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M grep(1)
B find . —-name *.[hcS] | xargs grep — hoge
B Tag jump
® make TAGS (emacs )
® make tags (vi )
u
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Documentation

Makefile, Rules.make

arch (1386 1a64 sparc...)
drivers

fs VES
include

Init main.c

Ipc SYSV IPC

kernel

lib

mm

net

scripts build
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HOS
|

I
u
M jiffiles
I
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System Commands
Applications etc.

Other GNOME
X KDE etc.

&/Stem Libraries Libraries

libc

Userland

CPU/Memory/Disks/Other Devices
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Userland Processes

CPU/Memory

Disks

NICs

Clock

Devices
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n  IPC
®signal pipe socket SYSV-IPC
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Process|D 30 ProcessID 35 Threadded Process|D 4
/bin/sh /bin/sh Application kswapd
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ProcessID 30 Process|ID 35 Threadded Process|D 4
/bin/sh /bin/sh Application kswapd
| 4 | 4 |+ | 4
v v_| v ||| v |
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° (= CPU )
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N . spinlock semaphore per-CPU data
RCU (25 ) ...
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jiffies
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struct list_head {

struct list head *next, *prev;

}

<linux/list.h>

#define LIST HEAD(name) struct list head name = LIST HEAD INIT(name)
list add list del ...

struct foo

LIST HEAD(head) N

LIST_HEAD(list)

struct foo

A

LIST HEAD(list) | ™
_ (h ),\

VA Linux Business Forum 2003

lllllll



°
®CPU

|
®|/0 (- CPU )
® wait(2) (- CPU )
®sleep(3) poll(2) ...

u (preempt)
°
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M schedule() goodness
u
I
l
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M linux-2.4.20
B Uni-processor
M 386
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task struct (<linux/sched.h>)

volatile long state; /7* -1 unrunnable, O runnable, >0 stopped */
Int sigpending;

volatile long need resched:

long counter;

long nice;

unsigned long policy;

It processor;

unsigned long cpus_runnable, cpus allowed;

struct list_ head run_list;

long per_cpu utime[NR_CPUS], per cpu stime[NR CPUS];
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B #define TASK RUNNING 0

M ##define TASK INTERRUPTIBLE 1
M #define TASK UNINTERRUPTIBLE 2
M #define TASK ZOMBIE 4

B #define TASK STOPPED 8
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N
#define SC

#define SC
#define SC

[Tl

D OTHER
D FIFO

D RR

#define SCHED YIELD
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waltqueue (<linux/wait.h>)

B wait_ gueue head t
wait_queue t

Hwait queue_t

® unsigned int flags;
® struct task struct * task;
® struct list head task list;

W wait queue head t

® wq_lock t lock;
® struct list head task list;
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waltqueue (<linux/wait.h>)

wait_queue
_head t

T

wake up()

wait_queue
t

_head t

wait_queue

\'task
]

wait_queue
t

wait_queue
t

waitqueue
sys poll)
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runqueue (kernel/sched.c)

Bsched.c static

M static LIST HEAD(runqueue head);
B - struct task struct run list

M queue?
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aligned data (schedule data)

Bsched.c static /

m( )
_

® struct task struct * curr;
® cycles t last schedule;
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init task (idle task)

l

M i386 cpu_idle()
(arch/1386/kernel/process.c)

u CPU (hit )

HCPU (boot

)
- (ps(1)
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B fork(2) - sys fork() — do fork() (fork.c)
M task struct (

)

®state = TASK UNINTERRUPTIBLE
@ counter = counter
®run list

l wake up_process (

)
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wake up()

B wake up process() — try to wake up(p, 0)

M try to wake up (*p, int synchronous)
{
p->state = TASK_RUNNING;
add _to _runqueue(p);
if (synchronous!! () )
reschedule idle(p)
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reschedule idle()

M reschedule idle()
{

tsk = cpu_curr(this cpu) «
If (preemption_goodness(tsk, p, this cpu) > 0)
tsk->need resched = 1;

}
B preemption goodness()
W goodness ( )

