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This report documents the program and the outcomes

concepts. It is understood that such substrate can be artificial, for instance in the case of an electrical circuit, or natural, as in the complex signaling pathways that govern cellular fate. Moreover, information may be treated by systems in a designed manner, for instance a computer that processes its inputs according to a determined program, or be the result of evolution, like the internet which is a perfect example of a system that carries and processes information in spite of the absence of a pre-existing specification.

Although traditionally information processing is studied by distinct communities, scattered along the Artificial-Natural and Designed-Evolved axes, it is noteworthy that this separation is, to some extent, a historical artifact in the sense that artificial systems may be the fruit of evolution (as the internet) while natural ones may be used in a purely specified manner (as in synthetic biology). It is therefore natural to expect that tools and techniques developed in one field may be also relevant to others.

Another unifying scheme of the seminar was the emphasis on the use of formal languages in the representation of information flows. Indeed once "a real world" computing system, such as the cell or a quantum circuit, is abstracted as a formal programming language, one may then start to apply techniques imported from theoretical computer science. In the study of evolved systems, these techniques may be used to extract a specification of what is being observed, while in the context of systems where a specification is a priori at disposal, one may use these techniques to verify that the way information is processed conforms to the expectation.

Over the 4 days of talks, which gave rise to feedback that went beyond the expectation of the organizers, the participants of the seminar "Information Flow and its Applications" have had the opportunity to listen to talks ranging from Systems Biology to Theoretical Physics, from Quantum Computing to the study of Ecological systems. As organizers, we believe that the original guess that Information Flow should be a topic of its own was largely a good one.

Computations implemented in physical systems can be described at many different spatiotemporal granularities. For example, the work performed by the brain can be described at the level of atoms, molecules, neurons and potentially higher-order structures. I present an information-theoretic approach to coarse-graining distributed computations. The first step is to introduce effective information, which can be shown to incorporate Kolmogorov complexity, mutual information and VC-entropy (an important measure of complexity in statistical learning theory) as special cases. A second measure, excess information, provides a geometric characterization of indecomposable computations. The two measures are then applied to study coarse-grainings in Conway's Game of Life and Hopfield networks.

A Hypothesis Test For Bell's Inequality

Peter Bierhorst (Tulane University, US) A cell's ability to adapt to constantly changing environmental conditions is derived from its signaling networks. Despite there importance, there is currently no consensus regarding the nature of the protein complexes such networks employ. One prominent view involves signaling machines, while the inherent combinatorial complexity of such networks has led to the more recent proposal of pleiomorphic ensembles. In this work, we use rule-based modeling techniques to explore this question in the case of the yeast pheromone MAPK cascade. We constructed a model of this cascade based on current understanding of the interactions in the pathway. We found that, despite exhibiting considerable ensemble character, this model can replicate existing experimental data for the cascade. We also considered a model designed to Modelers of molecular signaling networks must cope with the combinatorial explosion of protein states generated by post-translational modifications and complex formation. Rulebased models provide a powerful alternative to approaches that require an explicit enumeration of all possible molecular species of a system. Such models consist of formal rules stipulating the (partial) contexts for specific protein-protein interactions to occur. These contexts specify molecular patterns that are usually less detailed than molecular species. Yet, the execution of rule-based dynamics requires stochastic simulation, which can be very costly. It thus appears desirable to convert a rule-based model into a reduced system of differential equations by exploiting the lower resolution at which rules specify interactions.

In this talk, we present a formal framework for constructing coarse-grained systems. We track the flow of information between different regions of chemical species, so as to detect and abstract away some useless correlations between the state of sites of molecular species.

The result of our abstraction is a set of molecular patterns, called fragments, and a system which describes exactly the concentration (or population) evolution of these fragments. The method never requires the execution of the concrete rule-based model and the soundness of the approach is described and proved by abstract interpretation.

