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Bakgrund, exempel Producer-consumer

« Hantering av buffer ar en « Bada task maste anvdnda mutex
kritisk region

.  Villkorlig kritisk region
- Bara en i taget far andra i

buffert - Finns villkor for nar kritisk region ska
. ) . koras
* Ibland maste en task vanta pa « Producer: finns plats, Consumer: finns
den andra data
- Full respektive tom buffert * Villkorligt kritisk region,
operationer
- Init: associera till mutex

N /7 - Await : vanta pa héndelsevariabel

HEEEEEEEEN - Cause: signalera till alla som vantar
Buffer
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Producer and Consumer + CV

* Producer
- Ga in i kritisk region (mutex)

- Testa om ledig plats i buffer
* Vanta om inte ledigt

- Spara i buffert

Vack andra som vantar pa data

Lamna kritisk region

* SimpleOS vs linux
- Await : pthread cond wait
- Cause : pthread cond broadcast

/* store item in buffer */
void put_item(char item) {
pthread_mutex_lock(&Mutex);
while (count == BUFFER_SIZE) {
pthread_cond_wait(&Change,
&Mutex);
}
Buffer_Data[In_Pos] = item;
In_Pos++;
if (In_Pos == BUFFER_SIZE) {
In_Pos = 0;
}
count++;
pthread_cond_broadcast (&Change);
pthread_mutex_unlock(&Mutex);
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Producer and Consumer + CV

 Consumer
- Ga in i kritisk region (mutex)

- Testa om data i buffer
* Vanta om ingen data

- Las fran buffert

- Vack andra som vantar pa ledig
plats

- Lamna kritisk region (mutex)
* SimpleOS vs linux
- Await : pthread cond wait
- Cause : pthread cond broadcast

/* read item from buffer */
void get_item(void) {
char item;
pthread_mutex_lock(&Mutex);
while (count == 0) {
pthread_cond_wait (&Change, &Mutex);
}
item = Buffer_Data[Out_Pos];
Out_Pos++;
if (Out_Pos == BUFFER_SIZE) {
OQut_Pos = 0,
}
count--;
pthread_cond_broadcast(&Change);
pthread_mutex_unlock(&Mutex);
return item;
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Producer and Consumer + CV

Running

walt

awailt

Blocked on

"via schedule”

signal

semaphore

caJ:;\\\

awalt

Blocked on
event
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await ("pthread_cond_wait”) i Simple-OS

void si_ev_await(si_event *ev)
{

int pid;

DISABLE_INTERRUPTS;

if (!wait list is empty(

{

pid = wait_list_remove_highest prio(

ready list insert(pid);
} else {
ev->mutex->counter++;
}
pid = process get pid running();
ready list remove(pid);
wait list insert(
ev->wait list, WAIT LIST SIZE, pid);
schedule();
ENABLE_INTERRUPTS;
1

ev->mutex->wait list, WAIT LIST SIZE))

ev->mutex->wait list, WAIT LIST SIZE); //

// await operation on ev

// atomic section begins
// check if processes
// are waiting on the mutex

// get pid with
highest priority
// make this process ready to run

// increment counter

// get pid of running process
// remove it from ready list
// insert it into the

//  event waiting list

// call schedule

// atomic section ends
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cause ("pthread_cond_signal”) i Simple-OS

void si ev cause(si event *ev)
{
int done;
int pid;
DISABLE INTERRUPTS;
done = wait list is empty(
ev->wait list, WAIT LIST SIZE);
while ('!done)
{
pid = wait list remove one(
ev->wait list, WAIT LIST SIZE);
wait list insert(

done = wait list is empty(
ev->wait list, WAIT LIST SIZE);

}
ENABLE_INTERRUPTS;
}

ev->mutex->wait_list, WAIT LIST SIZE, pid);

// cause operation on ev

// atomic section begins
// we are done if the
// wait list is empty

// remove one process from the
// list of waiting processes
// insert it into the

//  mutex waiting list

// check if we

// are done

// atomic section ends
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Simple-0S

void si sem wait(si_ semaphore *sem)
{

int pid;

DISABLE INTERRUPTS;

if (sem->counter > 0) {
sem->counter--;

} else {
pid = process _get pid running();
ready list remove(pid);
wait list insert(

sem->wait list, WAIT LIST SIZE, pid);

schedule();

}

ENABLE INTERRUPTS;

}

wait operation on semaphore sem

process id
atomic section begins

check counter
decrement

get pid of running process
remove it from ready list
insert it into the

semaphore waiting list
call schedule

atomic section ends

10
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Semafor: signal ("unlock”) i Simple-OS

void si_sem signal(si_semaphore *sem)
{

int pid;

DISABLE_INTERRUPTS;

ready list insert(pid);

if (!wait list is empty( // check if processes
sem->wait list, WAIT LIST SIZE)) //  are waiting on semaphore
{
pid = wait list remove highest prio( // get pid with
sem->wait list, WAIT LIST SIZE); //  highest priority

signal operation on semaphore sem

process id
atomic section begins

make this process ready to run

schedule(); // call schedule
} else {
sem->counter++; // increment counter
}
ENABLE_INTERRUPTS; // atomic section ends
}
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Producer and Consumer + CV (kbrexempel)

/* read item from buffer */
void get item(void) {
char item;
pthread mutex lock(&Mutex);
while (count ) {
pthread cond wait(&Change, &Mutex);

/* store item in buffer */
void put item(char item) {
pthread mutex lock(&Mutex);
while (count BUFFER SIZE) {
pthread cond wait(&Change, &Mutex);
}

} Buffer Data[In Pos] = item;
item = Buffer Data[Out Pos]; In Pos++;
Out Pos++; if (In Pos == BUFFER SIZE) {
if (Out Pos == BUFFER SIZE) { In Pos = 0:
Out Pos = 0; o
} count++;
count--; pthread cond broadcast(&Change);

pthread cond broadcast(&Change);
pthread mutex unlock(&Mutex);
return item;

}

pthread mutex unlock(&Mutex);

Il U Lo Antag tva processer: Den ena (hog prioriotet) anvander get item, den andra
OWF UNIVERSTTET (]3¢ prioritet) anvander put item. Kérexempel pa néasta slide.
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Producer and Consumer + CV (kérexempel)

(Orsak [verkan | | ]
Kor

I
WS WE

13

S R BUF Kor : Kérande process
Init 1 PG 0 S : Semaforens virde
Schedule G 1 P, G 0 R : Ready-list
G : Lock G 0 P,G 0 WS : Vantelista semafor
B 2 Lol 1 p G 0 \é\(JEF: V:'n;cellislta héinflfellosef\;ariabel
Schedule P 1 P G 0 - ANl element Fbutrer
P: Lock P 0 P G 0 P : Producer task
P : Write P 0 P G 1 G : Consumer task
P : Cause P 0 P 1
P:Unlock P 0 PG 1 Prio: G >P
Schedule G 0 P, G 1
G : Read G 0 P, G 0
G : Cause G 0 P, G 0
G : Unlock G 1 P, G 0
II LINKOPINGS
@& UNIVERSITET
TSEA81 Datorteknik och realtidssystem, forelasning 4 2023-11-20 14