M need resched
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M nit/main.c

®kernel thread() /sbin/init (PID 1)
®PID 0 cpu_idle()
®PID 1 : /sbin/init (init())
B cpu idle() (arch/1386/process.c)
while(1) {
while (current->need resched) idle();
schedule();

}
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schedule 1/5

M1 SCHED RR
if (unlikely(prev->policy == SCHED RR))
If (!prev->counter) {
prev->counter = NICE TO TICKS(prev->nice);
move _last_rungqueue(prev);

}

#define TICK_ SCALE(X) ((x) >> 2)
#define NICE_TO _TICKS(nice) (TICK SCALE(20-(nice))+1)

B task struct counter

VA Linux Business Forum 2003 i i v s v & w3

JJJJJ



schedule 2/5

switch (prev->state) {
case TASK INTERRUPTIBLE:
if (signal_ pending(prev)) {
prev->state = TASK RUNNING;
break;
}
default:
del from_runqueue(prev);
case TASK RUNNING:;
}

prev->need resched = 0;
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schedule 3/5

repeat_schedule:
next = idle_task(this cpu);
c = -1000;
list_for each(tmp, &runqueue_head) {
p = list_entry(tmp, struct task struct, run_list);
If (can_schedule(p, this_cpu)) {
Int weight = goodness(p, this_cpu, prev->active_mm);
If (weight > c)
c = weight, next = p;
}
}

M goodness()
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schedule 4/5

sched data->curr = next;
task set cpu(next, this cpu);

If (unlikely(prev == next)) {
/* We won't go through the normal tail, so do this by hand */
prev->policy &= “SCHED YIELD;
goto same _process;

}

kstat.context swtch++;
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schedule 5/5

switch_to(prev, next, prev),
prev->policy &= "SCHED YIELD;

same _process:
If (current->need resched)
goto need resched back; // schedule()
return;

M switch to()
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oodness 1/2

int goodness(struct task struct * p, int this_cpu, struct mm_struct
*this_ mm)

{
int weight;

weight = -1,
if (p->policy & SCHED YIELD)
goto out;

B SCHED YIELD CPU
(sched yield(2) )
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oodness 2/2

I
if (p—>policy == SCHED OTHER) { //
weight = p->counter;
if ('weight)
goto out;
if (p->mm == this mm |} 'p->mm) //
weight += 1;
weight += 20 - p->nice;
goto out;
}
weight = 1000 + p->rt_priority,
out:
return weight;
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1/2

B counter - grep
B update process times() (timer.c)

mUP do _timer()
B do _timer(): 1 HZ

void do_timer(struct pt_regs *regs)

{
(*(unsigned long *)&jiffies)++;
update_process_times(user_mode(regs));

()
}
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2/2

M update process times

If (--p->counter <= 0) {
p->counter = 0;
if (p->policy != SCHED FIFO) {
p->need resched = 1

}
If (p->nice > 0)

kstat.per cpu_nice[cpu] += user tick;
else

kstat.per cpu_user[cpu] += user tick;
kstat.per_cpu_system[cpu] += system;

VA Linux Business Forum 2003 S 5 v T E



M need resched ? —~qgrep
l

if (current->need resched)

schedule();
n - 1dle
softirg
M need resched - wake_up()

(reschedule idle) fork()
sched setscheduler(2)...
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B  walt on Inode
add wait_queue(&inode->i wait, &wait),
repeat:
set_current _state(TASK UNINTERRUPTIBLE);
If (inode->i state & | LOCK) {
schedule();
goto repeat;
}
remove wait queue(&inode->i wait, &wait);
current->state = TASK RUNNING;

l | LOCK wakeup
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LInux

Bnce

I
I wait queue
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B Linux-2.5
®O(1)
(]

| Unix
® Solaris
®4.4BSD
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O(1l 1/10

static struct rungueue runqueues[NR_CPUS] _cacheline aligned,;
struct runqueue {

unsigned long nr_running, nr_switches, expired_timestamp,

nr_uninterruptible;

task t *curr, *idle;

struct mm_struct *prev.mm;

prio_array t *active, *expired, arrays[2];

Int prev_nr_running[NR_CPUS];

task t *migration_thread;

struct list head migration gqueue;

atomic_t nr_iowait;
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O(1)

