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“Smart” electromechanical systems are machines 
with intelligent, embedded computer control such as 
washing machines, car anti-skid braking systems and 
reprographic machines (e.g., printers, photocopiers, 
and fax machines). Conventional embedded controllers 
performed a pre-programmed set of actions, but as ma- 
chines have become more versatile, controllers are be- 
ing designed to generate and evaluate different plans 
to perform specified tasks, search for optimal solutions, 
and react to changing environments. 

Embedded system design is a difficult problem be- 
cause the designer must make decisions about allocat- 
ing functionality between hardware and software, and 
ensure that the combined design functions correctly 
and optimally. When the control software must search 
a large space of possible actions to discover an opti- 
mal one in a very short amount of time, as may be 
the case with smart systems, the design task becomes 
even more challenging. Thus, the designer must care- 
fully choose a hardware configuration, computational 
resources, and algorithmic strategies to develop an op- 
t imal design. 

Traditionally, hardware design has preceded soft- 
ware design resulting in sub-optimal designs. With 
the increasing use of intelligent, embedded software, 
integrated hardware software design becomes critical. 
Hardware software codesign of embedded systems is 
prevalent in the electronics domain (Wolf, 1994) but 
the focus of design research in the AI community con- 
tinues to be hardware oriented. 

In order to codesign the hardware and software, we 
must develop representations of hardware and software 
at a level of abstraction that suits our design goals. 
(Fromherz and Carlsson, 1994) have developed discrete 
hardware models to schedule sheets in reprographic 
machines. We propose the development of a uniform 
modeling scheme that integrates discrete hardware and 
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software models to aid in the task of generating and 
evaluating design alternatives for smart systems. 

The Environment Relationship (ER) Net (Ghezzi 
et al., 1991) framework, an extension of basic Petri 
nets (Peterson, 1981), allows the explicit representa- 
tion of time, which is necessary for modeling system 
optimization problems, and associates properties with 
tokens, which is essential for modeling systems with 
heterogenous job elements (sheets in the reprographic 
machine domain). (Kapadia, Biswas, and Fromherz, 
1997) adapt the ER net formalism to model the sub- 
system that transports paper and images within a re- 
prographic machine. Our goal is to use ER nets to 
build a combined model of hardware and software el- 
ements. A system designer may mix-and-match dif- 
ferent hardware and software elements and simulate 
the integrated model to analyze its performance, cost, 
and reliability. Adopting an integrated approach over 
the present, sequential policy, will improve the quality 
and reduce the time taken to design complex, smart 
systems. 
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