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" HIESERF:
s IEFEFEEEE LA —FIUTHBRIEdE, —EEE— BTN TRE~RAISL4,
BiEERITEEE. TENHENE. 7. WAL, R
s iR R THNER), 22— 1SS, B e—HERRERSES, =2
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TEAENEREN, 2RERREWAIEM
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EMER BRI HIR (PCB)

" HIEEITINS: BfEE. B17. FEHEHESIS
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SEITHEE BRUAHBETIIMRIES

s CPUSZes: EERTREIENETH LT, 1IERCPURE

WIARTFE PRIVSFRERE, MEHERELHAZ/EAEEREER

FFEEET
= CPUHEER: 8f&H
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" AFEEERE HEERIIAFEER, WMHENRERS
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Linux RIZHEFEREIART

/ include / linux / sched.h

591
592
593
594
595
596
597
598
h99
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619

struct task_struct |
#ifdef CONFIG THREAD INFO IN TASK

#endif

#* For reasons of header soup (see current thread info()), this
* must be the first element of task struct.
struct thread info thread_info;

/% =] unrunnable, 0 runnable, >0 stopped: #/
volatile long state;

* This begins the randomizable portion of task struct. Only
* scheduling—critical items should be added above here.

L/
3/

randomized struct fields start

void *stack;
atomic t usage:
/% Per task flags (PF %), defined further below: #/
unsigned int flags:
unsigned int ptrace;

#ifdef CONFIG_SMP

struct 1list node wake entry;
int on_cpu;

#ifdef CONFIG_THREAD INFO_ IN TASK

#endif

/% Current CPU: #/

unsigned int cpu;

unsigned int wakee flips;
unsigned long wakee flip decay ts:
struct task struct *last wakee:

(task struct)
- Search Identifier
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" HEERIEEXER
" HIZERIRER
" HIEEEREXER

" RFEEH

HEXER

" HEE

EXER

" (FEEXER

" RiRPRS

IEFSEIS)

AT (task struct)



LinuxRtZHI%EAE(SE (thread info)

® thread info2— 1N"SHE (%iE) BIEBUIHEKEIREEURESD, £
ERTFERZSHITE IR ) Z R AR sH T2 A TTEE.

» CHNRITHIREN TR ERRNE, ERRAE—FMEFEN
ATURENZEENEITIES (BPtask struct) BYER.

= EHARILInUXAItZhRASH, thread infofG B EHERAZIENLAE
BIRZARRED (BInED, BEREUATERY) |, Xt B ERIA LUE
HEENEIEfheE EiEEiZthread info, #EHMEI EHRIHRIES

AYtask structigft.

= 58N, TEx86ZMIH, Wit AR/INABKBE4KB, 1RIgttaRINE N Fik
faRIR]{SE thread _infoRIMELE, IXFMKITEIR TIMZAINGFER, EBERETT

7 E R RAIEERIMERE,



LinuxRtZHI%EAE(SE (thread info)

= thread_infofYEZERUNT
= flags FER: FREEEAZSIZ TIRRSIRNSIRS, BN
(bitmask) FEXHURICRIIEIAXFIRE,

s syscall work: BIRERFERNTERRIR SR ERFHRGIEESR, AT
MHUERFREREEREZE (WHESFRIEERER) .

= status: ICREZENIRPINE, RIREEEMNRHIBZESEEIT .

=cpu ({X CONFIG_SMP [FH) : icR&EIRN=/THI CPU =, AT
ZIZINE SRR IEA A B,

struct thread_info {
unsigned long flags; /* low level flags x/

unsigned long syscall_work; /* SYSCALL_WORK_ flags */

u32 status; /* thread synchronous flags */
#ifdef CONFIG_SMP

u32 cpu; /* current CPU x/

#endif
};
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| 3.1.1 HEEMEXEE
HIEEMEA EETEOIEIIHREASHEENER, HRRE. PID &£ =4,

" task stuct FUEESHFRTHEREN—LEZMRUT.

