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5-1 GNU/Linux BIERGZWEREREN

P23 [ R T2 NA% 25 E] . Linux WA ZS B A LAE— 2B X050 0 3 2. B BT 2 R S8
P $% 10 (System Call Interface, SCD , & J& I F* 25 0] 5 A% 25 0] A9 0 2%, T P 2 18] 19 12
T 30 3o XA 8 — 45 TR 7 18] R 48 v g B 9 5L il o b2 11 A 1 9 DR [ 2 7E N A%
A T AT 5 DA SR T O R P R 2R 58 U 0 AL T R), AT OR B 1 2R 48 1Y 22 A MRS E
FR G H10 NI RE FORFE b b I — AR H A 0 ek B0 2 i 52 s A 22 00 A I 55
. HPATLIZE. /linux/kernel HARBI RS A AL O LA, REMHEZEOZTEN
REARHD R 43 52 bR AT LA S B b 22 SR ST TR R G50 19 N AZ AR . X SE4RAS J2 Linux fiF
S I i A A P g A AR A G T Y PR SRR 2 T R RO T A AR A5 A 1 AR A T
T8 H R R L (Board Support Package, BSP) #8753, X Se 0% FME 44 E 1K R 450
I Ak BEES AR E T 1 & B9 ARAS , — A T A% 1Y arch H 5% (L /linux/arch H %) #l drivers H
F, arch H3 &A1 0 x86.1a64 .arm S (K REEH 3L HF 5 drivers H sk & A B A 4T
AT I 238 T 5 45 S ) B 3K B0 1) S8

5.1.2 ARM-Linux RIZRZA 555 =

PERTATIAR , ARM-Linux W 23T ARM 243850 Linux W%, B ARM-Linux N
WA AR 46 Linux WA RA B LAARRFI2E . BT Linux brifE NS £ X x86 b #2542
F BT, AR BE AR IEAE AL 22 4 (40 ARMD EREIE W s 17, Rk A Linux &4 W
(n ARM_Linux W) fEEFEARME Linux JEAlE 38 i %% patch SCEL, #]41, ARM_Linux
PIAZ SRR Linux 248 rmk #b TIE LAY, AT 2246 T X S840 T, 9 AZ A AR A1) b B A7 5]
ARM_Linux =, 4R, thn] LI 8 22340 T M WA RIS L SE B,

fE 2.6 WA Z AT, Linux WEZRA 448208 AL B C. 07 A BNERA S, A
5 A TEARAS AN B M S R MO B A S D A IR AR B IR
1994 4F R 1.0 B, 35 KA 1996 419 2.0 R, 2011 4F 1Y 3. 0 MUK A o (H X Y FE N B i M A&
PIREA RN L, BT BRNEEMAS . A SR IE L G0 A7 -1 5 56 Si
TR BRI BB TR E M. BT C RN RA S . IRUA 5 76 N B35
LN T AEE bug SEHUH A FE M S 0K S I 2 g
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2004 4 2. 6 WUA B AT Z 5 - WAL TE & 3 56 A5 JE 1 58 a0 04 ) [ Sk & A5 JR W BB AT 25 L BT LA
TER LY 7 AE BB R, R A S R A0 — EAR R R 2. 67,58 = M EUF I & & A IR
OGN KA IR AR = A H . B R AN R Y bug B 4 T T A8 52 AT I s 2
L A . 2011 4E 5 A 29 H L% it# Linus Torvalds B fi: N T4 & Linux & fi
20 A4 TR 2.6. 39 RA KA Z )5 W AR T3 3.0, Linux 4EZE{H HI7E 2. 6. 0 LA 5]
N A5 T B5F ) g 2 A R (LA 28 AN — BIAnAE 3.0 R JLASH Z )5 &4 3.1,
(] B Y 75 A bug 124 el 14 B4, 35 00— 07 GRAE 228 =80 R KR L 4n 3. 0. 18,

il 5-2 7R . 7E Linux WEE M 2 F 2 3208 =R RIn NAZ A

HTTP https://www.kernel.org/pub/

GIT https://gitkernel.org/ 6.3.8 @
[

Protocol  Location Latest Release J
RSYNC rsync://rsync.kernel.org/pub/

mainline:  6.4-rcé 2023-06-11 [tarball] [patch] [inc. patch] [view diff]
stable: 6.3.8 2023-06-14 [tarball] [pgp] [patch] [inc. patch] [view diff]
stable: 6.2.16 [EOL] 2023-05-17 [tarball] [pgp] [patch] [inc. patch] [view diff]
longterm: 6.1.34 2023-06-14 [tarball] [pgp] [patch] [inc. patch] [view diff]
longterm: 5.15.117 2023-06-14 [tarball] [pgp] [patch] [inc. patch] [view diff]
longterm:  5.10.184 2023-06-14 [tarball] [pgp] [patch] [inc. patch] [view diff]
longterm: 5.4.247 2023-06-14 [tarball]l [pgp] [patch] [inc. patch] [view diff]
longterm:  4.19.286 2023-06-14 [tarball] [pgp] [patch] [inc. patch] [view diff]
longterm: 4.14.318 2023-06-14 [tarball] [pgp] [patch] [inc. patch] [view diff]

linux-next: next-20230616 2023-06-16

5-2 Linux A HaIa LA — R

» mainline & EZ A, HAT EL AN 6. 3,
» stable S22 € ML, 1 mainline 75 B AL % A, B2 € MU 23 TR AR W MRUAS 5 19 226 |
Pt bug B AL AT,
> longterm J& KM SRR, H BT A7 K SRR R AT 5 A RRAS 19 A%, 0 AR i
N AZ 55 BN 3R B2 hRid EOLUE IR 32H) .
BAERG N EZ AT LI W RAR RE5H . BN AL . BN T A AR08 53 40
R PAE— R BT A B — R R . XA AT A LA T B RS AR
I8 L FR e W BE R AT CPU AR R A7, i LSS B 4 HR SR B g i 5 W, 24 &
G REHEFRB K AFF A AR R A /N REA R AR
TP A B PN A TR B DI RE R 43 Sl i 37 R G R L B i BRSO — A R 55 A% L AS T Y iR
5t AR RIS IR B AT 45 A Mk ZS [H] . X RMAR RS TE N RS T — SR N
6 i O 2 M BRAT: 55 AT 55 V8 BE | PN A7 A JHORN op 7 A B4 4 358 40, T SC AR R G L I 4% B SURR
G A P NAF A BB ATHY . X R A5 H8 BAR BT 880 AN s N A (B ORI/ TN
AT [FI B A R T R 4E 4 TR A
Linux J&—> W A%ia 17 78 5l 0 9 4% bk 25 (8] 9 B N A% (2 0 T T A RS 42,
BT A AL PN R AR DA R B A B N B S e i, DA 206 hiUAS S i)
HFER A
@O ZHsh S MNP .
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@ X IR Z A FEHLH (SMP) ,

@ O WIHERE,

@ Linux WZA Y . Linux W EA SLVFFE N AZ S 1T AT 55 8 e 30 AT B e

® Linux A [X 4328 T2 A=Al — 5 (%) JE AR , % PR e U6, T A 110 R R AR — A (AN 40 e =2
WD .

© Linux #2045 15 A 2500 1 m) XF 52 10 15 48 B B | 30036 0 35 140, LA K 7 28 [a] 10 15 4%
LIRS,

5.1.3 ARM-Linux PR#ZBEYEZE 2249 K2 IHEE

Linux W& FERMAE 5-3 s . RIENZZ OO, Linux BERA 5 A~ EZN
TRG. B AT T Ay AE . 2E R B A A B U SR R G o R TR O 1R A R 45
I,

- "} -H:'T
35 i

Ry
(System Call Interface)

R | | | [z
iy | | & e (VFS)
b
H Pacgesil
CPU e || i | |osins

5-3 Linux B#Z EE 34

1. TR

PR N T B CPU BRiR , LAE LE 4 A R g % LU & 25 F 1 77 L7 ] CPU, i
TR A 6 T R R ) B R Y B O Ah B AT A T B 2 IR A B A R D . BRIk
A, F R R AT T 3R e R T ) — 0. MR O, PR A AR T YR Bl
FERAWEA CPU BT 2RISR . RIS 2%, /linux/kernel H3%,

2. NFEHE

Linux W FTE B 55— AN EERER NG, NEEHRKERERGERTRN
— RN E . WA BRI Z Eoy A SRR A T — A A E] . AR R
FYJRACAS AT DAZE. /linux/mm P 3EF|,

3. EMX GRS

SR GEAE Linux WA o BA 0 3B A M AL, T RSN Y BIR 30 FIAE % L Bt 1 4% il
R B EAR AT . Linux 51 A T B R 48 (Virtual File System. VFS) S F P #2445 T 40
— G SO FR G AT LA SRR R R B 2 i HAR R SCE R SR, Linux WA AR D) BE Y
HMIREAS G Disk 1% 45 Bl 8 @54 .NAND Flash .NOR Flash 25) % A /i % % BoR
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WA A G AT DL 3 58— 09 SCHF MR 3 Dok U7 0] . Linux o (% 48 0 43 % 52 #88 v  RL
Ry SCAE I BT AT AR G HRAE .

4, HIEEEE

AN TR E AR 2 6] 38 5 R B E R R MR AR T REZ — . Linux WA%IE i3 3 #F POSIX Ml
Hi AR E RS IPC(Inter Process Communication, #8 B 3@ 5 ) HLH A1 H A5 £ 72 i H #) IPC #l.
il 55 BRE AR (B GE AR . TPC N4 AR ] B A8 1, & EZ A T Linux RGP R Z M@ (.
Bl UNIX i W38 5 5 & 1 BRI ML = N A% 540 (55 (signaD) 0% B
mxﬁﬁﬁﬁmm {5 FBt. Linux PR POSIX BB AE 5 S A5 5 b #EIE )32 i H .

. MEEE

W%%ﬁ%&?%ﬁm%ﬁ@%ﬁﬂﬂ%ﬁM%@#%i%&ﬁ%%ﬁ%%%M%&
I R ZRE R AR . 48 4 AT L3 ) 2% 35 4 I Bl R I R ) 4% TR AL

X5 N F G0 AR Bl — R R AR X T R AR A AL b A R Y b, Al T
RGN HEER MK E ARSI AR ESRAE TRENS S, Y%, HihFRE M H07
AR B AR Y A 4G A S BRAT e R e D A A B e A3 T L P A b B s ] 5
TTAbE; HERREEERENAE LI HRE R NAILE,; MANEEHEAEEY RS
SCRF B A W L A8 e AR (swapd) 22 31 F R B R e A R 5 DL SC A 2R 4 T R I 45 4 11 S
P28 SO R G, 1 HAE NS BT RE LN ARG, W B RE T T N
FE45 B AR 38 4k

RT3k SR OC R A N T TR F R G0 B T — S L W A B R, XS IR
F5 0T A T R GRS BN B L 90 20 43 T RURE J PN A7 28 8] 1 o ﬂ@%ii%ﬁ%%%ﬁ
LA R G0 IR A

5.1.4 Linux RZIRIB B RS

J TS Linux WA LA DIRE , Linux PWAZ RS 0 44 B Skt R B05 AR X R, Ho 4l
BLANE

> arch HSEALHG T A TR R G A SCHAZ O . B F A —4F H a3 —Fh

Linux 3 F5F01& R 4540, a0 ARM 52 ARM CPU K52 M2k R &5 7 H 3¢

> include H 543 4§ G 13 4% 0 BT 5 22 09 8 43 S SCF, 4 n 5 5F 5 I8 O 19 3k ST 7

include/linux FHE T,

> init H S ORI . 752 IZ R A RE 5] T8 .

> mm H A T HOA BN AEE BARS . 5 HLARE A 28 25 04 4 OC 14 P 77 48 B AT 7

F arch/ * /mm HFF .

» drivers H & RGN A M EIRNFT . B ik — 5050 LR & 98 8, i

s R &%, B — R 5 UK XA X i+ B 5%

> ipc H AL T A% O AR 1) 438 15 A

> modules HEAFH T B HAT B 0 s MR i B,

> fs HRAFH Linux LR SCAER GRS . AT B S RGEA AR T B S0, 40

iffs2 SCPF R GEXT R A BE A jis2 T B 5k
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> kernel HSRAEH N HE B9 A% O A, 53 A1 5 b 30 285 45 74 A0 G i AR R i 78 arch/
% /kernel H3E T .

> net H 5 BRI 2835 A0

> lib H & T 0 0 FEACRD B2 5 40 3025 45 F A OC 19 PE AR BS Bl s 7E arch/ = /lib/
HxT,

> scripts H 40 & 1 F B E 4O 0 A SO,

» documentation H g T & —2 30, 2 x5 H s AE By BAR Ui

5.2 ARM-Linux JFFEE A

L 4

HERR R AL T PAT I YRR Y LA KR A B U 0 SR X B B A A AT T Y SO R
A5 R j(j‘ Mokl (8] 5%, FRY RS R SRR PR B A B A RN AR AT BE AT
[F) — 2 7, T EL B A7 AT e =2 b bk s ) 45 B 9

pig Eﬁ% Linux WM REZMN TR, © FERMX CPU WyinES . HFIiHE
Hlrb . CPU B il A BRAY T Ak 22 1 B IR P 0 2 ] CPU B3, i LA 22 AR ) B 7 &%
Ge7x CPU HEAT VA BEAE B, JE AR IR BE 1 RS 4 A 7R, sl 5-4 FroR AT )
BEUNT .

