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Syllabus - by week

1. Introduction
• Definition of embedded system
• Constraints on embedded vs. standalone systems
• Concept of real-time design
• Time scales for real-time systems
• Applications

2. Hardware/software functional partitioning
• Relevant hardware technologies: 

• Discrete logic
• CPLDs, FPGAs, ASICs

• Software environments
• HLL vs. assembly coding
• DSP vs. general purpose vs. RISC

3. Development environments, course project definition
4. System architectures
5. Pipelining, interrupt service routines
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A Few C Language References

• Brian Kernighan and Dennis Richie, “The C Programming Language, 2nd Edition,” 
Prentice Hall, 1988, ISBN 0-13-110362-8

• Paul Chirlian, “Introduction to C,” Matrix Publishers, 1984, ISBN 0-916460-37-1
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Hardware considerations in Embedded Systems

• Consider this state flow diagram:
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Hardware considerations in Embedded Systems

• Consider this state flow diagram:
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Start

This is an obvious problem:
How to get out of state X?
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Hardware considerations in Embedded Systems

• Consider this state flow diagram:

0 2
1
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5

X

Start

This is an obvious problem:
How to get out of state X?

Detect the event with W.D.T. and
reset
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Hardware considerations in Embedded Systems

• Consider this state flow diagram:

0
Start

But how do you handle
the reset/start state problem?
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Hardware considerations in Embedded Systems

• Consider this state flow diagram:

0
Start

But how do you handle
the reset/start state problem?

Most embedded processors
provide a power-on reset function
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Debugging Embedded Systems

• The classic “first program” for a standalone system:

main()

{

printf(‘hello world\n’);

}



CpE450
2/7/2005

Copyright ©2005
Stevens Institute of Technology - All rights reserved 5-10/23

Debugging Embedded Systems

• The classic “first program” for a standalone system:

main()

{

printf(‘hello world\n’);

}

• What is the equivalent for an embedded system?
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Debugging Embedded Systems

• The classic “first program” for a standalone system:

main()

{

printf(‘hello world\n’);

}

• What is the equivalent for an embedded system?

main()

{

while(1)

{

TOGGLE_LED();

sleep(500);   /* milliseconds */

}  

}
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Memory and other practical issues

• Program is loaded into ROM

ROM

RAM

main()
{
while(1)

{
TOGGLE_LED();
sleep(500);   /* milliseconds */
}  

}

void TOGGLE_LED(void)
{
#declare LED_ADDR 0x12345678
#declare LED_MASK 0x0010
*(unsigned int)LED_ADDR ^= LED_MASK;
}

void sleep (int time)
{
#declare INSTR_PER_MS 253
unsigned int i = INSTR_PER_MS * time;
while(i--)

{
}

}
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Memory and other practical issues

• Program is loaded into ROM
– How?
– Where?
– Where does it begin?

ROM

RAM

main()
{
while(1)

{
TOGGLE_LED();
sleep(500);   /* milliseconds */
}  

}

void TOGGLE_LED(void)
{
#declare LED_ADDR 0x12345678
#declare LED_MASK 0x0010
*(unsigned int)LED_ADDR ^= LED_MASK;
}

void sleep (int time)
{
#declare INSTR_PER_MS 253
unsigned int i = INSTR_PER_MS * time;
while(i--)

{
}

}
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Memory and other practical issues

• We can access hardware in C, but where is it?

ROM

RAM

main()
{
while(1)

{
TOGGLE_LED();
sleep(500);   /* milliseconds */
}  

}

void TOGGLE_LED(void)
{
#declare LED_ADDR 0x12345678
#declare LED_MASK 0x0010
*(unsigned int)LED_ADDR ^= LED_MASK;
}

void sleep (int time)
{
#declare INSTR_PER_MS 253
unsigned int i = INSTR_PER_MS * time;
while(i--)

{
}

}
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Memory and other practical issues

• We can access hardware in C, but where is it?
– Probably elsewhere in address space of machine

ROM

RAM

main()
{
while(1)

{
TOGGLE_LED();
sleep(500);   /* milliseconds */
}  

}

void TOGGLE_LED(void)
{
#declare LED_ADDR 0x12345678
#declare LED_MASK 0x0010
*(unsigned int)LED_ADDR ^= LED_MASK;
}

void sleep (int time)
{
#declare INSTR_PER_MS 253
unsigned int i = INSTR_PER_MS * time;
while(i--)

{
}

}

Hardware devices
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Memory and other practical issues

• What about variables?

