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Preface

Today’s information systems operate in probabilistic environments. Programs
need to react to probabilistic events. Therefore, a rigorous understanding of
probabilistic program behavior becomes ever more important. Probabilistic
programming is relevant in its own right, as a means to implement random-
ized algorithms. This book takes a foundational approach to the semantics
of probabilistic programming. It deals with the probabilistic typed lambda
calculus, which is the typed lambda calculus with recursion plus probabilistic
choice.

We elaborate a Markov chain semantics for the probabilistic lambda cal-
culus. As part of this operational semantics, we define a reduction semantics
and an evaluation semantics in terms of Markov chain hitting probabilities.
The Markov chain semantics unlocks probability theory and Markov chain
theory to be used in reasoning about probabilistic programs. Also, we intro-
duce the notions of reduction graphs and reduction trees. Reduction graphs
and reduction trees are not part of but rather accompany the Markov chain
semantics. They unlock results from graph theory. These prove useful, e.g., in
reasoning about termination behavior. On the basis of this, we investigate the
termination behavior of probabilistic programs. We introduce the notions of
termination degree, bounded termination and path stoppability and investi-
gate their mutual relationships. Path stoppability characterizes a broadened
class of termination and allows for the computation of program runs that are
otherwise considered as non-terminating.

Furthermore, we elaborate a denotational semantics for the probabilistic
lambda calculus. The domains of this denotational semantics are probabilistic
pre-distributions as base domains and ω-continuous function spaces as higher-
type domains. We show the basic correspondence between the denotational
semantics and the established Markov chain semantics.

Tallinn, November 2016 Dirk Draheim
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