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Linux P AZ 0] LR EAT 249 PR RIRE AR BR AR R 3 L 26 FE « WA SE AN IS FE oL T, thvF
S AN EERREFREG IR T A little [#Z0_F, {52 NIZA 5 0] DU AL PR 2% 7125
P flirfs o 2 0] b FR A o Y litle S0 M, big 25 o E4isdT, (HE REATnl
Ae2y L EE D g e e b A o oy lttle (% TE AR PR IG B0, IX I 75 S5 0 FE B A s o, &
Jeil BN AEFRAS RE J7, AN I little b B2 R v S AOR AR BN G, kR H o AR UDRS
i U RE IS (8] ool 2, M little 43 Rk, PR ILEER] big AFEERISAT BAAIRA W],

H—0F, 2202 REIARTES . Pk 2 RIFAHE, a5 AR, Linux
BT USRI WA R FE I BI2EARTR LM n], A0 7 23 al4a 2 vl LA R AR 75 8
MMES: BERUZO B EEBA SIS s N HA O P aS R S, BN ERAR AN 2 W H
G TR E MR SRR, WRAES SR 7 RO O LM & i i Lb e 2 R ILiEd. H P 2
A INEES BB, B A AR FR &R 35 2 ARSI BEEE BAS RIS 1 3 248
i, HAEBNSFERATE R bR] B S RFEA N VI AL FESS . 2RIXFh S 245 0@ B T 24Ty
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HUR, RAEGH SRS EAFNRN, (HRETIR SR ERNAREA T 3SR A 1
SR, HERINE PR E~Z O Fo

1.1 SMP AR Z R gtk

CPU FHLIFy R H AT HE, BR UV AE)R ). IKHR. I35z 21 CPUO [ LAELLSE, At
FRESAH QB o LAREFS AR TR 28 H B B . AbFRES 2 WA BIPATAR, XA A=
Nz HER T RAEAE PRSI T ARSI A N B 451, ALFEARAEIZ AT IR H S BPIRAS I >k AE
REeZh g, i Ad R R 08 0] B AL PR S5 RN 5 A 1A LAt AL PR E R A BlORE 1 il

BRI CPU #06 N —ANJE ] CPU €544, % ARM Core 4 device R AT K

struct cpu {

/*cpu 4T/

int node 1d;
/3R T arm smp Z{H AN, FoREER cpu #8 AT AR K i/
int hotpluggable;

/*IE WA MR — > struct device #onHY —H, cpu tEAE|S*/

struct device dev;

}i

AL IR ESTE WAZ P AR AE 0 RGE v aArAE, 1 HoAH OCHAE LK B T 28 i AL FR 8% R 40 %
kK struct sysdev class cpu sysdev class KR j| S FIAMFESS . (EACFE SS90 P W LG AL I,
N AZ 56 B3 28O0 1A v

/ / RO BR SR F VT LR AL

static 1nt  1nit topology 1init (void)

{

/X TR AR FE AR M 34E, A7 1¥] cpu possible bits fiiid | RGP HILEL, L
w15 online, #XT N H G -—{f7*/
for_each_possible_cpu{cpu) {
struct cpuinfo arm *cpuinfo = &per cpu(cpu data, cpu);
/*BRM SMP [ BRI 2R core #RT LARE ARG A =/
cpuinfo->cpu.hotpluggable = 1;
/*¥4 411 cpu [ struct device {IM# struct sysdev class cpu sysdev class*/

reglster cpu(&cpuinfo->cpu, cpu);

}

/ /T AR T3S ) 15 2%
int  cpulnit register cpu(struct cpu *cpu, int num)

{
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//%F CA9, FNUMA, h O
cpu->node 1d = cpu to node (num) ;
cpu->sysdev.id = num;

/ /AR R G R

cpu->sysdev.cls = &cpu sysdev class;

/* [AEBRES RG WA RIT ML BERS, EREM— i, A2 A S R sk Wl 4t
2Kz * /

error = sysdev regilster (&cpu->sysdev) ;

