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) BO3kEHello World

##include <stdio.h>

int main()

{
printf("Hello World!\n");

return 0;

BT hellold , IRERAELH

bash$ gcc hello.c -o hello

# BB Nhello worldfEF
bash$ ./hello & ./hello
[1] 144

Hello World!

Hello World!

[1]+ Done

K5EHE?
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) HIZAGIEE : MR(ESFEIS(ES

- BRI RN —IX R EERIT—1MESS

ES1ER E524%

-— = )
-— —

51 f£52 S () .
|

— ITEIEFRMSSEENS ( XARE. BFEITE. weblRS...... )
— HMERIRETPSSHCKRE (TRE. Bres. WL ) | EERES
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) HIZAGIEE : MR(ESFEIS(ES

- RI% : IRH9EY (time-sharing ) #{ERR
— ZEEFHIT  B—NMISBSEEFSE |, RIS

&= &= &= 1
| | | |

| | |

@51 |-»{0s \»[ #x2 |-~(0s [ @51 |>(0s )+ Ex2 > -
|
| |

- (ISHIHR—EE
- AR TIRS A E 5
- RN ERES EIEfTHIBE ( LT3R )
- BFRAFTENHEHTAE (BIFTESHE )
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) i#iE : BITHRER

-  HERVTENEFEITRIAHSR
— BSERD | EERIEI TR A CREIETE

— oISERD | REREITHERYRTS (TEPiTEles. . 1%

- HIERAMIBEIIIEESE
- BNHERRS "RAO2s8REFE" IIRR
—- ARFEHFE SRR, UE
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) [ELIER . —ARR0HTS

- RigBTHIESRFE - EIE
— DISE EHBSEANLE | (ANEREFIUNIXIRERSE )

- WL - EFEERFREPRISZHEE
- SURERMERANEEENSS
- TER—LRROHIRT | LRSI / B ~ MR / B

- HEAABE

SERETE
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)

HIERIRES

e

- HESRLNIRBUTHEMIAS :
— PR (new ) : HENI#EIE
— IBTIRZ (running ) HEIEEANERS EiE1T
— HERIRE (ready )  HEEALUEIT , BIREWAE

— PAZIRZS (blocked ) : HIEHANFFIRS , BNEABRE

— BRI (terminated ) : HFETERL 7 AT

- HESAENEITINSIIRG
~- WREESSREE , FET . ER->15iT bt
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) HIZATHESEEIRELERS - Process Control Block

- ERORIEHEBZHE
— HEEAURRFF. RFE. FIFEISUAE.
— FFEEYIHERTHVIAS ( £ 3 context )

abel_t u_qgsav; abel variable for quits and interrupts */
label_t u_ssav; label variable for swapping */

int u_signal[NSIG]; disposition of signals */

time_t u_utime; this process user time */

N

10N

time_t u_stime; this process system time */
time_t u_cutime; sum of childs' utimes */
time_t u_cstime; sum of childs' stimes */
int *u_arQ; /* address of users saved RO */

UNIX v7HJER43PCB (u_ar0A L TFX(ER)
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. EFXREENRAPCEH —
_ %}S'ZUEIFE‘_HTJ , }\APCBEIJHXI':HJ:_FI;:FIVRE L R G

+TX
RFFIPCB2

PREPCB1H
ETFX

_
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) HIEREFREED

- 1HFELiE : fork (spawn, vfork, clone)
- HIEMIT : exec
- HIZEREZ : wait

. HIZBH : exit/abort
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) IRIERG vs (The Matrix/ BEHE)

BAX
Oracle/5tAl
FIZER

Key Maker
¥51/Smith

"o R N U
NI A

AR IR AY K
'JS N &)

20 N8 4
RUTDNS

ok
7

4,4
3!

D
5

S
)

FEiR
Esatli

https://www.techug.com/post/jul-how-do-the-matrix-as-an-operating-system.html
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) HIZEUFE : fork()

- BX : ARBHENE— NIRRT
- ERHRARKEE , AT
- BOER , TREEISH

+ fork[GRIFANHIZIIHINIZHTE
—- HBARERIHE
— ALAFHTIIT , BATI ( BRIFERSERNEN )
— QAR FHESHZ IO EIREENS ( WF. UFEF)
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) forkA93fl

- FEELITMES
— RIZFHRITOHEE | RKEFEITFIHE
— test.txtPEIANZD : "abcdefghijkimnopqrst...”

