éi*EE*E%IL.\ Ej: f‘EIJ

rHES:

RAIZRLETR

SRAIZ AR B 2 8]

TRERHS, BRERSHERIISER,
Sosioing, BIZ0IR, SRR, BIREE,
TRERHBESERRLHR.
BRLLIE ST L =S a7
ERRLWPHIR A A 5 R
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N o ok w N

1. Linux&& 8=

1.1 tagsiz

- E—MEFEN—MITERAR ML (thread) . EEMINENXE: &2 “—MNHEERL
By 51"

- —UIEREEDESE - T RITAIE
- BAREHIEAENETT, AREEHEMUTEIRET
- FELinuxREH, ECPURRR, BEIFPCBERELLZRRIHIEEMEEN

- BT HREDMALEE, JUER#ENARORR, FHIEXRSEDRLAEMITR, "M
BT ZAE AT



Linuxt##€

task_struct HEIURTE mm_struct EHIRE mm_struct
&
RzX LIz As , Bl
SRR
task struct HER &, @il 7e
{REEERHTERU:
X user K:kernel
= 5 - HEX R
task struc provess METNRERE , B
a2 St HE RN, NI
SRR,
<> . WIREFSE, A
X
task_struc X e BN | FBERSY
FOBSHIIE | |ypipit| 25| RWXIER| U/KIZR YIERF
L1 XXX 7 RW U
B*ﬂfé%ﬁﬂﬁ Pl - LATHEAIE
prRssE | s MR

3P & 1~
RNE LERIERE, BRBH
- BEIFERARE, MOSUREe, ARSNMHETERYZH, LHERHB

1.2 BlFEERE

1.2.1 REHAtILFIDIRATE SR
BE—TF, NREREENNENSTIHNERT, S— 1 BPEFEMERE LFHHEEYS
RRELH, WTE:



K=e]

HiERR

RgER

EF1

A

EHEER

I ER

EFF 2

YIEATF

£561752"

=08

E=08

RADER

BIEER

1 RIBER

EAE—MEFIARE. SERKEREA 138, REXFNRFSN, DERFESIRD BIRSM
By, KOPAEER, £ —EiEfTNEZE, BEEFIBRLH, BACl]HENYIERFZERA
ey, SEXEYIERNFEREURSHERIFINEFT.

E4e? BNFLIFMERFR AL BPNZ R R ES,
PWAEFENDNERI T, WTEMMRR:

EfFl

EWAF

4KB

\

BEEMEBAERFFEES, ILNE

hES

4KB

4KB

hERE

EUATEF



EYEAFRBE—TEENKENTERTIE, GUEYIEN. 81 TEES—MWER
(page) o —PIIMNA/NEFETFTUENKR/Ne RS 321 (AREHISZHF 4KB BITT, T 6411 (A RLEEH—
RR=SZ#F 8KB BT, KO —TM— 1 TUERREER:

- TER— MBI
- MRE—TEER, AILUFRAEEAITIESEET.

BT XMHE, CPUEHIEREZAIDYEIEAF ML, MEE:dEIMtiE =8 R EHZERIH R YIERTE
Hitlk, FTIBRVEEIMNMIETE], BIRERANE— M EERITHINEIZD N — M2, 32U
_t) ;iﬁiﬁiAk0“'4G‘lo

BRIERGRDFEIIL =B YRR F MU 2 BRI R R, BMERR, XKKRLERTE—
XYM DUERIBRET R 2R, BEILCPUBIERIF IR A TF L,

BE—T, HEBZWENAF FRIZEI=E2AET, BYERNEZRDAETIE, &3
TIREEIEESIENAE, RFAEIEFTIRESNYERNTI. XFMBRT ERESNYIERNZ
1S AHYEE F 1E)

1.2.2 MEREFEE

BIgE— 1P HNYIERNTEE 4GB KT, IREBE— 1 DIENK/) 4KB #H1TXIS, 4GB HITIEFLE
4GB/4KB = 1048576 N TiiE, BXAZHYIER, RERAAEERERHEIERENRMN, 1B1ERLA
EEXEWLETIIEEWMER, MERTRNES,

NIZF struct page EMERTIAZAFFNEMIER, BFHEREFENERE, struct page H
T KREBBE S {Kunion,

EGIR

struct page

{

unsigned long flags;

union

{

struct

{

© 0o N o u b W N

[
O]

struct list_head 1lru;

e Y
~ o 0~ W N

struct address_spacex mapping;

=
o ™

pgoff_t dindex;
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}s

}s

/*

* EHBRGIRAE, TEHEIE

* YR IRE T PagePrivate, BB M Fbuffer_heads
* YL IR E T PageSwapCache, W Fswp_entry_t
* YERIRE TPG_buddy, TEFHTUERFZHEIN

*/

unsigned long private;

struct

{

+s

/* slab, slob and slub */

union

{

+s

struct kmem_cache* slab_cache; /* not slob */

struct list_head slab_list; /# uses lru */

struct

{

/* Partial pages */

struct pagex next;

#ifdef CONFIG_64BIT

int pages; /* Nr of pages left */
int pobjects; /* Approximate count */

#else

short int pages;

short int pobjects;

#endif
}5

/* Double-word boundary */

void* freelist; /x first free object */

union

{

}s

voidx s_mem; /* slab: first object */
unsigned long counters; /* SLUB */

struct
{ /* SLUB *x/
unsigned

unsigned objects :

unsigned

}s

inuse :

frozen :

16; /x HFSLUBREIES: XIRAIEE ~/
15;

15



67 union

68 {
69 /* N7 EIEFRFPRGIBIRRTITE, BTFERRIEE BLERST, & FREIE mBST
70 )
71 atomic_t _mapcount;
72 unsigned int page_type;
73 unsigned int active; /* SLAB #/
74 int units; /* SLOB */
75 }s
76 000
77 #if defined (WANT_PAGE_VIRTUAL)
78 /* PIZEAE (R REBGITANULL, BlEimA7E)  */
79 voidx virtual;
80 #endif /* WANT_PAGE_VIRTUAL *x/
81
82 }
HrpLLREERN LS8

1. flags '@ FARGEHIHNRS. SLERSCENRFEHEN, EFAERMEEANFFRE, flaght
S B2ERT—MWRE, FILEZEDAURNRTEI2MARENRS, XEFEE XIE
<linux/page-flags.h>/, HA—LELIFUIFEEE, WPG_locked A TFIEENEEIIE,
PG_uptodate B FRARITHNEIEE L MRIGHFIZENH BB HIMEIR,



_ PG_locked @ /* Page is locked. Don't touch. */
#define PG_error 1
#define PG_referenced 2
#define PG_uptodate 3
#define PG_dirty 4
#define PG_lru 5
#define PG_active 6
#define PG_slab 7 /* slab debug (Suparna wants this) */
#define PG_checked 8 /* kill me in 2.5.<early>. */
#define PG_arch_1 9
#define PG_reserved 10
#define PG _private 11 /* Has something at ->private */
#define PG_writeback 12 /* Page is under writeback */
#define PG_nosave 13 /* Used for system suspend/resume */
#define PG_compound 14 /* Part of a compound page */
#define PG_swapcache 15 /* Swap page: swp_entry_t in private */
#define PG _mappedtodisk 16 /* Has blocks allocated on-disk */
#define PG_reclaim 17 /* To be reclaimed asap */
#define PG_nosave_free 18 /* Free, should not be written */
#define PG_buddy 19 /* Page is free, on buddy lists */

2. _mapcount : RRETIRFEZDIUEMIADT, BHMEBX—ITIK5IATZ R, HitEZR-1
BY, MiRBASRINZARESIAX—0, FREFNNDEFMAUERE,

3. virtual : RTIRIEMMIL, BEERT, EMEREEMREFEFRMIL, FLAE EIFMENG
IHATE) HARXAMBRG B AZI =8 b, EXMIERT, X MIWEANULL, FEHE
fix, WIMENZSHIBRETIXEETT,

EEEHYE struct page SYIETIEX, MHIFSEMIIER. MAZTNEMIERTHESEK—
PREFREE, ILRNREENREXETERHX AW, FEEEEESDAF.

8 struct page G40 M FTHHIRER, BERFHNIETN 4KB K/, R4%H 4GB Y)IERF. BB
ARFZHPHETIE 1048576 1 (LK) , FrliERX AL TIE M page A HFENAER i
40MB , YRS 4GB NiFM s, NERIW—BHET., Alt, EBEBRAAPXAZYEN@, X
MAHARBEERK,

ZHENE, INAKNFARAEFMANRZAERTIEEEE, TAK, TABASTREAT
BEFAN=E (TAER) « T/, BARLUBIIINERBEAN, BERIIKE, KFEEIRERAK
maARE, FENRFIMBMHAITIEL, NERAFH. B, THKNRIZETR, BER 5128 -
8KB , windows/Linux&4RITIE AR/ I4KB,



- BIERGHEEES I

1.2.3 TI&

RPNE—NRI, EE— MR R, 7F 32 IRER, EPRFHIRAZTERZ 4GB,
XRE—TRAFPREFTREHNEMRNEZE. BRATEILL 4GB NENANFEHAIA, PBATTRPME
BREBRTXFIERY 4GB i8], ABAM—HFEE 4GB/4KB = 1048576 NRI, W TFEFAR:

4G 4G
FFFE...FFFF | e \ ' 4KB
1048576 577 |-,
=
IR A RS hA Mk 4KB
0000..“1000 ------------------------------------------- “ ------- * ----------
0000....0000 i
EINATE DiFR YIERTE

EIRNEFE LEWES “DE]” li— N1 8T, HEHFZENDE, EMREFNARESN.
XPMEEHNRETNNRRESTTRPE—TRIVRE KR, ARLRFEEENI—TEREF
[yl

TURPYENE, SYIERFZE, SR XER, METAMERME#IER), BAK
KERNMERNTFEEHE, BRSEMATFYNAVAME MU EESRR, LEREHPIBE. RETE
LB, ERANEHILMMIE, RBECRESHMAIUT, RAH RIS @ IR ESEFRRYIEIL,

Rig, £ 32 UREHR, HUANKER 41FT, BATKPNE—IRIMESA 4 MFT. Fi

A
IIRGIENETEANIE: 1048576%x4 = 4MB WK/, U BHMNKREE A, MELH
4MB / 4KB = 1024 I, XSFEWLER)ZIE?

- E8—T, SMATAERNEK, MEERHEEN D N— NI UAAESNEFREYERNT
B, BERURNTIRMEBELO2AMESIUE, NFHNSENNBEMEREEm® T ......

