Linux Linux
task_struct 4

4.1 Process and Program

Text User Segment
System Segment

Executable Image
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Linux

Linux
IPC Linux
cc ”” Process Switching
Switching
Linux
CPU
Linux SMP__ Linux
CPU
4.1
1 Text
2 User Segment
3 System Segment
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CPU
CPU
Process Image

UNIX

7?7 £c i ConteXt
CPU

CPU CPU

CPU
CPU



PCB

Linux
Process
task struct
Linux 2.4

512MB

Linux

CPU

Linux
4.2 Linux
task struct
task struct
Linux
32KB
SMP CPU
CPU 32 Linux
Linux

task struct

Linux 2.2

task struct

State

Scheduling Information

Identifiers

task_struct

Task

Linux

task struct
1A32
2.2

Linux

IPC Inter_Process Communication

Times and Timers
Links
File System
Virtual Memory
page
SMP

Processor Specific Context

task

task_struct
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task_struct

4.3 task struct

1 State

4.1

4.1 Linux

Linux

TASK_RUNNING

TASK_INTERRUPTIBLE

TASK_UNINTERRUPTIBLE

TASK_ZOMBIE

TASK_STOPPED

TASK_SWAPPING /

current CPU
run_gueue

Event
wait_queue Linux

wake_up

SIGSTOP
SIGTTIN SIGTTOU
4
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wait()

4.2

4.2

need_resched

Nice

Counter

Policy

rt_priority

need_resched “c
77 schedule()counter
nice
counter nice() policy
rt priority

4.3

SCHED_OTHER

SCHED_FIFO

SCHED_RR

root sched_setscheduler
3 Identifiers

4.4

PID process identifier
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PID
PID PID 32 PID
PID 1 16 Linux
Linux PID 32767 32768
PID
4.4
Pid
vid gid
Euid egid
Suid sgid
Fsuid fsgid
task_struct
4 IPC Inter_Process Communication
Linux UNIX IPC Mechanisms
Signals Pipes SystemV Shared Memory
Message Queues , 4.5

4.5

Spinlock_t sigmask_lock

Long blocked

Struct signal *sig

Struct sem_undo *semundo

Struct sem_queue *semsleeping

5 Links

task_struct
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init

fork clone()

task_struct

kill

task_struct

task_struct

Parent Process
PID

init task struct

init Linux
4.6
4.6
[ 1
p_opptr Original parent
p_pptr Parent
p_cptr Child
p_ysptr Younger sibling
p_osptr Older sibling
Pidhash_next
Pidhash_pprev
Next_task prev_task
Run_list
6 Times and Timers
lifetime CPU
CPU
CPU
8353/8254 INT 08 INT 1C
Linux
4.7 counter CPU

-103 -



Linux

4.8
4.7
Start_time
Per_cpu_utime CPU
Per_cpu_stime CPU
Counter
4.8
it _real value
ITIMER_REAL it_real_incr
real_timer
it virt value
ITIMER_VIRTUAL
it virt_incr
it_prof value
ITIMER_PROF
it_prof_incr
3
3
0
4.8
value incr Jiffies Linux
jJiffies
CPU
counter counter<=0
Linux “ 7z
counter
3

-104 -



Linux 3
SIGVTALRM SIGPROF

real_timer real_time timer_list struct timer_list
real_timer
7 File System
Linux
task struct
fs_struct VFS VFS inode root pwd
Home Directory
file_struct Descriptor 4.9
4.9

Sruct fs_struct *fs

Struct files_struct *files

VFS

8 Virtual Memory

Kernel Thread

mm_struct Linux 2.4 active_mm
active_mm
active_mm mm active_mm mm
4.10
4.10

Struct mm_struct *mm

Struct mm_struct *active_mm
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Linux

4.11

4.11

Int swappable

Unsigned long

min_flat,maj_flt,nswap

minor (major)