BIERGNSS GRS R G R

| e
RG]
ML REH

I
RS

I 1

SR e

i eI s
it AL

B 5-4 Linx #FREEEAEFREEAREN

> VW% (Scheduling Policy) B8k, 1205 P 5 30 #E A% 8 HE 1) SR W& L &t WA (i %
WEILAH HRK A CPU BT

> 5K 2 454 40 56 8 )& 4% (Architecture-specific Scheduler) 5, Z A ¥ MK & 4%
F ARG &R 23 I T X AN H] CPU R R g — iy 1 . X Se45 | Dy g £ %A
suspend Fl resume SEFER# FH , £ CPU B A AL 485 ) L R 48 S BB 45,

> T ST AR 2R 55 4 8 B 2% ( Architecture-independent Scheduler) #He , Z A8 B b K 1k &
S TC KRS . 2 M1 Scheduling Policy 58 18 18 , PR 5E 45 T R BEPRAT IR JE 2, SR
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J5 @13 Architecture-specific Schedulers ¥ He 48 & ) #E 2 F LI SZEL
> R JAME O (System Call Interface), #HRIFAE FRAEE T RE R HALE OB FE
PEAL S P 23 6] () 42 10 R0 25 [R) B o e b AN 75 22 FH P 2 ) R P SO B 401

5.2.1 #ENRIALIR

Linux PRZE i — B FR 0 3 FE 45 3R FF 1 task _struct &5 44 44 (o i s 72 4 1 B ok 4%
FEGERE XA G R IAIE SR T R I R AR MF B B R T A SR L e W] DL AR R AR B
FEPAE B A RS TR R AR D A A 2 B ) A RS B VS B SR R SR B R
WG B OSSR B A, SRR P A & TV 20 R A R 1 i 2 B i e
{8 — R I8 ] A G S5 0 r R BT IR A SR AR O R R A CEE — AN AR AT 55 BA S 1Y)
X[ i P14 2R Y rh B AE. /include/linux/sched. h 3¢,

struct task_struct {
volatile long state; / * BEFEIRZAS, —1 unrunnable, 0 runnable,> 0 stopped * /
void * stack;
atomic_t usage;
unsigned int flags; [ A HEROIRE x/
unsigned int ptrace;
# ifdef CONFIG_SMP
struct task_struct * wake_entry;
int on_cpu;
# endif
int on_rq;
int prio, static_prio, normal_prio; /= AR ER S « /
unsigned int rt_priority;
const struct sched class * sched class;
struct sched_entity se;

struct sched_rt_entity rt;

# define TASK_RUNNING

0
# define TASK_INTERRUPTIBLE 1

# define TASK_UNINTERRUPTIBLE 2
#define  TASK_STOPPED 4

# define  TASK_TRACED 8

# define EXIT_ZOMBIE 16
# define EXIT_DEAD 32
# define TASK_DEAD 64
# define TASK_WAKEKILL 128
# define TASK_WAKING 256

RGP A HEREER SR AL F DL T SRR A ) —Fh . X HERRIR S 4 T UL .

» TASK_RUNNING #/n it f B A IEFE AT , B4 IE ZfE & AT,

» TASK_INTERRUPTIBLE 3R/ il 72 4% BH 28 CHE IR , BB A B, &M —
HIk p, #E R PR S 4 i #  TASK_RUNNING,

» TASK_UNINTERRUPTIBLE B9 X5 TASK_INTERRUPTIBLE FEA L, Br T
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AN BRI A W — N F T R M LA S
»  TASK_STOPPED #/m i 28 (5 1L 01T .
»  TASK_TRACED E/R# Y debugger S WA,
» TASK-WAKEKILL R 252 4 378 52 050 2 S0 A 5 1R 05 5 i e A 72
> TASK_WAKING IR 2 Ut ] 1% AT 55 1F 76 M W2, 3L fth nfe o 45 4 35 25 R . #R Bk &
TASK_DEAD IR,
» TASK_DEAD %75 — M #EFEER I, state T Bedf ol TR .
> EXIT_ZOMBIE 7R il B2 (1 #0078 28 1k, R 2 HAC HF AR 3R A (8 wait O 55 R 58
FRRMEMLIEE L.
> EXIT_DEAD MR KR 75 8 0 5 ZOIR S E B TE 2 G0 vh g B i i G204
» EXIT_ZOMBIE 1 EXIT_DEAD 3 1] DI TAE exit_state 5L HT,
PHRERR Y DT IR T — DB AT AR B TR AT s AT AN R 2 (6] A C A RR A Ak B g A
[E1) % 5 1 2R 8 0 VR i A PR E M % A D SE B 2 i R O B AT R SRR . R AR A A B st
K 5-5 Fis.

| o | | mmer |
do_fork() do_exit()
schedule()
TASK_RUNNING TASK_RUNNING
(AER I ERRENT) (HdT)
high priority task

TASK_INTERRUPTIBLE
- % sleep_on()

TASK_UNINTERRUPTIBLE
(waiting)

wake_up()

5-5 HBREOI#

5.2.2 #HE. . KENAZRKIE

TE Linux WA T WAZ R R FHEERE (R RN AL 2 ft 48— A B Y 7 v SE B E AR A B A
A% A R AR 2R N A L — WL IR, B P A% A T P — A 08 45 1 task_struct 2R 43 i &
AREATs N AE AR A 0 R AR etk = EAT M R OF BN A A A T R — A pR AR
do_fork O 343 5l 61 8 ix = Fh $H AT 2 (thread of execution) , FHAT LR ¥ 238 T ] IEAE
PAT B AR S ] 9 T — A AL AR — A TR BT SRR P B — A AN R R . Linux W%
B3 T b B 5 B R BE T, O AL ARG —Ab B =3 Z R AR B T EATIAS B BT B R .

AN E A AHTE KB MNZLREIME S AR5 456 HE R SR A A% 2 2 i e 1k
ﬁ*ﬁﬁﬁﬁﬁﬂﬁ*ﬂﬁm He

IR R G R A C 1Y SR A B SRR R B P S ST B AT I A LA 2R I A
ﬂfﬁd‘iﬂﬂ‘*}’ X P Z AN AR Z A2 AT AR SRR Y, 1 H 2 A2 2 R Y U045 i 4 9%
E’Jﬁﬁ\ﬂttlﬂ:ﬁ{fﬁ P ST AR Z 2t #4545 0 /1Y POSIX Zefe 4 0, |/
pthread. i iX 4 4% Fn] DL AT 4 i B 1 DL K 20 4R 78 2 M) 1Y) 4 il 25
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TR N R R R AR EAT IR B IS e o 0 20 0 [ 9 AR IS A A A A b X B — > B s 45 44
PERETE A% A A RO SERE R R AT L Bl task_struct 544, L [, N Linux A% B 1 B2 1M
FOIPAAFTE LR R IX ML . AL 2B I A B 5 il (0 B8 45 4 i 2 5 R — AR
task_struct T HIAR . W R UL, B ERNZ T WU - HBRAEERN, AAZE
BRI L B R[] 2 Y R e R e R (5] 4 R ik s R) L HERR AR S AT IR R SO AR, X
BRI HERR AR R R i AR (Light Weight Process) ,

i BRI A AR AL 09 8 SC, B A HT P 25 09 R 0 R0 oA A% v 9 — A 8 6 0 AR A 0 D
AR RGO Z ML BT NIRRT 2 it Z ) B PR L 2 i ket . [ A sk 2B 4% i 2
AR R 3 R AR — A P R AT S B AT SR B T 2 A R 2 ] A O R AT

TEN IR — MR IR I 288 B N A% 268 (Kernel Thread) . 1778 N A% Hh i & AN
ARGy, Pt i) DURE AR A AR . N AE A D R i task_struct 45
MR R R

PR A% 2 A R 3 30 0 R — A R A B A S ER A B W R TR o R R
TKAEHRIZ AT AE NS s AN [ i R RE T LLs A7 72 P 8 W] LUs AT e N A% A . M b ik 25 i)
B AR RSk pE . R i HRE A FH K T 3GB (19 Ml ik 25 [R] , 1 35 3 F A% ) mT DAl R A A
AGB By Huhkzs 18] . HUC, A% Z RS HORE 18 T PN % ok 50 {EL T 12 4 D = 2 T 1 ek 80, T % 3
HEAR 0 A0 o FR G0 UH AR A I A% R B

5.2.3 HEHIARTT task_struct BV TR ER

R =R AT R AE N AZ PR T GE— B9 B 4548 task _struct R RN . X HLE B
R IR AT T LA OB IR 095 B, BT 23 48 1o Q3 AR T A B0 98 DR A B 5 A

@O mm FBE, 0 mm_struct 54 B 45 £, 1% 28 B R 14 5 2E FR R A B9 R U ik =
], AR s .

struct mm_struct ¥ mm, * activeimm;
£ ifdef CONFIG_COMPAT BRK
unsigned brk_randomized: 1;

Z endif

% if defined(SPLIT_RSS_COUNTING)
struct task_rss_stat rss_stat;

£ endif

@ fs FB, 1810 fs_struct &5 K B8 51, 127 BT Ok 1 38 0 FR B 76 SCPF RO AR [ 5%
R 2 i A P A B H SRR L
© files FBL. &0 files_struct Z5 8 8948 41, 1% 7 BUAI R A 34 24 By oE 72 B 3101 SCAF Y

@ signal “FBt, f§1M) signal_struct Z58) (fF 5 F R A5 10 38 £ 122 52 B FH O 41 38 F 72 Fr
REAN BRI 5 . HEIELS T .

/ % signal handlers * /

struct signal_struct * signal;

struct sighand_struct * sighand;
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sigset_t blocked, real blocked;
sigset_t saved_sigmask; / % QNR set_restore_sigmask O B , W A7 i (H + /
struct sigpending pending;
unsigned long sas_ss_sp;
size_t sas_ss_size;
int ( * notifier) (void * priv) ;
void * notifier data;

sigset_t * notifier mask;

X AR O 3 S B a3 S A 1 AR Y RO 5 R L3R s R AR T A B B
Xt L BEA LR AR I 5 - N i e Gt A 5 AT G . R R R Z P DR R A E
5 AR PR P P R BERR IR . BN ERR A QI T AR B B &R TE N
XF I — AR i R . XA R A G AR N — S R R AR AT L T HL B AR B R AR AT
F1% B 26 A S BT IR B 2 P A R OGS B Y 5 BEAE 1] [R) — DR A5 R X R S B T 2 AR
ZIE] ) IR

WRZZ R LIS T E NS I AN 75 2R 8 HE AR AR R 1 A S7 b kb =S [, DA 9 B 7
(R AR AF P ) mm F8EFRISY NULL,

5.2.4 do forkO)RE

HERE VE AR DL R Z R A AT X IO ) B At R K AN ek = i X ) ) R R A
AR It i do_fork O #EAT QU Y, HA B I8 F5C R AN 18] 5-6 FIrs .

fork() vfork() pthread_create()
fork() vfork() clone() YL H
Mp=
system_call F L5 R AL
2251
sys_fork sys_vfork sys_clone ?lé;gﬂ g
77
\ kernel_thread( )
do_fork( ) ]
copy_process( )
done 23[R

5-6 do_forkO BRI F#HE KUK NZEENEA
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I 5-6 T DA i i 4 R B BB do_fork O % B HCHY S5 A

long do_fork(unsigned long clone_flags,
unsigned long stack_start,
struct pt_regs * regs,
unsigned long stack_size,
int _ user * parent_tidptr,
int __ user * child_tidptr)

LR S B T

> clone_flags: fRRMEFEAFIRRIE AR . AR 48 8 + B 45 i) & 3% 45 A FR 1Y
5, — 8 SIGCHLD 55, #4 3 F i edr Thrlsis B g 1.

> stack_start: FHFFEH P SHERMIEE , ZS B SRS TR esp T

> regs: i )il ] 25 A7 A (E 0048 £ . 2 3R AT P 28 U046 21 P9 A S il 28 A7 2 b
PR BIN LS HERR

» stack_size: AR#FH, ZRINERF O,

> parent_tidptr: % #F# WA HE R P &4 & fY M dk, {74 CLONE_PARENT _
SETTID #{ & I A 4L .

> child_tidptr: ZF# M P A4 & ik, {2 CLONE_CHILD_SETTID # %
A 3K

AR E AR 2 R N Y AL R R AE A T B S 38 3 do_fork O 58 BLEN B 1Y . IR 4 do_fork O 4

AR BT BE 19 2 REPE R ? 5L, clone flags S 87E 3 B 3] T S &g 46 A L 38 3 16 BRUAS [R] Ay
Fri& NI ARIIE T do_fork O pRECSE IR £ ff (00— B A R A2 VLR FE AN A% 26 FE— D RE Y 52

.

clone_flags ZH TR EMR L, F i RAFH AP I FENFRE.

» CLONE_VIM:  #Ff2 352 A0 BB N A R A5 T A By ol 3k

» CLONE_FS. Fif f I  ACHERE fir 76 SO R S 9 A H S FS BT TAFE H ok,

» CLONE_FILES: f#Ff# 3 AR T I 1y S0 .

» CLONE_SIGHAND: F i3t X #2055 AL AR 7 L BH 2815 5 A 5 5
i iz bR B 40 R i i B CLONE_VM R,

WA T RS T RIRAR R I8 A i R S S s AR T A R SRR IR

5.2.5 #HEMNGIE
PSR S, T LE T forkO L viork O F clone () =421 R ﬁﬁu@l..%IaL#

rﬂéﬁfﬁ*ﬁﬂﬁfﬂ@ﬂﬁ%éﬁﬁm R RBGE T 128 ST R A NG, &
FHAR 19 2 48 98 MR 55 B RE . 3 =4 ok BOG I 19 il 55 1 A 4 il J2& sys_fork O \Sys_vfork()
Fl sys_clone(),

int sys_fork(struct pt_regs * regs)
{
return do_fork(SIGCHLD, regs-> sp, regs,0, NULL, NULL) ;
}

int sys_vfork(struct pt_regs * regs)
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{
return do_fork(CLONE_VFORK | CLONE_VM | SIGCHLD, regs-> sp, regs, 0, NULL,
NULL);
}
long
sys_clone(unsigned long clone_flags, unsigned long newsp,
void _ user * parent_tid, void _ user * child_tid, struct pt_regs * regs)
{
if (!'newsp)
newsp = regs—> sp;
return do_fork(clone_flags, newsp, regs, 0, parent_tid, child_tid) ;

i bR 2 G E AR S5 AR B JEAR RS R L R B, = &R G0 R S5 AR S AR R T
do_fork() , FE X HITE T 46— SEITE B AT . XA IE A5 80 X =4 72 00 2 R 4L
JIT A A 1 E R N A A R . T DR R AP

(1) forkO)

T do_fork O clone_flags Z 4R T F R 45 o B 3% [0l 25 A i & 1) SIGCHLD {5 %5
A TR EAR A S I R fork O BIEE MY HF AN S5 L 2 ACHE R AR B2 0, T R &5 52
A5 A HERR B R 2 U AC T HERR AR XS Al ST . ANk, TS B & il (Copy on Write)
AR BIA, FHE AT DL A SRR B 4 B 00, U Y AR B TR AT R B ot
INF A% LG IR A 2 0 33 A D018 1R 25 52 0 380 — A 1 0 B 0, X A 1 4 3 00 4 TG 45 1B T
i,

(2) viorkO)

do_fork O) " 4 clone _flags ffi 1 T CLONE_VFORK #l CLONE_VM 4> 5 &,
CLONE_VFORK #5 i i 15 5 #82 J T AC iE Fe P AT , A F e 25 BH %€ ) ifF 7 465 o8 sl AU A7
FIFEF . CLONE_VM A i i 45 778 2 0] DA 3 52 A 1 72 19 P9 77 i ik 255 ) (A8 1 7 1 0 3 33
b . B EHIF ARSI A ZET, viork O & F F it T A5 L BT HUAT exeevO BIFTE .
I, viork O I AN A T 28 WA e il 19 i FH =2 4k TR R 5 B 420 4l 52 R 58 42 T DU IR B ) st
R T 7 R B e R

(3) clone()

clone Ol 7 HI TR 52 G FE 3 3 1% 388 AN [ 19 A s AT AR A - 3 % 22 [] 540 1Y
L2 A S R AT R B 0 ) — 8 flags PERME A CLONE_VM|CLONE_FS|CLONE_FILES|
CLONE_SIGHAND, Hi FiRtrE7] LUA B, 5 i P R 38 o ot 52 ACHE A2 09 P9 A7 i bk = ]
ACHERR PR AE SO R GE AR H 5 LA B AR H A5 2 A HERE Y | 4T FF 19 SCF DL K AL 7 7% i 4
EENINE RIS ISR @N

5.2.6 ZHIENARZEENEE

HNRBEAETIN — T RER SR WEN LR SR ILBEFEERAN., FIkES
pthread_create ) 41 8 19 2R B Fx R AE N A W 2l i clone O SE A E 1, 1T clone O e &3 H
do_fork(O),
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— AT N A% R A A R A R B () N A SRR R Af ] kernel _thread O 1 A1) # 11) ,
AT SE M do_fork O $EMERE 1Y {lags b i i Q& 19 .