Bell's (1964) theorem is popularly supposed to establish the non-locality of quantum physics as a mathematical-physical theory. Building from this, observed violation of Bell's inequality in experiments such as that of Aspect and coworkers (1982) is popularly supposed to provide empirical proof of non-locality in the real world. My talk reviews recent work on Bell's theorem, linking it to issues in causality as understood by statisticians. The talk starts with a new proof of a strong (finite sample) version of Bell's theorem which relies only on elementary arithmetic and (counting) probability. This proof underscores the fact that Bell's theorem tells us that quantum theory is incompatible with the conjunction of three cherished and formerly uncontroversial physical principles, nicknamed here locality, realism, and freedom. I will argue that (accepting quantum theory) Bell's theorem should lead us to seriously consider relinquishing not locality, but realism, as a fundamental physical principle. In the talk I hope also to discuss statistical issues, in the interpretation of state-of-the-art Bell type experiments, related to post-selection in observational studies. Finally I state an open problem concerning the design of a quantum Randi challenge: a computer challenge to Bell-deniers. Can we prove useful probabilistic Bell inequalities for the situation that Alice and Bob's measurement stations receive all their measurement settings at once, and all signals from the source at once, and then (disconnected from the one another and the source) generate all their outputs at once. A "useful" Bell inequality in this context is one where the In this talk we describe how the Cantor Fan can be used as a basis for approximating continuous channels with discrete ones. The Cantor Fan is our term for the order-ideal compilation of the rooted full binary tree, with the path order, and is so named because the set of maximal elements is homeomorphic to the middle-third Cantor set, when the completion is regarded as an algebraic domain. We describe the effect of applying the Probability monad to this structure, and how it then gives a setting to describe how a channel with the Cantor set as input/output set can be approximated by a sequence of channels, C n , in a hierarchy, where C n has 2 n inputs/outputs for each n. We discuss how entropy and capacity of the We review the meta-theoretical situation of the scientific discipline of ecology, taken as a typical example of the family of 'complex system sciences'. We argue that its current relation to classical physics as paradigmatic supplier of concepts, and to computer science as operational supplier of tools is outdated. We propose to regard computer science on the same level as physics, and to explore the scientific potential of concepts imported from theoretical computer science. In particular, we predict a major impact of the richer CS concept of behavior, seen as primary target of empirics and formalization rather than a mechanistic consequence of state. We exemplify this claim by putting the concepts of safety and liveness into ecological context. We show how they can be used as both metaphors and mathematical entities, informing scientific discourse, methodology and modeling.

Coalgebraic Infinite Games without Discounting -Towards Reflexive Economics

Viktor Winschel (Universität Mannheim, DE)
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Creative Commons BY-NC-ND 3.0 Unported license © Viktor Winschel After a short introduction into the economic field of optimal currency areas and the current problems of the European Monetary Union we sketch the many reflexive issues in economic theory that result from the fact that economic modeling takes place within the modeled system. As a first example towards reflexive structures in economics we present coalgebraic infinite games. The technical part introduces the predicate coinduction proof principle that allows to proof subgame perfect equilibria defined as predicates on the carrier of coalgebras. The economic important result shows that this proof principle does not depend on the usual discounting that essentially transforms infinite structures into finite ones where backwards induction can be applied.

Probabilistic event structures

Glynn Winskel (University of Cambridge, GB)
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Creative Commons BY-NC-ND 3.0 Unported license © Glynn Winskel This talk presented a new definition of probabilistic event structures, extending existing definitions, and characterized as event structures together with a continuous valuation on their domain of configurations. Probabilistic event structures possess a probabilistic measure on their domain of configurations. This prepares the ground for a very general definition of a probabilistic strategies, which are shown to compose, with probabilistic copy-cat strategies as identities. The result of the play-off of a probabilistic strategy and counter-strategy in a game is a probabilistic event structure so that a measurable pay-off function from the configurations of a game is a random variable, for which the expectation (the expected pay-off) is obtained as the standard Legesgue integral.
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