- Itsh, RIEEEMEREAN, RERERHEE—RNERIFERRZE/L DM AI UERIET
7o Attt HE—RILFIENYIETIE B R RN,



BREBRBENRNRIFA AR BIRENSENXM, WEHITERDE, BINTIRED,
R Z R IRABE,

AT RERXANEE, BB MNR—DIRFI L 1024 MATRE/ NG R, W TEFIR. XE—E,
1024(B M RABPRIINEL) * 1024(FRBITEK), HARLIE R 4GB BIIEREFZ(E,

~ 4
YIETTR AL |,
kY 4G
10244 D1ERI { ___________ 7 pre
A/h: 1024*4Btye SRRt |- A
| s |
ETR
1024/|\ﬁ < : ‘s“ "" \,‘ ":W
% “,'(i“ \‘$I"
4 o“' ‘f"" :“4a
YRR AL |° o “k"&
= s i 4KB
1024 T1RIN P
A/N: 1024*4Btye e m R |- 4KB
L - IR DTS4 HIE MIRATE

e

XENE—IKR, MEEENIR, FIl—HE 1024 40Kk, — P RKRBESHA 4KB , A
1024 ATIR—HMEAT 4MB HWBRERTEFTIE, MZANZZERM?

MEHEBERXNE, BR— M UAEFEAARTEEAENN 468 TEAY, WIFREBE/L+IIE
A AT BlEn: — T AFPEFIRER. HiER. K&, —HREE 10 MB BI=(E], BAEA
3 MITRMEB T -

HEITE:

F—IMOIRIFEAE— 4KB F¥IETT, ABA— I Ti&RF 1024 NoIRI, —HEEBEE 4MB B2
%

BB 10MB H9RER, A EXITFENEE Z/5(4MB BIfE3K, i 12 MB), MIBEE 3 MR T,

1.2.4 TIERLEW

FEmANLE, 8—PIESK—IIIRFH—NRICKIER T, AKX 1024 MIIREFEREER
ko EEIRNRMZATERR, TR _KNR. N TEFIR:



(-
Ea 4G
S8t 10241 REA e e
' A2y | | |- - ek
~ .
R A
1024/|\Eﬁ\ﬁ1ﬁ £ ‘\“‘ “:.:" '7
*’J\: 1024‘4?% mﬁﬁgﬁjmiﬂ: ______________ 9 ...... b5 . .
e : - -? A 1" . i ‘e "\‘
ﬁgiﬁ "':“-" ‘\\ R
* 4KB
1024 AR
k-’J\: 1024'4?% %iﬂﬁ@ﬂﬁiﬂ!ﬁt .."‘ . 4KB
- BN
it

- PR TIERBVY IR 01 B RRTE M
- TIE RV CR3 FFe5 18R, XNEFFSRT, RE 7T SEERITESRITIE Ritbit,

FRURERGENBAPEFNEE, RAMUXBBENEFRBRIEMERNT, EEBENARREFE
FEYTIE RN TIR D EEYIERTF

1.2.5 WK TIRAYIMALEZIR

TEU— N EE G, FZiEit (0000000000,0000000001,11111111111) iR IEME

RPUEEN

1. 7E32{Ih3BEEH, FKA4KBRITIA/N, MEMtutR12(0I001REE, R TS20(I4605R, 75K
Mk, 81M&5)45101bit (10+10) o

2. CR3 Fzds IXTIH Rikiaitult, BREFE—FISENEAREK, HEIT—LOREVIENFHE
BIUE,

3. IRIBZEAISER, HERLBERRNAFRS,

4. SETANREEFEYEMIL,



—Rns —Bms EEA0s

JZ58ibhtE: 0000000000, 1111111110, 111111111111

’

3

4 0X1111...0000 ..
1 0 0 4G
- % B 4KB
. 2 T
1022 | 0%2222...0000 |- .
CRIFEHE [----
: 0 | o0x1111...0000 |~ 1023 > 0X2222...0000
nE 6 BRANlia) b
0X0000...2000+2412-1
1022 PS
1023 ......
MEREK
4KB
4KB
WERE
&

5. 7F: —TWETIRHAL—E R 4KB XITTH(R/ERY 12 U288 0), FRUUESSRFEBICRYIEDR
it A9 20 {ZBIAT,

6. U EHELFE MMU B T{EARTE. MMU(Memory Manage Unit)@—FhEE4- g, EHERERMR,
FETERHTHREERE, MIERRARERENIEZ—,

FAXBHLEENEH, MMUZEHITRRIREGREIEIE, EHIATNREFREF, MMUB
XA RIXE B LR, AFWEIZEFIEIREY MR EIEH R B, ABAHTIRZFINEAT,
MEM TNRIER+URIRE, B0, NRFHEZSEWNI B S, NFCPURNEFIEIK, K&
AR

HENMNMESE—T: BEEOIRWGELAGFERS, TEIIANTEZLRIR, BESENIRBE—
/XTI, FERDESFHEERBRDEETENRNERT EONE. BEEIRANENNIEE?
HENEZRNMERE, #aLUBIRIN— " FREIERAER MMU SIANTHESS, THARREK
B TLB (HSE, #tRELE7E, Translation Lookaside Buffer, F&3%iX5&4E H23)

2 CPU 25 MMU & ettt Z /5, MMU Jckiel TLB AR A, MREMEEZIYIEHIE
RESELRNTF, 778, BTLB BELLR), MREAE Cache Miss , XBHiE MMU B RIKRIEER 25
TR, 7EDIRAFHEIZ G MMU BRT 1Bt B SA(TLNE, TIBXFMGIXRLAEFITLE, iLEIER
— MRIFEF.



RIFHEF

el — Eum =

Second

N - )32

—

Az

1.2.6 BRIRE

G4, CPU 44 MMU BUEEittsit, 7£ TLB MTIEER S E R EIN RAYIET, ZEAMIE? HIX
HES% Page Fault , E2— 1 EHEAHEGEHE LB AIBIEY FHER,

BN BEARREREYIENE DS E N YIRS B AT AR, CPU ST AIREKIE,
X
R FCPUR SRS — MR BIEEIR,

BT CPU BEMIBMIA#TITE, CPURT T AAHIZHMEI T HREIhE, H#EaMBAS
i
BIRIRAS, FHEERTIRBIRARIZE Page Fault Handler 032,



RIREIVIER

Eiit ——>

CPU FRTA F P 27 ER Page Fault Handler

alesli] LAl S E S

e

FROIP =348 PageFaultHandler 208, HiRERTIPMHAREE ZHITREBILIE:

- Hard Page Fault t2##5 5 Major Page Fault , EliFNIERRDITEIR/EERITAIR, XTYIEARE
RSB NIIEDR, FECPUITHMEIZEIREEIMIEANFF, BILMMUZRIL M)
HEBYARES

- Soft Page Fault tB4%#7 79 Minor Page Fault , EiZAIRTIIEIR/ /R BIRTIIEIR, XYIEAEFH
BEENNMYEENN, RAIAREEMHZERAN, ZHRIISRENHEANEME, LIAMMU
NEEEITMSEIR, TEMEEIRRNE ARG, —RHIIESHIERZRNFXE,

- Invalid Page Fault BliF AR TIsEIR, LLAEIR AR AFHALSRHE], XL =155##
S AMIZMEIR segment fault SHIRPETEEEIZER,

- WA ERARERA ] Z ATRY newAImalloc ?
- WMEBERRAZ A FE SN ?
- RERE, ARRETHA?

MK D RBRDT T, BEEIHERT?
- —PNEE, MR T —ESIRED?

1. ISEXEERNE: REAFGELEFHNFEN, BAREMAEHIIEMMITTISZE
BEE. MRS EEENERNEREFR, WARTIHET; NRTTSIEE, WABFRR
8o



2. AERFRNE: BEFRASED UREMAFFREMMIIR S SmHEENRFRETERE
Wo WAL TERRESERAEREAERFR, NWARTIHRET; NERMARERSEE
N, MEksRiaiel,

- BRERFNOHEM: RABEREMILTEHRITY S, EERRMRARIIDE T

1.3 &iEmfis
- QIR MRAIENRN B R — MR ES
- S#EZENRAEL, SEZENIREERERAMNIEEIRS

o REBNXFIBEIENVIMENAEZEIRAZHERY, B2HEVIREREN. Xih LT
XIRB IR B BT IRER KA K TR, RZAX MRS Z RN R EZENIEERER
BEEFHETFHIATTIRE,

o FIM—PIRERIIFER L T XM AL L IESRRVEFHG. RPN, —BXYLET
X, AERFPFAIEEZKEFHNAFHU—BREIEEER T, £ —MEZMXFIZE L IRAZEMRN
FEpEHE, RERTTREHR TLB (RKR) SWE2HRF, XBESBAENIHRTE—EINER
B RY. BRELENTRE, FIBIXNEE, SATHEEHcache,

- SRS RNRIRELHEED
- BRSOV AZBEENATHITHE

- EFFISRI/OREERNER, BEFATHTEMONELES - (HEEEENA, ATHRESZSHE
ARG LIETT, KitBEDBEZ N EEHRLI

- IJORERNA, NTIREMEE, KI/OREES. KIZn]LUIANFHARAYI/OBRIE,

1.4 ZIENTRS
- MgEIRL
o —MRABINBEHAEN T ERERNARAA T E5HTARERER— MBS, NRitE
BRERAIENHELLTTRAMNANESEZ, IRARTRESB R ABMRERL, XBEMMEEIRKIS M2
M7 ENRITIBEEFFE, MeANRERT,

- AR

o MESZLIEFTEEFLEBANNZE, T—NZLEEFE, ANEDE LRNANRENER
HETRZHEZNTEMERT REMBYAIEIEREARR, MAIEHLEZEZRZ RPN,

- FRZ IR

o HIERINIIERINEARNE, T—TMEEFHAREOSKBMSXIB MEIBEMFMM,
 RIEEER S

o WESEHA— N ZLIEEFLLRLEEFRESS



1.5 &izRE

- BNERREMREIMRS, FisthnaSBREiZmn, #ENaBERR
- BRERHENAITON, &IEHRE, MEAMHELRE, #AMMALESTIS, KIE#HE, #i2
K1E, ZEEANFIELIZERBERNR H

1.6 &IEHRE

- BIENERZE%IE, BEIRECPURERERIIHITHER

- BIENFERZEIE, SEIRSIOFEEERFMARARRY (WNEEFHININ—EERB—EOTHHAAL
B, MEZE&IEnTH—FRIN)

- FREEE RIS

- SRIEHEHIETE], BRHAEEERR

2.1 HIZMLIE

- HERR RN ERERR(L

- SRR EENEA R

- SEHZHZHE, BHABERCHN—I"ThE" "R
o 121D
o —tAE1FER, LIEM TR
o 1%
° errno
o EERKT

o WEMAR

2.2 HENSMEARERE
[E—#batZsiE], Ftk Text Segment . Data Segment #IRHEM, MNREX — MR, ERZLIET
HETLUAR NREX — N2 RLE, ERAEPEA LIAR I IR Z 5N FLEEHZ LT HIZ R IR
IR i5:

- XHEBIRRTR

- SIS ESIN(SIG_IGN. SIG_ DFLEE BE X5 SR E %K)

- HETEER



- AFidf4id
HIEMLLAZRI KX R U0 TE:

’

BEREHE

r f

L

ZIPBELERE

’

L

BHBELZEE

r .