H runqueue

-
g
g
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O(1) (2/10)

M schedule() 1.

need resched:
preempt disable();
prev = current;
rq = this rq();

prev->sleep timestamp = jiffies;
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O(1) (3/10)

M schedule() 2.

switch (prev->state) {
case TASK INTERRUPTIBLE:
If (unlikely(signal_pending(prev))) {
prev->state = TASK RUNNING;
break;

}
default:

deactivate task(prev, rq);
case TASK RUNNING:

}

VA Linux Business Forum 2003 i i v s v & w3



O(1) (4/10)

B schedule() 3.

pick next task:

If (unlikely('rg->nr_running)) {
next = rq->idle;
rq->expired_timestamp = 0;
goto switch tasks;

}

array = rq->active;

If (unlikely(larray->nr_active)) {
rq->active = rg->expired;
rg->expired = array;
array = rg->active;
rg->expired_timestamp = 0;

}

idx = sched find first bit(array->bitmap);

queue = array->queue + idx;

~_next = list entry(queue->next, task t, run_list); VA LINUX
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O(1) (5/10)

M schedule() 4,

switch_tasks:

clear tsk need resched(prev);

If (likely(prev != next)) {
rg->nr_switches++;
rg->curr = next;
prepare_arch_switch(rg, next);
prev = context switch(rg, prev, next);
finish_task_switch(prev);

}

preempt_enable no resched();

if (test_thread flag(TIF_ NEED RESCHED))
goto need resched,;
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O(1 6/10

I
static inline void deactivate task(struct task struct *p, runqueue_t *rq)
{
nr_running_dec(rq);
If (p->state == TASK UNINTERRUPTIBLE)
rg->nr_uninterruptible++;
p->array->nr active--;
list_del(&p->run_list);
If (list_ empty(p->array->queue + p->prio))
_ Clear bit(p->prio, p->array->bitmap);
p->array = NULL;
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O(1l 7/10

I
static inline void activate task(task t *p, runqueue_t *rq)
{
long sleep _time = jiffies - p->last run - 1;
If (sleep_time > 0) {
int sleep avg = p->sleep avg + sleep time;
If (sleep_avg > MAX SLEEP AVG)
sleep avg = MAX SLEEP AVG;
If (p->sleep avg = sleep avg) {
p->sleep avg = sleep avg;
p->prio = effective prio(p);

#define MAX SLEEP _AVG (10*HZ)

}
}

enqueue_task(p, rq->active);
nr_running_inc(rq);

}
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I . effective prio()
static int effective_prio(task_t *p)
{ USERPRIO:0 39
Int bonus, prio; PRIO:0 139
if (rt_task(p)) return p->prio; (RT_0 99 100 139

bonus = MAX USER_PRIO*PRIO_BONUS RATIO*p->

sleep avg/MAX SLEEP AVG/100 -
MAX USER PRIO*PRIO BONUS RATIO/100/2;
prio = p->static _prio - bonus;
if (prio < MAX RT PRIO) prio = MAX RT PRIO;
If (prio > MAX PRIO-1)  prio = MAX PRIO-1;
return prio;
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O(1 9/10

®sleep
(p->sleep avg/MAX SLEEP AVG - 0.5)

* MAX_ USER PRIO * PRIO BONUS RATIO (%)
o nhice
p->static_prio - bonus
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O(1 10/10

l . scheduler tick()

void scheduler tick(int user ticks, int sys ticks)
{

Int cpu = smp_processor id();

rungueue_t *rqg = this rq();

task t *p = current;

()
If (p->sleep_avg)

p->sleep avg--;
()
}
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Hidle softirg

need_resched schedule() =

M Big Kernel Lock
I

l . preempt_disable/enable
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Unix 1/2

H Solaris
e CPU ( )

W44BSD
4 (0(1)
)
® FreeBSD-5.1 ( ) 2

(SCHED 4BSD SCHED ULE)
CPU
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Unix 2/2

|
tsleep (void *ident, int priority, const char *wmesg, int timeo)
- 1/0
B wait channel 1
_ mutex lock -

atomic
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