}

FEXS RN, 8 ik ) AL FE 2% R G W A ISIE MRS R UL RCHI A AL B gs . 2 0L 1.3 715
struct cpuinfo arm X} WV T-AE4 Arm core 24K, sk HIEAR G E, 78 ARM #IaG b <
AR IR A I ENHEEAS struct cpuinfo_arm.,

struct cpuinfo arm ({
struct cpu cpu;
$1fdef CONFIG SMP

/ /300 cpu ) idle 2%
struct task struct *idle;

unsigned int loops per jiffy;
fendif
b

CPU &4y, H> CPU [1 struct device fil struct sysdev driver #<s 4 ik, X2
R CPU i &G RIKB AT, 2 CPU & BUKAEM IR, 2R3 H53X L1 9K
MK CPU ¥, JFEAT¥I454, Ul cpufreq sysdev driver.

struct sysdev class cpu sysdev class = {
.name = "cpu",
.attrs = cpu sysdev class attrs,

I
struct cpumask: CPU JR & HYFEA LT 257 2 Ul b -

typedef struct cpumask { DECLHRE_BITMEP(bitS, NR CPUS); } cpumask t;
#define DECLARE BITMAP (name,bits) \
unsigned long name [BITS TO LONGS (bits) ]

FETFUn T

typedef struct cpumask { unsigned long bits[BITS TO LONGS (NR CPUS)] |}

cpumask t;

cpu_possible mask 1/ ¥, HIREKR RGN CPU, REFUALFE S0 Hp—4 .
cpu_online mask {7 /¥, FIKERYFTAL T TR CPU, AEEIALFE 2860 H A4 .

cpu bit bitmap:
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const unsigned long cpu bit bitmap[BITS PER LONG+1] [BITS TO LONGS (NR CPUS) ]

XFF X% CA9, X4 /& const unsigned long cpu bit bitmap[33][1]. +] ULiX /& 414
1A . Hoh s CPU AN A sizeof(long) 17 K. &R CPU %W —47, {H /&5 Fi
AT 2R E A Y.

/ /& TR A AR e X, il 2Ok S
const unsigned long cpu bit bitmap[BITS PER LONG+1] [BITS TO LONGS (NR
CPUS) ] = {

MASK DECLARE 8(0), MASK DECLARE 8(8),

MASK DECLARE 8(48), MASK DECLARE 8 (56),
};

CPUO~CPU7 X T/ 8 N, H% % X MASK DECLARE 8(0), % kLA
M, AR E XEREEN, i A FEESA B 455
gﬁjliﬂ, ﬁ%)?ﬂﬁﬁéﬁﬁ:

#define MASK DECLARE 8(x) MASK DECLARE 4 (x), MASK DECLARE 4 (x+4)

1S3 T 5 — 22 5

MASK DECLARE 4 (0), MASK DECLARE 4 (0+4)

520, WEEN:

#define MASK DECLARE 4 (x)MASK DECLARE 2(x), MASK DECLARE 2 (x+2)

JETF, 132058 = J2 75U -

MASK DECLARE 2 (0), MASK DECLARE 2 (0+2); MASK DECLARE 2 (4), MASK DECLARE 2 (4+2)
5300, REE X

#define MASK DECLARE 2 (x)MASK DECLARE 1 (x), MASK DECLARE 1 (x+1)

JETT, 19255 DY = 25 A -

MASK DECLARE 1(0), MASK DECLARE 1(0+1);

MASK DECLARE 1 (6), MASK DECLARE 1 (6+1)
B, PR E X

#define MASK DECLARE 1 (x)

=X

[x+1][0] = (1UL << (x))

RIS IR

[1][0] = (1UL << (0))
[2]110] = (1UL << (1))
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[8110] = (1UL << (7))

HIb el L, 2 0 AT A VIR L. X CPUO, CPU1L, H MASK 43 Hl%f 8 1 47156 2
17, {2579 A(TUL << (0)), (1UL <<(1)).

i1 X CPU8 ~ 31, 1 MASK DECLARE 8(8) . MASK DECLARE 8§(16) .
MASK DECLARE 8(24)%E X T X ) MASK T, HHidfi5 MASK DECLARE 8(0)Z%1,
X BAEETT

1.2 Percpu W& B

b AL FEESAZ O BIG I, AAZ R RGP I R B AE B2 H9hn, XA eI A
[ B2 1) () JLER A B, S e AN 748 ] spin lock, i HL AR Ab T 28 A% 0ok 22 3 1 (1 B
WK . Percpu WAT AT IX PR TCRE N 71, (HZE W AT 5ds LU b3 g8 s, v I,
IXFPEAR A AL IR 2505 ) 21, ANTFEMLL spin_lock 1 HL#%Vj W] . Percpu PN A7idi ] T
IXPP R, 1 S P b AC RS 53 A 1 SE B g Be L J2 Jl G A% ZEAS slab 3E4T, 1] Percpu
PN A7) & FH R A7 T8 ) Ab R A8 Jay 3 2500 i PR