S99l

LB LIEHE

2.3 XTHIEZERNIRE
 MABHZERINERRE BE— NIRRT

3. LinuxZ&igi=

3.1 POSIX412RE
- SHREXNRBMRT — P RENRY], £ASBRBOEFHRIU ‘pthread " KA
- BEFIXERNE, BiBd3I %X <pthread.h>
- HEHEX SRR ENBEARERH TN “Ipthread” B

3.2 gLz

(AGEEZS

IheE: BIEBE— RN
[REY:
int pthread_create(pthread_t *thread, const pthread_attr_t *attr, void *
(xstart_routine) (voidx), void *arg);
S8
thread:iR[B£EF2 1D
6 attr:IREZIENEY, attrANULLRTERRIAEM

(62 BN



7 start_routine: @M REMIUL, XIZERNEERITHIREL
8 arg: fRLARIZ B oK IS
9

10 R[EME: RINREI0; KKUR[EFEIRES

- RSN —ERHE, BTRE0, KKURE-1, HEWN2FHTEerrnolRELIEREIR.

pthreadsl_l HHBENFRREERTEermo (MAI D HMPOSIXEIMXEM) » MERFHEIR
ARADiEIT R EER D]

pthreadsﬂﬁiﬂkﬁ‘—t?ﬁﬁzp\]E’JerrnoZE, UZFHEEfFERerrnolIREE, ¥ FpthreadsiK Ry
Wiz, ENEEREEWVAHE, FHAEBUREEELLRENLZLIZRNNerrnoTEMFFHE/

ARG ER

1 #include <unistd.h>

2  #include <stdlib.h>

3  #include <stdio.h>

4  #include <string.h>

5 #include <pthread.h>

6 void *rout(void *arg)

7 A

8 int 1

9 for( 5 5 )

10 {

11 printf("I'am thread 1\n");
12 sleep(l);

13 }

14 }

15

16 1int main( void )

17 {

18 pthread_t tid;

19 int ret;
20 if ( (ret=pthread_create(&tid, NULL, rout, NULL)) != 0 )
21 {
22 fprintf(stderr, "pthread_create : %s\n", strerror(ret));
23 ex1t(EXIT_FAILURE);
24 }
25
26 int 13
27 for(; 3 )
28 {
29 printf("I'am main thread\n");
30 sleep(1l);



31 }
32 }

(ASEEZS

1 #include <pthread.h>

3 pthread_t pthread_self(void);

FTENH A tid 218d pthread FEHE K EK pthread_self B8, ©iRE—1 pthread_t 2288
T2, 15 ZIAA pthread_self KEHILIZEHY “ID” o

EARIBBXD “ID” 8?2 XA “ID” =2 pthread LS MNEEE XHHIZAM—IRIR, =
pthread FE4EH5HY,

HFEMHIEEECHRUNAETE, #it “ID” NEREEHEEMERAER (RETRIA

iA) .

HSE pthread Bt @I AR ERNRZFREA (fliiclone) REIZLIZER, MAKINEINEIZCE
ARpeRW—R “ID” RHE—IRRX NI,

ERAPSEHTERLIEESR
BITRBERIT:

(ASEEZS

1 $ps -aL | head -1 && ps -aL | grep mythread
2 PID LwP TTY TIME CMD

3 2711838 2711838 pts/235 00:00:00 mythread

4 2711838 2711839 pts/235 00:00:00 mythread
5
6

-L &I $TENZLIRER

LWP B+4lE? LWP REINEEIERZIZEID, ZaifER pthread_self S EIFX ML fR LE2—T
ok, TEREPAIEESE] ER—Mht, B XA, ATLIREIXTFXNMEENEERERE, SIE&E
ID, 12k, HFEHFREM.

£ ps -aL BFRINLIZID, B—MEIZIDFM#HIZIDIERE, XMEEREELIE, FEIZNRTEM
wout=iElpiR £, MEMARENREREHREX (#kZE) , EApthread 25K EREREpthreadZ
RIMLATAIN, MpthreadEREHZEXE, FILRRT TERZIIEMARRERNZEETHZEX,

3.3 &iFA&LE
INRBEE QAT BAZTRL LN AT =75 5%



1. M&ERER K return, X5 ET ELIZRIER, MAmaintK#returntl = FE Aexito

2. 20 LA pthread_exit&21lEEE.

3. — PR IERTLUAApthread_ cancel & IEE—# M S — &2,
pthread_exitiKi%;

AR

1 Ihee: &fELAKIE

2

3 RE:

4 void pthread_exit(void *value_ptr);

5

6 BH:

7 value_ptr:value_ptrAEIEHE—1BHBLTE,
8

9 R[EME:

10 TRENE, RHE—F, ZRERNMETEZREZEENARE (BS)

FE T, pthread_exits & returni BIAYEH FIERNRFRTONE 2 FAIHE EAmalloc Ecay,
TREELAZR AR LD B, AN S HELER I MREIEH I IZRMBELRE T,

pthread_cancelFi#(

RBGIR

1 Ihee: BUB—MRITHRIZIE

2

3 R

4 int pthread_cancel(pthread_t thread);
5

6 B

7 thread: 421D

8

9 R[EME: FIhiR[Ele; KBLR[EIFEIR

3.4 ZAEERF

Rt A BB
- BEBHNLIE, HEERERER, (DATEREMIER.
- QUBHRIAIE RS R AR B AR,

HEGIR



1 Iheg: FHEES

2

3 RE

4 int pthread_join(pthread_t thread, void **value_ptr);
5

6 B

7 thread:£%#21D

8 value_ptr:EIEA—1MEH, BEEIERAKENRENE

9

10 R[EME: pkDR[Ee; KMIR[EIHEIRE

B RIZR LI EREF, HRidAthread V&K TZ& LE, thread RIZLIREIRY /75K 1L @D
pthread_joinfRFIHNA IERESEARREN, DLEWT:
1. INRthreadk iz BT returniR[l,value_ ptrEris BV R T EEFHREIEthread & IZ BRI ZREYR BB,

2. MR thread X254 2 Apthread_ cancel B E &2 value_ ptrFris MR T EERHNEE
#PTHREAD_CANCELED,

3. WRthread% 22 B 2 pthread_exit&1E8Y,value_ptrErig MM B TTIERN 2 IEA
pthread_exitB9&%K,

4, INRXFthreadZIZRIE IERER RS, 0] LIENULLLG value_ ptraEks.

RIS
SR
1 #include <stdio.h>
2 #include <stdlib.h>
3  #include <string.h>
4  #include <unistd.h>
5 #include <pthread.h>
6 void *threadl( void *arg )
7 A
8 printf("thread 1 returning ... \n");
9 int xp = (intx)malloc(sizeof(int));
10 *p = 1;
11
12 return (voidx*)p;
13}
14
15 void *thread2( void *arg )
16 {
17 printf("thread 2 exiting ...\n");
18 int *p = (intx)malloc(sizeof(int));
19 *p = 2;
20 pthread_exit((void*)p);
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void *thread3( void *arg )

{
while ( 1)
{77/
printf("thread 3 is running ...\n");
sleep(l);
}
return NULL;
}

int main( void )

pthread_t tid;

void *ret;

// thread 1 return

pthread_create(&tid, NULL, threadl, NULL);

pthread_join(tid, &ret);

printf("thread return, thread id %X, return code:%d\n", tid, *(int*x)ret);

free(ret);

// thread 2 exit

pthread_create(&tid, NULL, thread2, NULL);

pthread_join(tid, &ret);

printf("thread return, thread id %X, return code:%d\n", tid, *(intx)ret);

free(ret);

// thread 3 cancel by other
pthread_create(&tid, NULL, thread3, NULL);
sleep(3);

pthread_cancel(tid);

pthread_join(tid, &ret);

if ( ret == PTHREAD_CANCELED )
printf("thread return, thread id %X, return code:PTHREAD_CANCELED\n",
tid);
else
printf("thread return, thread id %X, return code:NULL\n", tid);

BITER:
[root@localhost linux]# ./a.out
thread 1 returning ...
thread return, thread id 5AA79700, return code:l
thread 2 exiting ...



67 thread return, thread id 5AA79700, return code:2

68 thread 3 dis running ...

69 thread 3 is running ...

70 thread 3 is running ...

71 thread return, thread id 5AA79700, return code:PTHREAD_CANCELED
B 1%

nain thread :)Lthread_creaz ﬁpthread_join thread_creat ':#P“hfead.iﬂn [ Spthread_creatd< > pthread_join E>‘Exit
OE EE L $. }
[ N\ N [

' thread :-# return I thread = pthread_exit ] thread - e

D
pthread_cancel

e

3.5 DBz

- BNERT, melEm%iEREjoinablefy, LiziREE, FEXH#Tpthread_joinigfE, ZMFE
ERNEIR, NMERARSMTR.

C MBAROLIZADRENE, join@—MaiE, XPNHME, FHAFTUEIFRRS, SLFRW, B
291 €57 EAw

ARG ER
1 1int pthread_detach(pthread_t thread);

A AR IZANEMEEN BRAEHITHE, W& EEEE:
ARG ER
1 pthread_detach(pthread_self());

joinablef1DE R RN, —NEIEFEERLEjoinableX 72 EHY
IR

1 #include <stdio.h>
2 #include <stdlib.h>



3  #include <string.h>

4  #include <unistd.h>

5 #include <pthread.h>

6 void *thread_run( void * arg )

7 A

8 pthread_detach(pthread_self());

9 printf("%s\n", (charx)arg);

10 return NULL;

11}

12

13  1dint main( void )

14 {

15 pthread_t tid;

16 if ( pthread_create(&tid, NULL, thread_run, "threadl run...") = 0 )
17 {

18 printf("create thread error\n");
19 return 1;

20 }

21

22 int ret = 0;

23 sleep(l);//IREE, BiLZFXDE, BF
24 if ( pthread_join(tid, NULL ) == 0 )
25 {

26 printf("pthread wait success\n");
27 ret = 0;

28 }

29
30 else
31 {
32 printf("pthread wait failed\n");
33 ret = 1;
34 }
35
36 return ret;
37}

4. tRFZID R HIE ML [B)FR 5
- pthread_ createlR =4 —1N&EI2ID, FREFE—ITSEIEEMALF, ZEIZIDFFIE AT
éﬁ*inElDZ:%_Ego
- IEHNSZIDE T HIZAENTEY., HALEREERHE, ERFERAFAESRN&/NRL,
FRA B E— N EERE—RTIZLEE,
- pthread_ createl#E— N ESHIER— N EMAEFERETT, ZAFETHMURN A EIZLIZNL
21D, BTNPTLEAREEREH, LIZFEREEIR(E, MERIEZEIZIDRIZIELIZER,



- ZAZFENPTLIRME 7 pthread_ selfi#, RILURISEIZEHRIID:

