Linux

5.1 Linux
UNIX
CPU
Linux
5.1.1
PC RTC 0S RTC Real Time
Clock CMOS PC
Linux RTC /dev/rtc
RTC 0x70 0x711/0 RTC /sbin/clock
1/0
0S PC / 0S
RTC 0S
0S 0S

0S
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0S
0S / 8253/8254

5.1

EED I

5.1 8253/8254

/
16
5MHz~100MHz
1 0
0S

0S
0S
5.12

RTC 0S
RTC 0S
RTC

Linux 5.2 0S

PC BI0S RTC
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RTC

RTC

0S

Linux

5.1

0S

RTC

INT 1AH

BI0S

0S



RTC RTC 0S
RTC BI0S RTC
Linux BI0S
4 U
0S
Date Time
> =
0S BIOS
0S
BIOS
}{_ ____________________ RIC
PC BIOS  RTC
Date Time
RTC
N ] —
5.2
RTC 0S RTC
RTC 0S
0S
0S
5.1.3 Linux
RTC 0S
0S
0S /
1
DOS 1980 1 1 UNIX  Minux
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1970 1 1 12 Linux 1970 1 0
5.1.4 Linux
0S Linux 0S
100 10
10ms 10ms 1
DOS 1/18.2s Minix 1/60s
Linux jJiffies Jjiffy  “©
i “ 7 jiffies jiffy
/kernel/time.c
unsigned long volatile jiffies
jJiffies Linux
/Jinclude/linux/time.h
struct timespec { * *
long tv_sec; * second *
long tv_nsec; /* nanosecond *
}
struct timeval { * *
int tv_sec; /* *
int tv_usec; /* microsecond *
}:
struct timezone { /* *
int tz_minuteswest; * *
int tz_dsttime; /* *
}:
tv_sec second  tv_usec microsecond 10°
tv_nsec nanosecond 10° th usec  tv_nsec
Linux
jiffies jiffies
jiffies
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5.2

5.2.1
Linux 0S /
CPU
CPU
5.3
» IRQO CPU
8259A 1 R
Out0
1.93180MHz Outl
*| 8253/8254 > Dram
/
Out2
5.3 8253 8250A
/ /
3 Out0 Outl Out2
outo 82594 1
CPU
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5.2.2 Linux
1 /
I1BM PC 8253 8254
5.1

5.1 8253/8254

0 0x40 3

1 0x41 2

2 0x42 3

0x43 / 8253
0 5.3 Out0 Linux 8253

/arch/i386/kernel/i18259.c  init_IRQ()
set_intr_gate o0x20, interrupt[0]
* 10T 0x20

0 */
outb p 0x34,0x43 ; /* 0 2*/
outb p LATCH & Oxff , Ox40 ; /* LSB */
outb LATCH >> 8 , 0x40 ; /* MSB */
LATCH 0 0
/include/linux/timex.h
#define CLOCK_TICK_RATE 1193180 /* 5.3 */
#define LATCH CLOCK_TICK RATE + HZ/2 / HZ /* 0 */
CLOCK_TICK_RATE 8253 5.3 1.193180MHz
1MHZ 8253 3
HZ 0 /include/asm/param.h
#define HZ 100
2
o timer_interrupt
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) do_timer_interrupt();

) do_timer

. setup_irqg ;

) ret_from_intr ;
3

timer_interrupt

do_timer_interrupt()

do_timer
1 timer_interrupt

10ms timer_interrupt

do_timer_interrupt()

2 do_timer_interrupt()
do_timer_interrupt()
RTC

do_timer

/arch/i386/kernel/time.c

static inline void do_timer_interrupt int irq, void *dev_id, struct pt_regs *regs

{

do_timer regs ; /*

if xtime.tv_sec > last_rtc_update + 660
update RTC();

/* 11 RTC 0S
660 xtime.tv_sec last_rtc_update
}
xtime timeval
3 do_timer() /kernel/sched.c
void do_timer struct pt_regs * regs
{

* unsigned long * ¢&jiffies ++; /*
*/
update_process_times();
++lost_ticks;
if ! user_mode regs
++lost_ticks_system;

mark_bh TIMER BH ;

if tg_timer
mark_bh TQUEUE_BH ;

update_process_times()

