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ABSTRACT

This paper describes a general framework for the
modeling, design, simulation, and prototyping of
large scale systems. The framework uses a coher-
ent set of tools that model the system at hand, take
a control design and analyze, verify, and simulate
it; and then can generate code that can be run in
a target real-time software platform in the physical
system. The paper emphasizes the specification lan-
guage SHIFT and the simulation tools used by the
framework. We present the development of the Au-
tomated Highway System as an example.

1 INTRODUCTION

Large engineering systems, such as automated high-
way systems (AHS), autonomous vehicle systems
(AVS), material handling systems, air traffic manage-
ment systems (ATMS) face the challenge of provid-
ing reliable services using scarce resources. Clients of
such systems demand performance, safety, comfort,
and efficiency.

The problem is often compounded by physical re-
sources that are saturated, inefficiently utilized, or
technologically outdated. In many industries, failure
to improve the performance of such systems results
in significant financial or social costs.

Due to the heterogeneity of the system elements
and the large system size, the planning and control
of such systems cannot always be done in a mathe-
matical framework. Experimentation with the actual
physical system is often not feasible; in many cases
the physical system is not yet built. Furthermore,
most real systems have an abundance of unstructured
information, too many superfluous details, no well-
defined observation and control mechanisms, and no
single access location due to their distributed nature.

Complex software applications are needed to spec-
ify, simulate, evaluate, and manage the behavior of
such large scale systems. Currently, there are no co-

herent software tools that can facilitate large scale
system development from concept inception to actual
deployment. There is a gap between the specification
and implementation constructs required to build such
systems on the one hand, and the interfaces provided
by software design tools and programming languages
on the other hand.

This paper describes a general framework for
the modeling, design, simulation, and prototyping of
large scale systems. The framework uses a coherent
set of tools that model the system at hand. It can
take a control design and analyze, verify and simu-
late it, and then can generate code that can be run
in a target real-time software platform in the physi-
cal system. This paper emphasizes the specification
language SHIFT and the simulation tools used in the
framework.

The general framework as well as the tools that
implement it have evolved at PATH (Partners for Ad-
vance Transit and Highways) over the last seven years
as large number of researchers have worked on Intel-
ligent Transportation Systems, AHS, and AVS.

Our simulation tools have been evolving through
the years. Since the systems we were working on were
inherently complex the need for simulation was obvi-
ous and we have developed C and C++ based simula-
tion frameworks to evaluate PATH’s and other orga-
nizations’ proposals for highway automation (Eskafi
1995 and Göllü 1995). In parallel to our AHS work,
we were involved with several other projects, such
as ATMS, power transmission and distribution sys-
tems, and network management systems. In system
engineering, we have observed a general shift towards
hierarchical control of large systems that combined
classical continuous feedback systems, with more re-
cent discrete event based control algorithms and pro-
tocol specifications. This hybrid systems paradigm
has proven ideal for the specification, control, and
verification of such complex, large, dynamical sys-
tems.

Our experience with a multitude of such systems














