pthread Examples

Now that you know the pthread API...
How do you create threads?
How do you pass different values to them?
How do you return values from threads?
What are some common mistakes?
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[COUFSG Announcements

MP #1 Is due at 11:59pm tonight.

MP #2 released this afternoon.

o Will appear in your svn at NETID/mp2
and on the course assignment page.

o Due at 11:59pm, one week from today.
o Solo MP.

Copyright ©: University of lllinois CS 241 Staff



Passing Arguments to Threads

pthread create ()

O

All arguments must be passed by reference and
castto (void ¥*)

Only one argument to the thread start routine
For multiple arguments

Creating a structure that contains all of the arguments

Pass a pointer to that structure In
pthread create()
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Passing Arguments to Threads

Where should these
be declared?

Passing an int:
O int i = 42;
pthread create (/

., my func, (void *)é&i);

Passing a C- .
o char *str =/"UIUC";
pthread crgate(..., my func, (void *)str);

Passing aryarray.

o int arr[100];
pthread create(..., my func, (void *)arr);
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Passing Arguments to Threads

Retrieving an int:

0 void *myfunc(void *vptr value) ({
int value = *((int *)vptr value);

Retrieving a C-string:
0 wvoid *myfunc(void *vptr value) ({
char *str = (char *)vptr value;

Retrieving an array:
0 wvoid *myfunc(void *vptr value) ({
int *arr = (int *)vptr value;
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Passing Arguments to Threads

Putting it all together:

0 wvoid *myfunc(void *vptr value) ({
int value = *((int *)vptr value);
printf ("Thread value: %d", wvalue);
return NULL;

}
int main() { Notifies the pthread library to
Will this be a pthread t tid; use default attributes
problem? int 1 = 6; _ :
pthread create(&tid, NULL, myfunqg, &i);
pthread join(tid, NULL)|;
return 0; Notifies the pthread library to
} ignore return value of myfunc
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Thread Argument Passing

How can you safely pass data to newly created
threads, given their non-deterministic start-up and
scheduling?

o Make sure that all passed data is thread safe
l.e., it cannot be changed by other threads

The following code fragment:

o Demonstrates how to pass a simple integer to each thread

o The calling thread uses a unique data structure for each
thread

o Each thread's argument remains intact throughout the
program
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Thread Argument Passing

#include <pthread.h>
#include <stdio.h>
#include <stdlib.h>
#define NUM THREADS 8

char *messages[NUM THREADS];

void *PrintHello (void *threadid) {
int *id ptr, taskid;

sleep (1) ;

id ptr = (int *) threadid;

taskid = *id ptr;

printf ("Thread %d: %$s\n", taskid, messages[taskid]);
pthread exit (NULL);
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Thread Argument Passing

int main(int argc, char *argv[]) {

pthread t threads[NUM THREADS];
int *taskids[NUM THREADS] ;

int rc, t;

messages[0] = "English: Hello World!";
messages[l] = "French: Bonjour, le monde!";
messages[2] = "Spanish: Hola al mundo";
messages[3] = "Klingon: Nuq neH!";
messages[4] = "German: Guten Tag, Welt!";
messages[5] = "Russian: Zdravstvytye, mir!";
messages[6] = "Japan: Sekai e konnichiwa!";
messages[7] = "Latin: Orbis, te saluto!";
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Thread Argument Passing

for (t=0; t<NUM THREADS; t++) {

taskids[tT-= (int *) malloc(sizeof(int));
*taskids[t] = t;

printf ("Creating thread %d\n", t);

rc = pthread create(&threads[t], NULL, PrintHello,
(void *) taskids|[t])

if (rc) {
printf ("ERR; pthread create() ret = %d\n", rc);
exit(-1);

}
pthread exit (NULL) ;
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Passing Complex Arguments

#include <pthread.h>
#include <stdio.h>
#include <stdlib.h>
#define NUM THREADS 8

char *messages[NUM THREADS];

struct thread data {
int thread id;
int sum;
char *message;

