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MSc Thesis
Topic: Implementing dynamic connectivity queries with spanning trees

Dynamic connectivity is one of the most fundamental problems in dynamic graph algorithms.
In dynamic graphs, edges are inserted and deleted: the insertion of an edge can combine
previously unconnected components, while the deletion of an edge can split two connected
components. Keeping track of connected components in dynamic graphs is expensive. Among
others, Thorup developed a method in which components are represented by forests of span-
ning trees {4], which is based on a dynamic tree data structure in [3, 1]. As some important
details are not discussed in [4], the work [2] provides more details to implement the dynamic
forest for answering dynamic connectivity query.

The goal of this Master thesis is to implement dynamic connectivity queries with spanning
trees, applying some (or all) of the optimizations introduced in 4, 2] and to evaluate the imple-
mentation against a baseline.
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Tasks

1. Study the relevant literature: (a) graph theory (b) data structures and algorithms (c) re-
search papers on dynamic connectivity queries.

2. Implement a brute-force approach: (a) each connected component is represented with a
spanning tree (b) two distinct connected components are merged when an inserted edge
connect them (c) When an edge is deleted from one connected component, a brute-force
search (e.g. via Breadth First Search (BFS) or Depth First Search (DFS) or some other
search) is conducted to check whether the connected component is split into two or not.
Reconstruct the spanning tree if the connected component is not split.

3. Introduce some optimizations to the brute-force approach described in the previous task.
This may include some optimizations from [4, 2] or some other papers on dynamic
connectivity via spanning trees.

4. Compare the performance of the different implementations experimentally.
5. Write the thesis.

6. Present the thesis in a DBTG meeting (25 minutes presentation).
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