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Threading



1. MP5 Allocator Steps 1-6 due next tuesday

Hw 4 =S

‘A HW 5 out today




Agenda

1. Processes Review
&, Threading

3 Synchronization in programming



A process is ... Tunn'm5 ‘msj(otm{ o‘F A p{oaf&m

A single core CPU can run ..._\ ploless at mjﬁfh{
~ o million ingt, & geca*é

On a single core CPU, processes run ...

Conc,uum*\ij
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What prints?
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1 #include <stdio.h>

2 #include <unistd.h>

3

4 - unsigned int calc(int n){"_
unsigned int ret = 1;

- for(int i =@ 1> @; 4-{..}'\ ‘

ret = 1 * ret;

} — P A
return ret; U&*B cc malin. ™ ﬂtu@d{—
1013 |./a.ou

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

13 —>sleep(3); // Pauses_fa seconds
14 ~&int intValue =—
115 al

printf("%i", calc(intValue));
16 }
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main.c

1 #include <stdio.h>

2 #include <unistd.h>

3

4 - unsigned int calc(int n){

) unsigned int ret = 1;

6- —>for(int i = n; i > 0; i--){
7 =) ret = i * ret;
8 }
9

@

1

return ret;
10 }
il

'ﬂHEQint main(int argc, char *argv[]) {
13 sleep(3); // Pauses for 3 seconds
int in

14 ' tValue = argv[1][@] - 'Q'; i\ﬁﬁ;‘

15 printf("%1", calc(intValue));
16 3} '\Pgoscm\ ""D?LB

in.c 49 nadine St
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#include <stdio.h=
#include <unistd.h>

= unsigned int calc{int n){

unsigned int ret = 1;

for{int i = n; i > @; i--){
ret = i * ret;

}

return ret;

}

- int main{int argc, char *argv[]) {
sleep(3); // Pauses for 3 seconds
int intValue = argv[1][@] - '@°;
printf("%¥1", calc(intValue));

cC main.él

|
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Thread Example [occ main. c)

T /a.out

2 #include <Ethread.h>
3

4- void* thread_function(void* arg) { M VT
—ﬂ? printf("Hello from the new thread!:\n");
[ {/return NULL:
}

7
8

9- int main() { lZ
1@.—-7 pthread_t thread;

11 \ ¢
12 // Create a new throod. g
13*——9if (pthread create NULL, thread_function, NULL) != @) {

14 perror("Failed to create thread");

15 return 1;
16 }
17

1-3—‘-? printf("Hello from the main thread!“n");
19

20 -.ﬁff Wait for the new thread to finish

21 pthread_join(thread, NULLz;
22 |

23 intf("Thread has finished.\n");
24 }
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 void® thread_function(void® arg) {
printf{"Helle from the new thread!.n™);

[ return NULL;
- Works on a thread level AL
8
- int main{) {
(}QU 1@ pthread_t threed;
11
A Create a new thread
if (pthréad_createlfthread, WULL, thread function, NULLY 1= @) {
'1 L 1 perrord"Failed to create thread™);
13 return 1;
16 ¥
17
18 printf{"Helle from the main thread!™n™);
19
28 £# Wait for the new thread to finish
21 pthread_join{thread, HULL);
22
23 printf{"Thread has finished..n");
24 }
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What are the max number of
threads that could bhe
running concurre if I run
this program from 5| — |-

terminals at the same time?
[ ——

2 sinclude <pthread.hs
3
4= void® thread_functien(void® arg) {
5 printf{"Hello from the new thread!.n®);
B return MULL;
7
_

}
&
9- int mainl) {
14 pthresd_t threod;

clicker.cs.illinois.edu

11

12 o T -

137 Nf (pthread_creste(ithread, BULL, thread_function, NULL) = @)
14 perror{“Failed to create thread™);
15 return 1;

16

17

18 printf{"Hello from the main thread!.n");
19

28 /4 Wait for the new threod to finish

21 pthread_join{thread, NULL);

22

23 printf{"Thread has finished.\n");




How many different page
tables would the computer
need to store to run this
program from 5 terminals

concurrently? oA
* it 0468+ — o8t

3
4- void* thread_function(veid® arg) {
printf{"Hello from the new thread!'.n");
return NULL;
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}

9- int main() {
1@ pthread_t thread;

0= = howA

11

12 £ Create a new thread

1 if (pthresd_create(ithread, HULL, thread_function, NULLD != @) {
14 perror{ "Failed to create thread™);
15 return 1;

16 }

17

18 printf{"Hello from the main thread!.n™);
19

20 f# Wait for the new thread to finmish

21 pthread_join{thresd, NULL);

2

23 printf{"Thread has Finished.n™);

24}




With a 1 core GPU how many
could I run in
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parallel?

incluge =stdud.hx>
2 #include <pthread.hs

3

4+ void* thread_functionCvoid® arg) {

5 printf("Hello from the new thread!“.n");
& return NULL;

71

]

9- int main) {

1@ pthread_t thread;

11

12 /¢ Create a new thread

13;__7” (pthread_create(ithread, NULL, thread_function, NULL) != @) {
14 perror{"Failed to create thread™);
15 return 1;

16 }

17

18 printf("Hella from the main thread!n");
19

20 /¢ Woit for the new thread to finish

21 pthread_join(thread, NULL);

22

23 printf("Thread has finished.\n");




With a 1 core GPU how many
threads could I run in
parallel?
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TACLUGE <5CdLe, N>
#include <pthread,hs

- yoid* thread_function{void®* arg) {

2
3
4
5 printf("Hello from the new thread!“.n");
B return NULL;

7

8

9

- int maind) {
1@ pthread_t thread;