};

struct thread data thread data array[NUM THREADS] ;
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Passing Complex Arguments

void *PrintHello (void *threadarg) {

int taskid, sum;
char *hello msg;
struct thread data *my data;

sleeP(l);

my data = (struct thread data *) threadarg;

taskid = my data->thread id;

sum = my data->sum;

hello msg = my data->message;

printf ("Thread %d: %s Sum=%d\n", taskid, hello msg, sum);
pthread exit (NULL) ;
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Passing Complex Arguments

int main(int argc, char *argv[]) {

pthread t threads[NUM THREADS];

int rc, t, sum;

sum=0 ;

messages[0] = "English: Hello World!";
messages|[l] = "French: Bonjour, le monde!";
messages|[2] = "Spanish: Hola al mundo";
messages|[3] = "Klingon: Nuq neH!";
messages[4] = "German: Guten Tag, Welt!";
messages[5] = "Russian: Zdravstvytye, mir!";
messages[6] = "Japan: Sekai e konnichiwa!";
messages|[7] = "Latin: Orbis, te saluto!";
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Passing Complex Arguments

for (t=0;t<NUM THREADS; t++) {

sum = sum + t;

thread data_array[t].thread id = t;

thread data array[t].sum = sum;

thread data_array[t] .message = messages[t];

printf ("Creating thread %d\n", t);

}

rc = pthread create(&threads[t], NULL, PrintHello,
(void *) &thread data array([t]);

if (rec) {
printf ("ERR; pthread create() ret = %d\n", rc);
exit(-1);

pthread exit (NULL) ;
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Passing Complex Arguments

for (t=0; t<NUM THREADS; t++) {

sum = sum + t;

thread data_array[t].thread id = t;

thread data array[t].sum = sum;

rc = pthread create(&threads[t], NULL, PrintHello,
(void *) taskids|[t]):;

rc = pthread create(&threads[t], NULL, PrintHello,
(void *) &threadﬁdata=array[t]);

if (rec) {
printf ("ERR; pthread create() ret = %d\n", rc);
exit(-1);

}
pthread exit (NULL) ;
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Incorrect Argument Passing

#include <pthread.h>
#include <stdio.h>
#include <stdlib.h>
#define NUM THREADS 8

void *PrintHello (void *threadid)
{

int *id ptr, taskid;

sleep (1) ;

id ptr = (int *) threadid;

taskid = *id ptr;

printf ("Hello from thread %d\n", taskid);
pthread exit (NULL) ;
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Incorrect Argument Passing

The loop that creates threads

int main(int argc, char *argv[]) ({ modifies the contents of the
pthread t threads[NUM THREADS] ; address passed as an

int re, t; argument, possibly before the
created threads can access it.
for (t=0; t<NUM THREADS;t++) {

printf ("Creating thread %d\n", t); ///////

rc = pthread create(&threads[t], L, PrintHello,
(void *) &t)%

if (rec) {
printf ("ERR; pthread create() ret = %d\n", rc);
exit(-1);
}
} What is the possible output?

pthread exit (NULL) ;
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More Pthreads Examples

#include <pthread.h>

void *PrintHello(void *threadid) {
#define NUM THREADS 5 printf ("\n%d: Hello World!\n", threadid);
- pthread exit (NULL) ;
}

int main (int argc, char *argv[]) ({

pthread t threads[NUM THREADS] ;

Will all threads get a
int re, t; chance to execute?

for(t=0;t < NUM_THREADS;t++) {
printf ("Creating thread %d\n", t);

rc = pthread create(&threads[t], NULL, PrintHello, (void *)t);
if (re) {

printf ("ERROR; pthread create() return code is $d\n", rc);
exit(-1);

A

pthread exit (NULL) ;
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More Pthreads Examples

#include <pthread.h>

void *PrintHello(void *threadid) {
#define NUM THREADS 5 printf ("\n%d: Hello World!\n", threadid);
- pthread exit (NULL) ;
}

int main (int argc, char *argv[]) ({

pthread t threads[NUM THREADS] ; WI” a” threads get a
int re, t; chance to execute

before the parent exits?

for(t=0;t < NUM_THREADS;t++) {
printf ("Creating thread %d\n", t);

rc = pthread create(&threads[t], NULL, PrintHello,

(void *)t);
if (rc) {
printf ("ERROR; pthread create() return code is $d\n", rc);
exit(-1);
} for(t=0;t < NUM_THREADS;t++) {
} P pthread join( thread[t], NULL);
pthéZad exit (NULL) ; } printf (“Joining thread %d\n", t);
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Returning data through

pthread join ()

void *thread(void *vargp) ({ This is Iegal, bUt.iS it
pthread exit (/(void *)42)‘ : good programming

} practice?

