of public abatement in the presence of multiple stable steady-state ecological equilibria.  Under shallow-lake dynamics (SLD), the isocline for the stock of pollution features two stable branches, a good and a bad one.  Assuming that the ecology is initially located on the upper (bad) branch of the isocline, the ecological equilibrium is hysteretic and a suitably designed temporary abatement policy can be used to steer the environment from the bad to the good equilibrium. In all models considered in this paper, a “cold turkey” abatement policy is optimal, i.e. the largest feasible shock should be administered for the shortest possible amount of time.  Depending on the particular model used to characterize the economic system, there is a capital feedback effect that either helps or hinders the attainment of a successful abatement policy.

Onésimo Hernández–Lerma (CINVESTAV–IPN, Mexico City)
Overtaking Equilibria for Zero–Sum Markov Games

Overtaking (also known as catching–up) optimality is a concept that can be traced back to Frank P. Ramsey (1928), but in its present form was introduced independently by several economists, in particular von Weizsacker (1965), in the context of economic growth problems.  For discrete- and continuous-time games, overtaking equilibria have been obtained for several particular classes of deterministic and stochastic games— see, for instance, Carlson (2005), Nowak (2008), and references therein.  In this work (see Escobedo–Trujillo et al. (2010) we study overtaking equilibria for a class of zero–sum Markov games that includes stochastic differential games and games with a countable state space.

References:

– Carlson, D. (2005). Normalized overtaking Nash equilibrium for a class of distributed parameter dynamic games. In Advances in Dynamic Games (A.S.Nowak and K.Swajowski, eds.), Birkhauser, Boston.

– Escobedo–Trujillo, B.A., Hernandez–Lerma, O., Lopez–Barrientos, J.D. (2010). Overtaking equilibria for zero–sum continuous–time Markov games. In preparation.

– Nowak, A.S. (2008). Equilibrium in a dynamic game of capital accumulation with the overtaking criterion. Econom. Lett. 99, 233-237.

– Ramsey, F.P. (1928). A mathematical theory of saving. Econom. J. 38, pp. 543–559.

– von Weizsacker, C.C. (1965). Existence of optimal programs of accumulation for an infinitefor an infinite horizon. Rev. Econom. Stud. 32, pp. 85-104.
Reinoud Joosten
Paul Samuelson’s Critique and Equilibrium Concepts in Evolutionary Game Theory

We present two new notions of evolutionary stability, the truly evolutionarily stable state (TESS) and the generalized evolutionarily stable equilibrium (GESE).  The GESE generalizes the evolutionarily stable equilibrium (ESE) of Joosten [1996].  An ESE attracts all nearby trajectories monotonically, i.e., the Euclidean distance decreasing steadily in time. For a GESE this property should holds for at least one metric.  The TESS generalizes the evolutionarily stable strategy (ESS) of Maynard Smith & Price [1973].  A TESS attracts nearby trajectories too, but the behavior of the dynamics nearby must be similar to the behavior of the replicator dynamics near an ESS.  Both notions are de.ned on the dynamics and immediately imply asymptotical stability for the dynamics at hand, i.e., the equilibrium attracts all trajectories  nearby.  We consider this the relevant and conceptually right approach in defining evolutionary equilibria, rather than defining a static equilibrium notion and search for appropriate dynamics guaranteeing its dynamic stability.  Moreover, the GESE and the TESS take similar positions as the ESE and ESE do in relation to other equilibrium and fixed point concepts in general.

V. Kolokoltsov (Warwick) 

Rainbow options via the interval model of stock prices.

 Analysis of option prices by the game theoretic argument leads to a remarkable class of the discrete time dynamic games where the calculation of the competitive Belman operator of a quite complicated form can be done explicitly on the final payoffs given by the class of sub-modular functions (which includes the payoffs for the multiple strike rainbow options).
[1] V.N. Kolokoltsov.  Non expansive maps and option pricing theory. Kibernetica  34:6 (1998), 713-724.

[2] Z. Hucki, V. Kolokoltsov.  Pricing of rainbow options: game theoretic approach.  International Game Theory Review  9:2 (2007), 215-242.       