char str[10];
int fd = open("test.txt", O _RDWR);
if (fork() == 0) {

ssize t cnt = read(fd, str, 10);

} else {
ssize t cnt = read(fd, str, 10);

printf ("Child process: %s\n", (char *)str);

printf ("Parent process: %s\n", (char *)str);
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forkBI73<f1
« MITER(MNEparentFehiT) :

— Parent process: abcdefghij

— Child process: klmnopqgrst

- RE : BPMEERE T E—MER USRS

SRR AR A

fork :
G T
FiffEfdR

test.txt
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) HIER SIS

« forkJIHIEZIAE 7 SOHIEFIFHIZAIX R
— HFRZ BN T RIBLEEK
— Linuxa]{#EHpstSEE

- SN HEiELIEFR—1 N iHizA
- FHEFIASOHERTR— 1 HIEH
- AUARE—HEEPHFEHEREES
— FEHTshelfE2FF
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) HIZAINTT : exec

- PHEIEEARITXEHNSE

BT E BT84
I I
int execve(const char *pathname, char *const argv([],
char *const enyp[]);
I
INETE

« {EforkZ2 BRI
— execTEFH AT TG E=EEZSE]
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) SR3EN ( Copy-On-Write )

- BHARforkIEI : B HIEERZEIEN—R
— MEEE : BYEIRE 5 RS INMmIEN
— FoFATY : forkZ fRuNERiERexec , #ENHNAREFMIEE T

- BFRRIE - RIENAERE | FERFERE
— MERERT | —RBRGTERI N — MKAYTRE
— AFexechIBERE , W T TRAGER
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) forkBIER Rt

« forkAI{t=
- EOIEEES
— BHRE "G 0 BT (exec) fREB  IRETREE
- WETHEZENAREXRR (HER. #iEE )

« forkBYERE=R
- eEE LT THE (Fclone )
— fgEE. oJ¥ BEE ( AUlvforkFspawn )

_ RElEE

£ (140 : fork() + pthread())
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forkBE{LiO]

- vfork : FEfllFfork , {BibRXFiHizEd
— iR EMEERATR EE I |, MEEEYT
- TR
- RBEATE fork + exec’HIimE=H
- K=t SEF TR EaM

* B3 : viorkBNIRMRAIFENR T
— {EERIIE IR 7 fork

L= [tk =s[E)

RforkAITEEEIR) R

Since this function is hard to use correctly from application software,
it is recommended to use posix_spawn(3) or fork(2) instead.
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) forkRYE RO

« posix_spawn: tBZjFfork + exec

— i . O]y B, ReiRYF
— TR . ANUlforkRE

« clone: forkfl§ “#BhR" . AILLEFEEBAE N AE
- i . BELR , aKiEEREEE
— R EOforkEZ , EEEE NS ZHE
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) s

CAEAIELS - SAEtRE - 1HREURESN - ENR(E - LTSI
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) A ATEEZE?

- BUIEBHIERIFHERK
- ERTEUE. U, . %F

- HEENRE TS
— HERARE : aJLUBIHFRENE(S (IPC) |, (BFFERK

- HEEMERTIESIFHAT
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) &iZ . EINEERNETEIRR

- SREREFIETHIRS
— BATSERS EH IR

- SR THITHBIRIMVATS ( EERSF sk )

+ — N EHEULIEEZS/ EIE
- BNEGEHER— I (HERIERSENRE )
— FEVFHHEAFHT
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) HEMEE « SEIRAOHEE

- —NMiHETUEESI=EE

+ I HENZSZETLIEARLES LRI
- FENEASTTHHEL A T 4R
- BNMFEHERS
- ERSUDIREIE N T A2
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) ZSEIEHEAMbLIEESE

- BANEKEE

BB CHE

- AP EASEESRNAEE

- HERXhEH

=
N

- SR, NI, M.
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) ARSEIESPHRSEE

- IRIERIERERARER , JLUSZEIER AWK
- AESEAE - AW, RRZEE
- APSZRE | RZARR , ARRZERER
- ISR
- HRZEIZ , SiEBXERFERZT
- APS%E (4i2)
- ENASEE | ZAE X EREEFNENASET
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) LIEEE

- SERERR T APSSESRSERIZZEIRIERR
- SW—IEE | SNBSS — ISR
- XA | —ANEPSEAEIR— SR
- SWSHH | SNBPSEETNES N HIRSHR

BER BE2S AFE 23
< 4\ | <\
miz L] [kl [ A% K miz [k P
1 T | ,I | \\ ,\’F‘\\
ar w W ar (L @ pr ) G
— X —iRE ZX—iEE SWZIEE
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) SII—i=E

