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POSIX scheduling API
+—

scheduling policy, priority

» posix_spawn, pthread0i A& £€2 20|12 &=

-

int sched setscheduler(pid t pid, int policy,
const struct sched param *param) ;

int sched getscheduler(pid t pid);

int sched get priority max(int policy);
int sched get priority min(int policy);

int sched setparam(pid t pid, const struct sched param *param) ;

int sched getparam(pid t pid, struct sched param *param);

int sched yield(void);




POSIX Realtime scheduling

« Schedulingll = policy, priority &&= Jt&ICH.
» Scheduling policy

vy AdlEE0 AtsE EH

» Scheduling priority
n Realtime scheduling policyl A AFESE W

2 realtime, non-realtime2 2 = &l C}.



» Realtime scheduling
N FIFO, RR
N BANWZ HOote 2L0l= chrtE AFE 8L

» Non-realtime scheduling (normal scheduling)
N OTHER, BATCH, IDLE



Scheduling policy

>

Realtime and Non-realtime



Scheduling policy
-‘—

SCHED_FIFO FIFO 29 Azt 2AEH F 3

SCHED_RR Round-robin W29 AA|7F 2A|EH A Z)

dZg e o) 1F 2AEH. (default)

SCHED_OTHER | 1o raiie o 2w mang 24298 9990

SCHED_BATCH | Y& Fol™ 52 7]%. viX] 2Etd 9 v|ARA ¢ 2AE5

SCHED_IDLE | M EZo|m g2 7%, e $ %92 0 AN §agtec 2he),

N SUS H = Realtime : SCHED_FIFO, SCHED_RR, SCHED_OTHER

N SUS E &= Non-realtime : SCHED _OTHER
clsANMN= BIAAIZERR (I/0K 2], )



Policy : Realtime : FIFO, RR
—

SCHED_FIFO (First-In-First-Out)
p AlSH 2 = HZ AlSH

» yieldT| ALt [/0 blocking &It Xl CPUZE A

p OIS E Z2NA= RO W EOZ SEEL.

SCHED_RR (Round robin)

 J=8H 22 FIFOZ A = [HEL.

=

» quantum timeO| 2t2&|H &L AJ=H2 2 F 0| S==ICY.



Policy : Non-realtime : OTHER, BATCH
S AR —

< SCHED_OTHER (other, default policy)
p Al F =AUZ A3H round-robin@ 2 x|
» yieldTl H LI 1/0 blocking &t Xl CPUE AtE
p Ot I2AA=E RO MW EL2Z S=ELL

» quantum timeO| Q2G| MBI AHZE2{2 M F o S==C).



Time quantum?

I

=
» Time slicecdt )

< Time quantumOi| CHoll Al & OF & A}.
» SCHED_RROIIA 210]JF RULE.



Time quantum : SCHED_RR

& & UL

SCHED_RRO| A = interval (time quantum)=

» SCHED_FIFO= Al&otAl &=Lk 2H?

int sched rr get interval (pid t pid, struct timespec * tp);

» time quantum
n kernel 3.90(5Gt : nice valuelfl H&2 25
N kernel 3.90] & : /proc/sys/kernel/sched_rr_timeslice_ms

v default : 100ms



sched_timequantum.c

#include <stdio.h>
#include <stdlib.h>
#include <sched.h>

int main ()
{

struct timespec ts_timequantum;

if (sched rr get interval (0, &ts_timequantum) == -1) ({
perror ("sched rr get interval");
return EXIT FAILURE;

printf ("Time quantum: %lu.%lu\n",

ts_timequantum.tv_sec, ts_timequantum.tv_nsec);
return EXIT SUCCESS;

} /* end : main */



Time quantum
.r—

time quantum= &1 {2 At. (sched_timequantum.c= 20l)

Ve

# chrt -r 10 ./sched timequantum

Time quantum : 0.100000000

# cat /proc/sys/kernel/sched rr timeslice ms

100

# chrt -r 0 ./sched timequantum

chrt: failed to set pid 0's policy: Invalid argument

# chrt -f 10 ./sched timequantum
Time quantum : 0.0

# chrt -o 0 ./sched timequantum

Time quantum : 0.11000000

# chrt -o 10 ./sched timequantum

chrt: failed to set pid 0's policy: Invalid argument




Scheduling priority

>



Priority : Realtime

Realtime2 non-realtime scheduling2 Ct & =% Jt =CLt.
» RT priority= 1-992| =% & Jt& &= ULH (AMAEN et O E =
N max, mingt= oA = CI5HOF StCt.

