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This project will contribute to the departmental research theme Critical Systems in that it
develops a method for generating (black-box) test data with a uniform distribution guarantee
for programs working on graph-like structures. This includes test data for classical graph
algorithms but also, for example, pointer-data structures for testing C programs. The uniform
distribution ensures that the space of possible inputs for a critical algorithm is fairly covered,
independently of the number of test graphs required by the user.
The hallmark of this project will be that generated graphs are uniformly distributed in a
user-specified domain with properties relevant to an application. For example, the application
domain may be restricted to acyclic graphs, certain forms of trees, or pointer-data structures
such as cyclic lists.
Available graph generators lack the highly desirable feature of generating graphs within an
application-specific domain. But there exist random string generators which generate strings
uniformly at random within a user-defined context-free language. The goal of this project is
to develop algorithms that generate graphs uniformly at random within a user-defined graph
class. The graph class may be defined by a context-free graph grammar [3], a graph reduction
system or even by a graph program [5].
In the undergraduate project [2], a tool has been implemented which produces random
graphs over context-free graph grammars by adapting the method of [4] from strings to graphs.
The user specifies a hyperedge-replacement grammar [3] together with a size range, and the
tool generates a sequence of random graphs from the language of that grammar. The point of
this generator is that users can specify the shape of the graphs to be generated by means of the
graph grammar. For example, one may want to generate flow graphs or logical circuits only.
The applicability of [2] is limited in that it requires an unambiguous input grammar in
order to achieve a uniform distribution. As practical examples of graph grammars are often
ambiguous, many isomorphic copies of already generated graphs may be produced for such
grammars. In contrast, the approach of [6, 1] generates strings uniformly at random over
possibly ambiguous context-free string grammars. The goal of this PhD project is to adapt this
method to context-free graph grammars and other graph generating formalisms.
In addition, the generation algorithm should be generalized to generate graphs randomly
with some selected non-uniform distributions (such as the Poisson distribution) which are suitable for certain applications.
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