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MSc Project: Implementing and evaluating different algorithms for connectivity queries
on fully dynamic graphs

The connectivity problem, which checks if there is a connection between two nodes in a graph,
is a fundamental problem in graph algorithms. Connectivity queries are important in application
areas such as communication and transport networks to check their reliability and they are also
relevant for social networks to investigate whether there are connections between users and
the groups they belong to.

Computing connectivity on the fly using search strategies like breadth-first search (BFS) and
depth-first search (DFS) is prohibitively expensive for large graphs. For static graphs, the con-
nected components can be precomputed and information about them can be stored in auxiliary
data structures, speeding up the query processing significantly. Updating data structures in the
fully dynamic case is much more challenging.

The state-of-the-art algorithms for fully dynamic connectivity are quite complex and many of
them have never been implemented and experimentally evaluated. This MSc project focuses
on the implementation and evaluation of two such algorithms: the algorithm by Wulff-Nilsen [3]
and an algorithm developed by Thorup [2].

The work is structured into the following tasks:

o T1: Reading and understanding the literature
This encompasses reading the papers by Wulff-Nilsen and Thorup mentioned above
(and any other relevant literature, such as technical reports and supplementary material)
in order to gain a deeper understanding of their inner workings.

o T2: Implementing the algorithms
The second task is about actually implementing the algorithms after studying them in the
previous task. As these are complex algorithms, this may include the implementation of
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(simpler) prototypes to test the feasibility of implementing (partial) data structures and
procedures of the algorithms. During the implementation, the algorithms also have to
be tested for correctness.

o T3: Evaluating the algorithms
After both algorithms have been implemented and tested for correctness, the next step
is to evaluate the performance of the algorithms. This includes such parameters as
run-time for queries and updates and also storage requirements for the data structures.
The experiments will be conducted on several real-world data sets.

e T4: Summarize the findings in a report
Towards the end of the project, all the descriptions and findings need to be written down
into a report.

(Optional task: depending on how quickly the work progresses, the work can be extended by
looking at the approach taken by Nanongkai et al. [1].)
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