ADIR

1 pthread_t pthread_self(void);

pthread_t EIREMAAFERNE? BURTFEM, FLinuxBrRIEIAINPTLEEINMS, pthread_t

BIREIZID, A — it =is) ERy— bt

= pthread_t tid

pthread_t tid2

A (E

FRER O\ e
struct pthread

O L2 R EIELE

—— = T
struct pthread
ZRERWFE
KRR

i i

RAVGEICEIZRER

EFEHIIER

RIGEL




W

pthreadEX

+ J

/)

task_struct

F-N

task_struct JBEXHEEIAEF
A=l -
FHER E2%7 5057
mmap RSBl mmapalSHETEiE
| mEawx | 2 ARH i) HEHEK
pthread. so
EE—— 3
X BX
FRADEHAUER FADSSIATER
LIADSAILSUER LISDSaaIER
nr REK fBK
pthread_create() P

pthread join()

5. AR

ADIR

// Thread. hpp

#pragma once

#include <iostream>
#include <string>
#include <functional>
#include <pthread.h>
namespace ThreadModule

{

© o N o 0~ W N BK

/) RFitEEs, FEERERES T

pthread_create()

pthread join()'
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=L

std::uint32_t cnt = 0;

/) GREBRAITRIONEGE %, BNITZEES, |546Estd: :bindRH#TREIES

using threadfunc_t = std::function<void()>;

/) HRERE

enum class TSTATUS
{

THREAD_NEW,
THREAD_RUNNING,
THREAD_STOP

}s
Y7
class Thread
{
private:
static void *run(void *obj)
{
Thread *self = static_cast<Thread *>(obj);
pthread_setname_np(pthread_self(), self->_name.c_str()); // KRE4FE
self->_status = TSTATUS::THREAD_RUNNING;
if (!self->_joined)
{
pthread_detach(pthread_self());
}
self->_func();
return nullptr;
}
void SetName()
{
// [EREIIEIRF
_name = "Thread-" + std::to_string(cnt++);
}
public:

Thread(threadfunc_t func)
: _status(TSTATUS: : THREAD_NEW)
, _joined(true), _func(func)

SetName () ;

void EnableDetach()
{

if (_status == TSTATUS::THREAD_NEW) _joined = false;



56 }
57
58 void EnableJoined()
59 {

60 if (_status == TSTATUS::THREAD_NEW) _joined = true;
61 }

62

63 bool Start()

64 {

65 if (_status == TSTATUS::THREAD_RUNNING) return true;
66 int n = ::pthread_create(&_id, nullptr, run, this);
67 if (n != 0) return false;

68 return true;

69 }
70
71 bool Join()
72 {
73 if (_joined)
T4 {
75 int n = pthread_join(_id, nullptr);
76 if (n != 0) return false;
7 return true;
78 }
79 return false;
80 }
81 ~Thread() {}
82
83 private:
84 std::string _name;
85 pthread_t _id;
86 TSTATUS _status;
87 bool _joined;
88 threadfunc_t _func;
89 15
90 }

RIGIR

1 // main.cc

2  #include <iostream>

3  #include <unistd.h>

4  #include "test.hpp"

5 void hellol()

6 {

7 char buffer[64];

8 pthread_getname_np(pthread_self(), buffer, sizeof(buffer) - 1);



9 while (true)

10 {

11 std::cout << "hello world, " << buffer << std::endl;
12 sleep(l);

13 }

14

15 }

16 void hello2()

17 {

18 char buffer([64];

19 pthread_getname_np(pthread_self(), buffer, sizeof(buffer) - 1);
20 while (true)

21 {

22 std::cout << "hello world, " << buffer << std::endl;
23 sleep(l);

24 }

25 1}

26

27  1int main()

28 {

29 pthread_setname_np(pthread_self(), "main");

30 ThreadModule: :Thread tl1(hellol);

31 tl.Start();

32

33 ThreadModule: :Thread t2(std::bind(&hello2));

34 t2.Start();

35 tl.Join();

36 t2.Join();

37 return 0;

38 }

#> - pthread_setname_np # pthread_getname_np 2B Fi& BFFRENEIE & FFA0IEAT
EREL (_np &R "non-portable", BIAERITS4ERY) o BENTEETE Linux FIEfth—Lk
Unix RZFRETA, BTIRAXNZEEERNERE

- BARRIKERS: 72 Linux £, ZRERMNEAKEN 16 MFRF (BEFEEER\0) - W
RIAMEIXNMKE, ZEEM,
- R BE, RELEBSFLURERCHEN, SIHIRBEHMAENRIAEZSHE

e

HEIR

2 $ ps -aL



ADIR

© 0o N o 0~ W N K

W W W NN NDNDNDNMNDNMNMDNNMNMDNRPERFRRFRBREBRRPRP R B BB R B2
N B © O 0 N OO0 1 A W N H O O O0WWSNO UG DM WDNRE O

PID LwWwP TTY TIME CMD

3195828 195828 pts/1 00:00:00 main
195828 195829 pts/1 00:00:00 Thread-0
195828 195830 pts/1l 00:00:00 Thread-1

NRBECH1IFFHITAIRSHRITE, BAMZFIRITH, BRXFHFMR T, B2 T H—

T, MEEAC+IE, BMNEREIERERASMISIRL, LETHME

40 LAfE A std::bind #{T3 R 8)E B

// BRIRFEZCHY

namespace ThreadModule

{

static int number = 1;
enum class TSTATUS

{
NEW,
RUNNING,
STOP

+s

template <typename T>
class Thread
{
using func_t = std::function<void(T)>;
private:
/) BT E!
static void *Routine(void xargs)
{
Thread<T> *t = static_cast<Thread<T> *>(args);
t->_status = TSTATUS: :RUNNING;
t->_func(t->_data);

return nullptr;
void EnableDetach() { _joinable = false; }
public:
Thread(func_t func, T data) : _func(func), _data(data),

_status(TSTATUS: :NEW), _joinable(true)

_name = "Thread-" + std::to_string(number++);

S
2%

it, MR
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_pid = getpid();

bool Start()

{

if (_status != TSTATUS: :RUNNING)

{
int n = ::pthread_create(&_tid, nullptr, Routine, this); //
//TODO
if (n 1= 0)
return false;
return true;
}

return false;

bool Stop()

{

if (_status == TSTATUS: :RUNNING)

{
int n = ::pthread_cancel(_tid);
if (n = 0)
return false;
_status = TSTATUS::STOP;
return true;
}

return false;

bool Join()

{

if (_joinable)

{
int n = ::pthread_join(_tid, nullptr);
if (n != 0) return false;
_status = TSTATUS::STOP;
return true;
}

return false;

void Detach()

{

EnableDetach();
pthread_detach(_tid);



80

81 bool IsJoinable() { return _joinable; }
82 std::string Name() { return _name; }
83

84 ~Thread()

85 {

86 }

87

88 private:

89 std::string _name;

90 pthread_t _tid;

91 pid_t _pid;

92 bool _joinable; // @&EHELH, HIAFE
93 func_t _func;

94 TSTATUS _status;

95 T _data;

96 }s

97 }

6. MR
6.1 IREBIEIR, EBRRLIE

LUFE glibc-2.4 # pthread /RIEHEXAR:

12: nptl/pthread_create.c

(ANEES

1 int __pthread_create_2_1(newthread, attr, start_routine, arg)

2  pthread_t #*newthread;

3 const pthread_attr_t *attr;

4 void x(*start_routine) (void *);

5 void *arg;

6 {

7 STACK_VARIABLES;

8 /) BRI 4FEEM, BABITTRE, EESTILEHNTT#E

9 const struct pthread_attr *iattr = (struct pthread_attr *)attr;
10 +if (dattr == NULL)

11 /* Is this the best idea? On NUMA machines this could mean

12  accessing far-away memory. */

13 jattr = &default_attr;

14 /) BEm2: (FFRIRELZFEFE PRI R IEAR TR tch

15 struct pthread *pd = NULL;

16 // Em3: ALLOCATE_STACKRTESHiBstruct pthreadX15, YRR LEHIF—AHRT/E,
17 // struct pthreadZETIEIHIFFL, —=iE
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int err = ALLOCATE_STACK(iattr, &pd);
if (__builtin_expect(err != 0, 0))

/* Something went wrong. Maybe a parameter of the attributes 1is

invalid or we could not allocate memory. */

versioned_symbol return errj;

/* Initialize the TCB. All initializations with zero should be

performed in 'get_cached_stack'. This way we avoid doing this if

the stack freshly allocated with 'mmap'. */
#ifdef TLS_TCB_AT_TP

/* Reference to the TCB itself. */
pd->header.self = pd;

/* Self-reference for TLS. */
pd->header.tcb = pd;

#endif

/* Store the address of the start routine and the parameter. Since

we do not start the function directly the stillborn thread will

get the information from its thread descriptor. */
// BER4: [mEFEtcbFPIRERKBEANITHIF AHHU = #
pd->start_routine = start_routine;

pd->arg = arg;

/* Copy the thread attribute flags. */

struct pthread *self = THREAD_SELF;

pd->flags = ((iattr->flags & ~(ATTR_FLAG_SCHED_SET | ATTR_FLAG_POLICY_SET))
| (self->flags & (ATTR_FLAG_SCHED_SET | ATTR_FLAG_POLICY_SET)));
/* Initialize the field for the ID of the thread which is waiting

for us. This is a self-reference in case the thread is created

detached. */

pd->joinid = jattr->flags & ATTR_FLAG_DETACHSTATE ? pd :

/* The debug events are inherited from the parent. */
pd->eventbuf = self->eventbuf;

/* Copy the parent's scheduling parameters. The flags will say what

is valid and what is not. */

pd->schedpolicy = self->schedpolicy;

pd->schedparam = self->schedparam;

/* Copy the stack guard canary. */

#ifdef THREAD_COPY_STACK_GUARD
THREAD_COPY_STACK_GUARD (pd) ;

#endif

/* Copy the pointer guard value. */

#ifdef THREAD_COPY_POINTER_GUARD
THREAD_COPY_POINTER_GUARD (pd) ;

#endif

/) —HBERE, BlIFELD

/* Determine scheduling parameters for the thread. */
if (attr != NULL && __builtin_expect((iattr->flags &

ATTR_FLAG_NOTINHERITSCHED) != 0, 0) && (iattr->flags & (ATTR_FLAG_SCHED_SET |

ATTR_FLAG_POLICY_SET)) != 0)
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100

101

102

103

104

105

106

107

108

109

110

111

{
INTERNAL_SYSCALL_DECL (scerr);

/* Use the scheduling parameters the user provided. */

if (dattr->flags & ATTR_FLAG_POLICY_SET)

pd->schedpolicy = jattr->schedpolicy;

else if ((pd->flags & ATTR_FLAG_POLICY_SET) == 0)

{

pd->schedpolicy = INTERNAL_SYSCALL (sched_getscheduler, scerr, 1, 0);
pd->flags |= ATTR_FLAG_POLICY_SET;

}

if (dattr->flags & ATTR_FLAG_SCHED_SET)

memcpy (&pd->schedparam, &iattr->schedparam,

sizeof(struct sched_param));

else if ((pd->flags & ATTR_FLAG_SCHED_SET) == 0)