- BES T HARPSSERGGE—NIRZZEE
- iR . IXEEES
- A Y RIEE | TRENZS % ==IARE

- EERIRIERFAPEFH

iﬂifﬁ
- BFSMRAPSZIEER e an

2 A

/N
A W W
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) —Fg—f

- B APSERGIERAIAIRLETE

- iR R T E3—RE PRI AT R IEA)RR
- TRA  AIREIEEEKX , FHEX

- ERMERFERA—X—RE

E e
— Windows, Linux, OS X...... PR I
iz [k K K
| | |
ar O W
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) SXISHEBY ( XMYScheduler Activation )

. NARRSSEIRGEEIM A RRSERE (N> M)
- LR AT R BRI (Z3— ) FI&iEYZaR (—X—)
—- fre BTSSR

* Solaris{£9ZBifHHiZI=EY

— ORI — e
ot b
- EERBMAPEEITT ZME S

Br (O GO @
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) HIEREXEENRESEN - TCB

. —W—RBIPTCBRILAS AFERS
« AEES : SPCBEIEEL
— LinuxdiHiESZI2(E A ER—FrEEELST ( task_struct )
- ETFiRpEER
« NAE : FJLARZEREENX
— Linux : pthread45a{x
— Windows : TIB ( Thread Information Block )

—- ALUAARRZTCBRY &
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) LIEAXITEE (TLS )

+ ARZETRESNITHERAE
~ SFEREEIMITAHIIESE) | SATEHSRIDE

- [a{% : WF2REE , FREEUEEEARRERN
— 24l . BT RSREREIRAerrmo

. BBRAER : HIEZAMTEE ( Thread Local Storage )

FERBEBREHFITS,HEGSHARET (IPADS@SJTU )
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) LIEAXITEE (TLS )

- ZIEERTFEX BN EIEMEEL

.+ BMEIERITLSEEMIE(
~ A TCBES|

- TLSTHIHEsY - Eithlit + (RIZE
— X86: R\ (fs&F1Fa8)
— AArch64: 5555 Fastpidr_el0

FERBEBREHFITS,HEGSHARET (IPADS@SJTU )
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thread int id; SAEPMEKEEN —TMHENIJT=

TLS

TLS2

TLS3

id

var

id

var

id

var
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) EIERIERNIRE : UApthreadsaf)

- glZ : pthread_create
— PR« USSR R Niztk
— NFE7S : BIETCB. MFEHFITLS

- &% : pthread_join
- FFR—EENITRR , FERBENTE |)

) Join

— TLUASRforkfY “E "

™ T2
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) EIERIERNIRE : UApthreadsaf)

- 1B : pthread_exit
- AREIR[EWE ( 24pthread_joinREX )

- Hf= : pthread_yield
~ STEDEEHYT , HILCPURTREARELA
— $F4L  ATLARE DA B R B CRTAR SR

HO
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) LRIERY LT3N : EAChCore /3l

- ZE L TXRAIEENSFSER
— BRIEF1FES : x0-x30

— FEFITEEE (PC) : elr_el

— F&i5%T : sp_elO

— CPUIRZS (WOKIHRS ) : spsr_ell

- FEFA=E
- EARES , RFELTX

— YIRS NZi%
- WE LT, REIAFE
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) ChCoreBTCBZ51S

- E¥ER : HIERIEXER

- TS HIELTX

- TCBTFHAZENRZIE
— NIFENRZETAEIERZI% S
— sp_el1igMA%In

— Stk
TCB =
%iz
FFX
. PRz
i .
l (Iamsichils
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) F—F  HAREES, FEFELTX

WVARZIEENEESRE. PEERFRREARIZS
- BEITINSBIBREINZS (EL1)

— FHafERsp_el1{E kit ( BPRUIIREIRZE )

— (REN FHZFERIPC (elr_el1)

— (RN FALLTRHICPUIRE (spsr_ell)

— LA ESSRE Eo5ERk
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) F—F  HAREES, FEFELTX

- RMFLETX

sub sp, sp, #ARCH_EXEC_CONT_SIZE

/] RFEEFER(x0-x29)

stp x0, x1, [sp, #16 * @]

stp x2, x3, [sp, #16 * 1]

stp x4, x5, [sp, #16 * 2]

/] ... LB sp >
stp x28, x29, [sp, #16 * 14]