Unsigned long

cmin_flat,cmaj_flt,cnswap

(major)

minor

10 SMP
Linux 2.4 SMP

4.12

4.12

Int has_cpu

CPU

Int processor

CPU

Int lock_depth

11

task_struct

4.13

Processor Specific Context

Processor

4.13

Struct thread_struct *tss

12

1 struct wait_queue *wait_chldexit
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2 Struct rlimit rlim[RLIM_NLIMITS]
setlimit getlimit
3 Int exit_code exit_signal

4 Char comm[16]

5 Unsigned long personality

Linux X86 UNIX iBCS2 ,
personality UNIX “ 7z
PER_Linux,PER_Linux_32BIT,PER_Linux_EM86,PER_SVR4,PER_SVR3,PER_SCOSVR3,PER_WYSEV
386,PER_ISCR4,PER_BSD,PER_XENIX  PER_MASK include Linux/personality.h>

(6) int did_exec:1

POSIX execve

7 struct linux_binfmt *binfmt
a.out script elf java 4
task struct

task struct Linux

task struct

4.4 task struct

task struct

4.4.1
CPU
CPU TSS esp
X86 4.2
Intel
esp 4.2
esp 0x018fc00
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0x015fa00 esp
0x018fbfff
esp
0x018fb000
N
task struct
Ly 0x018fa000
4.2
include/linux/sched.h
union task_union {
struct task struct task;
unsigned long stack[2408];
}:
8KB task struct
task struct
8KB task struct
task struct 1K
7KB task struct

7KB
task struct

task_struct = (struct task_struct *) STACK_POINTER & Oxffffe000

e task struct PAGE_SIZE
4.4.2 current
CPU task struct
linux/include/ 1386 current.h
current
tatic inline struct task_struct * get_current void
{
struct task_struct *current;
_asm__ "andl %%esp,%0; ":"=r" current : "0" ~8191UL
return current;
}

—-108 -



p task_struc

movl $0xFfFFe000, %ecx
andl %esp, %ecx
movl %ecx, p

task_struct

current
current->pid CPU
include/ i386/processor.h free_task struct( )
alloc_task_struct( ) 8KB  task_union 8KB
task_union
4.5
Linux

task_struct 2.4

Linux

4.5.1
Linux
pidhash include/linux/sched.h
#define PIDHASH_SZ 4096 >> 2
extern struct task_struct *pidhash[PIDHASH_SZ];
#define pid_hashfn x X >»>8 "N x & PIDHASH SZ - 1
PIDHASH Sz task_struct
pid_hashfn PID PID
0 PID_MAX-1
PID
PID
Linux PID PID
task_struct pidhash_next pidhash_pprev
pid 4.3
pidhash hash_ pid( ) unhash_ pid( )
pid find_task_by pid()
static inline struct task_struct *find_task_by pid int pid

{
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struct task_struct *p, **htable = &pidhash[pid_hashfn pid ];
for p = *htable; p && p->pid != pid; p = p->pidhash_next

return p;
]
- I .
400 =nf - — svr g
- —— - —-
990 : _.-_ D'l_‘__
1024
4.3
4.5.2
pid
task_struct
prev_task next_task 4.4
\
I it task I
|
4.4

SET_LINK
#define SET_LINKS p do {\

p ->next_task = &init_task; \

p ->prev_task = init_task.prev_task; \
init_task.prev_task->next_task = p ; \
init_task.prev_task = p ; \

p ->p_ysptr = NULL; \

if p ->p_osptr = p ->p_pptr->p_cptr 1= NULL \

p ->p_osptr->p_ysptr = p; \
p ->p_pptr->p_cptr = p; \

} while 0
init_task 0 pid O

for_each_task()

#define for_each_task p \

for p = &init_task ; p = p->next_task != &init_task ;
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init_task

4.5.3
CPU
TASK_RUNNING
rungueue
4.5
g — —
task struect task struect idle task
ol — A+
4.5
4.5.4
task struct run_list
“c ”7idle_task
cureent current
current
current
Linux
idle_task idle_task
idle_task
TASK_RUNNING
nr_running /kernel/fork.c
int nr_running=1
nr_running O nr_running
0 Linux CPU
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4.5.5

2.4 -

include/linux/list.h

struct list_head {
struct list_head *next, *prev;

