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Getting a Real-Time Embedded System Running

« Evaluating performance and correctness
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« Evaluating performance and correctness
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Assessing Real-Time Performance

 Polling
float sine_table[SIZE]; void modulate (signal *S, float *M, int N,
float cosine_table[SIZE]; float fc, deltaT)
struct signal ? ,
int 1;
{ static float phi=0;

#define twopi=6.28318531

float real;
float deltaPHI;

float imag;
}; deltaPHI=twopi*deltaT*fc;
int phase;
void main( ) for (i=0; i<N, i++)
{
{ phase = (int) phi*SIZE/twopi;
signal sig[BLOCK_LENGTH] ; M[i] = S[i].real*cosine_table[phase] +
float mod[BLOCK_LENGTH] ; S[i].imag*sine_table[phase];
initialize_sine_table(*sine_table, *cosine_table); ?hl*:.de“ﬂPHL
while (1) if Ephl>twop1)
{ phi -= twopi;

get_data(sig); }

modulate (sig, mod, BLOCK_LENGTH, Fc, delta_t); }
output_mod (mod) ;
walit_for next frame( );

}
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Assessing Real-Time Performance

 Polling

float sine_table[SIZE];
float cosine_table[SIZE];
struct signal

{

float real;

float imag;

}i

void main( )

{
boolean bits[BLOCK_LENGTH] ;

signal sig[BLOCK_LENGTH] ;
float mod[BLOCK_LENGTH] ;
initialize sine_ table(*sine_table,
while (1)
{
get_data(bits) ;
generate_baseband(bits, sig);
modulate(sig, mod, BLOCK_LENGTH, Fc, delta_t);
output_mod (mod) ;
wait_for_next_frame( );

}

*cosine_ table);
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Assessing Real-Time Performance

 Polling

float sine_table[SIZE];
float cosine_table[SIZE];
struct signal

{

float real;

float imag;

}i

void main( )

{
boolean bits[BLOCK_LENGTH] ;

signal sig[BLOCK_LENGTH] ;
float mod[BLOCK_LENGTH] ;
initialize sine_ table(*sine_table,
while (1)
{
get_data(bits) ;
generate_baseband(bits, sig);
modulate(sig, mod, BLOCK_LENGTH, Fc, delta_t);
output_mod (mod) ;
wait_for_next_frame( );

}

*cosine_ table);

How can you tell if system is running in real-time?
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Assessing Real-Time Performance

 Polling

float sine_table[SIZE];
float cosine_table[SIZE];
struct signal

{

float real;

float imag;

}i

void main( )

{
boolean bits[BLOCK_LENGTH] ;

signal sig[BLOCK_LENGTH] ;
float mod[BLOCK_LENGTH] ;
initialize sine_ table(*sine_table,
while (1)
{
get_data (bits) ;
generate_baseband(bits, sig);
modulate(sig, mod, BLOCK_LENGTH, Fc, delta_t);

output_mod (mod) ;

walt_for_ next_ frame( ); <~\\\\\\\\\\\
) '\ Real-time: Wait>0\
}

Not Real-time: “wait<0"—_

*cosine_ table);

How can you tell if system is running in real-time?

CpE450 Copyright ©2005-2006
3/27/2006 Stevens Institute of Technology - All rights reserved 8-8/60



Assessing Real-Time Performance

 Polling

float sine_table[SIZE];
float cosine_table[SIZE];
struct signal

{

float real;

float imag;

}i

void main( )

{
boolean bits[BLOCK_LENGTH] ;

signal sig[BLOCK_LENGTH] ;
float mod[BLOCK_LENGTH] ;
initialize sine_ table(*sine_table,
while (1)
{
get_data (bits) ;
generate_baseband(bits, sig);
modulate(sig, mod, BLOCK_LENGTH, Fc, delta_t);

output_mod (mod) ;

walt_for_ next_ frame( ); <~\\\\\\\\\\\
) '\ Real-time: Wait>0\
}

Not Real-time: “wait<0"—_

*cosine_ table);

How can you tell if system is running in real-time?
—— How do you know if wait>0?
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Assessing Real-Time Performance

. ISR driven

float sine_table[SIZE];
float cosine_table[SIZE];
struct signal

{

float real;

float imag;

}i

void main( )
{
boolean bits[BLOCK_LENGTH] ;
signal sig[BLOCK_LENGTH] ;
float mod[BLOCK_LENGTH] ;
initialize_sine_table(*sine_table, *cosine_table);
set_up_interrupts (INTERRUPT_ON_DATA_PRESENT) ;
while (1)
{
get_data(bits) ;
generate_baseband(bits, sig);
modulate(sig, mod, BLOCK_LENGTH, Fc, delta_t);
output_mod (mod) ;
sleep( );
}
}
vold interrupt_handler_ DATA_PRESENT (void)
{
/* wake up main( ) when data arrives */
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Assessing Real-Time Performance