= state R : BFICRHAEIVIAS, HEAPREEZES TASK_ RUNNING,
TASK_INTERRUPTIBLE, TASK _UNINTERRUPTIBLE, EXIT ZOMBIE, TASK DEADZ,

= pid R XEHEE—IIRRFF(dentifer), pid_tHISRBEIREEHESEEY, pid BUARIRAENR
/proc/sys/kernel/pid_max 5

» flags AR : ATHENHEREN—EIREL, XEREMEE mclude/lanX/sched h FE MR,
AR AT, =IRE PF_EXITING; dIERHZEE— workqueue EBRINTIFEE, NiRE
PF WQ WORKER,; fork ,z%éﬁlﬂﬁﬁm}ﬂzZF AT exec 5, 21 E PF_ FORKNOEXEC &

= exit_code ] exit_signal f&R: BTFEHHERHENZLES, XEFEX J&%z‘lU&DL?L&EI’J
IBHREEA.,

= pdeath_signal Bi&: RHBELCRAHIES.
= comm F&: BT ERAHRITERINER,
= real_cred # cred Fi&E:BFEHIATEN—EIAEER.



3.1.2 HIEERIKF

 RERFENE—DHERSAHREEE W FHE 0). 1E,
THIZEE N EIEERIHE, HEAS MR LACIEE MR
2, AR LIBIESZS MNHEE. HEXRUT Ik, BHE.
" task struct #HREHETTRHIZEIRRAEZMRA T,

= real_parent ARSI ZHBIHAZHISOHAZRY task_struct RS,

= children B FE R ZHBIHZRIFIHIZRIHER,

= sibling AR IE M SRIFHZAY LSS HAZRY9EER,

= group_leader gy R HIEZHAVAB K,
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| 313 WiEAEEXEE

" HEMRERNABRFA—MEAESLRSSRERSETRIEAE, IXERR LASEH
CPURIEEIAME, BIEMHIZEl RS 7 CPU,

* NEMEE, SPHEERAHTETH, BRI LB NHIEERE S THITHY.

" HIERERRFRFEPI— M08, XEFTEHIIFImLinuxiNiZAtask_structZdz
EP R THEEEN—ELEERR.

= prio LR RFEHEINMER, XEREERZRAITTR,

= static_prio pYRBFSMLITR, EHEREIITDES, RZAMFiE nice H, BEXMCZAIZ static_prio,

= normal_prio pRET static_prio FEAEERRITE H AT ER,

= rt_prionity pi & SERTHAZAIL TR,

s sched class R R:EESS,

= se R EIBHIZEE LA

= rt R SERT SR E LR,

= dl pR:deadline HIZEESLIA,

= policy ST AT HERIZEE, il S BB EIA LA HIZ,

= cpus_allowed g5 AT HEHER LAER 1L CPU _BiE1T,
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3.1.4 NFEESXHEEREXEE

" ARRAEITZEIRESINEEIAT, EIEERATTENNE SRR
NEEEEXER, ©RE—1M8R mm_struct FHEESWAITEET mm,

= g5t HEEEREHREEFEEI I, EEXEEFERIFRT
p—E(ESS, XSGR FETIEKRT .

" task_stmuct ZIRGEHFESRFEENNHEEERNEZMRRIUT,
" mm R IEFRIEFTEERRIAF R HHSRETESSH mm_struct,

" ISP RRTF—MERNIFRFEERIIETT.

" files (R REF—MERIIERISHERFTRIVIEST
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3.2.1 iRy EanEHA

EXIT ZOMBIE
k3
_ TASK_STOPPED

HEFRIR oy,
fork3 A BHE IR
HEIRLT

1 DL SRR AT S5 40 oY

SRR R R A T
WL LT 1y B

AR, TN SR N T ERFRE H R

IR, RN

TASK_INTERRUPTIBLE e F 2 72 A 571)

o,
TASK_UNINTERRUPTIBLE



3.2.1 HERI A EEH

= TASK_RUNNING: #Nz{74, HESGTIEEETT, SiTEmM4EATIF

FiTalT

= TASK INTERRUPTIBLE: AJARifEEIRS (REEERINZ:) , HIZHKEZE
LT REEMIANEE RERIRIRHAL, —BERAKEE SIRHAL,
WIZFL A EHRAIR IR B AL TASK RUNNING, FISENAFENG]