RTC

RTC

*/

11

jJiffies

*/
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counter
counter<=0
timer_interrupt()
lost_ticks lost_ticks_system timer_bh()
10ms timer_bh(Q)
timer_bh()
lost_ticks timer_bh()
lost_ticks_system
timer_bh(Q)
4
time_init /arch/i386/kernel/time.c
void __init time_init void
{
xtime.tv_sec=get_cmos_time();
xtime.tv_usec=0;
setup_irg O irg0 ;
}
get_cmos_time() CMoS xtime
setup_irq O irgo irq0

irgaction
static struct irgaction irq0 = { timer_interrupt, SA_INTERRUPT, O, "timer™, NULL, NULL};

setup_irg 0, &irg0

do_timer_interrupt

{
SAVE_ALL
intr_count += 1;
timer_interrupt()
intr_count -= 1;
jmp ret_from_intr
}

jmp ret_from_ intr
jmp ret_from_sys call
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jmp ret_from_sys call

/arch/i386/kernel/entry.S
ENTRY ret_from_sys_call
cli # need_resched and signals atomic test
cmpl $0,need_resched %ebx
jne reschedule
cmpl $0,sigpending %ebx
jne signal_return

restore_all:
RESTORE_ALL

ALIGN

signal_return:
sti # we can get here from an interrupt handler

testl $ VM_MASK ,EFLAGS %esp
movl %esp,%eax

jne v86_signal_return

xorl %edx,%edx

call SYMBOL_NAME do_signal
jmp restore_all

ALIGN
v86_signal_return:

call SYMBOL_NAME save v86_ state
movl %eax,%esp

xorl %edx,%edx

call SYMBOL_NAME do_signal

jmp restore_all

reschedule:
call SYMBOL_NAME schedule # test

jmp ret_from_sys_call
“ *ret_from_sys call

ret_from_sys_call

ret_from sys call

reschedule

signal_return
v86_signal_return 86
RESTORE_ALL

g b~ WODN -

ret_from_sys_call need_resched
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5.3.1

CPU
Algorithm

Linux

5.3 LiInux

Scheduling Policy

g b~ W N -
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CPU

Windows

Time Slice

100 /
CPU
——Schedule
Linux
CPU
CPU
UNIX 5.3BSD
CPU
ms ms

Scheduling

Linux



1 Nonpreemptive Scheduling
CPU
2 Preemptive Scheduling
Linux
3
4
Linux
Linux Linux
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5.3.2 Linux
Linux Schedule()

Linux

1

2

3

4
1 sleep() exit()
2
3

need_resched
CPU
4
ret_from_sys _call()

timer interrupt
schedule() do_timer()
3
e schedule()
e do_timer()

100 100Hz
e ret_from sys call()

do_timer()
counter
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current->counter=0

3
ret_form_sys _call()

schedule()

100



ret_from_sys _call()

cmpl $0, _need_resched
jne reschedule

restore_all:
RESTORE_ALL

reschedule:
call SYMBOL_NAME schedule
jmp ret_from_sys _call

need_resched 0
reschedule schedule() schedule()

0 RESTORE_ALL

ret_from_sys_call()

ret_from_sys_call()

Linux UNIX ““nice level””
priority Linux Round

Robing both sooner and longer
UNIX

““real time~”
““nice level””

Linux “c
5.3.3
task_struct 5
need_resched nice counter policy rt_priority
1 need_resched: 1 schedule()
2 counter:
1 0 need_resched 1
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3 nice: “ 7z counter
POSIX.1b sched_setparam() 5.4BSD/SVR4 setpriority()
4 rt_priority:
5 policy:
sched_setscheduler
counter nice
FIFO RR
Linux
counter
Linux “ 7z
Linux “ 7z
counter
counter 5 5 5*10ms=50ms
Linux 2.4 50ms
5.3.4
goodness()
5 weight

static inline int goodness struct task struct * p, struct mm_struct *this_mm
{ int weight;

weight=-1;
if p->policy&SCHED_YIELD
goto out; /*
switch p->policy
{

yield *” 1

/* */
case SCHED_FIFO:
case SCHED RR:
weight = 1000 + p->rt_priority;

/* */
case SCHED OTHER:
{ weight = p->counter;
if lweight
goto out
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/* */
if p->mm=this_mm]|!p->mm
weight = weight+1;
weight+=20-p->nice;

}
}
out:
return weight; /* */
}
sched.h
#define SCHED OTHER 0
#define SCHED_FIFO 1
#define SCHED_RR 2
#define SCHED_YIELD 0x10
policy
1000 conter nice
1 p->mm
p->mm=this_mm
1
2 nice UNIX “c 7
£ c Y 20 19
20-p->nice 0 40
5.3.5
SMP

asmlinkage void schedule void

{

struct task_struct *prev, *next, *p; * prev ,
next *
struct list_head *tmp;
int this_cpu, c;

if lcurrent->active_mm BUG();/* active_mm *
need_resched_back:
prev = current; *  prev *
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this_cpu = prev->processor;

if in_interrupt() { *

schedule

printk "Scheduling in interrupt\n"