Int kernel_thread(int ( * fn) (void * ), void * arg, unsigned long flags)

{
return do_fork(flags| CLONE_VM|CLONE UNTRACED, 0, &regs,0, NULL, NULL) ;
}

M BT B A B flags FRi& AT DUE BT B9 A LR R 2 /0 2 3L S AC IN A% 26 2 A9 N A7 i
ZS(A] . SRR AR S R TR e T (R R e AR 09 0T, TR R I A R R TGI8 A ] ER S 23 3 1)
Friwaikzsa] , CLONE_UNTRACED 5 i PR IE P A2 26 FE AN & B AT ] 52 BT BREE

5.2.7 #HEBNT exec R &

fork O pREH FANEE —AF b & % F BRI E 6 TACHERM T A NAE, HEXA
B A YRR AN FRAT R 2 7E Linux HP ] exec bR B K fif e 3X > 7] /81, exec PRI
Pt T —ANAEHERE R B O — DR PAT I . AT DA AE R E 0 SO 44 B H 4% R
ALERAT SCHF L I T B R BR8P 3 R 4 58t B ACRS BRI AR B TE AT 58 Z 05 Dt 1A 3
TR ZEBR T HERR 5 Ah A 2 OB R 4 1

1E Linux P exec BREUR 328 W A_ N,

O YA B CARERE 28 58 A P A8 AR AT ST lk I sl 7T LA ] exec BREORR
AR — P REOEA S H A,

@ R — AR BT S — DT IR A e il LR ] fork O pRECHT #E — A 2E 72,

SRJE VA exec pREIOWE P A AT 28— RR B, IXRE 75 TS R A0 1608 2o $RUAT I A e T 7 A T — A

%ﬁ HEFE

FRAXT KL, 5 A AL AR i . SEBR L 7E Linux IFA execO MR, W EA 6 4
LI exec FF3kBUBREL, 3 5-1 FI2¢ T exec BREUKRY 6 4~ A 52 BRI AL AY1E % .

FT 5-1  exec iF B ik A & R BB ik

&gkt # include < unistd. h >

int execl(const char * path, const char * arg,-+)

int execv(const char * path, char * const argv[ ])

int execle(const char * path, const char * arg,::+, char * const envp[])

int execve(const char * path, char % const argv[ |, char * const envp[ ])

int execlp(const char * file, const char * arg,+:+)

int execvp(const char * file, char * const argv[ ])

RBREE | —1. W

HE L X6 MR EIENREFH A execve O, HAM 5 A& FE KB EATTIRA
HZWH execve OX M RGEIIH] . X BFE AN execve O ATV IR .

@ FTFF AT ST, FRIBGZ S 1Y file S544)

Q@ FWSBIX KL A S B U EE .

@ Xt linux_binprm &5 ) A WAE R 456 . X BLAY linux_binprm 454 3k 152 B 77
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{832 AT T RT3 6 B 135
5.2.8 HEMNRIC

UEFRLLEIN WAL AURE T B 7 A R BT T A HE R ERR A 8 0k AT L
IR = AF 0K . IEH RS ) A5 5 A exit O BREC I . oF R 1 2 45 e A0 228
i do_exitO) R 5E Al (linux/kernel/exit. ¢ H1), AL G, 5 IR A C A0 Fr G 9% PR A0 2 9k
R AT IZ AT IFAL T TASK_ZOMBIE R , st iof 35 A2 77 75 (1 FE — B 19 3 2 ) AQ i 7
FEAHE R . MR RIE BRSO @M ARG B R TCRME BR  JE R B R A 1 4
WA BRI

exitO) PRECHTTF W3k SCHE A # include < stdlib. h >, pRECA T .

void exit(int status)

Forp status & — AR SHL, 0T DURI A XA S 80UG R A5 o i IR . — ki, 0 &
IRIER A A B B KR B0 TR R R AR IE R A R . FE PR FRET T LA waitO
F G0V FH A YT 1R % 3R TR0 S DT 4 % A [R] 018 175 0 228 47 AN () 1 Ak 2

THEEENE do_exitOBPATIHRE,

@O ¥ task_struct PR &R R % E N PF_EXITING, 2% W12 2 75 1F 76 9 155: . Bl 24
HIHERR 5 A mm_struct, R BA 51 0y 3R], BDBCA # 3L = s e B i e AT .

@ UnFE PR HEA A TPC {55 I & JF A S

Q o3 B I SR IR AE O R G R A S S TR SR X s g] A
R BERE 0, ) 37 I A F AR A 1 A 3k S B U, 7T LU .

@ [ ACHERR 2 3R AR T R 2 A R 0 R 0 A IR A OM AR R A b i L A 4
% init R, IFEHEFDR S TASK_ZOMBIE,

© VI3 HAbPERR  4bF TASK_ZOMBIE R & A JEFE AR S B8 . sb e 5 A
1) % L A% HEAR L thread _info Z5 44 | task _struct Z5 44, 1 I 37F 2 A7 76 (4 o — H 1Y 8 2
e A R AR ALE B . ACHE R R BIME BU5 . 308 8 N IR & TC R B A5 G - i #ERR BT
Fe A T NAF R T, IR 28 RGEE .

5.2.9 #HENAE

T T AR AR I AL LR AR 48— B d 45 A0 R R s I I N A W 3X = IR AR IX ),
WA S R Hp B — AU B P B . AR X = — e AT g — I

1. Linux & E B4l

Linux £ 8 B 53 32 2l 18 B2 A9 sl il B a7 X

= B R B B A AT AR AT L PR B AT LU i schedule O J3 8 — WE B L 24 4%t n] DL 0k
PR B A TASK _INTERRUPTIBLE, TASK UNINTERRUPTIBLE, ¥ B B 548 17
M E AR B, FH P 28 ]t 0] DL 3 pause O3k 2[RI A B A9 5 20 5 Ay 3 i 8 Asf i) B B 75 5
EEFTRIBR ], N AZ A schedule timeout, P AH nanosleepO HF UL H ., HE, N
X F B SR AS AT LAY, FLRRRLE B — A W] RESZ BHL A R GE R L A openO) (read O L selectO)
S, WA BE R AR TE AR G R TR [T T A7 L A B S A 3SR [ B P A A B T R



%5% ARM-Linux@1Z ||p 111

Bl Hif

M Linux 2.6 WA%J5 . Linux SCEL T4 b AP A%  RIVAR T A A% 10 08 A o mT 6 4 22 114
2o W — IR IEAEN RSB AT e — A R W R AR A S — > s AUE R L 4 L TR v B Ak
PR A5 R Z )5 . Linux 2. 6 A% Z HI A RUA 2 K & I E AR 1 32 47, B B2 E AR R I S
ARGIRPEREFF 5 T Linux 2.6 48 &5 AU, 74 2152 o W 5, 2 5 BI 51 % 0 B2, 1) 46 %)
FAE R . SR NARZACE T 5 LR 2. 6 MUY A% HhE SR T AR 1k 46 4 Y 3 BE B (spin_
unlock_mutex) BRI IE FL X, TERE L F IE B, [R)AF 23 51 A& I B2 AG A o T X IS 2 4K 3 ¢
PECER 1E A A AR R Bl A T o AR I A A O B SR L DLE S AN B SE I A . T
TER A S B vp, B2 E ARAR P RE L 23 vh ok Y A By SRR LR 5 A — A R s AT R Ry R
AN AR B

2. HBIFAEN—RE

P BE R IS AT I A A A As AT R AR b e SR e (B AR B AT R . VR AR K Al
Fo B R U B SR WS (policy) (ERASML HE K (priority) B FEH (counter) , DL J ST
J 2 (ri-priority)4 #8741 . policy J& 2 4 8 BE S W . FH K DX 43 592 i 7 A% A5 5 #E 2, Linux
IEEAA | IX 53 Ay S Rl S e, A O R B O () S R AR S T i R IS AT
HEFRAR IR 5 9 1) v IR WA U S AL e R 0 B v

counter &5 PR A S E A HEFE S ARSI B R R R AR A I ] F B GR E J2 priority
BOME . AIEFR L SO B UF, B A 0 3 24 i BA S B AT 55 #0KF ST 0 BLAR A #8391 7 BA 3 22 vh
S 2 A5 B6 52 B PR3 A SRR L PT B A0 ) o 3 = & A B N 0 s 2 A BT AR AL
BA S 3l 2% 1 A7 D) 4 SR B ok 37 BA B 8 2 i BA B L T S A 24 i BA A s g AR AT o
S,

TE Linux ¥, F M6 30 googness () 25 & DU AK 95 I H A R &R, ] T4 %2 R A E
(weight) , W& J& 5 i DARCHER VR oy 28 45 A A AR 31

3. Linux O(D) A E

PIA% SE LT —Rh o B 8 BE Bk RN E AR 2 DA KRR TE S CPU, X F 53 Bk AR mT DL AE
] ) (B Y HEA TR . X R B RR O O (D JH R 7 L ;X A2 Tt R B 0 B 2 R BT
S FHT 8y I TR 9 3 — A~ 2 A O fek P A IR T AR TR 9 . Linux 2.6 528 OCH I E . 4> CPU
AT WA ERE BAF SR A Se 90 by il (00 9 B8 SR s . IR O g A E AR TR — A e Oz
AT G AU SR J5 PR IE AU B i B R BN IS AT o FEIB AT 1L 7R b, Y iy A 1 W% 4% i pof
[F1) TT7 3285 9 o DT A2 — U 8] 32 %) P D ofe A S5 AT 1 gk R ] BEBL A B iz 4T 1. B Ay ik
T B A% B R i B R R

schedule ) PREIE 58 B T2 4 BE (%) 32 22 R 45, O 58 i FR DD 40 19 TAE . schedule O HI T
iy 7 die ey D0 e Gk R B0 AR DR vl 25, LR B B JF SR X R GEMEREAT B LI A L B TR
/kernel/sched. ¢ FAYE LA .

asmlinkage void _ sched schedule(void)
{
struct task_struct * prev, * next;
unsigned long * switch_count;

struct rq * rq;
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int cpu;
need_resched:
preempt_disable() ;
cpu = smp_processor_id() ;
rq = cpu_rq(cpu);
rcu_sched_gs(cpu) ;
prev = rq-> curr;
switch_count = &-prevf> nivesw;

release_kernel lock(prev) ;

fE R ARG ] DL & B schedule pREC 9 AN EE AR &8 . prev 45 10 24 1 1E £E {5
CPU Wi#EF2E; next #51 F — AW ZA A CPU Mt JERE R 19— A~ 1 2 4T 55 st 2 4k
@J next,
scheduleO) B9 EZ TAER] LI4r A2,
(1) #£ %] next
> schedule O G prev APARAS . IR TS AR, M H B BA 7E NS,
NEIZ B AT A BN B prev #E R, AN ad, W AR B R AR EHE A S M HARE A
TASH_INTERRUPTIBLE . p& st #8 1% 9E F2 R & 3 8 TASK_RUNNING, 3 4%
T AB1TBASI, ANEEAE S AL F 48 0 T 48 prev B AR, B H &4 prev —IK
R HAT L2 TV\H‘ET@SE’J LT %A ST,
> K g Az 17 BSOS SERE . AR ECA W AE HoAth CPU iz 17 BA I v 3T 78 —
SRRk . RAERR CPU RS sl7E HoAlh CPU #yiz 17 BA 3 o iF B8 F 72 25 I, next
HAEEZE# swapper 2,85 5 E#k L switch_tasks $ATH YT .

> A AR HLIE AT BAF oA SR AR H AT I Sl E AR BA B O A5 4 L R R US4 T A B i R
HRAE L AR BAA vh 3BT Bl R BA A Oy sk S R R BA A 41 0 A A A 51
UCRIE SRR NS . S AR TR G I AR

> TENG B R BAS h R — A Al is AT #E R . 156, schedule O 48 & i 2 F 7 A 21 (14 4
GO IS — AR 0 L. XTI B PG P8 P B A 25 I, S0 A AL A % A AL 1
PRI 55 —AE 0 AL N AR X I AL & e A is AT R A EE R . Bl S 3R ML BE R A9 55 — 1
R, (EA R FE Linux 2. 6 X5 B8 72 AR 58 1% [ % 15 [R] 8 58 B, 53X A next
wE T,

> K A next J& 75 2 9 B 3 B L K & A N TASK _INTERRUPTIBLE & TASK _
STOPPED ARZSHh gl Ml . 2R DA 25 PR AR 0 2, BT S sl 05 4. AR5
1 next M JE R B DG S SR AR A BT AR e g b . k2 U, SERT R R AN S AR
g,

(2) D)t

HF| next 5, 80T DLSCiti dEFE DI T,

>t next 1Y HERR TR TR — 0 0 7 B N A R ARE R B AT

> 1 FE prev i TIF_NEED_RESCHED 5.

> BE prev IR YT Bt 2],

> T A IS prev (14 35 IE AR A A]
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> prev ! =next, YJ# prev fl next i o o N
XEf,CPU &I HAT next R T,

5.3 ARM-Linux W14 *

5.3.1 ARM-Linux RGEEHE®R

WAFE BLJE Linux W BREZ N T REZ — B T 24X A7 58I 09 U 1) 45 5 Bl E;ﬁ%i#%g
il o XFRALH EEER T
> WA S FC AT, I AR A8 B0 S B A N AF B o0 9 il RS R as A7 iF AR I R )y B
R B A5 0 5K 23 L N AF 25 (), I E AR 5 2 e AT .

> Mk 4 . UARIT S A NAE AT I, QSRR Ty g i AR A Hh ik GE R ) 5E
A A1 S B ik CH B 0D AN — B0, 50 24 2 6 il 2 e S S b k3 el b ik
Wil % 2 NS P B IT (Memory Management Unit, MMU) 52 i 11 .