Producer and Consumer + CV (korexempel)

BT T e
Kor WS WE

Ol S R
=) Init 1 PG
Schedule G 1 P, G
G: Lock G 0 P,G
G: Await 1 P
Schedule P 1 P
P: Lock P 0 P
P : Write P 0 P
P : Cause P 0 P G
P : Unlock P 0 P, G
Schedule G 0 P, G
G: Read G 0 P,G
G: Cause G 0 P,G
G:Unlock G 1 P,G

P : Producer task
G : Consumer task

Kor : Kérande process

S : Semaforens varde

R : Ready-list

WS : Vantelista semafor

WE : Véntelista handelsevariabel
BUF : Antal element i buffer

Prio:G>P

Tasks och semafor initieras

o0 0 0

BUF

O O O » B B B OO O O O O

/
Vi

}

* read item from buffer */

oid get item(void) {

char item;

pthread mutex lock(&Mutex);

while (count == 0) {
pthread cond wait(&Change, &Vutex);

}

item = Buffer_Data[Out_Pos];

Out_Pos++;

if (Out Pos == BUFFER SIZE) {
Out_Pos = 0;

}

count--;

pthread cond broadcast(&Change);

pthread mutex_unlock(&Mutex);

return item;

LINKOPINGS
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/*
vo

store item in buffer */

id put_item(char item) {

pthread mutex_lock(&Mutex);

while (count == BUFFER SIZE) {
pthread_cond wait(&Change, &Mutex);

}

Buffer Data[In_Pos] = item;

In_Pos++;

if (In_Pos == BUFFER_SIZE) {
In_Pos = 0;

}

count++;

pthread_cond_broadcast (& Change);

pthread _mutex_unlock(&Mutex) ;
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Producer and Consumer + CV (korexempel)

EETEE T e T
0 R Ws WE BU

Kor S F
Init 1 P,G 0
- Schedule G 1 PG 0
G: Lock G 0 P,G 0
G : Await 1 P G 0
Schedule P 1 P G 0
P: Lock P (0] P G 0
P : Write P 0 P G 1
P: Cause P 0 P G 1
P : Unlock P 0 P, G 1
Schedule G 0 P,G 1
G: Read G 0 P,G 0
G: Cause G 0 P,G 0
G:Unlock G 1 PG 0

P : Producer task
G : Consumer task

Kor : Kérande process

S : Semaforens varde

R : Ready-list

WS : Véntelista semafor

WE : Véntelista handelsevariabel
BUF : Antal element i buffer

Prio:G>P

Schemaldggaren vdljer process i R med hogst prio, dvs G

/* read item from buffer */
void get_item(void) {

char item;
pthread mutex_lock(&Mutex) ;
while (count == 0) {

pthread_cond_wait(&Change, &Mutex);

}

item = Buffer_Data[Out_Pos];

Out_Pos++;

if (Out_Pos == BUFFER SIZE) {
Out_Pos = 0;

}

count--;

pthread cond broadcast(&Change);

pthread mutex_unlock(&Mutex) ;

return item;

/* store item in buffer */
void put_item(char item) {
pthread mutex_lock(&Mutex);
while (count == BUFFER SIZE) {
pthread cond wait(&Change, &Mutex);

}

Buffer Data[In Pos] = item;

In_Pos++;

if (In Pos == BUFFER SIZE) {
In_Pos = 0;

}

count++;

pthread_cond_broadcast (& Change);

pthread_mutex_unlock(&Mutex) ;
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Producer and Consumer + CV (korexempel)

o= ER =) Y A I R E—
6 S WE

Kér S R W BUF
Init 1 PG 0
Schedule G 1 P, G 0
=) G:lock G 0 P.G 0
G : Await 1 P G 0
Schedule P 1 P G 0
P: Lock P 0 P G 0
P : Write P 0 P G 1
P: Cause P 0 P G 1
P : Unlock P 0 P, G 1
Schedule G 0 P, G 1
G: Read G 0 P,G 0
G: Cause G 0 P,G 0
G:Unlock G 1 P,G 0

P : Producer task
G : Consumer task

Kor : Kérande process

S : Semaforens varde

R : Ready-list

WS : Vantelista semafor

WE : Véntelista handelsevariabel
BUF : Antal element i buffer

Prio:G>P

G koér Wait och rdknar ned S

‘ pthread mutex lock(&Mutex);

/* read item from buffer */
void get_item(void) {
char item;
// "si_sem wait” : Wait
while (count == 0) {
pthread_cond wait(&Change, &Mutex);

}

item = Buffer Data[Out_Pos];

Out_Pos++;

if (Out Pos == BUFFER SIZE) {
Out_Pos = 0;

}

count--;

pthread cond broadcast(&Change);

pthread mutex_unlock(&Mutex);

return item;

LINKOPINGS
Il.u UNIVERSITET

}
void si_sem wait(si_semaphore *sem) // wait operation on semaphore sem
int pid; // process id
DISABLE_INTERRUPTS; // atomic section begins
if (sem->counter > 0) { // check counter
sem->counter--; // decrement
} else {
pid = process _get pid running(); // get pid of running process
ready_list_remove(pid); // remove it from ready list
wait list insert( // insert it into the
sem->wait_list, WAIT_LIST SIZE, pid); //  semaphore waiting list
schedule(); // call schedule
}
ENABLE_INTERRUPTS; // atomic section ends
}




11/18/2024 13:45

TSEA81 Datorteknik och realtidssystem, forelasning 4

2023-11-20 17

Producer and Consumer + CV (korexempel)

e e e
0 R Ws WE BU

Kor S F
Init 1 P,G 0
Schedule G 1 P, G 0
G: Lock G 0 P,G 0
mm) G:Await 1 P G 0
Schedule P 1 P G 0
P: Lock P 0 P G 0
P : Write P 0 P G 1
P: Cause P 0 P G 1
P : Unlock P 0 P, G 1
Schedule G 0 P,G 1
G: Read G 0 P,G 0
G: Cause G 0 P,G 0
G:Unlock G 1 PG 0

P : Producer task
G : Consumer task

Kor : Kérande process

S : Semaforens varde

R : Ready-list

WS : Vantelista semafor

WE : Véntelista handelsevariabel
BUF : Antal element i buffer

Prio:G>P

G kor Await “implicit Signal” , S++, G->WE

/* read item from buffer */
void get_item(void) {
char item;
pthread mutex lock(&Mutex);
while (count == 0) {
- pthread _cond wait(&Change, &Vutex);
}

item = Buffer_Data[Out_Pos];

Out_Pos++;

if (Out_Pos == BUFFER SIZE) {
Out_Pos = 0;

}

count--;

pthread cond broadcast(&Change) ;

pthread mutex unlock(&Mutex);

return item;