1.2.1 RERENXBIAIE R EEREE

e E WA T L AR a5, (H S IX B8l LU s ik, Az X5 5 I
RRR I %, BERE I A A TP HECAE R R P b bk b, R ATIR AN 5 L T IR AP . ATy
FHIR I Tl S i X L8 7 1f 2 T

B A e 2 O arch/arm/kemel/vmlinux . 1ds.S W 5E N IX S8R Hiv k-

J&JF%:: PERCPU SECTION(32)

#define PERCPU SECTION (cacheline) \

. = ALIGN(PAGE SIZE); \
.data. .percpu : AT (ADDR(.data..percpu) - LOAD OFFSET) { \

VMLINUX SYMBOL( per cpu load) = .; \

PERCPU INPUT (cacheline) \

}

#define PERCPU INPUT (cacheline)
VMLINUX SYMBOL( per cpu start) = .;
*(.data..percpu..first)
. = ALIGN (PAGE SIZE);
* (.data..percpu. .page aligned)
. = ALTIGN (cacheline) ;
*(.data..percpu. .readmostly)

. = ALIGN (cacheline);
*(.data..percpu)

R

* (.data. .percpu..shared aligned)
VMLINUX SYMBOL( per cpu end) = .;
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1% 7 AE & 7 B 1 DL data. percpu..first, .data..percpu..readmostly, .data..percpu %54
ATV B WAZARE o i SR AT AR e ) s VE 45 HHBE 2 B BOI Ik, 8% 2 IR 370 e
65 M. B B 10 HoA T RENSAE A% H H R0 M) IX B X 8, & O M32 & ;. per cpu_start
1 per cpu end.

TEN LGN, X AL B8 5 20 i € A R 7R )% (DEFINE_PER_CPU) K5¢
. iXH T (DEFINE_PER_CPU) [#j5ZHL.

Jo )2 RE T A%

#define DEFINE PER CPU(type, name) \

DEFINE PER CPU SECTION (type, name, "")

#define DEFINE PER CPU SECTION (type, name, sec) \
~ PCPU ATTRS (sec) PER CPU DEF ATTRIBUTES \
_ typeof (type) name

#define  PCPU ATTRS (sec) \
__percpu  attribute ((section(PER CPU BASE SECTION sec))) \

PER CPU ATTRIBUTES

fdefine PER CPU BASE SECTION ".data..percpu"
4 DL 2% e T2 . n] LIS 2|
__attribute__((Section(.data..percpu}}}__typeof__{type) name

u] W.%: DEFINE PER_CPU(type, name){E ]It 242504 type ) name ZZ &K
$I| data..percpu {45 B H

G FE vk a] IHEH : % DECLARE PER CPU READ MOSTLY (type, name) 1) /E H 5t /&
K2 A type [F) name 2% i fiX #1 . data..percpu..readmostly i B b o iX PP B /& cacheline
X535, LUK KSR A cache YA, IRIE G ZSoe IR, AN AEE R 70 BIIEAS W%
A 3.0.13 H1, AL IR A e KB ) o 1 H. cacheline & A 32, X AN
[F) S m] LAASE FH I i =5 5 2

71408 % DECLARE PER CPU FIRST(type, name)X| . data..percpu..first £ B -

7% DECLARE PER CPU PAGE ALIGNED X|/\V data..percpu..first” Z{4%Ex .

PAZAT G FE R, 2 O BN AL B A8 e A P2t B8 1) Jmy BB A5 -

//¥1EHE per cpu offset AL
vold 1nit setup per cpu areas(void)
{
rc = pcpu embed first chunk(PERCPU MODULE RESERVE,
PERCPU DYNAMIC RESERVE, PAGE SIZE, NULL,
pcpu dfl fc alloc, pcpu dfl fc free);

delta = (unsigned long)pcpu base addr - (unsigned long) per cpu start;
/*WEFN cpulll per cpu offset fiifl*/
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for each possible cpu(cpu)