> WAFY 78, W THFEMLR IR 0 ISE & & NAF A BAEARRTE K. W, P BN A48
AN R I R AR R G TR B RN UE W B A 0 O T X A AE AR T S8 BN AR A
WY . R IR A M A i RN S A

> WAL 50840 . N AF 3L 2 248 2 A i A8 6e 3% W] U 1) 9 A7 o 1 [e] — B P A7 B
JC. WA TIE AR By 1k WA b & B 7 AT oA BT OF AR IE X N A P AR B U )
1 IE Hff .

Linux Z 4823 76 81 ) BN A7 F0 35 R BT 058 19 3 77 CRRAE i 400 N A7) 22 (] 3 7 — o e S
RFR XA I 2 D3R A BT DRI AN ) ) 2 R T LA feft P R TR) 6% i 480 P A S T X 2 A ]
WAL N AE AT DAL B [/l g BN A L

WAFE BT R 3 TR ULE 5-7)  HE5 T,

HE R GRS GRS RG]
- - B _{} B - - —_

ﬂ e
AR
XHFRG K 37 2R R K UERR I

¢

SR REERIE B G

Pt _ i _ -

fE T AEREL:

57 NEEEFRZKEN

> SRR A A OCAE B (Architecture Specific Manager) 885, i3 K A 2 454
FAOCER I3 o B AT T 05 [ BE A1 Ak 45 190 1B 004 1
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> M7 AR R P LAY (Architecture Independent Manager) ¥ 3, ¥ M AR R 45 4 TG ¢
BBy B LT A B A BEAIL R L €045 DL TR Sy BT Y A7 B o I 5T | R 0L PN A 1 58
R NS
> RS JH H#: 0 (System Call Interface), i1z O, m) 23 18] B 0 #E P 42 43E i
A7 1Y 53 TC R TBORN SC A 1y Bl 55 25 T BE
ARM-Linux A% #Y A7 21 25 A8 2 2R T K 08 00 5 ) i SUA7 A R 2B . ARM-
Linux PAZAR R P A7 9 25 1006 0 17 00 3l 25 48 9 4 ) 9 A 00, 3 o A7 b 0 58 46 4 18] A7 Tl 48
UL, WA 5 AMEZ 18] B AH B AE 4 {5 82 DA O B E A7 0 SRR 0 48 B 1k B R AT Y
RAGVE IR BAR & 0 N AE R R,

5.3.2 ARM-Linux BB RO

phjttye 32 i ARM AhBRER ELAA 4GB A/ 2 400 bt 25 1 o B4 a0 A 10 5 KR 400tk 2 [ oy
4GB, W El 5-8 frn . ARM-Linux N#ZAL T & i) 3~4GB 235 [l 4L, il s 9 3GB J& T H P &
i) B P BRI A o i DAAE R G 25 () BAE PR AR v, R 00t bl 5 40 30 i il 7 50 1 A [
19 FH 2 8] 1k e S 2 2l A5 Y AR A1 5 22 40 IO ) BN A7, O EL A ST B B R R 11 1 400 1l ik
5 RT3 T 0 ) B N A ) P B S, R B R A R A (A Y — A3 AN 2 B S ) W N A T
SE WU B — 28 T/ O WA L4 A A7 % A — S8 /N HR (Y FE i 4

} 4GB
ARM-Li A WTZi lEﬂ
0xC0000000 inux % 6B
MEids h
e
%
HE
: P23 [H]
(BSS)
pAE
RASER
0x00000000 Jo

E 5-8 Linx #HEMNEMNE=EREARG2HMAEER)

X HL P8 A A A S L 1) P A ) A Y 5 RO [ 1 B X

> fRAD B . AR B SR AF T T AT SC A A B AEFE A o BIVRT 04T 8 76 P9 A7 P Y B4
A5 BE T B 1k 7E 38 47 BBl A 208 o, BT LR fe R B BUERAE L TR RV A (B0
Ak,

> KHE B B BOFI AT AT ST SCPF R E IR Ak 1 4 SRR e, 4 R G R A R
V25 4 T ) A ek R4 R A e

> BSS Bt BSS Btfu T?&f?ﬂlﬂﬂﬂﬁﬂtﬂﬁ%ﬁxi AENAE T BSS Bras diE &,

> HE Cheap) : HEJ& F FAF G FRIZ AT AP 8 S A AR BE I I AF-BE L B 10 KN IT R [ 52, 7T 3h 2
Pk dE s . MR A malloc 25 oA TC N A7 IS S B 0 TE A9 P A sl 4 3 285 1R o 1)
O3 s 2SI free 25 sRBUBI N AE I L BRI P A7 DS g 50 5 o ol 40
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> Ak BT AE R P e B A B SR PR AL A L iR R S ) R E AR R (fH
AELFE static IR HE L static BRI 1E AU Boh A7 I AE 1) . BRI RASR L 76 o8 KB
P S Bl 2 9 A RO A B 2 R A b, O HL R B0 A 45 R . R Y 3R (9]
(AL 2 WA R R b . ol TR A Se 2 S 0 4 A I AR AR 531 56 P SR DR A/ 0K 52 30
Wy, WA TS EVF SRR R 1 — A 2747 S i I £ i A7 X

5.3.3 #EREER =
ity
1. XREHIEEBHER
— AN AR Y K O Bk A ] 2 S R A Ak R, — N R R R IR mm_
struct; H—NERBEEHZERK vm_area_struct, Ix )2 K H mm_struct 25 R 7 — 43k
FEAEEAS A HE 25 0] . BEAS SRR A — A mm_struct 2584 , TE A HEFEAY task_struct 45
P A — A48 X R Y mm_struct Z5 44 1948 £, AN SRR 5 P A OG0 45 A S BER A
JCAE mm_struct Z5 #8445 A HERR (%) 51 H S 3R 04 M hk R AR SERR B P XA 2 T
WMEEEE B, A LI, mm_struct Z5F) XA FH o3 (8] fOFi ik
mm_struct R B — A F 18 09 2 A i U ik 25 18], £E. /include/linux/mm_types. h
AR

struct mm_struct {
struct vm_area_struct ¥ mmap; / * Fgm EILIX ] (VMA) 83 * /
struct rb_root mm_rb; / % $§ 18] red_black #f * /
struct vm_area_struct * mmap_cache; / * 38 ] F I % B B B P X ] ¢/
# ifdef CONFIG_MMU
unsigned long ( * get_unmapped_area) (struct file * filp,
unsigned long addr, unsigned long len,
unsigned long pgoff, unsigned long flags) ;
void ( * unmap_area) (struct mm_struct ¥ mm, unsigned long addr) ;
# endif
unsigned long mmap_base;
unsigned long task_size;
unsigned long cached hole_size;

unsigned long free_area_cache;

pgd_t * pgd; /% g 1) R AR T H SR x /

atomic_t mm_users; /x P s RAaZ /D «/

atomic_t mm_count; / % X} "struct mm_struct"H £ /5| % /
int map_count;

spinlock_t page_table_lock; [ * ARPUE S5 TR A mm-> rss */
struct rw_semaphore mmap_sem;

struct list_head mmlist; / * JUi A 1% 3l (active) mm [ HEFR * /

unsigned long hiwater_rss;

unsigned long hiwater_vm;

unsigned long total_vm, locked_vm, shared_vm, exec_vm;

unsigned long stack_vm, reserved_vm, def flags, nr_ptes;

unsigned long start_code, end code, start data, end data; / * start_code fUH% Bt & 4h #odik , end
code fUHS Bt 45 SR dil | start_data $045 BE A2 4h #uhlk | start_end B35 B 45 ik » /
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unsigned long start_brk, brk, start stack; / * start _brk Al brk iC. 5% A &= HE# {5 &, , start_brk /& F
01 b 235 ()90 2 A B 3 £ 5 oA btk | brk 2 A HE (9 25 SO ik, start_stack JEAR A G btk % /

unsigned long arg start, arg end, env_start, env_end; / * arg start Z 5Bt 1 4 #i ik, arg end
SHB S R ML, env_start FREE B A IR bk, env_end PR 5% B (9 45 SR Ak « /

unsigned long saved_auxv[AT_VECTOR_SIZE] ;

struct mm_rss_stat rss_stat;

struct linux_binfmt * binfmt;

cpumask_var_t cpu_vm_mask_var;

mm_context_t context; / * Architecture-specific MM context J& 5 G A I 45 = /

unsigned int faultstamp;

unsigned int token_priority;

unsigned int last_interval;

atomic_t oom_disable count;

unsigned long flags;

E

Linux A% H X B A A7 DXCOs0 B 808 45 40 J2& vm_area_struct, PNAZHE 454> A7 DX
VES — A FRH Y A A X0 G 48 B, AR W P R A E R — 2, B RE R T P X 1 — 4 vm_
area_struct &5 AR B W BE ORI A AT . P XA B A B (Can AR A5 B B PE B FAR 55) # i
— > vm_area_struct G5 R, AL 5 T A Be iR A 6 100 3t b R 45 TR A0 b kL A
BTN A S I AT e B A BOE AN B B AR Y 2 (a2 nopage PRED .

vm_area_struct %Tﬁiﬁi&%ﬁiﬂﬂté ] 1 %¢ﬁf¥$ﬁ ’ ﬂ[u:ﬁﬁﬁ ,vm_area_struct ?ﬁ*’tﬂ
PV RIE k4, At o 7O A 3, A DL 2T R (red_black tree) BYJE XA 2L £E X
B DB R R AR . AT ER R IR MR HLUE AT IETO A 88 3R M T 2l
A TR A I T £ R AR ] T AR Mk 25 R] b A R E N AE KB I . N TN
A DX 8 25 b A (] 45 4 1 BE SR A5 =i PR RE L i LA TR] I (5 13X P b AR s 4544

HEFE M hE 2 ] (9 45 SR AL AN &) 5-9 TR .

Task_struct mm_struct vm_area_struct WEFERE 723 1A
count vm_start 1
vm_end X Sk
mm mmap :
vm_ops
pgd vm_next

vm_area_struct

vm_opeartions_struct

vm_start
FEFF
open vm_end X 45
close :
nopage vm_ops
vm_next

5-9 Linux H 2= @ EEEE
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A N A B SS (mmap) f& Linux #E RS0 — MR KR A, ] Lok R 58 0 77 B
B NSO ) b, DU AT DLSE 28 15 [0 SO 9 25 K 3K 30 07 1] 9 AE 10 B Y. SRR 35 R
GpAb R4 T AR U IR O HLAT DUR ] SCPE &R 48 094 1 4 2 A AE Linux B4R A Rk
SCH AR D T 18] N AF  BEAR T FF R MERE . 18 2205 45 B 20 12 )3 {8 2 ) 1 P9 A7 B S5 T e FH P 2
(1] F1 — B bk 5 B 3 B A A b JC i o] i) o B PN AE AR 43 T A9 b bk L AT /S L SE R
R R B A AR U] ) BT 38 8 SO A U ] 0 45 ] 1 X P A DX 7 ) 3k 2 a0
Wt SRR O LAY Rl N AF . vm_area_struct S5 MR ANT .

struct vim_area_struct {

struct mm_struct ¥ vm_mm; / * vm_mm IX * /
unsigned long vm_start; / * vm_mm G bk x /
unsigned long vm_end; /% vm_mm 2 [EHHE % /
struct vm_area_struct ¥ vm_next, * vm_prev;
pgprot_t vm_page_prot; /% 3% v X R AL RR 2 L+ /
unsigned long vm_flags; /o BRI AT ULF mm.hox /
struct rb_node vm_rb;
union {

struct {

struct list_head list;
void * parent;
struct vimm_area_struct * head;
} vm_set;
struct raw_prio_tree_node prio_tree_node;

} shared;

2. Linux B9 4> TU#E 8Y

53 BEMLA AN Intel b B35 A0 SCHE , 78 HAB P A8 R R 48 L T RE I A LR Be AN P45 2
KU AE Linux 91 8A4E RG] 53 00 07 XA B A7 . 7€ Linux 2.6 1, Linux SR A 7T 3@ 1]
Sy N U T Sl o o S N T ot = [ N R G I S N

AT LB 5i247 Linux B BAR(CFE ARM F & 1D, IRIT&E Rt T — R I e 52,
15 Linux WAZ AT LADT VR 8 SERR B 00K . 12 R 90 5 4 2 S I 32 i 00 SR AN 3 DR 7R 12 4
B3 XA, N TCUVANE TUR A SR FHES O 2. R X RN 5 ik 5 S 7 1 AN TR
P IR AL BRER AR L Linux AT DA AR [R] %) 00 R 42 AR RS T

3 UL T K e A 2 1 Tl ik 235 () R 3 > ) B P9 A7 T8 B 1F 22 R /INAH [RD ) A7 i Bl 2 Y
JEHI 3K B AR S BT CHE #0025 8] 43 DS B SR Oy 00 50T It (4 B8 P AE 43 0L RS AR
RO HEAT A, AN RN AT R AR B, G M b bk 23 R) 0 A fe] — 5T B AT DB S
B b bk 2% (8] o B AT AT — A 50T, Linux WAZ Y48 000 22 — M DL AKB B4z %1 43 oL, I B O]
UE 5T Mk 0 565 5%, BV A — 01 0 S b b chE AN B AK REBR . 7E AKB B9 TR L 32 ALY
B JE A3 R BRI 40 B T 270 AL AR R Ge B A 0 4 DA 0L ik Y L BEG
FARYE R LRV AGB BN, (Hl THAERAET ERIP N HEBRNLE BT
LUK P A% 338 A R 40 DN A FH] P R AR R U0 A7 20 18 L 1 T = ) 1GB SN AF . 5 & N
3GB BN .

AP fork O EF A execve) \BLH A mmapO L B1ZS NAES B mallocO)/brkO
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SRR AN AR AE AR T ZE 0 I N A7 2 ERE o T S Rk R 3 R AR A B0 9 AF S B Ol R AU N A
AR 02 AL . A B A SR o R R O PN AT X0 73 S Fre AR 22 I 25 5] do_mmap O pR
B ok (brk 8 JH w80 LR SE RS2 8L, AT do_mmap O BREO . [FIHE B — A W AF X
S0 A5 FH PRI AL do_ummapO) o B 23 55 50 W7 1Y P AF X

HT T R I R B SRR 1 hE 2 R 0L bl o O R T AR I N A R AS R AUAL 2
M AV AR P A DX AT AS 2 552 o 1) 0 B St i o o R O 86 AT AR A5 0 BN A (B T T R
— A3 B 2 i DX ) A A . S B 4 0 B N A A 2 R R S PR DT A I R A0
B, A2 phy 3SR AL AR R 007 S R, DT B A 23 BE 552 P BT B9 4 A . kA A T DA
Bl nopage O pR &, 1% R K052 B 25 17 1] A9 15 A K 8L PN A7 0T R L IE 73 I5C 00 1T IS 2% 43 A 1 B30
FH A FE 552 o (9 0y B0 24y 12 O 7. D3R T 1) S E

T e 7 S R R AU N A B RE LA A B BE AR RIE— B 2 i VR A R B Oy iR
Sy BCA BT, JF XS Y TR SRS AR A B E B B T R BN B Y
IR AR SO A B SN 2 AR R GOSN RS R T . X AR SR ST ALER A T
PR3 [ 4 SRy R DU B 375 5K DA R A U A R 2 TS I INAE L B T R AT R

5.3.4 YEARGEE

Linux PAZ & S 3 P9 A7 2 38 3 43 DUAIL I 52 30 A9 2 2 A4S PO A7 3 43 i T8 B0 [ e R
N BT DA 43 TC 0 [T P9 A7 A B AR B A 2 N A L T, TEULHTER T, RGP LLPF g i iz
BRI B A HE AR A A . (R SEBR b R G P A A SR ) T 43 TC S S 1 Y AR R
Ry 43 TC % B N AF I USROS T S B, PR BE A AIG T LBt bk PR3 1% il 7 38 OO %5 Jl i 23
TEAR R AR E E R DT IR 3D .