® TASK_UNINTERRUPTIBLE: ArIHiflERS (REERIAT), #HiE
EEREGHNAZ TN, MNMESAMRLA, Aebigix SIGKILL F51{&
B, BAB(IANEAES

= TASK STOPPED: #1I%, #ig=lbizT

= EXIT ZOMBIE: EFZ, HESSHEL, B task struct #UREH
BB, FHIZERER, OHERATLUEE wait() 5E waitpid() 3k
R FIAFRETHRE



iz apEJHASE -

( )
1. #include <stdio.h>

2. #include <unistd.h>

3. #include <error.h>

4. int my system(const char * cmdstring)

5. {

6. pid t pid;

7. int status;

8. if ((pid = fork())<0) {

9. status = -1;

10. } else if (pid == 0) {

11. // TASK RUNNING (executing execl)

12. execl ("/bin/sh", "sh", "-c", cmdstring, (char *)O0);
13. // EXIT ZOMBIE (if execl fails)

14. } else{

15. // TASK_INTERRUPTIBLE (waiting in waitpid)
16. while (waitpid(pid, &status, 0) < 0);

17. // EXIT ZOMBIE cleared after wait

18. printf ("child die\n");

19. }

20. return status;

21. }

22. 1int main() {

23. my system("touch /tmp/ruc");

24, // TASK RUNNING (parent exits normally)

25. 1}

Y
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" HIES RN

s NZEIRT=eIE— init_task HFE, FROGHEZO 5 idle HIZ, BESR
REHEEERERN, BEXRMeIalT idle #1E

s ZBVEHWIRZRATESAIE—D init W2, XEFEIRARE 1, E2
FradiErEx, N EEFRIMBIEESS 5 TRE

o SHFEP B T HAEP,, MHIEP A E, HiEP AR, EHiE
PRI T HAEP,, BRAMIEP FIHIEP BRI X AR EEIN KR

= GUREPRIE T Py Py P32, X P (1<i < 3) SHEMRN smitite

! — - —— = (hildren.next
‘ — - - —— -~ (hildren.prey



1w [ IHFE 2 RIN

4 )
1 struct task struct *task, *sib, *child;
struct list head *p;
/ BHRGEFNETEHRE
for each process(task) { show_info(task); }
next_task(p) \
list entry rcu((p)->tasks.next, struct task struct, tasks)
for_each_process(p)
(p = &init _task ; (p = next _task(p)) != &init task ; )
/ BB EBHENEELHE
for (task = current; task != &init task; task = task->parent) { show info(task); }
/ BB EBHENE L RHE
list for each entry(sib, task->sibling.prev; sibling) { show_info(sib); }
9. // BHOHAHENMRE TR
10. 1list for each(p, &(task->children))
11. |
12. child = list entry(p, struct task struct, sibling);
13. show_info(child) ;
14. 1}
\\ J




(// File: chapter3/Relation/family.c - . T - P _ ) A
BE . R xBexit(0), HITERI(TAY
1. #include <stdio.h>
2. #include <stdlib.h>
3. #include <unistd.h>
4. #include <wait.h>
5. int main () {
9 int i = 0, pid, status;
7. printf ("pid: %d ppid: %d i: %d\n", getpid(), getppid(), 1i);
for (int 1 = 1; 1 <= 3; 1i++)
. {
10. pid = fork();
11. if (pid !'= 0) wait (&status);
12. else if (pid == 0)
13. {
14. printf ("pid: %d ppid: %d i: %d\n", getpid(), getppid(), 1i);
15. if (id == 3)
16. {
17. id++;
18. pid = fork();
19. if (pid == 0)
20. {
21. printf ("pid: %d ppid: %d id: %d\n", getpid(), getppid(), id);
22. exit (0);
23. } GuestOS > cd /tmp/share/chapter3/Relation
24. else if (pid > 0) wait(&status); GuestOS > gcc -o family family.c
25. } GuestOS > ./family
pid: 2298 ppid: 1885id: 0
27. } pid: 2301 ppid: 2298 id: 3
28. } pid: 2302 ppid: 871id: 4

29. }
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" SF24H
NIRRT AR S A ISR TR T IERNO R, B
AR —HIREY pid, EHTEA task struct BURLHIE toid AR
s AR T E AR E ARG, RIS
= S AR BT AR
s NHIZOIRIS, EEASIANEXNERE, BBATH pid f wgid £
R RO T NSRS B, FAEEETECH pd,
BETH tgid E2ZMEN tgid, EATHIZHERE— 1248
« getpid() REHFREIAEHHEN tgid, TIARSLRR pid, BEHR—
IR AR R RFTE AR = IERMRS, gettid) REHHS
IREA2HY pid
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mhieH