N [[etAl etE ol A0 = sched_setscheduler2 polic
Nl sched_setparam2 & priorityE =2 JtH Al 2 S stL.

» RT pritory 102 priority -11=2 2|0|StC}. (=2 46 &=9)



P S=H0 /0 LEH, SE
» X2 context switchingOl

N context switching@ & 2!l

» nice Q(\j%%’— = &=

A0 2] 24 &

N nice : -19 -

F

~ 20

d = It

n
o o
[z

SDODOANOI A
N sSsT=2T

= 2|0[etLt.

Ct.

Time sharing2| non-realtime scheduling & 2 Al A



Priority : Realtime

+—
Realtime : SCHED_RR, 10

struct sched param schedp = { .sched priority = 0 };
if (sched setscheduler (0, policy, &schedp) == -1) ({
perror ("sched setscheduler") ;
return -1;

}
schedp.sched priority += 10;

if (sched setparam(0, &schedp) == -1) ({

* * o
/* error */ non-realtime]| A= sched_setparam S 2

}
priorityS £ 5I'H EINVALo| 23!

» nice=0:

n 21t : PRI =-11, NICE = -
» nice=-5:

n 21}t : PRI =-11, NICE = -



Scheduling : Realtime : priority

—_

< Realtime : SCHED_RR, 2
» nice=0:
N Z 1} s PRI = -3, NICE = -

» nice =-5:
. Realtime schedulingf| A=
N E_DJ- . PRI = '3, NICE = - l’liCC ValueQ] 9’]“]% /\‘I__g_-g'_x‘l (3.;-_1];—_]:]_




Scheduling : Non-Realtime : priority

< Non-Realtime : SCHED_OTHER, O

» nice: 0
v 21} : PRI=20, NICE=0
» nice : -5 = 3 F7F H =2 4 0971

20 vs 15
u Z 1} : PRI =15, NICE = -5 vo



PriorityE 2A0lH = Al
-r_

sched_quantum.c0fl getchar()= <€ HH =L}.

# chrt -r 10 ./sched timequantum

» htop= & 21 filter <F4>Z Ol Zoll M ./sched_ E Z A4 GHAt.

N =& watch -n 1 ps -o pid,priority,nice,cmd $(pgrep -fx ".*./sched_timequantum")

—/ L—

» 12| LIA CHE EHOIE A chrtLt reniceE S0 Al Xl O ol 2 At

# chrt -p 2 $(pgrep -fx ".*./sched timequantum")

# renice -5 $(pgrep -fx ".*./sched timequantum")



# chrt -r 10 ./sched timequantum |

# ps -o pid,priority,nice,cmd $(pgrep -fx ".*./sched timequantum")
PID PRI NI CMD
45963 -11 - ./sched_ timequantum

# chrt -p 2 $(pgrep -fx ".*./sched timequantum")
# ps -o pid,priority,nice,cmd $(pgrep -fx ".*./sched timequantum")
PID PRI NI CMD
45963 -3 - ./sched_ timequantum

# renice -5 $(pgrep -fx ".*./sched timequantum")
45963 (process ID) old priority 0, new priority -5
# ps -o pid,priority,nice,cmd $(pgrep -fx ".*./sched timequantum")
PID PRI NI CMD
45963 -3 - ./sched timequantum

