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0 ~ MAX_PRIO-1 0~

MAX_RT_PRIO-1 MAX_RT_PRIO ~MAX_PRIO-1
2. runqueue Kkernel/sched.c

struct runqueue 2.6 CPU
(1) prio_array_t *active, *expired, array9 2]

runqueue CPU
active expired

prio_array t
struct prio_array {

int nr_active; /* */

struct list_head queue]lMAX_PRIQ]; I* */

unsigned long bitmap[BITMAP_SIZE]; I* */




1 prio_array
gueue[MAX_PRIQ] i MAX_PRIO>i>=0
task_struct::runlist runnlist task_struct

queue[0] -« » NULL

e

qu?uefmo].'_> T P o PR < i

qu?le£139]<'—> ta'skk ‘4—»‘ task k+1 }4—» HT

1 queugMAX_PRIO]

struct prio_array unsigned long bitmap[BITMAP_SIZE]
queue]l MAX_PRIQ] bitmap bit
queueli] queueli] bitmap 1 0
1 idx
sched_find_first_bit()
gueueli]->next task_struct::runlist
active array expired array active array
active  expired 24
2.6 2.6
struct rungqueue sched.c sched.h

(2) spinlock_t lock

runqueue runqueue CPU
runqueue
(3) task_t *curr
CPU
current CPU
runqueue  curr
rg->curr = next; rg->curr  current
rg->curr

(4) unsigned long expired_timestamp



active array jiffies

expired array
EXPIRED_STARVING() expired array
“ 7z ““scheduler_tick()”~
(5) unsigned long nr_running, nr_switches, nr_uninterruptible, timestamp_last_tick
CPU

<> nr_running CPU activearray  expired array

< nr_switches CPU

< nr_uninterruptible CPU

< timestamp_last_tick

(6) struct list_head migration_queue

CPU
migration_req t migration_req_t::list “ 77 ““push””
3. task_struct(include/linux/sched.h)
Linux PCB
Linux PCB task_struct
task_struct 10 1 2.
3. 4.
5 6. 7
8. 0. 10.
task_struct
(2) volatile long state
include/linux/sched.h 6
< #define TASK_RUNNING 0
< #define TASK_INTERRUPTIBLE 1
< #define TASK_UNINTERRUPTIBLE 2
< #define TASK_STOPPED 4
< #define TASK_ZOMBIE 8
< #define TASK_DEAD 16
TASK_DEAD

(2) struct thread_info *thread_info

<+ s preempt_count;
< unsigned long flags;
preempt_count 0
0
flags TIF_NEED_RESCHED Kernel 24  need resched



(3) int prio, static_prio

prio Kernel2.4 goodness()
Kernel2.6 prio
static_prio nice nice -20~19
kernel/sched.c nice prio prioity
nice

< #defineNICE_TO_PRIO(nice) (MAX_RT_PRIO + (nice) + 20)
< #define PRIO_TO_NICE(prio)  ((prio) - MAX_RT_PRIO - 20)
prioity  nice

priority = MAX _RT _PRIO + nice+ 20

(4) struct list_head run_list

_ prio_array queue] MAX_PRIO]
list_head run_list
include/linux/list.h struct list_head
task_struct
(5) prio_array _t *array
CPU  active array active array
kernel/sched.c

array = next->array;

dequeue_task(next, array);
recalc_task_prio(next, next->timestamp + delta);
enqueue_task(next, array);

2
UP runqueue::active active
array SMP next thread info thread info
cpu next cpu runqueue active

schedule
(6) unsigned long sleep_avg
nanosecond 0~ NS MAX_SLEEP AVG

seep avg  Kernel 2.6
Sleep avg’”

(7) long interactive credit

-CREDIT_LIMIT ~ CREDIT_LIMIT+1
1 1 1 interactive_credit
CREDIT_LIMIT interactive_credit