int main() {
int 1i;
pthread t tid;

pthread create(&tid, NULL, thread, NULL);
pthread join(tid, (void *¥*)é&i);
printf ("$d\n",1i);
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Returning data through
pthread join ()

void *thread(void *wvargp) ({

int *value = (int *)malloc(sizeof (int));
*value = 84;

pthread exit(value);

int main() {

int i; pthread t tid; void *vptr return;

pthread create(&tid, NULL, thread, NULL);
pthread join(tid, &vptr return);

i = *((int *)vptr return);

free (vptr return);

printf ("$d\n",1i);
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Incorrectly returning data through
pthread join ()

What will happen here?

void *thread(void *wvargp) ({
exit(42) ;

int main() {
int 1i;
pthread t tid;

pthread create(&tid, NULL, thread, NULL);
pthread join(tid, (void *¥*)é&i);
printf ("$d\n",1i);
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Incorrectly returning data through
pthread join ()

void *thread(void *vargp) { What will happen here?

pthread detach (pthread self());
pthreadéexit((void*)42);

int main() {
int 1 = 0;
pthread t tid;

pthread create(&tid, NULL, thread, NULL);
pthread join(tid, (void**)é&i);
printf ("$d\n",1i);
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Incorrectly returning data through

pthread join ()
int main() {
typedef struct mystruct { pthread t pid;
double d; mystruct my;
int i; void *vptr;

} mystruct;

pthread create(&pid, NULL,
myfunc, NULL) ;

void *myfunc(void *vptr
Yy ( vptr) { pthread join(pid, &vptr);

mystruct my;

my.d = 3.14159265;
my.i = 42;

pthread exit((void¥*)|smy) ;

my = *((mystruct *)vptr);
free (vptr) ;

} printf (" (3£, %d)", my.d,
my.i);
return O;

}
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Returning data through
pthread join ()

int main() {

typedef struct mystruct { pthread t pid;
double d; mystruct my;
int i; void *vptr;

} mystruct;

pthread create(&pid, NULL,
myfunc, NULL) ;

void *myfunc(void *vptr
Yy ( vptr) { pthread join(pid, &vptr);

mystruct *my = (mystruct *)
malloc (sizeof (mystruct)) ;
my->d = 3.14159265;
my->i = 42;
pthread exit((void*)my)

my = *((mystruct *)vptr);
free (vptr) ;

printf (" (3£, 3d)", my.d,
my.i);
return 0O;

}
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Threadssafe Library Calls

#include <string.h>

char *token;

char *line = "LINE TO BE SEPARATED";

char *search =" ";

/* Token will point to "LINE". */

#include <string.h>
char *token;
char *line = "LINE TO BE SEPARATED";

char *search =" ";

/* Token will point to "LINE". */

token = strtok(line, search);

token = strtok r(line, search);

/* Token will point to "TO". */

/* Token will point to "TO". */

token = strtok (NULL, search);

token = strtok r (NULL, search);
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Threadssafe Library Calls

#include <string.h> #include <string.h>

char *token; char *token;

char *line = "LINE TO BE SEPARATED"; char *line = "LINE TO BE SEPARATED";
char *search =" "; char *search =" ";

char *state; char *state;

/* Token will point to "LINE". */ /* Token will point to "LINE". */
token = strtok r(line, search, &state); token = strtok r(line, search, &state);
/* Token will point to "TO". */ /* Token will point to "TO". */

token = strtok r (NULL, search, é&state); token = strtok r (NULL, search, é&state);
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System & library functions that are

not required to be thread-safe

asctime dirname getenv getpwent lgamma readdir
basename dlerror getgrent getpwnam lgammarf setenv
catgets drand48 getgrgid getpwuid lgammal setgrent
crypt ecvt getgrnam getservbyname | localeconv setkey
ctime encrypt gethostbyaddr getservbyport localtime setpwent
dbm_clearerr | endgrent gethostbyname getservent lrand48 setutxent
dbm_close endpwent gethostent getutxent mrand48 strerror
dbm_delete endutxent getlogin getutxid nftw strtok
dbm_error fevt getnetbyaddr getutxline nl_langinfo ttyname
dbm_fetch ftw getnetbyname gmtime ptsname unsetenv
dbm_firstkey | gcvt getnetent hcreate putc_unlocked wcstombs
dbm_nextkey | getc_unlocked getopt hdestroy putchar_unlocked | wctomb
dbm_open getchar_unlocked | getprotobynumber | inet_ntoa pututxline

dbm_store getdate getprotoent |64a rand
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