/] AR TEXBORI=MFHEST1FES | sp_elo, elr_el, spsr_ell
mrs x21, sp_elo

mrs x22, elr_ell

mrs x23, spsr_ell

stp x30, x21, [sp, #16 * 15]

stp x22, x23, [sp, #16 * 16]

%z
ETX
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) B HRTRRIAEE

- BRIERFRET—MEREENZE (HESRRE )

- IHRARER
- BRFEXSEFENEEN BRI TRRE B
- IRAEE

— R B HRIE ST ( BTREAEAYTCB )
— {Z¥sp_elMHHEZE BIrZi%
— ALUAARSEIITHD AR (THRZEZNBEIREENIT )
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) F=F : LTKE , REIBFE

LETFXRE :

ldp x22, x23,
ldp x30, x21,

Btz EREHFOISFRR

[sp, #16 * 16]
[sp, #16 * 15]

/] WRE=TREREFR

msr sp elO0,
msr elr ell,

msr spsr ell,

x21
X22 LERTEIsp

X273

// REEMFFEEX0-X29

ldp x0, x1,
/] e

ldp x28, x29,

add sp, sp,

[sp, #16 * 0]

[sp, #16 * 14]
#ARCH EXEC CONT SIZE
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} %E& . J:-FI'WE JEE”EHF'U

- IBREIARE : @Meret , AEEMIT—RFIRE
— Eelr_el1fgiIR[AlBHEFEIPC
— BUI{ERsp_elOfEutkigst ( Rzt EIHFE )
— KBCPURZE IR /Ispsr_el1HHHYE
— BTSRRI RAFZ (ELO)
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) ETNIRNG

LS RRADIRFRIE, =Rt
- AEETHEESIEIRAITR "PRA”

RAFPE S APS
|
b L
sp_eIO—hD sp_ell —>- :sp_el1 —>- sp_el0

t1 AP #% t1 At | t2 Atk t2 AF#%
|
!

-------- RS — -~ - - - -———————t2T - - - - - - - ——-
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) ——EIEEERIER

- SFRNA : WHEFEESE
- EFAESREEE £ E TR BRERTFS LHRERE
- AHEE=SRAIEEAE | TiETH N EE

- "iE6n" ZIE . ITHEEERE (N EwebiEK )
— NIZEIERET AR | &R TS
— ZFE U |, FHERA
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} g:F*E ( FHF':L,\?%*E )

- LERIERENNEE RS TSR
— RESRISRIPIIRERAE
- —NRIZEREA LIRS MR ( Z39—)

- FERRS
- FRECENREAR , FHE
- ERXUNER (FRRBHARZK )
- RFAFSEEEE  BETMEERIEERE
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) Linux¥FFERIZIS : ucontext

+ 1 ucontextA]LISF— 1B RES&E
— makecontext: gliEFTHYucontext
— setcontext:AFE N3k
— getcontext{FFZFIAYucontext
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) FIERIGF : £7FE - EEE

T

R

oid produce () {
buf[++cnt] = rand() ; ::>‘<::::

setcontext (&cxt2) ;

void consume () {
process (buf[cnt]) ;
———— setcontext (&cxtl) ;

}

\‘ E4Fi

t
|
|
I

setcontext (&cxtl) ;

makecontext (&cxtl, produce, ..); /
makecontext (&cxt2, consume, ..); }
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) MBIFEAZIRE

- SRR AT
- SEFETNESR  TEERAPSREERE
— WZEAERRERNEE ( RiZEEFIMEEE )

« B LT

makecontext makecontext
- UHRARHANRIZE , FHE
~ EPBTSRES I R BT A4S 1 l
uCXT1 uCXT2

V
(producer) setcontext (consumer)
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) WindowsYFFI20IZ3E : FiberE

« HucontextF (LR RIZHEE
— createFiber: SIS
— SwitchToFiber: ZFfEt]JiR

- XIFAIERMTEE (FLS)
— B— P HIZEFE N B NFFERT , FLSSTLSE /a8
— B— 1 HIZERET N B NAFFERS |, TLSRIo R AZAFLS
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) EFESPXFIERIST : HE

- FERMEFESEHNINERE T35
— go. python, lua......
— C++B20 et 5 7 g

- MEERREINE (% / EF / £1L / 1iT)
— FUIR(E : yield ({EMMEESHIT) . resume (4REHHAT )

resume | 1&1T BTk

=

?ﬁi yield resume 21k

e
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