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Figure 1: Exploring and mapping energy landscapes

TREKKING AND MAPPING HIGH-DIMENSIONAL LANDSCAPES
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Context. Macroscopic properties of biomolecules result from average values computed over ensembles of
conformations [I, 2]. More precisely, consider the mapping associating a potential energy to each confor-
mation, the so-called potential energy landscape (PEL) (Fig. [1). The PEL encodes all properties. The
structure of a macromolecular system requires characterizing conformations associated with significant (deep
and/or wide) basins of local minima. In assigning occupation probabilities to these basins by integrating
Boltzmann’s distribution, one treats thermodynamics. Finally, transitions between such basins correspond
to kinetics. Since each atom has 3 Cartesian coordinates, a shear difficulty to study PELs is their huge
dimensionality, namely d = 3n(>> 1000). Fortunately, PEL exhibit a remarkable hierarchical structure [3] [4].

Goals. Algorithms exploring PEL are probabilistic algorithms sampling conformations and connecting them
to build a graph-based representation. We have shown that standard methods such as basin-hopping [5], or
T-RRT [6] follow this sample-select-connect template [7]. Unfortunately, nothing is known on the ability of
such algorithms to discover all significant basins, letting alone their complexity.

The goal of this master will be to investigate novel ideas to analyse these exploration algorithms, with
feedback on their design. The starting point will be a set of novel analysis for sampling algorithms in
geometric motion planning [8, 9], carried out in the framework of geometric random graphs [10], as well as
novel insights on the multiscale structure of PEL.

Conditions. Internship with gratification. Possibility to follow-up with a PhD thesis.
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