ROM

RAM

main()
{
while(1)

{
TOGGLE_LED();
sleep(500);   /* milliseconds */
}  

}

void TOGGLE_LED(void)
{
#declare LED_ADDR 0x12345678
#declare LED_MASK 0x0010
*(unsigned int)LED_ADDR ^= LED_MASK;
}

void sleep (int time)
{
#declare INSTR_PER_MS 253
unsigned int i = INSTR_PER_MS * time;
while(i--)

{
}

}

Hardware devices
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Memory and other practical issues

• How do you define where the program starts?

ROM

RAM

main()
{
while(1)

{
TOGGLE_LED();
sleep(500);   /* milliseconds */
}  

}

void TOGGLE_LED(void)
{
#declare LED_ADDR 0x12345678
#declare LED_MASK 0x0010
*(unsigned int)LED_ADDR ^= LED_MASK;
}

void sleep (int time)
{
#declare INSTR_PER_MS 253
unsigned int i = INSTR_PER_MS * time;
while(i--)

{
}

}

Hardware devices

Entry
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Memory and other practical issues

• How do you define where the program starts?

ROM

RAM

main()
{
while(1)

{
TOGGLE_LED();
sleep(500);   /* milliseconds */
}  

}

void TOGGLE_LED(void)
{
#declare LED_ADDR 0x12345678
#declare LED_MASK 0x0010
*(unsigned int)LED_ADDR ^= LED_MASK;
}

void sleep (int time)
{
#declare INSTR_PER_MS 253
unsigned int i = INSTR_PER_MS * time;
while(i--)

{
}

}

Hardware devices

Entrystart address0x00..00

0xFF..FF
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Building an executable module

C source
files

C 
compiler

assembler
files

assembler

object
files

linker

executable

run time
library

Target
Processor simulator

simulatoruser
input

Macro
library

debugger

Client

Embedded
Programming

Server

Target

Hardware parameters:
Memory address blocks,

Device locations
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Memory and other practical issues

• FLASH (and other read-mostly memory technologies)
– Is it RAM?  Is it ROM?

ROM

RAM

main()
{
while(1)

{
TOGGLE_LED();
sleep(500);   /* milliseconds */
}  

}

void TOGGLE_LED(void)
{
#declare LED_ADDR 0x12345678
#declare LED_MASK 0x0010
*(unsigned int)LED_ADDR ^= LED_MASK;
}

void sleep (int time)
{
#declare INSTR_PER_MS 253
unsigned int i = INSTR_PER_MS * time;
while(i--)

{
}

}

Hardware devices

FLASH
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Memory and other practical issues

• FLASH (and other read-mostly memory technologies)
– Is it RAM?  Is it ROM?

• FLASH and many other nonvolatile memory technologies have a finite write cycle lifetime

ROM

RAM

main()
{
while(1)

{
TOGGLE_LED();
sleep(500);   /* milliseconds */
}  

}

void TOGGLE_LED(void)
{
#declare LED_ADDR 0x12345678
#declare LED_MASK 0x0010
*(unsigned int)LED_ADDR ^= LED_MASK;
}

void sleep (int time)
{
#declare INSTR_PER_MS 253
unsigned int i = INSTR_PER_MS * time;
while(i--)

{
}

}

Hardware devices

FLASH

Change i
253000

times/sec
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Memory and other practical issues

• FLASH (and other read-mostly memory technologies)
– Is it RAM?  Is it ROM?

• FLASH and many other nonvolatile memory technologies have a finite write cycle lifetime

ROM

RAM

main()
{
while(1)

{
TOGGLE_LED();
sleep(500);   /* milliseconds */
}  

}

void TOGGLE_LED(void)
{
#declare LED_ADDR 0x12345678
#declare LED_MASK 0x0010
*(unsigned int)LED_ADDR ^= LED_MASK;
}

void sleep (int time)
{
#declare INSTR_PER_MS 253
unsigned int i = INSTR_PER_MS * time;
while(i--)

{
}

}

Hardware devices

FLASH

forever

Change i
253000

times/sec
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Assignment 3

• You are designing an embedded system to send Morse Code using a standard 
PC keyboard as an input device:

Morse Code
generator

Radio
Transmitter

Commands,
Messages

ON/OFF
control

• Code speed settings and other controls can be entered from the keyboard 
(using a suitable escape-sequence or function key to distinguish commands 
from messages), “canned” messages can be stored, and text messages can be 
entered.  System settings (e.g., code speed) must be preserved from one 
session to the next.

• Define a set of parameters and variables that might be needed to design this 
system and map them into various memory areas.  Assume that you have as 
much memory and as many memory types as needed to design this system.