// "si_ev_await” : Await

if (!wait_list is_empty(
ev->mutex->wait list, WAIT LIST SIZE))
{
pid = wait list remove highest prio( //
ev->mutex->wait_list, WAIT_LIST SIZE);

ready list_insert(pid); //
} else {

ev->mutex->counter++; /7
pid = process_get pid_running(); //
ready_list_remove(pid); //

LINKOPINGS
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wait_list_insert(

ev->wait list, WAIT_LIST SIZE, pid); //
schedule();
ENABLE_INTERRUPTS; //

~>~>
NN~

}

void si ev_await(si_event *ev) // await operation on ev
int pid;
DISABLE_INTERRUPTS; // atomic section begins

// check if processes
// are waiting on the mutex

get pid with
//  highest priority
make this process ready to run

increment counter

get pid of running process
remove it from ready list
insert it into the

event waiting list
call schedule
atomic section ends

2023-11-20 18

Producer and Consumer + CV (korexempel)

o= ER =) Y A I R E—
6 S WE

Kér S R W BUF
Init 1 PG 0
Schedule G 1 P, G 0
G: Lock G 0 PG 0
G : Await 1 P G 0
- Schedule P 1 P G 0
P: Lock P 0 P G 0
P : Write P 0 P G 1
P: Cause P 0 P G 1
P : Unlock P 0 P, G 1
Schedule G 0 P, G 1
G : Read G 0 P, G 0
G: Cause G 0 P,G 0
G:Unlock G 1 P,G 0

P : Producer task
G : Consumer task

Kor : Kérande process

S : Semaforens varde

R : Ready-list

WS : Vantelista semafor

WE : Véntelista handelsevariabel
BUF : Antal element i buffer

Prio:G>P

Schemaldggaren vdljer process i R med hégst prio, dvs P

/* read item from buffer */
void get_item(void) {
char item;
pthread mutex lock(&Mutex);
while (count == 0) {
pthread_cond wait(&Change, &Mutex);

}

item = Buffer Data[Out_Pos];

Out_Pos++;

if (Out Pos == BUFFER SIZE) {
Out_Pos = 0;

}

count--;

pthread cond broadcast(&Change);

pthread mutex_unlock(&Mutex);

return item;

void si_ev_await(si_event *ev) //
int pid;
DISABLE_INTERRUPTS; //
if (!'wait_list_is_empty( //

ev->mutex->wait_list, WAIT_LIST SIZE))

pid = wait_list remove_highest prio( //
ev->mutex->wait_list, WAIT_LIST SIZE);

ready list insert(pid); //
} else {

ev->mutex->counter++; //
pid = process_get_pid_running(); //
ready_list_remove(pid); //

LINKOPINGS
Il.u UNIVERSITET

~
~

wait_list_insert(
ev->wait_list, WAIT LIST SIZE, pid); //
schedule(); //
ENABLE_INTERRUPTS; //

}

await operation on ev

atomic section begins
check if processes
// are waiting on the mutex

get pid with
//  highest priority
make this process ready to run

increment counter

get pid of running process
remove it from ready list
insert it into the

event waiting list
call schedule
atomic section ends
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Producer and Consumer + CV (korexempel)

e e e
0 R Ws WE BU

Kor S
Init 1 P,G
Schedule G 1 P, G
G: Lock G 0 P,G
G : Await 1 P
Schedule P 1 P
‘ P: Lock P (] P
P : Write P 0 P
P: Cause P 0 P G
P : Unlock P 0 P, G
Schedule G 0 P,G
G: Read G 0 P,G
G: Cause G 0 P,G
G:Unlock G 1 P,G

P : Producer task
G : Consumer task

Kor : Kérande process

S : Semaforens varde

R : Ready-list

WS : Vantelista semafor

WE : Véntelista handelsevariabel
BUF : Antal element i buffer

Prio:G>P

P kor Wait, S--

00606

F

O O O » B B P O O O O O O

/* store item in buffer */
void put_item(char item) {
pthread mutex lock(&Mutex);
while (count == BUFFER SIZE) {
pthread cond wait(&Change, &Vutex);

}

Buffer Data[In_Pos] = item;

In_Pos++;

if (In Pos == BUFFER SIZE) {
In_Pos = 0;

count++;
pthread cond broadcast(&Change);
pthread mutex unlock(&Mutex);

// "si sem wait” : Wait

void si_sem wait(si_semaphore *sem)

int pid;
DISABLE_INTERRUPTS;

if (sem->counter > 0) {
sem->counter--;

else {

pid = process_get pid_running();
ready_list_remove(pid);
wait_list_insert(

-

schedule();

LINKOPINGS
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}
ENABLE_INTERRUPTS;

sem->wait_list, WAIT_LIST SIZE, pid);
/

//

/7
1/

//
//

//
//
//

~

1/

wait operation on semaphore sem

process id
atomic section begins

check counter
decrement

get pid of running process
remove it from ready list
insert it into the

//  semaphore waiting list
call schedule

atomic section ends
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Producer and Consumer + CV (korexempel)

o= ER =) A A R
6 S WE

Kér S R W
Init 1 PG
Schedule G 1 P, G
G: Lock G 0 P,G
G : Await 1 P
Schedule P 1 P
P: Lock P 0 P
mm) P:Wite P 0 2
P: Cause P 0 P G
P : Unlock P 0 P, G
Schedule G 0 P, G
G: Read G 0 P,G
G: Cause G 0 P,G
G:Unlock G 1 P,G

P : Producer task
G : Consumer task

Kor : Kérande process

S : Semaforens varde

R : Ready-list

WS : Vantelista semafor

WE : Véntelista handelsevariabel
BUF : Antal element i buffer

Prio:G>P

P skriver till buffer, BUF++

o0 0 60

BUF

O O O B B P B OO O O O O

/* store item in buffer */
void put_item(char item) {
pthread mutex lock(&Mutex);
while (count == BUFFER SIZE) {
pthread cond wait(&Change, &Mutex);

}
- Buffer Data[In Pos] = item;
In_Pos++;
if (In Pos == BUFFER SIZE) {
In_Pos = 0;

count++;
pthread_cond_broadcast (&Change) ;
pthread mutex unlock(&Mutex);

}

void si_sem wait(si_semaphore *sem)

int pid;
DISABLE_INTERRUPTS;

if (sem->counter > 0) {
sem->counter--;

else {

pid = process_get pid running();
ready list_remove(pid);
wait_list_insert(

-

schedule();
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}
ENABLE_INTERRUPTS;
}

//

/7
1/

//
//

//
//
//

sem->wait_list, WAIT LIST SIZE, pid);

1/
1/

wait operation on semaphore sen

process id
atomic section begins

check counter
decrement

get pid of running process
remove it from ready list
insert it into the

//  semaphore waiting list
call schedule

atomic section ends
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Producer and Consumer + CV (korexempel)

Kor S
Init 1 PG
Schedule G 1 P, G
G: Lock G 0 PG
G : Await 1 P
Schedule P 1 P
P: Lock P (] P
P : Write P 0 P
- P : Cause P 0 P G
P : Unlock P 0 P, G
Schedule G 0 P,G
G: Read G 0 P, G
G: Cause G 0 P,G
G:Unlock G 1 P,G