YT BN R, WA A e 38 DU IR B R TR S R R S E O SR T K (buddy)
SR ORAE LS N DU . Linux 550K FAKPE 550 12545 38 & 48 DUKE 19 43 0 R [l i, 322 50 ik XN
[Fi) ) 47 B DA ) Bt 0 Ak P R G A B AKAR SR AR N AF Th i BT A DO % IR RN g i 10 4
AR RN GO B R A BIELE 1.2,4, -+, 512 A TURE ., AR R] (1Y DT AR S8 3 — A free_
area_struct Z5M K E ., REF 10 4 free_area_struct G5 IR B — > free _areal |%X
H, HBEOEIREMMT .

typedef struct free  area  struct

{
struct list _ head free  list; / * 25 \RIBR XL o] £ 3 * /
unsigned long * map;

} free  area  t;

4 1) N A% SR 23 T — € B0 E B TORE IS 2 B I SR Y SUHE SR H R 2 2 /9 RE A% A fOR T
LK R 2 1) A DB 3 P A R s TR O, SRR IO A R B 2 v A s TR T B DU A B
R otH e R b A . 570 BE Y STBR A7 22 4% 1 TOHE I o KR 2R G088 AR 3l 22 A% 1) TOAHE R/
A7 AR RO 19 25 DR DU BRBE SR P . 1) PR RE AR GE R TUAE IR L AR 2R G 2 K BURE J A XTI A DA
flE A I ELKS AL BT A B TUHE RE TS AR AY 0T B 25 0 Rl — A SR 9 Bt e, S 2R A A Bk
F1%9 R /I AR ) EL 33k R 1 ke ) 0 Bt k2 6 )5 Ol — A7 0 BRI I AR L Y T R R o O
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PAR AT R EL BN BEA I by 1k SCRE AT DA KRR b s 2 o8 A R

PR AZ 23 [) 4 B T 40 150 2 AR A &1 5-10 Ff 7R . ARM-Linux PAZ H 43 C 25 R T T 00 567 B8
I get_free_page/get_free_pages, B A T2 43 L B 01 52 43 BC 98 22 A DUTH (2,4,8,+++,512
). (AR EREM R get_free_page JETE W H 43 FL W AE . A T malloc oRECAE F P 25 1]
HArBE . malloc pRECH] FHHE S AR BC , SEPr B2 R G M brk O, 3% 08 H 9/ H 2
Pk 4 /N TR HE 23 (] (B S B UG TR brk 8, 40 S0 (Y9 N AE X AN 95 25 94 HE 25 )
W) 2 DA TR /0N B 35 50 A B0 A7 7 i sl e 4 6t 107 %) P9 A7 IX 3 AHL bk 8 5131 A BT 11K /N f
BB, T S PRI SR B . I malloe 78 FH 7 25 6] 43 e 9 A7 AT DAL LS5 Sk S0 0 i
1 P A% AE N R AT 8K 45 02 DA DU BT 43 L1

123 N R Y

malloc/excute/mmap/fork

R
brk/do_map

NAEX J8vm_area_struct

2 ]
T TURH
P
PR TSR get free page(s)
slab get free page(s)
‘ DI AT X | ‘ Vmalloc /3 fir [X
NIRRT

5-10 AZZEWERTHEFRA

NI ETE BN YU RS R T4 struct_page iR, R G BT AT Y DL IHTER
FAABTERC A mem_map[ 1, AT DUl A Z B R B R b 9 B — 00 (S NSRS D . i H:
W ZS PR DT T ) AT b AR R R DLAK fE O R AL A0 2SI T B 3R (free _area [ MAX _
ORDERD %3],

5.3.5 ETF slab DB IBIRA

PP SR SR P T A DA 23 S PA A B A LT B SR AT R A R S B R R Ui
B RBENAF YT R T HAKPERE R e SR P B A 5y 7 A AR IR B . R A B i il
BN AR AR /N G I /N T —TO BN AF B . HEA A7 OO PR i 4 | 2072 A 4 | 2 41
PR DX IS 38 A S5 A5 DA T 0 B8 LA AN 2 — T 3K S8 TR A TR IR A ) PN A /N 5 BT R
ANFH P22 B AR B ORRY . — B BURT LU 22 X R A9 /N B AL AT T EL 326 /)N B ) P9 A7 Bk
— T DL M A Il A A

BT R X RN IR T L Linux RGCR A T —FFR b slab 40 BL % (slab
allocator) R A . slab I AR J2 i 8 £k fF 5 58 100 S7 A7 78 B9 — ol 9 A7 23 BE 05 5 47 98 2
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SLAE GUTREAl 2 1o slab 23 B i A9 32 22 2 R 2 X6 A0 5 70 IE RIRE T 549 /8 % G2 48 11 w85 280 1) T
FEAE TR, B RO SRR R S B — G277 M, 20 0 6F R 1 I A DA 2 473l b B, B IO 4% )
A ARt . slab 43 4 2 36 T X G AV HEAT N A7 58 B Y L R — Fhoxt 2 i Xl oy oy — 25,
WA T RO Gt — 2 M E R IR AT SR — 5 . 4 2 75 2 M — N 10 G2 it A
ARE Y & 23 BE— A28 RO R 25 20 A X G Bl {50 BB I gl 38T 4 A7 B R L Y
e CLSEIEATATER A M EIAE AR IZX L E AR A = IR 2 ). T2 slab (945
A E

struct slab {
union {
struct {
struct list_head list;
unsigned long colouroff;
void * s _mem;
unsigned int inuse;
kmem_bufctl_t free;
unsigned short nodeid;
bg

struct slab_rcu __ slab_cover_slab_rcu;
}s

ARG R WA B UM L L slab 2P FC SR A AR 20 5. 1 5 N ARE OB T 00 /X 42
9 TE s E AT 2 R R G A i B A R AT TE R 73 TE 5 slab T s 38 5 %8 2R A0 /N B X 4 kA7
GEA s AT LRI AR Fr o [ s slab 43 TBC i 30 S35 3 I O6E 52 00 4 Ak » DT 38 4 1 oy
] — B g% — X R E ARk . S B R B kmalloc O e CGEL T H
FIZ ) malloo) gt T slab 43 BC 2% R ] gt i1k .
slab 73 Be &5 AN AL T A7 0 A% & FH I 245 /6 4 L B 300 4 1 ok A 388 PR A %o /N e oA A 1Y
WORLTE 8. L2 AN —BORUL, WRRRFF h X /N T — 50 /N B A7 19 35 5K A 3 2ot
slab 43 C #2193 1 kmalloce 58 i CRAR BRI 43 IE 32 3 131072 FATMINAF) . N
PAE 43 TE 1) AR BE S U . kmalloe AT 8E W get free page(s) I — N8 RN FE . N AF 43 Bie ki JE
WRIET,
KT kmallocO 45 kfreeO B HARSIBL . 7] 2% WAL JEAR 7 H ) include/linux/slab. h 3¢
PF o AR A B 03 T R — A A 5 T o A A% 23 AR ) — 4 T 4 14 T ) B A LR . 0 T A A
FRRBA LT 31, 3 P RKEUE XAE mm/page_alloc. ¢ XFH .
» get_zeroed_page(unsigned int gfp_mask) bR ECAY1E H & W3 — N80 00 0, 90 36 16 1%
TURE A 0, 3R [0 TR 4R £,
>  get_free_page(unsigned int flags) ¥ 5 get_zeroed_page 51, (HJ& & A ¥ 171k
THIE N 0,
»  get_free_pages(unsigned int flags,unsigned int order) BRIl get_free_page,
B2 B A LU 24 00, JF B [l i 2 55 — D ol iy 46 £t
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5.3.6 ARZIFELEAEFED B (vmalloc)

PRAE G RAAF, slab FAR L AF , DY FA48 BB 0 ff B 1 5 0 H A AR 02 — 30y, RIAR 2
NI I R0 3 oy ANER G e MU ER 3 b e RO R R GE R 1R — /N AE X
HESE )G AR T — R DU SE N AE 45 TR I 1 25 ()R 2% 5 Ao v 298 &
e B I AT AH R B R R, TR R R R B IR S AR IR K . TCIR MR A
B R G AR H N AE R BEAS . FRHTSCRT 0, slab 43 E #0845 — A 00 T8 AL I A 2 /N B
PUATF P OSE B 43 BE A T L ke B 1 R 20 s T T S INIRAE . AKRE DG R B AR a0 o
EHL, R RR T AN R B E IR I ER . BT LAk S AN O3 P ) e 2 ik T
JEL A 2V B T An AT R AN 1 22 i AR B2 A L R R AR R I AR, i B I AR 2
LT P s 6] 43 B RE U N A —— AR 4 b ot 2, 50 FU W 5 3 0F A — 0 3% 2 1 i 11
WAF E . Linux WG] T X FEOR S UL RR Y 7E P9 A% b bk 25 1) v 43 T5C 6 400 3t i () A
U ) FH 003 CN A% 0 38 4 1 #00 st bk S5k 3810 0 B8 N A7 0 b o DA S8 e b A ke 1 I A% N A
FH A AR 43 R Il 8, A% 4R A2 vmalloc PR BE A% K $U P A7 5 1% bR ECAS 18] T kmalloc,
B AT LA BCH kmalloc A% 22 (1 A7 25 8] (AT R T 128 KB {H 26 2502 5 K /NI A5 280 o {H AR
Lt kmalloc Uik, vmalloc 75 2E X A A% K 400 b ik 37F 47 5 e S, a0 200 58T PN A% 00 3%, TR I 4 B 3K
FRXT A

SRR, WA — 408 init_mm B mm_struct 454 3k ifi A& N A Hb ik 25
B8], Ho 5T R i pdg = swapper_pg_dir % T REGENEZ B WM R, F I vmalloe 4
fic P9 A% 2 $00 1 ik 06 400 5 B P9 A% 5 22, 1 kmalloe B8 get_free_page F T 43 B W 3% 22 N 77, B
DI G Z R N R

vmalloc 4 e (1) A% HE 401 P9 7755 kmalloc/get_free_page 43t (1 P9 4% HE 48 P9 A7 437 T A [
MIIXTE] N E . By A R 002 (a1 4 43 X A8 3L, 4% ) L HR . R P 5 (8] i ik 43 A DA O
#| 3GB(HI PAGE_OFFSET) , )k 3GB #| vmalloc_start j Bzimimze%@mﬁﬂﬂ%ﬁfthjmi
KIS T AR ) B UL % mem_map %) ,

vmallocO) BREH A 5 7E include/linux/vmalloc. h Sk 3Cf 1,

FE AT .

@ void * vmalloc(unsigned long size) : RECRIVE 2 B iE size RN B LN 1E 28
], J A R I AR 1] 0, BT ) 3 IEI /\iha ﬁjt/J\jﬂ size [V hE 23 8] (46 £ .

@ void viree(void * addr): X REIEFHJE B — 1~ vmalloc O pRELH T 1Y A 7
BN A7 P FE o ik R addr,

@ void * vmap (struct page ** pages, unsigned int count, unsigned long flag%, pgport_t
prot) : X RACAAE HI 2 B O — DB RN A M 0O B E e B E b, % — 1D S8
pages A4 ] SO HE 5 255 A S8 count R E B ST AN 5 = A S8 flags Wik
i# vm_area—> flags {H; 56 US4 prot Ry B B AR A

@ void vunmap(void * addr) : % B EAAE HJE B vmap WS4 2 LN A7 L BTN
addr FF45 1Y 7% 22 g U1K 50,

KT Linux WAASEEA BT RSB HRZ I G RZ A 2480535 7] LLFE
Z: 7% SO TP R B AR C N 45
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5.3.7 TREOER

EE RN s e s T T R e 7 N N T I S B

— BB BE. WUEH PR AT free O BB RS 2838 38 malloc O pR &L 43 BE 1) N A7
— R, BUTHT A {5 FH 2 BH A 2403 D0 T A% 0 B AL . I SO R A PR B RN slab 43 E A% AL
— AR e N R T BB . X T AR PR R G 4 T Y T, 33X 2 AR A
free_pages Z S pREL = SR o U1 T RE IO B ELEE RO AKAE R G5 M slab 4 Be B X 4
(ff FH kmem_cache_allocO) PREI , 12 1 i FH & £ sl B a9 (i kmem_cache_freeO) pRED .

