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Introduction to FIFOs

@ FIFO circular queue is useful for a buffered I/O interface.

@ This order-preserving data structure temporarily saves data created by a
producer before being processed by a consumer.

@ Decouples the producer from the consumer.

@ Use statically allocated global memory, so they can be shared by threads,
but must be accessed carefully.

Producer Consumer

Chris J. Myers (Lecture 8: FIFOs) ECE/CS 5780/6780: Embedded System Design 3/22

Basic Idea of a FIFO

char static volatile *PutPt; // put next
char static volatile *GetPt; // get next
/1l call by value
int Fifo_Put(char data){
*Put Pt = data; /1 Put
Put Pt ++; /1 next
return(l); Il true if success
}
/1 call by reference
int Fifo_Get(char *datapt){
*datapt = *GetPt; // return by reference
Get Pt ++; /] next
return(l); Il true if success

}

Producer-Consumer Examples

Source/producer Sink/consumer

Keyboard input Program that interprets
Program with data Printer output

Program sends message Program receives message
Microphone and ADC Program that saves sound data

Program that has sound data DAC and speaker
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FIFO with Infinite Memory

GetPt =—-|

PutP{ ——
Valid data

Infinite memory
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Two-Pointer FIFO

After many After one After one
Allocated memory PUTs more PUT more PUT
PutPt —
PutPt ——
Getht—>{ GetPt—>f GetPL— GetPt—> 1
Valid Valid Valid Valid
PutPt ——{
PutPt ——{
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Two-Pointer FIFO Initialization of a Two-Pointer FIFO
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After many After one more After one
GETs GET more GET
Valid Valid | GetPt—>
Valid | Gt —s
Valid
PutPt PutPt
PutPt — PutPt—
GetPL —
Valid
GelPt —>]
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#define FIFOSIZE 10 /* can hold 9 */
char static volatile *PutPt; /* Pointer to put next */
char static volatile *GetPt; /* Pointer to get next
/* FIFOis enpty if PutPt=GetPt */
[* FIFOis full if PutPt+1=GetPt (with wap) */
char static Fifo[Fl FOSI ZE];
void Fifo_lnit(void) {
unsi gned char SaveSP;
asmtpa
asm staa SaveSP
asm sei /* make atomic, entering critical */
Put Pt =Get Pt =&Fi fo[ 0]; /* Enpty when Put Pt =CGetPt */
asm | daa SaveSP
asmtap

}

/* end critical section */
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Put for a Two-Pointer FIFO Get for a Two-Pointer FIFO

asmtpa

asm staa SaveSP

asm sei /*
Ppt =Put Pt ;

if (Ppt == GetPt )
asm | daa SaveSP
asmtap
return(0); /*
} else {
Put Pt =Ppt ;
asm(" | daa %BaveSP\n
return(l); }}

Chris J. Myers (Lecture 8: FIFOs) ECE/CS 5780/6780: Embedded System Design 12/22

int Fifo_Put(char data) { char *Ppt;
unsi gned char SaveSP;

meke atonic,
/* Copy of put pointer */

*(Ppt++)=data; /* Try to put data into fifo */
if (Ppt == &Fifo[ FIFCSIZE]) Ppt = &Fifo[0];

/* Tenp put pointer */

entering critical */

I* Wap */
{

/* end critical section */
Fai |l ed,

fifo was full */

/* end critical section */
/* Successful */

tap");

int Fifo_Get(char *datapt) {
unsi gned char SaveSP,
if (PutPt == GetPt ) {

return(0); /* Enpty if PutPt=CGetPt */
} else {
asmtpa
asm staa SaveSP
asm sei /* make atomic, entering critical */

*dat apt =* ( Get Pt ++) ;
if (GetPt == &Fifo[ FI FOSI ZE])
GetPt = &Fifo[0]; /* Wap */
asm | daa SaveSP
asmtap
return(1); }}

/* end critical section */
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Initialization of a Two-Pointer/Counter FIFO Put for a Two-Pointer/Counter FIFO

#define FIFOSI ZE 10
char static volatile
char static volatile
char Fifo[ FI FCSI ZE] ;
unsi gned char Size;

void Fifo_lnit(void)

asmtpa
asm staa SaveSP
asm sei

Si ze=0;
asm | daa SaveSP
asmtap

}

unsi gned char SaveSP;

Put Pt =Get Pt =&Fi f o[ 0] ;

/* can hold 10 */
*PutPt; /* Pointer to put next */
*GetPt; /* Pointer to get next */

/* Number of elenments */

{

/* make atomc, entering critical */
/* Enpty when Size==0 */

/* end critical section */

int Fifo_Put(char data) {
unsi gned char SaveSP;
if (Size == FIFCSI ZE ) {
return(0); /* Failed,
} else {
asmtpa
asm staa SaveSP
asm sei
Si ze+t;
*(Put Pt ++)=data; /* put data into fifo */
if (PutPt == &Fifo[ FI FOSI ZE])
PutPt = &Fifo[0]; /* Wap */
asm | daa SaveSP
asmtap
return(l);

}

fifo was full */

/* make atomic, entering critical */

/* end critical section */
/* Successful */
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Get for a Two-Pointer/Counter FIFO FIFO Dynamics

int Fifo_Get (char *datapt) {
unsi gned char SaveSP;

if (GetPt == &Fifo[ FI FOSI ZE])
CGetPt = &Fifo[0]; /* Wap */
asm | daa SaveSP
asmtap /* end critical
return(1l); }}

section */
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SCI Data Flow Graph with Two FIFOs
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Consumer ,
RxFifo Get

RaFifo

Producer

TxFifo Put

D

if (Size == 0 ){
return(0); /* Enpty if Size=0 */
} else {
asmtpa
asm staa SaveSP
asm sei /* make atomc, entering critical */
*dat apt =* ( Get Pt ++) ;
Si ze--;

TxFifo | 4

¢
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@ Rates of production/consumption vary dynamically.

@ t, is time between Put calls, r, is arrival rate (1, = i).

@ tg is time between Get calls, ryq is service rate (rg = i).

@ If min t, > max ty, FIFO is not necessary.

@ If arrival rate can temporarily increase or service rate temporarily
decrease, then a FIFO is necessary.

@ If average production rate exceeds average consumption rate (i.e.,
Tp > Tg), then FIFO will overflow.

@ A full error is serious because ignored data is lost.
@ An empty error is usually not serious.
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