}

struct foo_list {
int data;
struct list_head list;

}:
list_head Linux 5

#define LIST_HEAD_INIT name { & name , & name }

#define LIST_HEAD name \
struct list head name = LIST _HEAD INIT name

#define INIT_LIST_HEAD ptr do { \
ptr ->next = ptr ; ptr ->prev= ptr ;\
} while O

#define list_entry ptr, type, member \
type * char * ptr - unsigned long & type * 0 ->member

#define list_for_each pos, head \

for pos = head ->next; pos != head ; pos = pos->next
3 LIST_HEAD_INIT()
2 3
list_entry

static LIST_HEAD runqueue_head ;
struct list_head *tmp;
struct task_struct *p;

list_for_each tmp, &runqueue_head {
p = list_entry tmp, struct task struct, run_list ;
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if can_schedule p {
int weight = goodness p, this_cpu, prev->active_mm ;
if weight > c
c = weight, next = p;

}
}
list _entry(ptr, type, member) ptr
list_ head type member type
list _head type
list_head

list_del ()/list_add()/list_ add_tail()

static inline void del_from_runqueue struct task_struct * p

{ -
nr_running--;
list_del &p->run_list ;
p->run_list_next = NULL;
}
static inline void add_to_runqueue struct task struct * p
¢ list_add é&p->run_list, &runqueue_head ;
nr_running++;
}
static inline void move_last_runqueue struct task_struct * p
{
list_del é&p->run_list ;
list_add_tail é&p->run_list, &runqueue_head ;
}
static inline void move_first_runqueue struct task struct * p
{
list_del &p->run_list ;
list_add é&p->run_list, &runqueue_head
}
2

TASK_RUNNING
Linux

TASK_STOPPED TASK_ZOMBIE
PID
TASK_INTERRUPTIBLE TASK_UNINTERRUPTIBLE
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2.4

struct __ wait_queue {
unsigned int flags;
struct task struct * task;
struct list_head task_list;

}:

typedef struct _ wait_queue wait_queue_t ;

struct _ wait_queue_head {
wg_lock_t lock;
struct list_head task_list;

}:
typedef struct _ wait_queue_head wait_queue_head_t;
list head 2.2
2.2

struct wait_queue {
struct task_struct * task;
struct wait_queue * next ;

}s
typedef struct wait_queue wait_queue_t ;
typedef struct wait_queue *wait_queue_head_t ;

2.4 2.2
2.2 2.4
2.4
e init_waitqueue_head o
e Init_waitqueue_entry
e waitqueue_active e
e add_wait_queue o
e remove_wait_queue —_—
list_head
list_del()/list_add()/list_add_tail() list_head C++
2.2

sleep_on( ) P
sleep_on wait_queue_head_t *q
{

SLEEP_ON_VAR

current->state = TASK_UNINTERRUPTIBLE;

SLEEP_ON_HEAD P
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schedule ;

SLEEP_ON_TAIL P
}
P TASK_UNINTERRUPTIBLE P
P sleep on( )
P
e interruptible_sleep on( ) sleep on( )
P TASK_INTERRUPTIBLE TASK_UNINTERRUPTIBLE
P

e sleep on timeout( ) interruptible_sleep_on_timeout( )

schedule_timeout( ) schedule( )
wake_up wake_up_interruptible
TASK_RUNNING try _to wake up( )
static inline int try_to wake up struct task_struct * p, int synchronous
{
unsigned long flags;
int success = 0;
spin_lock_irgsave &runqueue_lock, flags ; /
p->state = TASK_RUNNING;
if task on_runqueue p p
goto out;
add_to_runqueue p ; p
if Isynchronous || ! p->cpus_allowed & 1 << smp_processor_id
reschedule_idle p ;
success = 1;
out:
spin_unlock_irgrestore &runqueue_lock, flags ;
return success;
}
p p
reschedule_idle p
CPU
wake_up wake_up_interruptible