OE HuldolA ¥3< W32,



Realtime SCHEDS| CX
4 - -

+ Context Switching0| & A5t= A
» pthread_pi_cputime.c2 J
» pthead_pi_cputime_sched.cZ Bt= A},

v schedulerE A 8E = /U=



Jdefine GNU_SOURCE pthread_pi_cputime_sched.c (1/7)

#include
#include
#include
#include
#include
#include

<unistd.h>
<stdio.h>
<stdlib.h>
<pthread.h>
<time.h>
<sched.h>

#define MY SCHED PRIO 10
#define NUM THREADS 3

static int num steps=1000000000;
double pi, step;

struct start_arg ({

int
int
int

idx;
i_start;
i_gnd;

double sum;
} start _arg[NUM THREADS] ;

struct timespec diff ts(struct timespec tl, struct timespec t2);



pthread_pi_cputime_sched.c (2/7)

void *start_ func(void *arg) {

int i; double x, sum = 0.0;

struct start arg *p arg = (struct start_arg *) arg;
$ifdef POSIX THREAD CPUTIME

int ret;

struct timespec tsl, ts2, ts diff;

clockid t clock cpu;
if ((ret = pthread getcpuclockid(pthread self(), &clock cpu)) != 0) {
return NULL;
}
clock _gettime (clock cpu, &tsl);
printf ("[T%d] 1: clock gettime = %$1d.%091d\n", p arg->idx, tsl.tv_sec, tsl.tv_nsec);
#endif
for (i=p_arg->i_start; i<p_arg->i end; i++) {
x = (i+0.5) * step;
sum += 4.0/(1.0 + x*x);
}
p_arg->sum = sum;
$ifdef POSIX THREAD CPUTIME
clock _gettime(clock cpu, &ts2);
ts_diff = diff ts(tsl, ts2);
printf (" [T%d] 2: elapsed cpu time = %1d.%091d\n",
p_arg->idx, ts diff.tv _sec, ts diff.tv nsec);
#endif
return NULL;



pthread_pi_cputime_sched.c (3/7)

int sched set options(int policy, int prio)
{
struct sched param schedp = { .sched priority = prio };
if (sched setscheduler (0, policy, &schedp) == -1) {
perror ("sched setscheduler");
return -1;
}
printf ("> sched setscheduler : %d\n", policy);
return O;

void sched print options()
{
struct sched param schedp;
printf ("* current sched getscheduler = %$d\n", sched getscheduler(0)) ;
sched getparam(0, &schedp);
printf ("* current sched getparam = %d\n", schedp.sched priority);



pthread_pi_cputime_sc

—

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

{

int i;

double sum;

pthread t

pt_id[2];

step = 1.0/ (double) num steps;

start arg[O0]
start arg[O0]
start _arg[1]
start _arg[1]
start _arg[2]
start _arg[2]

.i_start =

.i_end

.1 _start =

.1 _end

.1 _start =

.1 _end

sched print options() ;
if (argc '= 2) {
printf("$s <1 | 2 | 3 | 5>\n", argv[0]);
printf ("1:SCHED FIFO, 2:SCHED RR, 3:SCHED BATCH, 5:SCHED IDLE\n");

exit (0) ;

0;

num_steps>>1;

start arg[0].i end + 1;

start _arg[l].i start + (num_steps>>2);
start arg[l].i end + 1;

num_steps;



pthread_pi_cputime_sched.c (5/7)

switch((char)atoi(argv([1l])) {
case 1:
sched set options( SCHED FIFO, MY SCHED_PRIO) ;
break;
case 2:
sched set options( SCHED RR, MY SCHED PRIO) ;
break;
case 3:
sched set options( SCHED BATCH, 0);
break;
case 5:
sched set options( SCHED IDLE, O0);
break;
default:
sched set options( SCHED OTHER, O0);
break;
} /* end : switch */
printf ("%d~%d, %d~%d, %d~%d\n",
start_arg[0] .i_start, start arg[0].i end ,
start_arg[l].i_start, start arg[l].i end ,
start _arg[2].i_ start, start arg[2].i end );



pthread_pi_cputime_sched.c (6/7)

for (i=3; i--; ) { /* create pthread */

sleep (1) ;

start_arg[i] .idx = i;
if (pthread create(&pt id[i], NULL, start func, &start_arg[i])) {

perror ("pthread create");

return 1;

