
Optimization of Communication-bound Applications

Theresa Werner, Ivo Kabadshow, Matthias Werner

August 26, 2022

Introduction

With the current development of increasing node numbers in High Performance Comput-
ing (HPC) and the problem that HPC applications become communication-bound, there
is a need for optimized communication. We specialize in the field of Molecular Dynamics
Simulations (MDS) and in specific on short-range particle interactions. One of three ap-
proaches in MDS is to distribute the simulation space over the computation nodes; this is
called spatial decomposition. Since we focus on range-limited interaction, this leaves us
to optimize “range-limited” communication between nodes, so communication between
nodes that hold adjoining regions of the simulation space.

Conducting a Systematic Literature Review (SLR) [4] we found two promising com-
munication algorithms, the Shift [3] (see Fig.1) and the Team Shift [2]. In order to
compare these two methods formally, we aim to define a formal model of both.

Results

So far, we followed an approach with timed-transitions Petri nets and the (max,+) alge-
bra [1]. It allows to observe the time behavior of one of the nodes and how it is influenced
by its neighbors’ timing. From here we want to see if there is a way to fold the Petri nets
and use time-afflicted tokens. This would allow a global view on the timing of the whole
network.

Figure 1: Shift communication [3]: The data of the blue box is first distributed along
the x-dimension, then by help of its neighbors along the y-dimension and last along the
z-dimension.
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