{

INTERNAL_SYSCALL (sched_getparam, scerr, 2, 0, &pd->schedparam);
pd->flags |= ATTR_FLAG_SCHED_SET;

}

/* Check for valid priorities. */

int minprio = INTERNAL_SYSCALL (sched_get_priority_min, scerr, 1,
jattr->schedpolicy);

int maxprio = INTERNAL_SYSCALL(sched_get_priority_max, scerr, 1,
jattr->schedpolicy);

if (pd->schedparam.sched_priority < minprio || pd-
>schedparam.sched_priority > maxprio)

{

err = EINVAL;

goto errout;

}

}

/* Pass the descriptor to the caller. */

// BR5: Bpd (FLELELFIGMAL) (EAID, F#HZE, T EEZZBIFE— T EH At
*newthread = (pthread_t)pd;

/* Remember whether the thread is detached or not. In case of an
error we have to free the stacks of non-detached stillborn
threads. */

/) Bm6: WNAEEMEE R E, X1 RIFIEMH

bool is_detached = IS_DETACHED(pd);

/* Start the thread. */

err = create_thread(pd, iattr, STACK_VARIABLES_ARGS); // EmH#{
if (err 1= 0)

{

/* Something went wrong. Free the resources. #*/

if (!is_detached)

{

errout:

__deallocate_stack(pd);



112}
113 return err;
114 }
115 return 0;
116 }
117 // RZHBINEE, EZESURHERIEZGLIBC_2_1, pthread_createlR#{ 5l
118 __pthread _create_2_ 1
119 versioned_symbol(libpthread, __pthread_create_2_1, pthread_create, GLIBC_2_1);
ZIZEM:
(ANEES
1 struct pthread_attr
2 {
3 /* Scheduler parameters and priority. */
4 struct sched_param schedparam;
5 int schedpolicy;
6 /* Various flags like detachstate, scope, etc. */
7 int flags;
8 /* Size of guard area. */
9 size_t guardsize;
10 /* Stack handling. */
11 void *stackaddr;
12 size_t stacksize;
13 /* Affinity map. */
14 cpu_set_t *cpuset;
15 size_t cpusetsize;
16  };
#iZtch:
(AGEES
1 /* Thread descriptor data structure. */
2  struct pthread
3 {
4 union
5 {
6 #if ITLS_DTV_AT_TP
7 /* This overlaps the TCB as used for TLS without threads (see tls.h). *x/
8 tcbhead_t header;
9 #else
10 struct
11 {
12 +dnt multiple_threads;
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} header;

#endif

/* This extra padding has no special purpose, and this structure layout
1s private and subject to change without affecting the official ABI.

We just have it here in case it might be convenient for some
implementation-specific instrumentation hack or suchlike. */

void *__padding[16];

}s

/* This descriptor's link on the ‘stack_used' or '__stack_user' list. *x/
list_t list;

/* Thread ID - which is also a 'is this thread descriptor (and
therefore stack) used' flag. */

pid_t tid;

/* Process ID - thread group ID in kernel speak. */

pid_t pid;

/* List of robust mutexes the thread is holding. */

#ifdef __PTHREAD_MUTEX_HAVE_PREV

__pthread_list_t robust_list;

# define ENQUEUE_MUTEX(mutex) \

do { \

__pthread_list_t *next = THREAD_GETMEM (THREAD_SELF, robust_list.__next);
\

next->__prev = &mutex—>__data.__list; \

mutex—>__data.__list.__next = next; \

mutex->__data.__list.__prev &THREAD_SELF->robust_list; \
THREAD_SETMEM (THREAD_SELF, robust_list.__next, &mutex->__data.__1list);

\

} while (0)

# define DEQUEUE_MUTEX(mutex) \

do { \

mutex->__data.__list.__next->__prev = mutex—>__data.__list.__prev;
\

mutex->__data.__list.__prev->__next = mutex->__data.__list.__next;
\

mutex—>__data.__list.__prev = NULL; \
mutex—>__data.__list.__next = NULL; \

} while (0)

#else

__pthread_slist_t robust_1list;

# define ENQUEUE_MUTEX(mutex) \

do { \

mutex->__data.__Tlist.__next \

= THREAD_GETMEM (THREAD_SELF, robust_list.__next); \
THREAD_SETMEM (THREAD_SELF, robust_list.__next, &mutex->__data.__Llist);
\

} while (0)

# define DEQUEUE_MUTEX(mutex) \
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do { \
__pthread_slist_t *runp = THREAD_GETMEM (THREAD_SELF,

robust_list.__next);\

if (runp == &mutex->__data.__Tlist) \

THREAD_SETMEM (THREAD_SELF, robust_list.__next, runp->__next); \
else \

{\

while (runp->__next != &mutex->__data.__Tlist) \

runp = runp->__next; \

\

runp->__next = runp->__next->__next; \
mutex—>__data.__list.__next = NULL; \

A

} while (0)

#endif

/* List of cleanup buffers. */

struct _pthread_cleanup_buffer xcleanup;

/* Unwind information. */

struct pthread_unwind_buf xcleanup_jmp_buf;

#define HAVE_CLEANUP_JMP_BUF

/* Flags determining processing of cancellation. */
int cancelhandling;

/* Bit set if cancellation is disabled. */

#define CANCELSTATE_BIT 0

#define CANCELSTATE_BITMASK 0x01

/* Bit set if asynchronous cancellation mode is selected. */
#define CANCELTYPE_BIT 1

#define CANCELTYPE_BITMASK 0x02

/* Bit set if canceling has been initiated. */
#define CANCELING_BIT 2

#define CANCELING_BITMASK 0x04

/* Bit set if canceled. */

#define CANCELED_BIT 3

#define CANCELED_BITMASK 0x08

/* Bit set if thread is exiting. */

#define EXITING_BIT 4

#define EXITING_BITMASK 0x10

/* Bit set if thread terminated and TCB is freed. */
#define TERMINATED_BIT 5

#define TERMINATED_BITMASK 0x20

/* Bit set if thread is supposed to change XID. */
#define SETXID_BIT 6

#define SETXID_BITMASK 0x40

/* Mask for the rest. Helps the compiler to optimize. */
#define CANCEL_RESTMASK oxffffff8o

#define CANCEL_ENABLED_AND_CANCELED(value) \
(((value) & (CANCELSTATE_BITMASK | CANCELED_BITMASK | EXITING_BITMASK
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108 | CANCEL_RESTMASK | TERMINATED_BITMASK)) == CANCELED_BITMASK)

109 #define CANCEL_ENABLED_AND_CANCELED_AND_ASYNCHRONOUS (value) \

110 (((value) & (CANCELSTATE_BITMASK | CANCELTYPE_BITMASK | CANCELED_BITMASK
111\

112 | EXITING_BITMASK | CANCEL_RESTMASK | TERMINATED_BITMASK)) \

113 == (CANCELTYPE_BITMASK | CANCELED_BITMASK))

114 /* We allocate one block of references here. This should be enough
115 to avoid allocating any memory dynamically for most applications. */
116  struct pthread_key_data

117 {

118 /* Sequence number. We use uintptr_t to not require padding on
119 32- and 64-bit machines. On 64-bit machines it helps to avoid

120  wrapping, too. */

121  uintptr_t seq;

122 /* Data pointer. */

123 void *data;

124 } specific_1lstblock[PTHREAD_KEY_2NDLEVEL_SIZE];

125  /* Two-level array for the thread-specific data. */

126  struct pthread_key_data *specific[PTHREAD_KEY_1STLEVEL_SIZE];

127 /* Flag which is set when specific data is set. */

128 bool specific_used;

129 /* True if events must be reported. */

130 bool report_events;

131 /* True if the user provided the stack. */

132 bool user_stack;

133 /* True 1if thread must stop at startup time. */

134 bool stopped_start;

135 /* Lock to synchronize access to the descriptor. */

136 111_Tlock_t lock;

137 /* Lock for synchronizing setxid calls. */

138  11ll_lock_t setxid_futex;

139 #if HP_TIMING_AVAIL

140 /* Offset of the CPU clock at start thread start time. */

141  hp_timing_t cpuclock_offset;

142  #endif

143 /* If the thread waits to join another one the ID of the latter is
144  stored here.

145 In case a thread is detached this field contains a pointer of the
146 TCB if the thread itself. This is something which cannot happen
147 in normal operation. */

148 struct pthread *joinid;

149 /* Check whether a thread is detached. */

150  #define IS_DETACHED(pd) ((pd)->joinid == (pd))

151 /* Flags. Including those copied from the thread attribute. */
152 1int flags;

153 /* The result of the thread function. */



154 // AFEE{TE5E, EOMEFREvoid*, RIGHIELIEKE tcbPLIZEEER
155  // FRENTApthread_joiniKER4EFEiB IS BRYBTE, FLE LB IZLAHIE
156  // FHIb, BEEEEMFLFERATIT AATLURMY, 1B2tchbal UERRE, XAali&

157 void *xresult;

158 /* Scheduling parameters for the new thread. */

159 struct sched_param schedparam;

160  1int schedpolicy;

161 /* Start position of the code to be executed and the argument passed
162 to the function. */

163 // FFEERIEZMISE

164  void *(xstart_routine) (void *);

165 void *arg;

166 /* Debug state. */

167 td_eventbuf_t eventbuf;

168 /* Next descriptor with a pending event. */

169 struct pthread *nextevent;

170 #ifdef HAVE_FORCED_UNWIND

171  /* Machine-specific unwind info. */

172  struct _Unwind_Exception exc;

173  #endif

174 /* If nonzero pointer to area allocated for the stack and its
175 size. %/

176  // &FEHECHIEM A

177  void xstackblock;

178 size_t stackblock_size;

179 /* Size of the included guard area. */

180 size_t guardsize;

181 /* This is what the user specified and what we will report. */
182 size_t reported_guardsize;

183 /* Resolver state. */

184 struct __res_state res;

185 /* This member must be last. */

186 char end_paddingl[];

187  #define PTHREAD_STRUCT_END_PADDING \

188 (sizeof (struct pthread) - offsetof (struct pthread, end_padding))
189 } __attribute ((aligned (TCB_ALIGNMENT)));

create_thread

HAEDIR

tatic int
create_thread(struct pthread *pd, const struct pthread_attr *attr,
STACK_VARIABLES_PARMS)

{
#ifdef TLS_TCB_AT_TP

a b~ W N =
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assert(pd->header.tcb != NULL);

#endif

/* We rely heavily on various flags the CLONE function understands:
CLONE_VM, CLONE_FS, CLONE_FILES

These flags select semantics with shared address space and

file descriptors according to what POSIX requires.

CLONE_SIGNAL

This flag selects the POSIX signal semantics.

CLONE_SETTLS

The sixth parameter to CLONE determines the TLS area for the

new thread.

CLONE_PARENT_SETTID

The kernels writes the thread ID of the newly created thread

into the location pointed to by the fifth parameters to CLONE.
Note that it would be semantically equivalent to use
CLONE_CHILD_SETTID but it is be more expensive in the kernel.
CLONE_CHILD_CLEARTID

The kernels clears the thread ID of a thread that has called
sys_exit() in the location pointed to by the seventh parameter

to CLONE.