P : Producer task
G : Consumer task

Kor : Kérande process

S : Semaforens varde

R : Ready-list

WS : Vantelista semafor

WE : Véntelista handelsevariabel
BUF : Antal element i buffer

Prio:G>P

P kor Cause, G->WS

00606

F

O O O » B B P O O O O O O

/* store item in buffer */
void put_item(char item) {
pthread mutex lock(&Mutex);
while (count == BUFFER SIZE) {
pthread cond wait(&Change, &Vutex);

}

Buffer Data[In_Pos] = item;

In_Pos++;

if (In Pos == BUFFER SIZE) {
In_Pos = 0;

count++;
pthread cond broadcast(&Change);
pthread mutex unlock(&Mutex);

// "si_ev_cause” : Cause

LINKOPINGS
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void si_ev_cause(si_event *ev)

int done;

int pid;

DISABLE INTERRUPTS;

done = wait list is_empty(
ev->wait list, WAIT LIST SIZE);

while (!done)

pid = wait_list_remove_one(
ev->wait_list, WAIT_LIST SIZE);
wait_list_insert(

ev->mutex->wait_list, WAIT_LIST SIZE, pid); //

done = wait_list is_empty(
ev->wait_list, WAIT LIST SIZE);

}
ENABLE_INTERRUPTS;

// cause operation on ev

// atomic section begins
// we are done if the
// wait list is empty

// remove one process from the
//  list of waiting processes
// insert it into the

mutex waiting list
// check if we

//  are done

// atomic section ends
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Producer and Consumer + CV (korexempel)

o= ER =) A A R
6 S WE

Kér S R W
Init 1 PG
Schedule G 1 P, G
G: Lock G 0 P,G
G : Await 1 P
Schedule P 1 P
P: Lock P 0 P
P : Write P 0 P
P: Cause P 0 P G
m=) P:Unlock P 0 PG
Schedule G 0 P, G
G: Read G 0 P,G
G: Cause G 0 P,G
G:Unlock G 1 P,G

P : Producer task
G : Consumer task

Kor : Kérande process

S : Semaforens varde

R : Ready-list

WS : Vantelista semafor

WE : Véntelista handelsevariabel
BUF : Antal element i buffer

Prio:G>P

P kor Signal, G->R

o0 0 60

BUF

O O O B B P B OO O O O O

/* store item in buffer */
void put_item(char item) {
pthread mutex lock(&Mutex);
while (count == BUFFER SIZE) {
pthread cond wait(&Change, &Mutex);

}

Buffer Data[In_Pos] = item;

In_Pos++;

if (In Pos == BUFFER SIZE) {
In_Pos = 0;

count++;
pthread_cond_broadcast(&Change) ;
pthread mutex unlock(&Mutex);

}

// "si_sem signal” : Signal
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void si_sem_signal(si_semaphore *sem)

int pid;

DISABLE INTERRUPTS;

if (!wait_list_is_empty(
sem->wait list, WAIT_LIST SIZE))

{
pid = wait_list_remove_highest prio(

sem->wait list, WAIT LIST SIZE);

ready_list_insert(pid);
schedule();

} else {
sem->counter++;

}
ENABLE_INTERRUPTS;
}

// signal operation on semaphore sen

// process id

// atomic section begins

// check if processes

// are waiting on semaphore

// get pid with

//  highest priority

// make this process ready to run
// call schedule

// increment counter

// atomic section ends
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Producer and Consumer + CV (korexempel)

e e e
0 R Ws WE BU

Kor S F
Init 1 P,G 0
Schedule G 1 P, G 0
G: Lock G 0 P,G 0
G : Await 1 P G 0
Schedule P 1 P G 0
P: Lock P (] P G 0
P : Write P 0 P G 1
P: Cause P 0 P G 1
P : Unlock P 0 P, G 1
mm) Schedule G 0 PG 1
G: Read G 0 P,G 0
G: Cause G 0 P,G 0
G:Unlock G 1 PG 0

P : Producer task
G : Consumer task

Kor : Kérande process

S : Semaforens varde

R : Ready-list

WS : Vantelista semafor

WE : Véntelista handelsevariabel
BUF : Antal element i buffer

Prio:G>P

Schemaldggaren vdljer process i R med hogst prio, dvs G

/* store item in buffer */
void put_item(char item) {
pthread mutex lock(&Mutex);
while (count == BUFFER SIZE) {
pthread cond wait(&Change, &Vutex);

}

Buffer Data[In_Pos] = item;

In_Pos++;

if (In Pos == BUFFER SIZE) {
In_Pos = 0;

count++;
pthread cond broadcast(&Change);
pthread mutex unlock(&Mutex);

void si_sem_signal(si_semaphore *sem) // signal operation on semaphore sen
int pid; // process id
DISABLE INTERRUPTS; // atomic section begins
if (!wait_list is_empty( // check if processes
sem->wait list, WAIT LIST SIZE)) // are waiting on semaphore

{
pid = wait_list_remove_highest prio( // get pid with
sem->wait list, WAIT_LIST SIZE); //  highest priority

ready list insert(pid); // make this process ready to run
=) schedule(); // call schedule
} else {

sem->counter++; // increment counter

LINKOPINGS
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}
ENABLE_INTERRUPTS; // atomic section ends
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Producer and Consumer + CV (korexempel)

o= ER =) Y A I R E—
6 S WE

Kér S R W BUF
Init 1 PG 0
Schedule G 1 P, G 0
G: Lock G 0 P,G 0
G : Await 1 P G 0
Schedule P 1 P G 0
P: Lock P 0 P G 0
P : Write P 0 P G 1
P: Cause P 0 P G 1
P : Unlock P 0 P, G 1
mm) Schedule G 0 PG 1
G: Read G 0 P,G 0
G: Cause G 0 P,G 0
G:Unlock G 1 P,G 0

P : Producer task
G : Consumer task

Kor : Kérande process

S : Semaforens varde

R : Ready-list

WS : Vantelista semafor

WE : Véntelista handelsevariabel
BUF : Antal element i buffer

Prio:G>P

G dterkommer till slutet av schedule i Await

/* read item from buffer */
void get_item(void) {
char item;
pthread mutex lock(&Mutex);
while (count == 0) {
pthread_cond wait(&Change, &Mutex);

}

item = Buffer Data[Out_Pos];

Out_Pos++;

if (Out Pos == BUFFER SIZE) {
Out_Pos = 0;

}

count--;

pthread cond broadcast(&Change);

pthread mutex_unlock(&Mutex);

return item;

void si_ev_await(si_event *ev) // await operation on ev
int pid;
DISABLE_INTERRUPTS; // atomic section begins
if (!wait_list is_empty( // check if processes
ev->mutex->wait_list, WAIT_LIST SIZE)) // are waiting on the mutex

pid = wait_list remove_highest prio( // get pid with
ev->mutex->wait_list, WAIT LIST SIZE); //  highest priority

ready list insert(pid); // make this process ready to run
} else {

ev->mutex->counter++; // increment counter
pid = process_get pid_running(); // get pid of running process
ready list_remove(pid); // remove it from ready list
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~

insert it into the
event waiting list
schedule(); call schedule
TENABLE_INTERRUPTS; // atomic section ends
}

wait_list_insert(
ev->wait_list, WAIT LIST SIZE, pid); //
//




11/18/2024 13:45

TSEA81 Datorteknik och realtidssystem, forelasning 4

2023-11-20 25

Producer and Consumer + CV (korexempel)