David Leslie (Bristol)
(Joint work with Archie Chapman, Alex Rogers and Nick Jennings)

Convergent Learning in Unknown Hypergraphical Games

The combination of classical game-theoretical learning algorithms with reinforcement learning of joint action values results in provably convergent learning algorithms even in situations where the rewards are unknown and only observed under noise.  In particular we prove the convergence of Q-learned fictitious play in potential games and Q-learned adaptive play in weakly acyclic games.  Learning of joint action values and observation of opponent strategies for any game relevant to distributed control is, however, likely to be prohibitive.  We therefore demonstrate how to take advantage of the hypergraphical structure inherent in distributed optimisation frameworks to alleviate the problem.
L.N.Lukyanova (Moscow)

Optimization Problem for Model of Natural Resources Management

For model of dynamics of economic parameters of process of development of natural resources, the problem of optimal control with the unfixed end moment and the cost functional depending on nonlinear function of control and parameter of discounting is considered.  The algorithm of finding of optimal control as function of time and model parameters is offered.  Results of numerical calculations of economic characteristics of process corresponding optimal control are resulted.

George Mailath (Pennsylvania)
(Coauthored with V. Bhaskar and S. Morris)

A Foundation for Markov Equilibria in Infinite Horizon Perfect Information Games

We study perfect information games with an infinite horizon played by an arbitrary number of players.  This class of games includes infinitely repeated perfect information games, repeated games with asynchronous moves, games with long and short run players, games with overlapping generations of players, and canonical non-cooperative models of bargaining.  We consider two restrictions on equilibria.  An equilibrium is purifiable if close by behavior is consistent with equilibrium when agents' payoffs at each node are perturbed additively and independently.  An equilibrium has bounded recall if there exists K such that at most one player's strategy depends on what happened more than K periods earlier.  We show that only Markov equilibria have bounded memory and are purifiable.  Thus if a game has at most one long-run player, all purifiable equilibria are Markov.

Mikhail Malioutov (Boston US)
(Joint with Glenn Pierce and Christopher Boulay)

An Inter-group Conflict Model Integrating Perceptions of Threat and Vested Interest: Extending Rational Choice to Incorporate Psychological Dynamics

The conflict model is a discrete dynamical system based on the theory of games, whose state space consists of sets of utility functions.  Moving through the system is thus comparable to moving through a set of separate, but closely related games.  Actors behave according to the utility functions defined in the current state.  This formulation, while admittedly quite complicated in practice, allows the model to account for the psychological effects of perceived threat on decision-making, without contradicting the basic tenets of rational choice. 

Possible strategies are defined in terms of events (or “attacks”) and their corresponding probabilities.  For each state in the state space, a predetermined utility function assigns a Bernoulli distribution to each actor in the model.  This distribution, heavily influenced by current levels of perceived threat, vested interest in conflict, and perceived success, represents the actor’s current strategy.  The state space is represented by a set of 3 dimensional matrices, with probability values as entries.  These values ultimately determine the behavior of the actors, and hence define rational choice for each state of the state space.  A set of simulated results from the model under four different conditions is reported.

Vladimir Mazalov (Petrozavodsk)

(Joint with Anna Ivashko)

Equilibrium in N-Person Game of "Showcase Showdown"

We consider a non-cooperative n-person optimal stopping game related with the popular TV game "The price is right".  In this game each of n players in turn spins the wheel once or twice attaining some total score and then waits for the results of the succeeding players' spins.  The object of the game is to have the highest score, from once or two spins, without going over a given upper limit.  This game of chance has been analysed in Coe and Butterworth, Sakaguchi, Tijms and recently in Kaynar.  Assume that the upper limit is equal to 1 and the players observe the random numbers in [0; 1].  Each player chooses one or two random numbers.  After the first step a player decides to choose the number or to continue the game.  She makes the decision without information about behavior of other players.  The objective of a player is to get the maximal number of scores which is not exceeded the level 1.  If the scores of all players exceed 1 then the winner is the player whose score is closest to 1.  In the article [2] it was constructed the optimal solution for the game with two possible attempts and two and three players.  The method needs huge calculations.  There is alternative method based on the dynamic programming theory which is more convenient to analyse this problem.  We use this method to find the equilibrium in this Showcase Showdown game for any number of players and steps.