}
for (i=3; i--; ) { /* join pthread : explicit barrier */

if (pthread join(pt_id[i], NULL)) {
perror ("pthread join");
return 1;

}

sleep (1) ;
sum = start arg[0].sum + start arg[l].sum + start _arg[2].sum;

printf ("PI = $.8f (sum = %.8f)\n", step*sum, sum);
return EXIT SUCCESS;
} /* end : main */



pthread_pi_cputime_sched.c (7/7)

struct timespec diff ts(struct timespec tl, struct timespec t2)
{
struct timespec t;
t.tv_sec = t2.tv_sec - tl.tv_sec;
t.tv_nsec = t2.tv_nsec - tl.tv_nsec;
if (t.tv_nsec < 0) {
t.tv_sec--;
t.tv_nsec += 1000000000;
}

return t;



[root@fdev 10.realtime]# setcap cap sys nice=ep ./pthread pi cputime sched

[root@fdev 10.realtime]# getcap ./pthread pi cputime sched
./pthread pi cputime sched = cap sys_nice+tep

I S

Run : capabilities

~

prd

\/
[sunyzero@fdev 10.realtime]$ perf stat ./pthread pi cputime sched

... ¥Ht X2 sched MAO0| 7l=dFCt.

ot WS wjulct setcap AAQSNF7] AR SY
root A1 ¢SS &1 JohA IAL AE35HA,
_"

5.2 sudos AANTI AFESIx Hrt



sched : perf , CX : FIFO

1

1(SCHED_FIFO)Z Al

e

rol

# perf stat -d ./pthread pi cputime sched 1

sched_setscheduler

YRR L

1

Performance counter stats for './pthread pi cputime sched 1':

12483.741041
12

6

68
44,094,424,061
32,068,742,773
9,190,887,897
44,048,226,705

2,008,635,542
63,334
24,015,739, 640
312,525

128,704

<not supported>

task-clock (msec)
context-switches
cpu-migrations
page-faults

cycles
stalled-cycles-frontend
stalled-cycles-backend

instructions

branches
branch-misses
Ll-dcache-loads
Ll-dcache-load-misses
LLC-loads
LLC-load-misses

10.182770880 seconds time elapsed

#

3= o3 3 H I o3 I I o3 I H I

1.
.001
.000
.005
.532
72.
20.
.00
.73
160.
.00%
1923.
.00%
.010

w © O o

226

73%

84%

900

761

CPUs utilized

K/sec

K/sec

K/sec

GHz

frontend cycles idle
backend cycles idle
insn per cycle
stalled cycles per insn
M/sec

of all branches

M/sec

of all Ll-dcache hits
M/sec



1

2(SCHED_RR)Z Al=

sched : perf , CX : RR

ol

22

F

# perf stat -d ./pthread pi cputime sched 2

sched_setscheduler

e
12449.675324
13
5
67

44,070,607,892
32,048,677,934

9,140,887,073
44,041,195,965

2,007,457,393
45,388
24,013,736,878
177,271

89,482

<not supported>

2

task-clock (msec)
context-switches
cpu-migrations
page-faults

cycles
stalled-cycles-frontend
stalled-cycles-backend

instructions

branches
branch-misses
Ll-dcache-loads
Ll-dcache-load-misses
LLC-loads
LLC-load-misses

10.159336672 seconds time elapsed

oI 3 I W I o3 F o I I H I

w © O o »