Kor S
Init 1 P,G
Schedule G 1 P, G
G: Lock G 0 P,G
G : Await 1 P
Schedule P 1 P
P: Lock P (] P
P : Write P 0 P
P: Cause P 0 P G
P : Unlock P 0 P, G
Schedule G 0 P,G
‘ G: Read G 0 P,G
G: Cause G 0 P,G
G:Unlock G 1 P,G

P : Producer task
G : Consumer task

Kor : Kérande process

S : Semaforens varde

R : Ready-list

WS : Vantelista semafor

WE : Véntelista handelsevariabel
BUF : Antal element i buffer

Prio:G>P

G kontrollerar storlek pd buffer

00606

F

O O O » B B P O O O O O O

/* read item from buffer */
void get item(void) {

char item;
pthread mutex lock(&Mutex);
while (count == 0) {

pthread _cond wait(&Change, &Vutex);

}

item = Buffer_Data[Out_Pos];

Out_Pos++;

if (Out_Pos == BUFFER SIZE) {
Out_Pos = 0;

}

count--;

pthread cond broadcast(&Change) ;

pthread mutex unlock(&Mutex);

return item;

void si_ev_await(si_event *ev) 1/
int pid;
DISABLE_INTERRUPTS; //

if (!wait_list_is_empty(
ev->mutex->wait_list, WAIT LIST SIZE))

pid = wait list remove highest prio( //
ev->mutex->wait_list, WAIT_LIST SIZE);
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ready_list_insert(pid); //
} else {

ev->mutex->counter++; //
pid = process_get pid_running(); //
ready_list_remove(pid); //
wait_list_insert( //

ev->wait list, WAIT LIST SIZE, pid); //
schedule(); //
ENABLE_INTERRUPTS; //

}

await operation on ev

atomic section begins

/ check if processes

// are waiting on the mutex

get pid with
//  highest priority
make this process ready to run

increment counter

get pid of running process
remove it from ready list
insert it into the

event waiting list
call schedule
atomic section ends
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Producer and Consumer + CV (korexempel)

o= ER =) A A R
6 S WE

Kér S R W
Init 1 PG
Schedule G 1 P, G
G: Lock G 0 P,G
G : Await 1 P
Schedule P 1 P
P: Lock P 0 P
P : Write P 0 P
P: Cause P 0 P G
P : Unlock P 0 P, G
Schedule G 0 P, G
- G: Read G 0 P,G
G: Cause G 0 P,G
G:Unlock G 1 P,G

P : Producer task
G : Consumer task

Kor : Kérande process

S : Semaforens varde

R : Ready-list

WS : Vantelista semafor

WE : Véntelista handelsevariabel
BUF : Antal element i buffer

Prio:G>P

G ldser ur buffer, BUF--

o0 0 60

BUF

O O O B B P B OO O O O O

/* read item from buffer */
void get_item(void) {
char item;
pthread mutex lock(&Mutex);
while (count == 0) {
pthread_cond wait(&Change, &Mutex);

}
‘ item = Buffer Data[Out_Pos];
Out_Pos++;
if (Out Pos == BUFFER SIZE) {

Out_Pos = 0;

}
count--;
pthread cond broadcast(&Change);
pthread mutex_unlock(&Mutex);
return item;

void si_ev_cause(si_event *ev)

int done;

int pid;

DISABLE_INTERRUPTS;

done = wait list is_empty(
ev->wait list, WAIT LIST SIZE);

while (!done)

pid = wait_list_remove_one(
ev->wait list, WAIT LIST SIZE);
wait_list_insert(

done = wait_list is empty(
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ev->wait list, WAIT LIST SIZE);

}
ENABLE_INTERRUPTS;

ev->mutex->wait_list, WAIT_LIST SIZE, pid); //

/

<X

cause operation on ev

// atomic section begins
// we are done if the
// wait list is empty

// remove one process from the
//  list of waiting processes
// insert it into the

mutex waiting list
// check if we

//  are done

// atomic section ends
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Producer and Consumer + CV (korexempel)

e e e
0 R Ws WE BU

Kor
Init
Schedule G
G: Lock
G : Await
Schedule
P: Lock
P : Write

(9]

P: Cause
P : Unlock
Schedule
G: Read
G: Cause
G : Unlock

O O O U U U v o
» O O O O O O © » » O F» » un

(9]

Kor : Kérande process

S : Semaforens varde

R : Ready-list

WS : Vantelista semafor

WE : Véntelista handelsevariabel
BUF : Antal element i buffer

G kor Cause, inget hdander ty ingen vintar i WE

PG
PG
PG
[}

P

p

p

P G
PG
PG
PG
PG
PG

P : Producer task
G : Consumer task

Prio:G>P

00606

F

O O O » B B P O O O O O O
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/* read item from buffer */
void get item(void) {

char item;
pthread mutex lock(&Mutex);
while (count == 0) {

pthread _cond wait(&Change, &Vutex);

}

item = Buffer_Data[Out_Pos];

Out_Pos++;

if (Out_Pos == BUFFER SIZE) {
Out_Pos = 0;

}

count--;

pthread cond broadcast(&Change) ;

pthread mutex unlock(&Mutex);

return item;

// "si_ev_cause”

: Cause
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Producer and Consumer + CV (korexempel)

o Tveran] |

Kor S

Init 1
Schedule G 1
G: Lock G 0
G : Await 1
Schedule P 1
P: Lock P 0
P : Write P 0
P: Cause P 0
P : Unlock P 0
Schedule G 0
G: Read G 0
G: Cause G 0
mE) G:Unlock G 1

Kor : Kérande process

S : Semaforens varde

R : Ready-list

WS : Vantelista semafor

WE : Véntelista handelsevariabel
BUF : Antal element i buffer

G kor signal, S++

R W
PG

PG

PG

[}

P

P

p

P G
PG

PG

PG

PG

PG

P : Producer task
G : Consumer task

Prio:G>P

I
S WE

o0 0 60

BUF

O O O B B P B OO O O O O

o0id si_ev_cause(si_event *ev)

int done;

int pid;

DISABLE INTERRUPTS;

done = wait_list is_empty(
ev->wait list, WAIT LIST SIZE);

while (!done)

pid = wait_list_remove_one(
ev->wait_list, WAIT_LIST SIZE);
wait_list_insert(

ev->mutex->wait list, WAIT LIST SIZE,

done = wait_list is empty(
ev->wait list, WAIT LIST SIZE);