[1]  Coe, P.R. and Butterworth, W. (1995).  Optimal stopping in "The Showcase Showdown", The American Statistician 49: 271{275.

[2]  Kaynar, B. (2009). Optimal stopping in a stochastic game, Probability in the Engineering and Information Sciences 23: 51-60.

[3]  Sakaguchi, M. (2005). Equilibrium in two-player games of "Showcase Showdown", Scientiae Mathematicae Japonicae 61, 145-151.

[4] Tijms, H.C. (2007). Understanding probability, 2nd ed. Cambridge: Cambridge Univ. Press.

William M. McEneaney (UC San Diego)

Idempotent Method for Dynamic Games Using Min-Max Projections

In recent years, idempotent methods (specifically, max-plus methods) have been developed for solution of nonlinear control problems.  It was thought that idempotent linearity of the associated semigroup was required for application of these techniques.  It is now known that application of the max-plus distributive property allows one to apply the max-plus curse-of-dimensionality-free approach to stochastic control problems.  Here, we see that a similar, albeit more abstract, approach can be applied to deterministic game problems.  The main difficulty is a curse-of-complexity growth in the computational cost.  Attenuation of this effect requires finding reduced-complexity approximations to min-max sums of max-plus affine functions.  This is accomplished through approximate optimal selection of a min-max subspace and projection onto it.  Applications in the area of command and control for military operations will be indicated.
 Thomas W. L. Norman (Oxford)

Equilibrium Selection and the Dynamic Evolution of Preferences

A population of fully rational agents plays a symmetric 2-player game in biological fitnesses, but each agent’s play is determined by his payoffs, which are free to evolve according to “survival of the fittest” pressures.  An equilibrium-selection mechanism is assumed to exist, and deliver a unique outcome for any given profile of payoffs; this allows the evolution of payoffs to be modeled as a well-defined replicator dynamics.  The existing static stability results that “efficient strict Nash implies stability” and “stability implies efficiency” are translated to this dynamic context.  Moreover, a strong form of stability is established for the efficient outcome of games with common interests, whilst weaker stability results are provided for nonstrict efficient equilibria (including mixed-strategy equilibria) of doubly symmetric games.  The results are illustrated using the equilibrium-selection mechanism provided by global games.  “Man with all his noble qualities. . . still bears in his bodily frame the indelible stamp of his lowly origin.” Charles Darwin, The Descent of Man (1871)

Marius Ochea (Amsterdam)

Evolution in Iterated Prisoner's Dilemma Game under Logit Dynamics

In an evolutionary set-up, we append an ecology of iterated Prisoner's Dilemma (IPD) game strategies, consisting of unconditional cooperators (AllC), unconditional defectors (AllD) and reactive players (TFT) with two repeated strategies that have received less attention in the evolutionary IPD game literature, the error-proof, "generous" tit-for-tat (GTFT) which, with a certain probability, re-establishes cooperation after a (possibly by mistake) defection of the opponent and the penitent, "stimulus-response" (WSLS) strategy that resets cooperation after the opponent punished for defection.  An abundance of Rock-Paper-Scissors like patterns is discovered in the 3×3 ecologies comprising Pavlovian and "generous" players, while some 4×4 ecologies display path-dependence along with co-existence of periodic and chaotic attractors.  Turning to the performance of our heuristics selection, the surrounding ecology appears critical for the success or failure of a particular repeated game meta-rule.  For instance, the stimulus-response strategy does well in a no AllC 4×4 environment but poorly when such unconditional cooperators are around.  However, in the full 5×5 ecology Pavlov almost goes extinct in the best-reply limit of the logit dynamics, but spreads to a large fraction of the population when players are boundedly rational.

Geert Jan Olsder (Delft University)

About Nash, Stackelberg, Inverse Stackelberg and Conjectural Variations

Immediately after some remarks on the Nash equilibrium, in which the roles of the players are symmetrical, we continue with games in which the roles of the players are hierarchical.  Some players behave as leaders, others as followers.  Such games are named after Stackelberg.  A special type of such games is considered, known in the literature as Inverse Stackelberg games.  In such games the leader (or: leaders) announces his strategy (strategy as opposed to decision) as a mapping from the follower’s (or: followers’) decision space into his own decision space.  Arguments for studying such problems are given.  The routine analysis leads to the theory of composed functions which is not very fruitful.  Other approaches will be given, mainly by studying specific examples.  Time-varying extensions (i.e., one enters the area of dynamic game theory) will be given.