. ISR driven

float sine_table[SIZE];
float cosine_table[SIZE];
struct signal

{

float real; How can you tell if system is running in real-time?
float imag;
)i L How do you know if sleeptime>0?

void main( )
{
boolean bits[BLOCK_LENGTH] ;
signal sig[BLOCK_LENGTH] ;
float mod[BLOCK_LENGTH] ;
initialize_sine_table(*sine_table, *cosine_table);
set_up_interrupts (INTERRUPT_ON_DATA_PRESENT) ;
while (1)
{
get_data(bits) ;
generate_baseband(bits, sig);
modulate(sig, mod, BLOCK_LENGTH, Fc, delta_t);
output_mod (mod) ;

sleep( ); 4« %C Real-time: sleeptime>0
} \ _ _ \
} Not Real-time: “sleeptime<0’,
vold interrupt_handler_ DATA_PRESENT (void)
{

/* wake up main( ) when data arrives */
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Getting a Real-Time Embedded System Running

Z

s

Observability
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Getting a Real-Time Embedded System Running

Logic Analysis _

Observability
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Getting a Real-Time Embedded System Running

Logic Analysis _

Observation must not
(grossly) impact real-time
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Real-time Observability

float sine_table[SIZE];
float cosine_table[SIZE];
struct signal

{

float real;

float imag;

}i

void main( )
{
boolean bits[BLOCK_LENGTH] ;
signal sig[BLOCK_LENGTH] ;
float mod[BLOCK_LENGTH] ;
initialize_sine_table(*sine_table, *cosine_table);
while (1)
{
get_data(bits) ;
generate_baseband(bits, sig);
modulate(sig, mod, BLOCK_LENGTH, Fc, delta_t);
output_mod (mod) ;
set_output_flag(l):;
walt_ for next frame( );
set_output_flag(0);
}
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Real-time Observability

float sine_table[SIZE];
float cosine_table[SIZE];
struct signal

{

float real;

float imag;

}i

void main( )
{
boolean bits[BLOCK_LENGTH] ;
signal sig[BLOCK_LENGTH] ;
float mod[BLOCK_LENGTH] ;
initialize_sine_table(*sine_table, *cosine_table);
while (1)
{
get_data(bits) ;
generate_baseband(bits, sig);
modulate(sig, mod, BLOCK_LENGTH, Fc, delta_t);
output_mod (mod) ;
set_output_flag(l):;
walt_ for next frame( );
set_output_flag(0);
}
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Real-time Observability

calculating waiting

float sine_table[SIZE];
float cosine_table[SIZE];
struct signal

{

float real;

float imag;

Y

void main( )
{
boolean bits[BLOCK_LENGTH] ;
signal sig[BLOCK_LENGTH] ;
float mod[BLOCK_LENGTH] ;
initialize_sine_table(*sine_table, *cosine_table);
while (1)
{ | Running faster than real-time
get_data (bits) ;
generate_baseband(bits, sig);
modulate(sig, mod, BLOCK_LENGTH, Fc, delta_t);
output_mod (mod) ;
set_output_flag(l):;
walt_ for next frame( );
set_output_flag(0);
}
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Real-time Observability

calculating waiting

float sine_table[SIZE];
float cosine_table[SIZE];
struct signal

{

float real;

float imag;

Y

void main( )
{
boolean bits[BLOCK_LENGTH] ;
signal sig[BLOCK_LENGTH] ;
float mod[BLOCK_LENGTH] ;
initialize_sine_table(*sine_table, *cosine_table);
while (1)
{ | Running slower than real-time
get_data (bits) ;
generate_baseband(bits, sig);
modulate(sig, mod, BLOCK_LENGTH, Fc, delta_t);
output_mod (mod) ;
set_output_flag(l):;
walt_ for next frame( );
set_output_flag(0);
}
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Real-time Observability

 Observing time spent in ISR, other functions

float sine_table[SIZE];
float cosine_table[SIZE];
struct signal

{
float real;
float imag;
Y

void main( )

{

boolean bits[BLOCK_LENGTH] ;
signal sig[BLOCK_LENGTH] ;
float mod[BLOCK_LENGTH] ;

initialize_sine_table(*sine_table, *cosine_table);

set_up_interrupts (INTERRUPT_ON_DATA_PRESENT) ;
while (1)
{
get_data(bits);
generate_baseband (bits, sig);
set_output_flag(l);
modulate (sig, mod, BLOCK_LENGTH, Fc, delta_t);
set_output_£flag(0);

output_mod (mod) ;
sleep( );
}

}

void interrupt_handler_ DATA_PRESENT (void)

{

set_output_flag(l);

/* wake up main( ) when data arrives */
set_output_flag(0);