CLONE_DETACHED

No signal is generated if the thread exists and it 1is
automatically reaped.

The termination signal is chosen to be zero which means no signal
is sent. */

int clone_flags = (CLONE_VM | CLONE_FS | CLONE_FILES | CLONE_SIGNAL |
CLONE_SETTLS | CLONE_PARENT_SETTID | CLONE_CHILD_CLEARTID | CLONE_SYSVSEM
#if __ASSUME_NO_CLONE_DETACHED ==

| CLONE_DETACHED

#endif

| 0);

if (__builtin_expect(THREAD_GETMEM(THREAD_SELF, report_events), 0))
{

/* The parent thread is supposed to report events. Check whether
the TD_CREATE event is needed, too. */

const int _idx = __td_eventword(TD_CREATE);

const uint32_t _mask = __td_eventmask(TD_CREATE) ;

if ((_mask & (__nptl_threads_events.event_bits[_idx] | pd-
>eventbuf.eventmask.event_bits[_idx])) != 0)

{

/* We always must have the thread start stopped. */
pd->stopped_start = true;

/* Create the thread. We always create the thread stopped

so that it does not get far before we tell the debugger. */

int res = do_clone(pd, attr, clone_flags, start_thread,
STACK_VARIABLES_ARGS, 1);

if (res == 0)



53 {
54 /* Now fill in the information about the new thread in
55 the newly created thread's data structure. We cannot let
56 the new thread do this since we don't know whether it was
57 already scheduled when we send the event. */
58 pd->eventbuf.eventnum = TD_CREATE;
59 pd->eventbuf.eventdata = pd;
60 /* Enqueue the descriptor. */
61 do
62 pd->nextevent = __nptl_last_event;
63 while (atomic_compare_and_exchange_bool_acq(&__nptl_last_event,
64 pd, pd->nextevent) != 0);
65 /* Now call the function which signals the event. */
66 __nptl_create_event();
67 /* And finally restart the new thread. */
68 11l1l_unlock(pd->lock);
69 }
70 return res;
71}
72}
73 #ifdef NEED_DL_SYSINFO
74  assert(THREAD_SELF_SYSINFO == THREAD_SYSINFO(pd));
75  #endif
76 /% Determine whether the newly created threads has to be started
77 stopped since we have to set the scheduling parameters or set the
78 affinity. */
79  bool stopped = false;
80 if (attr != NULL && (attr->cpuset != NULL || (attr->flags &
81 ATTR_FLAG_NOTINHERITSCHED) != 0))
82  stopped = true;
83 pd->stopped_start = stopped;
84 /* Actually create the thread. */
85 1nt res = do_clone(pd, attr, clone_flags, start_thread,
86  STACK_VARIABLES_ARGS, stopped);
87 if (res == 0 && stopped)
88 /* And finally restart the new thread. */
89  11ll_unlock(pd->lock);
90 return res;
91 }
do_clone
(ASEEN
1 static int
2 do_clone(struct pthread *pd, const struct pthread_attr *attr,
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int clone_flags, int (xfct) (void x), STACK_VARIABLES_PARMS,

int stopped)

{

#ifdef PREPARE_CREATE

PREPARE_CREATE;

#endif

if (stopped)

/* We Make sure the thread does not run far by forcing it to get a
lock. We lock it here too so that the new thread cannot continue
until we tell it to. #*/

111_Tlock(pd->1lock);

/* One more thread. We cannot have the thread do this itself, since it
might exist but not have been scheduled yet by the time we've returned
and need to check the value to behave correctly. We must do it before
creating the thread, in case it does get scheduled first and then
might mistakenly think it was the only thread. In the failure case,
we momentarily store a false value; this doesn't matter because there
7S no kosher thing a signal handler interrupting us right here can do
that cares whether the thread count is correct. */

atomic_increment (&__nptl_nthreads);

// RITHIEE R L1 THIc lonelf#,

if (ARCH_CLONE(fct, STACK_VARIABLES_ARGS, clone_flags,

pd, &pd->tid, TLS_VALUE, &pd->tid) == -1)

{

atomic_decrement (&__nptl_nthreads); /* Oops, we lied for a second. */
/* Failed. If the thread is detached, remove the TCB here since

the caller cannot do this. The caller remembered the thread

as detached and cannot reverify that it is not since it must

not access the thread descriptor again. */

if (IS_DETACHED(pd))

__deallocate_stack(pd);

return errno;

+

/* Now we have the possibility to set scheduling parameters etc. */
// TEIEIFFHEXRZVE, REESERAFFINEES U —LZELUIE, FXiL

if (__builtin_expect(stopped != 0, 0))

{

INTERNAL_SYSCALL_DECL (err);

int res = 0;

/* Set the affinity mask if necessary. */

if (attr->cpuset != NULL)

{

res = INTERNAL_SYSCALL(sched_setaffinity, err, 3, pd->tid,
sizeof(cpu_set_t), attr->cpuset);

if (__builtin_expect(INTERNAL_SYSCALL_ERROR_P(res, err), 0))

{
/* The operation failed. We have to kill the thread. First



50 send it the cancellation signal. */
51 INTERNAL_SYSCALL_DECL (err2);
52  err_out:
53 #if __ASSUME_TGKILL
54  (void)INTERNAL_SYSCALL (tgkill, err2, 3,
55  THREAD_GETMEM(THREAD_SELF, pid),
56  pd->tid, SIGCANCEL);
57 #else
58  (void)INTERNAL_SYSCALL(tkill, err2, 2, pd->tid, SIGCANCEL);
59 #endif
60 return (INTERNAL_SYSCALL_ERROR_P(res, err)
61 ? INTERNAL_SYSCALL_ERRNO(res, err)
62 1 0);
63 }
64 }
65 /* Set the scheduling parameters. */
66 if ((attr->flags & ATTR_FLAG_NOTINHERITSCHED) != 0)
67 {
68 res = INTERNAL_SYSCALL (sched_setscheduler, err, 3, pd->tid,
69  pd->schedpolicy, &pd->schedparam);
70 if (__builtin_expect(INTERNAL_SYSCALL_ERROR_P(res, err), 0))
71 goto err_out;
72}
73}
74 /* We now have for sure more than one thread. The main thread might
75 not yet have the flag set. No need to set the global variable
76 again if this is what we use. #/
77  THREAD_SETMEM(THREAD_SELF, header.multiple_threads, 1);
78 return 0;
79 3

ARG ER

1 #define ARCH_CLONE __clone

2 __clone@glibcAL4mItEN—MER clone R AIARBIREL, FrLL

3 __cloneMIEIMHME L H, M—PLES (sysdeps/unix/sysv/linux/x86_64) :
4 ENTRY (BP_SYM (__clone))

5 /* Sanity check arguments. */

6 movqg $-EINVAL,%rax

7 testq %rdi,%rdi /* no NULL function pointers */

8 jz SYSCALL_ERROR_LABEL

9 testq %rsi,%rsi /* no NULL stack pointers */

10 jz SYSCALL_ERROR_LABEL

11 /* Insert the argument onto the new stack. */

12 subq $16,%rsi

13 movq %rcx,8(%rsi)
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/* Save the function pointer. It will be popped off in the
child in the ebx frobbing below. #*/

movq %rdi,0(%rsi)

/* Do the system call. */

movq %rdx, %rdi

movq %r8, %rdx

movq %r9, %r8

movq 8(%rsp), %rile

movl $SYS_ify(clone),%eax // FKERARZIFHS

/* End FDE now, because in the child the unwind info will be
wrong. */

cfi_endproc;

syscall // BBARIIZ (x86_32:217nt 80), BRAIZLEIZRSRHIE
testq %rax,%rax

j1 SYSCALL_ERROR_LABEL

jz L(thread_start)

XEB S T #RBIFT o

TEHITE—TZEHRE:  int err = ALLOCATE_STACK(iattr, &pd);

AREGIR

1 R nptl/allocatestack.c

2 J/EERIEHIRE, AL —TE

3  #define ALLOCATE_STACK(attr, pd) \

4  allocate_stack(attr, pd, &stackaddr, &stacksize)

5 static int

6 allocate_stack(const struct pthread_attr *attr, struct pthread *x*pdp,
7 ALLOCATE_STACK_PARMS)

8 |

9 struct pthread *pd;

10 size_t size;

11 size_t pagesize_ml = __getpagesize() - 1;

12 void *stacktop;

13  assert(attr != NULL);

14  assert(powerof2(pagesize_ml + 1));

15 assert(TCB_ALIGNMENT >= STACK_ALIGN);

16 /* Get the stack size from the attribute if it is set. Otherwise we
17 use the default we determined at start time. */

18 size = attr->stacksize ?: __default_stacksize; // FEUEA/, B RIREFEIA
19 /* Get memory for the stack. */
20 /) WREZHFELZT4AFEMERERE T T/E, MEEMA, #ITEMIN, XE7IBEZETE
21 if (__builtin_expect(attr->flags & ATTR_FLAG_STACKADDR, 0))
22 {
23  uintptr_t adj;
24 /+ If the user also specified the size of the stack make sure it



25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71

1s large enough. */

if (attr->stacksize != 0 && attr->stacksize < (__static_tls_size +

MINIMAL_REST_STACK))
return EINVAL;

/* Adjust stack size for alignment of the TLS block. */

#if TLS_TCB_AT_TP

adj = ((uintptr_t)attr->stackaddr - TLS_TCB_SIZE) & __static_tls_align_ml;

assert(size > adj + TLS_TCB_SIZE);

#elif TLS_DTV_AT_TP

adj = ((uintptr_t)attr->stackaddr -

__static_tls_align_ml;
assert(size > adj);
#endif

_static_tls_size) &

/* The user provided some memory. Let's hope it matches the

size... We do not allocate guard pages if the user provided

the stack. It is the user's responsibility to do this if it

is wanted. */
#if TLS_TCB_AT_TP

pd = (struct pthread x) ((uintptr_t)attr->stackaddr - TLS_TCB_SIZE - adj);

#elif TLS_DTV_AT_TP

pd = (struct pthread *) (((uintptr_t)attr->stackaddr -
adj) - TLS_PRE_TCB_SIZE);

#endif

/* The user provided stack memory needs to be cleared. */

memset(pd, '\0', sizeof(struct pthread));
/* The first TSD block is included in the TCB. */
pd->specific[0] = pd->specific_lstblock;

/* Remember the stack-related values. */
pd->stackblock = (char x)attr->stackaddr - size;

pd->stackblock_size =

/* This is a user-provided stack. It will not be queued in the

stack cache nor will the memory (except the TLS memory) be freed.

pd->user_stack = true;

size;

/* This is at least the second thread. */

pd->header.multiple_threads = 1;
#ifndef TLS_MULTIPLE_THREADS_IN_TCB
__pthread_multiple_threads = x__libc_multiple_threads_ptr