BUGQ);
3

release_kernel_lock prev, this_cpu

this_cpu *

spin_lock_irg &runqueue_lock ;

if prev->policy
goto move_r
move_rr_back:
switch prev->sta
case TASK 1
if

}
default:

== SCHED_RR *
r_last;

te { *
NTERRUPTIBLE: /*

o

SCHED_RR

prev *

signal_pending prev {7*

*/

prev->state = TASK_RUNNING;

break;

*

*/

del_from_runqueue prev ; * *
case TASK RUNNING:; *

}

prev->need_resche

*

repeat_schedule: *
next = idle_task
c = -1000;

d = 0;

*

this_cpu ; /*

if prev->state == TASK_RUNNING

goto still_runni
still_running_back:

ng;

list_for_each tmp, &runqueue_head {
p = list_entry tmp, struct task struct, run_list ;

if can_schedule P,

this_cpu

{

*

*/

*

* CPU

int weight = goodness p, this_cpu, prev->active_mm ;
if weight > ¢

c = wel

ght, next = p;

struct task_struct *p;
spin_unlock_irg &runqueue_lock
read_lock &tasklist lock ;

for_each_task p

p->counter =
read_unlock

p->counter >> 1
&tasklist_lock ;

*

spin_lock_irg &runqueue_lock
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goto repeat_schedule;

}
spin_unlock_irg &runqueue_lock ; * *
if prev == next { /* */

prev->policy &= ~SCHED_YIELD;
goto same_process;

* *

kstat.context_swtch++; *

{

struct mm_struct *mm = next->mm;

struct mm_struct *oldmm = prev->active_mm;

if Imm { * prev
if next->active_mm BUG();
next->active_mm = oldmm;

Yelse { * next
if next->active_mm = mm BUG();
switch_mm oldmm, mm, next, this_cpu ;

}

if lprev->nm { * *
prev->active_mm = NULL; * *
mmdrop oldmm ; *mm_struct 1*

}

*

switch_to prev, next, prev ;
__schedule_tail prev ; * prev->policy SCHED YIELD O *

same_process:
reacquire_kernel_lock current ; * SMP*
if current->need_resched * *

goto need_resched_back; * *
return;
}
[ ]
schedule() ,
[ ]
schedule() TASK_RUNNIG exit()
TASK_ZOMBE waitd()

TASK_INTERRUPTIBLE
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. 0
1000
NICE_TO_TICKS nice
. next->mm
next->active_mm switch_mm
next next->mm
prev
) switch_to()
5.4
CPU
Intel 1386
5.4.1
Intel 1386 TSS 5.4
104 TSS /include/ 1386/processor.h
tss_struct

~140 -



TSSE
o
i
ol

struct tss_struct {

unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned

1/0 Permission Bitrmap Offset{000000000000000 | I [64h
0000000000000Q0OOO LDT 60h
0000000000000Q0OOO GS 5ch
000000000000Q0OOOO ES 58h
000000000000Q0QOOO DS 59h
000000000000Q0QO0OOO SS 50h
000000000000Q0QOOO CS 4ch
0000000000000000O0 ES 48h
EDI 44h
ESI 40h
EBP 3ch
ESP 38h
EBX 34h
EDX 30h
ECX 2ch
EAX 28h
EFLAGS 24h
EIP 20h
_____ CR3 1ch
0000000000000000| SS2 18h
ESP2 14
0000000000000000| SS1 10
ESP1 Oc
0000000000000000| SSO 8
ESPO 4
0000000000000000| LINK
TSS
15-0 15-0
31 24 MR 19 16P DPL | © 23 16
5.4 Intel 1386 TR
short back_link,__blh;
long espO;
short ssO, ssOh; *0 Linux *
long espl;
short ssl, sslh; *1 *
long esp2;
short ss2, ssz2h; *2 *
long _ cr3;
long eip;
long eflags;
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unsigned long eax,ecx,edx,ebx;
unsigned long esp;

unsigned long ebp;

unsigned long esi;

unsigned long edi;

unsigned short es, _ esh;
unsigned short cs, _ csh;
unsigned short ss, _ ssh;
unsigned short ds, _ dsh;
unsigned short fs, _ fsh;
unsigned short gs, _ gsh;
unsigned short ldt, _ ldth;
unsigned short trace, bitmap;
unsigned long 1o _bitmap[10_BITMAP_SIZE+1];

