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Abstract

Generic programming is an indispensable ingredient of modern programming
languages. In the C++ programming language, generic programming is imple-
mented by the means of parameterized fragments of code, called templates, in
which parameters are constrained by concepts. This thesis consists of six pub-
lications investigating different aspects of generic programming with concepts—
formal semantics of the concepts language feature, the mathematical foundations
of concepts as a specification tool, change impact analysis of generic libraries, and
multi-paradigm, multi-language library development.

Formally specifying the semantics of programming languages is a difficult task,
one that is taken up rarely due to its complexity. In this thesis we provide a formal
semantics of the separate type checking with concepts. We also describe some po-
tential problems we discovered while translating the informal wording into formal
rules. A formal semantics, such as ours, makes it easier to discuss language design,
to improve the quality of the informal specification, and may serve as a model for
compilers and other tools. Concepts as institutions is another view on the seman-
tics of concepts we provide in this thesis. Institutions describe the parts of logics:
signatures are the vocabulary, sentences are phrases that can be said given a vocab-
ulary, and models are the subjects of the phrases. The institutions of concepts we
provide make concepts into logics; the most basic general institution frames con-
cepts as signatures and concept maps as sentences and models at the same time.
The logic view on concepts makes it possible to apply techniques from the field of
algebraic specification in the realm of C++ programming.

Generic programming with concepts also requires more practical support: in
this thesis we describe a conceptual change impact analysis for generic libraries.
Our change impact analysis is applied at the specification level of a generic library,
which comprises the underlying concept hierarchy and generic interfaces of library
functions and data structures. We apply the analysis to a real and important prob-
lem, a proposed change to the iterator concepts hierarchy of the Standard Template
Library of C++.

Finally, we consider multi-paradigm development of generic libraries. We in-
vestigate how the datatype-generic paradigm applies to an imperative language
such as C++: we provide a possible solution and outline the important differences
between C++ and a functional language that must be taken into account. We also
consider similarities between generic programming in Haskell and C++: based on
a particular library we provide a translation from Haskell generic interfaces to the
corresponding interfaces in C++.