CREDIT_LIMIT+1 “ 7z
(8) unsigned long long timestamp

deep avg
<>
activate task() kernel/sched.c p->timestamp = now
< expired array
schedule() kernel/sched.c
expired array prev->timestamp = now
< active array
schedule() kernel/sched.c
active array next->timestamp = now
<>
CPU  pull
timestamp sched_clock() - (src_rg->timestamp_last_tick - p->timestamp)
CPU
(9) int activated
< actived=-1 sleep
TASK_UNINTERRUPTIBLE try_to_wake_up()
< actived=0
< actived=1 TASK_INTERRUPTIBLE
credit activate_task()
< actived=2 TASK_INTERRUPTIBLE
activate task()
(10) unsigned long policy
24
< SCHED_FIF
CPU
< SCHED_RR
< SCHED_OTHER
(11) unsigned int time_dlice, first_time_dlice
time dlice Kerne 2.4 counter

first_time dlice 0



D

static_prio prio
nice
static_prio  sleep_avg
effecitve_prio() kernel/sched.c
seep avg -MAX_BONUS/2 ~ MAX_BONUS/2
bonus MAX_BONUS MAX_USER PRIO* PRIO_BONUS RATIO/100=10
sleep _avg -5~5
bonus = (NS_TO_JFFIES((p)- > sleep_avg)* MAX_BONUS/ MAX_SLEEP_AVG)-MAX_BONUS/ 2
prio = static__ prio—bonus MAX_RT_PRIO
MAX_PRIO-1 deep avg  bonus deep avg
bonus
)
effective prio()
recalc_task prio () recalc_task prio () actived
interactive_credit sleep_avg “c sleep avg®”
effective_prio()
< a effective_prio()
deep avg interactive credit
< b recalc_task_prio ()
< C active array expired array
effective_prio()

< d IDLE
2.
1)

time_dlice

task_timeslice() kernel/sched.c
[MAX_RT_PRIO, MAX_PRIO-1]
[MIN_TIMESLICE, MAX_TIMESLICE]

timeslice = MIN_TIMESLICE + ((MAX_TIMESLICE - MIN_TIMESLICE) *
(MAX_PRIO-1- (p)->tatic_prio) / (MAX_USER_PRIO-1))

2 static prio  timedice



time_slice(ms)

250
(100,200)
200 [ \
150 [~
100 [~
50
£ (139,10
O | |
50 100 static prio 150
static_prio
2 static_prio time dlice
)
0 Linux
for (each task on the system) {
recalculate priority;
recalculate timeslice
}
< O(n)
< task_struct
<>
Kernel 2.6 task_timeslice()
< a
““sched fork””
< b
““scheduler tick””
< C first_timeslice
Kernel2.6
3. seep_avg
deep avg
Kernel 2.6 sleep _avg
1)

sleep_avg

““PARENT_PENALTY /1007~




sleep_avg ““ CHILD_PENALTY / 100”” PARENT_PENALTY=100
CHILD_PENALTY =95 sleep_avg

)
acitvate task() recalc_task prio()
seep avg seep avg
0~NS MAX_SLEEP AVG
< MAX_SLEEP AVG-AVG_TIMESLICE
p->mm UNINTERRUPTIBLE p->activated !=-1
INTERACTIVE_SLEEP(p)

p->mm UNINTERRUPTIBLE p->activated == -
<« - IHIGH_CREDIT(p) sleep_avg
INTERACTIVE_SLEEP(p)

< INTERACTIVE_SLEEP(p)

INTERACTIVE_SLEEP(p) seep avg
INTERACTIVE_SLEEP(p)
< deep avgtdeep time

sleep_avg
©)
schedule() TASK_INTERRUPTIBLE
actived>0 ““actived™” recalc_task_prio()
2 sleep_time
actived=1 deep time ““(ON_RUNQUEUE_WEIGHT
* 128/100) / 128”7~
4 CPU
CPU seep avg
run_time run_time “c 7z
sleep_avg 0

©)
seep _avg
p->parent->sleep_avg = p->parent->deep_avg / (EXIT WEIGHT+1) * EXIT_WEIGHT +
p->sleep_avg /(EXIT_WEIGHT + 1);

deep avg V(EXIT_WEIGHT+1) sleep_avg
V( EXIT_WEIGHT+1)

