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Abstract: Comprehensive analytical modeling and simulation of cyber-physical sys-
tems is an integral part of the process that brings to life novel designs and products.
But the effort needed to go from analytical models to running simulation code can im-
pede or derail this process. Our thesis is that this process is amenable to automation,
and that automating it will accelerate the pace of innovation. This paper reviews some
basic concepts that we found interesting or thought provoking, and articulates some
questions that may help prove or disprove this thesis. While based on ideas drawn
from different disciplines outside programming languages, all these observations and
questions pertain to how we need to reason and compute with real numbers.

1 Introduction

It is widely anticipated that much of tomorrow’s innovations will be in the form of cyber-

physical systems, that is, systems that include computating, communicating, and physi-

cally dynamic components. A vivid example of such a system is a team of robots playing

soccer, or a fleet of vehicles functioning collectively as an intelligent transportation system.

Because we need to communicate about, reflect on, and reason about designs, modeling

is an integral part of conceiving and developing new products in such domains. Because

many important problems defined in terms of mathematical models do not have closed

solutions, simulation also becomes an integral part of the same process. Unfortunately, the

formidable time and effort needed to convert analytical models to running simulation co-

de can impede or even derail the innovation process. Our thesis is that this transformation

process can be more reliably and predictably automated, and that such automation can play

a crucial role in training the cadre of future innovators and making them more productive.

Although a vast range of modeling and simulation tools already exists, automating the

mapping from models to simulation codes remains a challenging and elusive goal – even

for seemingly elementary domains such as rigid-body dynamics, which is a fairly simpli-

fied type of mechanical models that can be used to develop basic models of robot dynamics

[Zhu et al 2010]. While this first work succeeds in identifying some basic problems and

showing how programming language techniques such as partial evaluation can play a role

in addressing them, the automation problem is larger than what can be addressed with a

handful of research papers, and success in demonstrating this thesis can be of far reaching

consequences that maybe be of interest to other researchers. At the same time, entering

the domain of cyber physical systems can be challenging, primarily because of the vast

diversity of technical disciplines that touch on this domain. This diversity of sources is an
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