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Pázmány Péter sétány 1/C H-1117 Budapest, Hungary
shp@inf.elte.hu, patakino@elte.hu, gsd@elte.hu

C++ is a multiparadigm language. It supports among others the generative
paradigm by enabling the creation of programs executed in compile-time. This is
called template metaprogramming (TMP), and is based on the language’s flexible
generic construct, the template.

As the implementation of compile-time recursion and conditional statements
is possible, TMP is Turing-complete. Accordingly, in theory the expressive power
of TMP is equivalent to that of today’s programming languages. On the other
hand, TMP is not yet a widely used programming style, so the boundaries of its
practical applicability are yet to be determined. TMP has already been success-
fully applied in a number of important fields: expression templates (optimizing
calculations in compile-time [9]), compile-time code adaptation, implementation
of active libraries [6], and others.

Compile-time algorithms naturally require compile-time data structures. As
regular runtime data types handle objects, these TMP structures store types.
Among the most important are typelist [2], and the Boost::MPL library’s con-
tainers (list, vector, and others)[4].

Due to the similarities between TMP and functional programming (FP),
metaprogramming is indeed many times regarded as a pure functional language.
The common properties include referential transparency (metaprograms have no
side-effects) and the lack of variables, loops, and assignments. In our opinion,
the similarities require a more thorough examination, as the metaprogramming
realm could benefit from the introduction and library implementation of more
functional techniques.

At the same time, it would not be the first time, for C++ to utilize func-
tional language-like behavior. Functional C++ (FC++) [8] is a library intro-
ducing functional programming tools to C++, including currying, higher-order
functions, and lazy data types. FC++, however, is a runtime library, and our
aim is to utilize functional programming techniques in compile-time.

One of the main reasons for our research is the introduction of compile-
time lazy data types. Note that the aforementioned typelist and Boost::MPL
containers are finite structures, holding a limited number of types at the same
time. Contrarily, lazy data types are finite structures representing an infinite
number of elements, e.g. all natural numbers. A common example for the usage
of lazy lists is the implementation of the Eratosthenes sieve algorithm producing
arbitrarily many primes.



In order to demonstrate the connection between TMP and FP, and the pos-
siblity of lazy data types, we have impemented a simplified version of the Clean
[5] functional language’s logic. Clean programs are represented by an expression
graph in the compiler. This graph is constantly rewritten in runtime based on
the user program code.

Our implementation relies on pattern matching using template partial spe-
cializations. For demonstration purposes we have also implemented the prime
sieve with a functional-like programming logic. In the future we intend to refine
the syntax with preprocessor macros, to reach an embededd Clean-like syntax.
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