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Processes and Threads
e

I A process is usually defined as an instance of a program in
execution.

1 Threads are separate contexts of execution within the same
process.

I Threads are processes that happen to share the same global
memory space, but they have different stacks.

1 In Linux process and thread have a more generic name — task
I Each process has its own process descriptor
1 Linuxis a multi-task OS
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Reference Counting

Figure 7.1 Referance counting.
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In general terms, one or more
“holder” object carry a pointer to a
shared data object that includes an
integer called it reference count

The value of this reference count
equals the number of holder objects
share the data
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Process ID (PID)
S

1 Any Unix-like operating system allows users to identify process by
means of a number called the Process ID (PID)

1 The PID is a 32-bit unsigned integer stored in the pi d field of
process descriptor

I However, for compatibility with traditional Unix systems developed
for 16-bit hardware platforms, the maximum PID number allowed
on Linux is 32767

I When the kernel creates the 32768™" process in the system, it
must start recycling the lower unused PIDs.
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Process store in memory

novl $0xffffe000, % ecx
andl % esp, %ecx
nmovl %ecx, p

Jul1 516000

Ox15¢ad73

00158 3ch

LT — Qa1 5fai000

Figure 3-2, Storing the process descriptor and the process kernel siack

1 Linux stores two different data structures for each process in a single 8KB memory area: the
process descriptor and Kernel Mbde process stack

I esp registeris the CPU stack pointer, which is used to address the stack’s top location
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Process Descriptor
struct task struct() (1)

/include/linux/sched.h

struct task_struct {

vol atile long state;
unsi gned | ong fl ags;

struct list_head run_li

struct task _struct *ne

pid t pid;

struct task_struct *p_opptr,

struct task_struct *pidhash_next;
struct task_struct **pi dhash_pprev;
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Process Descriptor

struct task struct() (2)
-

/include/linux/sched.h _ BNCIPE wltter - A T FEEN

prov_lask mexl_task prev_task nexi_task
struct task_struct { B
| Inl_task

vol atile | ong st

prev_lask

— ¥
& -

unsi gned | ong f - —— i

I
next_task

Figure 3-3. The process list

.s.t 'r uct list_head run_list;
.s.t.r uct task_struct *next_task, *prev_task;
| .p.i .d_t pi d;
lslt'r uct task_struct *p_opptr, *p_pptr, *p_cptr, *p_ysptr,

struct task_struct *pidhash_next;
struct task_struct **pi dhash_pprev;
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Process Descriptor

Strucf t acl/ et vriint (N [ 2\

/finclude/linux/sche

struct task_str
vol ati |
unsi gne

struct

struct

pid t p Fioure?.d The process graph
struct task_struct *p_opptr, *p_pptr, *p_cptr, *p_ysptr, *p_osptr;

struct task_struct *pidhash_next;
struct task_struct **pi dhash_pprev;
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Process Descriptor
struct task_struct() (4)

/include/linux/sched.h

struct task_struct {

vol atile long state;
unsi gned | ong fl ags;

's't .r uct list_head run_list;
.s.t .r uct task_struct
| .p.i .d_t pi d;
's't .r uct task_struct

struct task_struct
struct task_struct **pidhash>
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Process De
struct ta

/include/linux/sched.h
struct task_struct {

vol atile | ong state]
unsi gned | ong fl ags

's't .r uct list _head ru
.s.t.r uct task_3

.p.i .d_t pi d;

's't .r uct task_strul

struct task_struct
struct task_struct
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Process Descriptor
struct task struct() (5)

/include/linux/sched.h

struct task_struct {

vol atile | ong state;
unsi gned | ong fl ags;

.s.t 'r uct list_head run_list;
.s.t.r uct task_struct *next_task, *prev_task;
| .p.i .d_t pi d;
lslt'r uct task_struct *p_opptr, *p_pptr, *p_cptr, *p_ysptr, *p_osptr;

struct task_struct *pidhash_next;
struct task_struct **pi dhash_pprev;
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pi dhash table with chained list

.......
PR - 08 01

#define PIDHASH SZ (4096 >> 2)
#defi ne pi d_hashf n(x) ((((x) >>8) ™ (x)) & (PIDHASH SZ - 1))
pidhash_next
pidhash_pprev
hash_pid(), unhash_pid()
Find _task by pid()
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Figure 7.2 Kernel data structures for managing tasks.
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Process Creation
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Where Processes Come From:
~_clone()

I Use to create |IghtW€|ght Py@allyinthelow byteis SI GCHLD signal \
1 A wrapper function defing ¢ ouefiags (in /sched:

, #define CLONE_VM 0x00000100
I Four parameters: #define CLONE_FS 0x00000200
- : - : #defi ne CLONE_FI LES 0x00000400
f n: Specify a function tg #define CLONE_SI GHAND  0x00000800
- arg: Pointer to dat #define CLONE_PID 0x00001000
#define CLONE PTRACE  0x00002000 _
- flags:the #def i ne CLONE_VFORK 0x00004000 child

