
Embedded Systems Design and Modeling 1

Embedded Systems 
Design and Modeling

Chapter 3
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Outline
 Introduction to discrete systems
 Discrete systems modeling by examples:

 Parking lot counter
 Temperature controller
 Traffic light controller

 Finite state machines:
 Different representations
 Formal definition

 System properties
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What Is A Discrete System?
 Discrete system: operates in a sequence 

of discrete steps rather than continuous 
time

 Steps might be based on external events 
or passage of time

 The system may truly operate discretely 
(inherently discrete)

 Or it may be inherently continuous but 
modeled in a discrete way
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Actor Model Review
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Example: Parking Counter
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Basic Definitions
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Basic Definitions …
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Basic Definitions …
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Finite State Machine Recall
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Example Modeled Using FSM
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Notations Used
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 Initial state: where the FSM starts at
 Actions: specifies what outputs are produced
 Guards: transition conditions expressed as 

Boolean expressions like these ...
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FSM Formal Representation
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Another Example Using FSM
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 A heating/cooling system with two states
 Two target temperatures: 18 and 22 degrees
 Thermostat has hysteresis (avoids chattering)
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Default Transition
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Time-Triggered Discrete System
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 Previous examples: event-based transitions
 This example: time-based transitions
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Some System Properties
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Nondeterminism
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3rd Usage of Nondeterminism
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Analysis
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Nondeterministic Computation Tree
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Further Thoughts

21



Embedded Systems Design and Modeling

FSM Representations
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Introducing FSM Composition
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Summary
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Homework Assignments
 Chapter 3:

 2, 3, 4, 5, 6
 7 and 8: optional
 Due date: Tuesday 1403/12/7
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