}
ENABLE_INTERRUPTS;

pid); //

/

<X

cause operation on ev

// atomic section begins
// we are done if the
//  wait list is empty

// remove one process from the
//  list of waiting processes
// insert it into the

mutex waiting list
// check if we

//  are done

// atomic section ends
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/* read item from buffer */
void get_item(void) {
char item;
pthread mutex_ lock(&Mutex);
while (count == 0) {

pthread_cond wait(&Change, &Mutex);

}

item = Buffer Data[Out_Pos];

Out_Pos++;

if (Out Pos == BUFFER SIZE) {
Out_Pos = 0;

}

count--;

pthread cond broadcast(&Change);

pthread mutex_unlock(&Mutex) ;

return item;

// "si_sem signal” : Signal
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void si_sem_signal(si_semaphore *sem)

int pid;
DISABLE INTERRUPTS;
if (!wait_list_is_empty(
sem->wait list, WAIT_LIST SIZE))
{

pid = wait_list_remove_highest prio(

sem->wait list, WAIT LIST SIZE);
ready_list_insert(pid);
schedule();
} else {
sem->counter++;

}
ENABLE_INTERRUPTS;

//
//

//
/7

/7

/7
/7

//
//

signal operation on semaphore sen

process id
atomic section begins
check if processes

are waiting on semaphore

get pid with
//  highest priority
make this process ready to run
call schedule
increment counter

atomic section ends
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Condition variables - handelsevariabler

« Kan anvandas for att implementera villkorliga kritiska regioner
* Tre operationer:

- Initiering(C, S) - interna data for villkorsvariabeln C initieras, och denna
associeras till semaforen S

- Await(C) - anropande process blir vantande (placeras i vanteko) pa C, och
en Signal-operation gors pa S

- Cause - processer som vantar pa C, flyttas till att istallet vanta pa S

II LINKOPINGS
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Initiering och anvandning av semafor med
handelsevariabel
* Initiering * Anvandning

pthread mutex t mutex; // I process:

pthread cond t change; pthread mutex lock(&mutex);

//I main(): ;.)’.cﬁread_cond_wait(&change, S&mutex);
pthread mutex init(&mutex, NULL); ce

pthread cond init(&change, NULL); pthread cond broadcast(&change);

pthread mutex unlock(&mutex);

I Simple-OS associeras handelsevariabeln med I Linux associeras handelsevariabeln med
Semaforen vid initieringen: Mutexen vid anvandningen:
si cv_init(&change, &Sem) pthread cond wait(&change, &Mutex)

Observera: Await och Cause behover alltid ligga innanfor/emellan Wait och Signal.
I annat fall garanteras inte korrekt funktion (for Await och Cause).
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Initiering och anvandning av semafor med
handelsevariabel

* Hur associeras handelsevariabeln med semaforen?

e I Linux:
pthread_cond_init(&change, NULL);
pthread_cond_wait(&change, &mutex);
* [ simple OS:
si_ev_init(&change, &mutex);
si_ev_await(&change);
 Det viktiga ar att veta ATT héandelsevariablen maste associeras

med semaforen, inte exakt hur det gors i ett visst
operativsystem.
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Dataabstraktion

Vi kan skapa strukturerade datatyper genom att anvanda en
struct

Vi kan skapa abstrakta datayper, genom att krava att all access
till datatypen sker via ett urval av funktioner, t ex pekare,
punktnotation

I forra forelasningen skapade vi ndstan en s k monitor

Enligt gangse terminologi krévs en hogre abstraktionsniva for
att det ska kallas en monitor
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Monitor

* En monitor ar en abstrakt datatyp med datafalt for delade

resurser till ett program med processer, och semaforer for att
skydda dessa resurser samt noll eller flera handelsevariabler for
att kontrollera accessen av resurser i villkorliga kritiska
regioner.
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Visualisering av en Monitor

* Med flera CV skulle
put_item() / get item()

Semaphore cv 1 kunna effektiviseras, t
ex en CV for buffer full
Task ||—> || Task och en CV for buffer
l . tom
Task Q’_Z
<= Task|<:‘ Taskl
Shared data
v 3
II LINKOPINGS
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Producent/konsument-exemplet

// Skapa datatyp med alla element

typedef struct {
char buffer data[BUFFER SIZE];
int in _pos; // skrivposition
int out pos; // lasposition
int count; // antal element i buffern

pthread mutex t mutex; // semafor

pthread cond t cv_1; // handelsevariabel 1

pthread cond t cv_2; // handelsevariabel 2
} buffer data type;

// Skapa pekare till struktur
typedef buffer data type *buffer type;
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Producent/konsument-exemplet
// Funktion som skapar buffer och initiera parametrar
buffer type create buffer(void) {
// skapa buffer
buffer type buffer;
buffer = (buffer type) malloc(sizeof(buffer data type));
// initiera buffervariabler
buffer->in pos = 0;
buffer->out pos = 0;
buffer->count = 0;
// initiera mutex och handelsevariabler
pthread mutex init(&buffer->mutex, NULL);
pthread cond init(&buffer->cv_1, NULL);
pthread cond init(&buffer->cv 2, NULL);
return buffer;
}
[T R
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Producent/konsument-exemplet

// Allokera minnesplats for denna instans av buffern!
buffer type b;

// Initiera minnesinnehallet
b

= create buffer();

put item() och get item() modifieras pa motsvarande satt
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Producent/konsument-exemplet

void put item(char item) {
pthread mutex lock(&b->mutex);
while (b->count == BUFFER SIZE) {
cv 1
}

b->buffer datal[b->in pos] = item;
b->in pos++;
if (b->in pos == BUFFER SIZE)
b->in pos = 0;
b->count++;
cv 2
pthread mutex unlock(&b->mutex);

2024-11-19 39

cv 1 : "icke full”

cv 2 : "icke tom”
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Producent/konsument-exemplet

char get item(void) {
char item;
pthread mutex lock(&b->mutex);
while (b->count == 0) {

}

item = b->buffer data[b->out pos];

b->out pos++;

if (b->out pos == BUFFER SIZE)
b->out pos = 0;

b->count--;

cv 2

cv 1
pthread mutex unlock(&b->mutex);
return item;

}

2024-11-19 40

cv 2 : "icke tom”

cv. 1 : "icke full”
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Laboration 3: Monitor

muTEx Monitor

Ccv

user thread

lift thread

shared data

passenger thread
|

2024-11-19

42

« Implementera ett hiss-system med flera tradar som anvander en
monitor for att skydda gemensamma resurser.
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Tips till uppgift 3: valgrind och gdb

* Anvand valgrind, vilket kan upptacka “vissa” kapplopningsproblem

(race conditions):

valgrind --tool=helgrind ./dittprogram

* Om du far segmentation fault:

gdb ./dittprogram
r

(vanta péa krasch)
bt

* Nu kan man se en sa kallad backtrace for kraschen.
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Apropos Spurious Wakeup

Foljande kod ar ej garanterad att fungera:

if (villkor()) {
pthread cond wait(&cv, &mutex);

}

Enligt pthreads-standarden kan pthread cond wait i sallsynta fall returnera
trots att ingen kort pthread cond broadcast()! Sa kallade Spurious Wakeups.