12 .\h /¢ Create a new thread

13 if (pthread_create(ithread, WULL, thread_function, NULLY !'= @) {
14 perror{"Failed to create thread™);
15 return 1;

16 }

17

18 printf("Hella from the main thread!n");
19

28 /¢ Woit for the new thread to finish

21 pthread_join(thread, NULL);

22

23 printf("Thread has finished.\n");




Threading Example

1 #include <stdio.h>

Z #include <pthread.h>
3 #include <unistd.h>
4

mpute: arg)
int* ptr = (intXarg;
T printf("my value is %i\n" ,‘ "ptrh;

g Kryerd S

8 ' return NULL;

9 %

18

11- int main() { %

12 pthread_t threggds

13 int args[2] \\E"Q,

14 \

15- for {(int 1 = @; 1 < 2; i++}{4 J/ e —
16~ if (pthread_create(&threads[i], NULL, :ompute.~&(nrgs[i]jp =@ {
17 perror( Failed to create thread");

18 return 1; (:)""r \
19 }

28

21

22 //wait for both threads to finish

23~ for (int 1 =0; 1 < 2; i++) {

24 pthread_join(threads[i], NULLY;

25 }
26 } r:-\



What will this code print?

include <stdio.h>
2 #include <pthread.h>
3 #include <unistd.h>
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: @ (%)
5- void *sort(void* arg) { \ %
b =y int *ptr = (int*)arg; ‘) 6 ELQ

7 —=9sleep(*ptr);

2 printf("®EL ", *ptr);

9 return NULL; Q:\ 9

112 }

11

12 - int main() {

13 int arr[6] =

14 pthread_t thretd

15

16 - for (int 1 =0: 1 < 6; i++) {

17" if (pthread_create(&threads[i], NULL, sur't 1= 0) {
18 perror{"Failed to create thread");
19 return 1;

20 }

21 }

22

23 ffwait for both threads to finish

24 - for (int i = @: 1 < 6: 1++) {

25 pthread_join{threads[i], NULL);

26 }



#include <pthread.h>
#include «unigtd.h ®
int arr[2] % ‘L

2

3

4

5

6 int counter =Wk

Fil ih§

8- void *compute(vorll* arg) {
9 . . .

o O, g . - 'i.++){

11 anging s ndex ¥in™, i);
12 —iy-'.)ar'r'[i] . counter;

13 _gé,:uunter'n; ﬁ‘

14 ==}

15 H

J.E.-—‘:S’}return HULL:

17 }

18 \L

19- int maing) {

20 pthread_t threads[2]:

21 |’
22~ for Cint 1 = 8:; 1 < 2; i+ {

23- if (pthread_create(fthreads[i], NULL, compute, MULL) != @) {
24 perror("Failed to create thread™);
25 return 1;

26 }

27 }

28

29 Afwmait for both threads to finish

30- for fint i = 8; i < 2; is) {

31 =% pthread_join(threads[i], NULL);

32 }

a3

34 - for {int 1 = @; 1 =« 2; i++) {

35 printf("%i ", arr[i]);

36 1

clicker.cs.illinois.edu

Could this code print “3 2"

3
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1 #include <stdio‘=
2 #include <pthread.h>
3 #include <unistd.h> u ex
4
S pthread_mutex_t m « PTmEAD_mTEX_INITm // static init

JRERERL g the oK SAroin
o ot o L [y m}ﬂ”‘i\ (BQdeCEb

12- i=0; 1<) 1++){

13- 1fCarr[i] == 0){

14 printf("changing index %¥i\n", i);

15 arr[i] = counter;

16 counter++;

: X )
+ V
19 \ﬁ LV
20

21 return NULL;

o (esoiCeO

24+ int main() {

25 pthread_t threads[2];

26

27~ for (int 1 = 0; i < 2; i++) {

28~ if (pthread_create(&threads[i], NULL, compute, NULL) !« @) {
29 perror("Failed to create thread");
30 return 1;

31 }

32 }

33 //wait for both threads to finish

34- for (int & = 0; 1 < 2; 1+4) {

35 pthread_join(threads[i], NULL);

36 }

37

38- for (int 1 = 0; i < 2; 1+4) {

39 printf("%¥t ", arr[i]);

40 }
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Conditional Variable

pthread_mutex_t '-"?: PTHREAD_MUTEX_INITIALIZER;

S

6 pthread_cond_t %- PTHREAD_COND_INITIALIZER;
7

& int ready = 8=

9 int data = B;q—-

18

11- void* worker({void* arg) {

12 "'bpthrend_mtex_‘l.uck{&'n:l; i.*e u?
13- —ubile (!ready) { ¢ 59
14 <y pthread_cond_wait{acy, Em},
15
16 nt value = data;
17 pthread_mutex_unlock(im); ==7 U““'“"'h‘
18 K
19 printf("worker got data = ¥d'Wn”, value);
28 return NULL;
21 3
22
23~ int main(void) {
24 pthread_t t;
25 pthread_create(ft, WULL, worker, WULLY;
26
A4 doing work to produce the data
23“"'-7 sleep(1);
29
30 ==y pthread_mutex_lock(im);
3 ~datd_ 47 u,,
32 =gﬂd_“ = li
33 pthread_cond_signal (Ao ol ™
34 pthread_mu te:_un[ncl:(&m) E i
a5
38 pthread_join(t, NULLD);
37 return @;
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DO l pOtentia“y need a,#mutex clicker.cs.illinois.edu
for handling multiple processe (] K [a]
running on my computer? Why 09 ik
or why not?







Deadlock - Dining Philosophers



What does deadlock look like in code?
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