Closely related is the concept of consistent conjectural variations which can be viewed as a kind of game in which all players act as leaders.  Very few general existence results are known; a discussion will be given.

Frank Page (Indiana University Bloomington)

(Joint with Myrna Wooders Vanderbilt)
Endogenous Network Dynamics

This paper was begun while Page and Wooders were visiting CES-CERMSEM at the University of Paris 1 in June 2006. The authors thank CES-CERMSEM and Paris 1 for their hospitality. The authors thank Matthew Jackson, J.-J. Herings, Luca Merlino, Jacomo Corbo, and the participants in various conferences in 2009 for many insightful comments: CTN Workshop (Maastricht, January, 2009), PET09 (Galway, June), SAET09 (Ischia, July), the Sorbonne Workshop on Economic Theory (Paris, June, 2009), the DIMES International Conference (Paris, June, 2009), The Paris School of Economics Theory Seminar (October, 2009), Bilkent University Economics Theory Seminar (October, 2009). ENDPWaff44.tex.

URLs: http://mypage.iu.edu/~fpage/, http://www.myrnawooders.com.

We model the structure and strategy of social interactions prevailing at any point in time as a directed network and we address the following open question in the theory of social and economic network formation: given the rules of network and coalition formation, preferences of individuals over networks, strategic behavior of coalitions in forming networks, and the trembles of nature, what network and coalitional dynamics are likely to emergence and persist.  Our main contributions are to formulate the problem of network and coalition formation as a dynamic, stochastic game and to show that: (i) the game possesses a pure stationary equilibrium (in network and coalition formation strategies), (ii) together with the trembles of nature, this stationary equilibrium determines an equilibrium Markov process of network and coalition formation, and (iii) this endogenous Markov process possesses a finite set of ergodic measures, and generates a finite, disjoint collection of nonempty subsets of networks and coalitions, each constituting a basin of attraction.  Moreover, we extend to the setting of endogenous Markov dynamics the notions of path dominance core (Page-Wooders, 2009) and pairwise stability (Jackson-Wolinsky, 1996).  We show that in order for any network-coalition pair to emerge and persist, it is necessary that the pair reside in one of finitely many basins of attraction.  As an example, we consider a dynamic noncooperative game of club network formation and we demonstrate conditions ensuring that, even if multiple club memberships are allowed, there exists an pure stationary equilibrium where the only club networks which emerge and persist are those where players are members of a single club.  The results we obtain here for endogenous network dynamics and stochastic basins of attraction are the dynamic analogs of our earlier results on endogenous network formation and strategic basins of attraction in static, abstract games of network formation (Page and Wooders, 2009), and build on the seminal contributions of Jackson and Watts (2002), Konishi and Ray (2003), and Dutta, Ghosal, and Ray (2005).

Leon A. Petrosyan (St. Petersburg)
How to Make the Cooperation Stable?

Cooperation is a basic form of human behavior. In static game theory we know many optimality principles (core, nucleolus, Shapley value and many others) which are invented to guarantee the attractiveness of cooperation and thus the stability.  Unfortunately these principles are in general time-inconsistent and without additional mechanisms are not able to preserve the attractiveness of cooperation on a long time interval.  In this talk we propose new methods of regularization of classical optimality principles which will ensure time-consistency, strategic stability and irrational behavior proofness of cooperation und as result its stability.

Fernando Pigeard de Almeida Prado

Product differentiation in the presence of social interactions of consumers

We present a dynamic game of location-price competition between two firms.  Differently from other Hotteling's type models, we assume that consumers are positively influenced by the product choices of others and decide in groups of limited sizes where to consume from.

In the first game stage, each firm chooses a location in an address space of consumers.  After the firms have chosen their locations, the firms play a sequence of prices over time, and the consumers choose a sequence of firms from which to purchase the product.  The choice dynamics of consumers is based on best responses of consumers' coalitions.  The pay-offs of the firms are the average profits over time.