72

.225
.001
.000
.005
.540
.12%
20.
.00
.73
l61l.
.00%
1928.
.00%
.007

74%

246

865

CPUs utilized

K/sec

K/sec

K/sec

GHz

frontend cycles idle
backend cycles idle
insn per cycle
stalled cycles per insn
M/sec

of all branches

M/sec

of all Ll-dcache hits
M/sec



1

0(SCHED_OTHER)Z AlE5t &

# perf stat -d ./pthread pi cputime sched 0

sched_setscheduler

1
12380.274380
395
4
68

44,082,281, 461
32,055,336,891

9,154,101,409
44,053,430,108

2,009,607,497
68,435
24,016,810,178
298,743

139,089

<not supported>

0

task-clock (msec)
context-switches
cpu-migrations
page-faults

cycles
stalled-cycles-frontend
stalled-cycles-backend

instructions

branches
branch-misses
Ll-dcache-loads
Ll-dcache-load-misses
LLC-loads
LLC-load-misses

10.098680695 seconds time elapsed

oI 3 I W I o3 F o I I H I

w © O o »

72

sched : perf , CX : OTHER

.226
.032
.000
.005
.561
.12%
20.
.00
.73
162.
.00%
1939.
.00%
.011

77%

323

926

CPUs utilized

K/sec

K/sec

K/sec

GHz

frontend cycles idle
backend cycles idle
insn per cycle
stalled cycles per insn
M/sec

of all branches

M/sec

of all Ll-dcache hits
M/sec



1

# perf stat -d ./pthread pi cputime sched 3

sched_setscheduler

e
12475.587267
103
3
70

44,084,642,337
32,058,051,723
9,141,849,962
44,052,728 ,482

2,009,470,719
59,169
24,016,604,723
275,898

116,328

<not supported>

3

task-clock (msec)
context-switches
cpu-migrations
page-faults

cycles
stalled-cycles-frontend
stalled-cycles-backend

instructions

branches
branch-misses
Ll-dcache-loads
Ll-dcache-load-misses
LLC-loads
LLC-load-misses

10.181818789 seconds time elapsed

oI 3 I W I o3 F o I I H I

w © O o »

72

sched : perf , CX : BATCH

3(SCHED_BATCH)E AlZ 8t 22

.225
.008
.000
.006
.534
.12%
20.
.00
.73
l61l.
.00%
1925.
.00%
.009

74%

072

088

CPUs utilized

K/sec

K/sec

K/sec

GHz

frontend cycles idle
backend cycles idle
insn per cycle
stalled cycles per insn
M/sec

of all branches

M/sec

of all Ll-dcache hits
M/sec



1

5(SCHED_IDLE)Z AIE3H B

# perf stat -d ./pthread pi cputime sched 5

sched_setscheduler

e
12420.149255
200
4
68

44,091,095,206
32,063,893,683

9,165,243,328
44,053,188,318

2,009,581,766
68,670
24,016,744,036
280,247

143,483

<not supported>

5

task-clock (msec)
context-switches
cpu-migrations
page-faults

cycles
stalled-cycles-frontend
stalled-cycles-backend

instructions

branches
branch-misses
Ll-dcache-loads
Ll-dcache-load-misses
LLC-loads
LLC-load-misses

10.109637913 seconds time elapsed

oI 3 I W I o3 F o I I H I

sched : perf , CX : IDLE

w © O o »

72

.229
.016
.000
.005
.550
.12%
20.
.00
.73
l61l.
.00%
1933.
.00%
.012

79%

800

692

CPUs utilized

K/sec

K/sec

K/sec

GHz

frontend cycles idle
backend cycles idle
insn per cycle
stalled cycles per insn
M/sec

of all branches

M/sec

of all Ll-dcache hits
M/sec



Scheduling plan

Realtime / pipelining model?! &%

> M0 JhE ZZ2MAIF =2 priorityE JtAl= 2 0] &= 2| otCt.

> S 2I0l e E2MAL S5 = priority2Cte 82 € 310t & 2I6tHCH.
Non-realtime / pipelining model?2! &%

> M2 JIhE ZZ2MA I =2 nice / batchE JtXl= X 0| = 2lGtHCE.
> S 20 2 E2MA=E E =2 niceE JHAl= 0| =2lotlt.