Spurious Wakeups mojliggor optimeringar (speciellt pa system med manga
karnor).

VIKTIGT: Anvand alltid while(villkor()) med handelsevariabler!

Notering: Man kan inte gora asymmetrisk synkronisering med
pthread cond wait resp pthread cond broadcast.
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Struct

2024-11-19 46

struct void main(void)
{ {
int first; variable.first = 1;
int second; variable.second = 2;
} variable; printf(”The struct variables are %d and %d\n”,
' variable.first, variable.second);
}

LINKOPINGS
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Struct type

2024-11-19 47

void print_struct type var(struct struct type var)
{
printf(”The struct variables are %d and %d\n”,
var.first, var.second);

struct struct _type }
{
int first; void print_struct_type_var_pointer(struct struct_type *var)
int second; { .
. printf(”The struct variables are %d and %d\n”,
b var->first, var->second);
}
void main(void)
{
struct struct _type variable;
variable.first = 3;
variable.second = 4;
print struct type var(variable); // call by value
print _struct type var pointer(&variable); // call by reference
}
II LINKOPINGS
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Struct typedef

2024-11-19 48

void print_ typedef struct type var(typedef struct type var)
{

printf(”The struct variables are %d and %d\n”,

typedef struct
{
int first;
int second;
} typedef struct type;

var.first, var.second);
}

void print_ typedef struct typ var pointer(
typedef struct type *var) {
printf(”The struct variables are %d and %d\n”,
var->first, var->second);

}

void main(void)
{
typedef struct type variable;

variable.first = 5;

variable.second = 6;

print typedef struct type var(variable);

print typedef struct type var pointer(&variable);
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StrUCt typed.ef typedef typedef struct type* str p type;
med dynamISk str_p_type init(void) {

str_p_type var =

a I |O ke rl ng (str_p type)malloc(sizeof(typedef struct type));

var->first = 7;
var->second = 8;

return var;
typedef struct }
{
int first; void print typedef struct type var pointer(str_p type var) {
int second; printf(”The struct variables are %d and %d\n”,
} typdef struct type; var->first, var->second);
— — ’ }

void main(void) {
str p type variable;
variable = init();
print typedef struct type var pointer(variable);

}
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Statisk kontra dynamisk minnesallokering

Alla datastrukturer behover Datastrukturer allokeras med
allokeras som globala variabler new och/eller malloc

Fordel: Total minnesatgang ar  Fordel: Mer flexibel
lattberaknad

* Annat vart att beakta:
- Anropsstacken kraver ocksa minnesutrymme
- Dvs rekursiva processer ar inte att rekommendera
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Apropos pthread_create()

void *do work(void *arg) {

int *id = (int *) arg;

printf(”Hello from thread %d\n”, *id);
}

int main(void) {
int i;
pthread t handle[10];
for (i=0; i<10; i++) {
pthread create(&handle[i], NULL, do work, (void *) &i);
}

for (i=0; i<10; i++) {
pthread join(handle[i], NULL);

}

Kommer trddarna att fa unika id:n?

2024-11-19 52

[void* ?]

Void* ar en pekare
Till en obestamd typ,
Dvs "mottagaren” kan
Valja att tolka pa
det satt den vill.
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Apropos pthread_create()

Problem: Loopen hinner kora vidare innan den skapade traden laser av
variabeln i

Losning 1:

int ids[10];
pthread t handle[10];
for (i=0; i<10; i++) {
ids[i] = 1i;
pthread create(&handle[i], NULL, do work, (void *) &ids[i]);
}

Denna l6sning fungerar bra om man inte har manga tradar och argumentet
till traden inte &r minneskravande
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Apropos pthread_create()

Losning 2: Assymetrisk synkronisering

sem_t id read; // semafor for assymetrisk synkronisering

Void *do work(void *arg) {
int *id = (int *) arg;
printf(”Hello from thread %d\n”, *id);
sem post(&id read);

}

sem _init(&id read, 0, 0);

int 1i;

pthread t handle[10];

for (i=0; i<10; i++) {
pthread create(&handle[i], NULL, do work, (void *) &i);
sem wait(&id read);

}

Fungerar bra for minneskravande argument till traéden, men man far véanta
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Apropos pthread_create()

Losning 3: Meddelanden

#include "messages.h” // meddelandefunktioner

Void *do work(void *arg) {

int *id = (int *) arg;

printf(”Hello from thread %d\n”, *id);

int len = message receive(msgbuf, 4096, PORT_WORK) ;
1

int i;
pthread t handle[10];
for (i=0; i<10; i++) {
pthread create(&handle[i], NULL, do work, (void *) &i);
message _send((char *) &m, sizeof(m), PORT WORK[i], 0);
1

Fungerar bra for minneskravande argument till trdden, men man f&r vanta
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Barrier med CV

* En barrier kan anvandas vid parallellprogrammering for att
snabba upp berdkningar genom att kora dessa pa flera
processorer, och som en synkroniseringsmekanism for att
invanta resultat vid en gemensam punkt.

Exempel: dela upp ett problem i flera omgangar

i 1 1 Omgang 2 kan inte starta forrén alla
g g g ar klara i omgang 1, osv.
4 4 4

omgdng 1 omgang 2 omgang 3

Barrier anvands for att se till att alla delproblem i forsta gruppen ar klara
innan nasta delproblemgrupp kan startas.
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Barrier med CV

Ansats:
Huvudloop for en task (det startas alltsa 4 st tasks, t ex i main)

void *task(void *unused) {
int i = 0;
while (1) {
printf(”Before do work (%d)\n”, i++);
do work();
barrierl(4);
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Barrier med CV

Forsta forsoket:

pthread mutex t mutex;
pthread cond t cv;
int num = 0;

void barrierl(int N) {

}

pthread mutex lock(&mutex);
num++;
pthread cond broadcast(&cv);
while(num < N) {
pthread cond wait(&cv, &mutex);
}

num = 0;
pthread cond broadcast(&cv);
pthread mutex unlock(&mutex);

Vad kommer att handa?

2024-11-19
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Barrier med CV

Svar:

2024-11-19

60

Fungerar inte alls, da den forsta traden direkt kommer att satta

num=0 sa snart den gar ut ur loopen.