: _ —  #define CLONE_PARENT  0x00008000
terminates; The remainik_sgefine CLONE THREAD  0x00010000

which specify the resource e child.
- chi I d_st ack: Specifies the User Mode stack pointer to be assigned

to the esp register of the child process. If = 0, assign the current
parent stack pointer.
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Where Processes Come From:
clone(), fork(), vfork()

___clone() makes use of a Linux system call hidden to the

programmer — cl one()
cl one() only receives the f| ags and chi | d_st ack parameters
fork() isimplemented by Linux as a cl one()
— (SI &CHLD signal and all clone flags cleared, 0)
vfork() isimplemented by Linux as acl one()
— (SI &CHLD signal and CLONE_VMand CLONE_VFCRK, 0)

When these system calls are issued, the kernel invokes the
do_for k() function
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Where Processes Come From:
do fork() (1)

/kernel/fork.c

int do_fork(unsigned | ong clone flags, unsigned |long stack _start,
struct pt_regs *regs, unsigned |long stack_si ze)
{

int retval;
struct task_struct *p;
struct conpletion vfork;

/*
* CLONE_PID is only allowed for the initial SMP swapper
* calls
*/

retval = - EPERM

if (clone_flags & CLONE PID) {
I f (current->pid)
goto fork_out;

}

retval = - ENOVEM

p = alloc_task_struct();
if (!p)

goto fork out;

*P = *current;
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Where Processes Come From:

/kernel/fork.c

int do_fork(unsigned |long clone_fla
struct pt_regs *regs, u
{

int retval;
struct task_struct *p;
struct conpletion vfork;

retval = - EPERM

if (clone_flags & CLONE_
i f (current->pi

goto f

}

retval = - ENOVEM

p = alloc_task_struct();
t he new process */

if (!'p)
goto fork_out;

esent

*p = *current;
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Where Processes Come From:
do fork() (3)

/kernel/fork.c

int do_fork(unsigned | ong clone_flags, unsigned |ong stack_start,
struct pt_regs *regs, unsigned |ong stack_size)
{
int retval;
struct task_struct *p;
struct conpletion vfork;

retval = - EPERM

if (clone_flags & CLONE_P
if (current->pid)

goto fork
}
retval = - ENOVEM
p = alloc_task_str
if (!p)

goto f

*p = *current;
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Where Processes Come From:
do fork() (4)

/kernel/fork.c

b'- >p| d = get _pid(clone_flags);
p->run_list.next = NULL,
p->run_list.prev = NULL;

/* CLONE_PARENT and CLONE THREAD re-use the old
p->p_opptr = current->p_opptr;
p->p_pptr = current->p_pptr;
if (!(clone_flags & (CLONE_PARENT |
p->p_opptr = current;
if (!(p->ptrace & PT_PTRACED))
p->p_pptr = current;

CLONE_THREAD) ) )

}

if (clone_flags & CLONE THREAD) {
p->tgid = current->tgid;
ist_add(&p->thread group,

}
SET LI NKS(p);
hash_pi d(p);

nr_threads++;

wake up_process(p); /[* do this last */
++total forks;
if (clone_flags & CLONE VFORK)

wai t _for_conpletion(&fork);
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Where Processes Come From:
do fork() (5)

/kernel/fork.c

b'- >p| d = get _pid(clone_flags);
p->run_list.next = NULL,
p->run_list.prev = NULL;

/* CLONE_PARENT and CLONE_THREAD r
p->p_opptr = current->p_opptr;
p->p_pptr = current->p_pptr;
if (!(clone_flags & (CLONE P
p->p_opptr = current;

if (!'(p->ptrace & PT
p->p_pptr =

}
if (clone_flags & CLONE TH
p->tgid = current -

i st_add(&p->t
}
SET LI NKS(p);
hash_pi d(p);

nr_threads++;

wake up_process(p); /[* do this last */
++total forks;
if (clone_flags & CLONE VFORK)

wai t _for_conpletion(&fork);
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Where Processes Come From:
do fork() (6)

/kernel/fork.c

bLSbid = get_pid(clone_flags);
p->run_list.next = NULL
p->run_list.prev = NUL

/* CLONE_PARENT and CL
p->p_opptr = current-
p->p_pptr = current->
if (!(clone_flags & (
p->p_opptr = ¢

if (!'(p->ptrac

p->p_

}

if (clone_flags & CL
p->tgid = curr
[ist_add(&p->thr

}
SET LI NKS(p);
hash_pi d(p); /* enters the new process into the pidhash table by calling hash_pid */

nr_threads++;

wake _up_process(p);
++total forks;
if (clone_flags & CLONE VFORK)

wai t _for_conpletion(&fork);
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Where Processes Come From:
do fork() (7)

