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Embedded Systems
Linker files, or where do those bytes go?



Explain the difference between compiling and linking

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

Describe the purpose of a linker file, and when you might need
to modify one.



I messed up quiz 3
The code is bad, but there isn't a "real" critical section!

The critical section bugs only occur once you've already
gotten two interrupts close together, in which case the code
is already broken for other reasons.



#define UART_TIMEOUT 10000
volatile bool new_char; // Whether a new character is available
volatile char rx_char;  // New (received) character value

void USART2_IRQHandler()
{
   if(USART2->ISR & USART_ISR_RXNE){ // If we just received a character,
       rx_char = USART2->RDR; // copy it out of the UART register,

new_char = true; // and set the flag
   }
}

/* Receive characters until the timeout expires with no new characters,
* or `len` characters are received. */
int receive_msg(char* str, int len)
{
   int rxlen = 0;
   int timeout = UART_TIMEOUT;
   while(timeout > 0 && rxlen < len){
       if(new_char){
           str[rxlen++] = rx_char;   // Save the value from the ISR,
           new_char = false;       // reset the flag,
           timeout = UART_TIMEOUT; // and reset the timeout
       }
       timeout--; // ISR will reset this when new character received
       sleep_us(10);
   }
   return rxlen;

}



volatile bool new_char; // Whether a new character is available
volatile char rx_char;  // New (received) character value

#define UART_TIMEOUT 10000
volatile int timeout = UART_TIMEOUT;

void USART2_IRQHandler() {
   if(USART2->ISR & USART_ISR_RXNE){ // If we just received a character,
       rx_char = USART2->RDR;  // copy it out of the UART register,
       new_char = true;        // set the flag,
       timeout = UART_TIMEOUT; // and reset the timeout
   }
}

/* Receive characters until the timeout expires with no new characters,
* or `len` characters are received. */
int receive_msg(char* str, int len) {
   int rxlen = 0; // Number of bytes received so far
   timeout = UART_TIMEOUT;
   while(timeout > 0 && rxlen < len){
       if(new_char){
           str[rxlen++] = rx_char; // Save the value from the ISR
           new_char = false;       // and reset the flag
       }
       timeout--; // ISR will reset this when new character received
       sleep_us(10);
   }
   return rxlen;

}



Circular buffers are awesome

Big CPUs make this much harder:
multi-core, caching, and out-of-order execution

Mainline code only modifies tail

ISR only modifies head



Another bootloader application: security!
You don't want competitors pulling the code out of your product
So you can (irreversibly) remove access to the debug port
ST calls their version "readout protection" (RDP)

But how do you update the code now?



Secure bootloader implementation
There are multiple ways, but here is one...



Back to linker files

C code is compiled in multiple phases
First, individual C files are compiled into object files

Then addresses are resolved and all the files are merged
into a single binary by the linker.



Compilation demo



Linker file

Determines which segments go into which locations



Your turn

Open a PlatformIO project

Add this line to platformio.ini
build_flags = -Wl,-Map,output.map

Build the project and examine the map file

Can you locate the variables + functions in your code?



Logistics
Final project demos, Thursday 4/30 (reading period) 1-2:30pm

Working on finalizing part orders

Quiz 4 next Wednesday
No class Monday (Patriots' Day holiday)