__per cpu offset[cpu] = delta + pcpu unit offsets[cpu];
}

FEBE X WAZ XS percpu s 5 . WAZIE L7 per_cpu %) 58 AL PR 28 a3 £ 19
S5, BT %%

#define per cpu(var, cpu) \
(*SHIFT PERCPU PTR(&(var), per cpu offset (cpu)))

#define SHIFT PERCPU PTR( p, offset) ({ \

__verify pcpu ptr(( p)); \
RELOC HIDE ((typeof(*( p))  kernel  force *)( p), ( offset)); \

1)
fdefine per cpu offset(x) ( per cpu offset[x])

/¥E ] — /MR A S B4 RELOC HIDE % 5E X*/

# define RELOC HIDE (ptr, off) \
({ unsigned long ptr; \
__ptr = (unsigned long) (ptr); \

(typeof (ptr)) ( ptr + (off)); })

af W2 DL CPU Japif %l per cpu offset[x] Ay Bkt bk (1) AH % -4k
1.2.2 Percpu RFEIBRIEIL

{E 4T Percpu W AF S FRAIL I 2 0 2238 31 H iZ 284 B A FE 815 KL, B RRALFRZS an ] 43
H BEAX N IACFEES A2 FiAE XY Percpu ZZ4E 5 I NAFIX 0, FEFALTESS Percpu
REAN A A7 i B A BN S5 B o AN U A XU CA9 AR FRZ8AE 4 70 A H b
AR ES 4 45 K, N AZAE H] struct pepu group info 451K 7
struct pcpu group info {
[ ZA AL AR S, XX CAS AbBEAS, iZ{HN 2 */
int nr units;
/NS H X b FEES percpu LN AFH LA A7+ /
unsigned long base offset;
/AL N A TR AR X VLA, DU CA9 ZeF Rz Ny 2%/

unsigned 1int ¥Cpu_ map;

}s
AR Percpu PN A7 FIE B SEAE struct pepu_alloc info Z5 4 H

struct pcpu alloc info {
/ /S E X percpu & 5 N AF X B K B
size t static size;

/* TR X 4K, TE percpu WAF 7 BCHR E A TR X 3k 7 MO, OREAE AT i X 4k /
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size t reserved size;

size t dyn size;
/*ERAL B S 1Y) percpu BN AFH 3L A AT * /
size t unit size;

/2N P RIAL PSR S A, CRO DU Tz fE ol 1%/
int Nnr groups;

/RGBS A 45 ), CRO AU ZEM T A KA 1%/
struct pcpu group info groups][];

b
PR ok A s L) percpu 2% w31 2 percpu [X i

/*1% K void  init setup per cpu areas(void) I, X T CA9 B H Z %
cpu distance fn A NULL, Z%{ alloc fn & pcpu dfl fc alloc*/
int 1nit pcpu embed first chunk(size t reserved size, size t dyn size,
size t atom size,
pcpu fc cpu distance fn t cpu distance fn,
pcpu fc alloc fn t alloc fn,
pcpu fc free fn t free fn)

vold *base = (void *)ULONG MAX;

void **areas = NULL;

struct pcpu alloc info *ai;

size t size sum, areas size, max distance;

int group, i, rc;

[ WEEFER1Z 280 R IF) percpufE B, &iRIMAE struct pcpu alloc info it/
al = pcpu build alloc info(reserved size, dyn size, atom size,

cpu distance fn);

/ /A E R E N 7 A+ reserved 23 [H+3) 4570 Bl %5 [H]

size sum = al->static size + al->reserved size + al->dyn size;

/*EERTREAS group #R1F */

for (group = 0; group < al->nr groups; group++) {
struct pcpu group info *gi_; &ai->groups [group];
unsigned int cpu = NR CPUS;

void *ptr;

/* A% group 7L percpu WAT X 3k, 1B AL FR 28 50 H x BEAL PR 11 percpu 8 EE
WAL, ¥ pcpu dfl fc alloc &M bootmem HEFGHAF, G2 ZWEANAF */

ptr = alloc fn(cpu, gi->nr units * ai->unit size, atom size);

areas|[group] = ptr;
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base = min(ptr, base);

/ /A EEAL T 2% 2 7 H percpu X 1,

for (1 = 0; 1 < gi->nr units; 1++, ptr += ai->unit size)
if (gi->cpu map[i] == NR CPUS) {

/R B N ALY, AT AR A B BB ICH percpu Xk */
free fn(ptr, ai->unit size);
continue;