Kernel 2.6



(2) interactive _credit —— deep_avg

interactive_credit task_struct “« 7z
0
<>
interactive_credit 1 recalc_task_prio()
a (p->mml=NULL)
TASK_UNINTERRUPTIBLE p->activated!=-1
deep time>INTERACTIVE_SLEEP(p) interactive credit 1
b. NS MAX_SLEEP AVG
interactive credit 1
<>
interactive_credit 1 schedul&()
CPU run_time sleep_avg
seep_avg 0
interactive credit HIGH_CREDIT(p) LOW_CREDIT(p)
interactive credit 1
interactive_credit -(CREDIT_LIMIT+1) ~
(CREDIT_LIMIT+1) interactive_credit CREDIT_LIMIT+1
interactive_credit
HIGH_CREDIT()
< CPU
run_time /= (CURRENT_BONUS(prev) ?: 1) deep avg
deep avg
< sleep_avg p->sleep_avg +=
deep time deep avg
deep avg
(2 deep avg ——
deep avg TASK_INTERRUPTIBLE
sleep_avg
deep_avg
(3) TASK_INTERACTIVE() — activearray
active array

(p)->prio <= (p)->static_prio - DELTA(p)
DELTA(p) = (SCALE(TASK_NICE(p), 40, MAX_BONUS) + INTERACTIVE_DELTA)




| SCALE(vLv1 max,v2_max) = (v1) * (v2_max) / (v1_max)

TASK_INTERACTIVE()

nice 12
DELTA(p)>5 sleep_avg
TASK_INTERACTIVE(p) nice -20
TASK_INTERACTIVE(p)

nice
active array

5. schedule() kernel/sched.c

schedule()

Kernel

1)
< prev  next

prev CPU

next CPU
<>

a

b. preempt_disable() “

C. current prev CPU

prev prev
run_time ““interactive credit”” rq
rq
d. prev
prev TASK_RUNNING
e rq 0 SMP
77 next idle

““expired timestamp””

a rq activearray 0

active array

nice n
nice>12
5
seep avg
rq prev
prev  rq
schedulg()

rg->expired_timestamp =0

expired array

array = rg->active;
rg->active = rg->expired;
rg->expired = array;
rg->expired_timestamp = 0;




‘ rg->best_expired_prio= MAX_PRIO;

activearray  expired array

b. sched_find_first_bit()

queuefidx]->next

next

idx

idx = sched find first_bit(array->bitmap);
gueue = array->queue + idx;
next = list_entry(queue->next, task_t, run_list);

schedule()

\/
sched_find_first bit()

bit 0, %rlorlty /  bit7, priority /
o { 7
¥ 4
L]
bit 139,
‘ priority 139
Run the first task y queue[7]
in queue(7]
v
3

C. next TASK_INTERRUPTIBLE actived>0

pri 0 (X9 >
<>

a prev!=next

b. next->timestamp rg->curr=next

rg->curr  current

C. Kernel 2.4

<>
prev. mm rq current
current=next=rg->curr TIF_NEED_RESCHED

2

schedulg()

Kernd 2.4 schedul&()
< schedulg()




<> task_struct need resched
schedulg()
need resched
a CPU
b CPU
nice
Kernel2.6 Kernd 2.4 need resched
bit - s £ >
6.
(1) —— sched_init()
sched_init() init/main.c start_kernel()
< CPU rungueue
< SMP CPU
< wake _up_forked process() ““wake _up_forked process””
< timer
(2 —— sched_fork(task_t *p)
fork
kenel/fork.c —do_fork()->copy_process->sched fork()
< TASK_RUNNIG rungueue
< runlist array fork
sched _tail preempt_count 1
< first timedice 1
<>
fork CPU 0
1 scheduler_tick()
““scheduler tick””
3 —— wake up_forked process(task_t * p)
fork kernel/fork.c do_fork()
fork
< sleep_avg ““deep avg 7z
< interactive_credit 0 prio cpu
< active array idle __activate_task(p, rq)
active array

(4)

—— schedule tail()



fork() entry.S
fork

(5) —— scheduler_tick()
update process time()

