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Loop timing with interrupts

main()
{
start_timer(500);
enable_interrupts();
while(1)

{
perform_background_processing();
halt_processor(WAKE_ON_INT);
}  

}

void IO_ISR(void)
{
disable_interrupts();
do_IO();
enable_interrupts(); 
}

void blink_ISR (void)
{
restart_timer(500);
disable_interrupts();
TOGGLE_LED();
do_other_stuff();
enable_interrupts();
}

No unnecessary functions
Minimal power consumption

Wastes no real-time
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Power Consumption in CMOS Processors
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Power Consumption in CMOS Processors
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Power Consumption in CMOS Processors
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Vectored Interrupts

• Example memory map:

ROM

RAM

Periph

ROM

0x0000

0xFFFF
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Vectored Interrupts

• Example memory map:

ROM

RAM

Periph

ROM

0x0000

0xFFFF
0xFFFF
0xFFFE

0xFFFD
0xFFFC

0xFFFB
0xFFFA
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Vectored Interrupts

• Example memory map:

ROM

RAM

Periph

ROM

0x0000

0xFFFF
0xFFFF
0xFFFE

0xFFFD
0xFFFC

0xFFFB
0xFFFA

Address of INT0 handler

Address of INT1 handler

Address of INT2 handler

Address of INT3 handler

Address of INT4 handler

Address of INT5 handler



CpE450
2/16/2005

Copyright ©2005
Stevens Institute of Technology - All rights reserved 9-10/34

Interrupt Processing

• Example pseudo-microcode

unsigned int *handle_interrupt(unsigned int int_level)
{
unsigned int_vec;
i := get_interrupt_level();
int_vec := 0xFFFF - 2*int_level - 1;
return( (unsigned int *)int_vec );
}

void microcomputer_microcode(void)
{
while(1)
{
while(!interrupt())
{
fetch_instruction(addr);
execute_instruction();
addr++;
}

push(addr);
addr := handle_interrupt(int_level)
}

}
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Process Scheduling

Running

WaitingReady
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Choosing a process to run

• Standard OS:

Ready
Process
list

Executing
process

Waiting processes

P1
P2

P3
P4

P5

P6 P7 P8

Next in line
(Round Robin)

Execution time
slice expires

Resource
blockedResource

becomes 
available
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Choosing a process to run

• Real-time OS:

Ready
Process
list

Executing
process

Waiting processes

P1
P2

P3
P4

P5

P6 P7 P8

Next in line
with highest

priority

Execution time
slice expires

Higher priority task is ready

Resource
blockedResource

becomes 
available
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Task Priority Example

High

Medium

Low

Priority

Execution trace

B1
C1

C2

B2
A2

Arrival time

time slice

A1

A1 C1 B1 122 B2 A2 B2 22 2 21 11 1
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Shared Resources and Process Contention

• Shared resources and contending processes create the potential for deadlock

A

B

Resources

Process
1

Request A

Granted

Process
2

Request B

Granted
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Task Priority Inversion

A

B

Resources

Low Priority
Process

High Priority
Process

Medium
Priority
Process
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Task Priority Inversion

A

B

Resources

Low Priority
Process

High Priority
Process

Medium
Priority
Process

arrival
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Task Priority Inversion

A

B

Resources

Low Priority
Process

High Priority
Process

Medium
Priority
Process

arrival
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Task Priority Inversion

A

B

Resources

Low Priority
Process

High Priority
Process

Medium
Priority
Process

arrival

Blocked
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Task Priority Inversion

A

B

Resources

Low Priority
Process

High Priority
Process

Medium
Priority
Process

arrival

Blocked

execution

High priority task delayed by medium task
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Memory Mapped I/O vs. I/O Ports

• I/O Ports

LDA ADDR     :Get data at ADDR to A
OUT PORT     :Output data from A reg 
.
.
IN PORT      :Load port to A
STA ADDR     :Store data

µC

Periph Memory

Addr
Data

IOCTL
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Memory Mapped I/O vs. I/O Ports

• Memory Mapped I/O

LDA ADDR   :Load A from ADDR
.
.
STA ADDR   :Write A to ADDR

µC

Addr
Data

Periph Memory
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Architectural Implications of Limited Hardware

• Example memory map:

ROM

RAM

Periph

ROM

0x0000

0xFFFF
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Architectural Implications of Limited Hardware

• Example memory map:

ROM

RAM

Periph

ROM

0x0000

0xFFFF

64k

ROM

RAM

Periph

ROM

0x0000

0xFFFF

2k

4k

1k

256
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Architectural Implications of Limited Hardware

• Example memory map:

ROM

RAM

Periph

ROM

0x0000

0xFFFF

64k

ROM

RAM

Periph

ROM

0x0000

0xFFFF

0x0FFF

0x4000

0x47FF

0xFC00

0x8000
0x80FF

2k

4k

1k

256
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Architectural Implications of Limited Hardware

• Example memory map:

ROM

RAM

Periph

ROM

0x0000

0xFFFF

64k

ROM

RAM

Periph

ROM

0x0000

0xFFFF

0x0FFF

0x4000

0x47FF

0xFC00

0x8000
0x80FF

Program
ROM

RAM

Periph.