We derive the following results: if the strength of social influences among consumers is lower than a critical value, then the distance between firms is maximal in Nash equilibrium. This corresponds to the standard result of D' Aspremont et al. (1979), who does not assume social interactions among consumers.

On the other hand, if the strength of social influences among consumers is larger than a critical value and if the sizes of consumers' coalitions are smaller than a critical size, then the distance between firms is zero.

Now, if both the strength of social influences and the size of consumers' coalitions are sufficiently large, it turns out that the distance between firms is moderately large.

Our model suggests the existence of three types of oligopolies: one characterized by small distances between players, another characterized by intermediary distances between players, and the third one characterized by large distances between them. This result generalizes the standard result of location-price competition.  It provides insights into product differentiation behaviors in cases where consumers enjoy consuming products in the company of others (Becker, 1991) and decide in groups where to consume from.
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Artem Sedakov (St. Petersburg)

Characteristic Function for Games with Prohibited Coalitions

Games with prohibited (or impossible) coalitions are the subject of research.  A notion of characteristic function is extended from the cooperative game theory to the considered class of coalitional games.  We introduce a notion of prohibited coalition, and it leads us to a situation in which the super-additivity property of the characteristic function does not hold.  For this reason the grand coalition formation containing all players is meaningless in general, and the grand coalition splits to non-intersecting coalitions.  The generalized characteristic function is constructed in a special way, and it is proved to satisfy the super-additivity property.  Using the constructed function we define the most acceptable coalitional partition which we call the maximum coalitional partition.  A fact that the generalized characteristic function for classic cooperative theory completely coincides with the characteristic function shows a logical reasoning in such approach.
Ekaterina Shevkoplyas (St. Petersburg)

A Class of Differential Games with Random Duration

In the paper a new model in differential game theory is investigated.  Differential game is considered not with infinite time horizon or not on the fixed time interval, but on the time interval [t; T], where T is a random value.

Thus this model allows more truthfully simulate the real-life processes.  One of the main subject of the paper is a derivation of the new Hamilton-Jacobi-Bellman equation suitable for a problem with random duration.  On the basis of derived equation the algorithm of the feedback Nash equilibrium calculation in differential games with random duration is suggested.  Moreover I suggest to use Weibull distribution as a distribution for random variable T.

Accordingly to Weibull distribution shape parameter, the game has three stages such that "infant" stage, "adult" stage and "aged" stage.  To illustrate easily the algorithm, the expression of the feedback Nash equilibrium for one simple model of non-renewable resource extraction under condition of a random game duration with Weibull distribution is obtained.  The solution is given for all three stage of the game.

Jim Smith (Warwick)

Conditional Independence Graphs for Games in a Dynamic Environment
Conditional independence graphs of various forms are now widely used as frameworks for reasoning about implied dependence both in subjective probabilistic models where one player plays against nature.  These discrete structures allow us to build and reason in plausible, logically coherent frameworks for decision analysis using a small number of qualitative inputs.  In this talk I will illustrate how, with appropriate rationality assumptions, to build analogous graphical frameworks for analysis and inference in certain classes of dynamic games.

Sebastian van Strien (Warwick)
Some interesting dynamical properties in Fictitious Play

Fictitious Play is sometimes considered as a model for learning in game theory. In this talk I will show that its dynamics has remarkably interesting properties.

K. Szajowski (Wroclaw)
Stopping Games under Partial Information

The paper deals with a problem of optimal stopping of the discrete time Markov process in a competitive situation by more than two decision makers when more than one stopping action for the player is allowed (see [7], [2]).  At each moment n = 1, 2, …, N the decision makers are able to observe the Markov process sequentially to extend his knowledge about the process by enclosing the actual observation.  However, the stopping decisions disturb this process and limit knowledge about the states to other players. If the role of the players in the competition is not equal then the information acquisition is strongly dependent of the player's position in the decision process.  This is the natural extension for the stopping game models (see also [4]).