}

Copyright ©2005-2006
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time in ISR
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Real-time Tuning

« We now know how much time is spent in a routine
 We can tell how changes influence performance
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Real-time Tuning

« We now know how much time is spent in a routine
 We can tell how changes influence performance

— Where do we spend our efforts improving performance?
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Real-time Performance

System is not running in real-time
System is running in real-time, but there isn’t enough safety margin

System is running in real-time, but it is not yet complete — other features need to
be added

System is running in real-time, but other features are likely to be added

System is running in real-time, but it would be desirable to improve performance
allowing a slower (cheaper, lower power, ???) processor

Name your reason why you want to improve real-time performance.
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Pareto Principle

 Economics:
— 80% of the resources are consumed by 20% of the population
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Pareto Principle

 Economics:
— 80% of the resources are consumed by 20% of the population

« Reliability
— 80% of the system failures are consumed by 20% of the components
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Pareto Principle

 Economics:
— 80% of the resources are consumed by 20% of the population

« Reliability
— 80% of the system failures are consumed by 20% of the components

 Real-time programming
— 80% of the real-time is consumed by 20% of the code
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Applying Pareto Principle to Software

 Consider a generic software module:
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Applying Pareto Principle to Software

» Consider a generic software module:

CpE450 Copyright ©2005-2006

3/27/2006 Stevens Institute of Technology - All rights reserved 8-27/60



Applying Pareto Principle to Software

 Consider a generic software module:

Majority of
real-time
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Applying Pareto Principle to Software

 Consider a generic software module:

s code

Majority of
real-time
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Continuing the Process

Fra’étion
/ code

Majority of
real-time
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Real-time Performance

 And other items
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Real-Time Performance

« Evaluating performance
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Real-Time Performance

« Evaluating performance

Test cases
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Real-Time Performance

« Evaluating performance — a dynamically changing parameter

Test cases
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Real-Time Performance

« Evaluating performance — a dynamically changing parameter

_ Test cases
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Real-Time Performance

« Evaluating performance — a dynamically changing parameter

Test cases
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A Representative Embedded System

Development
System

Other devices
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A Representative Embedded System

Access times

may var
Development y vary

System

Other devices
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A Representative Embedded System

Development
System

Other devices

Is 1/0O simulated for testing
representative?
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Real-time Observability

 Observing time spent in ISR, other functions

float sine_table[SIZE];
float cosine_table[SIZE];
struct signal

{
float real;
float imag;
Y

void main( )

{

boolean bits[BLOCK_LENGTH] ;
signal sig[BLOCK_LENGTH] ;
float mod[BLOCK_LENGTH] ;

initialize_sine_table(*sine_table, *cosine_table);

set_up_interrupts (INTERRUPT_ON_DATA_PRESENT) ;
while (1)
{
get_data(bits);
generate_baseband (bits, sig);
set_output_flag(l);
modulate (sig, mod, BLOCK_LENGTH, Fc, delta_t);
set_output_£flag(0);

output_mod (mod) ;
sleep( );
}

}

void interrupt_handler_ DATA_PRESENT (void)

{

set_output_flag(l);

/* wake up main( ) when data arrives */
set_output_flag(0);

}
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Real-time Observability

 Observing time spent in ISR, other functions

float sine_table[SIZE];
float cosine_table[SIZE];
struct signal

{

float real;
float imag;

Y

void

{

main( )

boolean bits[BLOCK_LENGTH] ;
signal sig[BLOCK_LENGTH] ;
float mod[BLOCK_LENGTH] ;

initialize_sine_table(*sine_table,

set_up_interrupts (INTERRUPT_ON_DATA_PRESENT) ;
while (1)

}
void

{

{

get_data(bits);

generate_baseband (bits, sig);
set_output_flag(l);

modulate (sig, mod, BLOCK_LENGTH, Fc, delta_t);

*cosine_table) ;

set_output_flag(0);
output_mod (mod) ;
sleep( );

}

interrupt_handler_ DATA_PRESENT (void)

set_output_flag(l);
/* wake up main( ) when data arrives */
set_output_flag(0);

}

CpE450
3/27/2006
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time in ISR

What if ISR is not called
frequently?
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Unpredictability of data, events

Lights
Cruise control

Braklng

O, Sensor ﬁ - ﬁ Throttle

CO Sensor

Engine Sensors
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Unpredictability of data, events

Lights

Cruise control

Braking

Polled, i.e., predictable
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Unpredictability of data, events

Asynchronous, i.e., unpredictable
Cruise control

Braking

O, Sensor ﬁ - ﬁ Throttle
CO Sensor /

Engine Sensors
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Unanticipated interaction of data, events

Cruise control

\

O, Sensor ﬁ ﬁ Throttle

Braking

if (brake_light_on/(
{

disengage_cruise_control () ;