IntVec
ROM

Addr
Decode

µC

LSB

MSB

Explicit address decoding

0x0000-0x0FFF

0x4000-0x47FF

0x8000-0x80FF

0xFC00-0xFFFF

2k

4k

1k

256
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Architectural Implications of Limited Hardware

• Example memory map:

ROM

RAM

Periph

ROM

0x0000

0xFFFF

64k

ROM

RAM

Periph

ROM

0x0000

0xFFFF

0x0FFF

0x4000

0x47FF

0xFC00

0x8000
0x80FF

Program
ROM

RAM

Periph.

IntVec
ROM

Addr
Decode

µC

LSB

MSB

Partial address decoding

0x0000-0x0FFF

0x4000-0x7FFF

0x8000-0xBFFF

0xC000-0xFFFF

2k

4k

1k

256



CpE450
2/16/2005

Copyright ©2005
Stevens Institute of Technology - All rights reserved 9-28/34

Architectural Implications of Limited Hardware

• Example memory map:

ROM

RAM

Periph

ROM

0x0000

0xFFFF

64k

ROM

RAM

Periph

ROM

0x0000

0xFFFF

0x0FFF

0x4000

0x47FF

0xFC00

0x8000
0x80FF

Program
ROM

RAM

Periph.

IntVec
ROM

Addr
Decode

µC

LSB

MSB

Partial address decoding
Creates mirrored addresses

0x0000-0x3FFF

0x4000-0x7FFF

0x8000-0xBFFF

0xC000-0xFFFF

ROM0xFBFF

0xF800

ROM0xC1FF

0xC000

Periph0x8100
0x81FF

Periph0xBFFF
0xBF00

RAM
0x4800

0x4FFF

RAM
0x7800

0x7FFF

ROM
0x1000

0x1FFF

ROM
0x3000

0x3FFF

ROM
0x2000

0x2FFF
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Effects of Mirrored Memory Addresses

ROM

RAM

Periph

ROM

0x0000

0xFFFF

0x0FFF

0x4000

0x47FF

0xFC00

0x8000
0x80FF

ROM0xFBFF

0xF800

ROM0xC1FF

0xC000

Periph0x8100
0x81FF

Periph0xBFFF
0xBF00

RAM
0x4800

0x4FFF

RAM
0x7800

0x7FFF

ROM
0x1000

0x1FFF

ROM
0x3000

0x3FFF

ROM
0x2000

0x2FFF
goto 0x0321 goto 0x2321

read 0x4567 read 0x4D67

get 0x8055 get 0xBF55

Accessing “different” addresses is not different
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Dealing with Insufficient Address Space

• Programs, RAM, and peripherals may require additional address space

µC

16 bit
address

External
Memory,

Peripherals

>65536 addresses

A0:A15

D0:D7



CpE450
2/16/2005

Copyright ©2005
Stevens Institute of Technology - All rights reserved 9-31/34

Dealing with Insufficient Address Space

• Programs, RAM, and peripherals may require additional address space
• Use bank selection

µC

16 bit
address

External
Memory,

Peripherals

>65536 addresses

A0:A15

D0:D7

Latch
A16:A19
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Dealing with Insufficient Address Space

• Programs, RAM, and peripherals may require additional address space
• Use bank selection

µC

16 bit
address

External
Memory,

Peripherals

>65536 addresses

A0:A15

D0:D7

Latch
A16:A19

Latch occupies 1 or more address locations
Creates a larger physical address space
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Memory Paging

µC

16 bit
address

External
Memory,

Peripherals
Latch

Logical
Memory

Physical
Memory

Physical
Memory

Physical
Memory

Physical
Memory

Physical
Memory

Latch address
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Assignment 4

• The Motorola 68000 and its descendents use a linear address space while the 
Intel 8086 and its descendents have used a segmented address space, 
requiring a page register and an offset register (within a page).  Research the 
hardware and software advantages of these approaches.