<>
< SCHED_RR SCHED_FIFO
TIF_NEED_RESCHED
<>
a TIF_NEED_RESCHED
first timeslice O rg-> expired _timestamp ““expired_timestamp””
b. TASK_INTERACTIVE() ““TASK_INTERACTIVE””
EXPIRED_STARVING(rq) expired array
(STARVATION_LIMIT && ((rg)->expired_timestamp& & (jiffies-
(rg)->expired_timestamp >= STARVATION_LIMIT * ((rg)->nr_running) + 1)))
|| ((rg)->curr->static_prio > (rg)->best_expired_prio)
EXPIRED_STARVING()
EXPIRED_STARVING()
< STARVATION_LIMIT
< (rg)->expired_timestamp
< (rg)->expired_timestamp >= STARVATION_LIMIT * ((rg)->nr_running) + 1)
expired array
((rg)->curr->static_prio > (rg)->best_expired prio)
expired array
C. EXPIRED_STARVING()
active array ““TASK_INTERACTIVE®~
expired array
<>
1 CPU active array
RR
a deep avg deep avg
CPU-bound
cache
b. CPU CPU
(6) deep  wakeup

interruptible  running




__add_wait_queue_tail (KRG INF]
wait queue, 3+ H I Hschedule(),
schedule()2: ¥ 378 M IZ AT BAF1 B2 T A B

MRAESKE, Wit
BEREEN
TASK_RUNNING, #&
JathATsignal handler

TASK INTERRUPTI
BLE

SRR TR T, H
try_to_wake up()kreEESERE, FFHIEH
__remove_wait_queue(VEiHEE Mwait queued

4 TASK_INTERRUPTBLE  TASK_RUNNING
wait_for_completion() try_to wake up()
< wait_for_completion()

a DECLARE_WAITQUEUE()
b. __add wait_gueue tail()
C. TASK_UNINTERRUPTIBLE
d. schedule()
e __remove_wait_queue()
schedule()
< try_to wake up()
activate_task()
rg->curr ““curr®” TIF_NEED_RESCHED
TASK_RUNNING
(7) —— sched_exit(task_t *p)
release_task()
< p->first_timeslice first_timeslice
1 p fork
< p p->sleep_avg < p->parent->sieep_avg
sleep_avg
7.
Kernel 2.6 Kernel 2.6 24
1)
preempt_disable() preempt_count



2

““preempt_count””
arch/i386/kernel/entry.S

preempt_count

ENTRY (resume_kernel)

cmpl $0,TI_PRE_COUNT (%ebp) # non-zero preempt_count ?

jnz restore_all

need_resched:
movl TI_FLAGS(%ebp), %ecx
testb $ TIF_NEED_RESCHED, %cl
jz restore_all
testl $IF_MASK,EFLAGS(%esp)
jz restore_all

movl $PREEMPT_ACTIVE, TI_PRE_COUNT (%ebp)

Sti

call schedule

movl $0,TI_PRE_COUNT (%ebp)
cli

jmp need_resched

# need resched set ?

# interrupts off (exception path) ?

o e E
schedule()

preempt_enable()
a preempt_count 1
b. TIF_NEED_RESCHED 0
preempt_count PREEMPT_ACTIVE
schedule()
schedule()

Kernel 2.6 ““pull=”

(1) pull

CPU CPU
pull load balance()
load balance() CPU
idle=0 idle=1

preempt_count
TIF_NEED_RESCHED
EFLAGS IF

preempt_schedule()

“pug,]sy

CPU

ide=1




idle=0 CPU rebalance _tick()
BUSY_REBALANCE_TICK load_balance()
load_balance()
< CPU CPU
CPU CPU CPU
25%
< CPU expired active
a
b. cpus_allowed CPU
C. CPU cache_decay_ticks cache
<>
a CPU
b. CPU CPU  active array
C. timestamp
d. CPU
TIF_NEED_RESCHED
< imbalance
idle=1 load_balance()
< IDLE_REBALANCE_TICK load_balance()
< schedule() CPU rq load_balance()
idle load_balance() idle=0 idle
idle=1
(2) push
migration_thread() CPU rg->migration_queue ““push””
CPU Kerne 2.6 CPU
SCHED_FIFO
migration_gueue set_cpus alowed() CPU
migration_req t CPU migration_queue
migration_thread
migration_thread() move_task_away()
< CPU
< activate task()
CPU
< CPU  rg->curr resched_task()

CPU TIF_NEED_RESCHED 1
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