Engine Sensors J
else

{

set_throttle_to_maintain_speed() ;
}

CO Sensor

Copyright ©2005-2006
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Unanticipated interaction of data, events

* Cruise control is “ON”

Cruise control

\

O, Sensor ﬁ ﬁ Throttle

Braking

if (brake_light_on/(
{

disengage_cruise_control () ;

Engine Sensors J
else

{

set_throttle_to_maintain_speed() ;
}

CO Sensor
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Unanticipated interaction of data, events

» Cruise control is “ON”
» Brake bulb sensed on +12V side

Cruise control

\

02 Sensor ﬁ ﬁ Throttle

Braking

if (brake_light_on/(
{

disengage_cruise_control () ;

Engine Sensors J
else

{

set_throttle_to_maintain_speed() ;
}

CO Sensor
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Unanticipated interaction of data, events

» Cruise control is “ON”
» Brake bulb sensed on +12V side

* Bulb fails, sending sensor to “off”

Cruise control

\

02 ensor ﬁ ﬁ Throttle

Braking

if (brake_light_on())
{

disengage_cruise_control () ;

Engine Sensors J
else

{

set_throttle_to_maintain_speed() ;
}

CO Sensor
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Unanticipated interaction of data, events

 Cruise control is “ON”
» Brake bulb sensed on +12V side
* Bulb fails, sending sensor to “off”
 Vehicle is started (speed = 0)

» Therefore, increase throttle

Cruise control

\

02 ensor ﬁ ﬁ Throttle

Braking

if (brake_light_on())
{

disengage_cruise_control () ;

}

else

{

set_throttle_to_maintain_speed() ;
}

CO Sensor

Engine Sensors
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Benchmarking performance

Representative
Inputs

performance
—>

Selective
execution

“COde”
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Benchmarking performance

» Does everything get accessed?

* Is the benchmark representative? _
Locality of reference

Memory trace (16 bit system)
0 255

Representative
Inputs

performance
_> O

Selective Q
execution 5
“COde” .
20 S
2ol =
(7))
Qo
©
©
<
255

Address L.S.Byte

CpE450 Copyright ©2005-2006 8-51/60
3/27/2006 Stevens Institute of Technology - All rights reserved ;



Getting a Real-Time Embedded System Running

Observability | | Real-time trace analysis
Read memory (on the fly?)
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Getting a Real-Time Embedded System Running

Z

s

Observability
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Getting a Real-Time Embedded System Running

Observability
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Getting a Real-Time Embedded System Running

Observability

Performance

CpE450 monitoring code
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Getting a Real-Time Embedded System Running

D¢S|gn code
user interfa

Observability

Performance

CpE450 monitoring code
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Is Real-time Monitoring
of Real-time Performance Necessary?

void main( )

{

/* initialization code */

while (1)
{
get_data(bits) ;
generate_baseband (bits, sig);
set_output_ flag(l); €—
modulate(sig, mod, BLOCK_LENGTH, Fc, delta_t);
set_output_flag(0); €4—
output_mod (mod) ;
sleep( );
}

Real-time observation
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Is Real-time Monitoring
of Real-time Performance Necessary?

void main( )

{

/* initialization code */

start_clock();

while (1)
{
t_get -= clock():;
get_data (bits) ;
t_get += clock():;
t_generate -= clock();
generate_baseband (bits, sig);
t_generate += clock():;
/* set_output_flag(l); */
t_mod -= clock
modulate(sig, mod, BLOCK_LENGTH, Fc, delta_t);
t_mod += clock();
/* set_output_flag(0); */
t_out -= clock():;
output_mod (mod) ;
t_out += clock():;
sleep( );
}
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Is Real-time Monitoring
of Real-time Performance Necessary?

void main( )
{
/* initialization code */
start_clock();

while (1)
{ t get accumulates the total
t_get -= clock(); time spent in get_data()

get_data (bits) ;

t_get += clock():;
t_generate -= clock();
generate_baseband (bits, sig);

t_generate += clock():;

/* set_output_flag(l); */

t_mod -= clock

modulate(sig, mod, BLOCK_LENGTH, Fc, delta_t);

t_mod += clock():;

/* set_output_flag(0); */

t_out -= clock():;

output_mod (mod) ;

t_out += clock():;

sleep( );

/* periodically report the values of the t_ values */

}
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Assignment 6

* Using either the code presented in last class’ slides or other code available to
you (written in any suitable language):

— Moadify the code run on your PC. E.g., you would need a main( ) program to
call the modulate routine

— Set up the code to allow you to time execution of the various sections of the
code, e.g., write a routine to monitor system time and determine the
execution time of code segments.

— Try to verify the effectiveness of the code profiling methods presented this
week (i.e., the Pareto Principle), modifying the code to improve execution
time. Note: Larger, more complex programs will make it easier to profile
and optimize.
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