Warmup

If we have a 4MHz input clock, what prescalar value should we
use in order to have the main counter increment every 1ms?

f the counter is 16 bits, how long will it be before it reaches
the maximum value and rolls over?
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By the end of class today, you should be able to:

B Explain how code can be structured to perform multiple tasks in
parallel on an embedded system.

B Write code that can wait for amounts of time without using
a blocking delay.



The problem

Embedded systems must often do many things simultaneously
BUT

a CPU can only do one thing at a time.



In the kitchen...

You can do lots of things
in parallel, but only one
thing at any given time.

How much can you do in parallel,
given the constraints of the
kitchen and recipes?

How do you make sure you don't
burn the bread because you
were busy with the salad?




Why not just "do multiple things at once"?

Just use multiple threads?

Use a concurrent language?

Verilog / VHDL let hardware blocks execute concurrently



Why not just "do multiple things at once"?
Just use multiple threads?

The CPU is actually switching between tasks!
Use a concurrent language?

Verilog / VHDL let hardware blocks execute concurrently
HDLs produce hardware, with parallel computation logic

The CPU hardware does many things at once to execute
instructions, but the program counter is only at one place
at any given instant.






Measure temperature from thermocouples
Read potentiometer for manual control
Control fan speed (with AC wave, 120Hz

Update E-ink display with stats
Connect to WiFi and log data (future?




Example from Dean
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RGB LED flashes a sequence red-green-blue
When switch 1 is pressed, flashes white-off

If switch 2 is pressed, flashing rate increases



Let's start with a big loop

vold main()

{
// Initialization stuff to do once

while(1) {
// Read inputs
// Set outputs
// Forever!

}
// We never get here



Arduino main.cpp
(which it hides in the bowels of its build process)

int main(voild)

{
init();

initVariant();
setup();

for (55) {
Loop();
1f (serialEventRun) serialEventRun();

}

return 0;



Dean Flasher1

void Flasher(void) {
uint32 t w _delay = W _DELAY_SLOW;
uint32 t RGB_delay = RGB_DELAY SLOW;

Init _GPIO RGB();
Init GPIO_Switches();
while (1) {
if (SWITCH PRESSED(SW1 P0S)) {
Control RGB_LEDs(1, 1, 1);
Delay(w_delay);
Control RGB_LEDs(0, 0, 0);

Delay(w _delay); 1f (SWITCH_PRESSED(SW2 P0OS)) {
} else { w_delay = W _DELAY_FAST;

Control RGB_LEDs(1, 0, 0); RGB_delay = RGB_DELAY_ FAST;

Delay(RGB delay); } else {

Control RGB_LEDs(0O, 1, 0); w_delay = W _DELAY_SLOW;

Delay(RGB _delay); RGB_delay = RGB_DELAY _SLOW;

Control RGB LEDs(0, 0, 1); }

Delay(RGB_delay); }



What's uint32 t?

Remember how C doesn't define the size of an int?
stdint.h defines types with known sizes:

1int8 t
uint8 t
intl6e _t
uintl6 t
1int32_ t
uint32 t
int64 _t
uinted t

These help keep your code portable, so use them.



How to make a delay

vold Delay(uint32_t N)

{
volatile uint32_t x = N;
while(x){
X--;
}
}

Requires no peripherals, works for very short delays

"Busy wait" or "spin wait" doesn't let anything else run



Dean Flasher1

void Flasher(void) {
uint32 t w _delay = W _DELAY_SLOW;
uint32 t RGB_delay = RGB_DELAY SLOW;

Init _GPIO RGB();
Init GPIO_Switches();
while (1) {
if (SWITCH PRESSED(SW1 P0S)) {
Control RGB_LEDs(1, 1, 1);
Delay(w_delay);
Control RGB_LEDs(0, 0, 0);

Delay(w _delay); 1f (SWITCH_PRESSED(SW2 P0OS)) {
} else { w_delay = W _DELAY_FAST;

Control RGB_LEDs(1, 0, 0); RGB_delay = RGB_DELAY_ FAST;

Delay(RGB delay); } else {

Control RGB_LEDs(0O, 1, 0); w_delay = W _DELAY_SLOW;

Delay(RGB _delay); RGB_delay = RGB_DELAY _SLOW;

Control RGB LEDs(0, 0, 1); }

Delay(RGB_delay); }



Example from Dean
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Defining responsiveness

What is the latency from the event to the response?

For embedded applications, we usually care about the
worst-case latency.
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Defining responsiveness

What is the latency from the event to the response?

For embedded applications, we usually care about the
worst-case latency.

A typical OS tries to be fast on average, or fast in 99% of cases.

Real-time systems provide hard guarantees about the
worst-case latency. 4 | Beal Fime
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How can we improve this?

Just don't block!

But that's easier said than done...

What about interrupts?

The book shows how they don't really solve the fundamental
problem.



Blink with blocking delays

while(1) {
read _switches();

Control RGB_LEDs(1, 1, 1);
Delay(w delay);
Control RGB_LEDs(0, 0, 0);
Delay(w_delay);



Remove the delays

while(1) {
read_switches();
i1f(led on) {
Control RGB LEDs(1, 1, 1);

} else {
Control RGB LEDs(0, 0, 0);



Remove the delays

while(1) {
read_switches();
i1f(led on) {
Control RGB LEDs(1, 1, 1);

If enough time has elapsed:
led on = false;

} else {
Control RGB LEDs(0, 0, 0);

If enough time has elapsed:
led on = true;



How should we keep track of time?

Well we have timers and know how to use them...



How should we keep track of time?

Well we have timers and know how to use them...

Set the prescaler to something reasonable (1Tms ticks?)
Reload at the maximum value
Just read the current count when we need it

But how long will this work for?
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DOCUMENT HEADINGS

Department of Transportation
Federal Aviation Administration
14 CFR Part 39
[Docket No. FAA-2016-9436; Directorate Identifier 2016-NM-197-AD; Amendment 39-18726; AD
2016-24-09]
RIN 2120-AA64

AGENCY:

Federal Aviation Administration (FAA), DOT.

SUMMARY:

We are adopting a new airworthiness directive (AD) for all The Boeing Company Model 787-8 and 787-9
airplanes. This AD requires repetitive cycling of either the airplane electrical power or the power to the
three flight control modules (FCMs). This AD was prompted by a report indicating that all three FCMs
might simultaneously reset if continuously powered on for 22 days. We are issuing this AD to address

the unsafe condition on these products.

https:.//www.federalregister.gov/documents/2016/12/02/2016-29064/airworthiness-directives-the-boeing-company-airplanes



Using the timer

start = read_t:l_mer( ) s // Get the current value of the timer counter (i.e., ms since startup)
while(1) { St shavt v w_dlelay
read switches(); f ) J
if(led on) { w-delay
Control_RGB_LEDs(1, 1, 1);
if(read timer() > start + w_delay){
start = read timer();
led on = false;
}
} else {
Control RGB LEDs(0, 0, 0);
if(read_timer() > start + w_delay){
start = read timer();

led on = true;
X




What is our latency now?



Polling isn't bad

Blocking is bad, but repeated checking (polling) is not.
Polling isn't a waste of time when you have nothing else to do!



Variable scope



For next time

Reading check 5 on Canvas (due Wednesday 9am)
HW 1 (due Wednesday 1:30pm)

Submit lab 2 documentation (due at your lab time)

HW 2 is posted
Lab 3 this week