Further, an extension of the concept of correlated strategies to Markov stopping games is also discussed. It follows the discussion from [3].  The Nash equilibrium approach to solve nonzero-sum stopping games may give multiple solutions.  An arbitrator can suggest the strategy to be applied.  This is a form of equilibrium selection. Utilitarian, egalitarian, republican and libertarian concepts of correlated equilibria selection are used.  A formalization of the model and a construction of equilibrium for a finite horizon games is given.  The examples of such decision problems related to the best choice problem is solved.  The model is generalization of the games considered by Szajowski [5], [6] and Enns and Ferenstein [1].
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M.S. Troeva (Yakutsk State University)

(Joint with O.A. Malafeyev)
Many-Agent Interaction in an Economy with Diffusion and Purchasing

The diffusion equations appear in some models of information and innovation diffusion, price movements and expenditure diffusion (Sahal, 1985; Rogers, 2003; Petit, Sanna-Randaccio and Tolwinski, 2000, etc.).  The game-theoretical model of diffusion conflict process of manufacture and consumption was constructed in (Troeva and Malafeyev, 2000).  An advanced economy model of the kind was considered in (Troeva, 2002) where the distributors activities were supposed to be present alongside with enterprises and trading network.  Existence of equilibrium point was proved for both models.

In the paper proposed here the results described above are extended to the latter model case and some numerical examples are analyzed for the related n-person differential game. 
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Myrna Wooders (Vanderbilt)

(This paper was concluded when this author was Visiting Professor, Paris 1 School of Economics and the Center for Economics of the Sorbonne)

(Joint work with A. van den Nouweland Department of Economics, University of Oregon)

Share Equilibrium in Local Public Good Economies

We define a concept of share equilibrium for local public good (or club) economies where players may have preferences over the membership of their jurisdiction.  A share equilibrium specifies one share index for each player in an economy.  These indices determine each player’s cost shares in any jurisdiction that he might join.  We establish a relation between share equilibium and the core and also prove an existence result and provide an axiomatic characterization of share equilibrium using consistency properties.

Wei Yang (Warwick) 

(Joint work with V. Kolokoltsov)
Turnpikes for stochastic games and nonlinear Markov games

By the turnpike theory a class of results in mathematical economics is meant that states the existence of an optimal way of exchange and production (turnpike), which is worth being stuck to for the main part of a large enough period of development independently of both the initial conditions and the final goal. Here we extend the results from   [1] to a class of nonlinear Markov games with a locally compact state space Introduced in [2].  
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[2]   V.N. Kolokoltsov.  Nonlinear Markov processes and kinetic equations. To appear in Cambridge Univ. Press, August 2010.

Georges Zaccour (Montreal)

Investment Dynamics: Good News Principle

We study a dynamic Cournot game with capacity accumulation under demand uncertainty, in which the investment is perfectly divisible, irreversible, and productive with a lag.  We characterize equilibrium investments under closed-loop and S-adapted open-loop information structures.  Contrary to what is established usually in the dynamic games literature with deterministic demand, we find that the firms may invest at a higher level in the open-loop equilibrium (which in some cases coincides with Markov perfect equilibrium) than in the closed-loop Nash equilibrium.  The rankings of the investment levels obtained in the two equilibria actually depend on the initial capacities and on the degree of asymmetry between the firms.  We also observe, contrary to the bad news principle of investment, that firms may invest more as demand volatility increases and they invest as if high demand (i.e., good news) will unfold in the future.

I will devote sometime in the beginning of my talk to motivate this type of work and spend as much time discussing at the end what is still needed especially in terms of computation.

Nikolay A. Zenkevich (St. Petersbuth)

(Joint work with Nadezhda V. Kozlovskaya kknn@yandex.ru)

Stable Shapley Value Allocation of Common Benefit under the Environmental Pollution

We study the problem of allocation over time of common benefit got by firms in environmental cooperative game.  We compute the characteristic function for all possible coalitions and apply the Shapley value to determine a fair distribution of the common cooperative benefit among players.  There are three important aspects which must be taken into account when the problem of stability of long-range cooperative agreements is investigated: time-consistency of the cooperative agreements, strategic stability and irrational behavior proofness.  We design a stable mechanism for allocation over time of total individual benefit so that the initial agreement remains valid for the whole duration of the game.  The mechanism is also strategic stable and satisfies the irrational-behavior-proofness condition.  We proved that the stable Shapley value total stock of accumulated pollution is strictly less than the pollution under Nash equilibrium for the whole duration of the game.