Gu struct task struct *process, *thread;
2. // method-1: iterate through the thread node linked list
3. // whose head is in the signal struct shared by the thread group
4. for each process thread(process, thread)
5. {
6. show info (thread);
7. }
___for_each_thread(signal, t)
list_for_each_entry_rcu(t, &(signal)->thread_head, thread_node)
for_each_thread(p, t) \
_ for_each_thread((p)->signal, t)
for_each_process_thread(p, t) \
for_each_process(p) for_each_thread(p, t)
8. // method-2: iterate through the thread group linked list
9. // whose head is in the task struct of the thread group leader
10. for each process(process)
11. |
12. show_info (process);
13. list for each entry(thread, &(process->thread group), thread group)
14. {
15. show_info (thread);
16. }
17. 1}
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11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

File:

#include
#include

#include

struct parameter { int thread id; char *thread name;

chapter3/Relation/thread.c

<stdio.h>
<pthread.h>
<unistd.h>

}i

void * worker (void *arg)

{

int thread id =

char *thread name =

while

((struct parameter *) (arg))->thread id;

((struct parameter *) (arg))->thread name;

(1)

int main ()

{

pthread t pl, p2, p3;

struct parameter paraml, param2, param3;
paraml.thread id = 1;

paraml.thread name = "A";

param2.thread id = 2;

param2.thread name = "B";

param3.thread id = 3;

param3.thread name = "C";

pthread create(&pl, NULL, worker, &paraml);
pthread create(&p2, NULL, worker, &param2);
pthread create(&p3, NULL, worker, &param3);

pthread join(pl,
pthread join(p2,
pthread join (p3,

NULL) ;
NULL) ;
NULL) ;

2401 0.C
2402 61.9
2403 61.

2404 60.¢

c
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s  HBASSE

s FVHEH BT —HRA, SNHREARITUEESS MR, H#iES
B—NHEEMS, H pid sRBIFEAER poid

 ZNHREETT LI — N EIE, RIEEEETIHERIA, 1%
IHSIERINSIHE, H pid AEPIRBISIER] sid

s 23FERE MHIZER— D IIE (ob), SIFTLE— M HIZER IS
IERIBIATAE (foreground), MEMBHIHHRASESE TIE (background)
s FPIETTLUEE—M2HIZE (control terminal), ZIHILIRERIN
AT, EBEBAIZSIFENR S HIRA, ARIFETANES, il
CTRL+Z, CTRL+\, &f&#2aIaHEAH

s SIFAEN AT TEERE— %, FERERN— ) TEESN
IS, REEEKZEIENENEEREHEE, BEMTEEESIET



—_ $ proc1 | proc2 &
\ = AN e e o = <
12 1E+ ZH ,_57:-14'—1 j:glg{/E*{ﬁu $ proc3 | procé | proc5
s shell BF— P EISROHFEHE, procl. proc2 BFE—1GEEHIEA,

proc3. proc4, proc5 EFREI—1RIGHER

" XEHIEHAERIRImIERE, B8 TE—"session, ZFHFEEG
IR NFTIAERIRERT, ARERXENESER ez HIEHIE

process group | proc2

process group process group

session



tasks

real_parent

children
sibling

group_leader

thread_group

init_task

IENS
real_parent

children
sibling

group_leader

thread_group

IENS
real_parent

children
sibling

group_leader

thread_group

ENS
real_parent

children
sibling

group_leader

thread_group

tasks
real_parent

children
sibling

group_leader

thread_group

tasks

real_parent

children
sibling

group_leader

thread_group

tasks

real_parent

children
sibling

group_leader

thread_group

tasks

real_parent

children
sibling

group_leader

thread_group

tasks
real_parent

children
sibling

group_leader

thread_group




3.2.3 HiENItIE 5L

" E£ShellPHITIRSHITTE
= Shell A A fork() BIE—"1FHYHE
s AHFRA wait() I waitpid() F1F
= FHAZVER execve() FTTEEHIRER, ITEEEFEEMA exit() 1B

