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By the end of class today, you should be able to:

B |dentify a critical section in a piece of code, and add code to make
sure that it executes correctly.

B (Critigue an ISR implementation, noting what it does well and what
problems it might cause.

B Compare using SysTick interrupts for timing vs polling a dedicated
free-running timer peripheral.

B Define fenceposting and jitter, and calculate the maximum timing
error that a delay function will have.



Warmup from Lecture 11

void EXTIO IRQHandler(void)

{

}

1f(EXTI->PR1 & EXTI_PR1 _PIF0){
gpio_write(Al1, 1);
gpio_write(Al1, 0);

EXTI->PR1 = EXTI_PR1_PIFO;
}

int main()

{

}

gpio_config direction(AO, INPUT);
config gpio_irq();

gpio_config direction(Al, OUTPUT);
gpio_config direction(A7, OUTPUT);
gpio _write(A1, 0);
gpio_write(A7, 0);

while(1) {
gpio_write(A7, 1);
gpio_write(A7, 0);
}

Given this code, sketch the output of
pins A1 and A7. Atemplate is on the
following slide.



Re-do of the warmup, with a twist
IRQ triggered on high and low edges
ISR sets the output pin (A1) high or low to match input

vold EXTIO IRQHandler(void)
{

{f(EXTI->PR1 & EXTI_PR1_PIF0){

{f(GPIOA->IDR & 0x0001){
GPIOA->0DR |= 1 << 1;

}
else{

GPIOA->0DR &= ~(1 << 1);
}

EXTI->PR1 = EXTI_PR1 PIFO;



Warmup

Pin AO
(interrupt)

Pin A7
(mainline)

Pin AT
(ISR)




Let's try it!



What happened?

Code from the main loop:

while(1) {
GPIOA->0DR |= (1 << 2);
GPIOA->0DR &= ~(1 << 2);

¥

Ox08000376: 4f fO 90 43
Ox0800037a: 5a 69
Ox0800037c: 42 fO 04 02
Ox08000380: 5a 61
Ox08000382: 5a 69
Ox08000384: 22 f0O 04 02
Ox08000388: 5a 61
Ox0800038a: f4 e7

mov
ldr
orr
str

ldr

bic.

str
b.n

W3, #1207959552 ; 0x48000000
r2, [r3, #20]

W r2, r2, #4

r2, [r3, #20]

r2, [r3, #20]

wrz2, r2, #4

r2, [r3, #20]

Ox8000376 <main+38>



Solution 1: indirect registers
See GPIO section of reference manual for details!

Bit set/reset register

Output data register
(ODR)
I

Bit reset register
(BRR)
I T T TITTITITTTT1]




Solution 1: indirect registers
Indirect registers allow setting a bit with a single instruction
This is nice because it's faster...
But it is essential because it's atomic, i.e, it can't be interrupted.



What if | don't have an indirect register?

utnt32_t loop_count; This is just a memory location,
void EXTIO IRQHandler(void) no indirect register here!

{ loop count = 0;

}

}nt main(void)

while(1){

loop_count++;



What if | don't have an indirect register?

uint32_t loop_count; This is just a memory location,
void EXTIO IROHandler(void) no indirect register here!

{ loop count = 0; // Reset the loop count

}

}nt main(void)

while(1){
// Run our state machine...

// Do some stuff...

NVIC DisableIRQ(EXTIO IRQn);
loop_count++;

NVIC EnableIRQ(EXTIO_IRQn);



Don't blindly re-enable interrupts
If there's any possibility it wasn't already enabled:

enabled = NVIC GetEnableIRQ(EXTIO IRQn);
NVIC DisableIRQ(EXTIO IRQn);

Lloop count++;

1f(enabled){
NVIC EnableIRQ(EXTIO IRQn);

¥



Can | get interrupted while disabling an interrupt?
Because all the interrupts are enabled with bits in a register...

Let's peek at NVIC_EnableIRQ and NVIC _DisableIRQ



SysTick
Just a simple built-in timer that fires an interrupt when it reloads

ISR is called (in CMSIS) SysTick Handler()

Why isn't a Tms delay built-in?



Advantages of SysTick for timing
Counter is in software, so not limited to 16/32 bits.

Doesn't use one of the other hardware timers



Fenceposting

You're driving down a US interstate highway, with markers every mile. If
you want to go 10 miles, how many mile markers will you need to
count?




Fenceposting

You're driving down a US interstate highway, with markers every mile. If
you want to go 10 miles, how many mile markers will you need to

count?

10 miles









The two hardest programming
problems are cache invalidation,
naming things and off by one errors.



Jitter demo with SysTick



For next time

Quiz 2 on Wednesday
No reading for Wednesday!