Dvs, de Ovriga tradarna kommer att fastna i barridren
eftersomvillkoret while (num<N) ater da ar uppfylit.
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Barrier med CV
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void barrier2(int N) {
pthread mutex lock(&mutex);
num++;
pthread cond broadcast(&cv);

while(num < N && (num !'= 0))

}

num = 0;
pthread cond broadcast(&cv);
pthread mutex unlock(&mutex);

}

pthread cond wait(&cv, &mutex);

// forbered nasta korning av barrier2()

// ny task

{ «—Nytt villkor

// "vantrum”

// task lamnar >—>

A WN R

Ser ut att fungera bra, men vad hander om en ”“snabb” trad hinner
anropa barrier2() igen, innan évriga tradar lamnat barridren?
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Barrier med CV
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typedef enum {ENTERING, EXITING} barrier state t;
barrier state t state;

Void barrier3(int N) {
pthread mutex lock(&mutex);

if (num N) {

state = EXITING;
pthread cond broadcast(&cv);
}

}
num- - ;
// nar alla ar ute fran barrier
if (num == 0) {

state = ENTERING;

}

pthread cond broadcast(&cv);
pthread mutex unlock(&mutex);

}

while(state == EXITING) {

pthread cond wait(&cv, &mutex); // "vanta i kapprummet”
}

num++;

pthread cond_broadcast(&cv); // ny task
while(state == ENTERING) {

pthread cond wait(&cv, &mutex); // "vantrum”

// nytt state (behdvs egentligen inte)

// rédkna ner raknaren och andra till ENTERING-tillstandet

// task lamnar
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Tradar vs Processer

* Trédbaserad applikation: Alla tradar i ett program har samma
minnesutrymme. Tradar skapas och startas i Linux med
funktionen pthread_create().

* Processbaserad applikation: Alla processer har var sitt
minnesutrymme. Processer skapas/startas i Linux med
funktionen fork().
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Hur fungerar fork?
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- Fork skapar en kopia av originalprocessen (bade minnesutrymme
och oppna filer) och gor aven den nya processen korklar.

* I den gamla processen (parent) returnerar fork process-id:t for
den nya processen. I den nya processen returnerar fork vardet 0.

 Foljande ar for ovrigt en dalig ide:

while(1) {
fork();
}
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Hur skapas en process som kor en viss funktion?

// parent process (new_pid!=0)
int main(...) {
pid_t new_pid = fork();
if (!'new_pid) {
// child process
sender();
} else {
// parent process
receiver();

}

return 0;

¥

// child process (new_pid==0)
int main(...) {
pid_t new_pid = fork();
if (!'new_pid) {
// child process
sender();
} else {
// parent process
receiver();

3

return 0;

}

Funktionen fork() skapar en kopia av hela programmet och alla dittills forekommande variabler.
Darefter har de bada processerna separata/egna minnesutrymmen.
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Kommunikation mellan processer

* Problem: Hur kan processer kommunicera nar de inte kan titta i
samma datastruktur?

* Exempelvis
- Filer

Signaler (t ex Ctrl-C skickar SIGINT-meddelande)

- Semaforer (kan skapas i variant som anvander gemensamt minne)

Meddelanden
* Sockets (Exempelvis TCP/IP)
* Pipes
* Posix Message Queues (anvands i lab 4)
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Message passing / Meddelandekommunikation

* Det ar ofta lampligt att abstrahera kommunikation mellan tasks med hjalp
av meddelanden istallet for att direkt lasa/skriva i delade variabler

- Message passing (MP) kontra delat minne (DM)

« DM: Kommunikation mellan tradar sker via delade variabler
- Data lases/skrives pa plats av tradar. Accessmonstret paverkas av:
* Operativsystemet
* Andra aktiviteter pa systemet
* Annan hardvara pa systemet (som anvander bussen)
» Karakteristik hos processorn (cachemissar, branch prediction m m)

« MP: All kommunikation mellan tasks sker via ett fatal funktioner
- Data maste kopieras mellan tasks (mycket overhead)

- Underlattar dock ofta felsokning (man kan ofta skriva en process sa att beteendet
enbart beror pa inkommande meddelanden)

II LINKOPINGS
() UNIVERSITET

Datorteknik och Realtidssystem 70

Message passing / Meddelandekommunikation

* Det ar ofta vettigt att abstrahera kommunikation mellan tasks med hjalp av
meddelanden istallet for att direkt lasa/skriva i delade variabler

* Message passing (MP) kontra delat minne (DM):

« DM: Kommunikation mellan tradar sker via delade variabler
* Data lases/skrives pa plats av tradar. Accessmonstret paverkas av:
-Operativsystemet
-Andra aktiviteter pa systemet
-Annan hardvara pa systemet (som anvander bussen)
-Karakteristik hos processorn (cachemissar, branch prediction m m)

¢ MP: All kommunikation mellan tasks sker via ett fatal funktioner
* Data maste kopieras mellan tasks (mycket overhead)
* Underlattar dock ofta felsokning (man kan ofta skriva en process sa att
beteendet enbart beror pa inkommande meddelanden)
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Message passing

Funktioner: (ingar i messages.c / messages.h i laborationsuppgift 4)

int message receive(char *msg, int length, int queueid);

// Tar emot meddelanden pa angiven meddelandekdé, returnerar langden.
// Meddelanden skrivs till buffern msg, far max vara langden length.
// Blocking (vantar pa ett meddelande innan den returnerar)

void message send(char *msg, int length, int queueid, int priority);
// Skickar meddelandet i buffern msg av langden length till angivet
// queue-id med angiven prioritet.

// Non-blocking (om det finns plats i kdén, annars blocking)

Implementationen av messages liknar put_item/get item
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Message passing

* Exempel: Klocka med message passing (jfr med Lab 1)

set task message send(SET MESSAGE, 12:05:10)

clock task

tick task f/TE;;;;;:ﬁend(TICK_MESSAGE)
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Tips till Message passing
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struct message {
int type;
int hours;
int minutes;
int seconds;

+

#define TICK_MESSAGE 0
#define SET_MESSAGE 1

#define QUEUE_CLOCK 0

73
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Message passing

2024-11-19

// clock task loop:
while(1l) {
char buf[1024];
int length = message receive((char *) &buf, 1024, QUEUE CLOCK);
struct message *msg;
msg = (struct message *) buf;
if (length !'= sizeof(struct message)) {
panic(”Internal error: Wrong message size”);
}
// Notera: inga 13s kravs nedan
switch(msg->type) {
case TICK MESSAGE:
increment time(&time);
display time(&time);
break;
case SET_MESSAGE:
time.hours = msg->hours;
time.minutes = msg->minutes;
time.seconds msg->seconds;
break;
default;
error(”Unknown message”);

}

)

74

LINKOPINGS
Il.u UNIVERSITET



11/18/2024 13:45

TSEA81 Datorteknik och realtidssystem, forelasning 4 2024-11-19 75

Message passing

// tick task loop

while(1l) {
msg.type = TICK MESSAGE;
// resterande falt i msg anvands ej
message send((char *) &msg,
sizeof(struct message,QUEUE CLOCK, 0);

usleep(1000000); // wait until ar battre
}
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Lab4 : Message passing

¢ person process skickar ett TRAVEL-meddelande till lift process:
- Skapa en person pa vanlng X och skicka ett TRAVEL DONE till mig nar
personen natt sin vaning Y.
- lift move_process skickar MOVE-meddelanden varje gang hissen ska flyttas en
vaning

person_process Lift-structen finns i lift process

Y

Lift move processf—» lift process —suidraw process

uicommand process

* Notering: draw lift far bara anropas fran en process. Detta sker ifran
uidraw process. (Lift-strukturen skickas till uidraw-processen som ett

meddelande.)
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