RTC
static DECLARE_WAIT QUEUE_HEAD rtc_wait

void rtc_interrupt int irg, void *dev_id, struct pt_regs *regs

{
spin_lock &rtc_lock
rtc_irg_data = CMOS_READ RTC_INTR_FLAGS ;
spin_unlock &rtc_lock ;
wake_up_interruptible &rtc_wait ;

}

1/0 CMOS_READ outb/inb
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rtc_wait
4.6
thread daemon Linux
Xwindow ““ps””
“d,,
Linux
[ ]
[ ]
o PAGE_OFFSET 3G
4GB
kernel_thread( )
int kernel_thread int *fn void * , void * arg,
unsigned long flags
{
pid_t p ;
p = clone 0, flags | CLONEW ;
if p /* parent */
return p;
else { /* child */
fn arg ;
exit ;
}
}
4.7
Linux “¢ capability *”
uiD 4.13
Linux
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4.13

CAP_CHOWN

CAP_DAC_OVERRIDE

CAP_DAC_READ_SEARCH

CAP_FOWNER

CAP_FSETID

setid setgid

CAP_KILL

CAP_SETGID

setgid

CAP_SETUID

setuid

CAP_SETPCAP

/

CAP_LINUX_IMMUTABLE

CAP_NET BIND_SERVICE

1024TCP/UDP

CAP_NET_BROADCAST

CAP_NET_ADMIN

CAP_NET_RAW

RAW  PACKET

CAP_IPC_LOCK

CAP_IPC_OWNER

1PC

CAP_SYS_MODULE

CAP_SYS_RAWIO

ioperm( ) iopl( ) 1/0

CAP_SYS_CHROOT

chroot( )

CAP_SYS_PTRACE

ptrace( )

CAP_SYS_PACCT

CAP_SYS_ADMIN

CAP_SYS_BOOT

reboot( )

CAP_SYS_NICE

nice( )

CAP_SYS_RESOURCE

CAP_SYS_TIME

CAP_SYS_TTY_CONFIG

tty

CAP_SYS_TIME
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4.8
1
2
bh SMP
4.8.1
Linux down() up
PV
semaphore include/i386/semaphore.h
struct semaphore {
atomic_t count;
int sleepers;
wait_queue_head_t wait;
#if WAITQUEUE_DEBUG
long _ magic;
#endif
Y
Count (X3 R (¥ 3 Y
0 count 0
count
0
Wait
count 0
sleepers

down()  upQ

down

up ;

4.8.2
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e void set_bit(int nr, volatile void *addr) nr

e void clear_bit(int nr, volatile void *addr): nr

e void change_bit(int nr, volatile void *addr): nr

e int test_and_set bit(int nr, volatile void *addr): nr

e int test_and_clear_bit(int nr, volatile void *addr): nr

e int test_and_change_bit(int nr, volatile void *addr) nr

LOCK_PREFIX SMP CPU
SMP
2
1
1 count inode
atomic_t 4.14 atomic_t include/
i386/atomic.h
typedef struct { volatile int counter; } atomic_t;
4.14

atomic_read(v) *v
atomic_set(v,1) *v |
Atomic_add(i,v) *v |
Atomic_sub(i,v) *v 1
Atomic_inc(v) *v 1
Atomic_dec(v) *v 1
Atomic_dec_and_test(v) *v 1 1 0
Atomic_inc_and_test_greater_zero(v) *v 1 1 0
Atomic_clear_mask(mask,addr) mask addr
Atomic_set_mask(mask,addr) mask addr
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4.8.3
Linux
CPU
Linux
CPU cli/sti
unsigned long flags;
save_flags(flags);
cliQ);
/* critical code */
restore_flags(flags);
SMP
, cliQ CPU
CPU
SMP CPU
3 (X3
Sparc64
1 Text User Segment System
Segment
2 Linux task_struct
Linux task_struct
Process Thread
task_struct task struct
3 task_struct
e TASK RUNNING Ready

e TASK_ INTERRUPTIBLE

e TASK UNINTERRUPTIBLE ,
e TASK ZOMBIE

e TASK_STOPPED

4 task struct 8KB
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5 CPU Linux current

curennt

6 Linux

7 Linux 2.4 list_head C
8

9
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