Shellf2/%

R LIRS T

ETHET AR

R IESIGCHLD

HIEIRE, FHEREER DS

i

Y

B




| 3.2.3 siEmsIE SR

= ARRCIERIRIE: fork() PRERZEL. execve() PRERZEL

s fork() RERFUBII ERNERIMARER HanHREEER, LIgIE—
I FHE, XEFHEMNOHEES BRIHEIE=EHRT, B8
RERIpid, (BEHZAEFIIRNE

s execve() REREASZE TP TG, BEENFHIERN A =S8 FF
FHaHT, IXE I FHIEA THRD BT

" HIERILRIE: wait() iRERER. exit() BRRREL. kill() FREREL
= wait() FRERZ

= exit() FRERZL
= kill() PXERE



2EnE . fork, vfork, clone

sys_fork()

sys_vtork()

sys_clone()

kthread create()

l

l

- _do_tork()

'

copy_process()




HIE0EREIE: fork, vfork, clone

/] fork(J I FIHIZE T — P ETRHAENTEEIR, HRESIEERSIIEHLH
SYSCALL_DEFINEO(fork) { return_do_fork(SIGCHLD, 0, O, NULL, NULL, 0); }

/] viork IR HIEE—EIEZE, BEEIFHE R Fexit()o & execve() H1E
SYSCALL_DEFINEO(vfork) {

return _do_fork(CLONE_VFORK | CLONE_VM | SIGCHLD, 0, 0, NULL, NULL, 0);
}

// clone(BERTRIZAFZE, S8RZ, tJBEEARIOHENIRIR
SYSCALL_DEFINE5(clone, un5|gned long, clone_flags, un5|gned long, newsp,
int __user *, parent_tidptr, int __user *, child_tidptr, unsigned long, tls) {
return _do_fork(clone flags, newsp, O, parent_tidptr, chlld_tldptr, tls);

}



HIRZRLEERE . exit, wait

» HEEFERRIEFEFUN N MNER.
« M\main(RENRE], sEERER=Banilexit)R5eER,
» FNARexit(0)RREH

AR EIIEIEFETU R 3IMNER.
o HZE— B S BRNIERYES.,
s HEERNSHITRTE T — 25,
o HFZUGEISIGKILLELL  HES,
B E—PNHEHEZIERY, LinuxRZESBER el aE8lRR, FHEXMNER
SHRAHEE, M—MHEEZ RO geBmME R
» ST AOHERIL, BIAFHESTR—MEFEHE, BERIHEERER
wait)Z EHREBT.
s ECHAQHEZGERLE, BBAINGHRE N FHIERIE OHE,



EEH%A (Copy On Write, COW)

" EEFERUNIXRIER ST, SIEFmHERNSESIHZE/RE
HIFFMERIR, XEHENEIZRGSREI, DCBRIERGERKA
SRS RN TL
HIEECE FHIEN TR EHIHIE UL = AR NS 2 iz,
RAERSH AU FERITEREFHEE, XEFR. FHEH
HE 7 HERWIERNE

" 2R, FHIEFE L FEEIAEMERERIANSE, A
SRIPNERIEE, ARZETHHEREIIAT, WML, F
HIEHE = ERVEIAN

o QAR ELIRIES NS, SRS KEET

<
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BIERNANZIRCAS DT

i ftdup task struct()

S BLHE R R AT A5

Y

1

/

copy_files()

WIHALUERE

Y

\

i

copy_fs()

i it sched_fork ) UA LT BEAH A 8

Y

copy_mmy()

Y

copy_thread_tls()

Y

43TEPID

Y

LB IR 0 Hife

Y

AR I AR A R AT B4Rl p

copy_process() R EIHYIE

K& PTRACE

¥

copy_process( )| T-#HE

R EI?

