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Technical Report

This report describes a specification and verification framework 
for distributed interactive systems. The framework encodes the 
untimed part of the formal methodology FOCUS in the proof assis-
tant Isabelle using domain-theoretical concepts. The key concept 
of FOCUS, the stream data type, together with the corresponding 
prefix-order, is formalized as a pointed complete partial order.
Furthermore, a high-level API is provided to hide the explicit usage 
of domain theoretical concepts by the user in typical proofs.
Realizability constraints for modeling component networks with poten-
tial feedback loops are implemented. Moreover, a set of commonly 
used functions on streams are defined as least fixed points of the cor-
responding functionals and are proven to be prefix-continuous.

As a second key concept the stream processing function (SPF) is 
introduced describing a statefull, deterministic behavior of a mes-
sage-passing component. The denotational semantics of compo-
nents in this work is a defined set of stream processing functions, 
each of which maps input streams to output streams.

Furthermore, an extension of the framework is presented by using an iso-
morphic transformation of tuples of streams to model component interfaces 
and allowing composition. The structures for modeling component networks 
are implemented by giving names to channels and defining composition 
operators. This is motivated by the advantage that a modular modeling 
of component networks offers, based on the correctness of components 
of the decomposed system and using proper composition operators, the 
correctness of the whole system is automatically derived by construction.

Finally, a running example extracted from a controller in a car 
is realized to demonstrate and validate the framework.
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Abstract

This report describes a specification and verification framework for distributed interactive
systems. The framework encodes the untimed part of the formal methodology FOCUS
[BS01] in the proof assistant Isabelle [Pau90] using domain-theoretical concepts. The key
concept of FOCUS, the stream data type, together with the corresponding prefix-order, is
formalized as a pointed complete partial order. Furthermore, a high-level API is provided
to hide the explicit usage of domain theoretical concepts by the user in typical proofs.
Realizability constraints for modeling component networks with potential feedback loops
are implemented. Moreover, a set of commonly used functions on streams are defined as
least fixed points of the corresponding functionals and are proven to be prefix-continuous.

As a second key concept the stream processing function (SPF) is introduced describing
a statefull, deterministic behavior of a message-passing component. The denotational
semantics of components in this work is a defined set of stream processing functions, each
of which maps input streams to output streams.

Furthermore, an extension of the framework is presented by using an isomorphic trans-
formation of tuples of streams to model component interfaces and allowing composition.
The structures for modeling component networks are implemented by giving names to
channels and defining composition operators. This is motivated by the advantage that a
modular modeling of component networks offers, based on the correctness of components
of the decomposed system and using proper composition operators, the correctness of the
whole system is automatically derived by construction.

To facilitate automated reasoning, a set of theorems is proven covering the main properties
of these structures. Moreover, essential proof methods such as stream-induction are intro-
duced and support these by further theorems. These examples demonstrate the principle
usability of the modeling concepts of FOCUS and the realized verification framework for
distributed systems with security and safety issues such as cars, airplanes, etc. Finally,
a running example extracted from a controller in a car is realized to demonstrate and
validate the framework.
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