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“Statistical abstraction for multi-scale spatio-temporal systems” proposes a methodology that supports anal-
ysis of large-scaled spatio-temporal systems. These are represented via a set of agents whose behaviour
depends on a perceived field. The proposed approach is based on a novel simulation strategy based on a
statistical abstraction of the agents. The abstraction makes use of Gaussian Processes, a powerful class of non-
parametric regression techniques from Bayesian Machine Learning, to estimate the agent’s behaviour given
the environmental input. The authors use two biological case studies to show how the proposed technique can
be used to speed up simulations and provide further insights into model behaviour. This replicated compu-
tation results report focuses on the scripts used in the paper to perform such analysis. The required software
was straightforward to install and use. All the experimental results from the paper have been reproduced.
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1 INTRODUCTION

In Reference [1] a methodology that aims to support analysis of large-scaled spatio-temporal
systems is proposed. The authors consider a framework where multiple identical agents are dis-
tributed in space over an external field. The agents perceive the field locally and perform internal
stochastic computations to determine their subsequent behaviour, such that their actions are in-
fluenced by their environment. Agents can also act locally upon the external field, enabling the
latter to become a medium for signals between agents. The proposed methodology allows to re-
place expensive stochastic parts of the model with input-output maps estimated via a machine
learning procedure. The authors focus on a particular macro-scale behaviour as output from the
model, and devise a statistical abstraction of the system to produce a simpler system that pre-
serves the macro-scale behaviour. The necessary input-output relation is estimated by learning a
parameters-to-behaviours regression map using Gaussian Processes (GPs), a powerful class of non-
parametric Bayesian regression models. To illustrate the application of the proposed abstraction,

Author’s address: M. Loreti, Universita di Camerino, Scuola di Scienze e Tecnologie, Via Madonna delle Carceri 9, Camerino
(MC), 62032, Italy; email: michele loreti@unicam.it.

Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee
provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and
the full citation on the first page. Copyrights for components of this work owned by others than ACM must be honored.
Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires
prior specific permission and/or a fee. Request permissions from permissions@acm.org.

© 2019 Association for Computing Machinery.

1049-3301/2019/12-ART23 $15.00

https://doi.org/10.1145/3341094

ACM Transactions on Modeling and Computer Simulation, Vol. 29, No. 4, Article 23. Publication date: December 2019.

23


https://doi.org/10.1145/3341094
mailto:permissions@acm.org
https://doi.org/10.1145/3341094

23:2 M. Loreti

the authors consider two case studies: a model of Escherichia coli chemotaxis and a model of Dic-
tyostelium discoideum aggregation.

Detailed instructions on how to replicate the results of the experiments have been made avail-
able by the authors at the following link: http://bit.ly/2WMoi2E. The code needed for abstracting
and simulating the two case studies is made available in two Git repositories referenced in the
link above. The results obtained from the replicated computations were compatible with the ones
presented in the paper. For these reasons “Artifacts Evaluated Functional,” “Artifacts Available,”
and “Results Replicated” badges can be applied to Reference [1].

2 REPLICATION OF COMPUTATION RESULTS

To replicate the results reported in Reference [1], Python (version 3.5 or later) is needed together
with the following packages:

e Numpy, a package for scientific computing;
e SciPy, a library providing user-friendly and efficient numerical routines;
e Matplotlib, a plotting library.

Additionally, to run Ecoli experiments, one has to also install pyGPs (a Python Library for
Gaussian Process Regression and Classification), StochPy (a package for stochastic modelling). The
package GPFlow, to build Gaussian processes, is needed to run Discodeum experiments. All these
tools are released with an open source licence and can be easily installed.

If all the system requirements are satisfied, the installation process is straightforward and it just
consists in following the detailed instructions provided by the authors. All the computations have
been performed on a standard PC equipped with a 3.5GHz Intel Core i7 and 16GB of RAM.

The authors first apply the proposed approach to the case study of Chemotaxis in E. coli. All the
scripts to run the experiments (together with the results presented in the paper) are available via a
Git repository.! All the experiments can be easily reproduced by following the detailed instructions
provided by the authors. The obtained results are all compatible with the ones presented in the pa-
per. However, to obtain them, around three days have been necessary to complete the simulations.

In the second case study, a model of Dictyostelium discoideum aggregation is studied. Different
from the Ecoli scenario, in Discoideum, model agents can influence their immediate environment.
This enables inter-agent interactions with the environment layer, which acts as a conduit for sig-
nalling. As done for the other case study, the authors have set up a Git repository with all the
scripts and data.? The authors conducted their experiments on a 64-core server reporting an exe-
cution time of about four hours. The same experiments, on a standard PC, required about seven
days. The obtained results are all compatible with the ones presented in the paper.
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