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v’ Amdahl’s Law
'8 , scedonP

= |dentifies perforrgance gains from adding additional cores to an
application that has both serial and parallel components

= Sis serial portion

= N processing cores

Gren .
e 1 > %
| NEo L

= That is, if application is 75% parallel / 25% serial, moving from 1 to 2
cores results in speedup of 1.6 times

= As N approaches infinity, speedup approaches 1 /S
\'ﬁ ‘H\,& eXﬁlu.{L)ou/ -{—1m€ wWasg \Oos,q__u&j new @(ga‘ﬂw)p f-’lﬂl& = \OO

Serial portion of an application has disproportionate effect on
performance gained by adding additional cores

= But does the law take into account contemporary multicore systems?

ting System Concepts — 10™" Edition 402 Silberschatz, Galvin and Gagne ©2018
yerating
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el Pthreads Example

o #include <pthread.h>
#include <stdio.h>

3\ bal #include <stdlib.h>
oD@

| Uj'hbic in?sum; /* this data is shared by the thread(s) */ ‘
5“‘; M}%‘}‘""”void *runner (void *param); /* threads call this function */
o tadls

int main(int argc, char *argv[])
{ data '|aP€

pthread t tid; /% the thread identifier */
pthread attr_t attr; /* set of thread attributes */

} . /* set the default attributes of the thread */
ab3fihde  Pthread attrinit(Zattr) ; E e
/* create the thread */ For L oeawd? & Pasam /212

pthread create(&tid, &attr, runner, argv[i]);
/* wait for the thread to exit */
pthread _join(tid,NULL);

T walking Por dhe

printf("sum = %d\n",sum); Orc«fcj ane:«:Q B h/minmﬂa ﬁ'/sl' pefore the
} Main -H«.(fac,

S8
oo o
£ty L
i — ey
/ 1
.‘_,l

Operating System Concepts — 10t Edition 4.23 Silberschatz, Galvin and Gagne ©20

“ "‘\‘7‘.
5 b
§ P diae

b Pthreads Example (Cont.)

E.%.

/* The thread will execute in this function */
void *runner(void *param)

{

int i, upper = atoi(param); Ny A2 st pumb
sum = 0; Toom 7 uPte Porar.
for (i = 1; i <= upper; i+

sum += 1i;

pthread-exit(O) }

} Ls fu’Mbw j (ebsn to main Frcclio
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2 Pthreads Code for Joining 10 Threads

>

2
..’-\

£
g7

21

kS
——

#define NUM_THREADS 10
td(‘ :____,) mo{"kfs d 3
/% an array\of threads to be joined upon %/

thread_t workers [NUM_THREADS); ‘
¥ [ > of(a:'ﬁ vd\’r:!& s zelo, eack &(M#VIL K3 P*’V&"Q {3?6

for (int i =0; 1 < NUM_THREADS; i++)
pthread_join (workers[i], NULL);

18
s silberschatz, Galvin and Gagne ©20
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TCM/ fcfm/wdﬁc bﬁﬁo@ fork

/
5
fork
e
fork
|
|
&
F39
i Fmreonili AT Bl 4.36 Silberschatz, Galvin and Gagn
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= Set of compiler directives and
an API for C, C++,
FORTRAN

= Provides support for parallel
programming in shared-
memory environments

= |dentifies parallel regions —
blocks of code that can runin

parallel
ragma omp parallel
Create as many threads as there
gl are cores
- R /ﬁffmjs = Cofes

f; Operating System Concepts = 10 Edition

4.37

41 ”/ OpenMP

#include <omp.h>
#include <stdio.h>

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

/* sequential code */

#pragna omp parallel

printf ("I am a parallel region.");

} \s
/* sequential code */ [f D J Cole
} return 0; Huas ms*'/ufﬁ""”p
o\l be e)(e

tufe Fmes ('(r )

Silberschatz, Galvin and Gagne ©2018
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Example of Shortest-remaining-time-firs:

Now we add the concepts of varying arrival times and preemption to
the analysis

ProcessAarri Arrival TimeT ~ Burst Time '\ WT }

P, 0 8 2
P, 1 4 O
P 2 9 L
P, 3 B 2 \

Preemptive SJF Gantt Chart

P \ P, P, V 5 i J

26
N 5 10 17

Average waiting time = [(10-1)+(1-1)+(17-2)+(5-3)]/4 =26/4=6.5
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fEFs Process Burst Time
P, 24 SV o | 397 = _-
j—/(_»
P, 3 A
P, 3 F o
=  The Gantt chart is:
N, L N
{ ¥ 7 X7 P
P; P P o l P, ‘ P \ P, t P l
0 4 7 10 14 18 2 2 ?

urnaround than SJF, but better response

o context switch time
100 milliseconds,

= Typically, higher average t
= g should be large compared t

« qusually 10 milliseconds to
text switch <10 microseconds

« Con
< fesPonse pme B = O
N £ el Py = o £ K
oth Edition 5.22 Silberschatz, Galvin and Gagne ©201
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— OO

Processing (SMP)

Symmetric multj

| scheduling. 'S Where each processor is self

(b) \B ust

Loy g

|0t
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|
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|
|

N
y d v v
| |C0reo core, ...|c'0ren corey| |core,] ... [core,,

common ready queue

per-core run queues

(@) \ o Y (b) -
" - co“&\ %&'"A’
gvf_ef 50

;- Operating System Concepts — 10™ Edition 5.37 Silberschatz, Galvin and Gagne ©2018
P :
| ey Multicore Processors

= Recent trend to place multiple processor cores on same physical chip
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Multithreaded Multicore System
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wxs Multithreaded Multicore System
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?_ ? ? ? software threads
1. The operating system e

deciding which level 1 T
software thread to run '
on a logical CPU

o on levels of scheduling:

hardware threads
(logical processors)
2. How each core : .
decides which level2 | Bhi il P se el
to S
hardware thread T

run on the physical
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w?—d Bounded Buffer Problem (Cont.)

= The structure of the producer process

while (true) {

/* produce an item in next_produced */

T DECREMENT THE VALUE OF EMPTY
wait (empty) ; ——=> WAIT ONLY WHEN EMPTY = 0 (WHEN ALL BUFFERS ARE FULL)

wait (mutex) ; ==3)  THEPRODUCER WILL ENTER THE CRITICAL SECTION ( WRITING ON THE BUFFIR ).

/* add next produced to the buffer */

signal (mutex) ; MUTEX=1AGAIN
signal (full); [NCREMENT (FULL++)

Scanned with CamScanner



;;:f« Bounded Buffer Problem (Cont.)

*  The structure of the consumer process

while (true) {
wait (full) ; DECREMENT (FULL=N1)
wait (mutex) ; MUTEX BECOMES ZERO

/* remove an item from buffer to next consumed *x/

signal (mutex) ; MUTEX =1
signal (empty) ; |INCREMENT EMPTY -+

/* consume the item in next consumed */

BN\ Fax FN PN TN B
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