#endif
#ifdef NEED_DL_SYSINFO

/* Copy the sysinfo value from the parent. */
THREAD_SYSINFO(pd) = THREAD_SELF_SYSINFO;

#endif

/* The process ID is also the same as that of the caller.
pd->pid = THREAD_GETMEM(THREAD_SELF, pid);

/* List of robust mutexes. */

#ifdef __PTHREAD_MUTEX_HAVE_PREV

pd->robust_1list.__prev

&pd->robust_T1list;

x/

13

__static_tls_size -



72  #endif

73 pd->robust_list.__next = &pd->robust_Tlist;
74 /* Allocate the DTV for this thread. */

75 if (_dl_allocate_t1ls(TLS_TPADJ(pd)) == NULL)
76 {

77 /% Something went wrong. */

78  assert(errno == ENOMEM);

79 return EAGAIN;

80 }

81 /* Prepare to modify global data. */

82  1ll_lock(stack_cache_lock);

83 /* And add to the list of stacks in use. */
84 list_add(&pd->1ist, &__stack_user);

85  1ll_unlock(stack_cache_lock);

86 1
87 else
88 {

89 // TEHIEBEEAEEE CHMET, FNTXKLHET

90 /* Allocate some anonymous memory. If possible use the cache. */
91 size_t guardsize;

92 size_t regsize;

93  void xmem;

94  const int prot = (PROT_READ | PROT_WRITE | ((GL(dl_stack_flags) & PF_X) ?
95  PROT_EXEC : 0));

96 #if COLORING_INCREMENT != 0

97 /* Add one more page for stack coloring. Don't do it for stacks
98 with 16 times pagesize or larger. This might just cause

99  unnecessary misalignment. */

100 1if (size <= 16 * pagesize_ml)

101  size += pagesize_ml + 1;

102  #endif

103 /* Adjust the stack size for alignment. */

104 size &= ~__static_tls_align_ml; // EZ/EIX7F

105 assert(size != 0);

106 /* Make sure the size of the stack is enough for the guard and
107 eventually the thread descriptor. */

108 guardsize = (attr->guardsize + pagesize_ml) & ~pagesize_ml;

109 if (__builtin_expect(size < ((guardsize + __static_tls_size +
110 MINIMAL_REST_STACK + pagesize_ml) & ~pagesize_ml),

111 0))

112 /* The stack is too small (or the guard too large). */

113 return EINVAL;

114 /* Try to get a stack from the cache. */

115  // FEZidMpthreadE7zAEIEZE]

116 reqsize = size;

117 pd = get_cached_stack(&size, &mem);

118 if (pd == NULL)
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{

/* To avoid aliasing effects on a larger scale than pages we
adjust the allocated stack size if necessary. This way
allocations directly following each other will not have
aliasing problems. */

#if MULTI_PAGE_ALIASING != 0

if ((size % MULTI_PAGE_ALIASING) == 0)

size += pagesize_ml + 1;

#endif

// BFFIFRIN, REHREEFIFEMBRESAFTIE, XEmmapEinmalloc
/) SO A LUEAREZAFRIET, EWRIEFN T, X IEEM = I x
mem = mmap(NULL, size, prot,

MAP_PRIVATE | MAP_ANONYMOUS | ARCH_MAP_FLAGS, -1, 0);

if (__builtin_expect(mem == MAP_FAILED, 0))

{

#ifdef ARCH_RETRY_MMAP

mem = ARCH_RETRY_MMAP(size);

if (__builtin_expect(mem == MAP_FAILED, 0))

#tendif

return errno;

+

/* SIZE is guaranteed to be greater than zero.

So we can never get a null pointer back from mmap. */
assert(mem != NULL);

#if COLORING_INCREMENT != 0

/* Atomically increment NCREATED. */

unsigned int ncreated = atomic_increment_val (&nptl_ncreated);
/* We chose the offset for coloring by incrementing it for
every new thread by a fixed amount. The offset used

module the page size. Even if coloring would be better
relative to higher alignment values it makes no sense to

do it since the mmap() interface does not allow us to

specify any alignment for the returned memory block. */

size_t coloring = (ncreated * COLORING_INCREMENT) & pagesize_ml;
/* Make sure the coloring offsets does not disturb the alignment
of the TCB and static TLS block. */

if (__builtin_expect((coloring & __static_tls_align_ml) != 0, 0))
coloring = (((coloring + __static_tls_align_ml) & ~
(__static_tls_align_ml)) & ~pagesize_ml);

#else

/* Unless specified we do not make any adjustments. */

#define coloring 0

#tendif

/* Place the thread descriptor at the end of the stack. x*/

// TEBIRBRELHEHITIRHEFIE, XEEEFIFHTEFHESstruct
thread (tcb)By#hat

#if TLS_TCB_AT_TP



166 pd = (struct pthread ) ((char *)mem + size - coloring) - 1;
167 #elif TLS_DTV_AT_TP

168 pd = (struct pthread *) ((((uintptr_t)mem + size - coloring -
169 __static_tls_size) & ~__static_tls_align_ml) - TLS_PRE_TCB_SIZE);
170 #endif

171 /* Remember the stack-related values. */

172 // IBR TRENEEIFTHALFIA )

173  pd->stackblock = mem;

174  pd->stackblock_size = size;

175 /+ We allocated the first block thread-specific data array.
176 This address will not change for the lifetime of this

177 descriptor. */

178  pd->specific[0] = pd->specific_lstblock;

179 /* This is at least the second thread. */

180 pd->header.multiple_threads = 1;

181 #ifndef TLS_MULTIPLE_THREADS_IN_TCB

182 __pthread_multiple_threads = *__libc_multiple_threads_ptr = 1;
183 #endif

184 #ifdef NEED_DL_SYSINFO

185 /* Copy the sysinfo value from the parent. */

186 THREAD_SYSINFO(pd) = THREAD_SELF_SYSINFO;

187 #endif

188 /* The process ID is also the same as that of the caller. */
189  // FRERAFEXI N AFERIpid

190  pd->pid = THREAD_GETMEM(THREAD_SELF, pid);

191 /* List of robust mutexes. */

192 #ifdef __PTHREAD_MUTEX_HAVE_PREV

193  pd->robust_list.__prev = &pd->robust_1list;

194  #endif

195 pd->robust_list.__next = &pd->robust_Tlist;

196 /* Allocate the DTV for this thread. */

197 if (_dl_allocate_tls(TLS_TPADJ(pd)) == NULL)

198 {

199 /* Something went wrong. */

200 assert(errno == ENOMEM);

201 /* Free the stack memory we just allocated. */

202 (void)munmap(mem, size);

203 return EAGAIN;

204 }

205 /* Prepare to modify global data. */

206 111_Tlock(stack_cache_lock);

207 /* And add to the list of stacks in use. */

208  list_add(&pd->1list, &stack_used);

209  1ll_unlock(stack_cache_lock);

210  /* There might have been a race. Another thread might have
211 caused the stacks to get exec permission while this new

212 stack was prepared. Detect if this was possible and
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change the permission if necessary. */

if (__builtin_expect((GL(dl_stack_flags) & PF_X) != 0 && (prot &
PROT_EXEC) == 0, 0))

{

int err = change_stack_perm(pd

#ifdef NEED_SEPARATE_REGISTER_STACK

b

~pagesize_ml

#endif

)5

if (err = 0)

{

/* Free the stack memory we just allocated. */
(void)munmap (mem, size);

return err;

}

}
/* Note that all of the stack and the thread descriptor is

zeroed. This means we do not have to initialize fields
with initial value zero. This is specifically true for
the 'tid' field which is always set back to zero once the
stack is not used anymore and for the 'guardsize' field
which will be read next. */

}

/* Create or resize the guard area if necessary. */

if (__builtin_expect(guardsize > pd->guardsize, 0))

{

#ifdef NEED_SEPARATE_REGISTER_STACK

char xguard = mem + (((size - guardsize) / 2) & ~pagesize_ml);
#else

char *guard = mem;

#tendif

if (mprotect(guard, guardsize, PROT_NONE) != 0)

{

int err;

mprot_error:

err = errno;

111_lock(stack_cache_lock) ;

/* Remove the thread from the list. */
list_del(&pd->1ist);

111 _unlock(stack_cache_lock);

/* Get rid of the TLS block we allocated. */
_dl_deallocate_tls(TLS_TPADI(pd), false);

/* Free the stack memory regardless of whether the size
of the cache is over the limit or not. If this piece

of memory caused problems we better do not use it

anymore. Uh, and we ignore possible errors. There



260 7s nothing we could do. */
261  (void)munmap(mem, size);

262 return err;

263}

264  pd->guardsize = guardsize;

265 }

266 else if (__builtin_expect(pd->guardsize - guardsize > size - regsize,
267 0))

268 {

269 /* The old guard area is too large. */

270 #ifdef NEED_SEPARATE_REGISTER_STACK

271  char *guard = mem + (((size - guardsize) / 2) & ~pagesize_ml);

272  char *oldguard = mem + (((size - pd->guardsize) / 2) & ~pagesize_ml);
273 if (oldguard < guard && mprotect(oldguard, guard - oldguard, prot) != 0)
274 goto mprot_error;

275 if (mprotect(guard + guardsize,

276 oldguard + pd->guardsize - guard - guardsize,

277 prot) != 0)

278 goto mprot_error;

279  #else

280  if (mprotect((char *)mem + guardsize, pd->guardsize - guardsize,

281 prot) != 0)

282 goto mprot_error;

283  #endif
284  pd->guardsize = guardsize;
285 }

286 /* The pthread_getattr_np() calls need to get passed the size
287 requested in the attribute, regardless of how large the

288 actually used guardsize is. */

289  pd->reported_guardsize = guardsize;

290 }

291 /% Initialize the lock. We have to do this unconditionally since the
292 stillborn thread could be canceled while the lock is taken. */
293 pd->Tlock = LLL_LOCK_INITIALIZER;

294 /% We place the thread descriptor at the end of the stack. */
295  // ZZR#5%f, B[EIstruct threadfyititt, HLELE— TR, X2 IR T EE
296  *pdp = pd;

297 #if TLS_TCB_AT_TP

298 /* The stack begins before the TCB and the static TLS block. */
299  stacktop = ((char *)(pd + 1) - __static_tls_size);

300 #elif TLS_DTV_AT_TP

301  stacktop = (char *)(pd - 1);

302 #endif

303 #ifdef NEED_SEPARATE_REGISTER_STACK

304  *stack = pd->stackblock;

305  *stacksize = stacktop - *stack;

306 #else



307  *stack = stacktop;

308 #endif

309 return 0;

310 }

311 // iU, TECIBLAFERIAIHR, BLFiEEpthread/E/AES, CIBIFIHAEIERIEIHEXTSR, BB
312 // FEZXEiZEVEHclone, itAREIEESRATE, HRAITIENBIEIERHIZE