/*
* pads the TSS to be cacheline-aligned size is 0x100
*/
unsigned long __cacheline_filler[5];
¥
TSS 8 Task State Segment Descriptor
TSSD TSS 32 20
104 TSS TSS GDT GDT
Linux TSS Linux

thread_struct

struct thread_struct {

unsigned long espO;

unsigned long eip;

unsigned long esp;

unsigned long fs;

unsigned long gs;
/* Hardware debugging registers */

unsigned long debugreg[8]; /* %%db0-7 debug registers */
/* fault info */

unsigned long cr2, trap_no, error_code;
/* floating point info */

union 1387_union 1387;
/* virtual 86 mode info */

struct vm86_struct * vm86_info;

unsigned long screen_bitmap;

unsigned long v86flags, v86mask, v86mode, saved espO;
/* 10 permissions */

int ioperm;

unsigned long 1o _bitmap[10_BITMAP_SIZE+1];

}
cr2 Intel 80x86
ioperm iopl
1/0 eflag 10PL

-142-



3 1/0 0 1/0
IDT
“e i TSS CPU
TR TR TSS CPU
JMP CALL GDT
TSS
Intel
1386 CISC JMP CALL
“e i 300 CPU POP 12 CPU
Linux 1386 CPU
1386 CPU TR TSS Linux “ i TR TSS
CPU JMP  CALL
TR TSS TR
CPU CPU TSS
TSS
task struct
TSS
SSO  ESPO TSS
Linux TSS CPU TSS Intel
TR TSS Linux
TSS SSO  ESPO TSS TR
TSS SSO  ESPO TR TSS Linux
TSS
TSS CPU TSS
5.4.2
schedule() switch_to
include/ 1386/system.h
1 #define switch_to prev,next,last do { \
2 asm volatile "pushl %%esi\n\t" \
3 "pushl %%edi\n\t" \
4 "pushl Y%%ebp\n\t" \
5 "movl %%esp,%0\n\t" /* save ESP */ \
6 "movl %3,%%esp\n\t" /* restore ESP */ \
7 "movl $1F,%1\n\t" /* save EIP */ \
8 "pushl %4\n\t" /* restore EIP */ \
9 "jmp __switch_to\n" \
10 AN \
11 "popl %%ebp\n\t" \
12 "popl %hedi\n\t" \
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13 "popl %%esi\n\t" \
14 "=m"  prev->thread.esp ,"=m" prev->thread.eip , \
15 "=b"  last \
16 ' next->thread.esp ,"m" next->thread.eip , \
17 " prev , "d" next |, \
18 prev ; \
19 } while 0
switch_to
e thread thread_struct
° 3 3
0 prev->thread.esp 1 prev->thread.eip
2 ebx last ebx
5
3 next->thread.esp 4 next->thread.eip
5 6 7 eax edx ebx prev next prev 3
3 5.1
o 2 4 prev esi edi ebp
o 5 prev ebp prev->thread.esp
o 6 next next->thread.esp esp
next prev  next
current next
task_struct
5.1 /
0 prev->thread.esp
1 prev->thread.eip
2 ebx last
3 next->thread.esp
4 next->thread.eip
eax prev
6 edx next
7 ebx prev
o 7 “<17- popl 11
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prev->thread.eip prev “ 7z

) 8 next->thread.eip next next->thread.eip
next 7 11
popl 7
11
) 9 Jump call __switch_to()
CPU __switch_to() ret
next->thread.eip “<1””
o 11 13 next next

__switch_to()

__switch_to() fastcall :
extern void FASTCALL _ switch_to struct task_struct *prev, struct task_struct *next ;
fastcall __switch_to() 5.1
eax edx prev
next __switch_to()

void __switch_to struct task _struct *prev_p, struct task_struct *next_p

{
struct thread_struct *prev = &prev_p->thread,
*next = &next_p->thread;
struct tss_struct *tss = init_tss + smp_processor_id();

unlazy_fpu prevp ; * *

/* TSS 0 next->esp0 next
*/

tss->esp0 = next->esp0;
fs g¢s es ds
asm volatile "movl %%fs,%0":"=m" * 1int * &prev->fs
asm volatile "movl %%gs,%0":"=m" * int * &prev->gs
next fs g¢s

loadsegment fs, next->fs ;
loadsegment gs, next->gs

next 0 7 6 4 5

if next->debugreg[7] {
loaddebug next, 0 ;
loaddebug next, 1 ;

~145-



Linux

loaddebug next, 2 ;
loaddebug next, 3 ;
/*no 4 and 5 */

loaddebug next, 6 ;
loaddebug next, 7 ;

if prev->ioperm || next->ioperm {
if next->ioperm {

next 1/0 TSS
memcpy tss->io_bitmap, next->io_bitmap,
10_BITMAP_SIZE*sizeof unsigned long ;

/* io_bitmap  tss tss->bitmap
tss->bitmap = 10_BITMAP_OFFSET;
} else
170 TSS
SIGSEGV sys_ioperm()

tss->bitmap = INVALID_IO_BITMAP_OFFSET;

Intel
Linux
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