TR Linux NAZ LAY TUHE B ICEE 2 (PFRAD #E 47 M1, T T A9 i F 28 — J50Ks 1T
YRR A, AR R R A IBITROR . B — HAERRL AR IR EAARA THA

S il B 2 R AR RCR SZ 2 W T B . DL AY 8 3 AN 7 G X 8 % A I A4 B

0% B AF Bl R B8 5 AT A 6% S5 27 0 Il AL, ik B4R 28 i PEFRA R 1 37

fA] Bk 1, PERA 22 A0 = w2 [0 i mT DA [l i 1T . PFRA B9 {5 F 5 W 2 32 22 4F
A AZ 2 A v JRL O P b 4 R P A7, B 2 R 48 8 DT Rk 1k I 43 T 0T T A N R A T I R
PRAS A 31 75 22 10 10 i i W) 25 Mo 08 ) PFRA . A% AR 3% 22 N A7 43 I Oy X — B J& i PFRA
A7 [0, Ao AT LA 368 sk 2R R0 I I S+ A R R 7 A Y o R ok [ 20 Tl i

5.4 ARM Linux Bith Py

H Linux 1. 2 A Z 5, Linux 51 #E 7 BEHGX — 8 2R 200 P 52 13 9 4% AT 7R 38 17 I
HATY BRI AE . Al 2% A B (Loadable Kernel Module, LK M)t 8 #k 5 Bk , Bl Al 78 P #%
IBAT I I B A — 2 H AR OF 3E—A> 52 B AT AT T o BCRE A d5c W] 2 2 A ik
e 7 AL I P T A R I O AN 5 S R G R A

LKM 5 5 5 (9 U RE 4 5 P AR HAE B4 28 G0 b B9 480 R0 D 8P 3 70 . R R B 2 —
BT IR SR A 2R GE RN QAT 95 AT LA AR AT A AR B 3 S AR B AR N o B
BAERGH R, By R THIEREN AR AT EERRIFNEAE SR, X8
T TR R 02 2R FUR A TR R gt 2 A B A S A R g A A A I A B
SEL T NSNS I 43X AE Linux FEURHFRAY . BRGNS, TR SRR
JE N — B 5Y

5.4.1 LKM BV REFmZF

ke 1. MREREE R
— ™ N AR e 2 /A TR A R B L A R N A B PRAT D 46 Ak PR AL init.module O FAEE
e AR I AT A 45 R R B cleanup_module O, 7 2. 6 MUAS H, BN oR AT DURAT 2210 4
F 11 % module initO) Al module_exitO) SZFL, ME— 55 By 20 H J7 2 o 800 TR 22 1Y
fdE G E L. Bl

static int __init hello_init(void) {}
static void __ exit hello_exit(void ){}
module_init(hello_init) ;
module_exit(hello_exit) ;
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X B W R ECR static B9 H 52 i sRECE SCPERLANAR T IL L % inie B4 2 78 58 1L
W HA A5 W I 3% R B S T N AE R exit HI TR H Bl g 3 0 DO RIS Z M 4 R pR B, X
AN FUBE XA G 15 0 N ARZ I D0, T 2 A8 I 2T B TR . aX o PN R 4 1 0E I
AR P SR A A PSS R AR Y 0 3 S BB 5 2 O o8 X 2 TAE

2. WIZERI S iFE

PR A e G 156 B T R I — A makefile SR BRORR 2 K B0 B2 Ze 48 6 A o o
make Ay 250 AT LLSE B G 3 B AT 55 . T A1 2 — A LAY G 3 hello. ¢ 19 makefile SCPF,
H XK makefile AR FIIRTE 7. 4.4 T T UNH,

obj-m + = hello. ko

KDIR: = /lib/modules/ $ (shell uname-r)/build

PWD: = $ (shell pwd)

default:

$ (MAKE)-C $ (KDIR) SUBDIRS = $ (PWD) modules

2 P ARAT R AR S hello. ko,

5.4.2 LKMRAZERLLR

LKM BEARTE R & WK S 7 09 i 5 A 58 N A% D RE b 40 G JE W S 2 6 B e )
HVFZ ARy b B R BB 2 KM X T P A% RRAS A A8 1 o o L B — > LKM
HI 2 PN A AR L A o ESORT BR 0 45 40 4 SRR Y . 203K B R A R BRIV BN 205 4 TR R A R AR
ARAT S Az AR B SRR B LKM A 2 8 ost Al fEJC L IE #2147 . 41 LKM 7E Linux 2. 6
5 2.4 ZIRIAFAE BOR 22 5 o Hds R DOl it 2 i He e a8t #2784k, 7E Linux 2. 6 1 LKM J2
TEN R S8 R . HA — S8 R T,
> B 5 S R e B TR p 8 A, b T PR B i 2 AR P L AR B B WL ek
NS 28 i RS . o SCF CHI object) 28 B 1. ko S (B kernel object) . [A] i,
TE Linux 2. 6 H, A Heff F T 8 A9 28 1 28 T B 4 module-init-tools ( T. B insmod
rmmod B T HTE ) . BHAYH B RS B R 7E Linux 2. 6 AU S84 0L o
SO, TR o SCHRAE . ko SO, M i AR 2 AR . mod. c.. mod. o FF 30

> BEHLE BRI B AR . 7€ Linux 2. 6 5 AL H W (5 B7E R I 58 1 TR ; x5
Linux 2. 4 A [6], 5 Fif A5 He A5 260 BRI o 7 150 B 2 48 3 o9 B ) 95 47 19 (FE Linux
2.4 B X — 3 B T H insmod 5250 .

> B PRICIE A 24k . 7E Linux 2. 6 1, 51 0048 AR B A9 BE 045 T — 28 8 8%, 4 e
H T can_unload #5ic H T AR iC B B 19 i FAR D @ T CONFIG _MODULE _
UNLOAD #ric H FARIC A5 IR e 1 480 45 B ek 1 — 2643 1 R 4, an st B iy 5
it

KIEF Linux 2.6 J5, WA BOR B2 IR ik . X2l T LKM M X A
E oMY SRR R TR — R TR BT I AN, P LKM 8 2 A S
BT NAEES ], AR R DI REAE TR TR LKM 3f 7T 2r = K380, & & IR s bk SOk &
G RG AR, D AME AT R AR AR LKM 2 M P2 ] o2 20 ;9 A% 25 ) 1
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ELIE3FAR P 22 ] AR
5.4.3 RREVIDE S EHHK

1. #EHLA N EL

B 4 0 3 — A PR 7 . — PP insmod A A AN gk B — R 2 N K BT
BN ALY R WAL S & TR kmod N #EIE Y R He, 2 A% TR B N 2R B,
kmod # Mt i 3 $4 17 modprobe, [F] B 1% 5 7 i 2% A% B 1 44 5 /E 8 2 4. modprobe &
insmod — FFKE AR B IE A% AN [R] 9 2 72 A BBl in 48 0 A TR A O R A AR
PIAZ R AT AR A5 55 . QSR L 76 2 AR B B A2 1 LAl B rp e 4% 5 2R 4R 3, e AT & e
AN A, HAEX RGO T M insmod, 23 LL“ RIS 75 B45 .

LKM iz ny fii LB Wi an 8 5-11 FoR .

F P22 LKM#
insmod
= LKMFE module_list
kmod
5-11 LKM Bz

insmod B2 JF 20 200 F 3 BRI A A RLE X SE YR R O BE R 0 B bR ek, 5
Al SCPFAS [ 1 2 o B AT DA 4 ] B 67 IR AR L 3k B ) B 6 IR AR T 5 A ) o AR TR
B PR M hE [ insmod B AT — AN FEAU R G0 R TR A FR N R I B i A S XA S
H LASE 5 44 FUBE IR A0 b k(8 BN ORAF . IR 1 A5 55 el DR A7 AE N A e 9P B He i 3R
M5 — 4 module 258y, HH R R AT 5 A W0 0, IF B 76 A% g 135 5 6 452 1) 1 2
insmod H4 1P 32 AR HU0 N A7 D138 3k A FH P9 A% i 1 A 5 R 18 O R S T 1 PN A R BORT BT IR
AL . 3 28 T AR SR U insmod B2 7 B 0K AT 5 19 Ml 5 A RS B v AR N b ik O
HEAT

4 insmod & 2 SERL PN AL B A S 0 51 F S LB R RO R R A R G 0 A O
JENE I 2 R AR 9B B H . N ARORE S HL A3 B — A BT 19 module 45 48 DL R 2 0% 19 P9 A% PN A7 Ok £
PR, O 0 A4 A N % 55 B B R 00 2 BB L IR S5 R AR Bt 5 O UNINITIALIZED,
insmod H4 15 B 5 1 B 43 Bie 25 TR o, QSR T4 BE 0 N AZ N AR © 58 S 8 TR B L (R B
B 22 RO 3 SR b F AN [ 1) ik

T3 A s B EE S 7 TAE A HE A A 22 Mk o A8 SRS e A% . G SRR R M A B R LA S
i Bl R G, insmod KA HAG B AT IR ER . A WL A B R i Ak A
SEACRREL BT LN T RS L B AT AT B T A B R R insmod 2 45 AT X 46
HE X RE AT LOE B AT 4 A% . FE BT AT X 88 T 1R 58 B LA . insmod #4398 I 90 46 A A% 5 F
PAT— A FERUG FR 55 ] K A5 e 119 400 s A 0 45 A e 50 ik 1% 326 28 DI %

2R — AN BRI A8 B N A v s PN A 2 T LA 5 3 I 1 OIS S I A B £ 11
ERH, T K T G B B A B B S AE AT S R R I AR — A 5] e RO
module Z0 5 454 Hh 8 M &
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2. HEERBYEDE;
AT LU rmmod iy A M R AR 3 B AT A4 R I 0 2 3 SR 2 A B e = FH B0 0
B2 Hsh i 2GR . LKM #H#kn] LU & 5-12 SR

ETRESC

rmmod

=T B S FYRYTIYY S e

¢

TR I

5-12 LKM K #;

P v LAt 20 i 7R FH A HOR BB B 21, BN, RGP &4 T 24 VFAT X &R
SGEMIARRREIZL VEAT B, $U47 lsmod ¥ & BB iy 5| HITHEC, BEHL 51 T vk
PRAFTE HBRAZ B 58 — A~ XA F 8 40 7 autoclean Hl visited R i . Q0 R 45 B 47 1 AR
autoclean, W N AZ HIE HBEH 0] DL S 12 visited A5 8 2R IR IE 9 — >80 24> S0
FRGEHR S8 s B A ER 43 el AR R, D05 s R e A . 2 AR G N R R 1 T
TSRO AR B, YA Rl T A AR, — i R B IR AR A autoclean 40 F running
AREWBE, R IR visited bR HE BR o 01208 e stors i I B L OF H e 5 A Y
PR A Bl TS, A AR T 2B B (Y A A8 k& B G 5 | T, 27 B AT 1] A 4400 O¢
RAZAFAE

5.4.4 T BZ% module-init-tools

1E Linux 2. 6 1, T & insmod # T ¥ % i1 3:4/E 8 T E % module-init-tools H g — N F2
7, ol i3 RS JHH sys_init_module (7] & & 3k CfF include/asm-generic/unistd. h) %% T
BEH Y RRA S A BB N5 T fE . module-init-tools &k 2. 6 W% I HYIZFT7E Linux
FH P 28 [E] A I 2 T 5L AR AL & AR rmmod T EHIZ S BT A% P A Ee, 3 5-2
2 T B4 module-init-tools T HIER 2 FEF .

& 5-2 T B £ module-init-tools PRI H 12+

= R 3t HA ER7ETB
2 R B B Y AT a2 AT BN

insmod # insmod [ /full/path/module_name] [ parameters]

B

# rmmod [ -fw] module_name

MR AR AT R N R A L SR DR BN B A S TR R A IE A BT

r d
T g v R e TE 75 WA PR L 0 4 1 R He bl B B 5% b
%

87 2 P9 AZ S I A R
Ismod |5 &, A LLFI grep #§ & 45 &

il 7

# lsmod
B, # # lsmod | grep XXX
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gk
& R 5 AA & R 7 & =Bl
# modinfo [-adln] [ module_name]| filename |
T A 55 P A% R A S I ) H -a: (WHIHEE 2
modinfo | FR3CH IFTERHFIAMBEIE | -d: A HIZ module ) 13
fFR -1 AT AL
-ne ANFY B T A PR AR
# modprobe [-lefr] module_name
—c: FIH HAT RS LA i
modprobe FIFH depmod A1) & ) 4 #i ¢ -1: 1 HEGALE/lib/modules/ 'uname-r'/kernel W fiF A #L B
FSCA A Bl m O 56 iR 10 58 5 SCHF 44
-fe BRI %A R
-re HBR FE AR
# depmod [-Ane]
-A: AR S H , depmod 43 3230 2% 4 B B P9 A% A A
B — AN N A% AT % A e He It HE# 5 A /lib/modules/ $ (uname-r) /modules.
depmod | #i 5 F 3CF, modprobe dep B, AURIN-A S8, W 22 75 48 [ modules. dep PiE
BR H n s RIS MR EAR R A S
-n: A5 A modules. dep, Ifil & 1 45 5 i ) ) 57 48 1
~e: W H ET TN A AN W] BT A B R 4 AR

= module-init-tools F T JB T L K 194 5 modprobe, E A H KA MIRE
insmod XM, REZHEER IR LA TR — BB ERWEFE X4, L modprobe £ ¥ H A 3k
B T AR R KR 18] e AR Bk, ALk R DL, de R A 6% A2 B modprobe & £ KB —ANEERE A
B e AL H AR B 6 AR S,

5.5 ARM-Linux "8 *

5.5.1 ARM_Linux D RVE A=

1. & & . HPE=H SFF CPU
SEREBCAE TS TR WO SC RO RE R T LRI 3o 3 28 A R B i g8 A1 CPU A5, 18] 5-13
JER T —A> SMP R G W Fr Z2 AL B 25 2 40 ) v (18 v W7 s 42 2 454

> WA WA R R IR Y A T B SR IR 55 A B B s R R — A rh
W5 2 Gl A5 T 23 i e 2 P BT AR R A o b B R AROIE — 2D b B AR
R sh i & o il b B B35 4 T LA T SoC otk i B9 4R .t al LU T SoC 1 .

