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

B For any variable in a C program, identify it's scope, and where it
will be placed in memory.

B Sketch a diagram showing the main segments of RAM, and explain
what each one is used for.



Draw the stack layout
https://godbolt.org/z/4MfsOEjnn
Remove the optimization flag (-O1), and draw the stack layout

as the code runs.

Put the optimization flag back (-O1), and draw the stack layout
as the code runs.

Remove the -fno-inline flag and see what happens.
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Demo time!
PlatformIO debugger is awesome



Where variables get stored

#include "eel4lib.h"
#include <stdint.h>
#include <stdbool.h>
#include <stdio.h>

// Global variable; accessible to any function in this file,

// and other files where it's declared using ‘extern’.

// We'll assume it's magically updated with the current time in milliseconds
volatile uint64_t time = 0;

// This i1s another global variable, but the data is constant
const EE14Lib_Pin button_pins[] = {A2, D3, D4};



uint32_t check buttons()
{

// This variable is ‘“static’, which means that it is preserved across
// function calls.

static bool last state[sizeof(button pins) / sizeof(EE14Lib_Pin)];

// The variable "1 1is local to this function
for(uint32 t 1 = 0; 1 < sizeof(button_pins) / sizeof(EE14Lib_Pin); i++){
bool pushed = gpio_read(button_pins[i]);
1f(pushed == 1 && last_state[1] == 0){
return 1 + 1;
}
}

return 0;



sizeof()

Tells you how many bytes of storage an object takes up:
sizeof (int)

sizeof(variable)

static bool last state[sizeof(button pins) / sizeof(EE14Lib Pin)];

This isn't a function; this is computed at compile-time



int main()

{
while(1) {
// “pressed’ is only in scope for this loop
uint32 t pressed = check_buttons();
if(pressed == 1){
// These strings have to be stored somewhere. ..
printf("Button 1 pressed\n");
}
else if(pressed == 2){
printf("Button 2 pressed\n");
}
}
return 0;



Where does all this stuff end up?
PlatformlO "Inspect" window

Map file has this information in a less-readable format



Memory layout
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Where variables get stored

Function argument Register, possibly on stack

| ocal variable Stack, possibly in register if optimized
Global variable data section in RAM (starting at 0x20000000)
static local variable also in .data section in RAM
Read-only data Flash rodata

Dynamic allocation (malloc())



Why we avoid dynamic allocation



Strings in C

A C string is just an array of (ASCIl) characters.
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Doesn't keep track of its length internally

Last byte is the numeric value O, aka "\0', aka "null-terminator"



Strings in C

A C string is just an array of (ASCIl) characters.

Doesn't keep track of its length internally
Last byte is the numeric value 0, aka '\0"', aka "null-terminator’

This is a sharp knife: simple, efficient, and dangerous if
not handled with skill and care.



Where strings get stored

char* message = "Be careful with sharp knives!"

char message[] = "Be careful with sharp knives!"



Where strings get stored

char* message = "Be careful with sharp knives!"

Allocates a read-only string, and puts a pointer in message.

char message[] = "Be careful with sharp knives!"

Allocates a character array, and initializes it with the text.



Why this matters

Demo of moditying strings

How much space is used? And where?