313 // B, FEREBITIFFLERFIRIELFERIAPI, B E M IREZFEIINITRZE, TELEEHER
314 // IE, LERNEZFKA,

315 // BEUREBNECTELE, Rit—LLULARFEFLIECPU, AIGHENTLEXEEXNSY, 1L4F2HY
316  tch#{THEBA

317 /) HAENTELUAIUEFAZ, THFELHAENEE, REESRIVES, AIESMXTT
318 1k

/* How to pass the values to the 'create_thread' function. x/

#d#define STACK_VARIABLES_ARGS stackaddr //
STACK_VARIABLES_ARGS

HIpiEstackitiik

6.2 &iEtk

B Linux BEEENHERINX 9% —2T task_struct , BEXEFEMUETEIA stack ®
BELEXHIA,

- XFF Linux #EHE IR ELE, BREMEIEmMainRK Btk =(8), Eforkfatiz, LPrtmMEE
# 7 A3FHY stack iEME, SAREEHE N (cow) ARG K, R mEBHZ LRNREE SR
IR (RXREBIRESHZHIE) . HEREE A LURRMNIIMA—Es R EREIR—iB
B 7 LBRA R,

- AT FELRIZERNTLEIEMS, Hstack §FABRERATEKN, MEBELEE FRM. 4
HB—A%EIAA glibc/uclibc &M pthread FE#EO pthread_create GIEMEIE, EXHM
X (HMZHAHEX) . HPER mmap REAA, XPMALUM glibe BY
nptl/allocatestack.c HFY allocate_stack HREFEE:

REZIR

1 mem = mmap (NULL, size, prot,
2 MAP_PRIVATE | MAP_ANONYMOUS | MAP_STACK, -1, 0);

WERTE size ZWHVREREEZ, (RAJUFIE AstackByK/)y, WAILIERRIARY, —/R
MEMEIAR 8M  XEERAEE, EBEME, XihstackNEEEISIEK, —BERARMEKET, X



EMNERFHEZENfork REM S, EglibchiBiEmmapFElTstackzfg, KEK AR

Sys_

clone

HABIR

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16

AR

int sys_clone(struct pt_regs x*regs)

{

unsigned long clone_flags;

unsigned long newsp;

int __user xparent_tidptr, xchild_tidptr;

clone_flags = regs->bx;
//RER T mmapfF ZIRILEFERY s tackIE £

newsp = regs->cx;

parent_tidptr = (int __user x)regs->dx;

child_tidptr = (int __user x)regs->di;

if (!newsp)

newsp = regs->sp;

return do_fork(clone_flags, newsp, regs, 0, parent_tidptr,
child_tidptr);

Fit, XNFFEEN stack , EREEEH#HENMMUEIRPmaphi RN —RAFERE, RN ELZE
ZAENERY, BRE—HEZENBAEENNINE, BREENEMERN task_struct BR
Z¥xE, NREE, HeLiEtEa2ainRzEn, —EZ2EE,

6.3 DIRM IR

ADIR
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* We keep two sets of PTEs - the hardware and the linux version.

>*

>*

* bits.

This allows greater flexibility in the way we map the Linux bits
onto the hardware tables, and allows us to have YOUNG and DIRTY

* The PTE table pointer refers to the hardware entries; the "Linux"

* entries are stored 1024 bytes below.

*/

// AR

#define
#define
#define
#define
#define
#define
#define

L_PTE_PRESENT (1 << 0)

L_PTE_FILE (1 << 1) /# only when !PRESENT x/
L_PTE_YOUNG (1 << 1)

L_PTE_BUFFERABLE (1 << 2) /* matches PTE x/
L_PTE_CACHEABLE (1 << 3) /* matches PTE x/
L_PTE_USER (1 << 4)

L_PTE_WRITE (1 << 5)



17  #define L_PTE_EXEC (1 << 6)

18  #define L_PTE_DIRTY (1 << 7)

19 #define L_PTE_COHERENT (1 << 9) /#* I/0 coherent (xsc3) */
20 #define L_PTE_SHARED (1 << 10) /* shared between CPUs (v6) *x/
21 #define L_PTE_ASID (1 << 11) /* non-global (use ASID, v6) */
22 /) TI&RE?
23  typedef struct { unsigned long pte; } pte_t; // Azl
24  typedef struct { unsigned long pgd; } pgd_t; // HA=/E5HRI
(AGEES

1 pgd_t *

2  pgd_alloc(struct mm_struct *mm)

3 {

4  pgd_t *ret, *init;

5 ret = (pgd_t *x)__get_free_page(GFP_KERNEL | __GFP_ZERO);

6 dnit = pgd_offset(&init_mm, OUL);

7 if (ret) {

8 #ifdef CONFIG_ALPHA_LARGE_VMALLOC

9 memcpy (ret + USER_PTRS_PER_PGD, 1init + USER_PTRS_PER_PGD,

10 (PTRS_PER_PGD - USER_PTRS_PER_PGD - 1)*sizeof(pgd_t));

11 #else

12 pgd_val(ret[PTRS_PER_PGD-2]) = pgd_val(init[PTRS_PER_PGD-2]);
13 #endif

14 /* The last PGD entry 1is the VPTB self-map. */

15 pgd_val(ret[PTRS_PER_PGD-1])

16 = pte_val(mk_pte(virt_to_page(ret), PAGE_KERNEL));

17 }

18 return ret;

19 }

20 pte_t =

21  pte_alloc_one_kernel(struct mm_struct *mm, unsigned long address)
22 {

23 pte_t *pte = (pte_t *)__get_free_page(GFP_KERNEL |__GFP_REPEAT|__GFP_ZERO);
24 return pte;

25 %

26 struct mm_struct {

27 struct vm_area_struct *x mmap; /* list of VMAs %/

28 struct rb_root mm_rb;

29 struct vm_area_struct * mmap_cache; /* last find_vma result */
30 unsigned long (*get_unmapped_area) (struct file *filp,

31 unsigned long addr, unsigned long len,

32 unsigned long pgoff, unsigned long flags);

33  void (xunmap_area) (struct mm_struct *mm, unsigned long addr);
34 unsigned long mmap_base; /* base of mmap area */

35 unsigned long task_size; /* size of task vm space */



36 unsigned long cached_hole_size; /* 7f non-zero, the largest hole
37 below free_area_cache */

38 unsigned long free_area_cache; /* first hole of size

39 cached_hole_size or larger */

40 pgd_t * pgd; // WEREEAL

41  }

6.4 AILLHITEESHITERNZIZE Rdemo

AREGIR

1 #include <iostream>

2  #include <functional> // FF std::function f std::bind

3  #include <memory> // HF std::shared_ptr Fl std::unique_ptr
4  #include <pthread.h> // POSIX ##E/E

5 #include <unistd.h>

6 class Thread {

7 public:

8 // B

9 Thread() : thread_id_(0), running_(false) {}

10 // MR

11 ~Thread() {

12 4if (running_) {

13 pthread_detach(thread_id_); // 2 BE4fE, BRZFLRE

14 }

15 }

16 // IB&i4fE, BSESAEBXRMIEE

17 template <typename Callable, typename... Args>

18 bool start(Callable&& func, Args&&... args) {

19 if (running_) {

20 std::cerr << "Thread is already running!" << std::endl;

21 return false;

22}

23 // FBEHABAXNKHSEITEN—1 std: : function<void()> XI5

24 /) &M std::bind WFRHMEEBEE—E

25 // std::forward FFTEELZH, RIFSHEILE/GEEE

26  auto task = std::make_shared<std::function<void()>>(

27  std::bind(std::forward<Callable>(func), std::forward<Args>
28 (args)...)

29 );
30 /) FHESEERLFENCRZ
31 // & new 7E#E_LERE] std::shared_ptr, HIRIESITRIELLFERITHEEIE L
32 if (pthread_create(&thread_id_, nullptr, &Thread::threadEntry, new
33  std::shared_ptr<std::function<void()>>(task)) != 0) {
34 std::cerr << "Failed to create thread!" << std::endl;
35 return false;



36 }

37  running_ = true;

38 return true;

39}

40 /) FEFAELER

41  void join() {

42 if (running_) {

43  pthread_join(thread_id_, nullptr);

44 running_ = false;
45 }
46 }

47  private:

48 pthread_t thread_id_; // ## ID

49  bool running_; // ZIEE&LEEIT

50 // ZFEALOR#H

51 static void*x threadEntry(void* arg) {

52 /) MEBHHPIERIESHAIT

53 // & std::unique_ptr B std::shared_ptr HIEif, HHRZIRIEIK

54  std::unique_ptr<std::shared_ptr<std::function<void()>>> task_ptr(
55 static_cast<std::shared_ptr<std::function<void()>>*>(arg)

56  );

57 auto task = xtask_ptr; // BE5|HFREIESITSR

58 (xtask)(); // AITHS

59 return nullptr;

60 }

61 1};

62  // Bl L EREL

63 void printMessage(const std::string& message, int value, int a, int b, int c)
64 {

65 std::cout << "Message: " << message << ", Value: " << value << std::endl;
66 std::cout << "a:" << a << std::endl;

67 std::cout << "b:" << b << std::endl;

68 std::cout << "c:" << c << std::endl;

69 sleep(10);

70}

71 dint main() {

72  Thread thread;

73 // BaiAE, (FEERRNMEE

74 /) XEFEET—EERI printMessage FIFTEE "Hello, World!" FI 42
75  thread.start(printMessage, '"Hello, World!", 42, 1, 2, 3);

76 /) FFAELER

77  thread.join();

78 return 0;

79 }

ADIR



$ ./a.out

Message: Hello, World!, Value: 42
a:l

b:2

c:3

$ ps -aL

PID LWP TTY TIME CMD

923509 923509 pts/1 00:00:00 a.out
923509 923510 pts/1 00:00:00 a.out

© 0o N oo b~ W NP
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6.5 FNB2IABE—Tclone

- BHRAIFRK
ARIGIR
1 #define _GNU_SOURCE
2  #include <sched.h>
3  #include <stdio.h>
4  #include <stdlib.h>
5 #include <sys/wait.h>
6 #include <unistd.h>
7  #define STACK_SIZE (1024 % 1024) // 1MB HJf£ES/E]
8
9 /) FHERAITAIRLE
10 static int child_func(void *arg)
11 {
12 printf("Child process: PID = %d\n", getpid());
13 return 0;
14 }
15
16 1int main()
17 {
18 char *stack = (char*)malloc(STACK_SIZE); // NFHIELEIEE/E]
19
20 if (stack == NULL)
21 {
22 perror("malloc");
23 ex1t (EXIT_FAILURE);
24 }
25
26 // & clone BIEFHIE
27 pid_t pid = clone(child_func, stack + STACK_SIZE, CLONE_VM | SIGCHLD,
28 NULL) ;
29 if (pid == -1)



30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
a7
48

perror ("clone");
free(stack);
exit(EXIT_FAILURE);

printf("Parent process: PID = %d, Child PID = %d\n", getpid(), pid);

/) FrFFHEEE

if (waitpid(pid, NULL, ©) == -1)

{
perror("waitpid");
free(stack);
exit(EXIT_FAILURE);

free(stack);

return 0;