> TR A - v DB ) A B DT WSCAR T AT v T IR RS 1Y v T B B b R R 2R L P
TS 2 T s AR ) S e T DR 4 o 4 1) e AR L JH P T DR A v B R ) A S L Y
R S ik ] RLFT IR A e — S Bl A SMIP Z G iy, 54 28 ] DL il A4 o o 3
RAEWR—A> CPU SEATAL B XF ARM A4 4 SoC s R I8 2 Y 1 4k i 0B 4 ol g 2
VIC(Vector Interrupt Controller) , #: A Z & BH{ LA , GIC(General Interrupt Controller)
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/ SoCith i

Wl
W2

CPUI

CPU2

HiHlE

=53 k7
CPUn
\

5-13  SMP % %t H Y o I 888 4 28 BR 45 44

K- “/

9 FH I 4 2 AR 2
» CPU: CPU 2 g ZC Ui b7 H I (9 3 11 2 38 o 0F T 25 2 v 0B 42 o 45 119 2 22 8 A2 L 42 o
ARG PR, 24 rb B i g i A E — > W a] DLREAL BRI B R
Pt =R e R e 0 Hp — AN e R LA CPU X% v W afE A7 A B8, 8 8K o 4 o
#i AT LA B 3 B CPU R — A rh b df 47 A B 52 B B L d i R AT — 4> CPU IR
N 3X A R R B 2R BEAS CPU 347 i i AT 58 2 B ALY, o 0 458 i & 78 A 1 |
X3 —FREE AT T ORUE A R X W AR T4 R G Xt W RS A SE B, 7E SMP
Z 4 ,CPU Z[a] i@ i IPI(Inter Processor Interrupt) {1 W ik f7i8 15 .
2. IRQES
FR G AT B R R 2 o e — D ME — B S T IR R R, FR 2
IRQ %i*5 . IRQ %5 B F /LA Linux WE I W7 R G, ER S, &4 b Wi
B9 IRQ %5 # S FE arch FH 3 f)— 23k S0, il 40 arch/xxx/mach-xxx/include/irgs. h,
UK S ARy TE 1 R W I 55 I, B 2 ] TRQ S 5 i W32 b i, op I8 & AR L CPU 3 22 A
rh T4 g R BOR OG5 B AR TR AR R 1 TRQ S5, SR 5 8% IRQ g5 1% 38 21 AH N
9K s e

5.5.2 ARREOSRONEDIEL

ARM-Linux N B sl , i 412 77 1 /& arch/arm/kernel/head. S, #£47 — 697 451k T
€885 T main. > start_kernel O BREC, #E T trap_initO (83 18 early_trap_init()
PR LA I init _IRQO) pRECHEAT Hh Wi 45 Ak, 8 57 57 1) B 4%

asmlinkage void _ init start_kernel(void)
{
trap_init() ;

early_irq_init();
init_IRQQO) ;
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BERG S R ER, BB ARM AL B 2855 b U ab B 5 A A 1 22 2 3]
A 11 X R B TR 1 B ik P 7 ARM w4 B vAT RUJG A R 2 b B 25 v, o i) ek 2 A0
B LA WA AL E . — SR 0x000000005 J5 — A J& 0xFFFF0000, I &b 2 338 B 19 2
Cortex-A8 AbHL & ST Rpil 1 B B UMb B CP15 (Y C12 % A7 f 4 5 0 1) d 3 10 3 b bk 8¢ ¥ A
R AL, v LG CP15 PR 3ES CL /A48T V AL (bit[ 13 Dl .V Ar A B[]
KRR CHRANT -

V=0 — 0x00000000~0x0000001C

V=1 0xFFFF0000~0xFFFF001C

TF Linux 5, #0 Wr 58 #ohik 59 52 1 B trap_initO B (B A early _trap_initO) B0
. ST ARM G Ui, trap_init () 7E arch/arm/kernel/traps. ¢ F & X, j\j# 25 PR
B, AR NERARGHT early trap_ init OfUE trap_init O R# G F 5. LS
mr .

void _ init trap_init(void)
{

return;

}
void _ init early_trap_init(void)

{
unsigned long vectors = CONFIG_VECTORS_BASE;

extern char stubs_start[ ] . stubs_end[] ;

extern char _ vectors_start[], vectors_end[];

extern char _ kuser_helper_start[ ], kuser_helper_end[];
int kuser_sz = _ kuser_helper_end-  kuser_helper_start;

/ % _ vectors_ Cnd E  vectors_start Z[B] W FH M EFE.  stubs_end £ stubs_start Z [ & FH
Kb 3 E’J B, XEAR 5 E LARAE arch/arm/kernel/entry-armv. S H % /

memcpy((void * )vectors,  vectors_start, vectors_end- __vectors_start) ;

memcpy((void * )vectors + 0x200,  stubs_start, stubs_end- _ stubs_start);

memcpy((void * )vectors + 0x1000- kuser_sz,  kuser_helper_start, kuser_sz) ;

memcpy((void ¥ YKERN_SIGRETURN_CODE, sigreturn_codes,

sizeof (sigreturn_codes)) ;
memcpy((void * Y)KERN_RESTART_CODE, syscall_restart_code,

sizeof (syscall_restart_code)) ;

flush_icache range(vectors, vectors + PAGE_SIZE) ;
modify_domain(DOMAIN_USER, DOMAIN_CLIENT) ;

early_trap_init bR %Y 3= 22 2y E w2 K5 o b b B P B9 A 10 SR B o W e
Horp

extern char _ stubs_start[], stubs_end[];
extern char  vectors_start[], vectors_end[];
extern char _ kuser_helper_start[], kuser_helper_end[];

X3 ANAR g 7E Y G PR SR A SO TR A B U entry-armyv. S H1
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___vectors_start:
swi  SYS_ERRORO
b vector_und + stubs_offset
ldr  pc,.LCvswi + stubs_offset
b vector_pabt + stubs_offset
b vector_dabt + stubs_offset
b vector_addrexcptn + stubs_offset
b vector_irq + stubs_offset
b vector fiq + stubs_offset
.globl vectors_end

__vectors_end:

ARAT K IE P WAL B (vector_irq) ., XHEEPIHME . ZERHT MMU NEEHE A ITE,
S 1) i O WA B AR B Bk © 2RI 4 EE T i R R 2R B W B 0xFEFF0000
49 RE A0 Mk BT, A o O A0 A B eR B, S AR A TRQ 77 A= i A 1 85 =X ok 8k e B A [+
fhy e 7 Ak B 3 AR o

init_IRQ(void) BEUE — MR E T R S5 1 1 R, X T ARM {4 5 55 14 5 581 ok BUE
Xar .

void __ init init_IRQ(void)
{
int irq;
for (irq = 0; irq < NR_IRQS; irq++)
irq_desc[irq] . status | = TRQ_NOREQUEST | TRQ_NOPROBE;

init_arch_irq() ;

}

XA HOK irq_desc [(NR_IRQS]Z B H A MU R MRS F B E N IRQ_
NOREQUEST | IRQ_NOPROBE., 3 J& A 1 5K FUR R MR . SR 05 8 A2 WL as F &
B W4 46 46 init_arch _irqO BRA%X, T init_arch_irq ) SEFr b2 — A R4S 51 78 arch/
arm/kernel/irq. ¢ 1, L@ LUT .

void ( * init_arch_irq) (void) _ initdata = NULL;

5.5.3 Linux DTN IE

MRGE AR P — DR, — R UG, B & i R JLA IR . W 3 O
e 57 o PR A7 037 o o W Ak B R v T 3R [T

1. =i B i 3 fim B

ARM Ab 325 B v By hy A0 2 25 N AR 53 A ER AG rh WT IE AE Ll ak TRQ 303 FIQ Wi
R A BEA . 72 ARM BEC T, o W7 al DLEC A IRQ 5 : sk 3 FI1Q #ia, {H)E7E
Linux 248 B A 09 e AR g B0 i 1 TRQ AR AR ot B AR ol 34 4% 1 0K 50 2 B 0 7
Az 0 SE TR B request_irqO RSN ECH BTZE . 7E 38 T request_irq O pRECEE M
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IR 55 2 e 1 o 2 41 15 A v B Ak PR e AN N R 2R L A v BT A A ) s U AR N B R A
FARF . R JE request_irqO) PRELAYE X .

include/linux/interrupt. h

static inline int _ must_check

request_irq(unsigned int irq, irq_handler_t handler, unsigned long flags,
const char * name, void * dev)

{

return request_threaded_irq(irq, handler, NULL, flags, name, dev) ;

}

request_irq(O) BRI EUJE request_threaded_irq() #8510 £ 28, P9 X A 28 50k 58 143 B
B2 TAE .
PN A2 3k A R BIOR 52 180 4 TS R KT R 19 TAE , L RS H I T
> irq: TR AE 4 S
> handler: [1] Z G810 00 A BE bR B, TR — 0 a0 9 R R, R AT N A TR T R A rh
WrBt, R G2 A A~ R,
> irqflags: TWIZEAARE  IRQF_ » , & Kb #1 A Ja 1
» devname: —> 7/ B £ 19 ASCIL 44 7, 5 Hh W75 A G (19 44 B, 7€/ proc/interrupts
SCE AT LB B4R
> dev_id: 1/O B B FRA B8 7 B, UBRLIE BT BEFR IR 1/0 B8 A B (il an & W] B
FTHERSSMRIRSS) 805 T 10 1% & WK R 7 08 . X A S 5 s gk bl
45 handler O pREL., 76 WAL 2 md 25 FH 3, — Wi 8 R 3k AN 15 25 1Y 3K sl 72 5 AR ] A
A HE A s NULL,
» thread_fn: i irq handler £ 2 ¥ FH % pR 50, AR NULL, WA S 4f . X R
BOJE FH 43 T A BT U L O RE R BT 4R R TRQ AR BE L X9 FH 58 B2 S T VR A AR
Ak P R H5 B AT B R R o E T v D Ak B R 0 203 B O R AR AR B — D0 I,
WO AT T ) s Ak ) AR 2 R 5 v B Ak B PR S A TE 5 I
ISR A AR X BAR R s B AR ALY irq AL BRRE P ) 55 22 R B 424t handler F1 thread
fn, handler /SR TERE ip By IR SCHEE T, BT LB 77 2240 4 b B2 5 2 i B IR 55 1 i 7 A
. WA, IR E IRQ WAKE _THREAD., 30K £ M i b W7 4 23 72 77 28 B2 9 04T thread
fn, XA FF 0 b Wb SRR P i 2 SR s T W BT T 5 1Y . dev_id W24 Ry E— .,
VA KR AR r Mo ik o G SR A R I o U 20 A2 3 — 4~ AE NULL 9 dev_id . X A2
E T T BT 174 B T A
request_threaded_irqO) PRER [7] 0 F7R BT 1R [MI-EINV AL /s i W75 Jo s sl i 28 e
Hdg 4 NULL, IR [B-EBUSY /R iS5 C 4l 5 H B A REIE =,
2. REFMFH
b B e I SR AT B, SRS A RE AL B b B L b B 58 2 S I S B R AR R JS A B IR
[ 381 g b T ) L Ak S AT . 3 LU I A 2 Bk A 3 b B ) £ Y b 7 I AS PRAT 2T
CPU HEh5E W ¥ 2 TAEZ 5 B4 rh e il s & 7 A= — A i i oK L ) CPU G2 3] 5
1) Sk 3R A o B ) e A RS A SR AT o K e T ) e A 2 AT AR AN R
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. macro vectorfstub, name, mode, correction=20
.align 5
vector_irq:
sub  Ir,Ir, #4
@ Save r0, Ir_< exception > (parent PC) and spsr_< exception >
@ (parent CPSR)
stmia sp, {10, Ir} @ {77 10, 1r
mrs lr,spsr
str I, [sp, # 8] @ fRFF spsr
@ 24 SVC32 mode e %, LLI TRQs B f 45 it
mrs r0, cpsr
eor 10,10, # (IRQ_MODE -~ SVC_MODE | PSR_ISETSTATE)
msr  spsr_cxsf, r0
and lIr,lr, #0x0f
mov 10, sp
Idr Ir, [pec,Ir,1sl #2]
movs pc, Ir @ branch to handler in SVC mode
0 (USR_26 / USR_32)

.long  irq_usr

.long  irq_invalid (FIQ 26 / FIQ _32)
.long _ irq_invalid (IRQ_26 / IRQ_32)
.long  irq_svc (SVC_26 / SVC_32)
.long  irq_invalid
.long _ irq_invalid
.long _ irq_invalid

.long  irq_invalid
.long  irq_invalid
.long _ irq_invalid
.long  irq_invalid
.long _ irq_invalid

.long _ irq_invalid

.long  irq_invalid

PAAAPAEAPAAPPAEAPAE®E®®

1

2

3

4

5

6

7

8

9

a

b

1 c
.long _ irq_invalid d
1 e
1 f

.long  irq_invalid

LU B 200 g AR 32 02 4 o 8 9 AR 7R AT AR v A RS Ceps) (i 71 3 ik
(o) ZE CRAFTE P T B R AR B, AR5 i A B T R8T Hh W, TRl B4 10 = sp, ik FE 7]
DATE A BT $0 B b, 507 SR spsr 8845 8L o 1L G A0 S 2 AR 40 49 b 7 0 10 i
Ak A5 R G B AH O A AL BRAR b 2 . 3 AMEAS TR S L B B U A AR AN A U
AIRRAS 2[R — >

TIHME AT LU X — BAR T Wb By L 5 A7 i TC O AR, B R v e A2 B CPSR 48
AL BEAE R AR T PC B R 51K U8 AR R 9 o e b BRAR 7, QSR 78 3E A o B B2
B irq_use IR A02ROH RG] irq_sves AR E H AR AR S, BERH
# 7, WFAH  irq invalid, F2 T 2R 43 ) 7 B U HH 5 2 rp iy b BRAR

3. TR

ARM Linux XJ #r W7 9 &b B 3 %253 Sy I AZASE 30T 79 o I8 Ak PSR HT P 488 50T A9 oh
PR, X B S AN AT B T AR B
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WA R WP, st BB A  irq sve B, irq_sve B REFE SCH: arch/arm/
kernel/entry-armv. S H15E L, I REB XA BRI E X .

__irg_sve:
svc_entry
# ifdef CONFIG_PREEMPT
get_thread_info tsk
Idr 18, [tsk, # TI PREEMPT] @H45 preempt T EUH
add 7,18, #1
str 17, [tsk, # TI PREEMPT]
# endif
irq_handler
# ifdef CONFIG_PREEMPT

str 18, [tsk, # TI_ PREEMPT] @ {347 preempt HHH

Idr 10, [tsk, # TI_FLAGS] @753 flags FRrit

teq 18, H#0 @M E preempt THEEA K 00
movne 10, #0 @¥4 flags BV 0

tst 10, # TIF_NEED_RESCHED
blne svc_preempt
Z endif
ldr 4, [sp, #S PSR] @ irqs # 1%~ disabled
# ifdef CONFIG_TRACE IRQFLAGS
tst r4, #PSR I BIT
bleq trace hardirgs_on
# endif
sve_exit r4 @ % iR [a]
UNWINDC(. fnend)
ENDPROC(  irq_sve)

BT T irq_handler, B 1E X4 arch/arm/kernel/entry-armv. S %€ X ;

.macro irq_handler
get_irqnr_preamble r5, Ir
get_irqnr_and_base r0, r6,r5, Ir

movne rl, sp

@
@ THFIREAATHE r0 = irq number, rl = struct pt_regs *
@

#ifdef CONFIG_SMP
test_for_ipi 10, 16,15, Ir
movne 10, sp
adrne Ir, BSYM(1b)
bne do IPI

#ifdef CONFIG_LOCAL_TIMERS
test_for_ltirq r0, r6, 15, Ir
movne 10, sp
adrne Ir, BSYM(1b)
bne  do_local_timer
= endif
= endif

.endm
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X T ARM 3 & 3 Ui, get_irqnr_preamble & 25 ) %%, irq_handler 7 JG il i %% get
irqnr_and_base JR13 H i 5 347 A 10, SR HE L 57 1Y pt_regs Z5 M B FE £, R sp
HR S 1. 87 get_irgnr_and_base B9 B AE AR MMl , &5 A asm_do_IRQ #
— KT, get_irqnr_and_base J&F 5 A MY L X N2 A i) ISPR(IRQ & o W il 55
AFAF A LA AE A T HAROE F ERA OC X L FUR AR Y A T A B T I A A A Y
AHR A 23 BAL AR 2, e 2 — LS B AD L 15 B T S T irgnr 8 % 19 A AE A
o ZEGRE .10 =S . XADNEEANFE R ARM SR EREA R B W E /S
D 42 1 45 v 1) B A

TE RIS 5 AR T a] LU I RGEAERAE L P T SR W 5 2 )5 A 1T T 6R
¥ asm_do IRQO , N #E A FR A B ) C R FF#8%9. fE arch/arm/kernel/irq. ¢ #7 asm_do_
IRQO) PR HIE LA

asmlinkage void  exception asm_do_IRQ(unsigned int irq, struct pt_regs * regs)

{

struct pt_regs * old_regs = set_irq_regs(regs) ;

irq_enter() ;
if (unlikely(irq >= NR_IRQS)) {
if (printk_ratelimit())
printk(KERN_WARNING "Bad IRQ% u\n",irq) ;
ack_bad_irq(irq) ;
} else {
generic_handle_irq(irq) ;
!