/kernel/fork.c

bl >p| d = get _pid(clone_flags);
p->run_list.next = NULL;
p->run_list.prev = NULL;

/* CLONE_PARENT and CLONE THREAD re-use the old parent */
p->p_opptr = current->p_opptr;
p->p_pptr = current->p_pptr;
if (!(clone_flags & (CLONE_PARENT | CLONE THREAD))) {
p->p_opptr = current;
if (!(p->ptrace & PT_PTRACED))
p->p_pptr = current;

}
if (clone_flags & CLONE THREAD) {
p->tgid = current->tgid;
list_add(&p->thread group, &current->thread _group);

}
SET_LI NKS(p);
hash_pi d(p); /* enters the new process into the pidhash table by calling hash_pid */

nr_threads++;

wake up_process(p); /[* do this last */
++total forks;
if (clone_flags & CLONE VFORK)

wai t _for_conpletion(&fork);
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Where Processes Come From
-

I Notonlyisthestruct task struct now filled out, but all the

relevant kernel data structures — task-list, run-queue, parent-child-
relationship, and PID hash table — have all been correctly modified
to account for new arrival.

1 But now you only make copies of same process over and over. So
after this, you must call exec family.

1 In Linux kernel, it implements all functions in the exec family is
do_execve().
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PID A_Ilocation
get_pid() (1)

/kernel/fork.c

static int get_pid(unsigned |ong flags)

{ /include/linux/threads.h
static int next _safe = PID MAX;

struct task_struct *p; #define PI D_MAX 0x8000

i f (flags & CLONE_PI D)
return current->pid;

i f((++ ast_pid) & Oxffff8000) {

| ast _pid = 300; Low numbered PIDs tend to
got o i nsi de; belong to long-running
} daemons that are created at
startup.
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PID A_Ilocation
get_pid() (2)

/kernel/fork.c

if(last_pid >= next_safe) {

i nsi de:
next safe =
read | ock( &t
repeat:
for_each_task(p) {
if(p->pid == last_pid |
p->pgrp == last_pid ||
p->tgid == last_pid ||
p->session == last_pid) {
i f(++l ast_pid >= next_safe) {
if(last_pid & Oxffff8000)
last _pid = 300;
next safe = PI D MAX
}
goto repeat;
if(p->pid > last_pid & next_safe > p->pid)
next _safe = p->pid;
}
read_unl ock( & askl i st _| ock);
}

spi n_unl ock( & ast pid_| ock);

return last_pid;
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Process Termination
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Where processes come to an end
exit(), sys exit(), do _exit()

I Process could terminate voluntarily by invoke the system call
exit()

1 Or, when a C program returns from nmai n, it implicitly calls exi t ()
1 exit() isimplemented in the kernel with sys_exi t () function
I Sys _exit()’sjobisto turn a living process into a zombie

1 You can also kill a process by sending it signal SIGKILL

I do_exit() doesn’timmediately deallocate the st ruct
task struct

/kernel/exit.c
sys_exit () simply converts the exit code

asm i nkage long sys_exit(int error_code) into the format that do_exi t () expects,

{ and than call do_exi t ()

do_exit((error_code&0xff)<<8);

}
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Where processes come to an end
do exit() (1)

/kernel/exit.c

NORET _TYPE void do_exit(long code)
{

struct task struct *tsk = current;

if (in_interrupt())

panic("Aiee, killing interrupt handler!");
if (!tsk->pid)

panic("Attenpted to kill the idle task!");
if (tsk->pid == 1)

pani c("Attenpted to kill init!");
tsk->flags | = PF_EX TI NG
del tinmer_sync(& sk->real tiner);

fake vol atile:

#i f def CONFI G_BSD_PROCESS_ACCT
acct _process(code);

#endi f
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Where pr

/kernel/exit.c

_exit_m(tsk);

| ock_kernel ();
semexit();

_exit _files(tsk);
_exit_fs(tsk);
exit _sighand(tsk);
exit_thread();

if (current->| eader)
di sassociate_ctty(1);

put _exec_domai n(tsk->exec_donai n);

if (tsk->binfnt && tsk->binfnt->nodul e)
__MOD _DEC USE_COUNT(t sk->bi nf nt - >nmodul e) ;

tsk->exit_code = code
exit_notify();

schedul e();

BUX() ;

goto fake_ volatile;
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Where processes come to an end
do exit() (3)

/kernel/exit.c

_exit_m(tsk);

| ock_kernel ();
semexit();

_exit _files(tsk);
_exit_fs(tsk);
exit_sighand(tsk);
exit_thread();

if (current->l eader)
di sassociate_ctty(1);

put _exec_dommi n(tsk->exec_donai n
if (tsk->binfnt && tsk->binf

i nf mt - >nodul e) ;

tsk->exit_code
exit_notify();
schedul e();

BUX() ;

goto fake_ volatile;
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