AREF IR RIID

{ti Fviork()?
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BT HERR N\ B 25 A 41)

S

Y

AR SE R
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_do_fork() ERELHYAE




Long _do_fork(unsigned Long clone_flags, unsigned Long stack_start, unsigned Long stack_size,
int __user “parent_tidptr, int _ user ‘child_tidptr, unsigned Long tls)

{

p copy_process(clone_flags, stack_start, stack_size,
child_tidptr, NULL, trace, tls, NUMA_NO_NODE);

pid = get_task pid(p, PIDTYPE_PID);
nr = pid_vnr(pid);

(clone_flags & CLONE_VFORK) {
p- »vfork_done vfork;
init_completion(&vfork);
get_task_struct(p);

wake_up_new_task(p);

(clone_flags & CLONE_VFORK) {
(!wait_for_vfork_done(p, &vfork))
ptrace_event_pid(PTRACE_EVENT_VFORK_DONE, pid);




[

struct task_struct “copy_process(unsigned Long clone_flags, unsigned Long stack_start,
unsigned Long stack_size, int __user *child_tidptr, struct pid *pid,
int trace, unsigned Long tls, int node) {

w M

p = dup_task_struct(current, node);

~N oyl B

(v4]

copy_creds(p, clone_flags);

sched_fork(clone_flags, p);

| el il
W N RO W

copy_files(clone_flags, p);
copy_fs(clone_flags, p);

=}
~N ol B

[#1]

copy_sighand(clone_flags, p);
copy_signal(clone_flags, p);

B O W

copy_mm(clone_flags, p);

w M

copy_namespaces(clone_flags, p);

~ h w1

[v1]

copy_io(clone_flags, p);

copy_thread_tls(clone_flags, stack_start, stack_size, p, tls);

WM = @O W

pid = alloc_pid(p- rnsproxy- >pid_ns_for_children);
p->pid = pid_nr(pid);
P>
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int copy_mm(unsigned Long clone_flags, struct task_struct *tsk)

{

struct mm_struct “mm, “oldmm;
int retval;

oldmm current
(!oldmm)
@;

(clone_flags & CLONE_VM) {
mmget (oldmm) ;
mm = oldmm;
good_mm;

retval ENOMEM;

mm = dup_mm(tsk);
(! mm)

fail_nomem;

good_mm:
tsk->mm = mm;
tsk->active_mm = mm;
93

fail_nomem:
retval;

}




| 3.2.4 Linuxsrpogig

B LinuxFEIEEARRZE— ) "BER" HiE
s MAZAIBESRN, ©HRBEEX NS, Linux IBFTBINZEIEER =
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struct task_struct

2 1

1 f+ BTETSTLIETEAR +/

5 int on_roq;

e HIEM KR

8 « prio: HNEHESR, BEH100~13%:. SHEHERNHE (bonus) B E

g # static_prio: BEM%E, static_prio = 180 + nice + 28 (nicel§A-20~19, fiklstatic_priolfA100~139)
16 « normal_prio: EESHABERSRPEMNR RS . BiENnormal_pricE#. BETHAXAMBESE
11 *f

int prie, static_prio, normal_prio;
13 v EERHEMESE «/

14 unsigned int rt_priority;

16 Je EEZE, HEMEEIZE 4

const struct sched_class xsched_class;

19 Jr AEXECGELEMM—TEa) «f
struct sched_entity se;

21 Je EEEECEREEER) «/
struct sched_rt_entity rt;
struct sched_dl_entity dl;

25 #ifdef CONFIG_CGROUP_SCHED

26 f* IEOEMEHIER +/
27 struct task_group *sched_task_group;
28 #endnf
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1 1int prio, static_prio, normal_prio;
2 unsigned int rt_priority;
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1 unsigned int policy;
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i

policyfRF 7 HZAVEERE, HriXE8LITHM:

e
http://Ixr.free-electrons.com/source/include/uapi/linux/sched.h?v=4 6#L32

1 /=
2 % Scheduling policies
3 x/
4 #define SCHED_NORMAL 0]
5 #define SCHED_FIFO 1
6 #define SCHED_RR 2
7 #define SCHED_BATCH 3
8 /* SCHED_ISO: reserved but not implemented yet */
9 #define SCHED_IDLE 5
10 #define SCHED_DEADLINE 6
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// http://lxr.free-electrons.com/source/kernel/sched/sched.h?v=4.6#L1254
extern const struct sched_class stop_sched_class;

extern const struct sched_class dl_sched_class;

extern const struct sched_class rt_sched_class;

extern const struct sched_class fair_sched_class;

(o) N O NS L VU I N R

extern const struct sched_class idle_sched_class;
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