/% AT91 specific workaround * /
irq_finish(irq) ;

irq_exit();
set_irq_regs(old_regs) ;

}

XA RS AN R #RAE

O A set_irq_regs BRECE Hr 4k BEER A9 4 10 WIFE &0 IF 76 B 2R & old_regs HIRFE
Y i F - .

@ WH irq_enterO #E A —A>r il ab 3 | 3,

@ A rh b5 09 A R A SR F 2 BEAL 25 — SR AR R 1Y TP T A — SE ARG A LIRS IR RS
At . WSRO IEH B A ack_bad_irq(irq) » 1% bR £ 2 38 I FH ok FAE & Az 1 1R v W 5
HJAS & irq_err count,

@ 3% 1% 3 P 54538, W 2298 JH) generic_handle_irqCirq) b F8 i

© P irq_exitO&HEH B b3 FF 3,

© P set_irq regs(old_regs) VK& Ab BRES 1Y 24 7y i +5 41,

TR AP B W b AR . i A& BB, CPU &b T P BT, ) 259
JH_irq_usr FE,
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.align 5
_irq_usr:
usr_entry
kuser_cmpxchg_check
get_thread_info tsk
# ifdef CONFIG_PREEMPT
Idr 18, [tsk, # TI PREEMPT] @ A5 preempt i1EU{E
add 17,18, #1
str 17, [tsk, # TI PREEMPT]
£ endif
irq_handler
# ifdef CONFIG_PREEMPT
Idr 10, [tsk, # TI_ PREEMPT]
str 18, [tsk, # TI PREEMPT]
teq r0,r7
ARM(strne r0, [10,-r0])
THUMB(movne r0, #0)
THUMB(strne 10, [r0])
£ endif
# ifdef CONFIG_TRACE_IRQFLAGS
bl trace_hardirqs_on
£ endif
mov  why, #0
b ret to_user
UNWINDC. fnend)
ENDPROC( __ irq_usr)

P2 A A A AT 2T 0 2R 7 TP B R 7 A o W, U0 G [T 2 AR A 7 3 AT o A O
JEE T4 SR W e AR AR A B AR AR AR N S AT HE AR IR Y

4. HHTIR [

v T 3 [ 7 7 S B 840 B3 3 B R TR . 3 B U RR FE BT — . AR M
TR A (1 T 20 A 2 7 0 D DR E ] 5 L A 2R 455 2 o BT HE A 10 00 3R ]

5.5.4 RIZHZA 2.6.38 GHIDPKAM IR R ZGHY—LEN T

—RAPK T RS

e 38 P K7 22 58 (generic irg) 1 BLZ B, A% ST _do_TRQ &b 3 i A7 (1% v 7 , X =0k
& _do_IRQ 2L 4b PR A Fh S A1 o I8, 3 25 3 B 09 52 2 PR3 2 O 43 B L i ELAR A
A Pt ARG . S LB T A RRAR 2. 6. 38 LU . _do_IRQ X Fp iy R E &% 41N
B AR s R s A PR JoE VE R . R B R G R A i w) T ARM (R &R
o, — R AL B S B TR 3 Floeb b 26 R I 3 R B AT 40 )2 R T ik & b BB (Level
type) J % filt & KT (Edge type) FI ] & (1 1 I (Simple type) .

Joi o MEF XS E 0] i) EOIC(End of Interrupt) B Wil 28 A T fast eoi type, &I
XF SMP RGN T per cpu type S5 HBI 8, X BEA[A] ) i B 28 B e ok J5 8o T
W RENREZ . T TR B R S84 #RT DL FH 3 3 4 0 AR o B 4 o 2 0 B
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PE— P MR R R T R W T RS AR R R . [ 5-14 Rl T T R AR
A5

WKENFEF1 WRENFE T2 IKENFEST3

I | |

AN

&
WEENTEFF AP

J

IRQHIKi i FEHI 2 K———pTinaE g )2

ﬁ

B2

5-14 BRPHFRENEREN

R PR 2 22 A0 TR AR AR AR DG B BT AT A0 A v DB 42 ) 4% B il R B2 L arch AH G
B 7R BT R AR AL L LA e #5A TRQ AR SR 45 44 Y 90 46 46 TAF . CPU B i A 22 18 arch
MRS S B A T3 32 5 2 8 bR v A B R 0 (SRR B & struct irq_chip RE
SCAR A F1) 7 [) 45 ] v Ui 42 1 285 104728 o 1A R AR DG A Hh B AL 1T pR BR7E BRI TRQ 9 5 )5 38
i o T 32 2 A A 0 A v oK A R T A% 28 3 b R AR 2

T AR L E R TE A BT I A M &b B % S K A R b T 48 40— A e R A AL B[R] —
A T BP0 3 I ey Ak B T s 322 5 A T o AR EF T e T R IS [T e R 4 ) 6% 4 —
ROV ERAE . ZZ BT 5 R ARE T OC B H IR 4 ) Ak B AR BB AN [ 6 v T E
SRR UG S 2B T X L AR A 1 v OB 37 42 Ak B R K A 3K 6 Ao B R B L e A A
e W 4 AN A% 328 8 5K B AR I W e DR B A1 Ak B PR BB R P R R

W 2 Z 2R S TR T R e LA E R A B O R T — R R
B PR A, TRl 32200 52 9 T r W A 1 ST SR A L A = e R R i 2 e BT ) S SR A
53 AN SR T — SE 4 11 pR B, AT DR AR S B P 2 2 A op W i 4% 2 A R 3K 3 B )P AP
EZ AR, A A T API: generic_handle_irq(); irq_to_desc(); irq_set_chip(); irq_
set_chained_handler(),

WS FEF APL: % H o3 1 SRR B2 4k T — R B APL, T ] 5 40 003 /R
FTTF/ O VAT v B o 5 " vl BT 24 R v R e BR800 M) RS Mk S R L IR R T R T A il i H &
it 1 313X — R R ALY X £ APT BV AT 58 B BK 3 B2 ¥ 1Y FF & A JHE A A 40 15 &8 H 3 AR LA 4R
R 2 B0 1 B R T SR S AR T R A T DG TR IS 2 Y SE B

5.6 ARM-Linux &% 81

L 4

ROV R BRAE R GRS T P 0 — 22 10 A R G0 TR TR AT — X A 2R 4 9 )
BRI RSO 2 ORI ) TAE o P e 3 A e 1 1] 48 AR e WA IR 55 L A0 g TR AR 0 L O
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& BRI H P RBIF ST P AL RS H BT RN a ], H L H PR T A G
FEE T R G 8 FH ek 8, AT % B BB fork open  write & AU PR EIF AR EIEN RS
A RS, BT HU libe 285 A2 5 A pR AR, TE 33X 8 R RICHURE PIAT — AN B SWT R 4
FEAE ANl CPU B A I AZAS 82 35 76 A% TP I W07 22 40 08 28 80, 15 39 L IE 19 R
S5 FH R 6 U I I T R

Linux &Gt FIH SWI 484 3k I 77 25 [l iE A 9 i 25 i), SWI 48 4 H 1 7 A #of
W 5 DT 2 B A58 3 0 4 TS 3 A 5 e L CPSR 77 2145 B 30 119 SPSR., $hAT 55 7% 3]
SWI ] it . 78 HAWARE A F L w] i SWI 45 4, &b 35 25 5] FE U 45 2] 45 A0, 8 28 X
mF .

SWI{cond} immed 24

> cond I . TJ %A ST,

» immed_24 3. JEHEHR 0~2" —1 M FRE R 0~16 777 215) .immed_24 g 4% i
SRS ERD,

i SWI 418 4B, 38 8 {8 LA R W 7 4% 3 2 50

@ F84 Y 24 A7 BVEGE & 1 PR 10 ik 55 2680, 4008 o i F & A7 2 1% 3%

mov 10, #34 ; BE TIRES ] 34
SWI 12 s W 12 24k

© 84 Y 24 37 57 RIECH 200 T 3 5K 1 IR 95 26 280 oh 27 A7 % r0 B IR E . 240
i LAt 14 308 P A A e A L

mov 10, #12 s WA 12 S5
mov rl, # 34 ; WEFYIRES AL 34
SWI 0

2 A T 51 U A T S TR T — A R G T B N A AL B Y A AT
A,

P ERFPWMT .

void testexample()
{
~asm_ (
"ldr r7 =365 \n"
"swi 0\n"
)
}
int main()
{
testexample() ;

return 0;
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PR testexample O FA] LIZEH open OZF RE, XA R R T — i Ba ) &5 . %
REWHSES 7 SRIGAH T, A CPU P AWZS , CPU i R 3 A~ 5 W7 LS
PC 8 &F 2 3 A1 N A9 A W7 1) 1= 22 WP BCEE L P W 1) i SR AE N AL AD arch/arm/kernel/entry-
armv. S & X, %4 PC HEIMHMNATEL G . 2B 3 vector_swi X3R5, X455 7E arch/
arm/kernel/entry-commen. S 5 X,

4 CPU M A Wi i 2 5% 5 vector_swi ZJ5 . SEML T AT LIRS .

© B RGPS,

@ ARG R GE VR 2 B 2R 58 V8 ok BRO7E 2R G O ] 2 i B b il L 45 31— > R 48 1 T eR 4R
1 eR AR £

© HRHE R G R FE B R G S A B XS RGO TR B, DRI
HBIE— A R B 40 XA pRECHE B 45 PCL I S BE T Bk 4% 21 R G 8 HH ek 5.

5.7 ARF/GG
ZITL.LJ ] ‘

AREFEENAT ARM-Linux WAZ M CHR . NEZEBRERSEN R, & T M mE
2 Linux #EE RS M &A% O FTfE. ARM-Linux N &% T ARM 4 H 83 49 Linux N,
Linux W EA 5 FRE . 0 A TT M T UI6E . SEFEAE B N7 8 B0 R S0 R 450 ik
[i) 38 A5 A 46 82 11, AR 3 2 2 A E R A B OB AL R L A A B P R L R G X LT
T A 7 ARM-Linux W%, BR TR, A 3 FUR R 20 A% 0 3228 A S b AT 1 ok L o
LR IS B AT 2% Linux B R 32 A% RS

[A T BB RG] Bk Y TREIE WA R BRI,

]

Lo AP 20 IAZ Y N A 32 4 o A R 2
2. Linux WAL R F B B Z A TR A R R 7 T T A .
3. THAE Linux B 2 B Y 17 A% 35 2 MUAS R A] SR AR 16 0, OF L 35 s A 5 32
LA 25
Linux W% 2. 6 JRAS By 3 2255 50H BF 2L 2
PR AR AR AN R 2 IR ) E KRR AT 47 P AR R E R
Linux P A% 9 378 72 08 B 5 W& S AT 4 7
202 LKM? & Y 028 1 28002 Qo] #6471 2
AN A B 1y e R AR R A 47
o MR 2 [ 1 DG SR BSCHE 25 K G Ae] S AT AR AR BLT R R 7
10, PAZ 25 () 4 31 0T 43 e B R F2 2 {1 WPy ik 2
11, fh A RN AEES B R 7 Hofw KA s 24
12, fAi B4R ARM-Linux FP WAL RIS 72,

© 0 NN Oy Ul



138 || MARRFZIZIT SN FA—ETARM Cortex-A8FILinux( % 3R)(HIE $7 k)

13. fE—H CPU Wit EALR S ok F AT #1025 20 R AR E d7 20 8 e 9 i 38 72 o0 1
ZOHTAFES T UIHTEH 1/0 %%, #5351 T =MMES T1.T2.T3 B mph
MIBATHEE H CPU 5 1/0 B4 1 1a] . S B E R 40 00 JF 85 Z 06 AR 1, X = A E 55 AT
A h 3 4 B 45 A Y LR [E] O 2 /b 2 B CPU 128 R R g 2 /022 fb e

#x53 BCPUMESMHELRSD

£ £ L & % 8| E 55 0 5L E 1T B BT 55 RO B 18]
o e AT S
X | :
T2 e
% 5 CPU 12ms,1/O i il 8ms, 5 J§ CPU 5ms
T3 AL

14, BB B ER A4 =R

const int noa;
int const noa;
const int ¥ noa;
int * const noa;

int const * noa const;

15, 7EE TR BRI B — 4o X Mo dik oA 0x987 A 14 %% U A% & (1 {l Sy 0x3434 . ik oe
AR ANSIE 4% a8 . 95 A0S 22 58 X —1E 55 .
16, FEBACHS & — B By C 75 2R R 85 7E DG 30 vh &5 A B 38 5 .

CodeA

void increment(int * restrict b,int * restrict c)
{ int i;

for(i = 0; 1< 100; i++)

i

c[i] = b[i] + 1;

}

!

WS RSB, LS B an T Ihfe .

> I 100 RAE % THEER 50 ¥R (loop unrolling) » 47> T ML %,

> BB AT AR BT 0 B O R e A R 2

> WO T AN AR B A AT I 00 T K 2 stall B,

> TEIR A+ EIR A T — —HFF . X HE AT LU ARM 48 4 1Y 2% 1407 » Ry B A 35

WD T — SRR 4,

17. W E RS H— makefile X, BOREHE . R arm-linux-gee 38 X4 %% 4% , Y 3
10 led8. ¢y HFRSCHF R led8 i led8. b Sk SO FAH I 25728 6

18, FIHFALh W RGEA 4 Qb i 11,1213 .14, rh W me 7 i AR S8 % 2 T1 > 122> 13>
T4, A — G b W0 I — A B dc A% B rh R 2 1, 3R 25 kb B GG B 5 Ao 0, 3%
RSV GF W) o 5 9 rb B Ak B T 5 BRI 1 OC Rk 5-4 IR,
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$5ZE  ARM-Linux#4Z |[p 139

R ¥
rh i &b T8 72 7
11 %% 12 %% I3 % 14 %
11 % 1 1 1 1
12 %% 0 1 1 1
13 2% 0 0 1 1
14 %% 0 0 0 1

A WO e T B E O TI>14>>132>12, BEmA N 11, Fm Ry 14, 4R 05 2 13, i A 2 12,

T T A G R R

19, SEINHRAT R GL AL e 22 IR E] P AR BER [ A0S B8 <142