}

/* ¥R E X[ percpu ZE1E U B FEHALFE2F percpu X+ /

memcpy (ptr, @ per cpu load, ai->static size);

/N RERAL B ER R U 2 R I3 0], 2RI AZTE ai->unit size JZAFERS
€ XA\ 78 )+ reserved 78 8]+ B 48 43 i 25 8] * /

free fn(ptr + size sum, ai->unit size - size sum);

/* Kb PEGE BRI A OGS, X T och9 MM, ai->nr groups N 1, H

ai->groups [group] .base offset M max distance XH [T HERA N 0%/

max distance = 0;

for (group = 0; group < al->nr groups; group++) {
al->groups [group] .base offset = areas[group] - base;
max distance = max t(size t, max distance,

al->groups[group] .base offset);

max distance += ai->unit size;

/ /BB EC I percpu AT X dik

rc = pcpu setup first chunk(ai, base);

/ /BN A BN AT percpu PAEIX Tk

int  1nit pcpu setup first chunk(const struct pcpu alloc info *ai,

vold *base addr)

static char cpus buf[4096] @ initdata;
static int smap[PERCPU DYNAMIC EARLY SLOTS]  initdata;
static int dmap[PERCPU DYNAMIC EARLY SLOTS]  initdata;

for (cpu = 0; cpu < nr cpu ids; cput+)
unit map[cpu] = UINT MAX;
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pcpu first unit cpu = NR CPUS;
/*Et X group HHF—MALEE S, X T 0#% CA9, ai->nr groups{H N 0,gi->nr units
A 2%/

for (group = 0, unit = 0; group < al->nr groups; group++, unit += 1)

const struct pcpu group info *gl = &al->groups|[group];

/I ZATRLS ) percpu W&, AT A% CA9, iZ{HN O

group offsets[group] = gi->base offset;
/ /A AL B b K2 AU Ml ik 2 ]

group sizes[group] = gi->nr units * ai->unit size;
/ /ETRT LN ) RERLAL B 9%

for (1 = 0; 1 < gi->nr units; 1++) {
cpu = gi->cpu map[1i];
if (cpu == NR CPUS)

continue;

unit map[cpu] = unit + 1;
[/ TFEREAL P2 1) percpu B A AW &
unit off[cpu] = gi->base offset + 1 * al->unit size;
}
}
pcpu nr units = unit;

/ /e FERZE, W pcpu alloc ]

pcpu Nr groups = al->Nnr groups;

/*

fE pcpu slot A, A size [ chunk H:7EAR] pcpu slot T HH
*/

pcpu nr slots =  pcpu size to slot(pcpu unit size) + 2;

pcpu slot = alloc bootmem(pcpu nr slots * sizeof{pcpu_slot[O]));
/ /91864 pecpu slot Ak
for (1 = 0; 1 < pcpu nr slots; 1++)
INIT_LIST_HEHD(&pcpu_slot[i]};

/
fE RS chunk B pcpu reserved chunk, %XIRPYEL AN AU ERHBEARTE int
__init pcpu embed first chunk(..) £/ [
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*/
schunk = alloc_bootmem{pcpu_chunk_struct_size};
schunk->1mmutable = true;

/ /PN LECZ I, TR AR
bitmap fill (schunk->populated, pcpu unit pages);

1f (al->reserved size) {

//reserved [F1%F[8]), FEfR7E reserved 47HC N T H
schunk->free size = al->reserved size;

pcpu reserved chunk = schunk;

/ /7€ I ER 2B 1) 22 [a) B Sk K

pcpu reserved chunk limit = ai->static size + ai->reserved size;
} else {

schunk->free size = dyn size;

dyn size = 0; /* dynamic area covered */
}
schunk->contig hint = schunk->free size;
schunk->map [ schunk->map used++] = -ai->static size;

1f (schunk->free size)
schunk->map [schunk->map used++] = schunk->free size;

/* WAESAR, XHESE 4 chunk, i% chunk &% B A2 B2 WM
reserved ¥ [AE A )5 6 T 1 */

1f (dyn size) {
dchunk = alloc bootmem(pcpu chunk struct size);

INIT LIST HEAD(&dchunk->1list);

/ /s R 73 BC ) B L
bitmap fill (dchunk->populated, pcpu unit pages);

dchunk->contig hint = dchunk->free size = dyn size;
/*map i EOHrR e SR EmAF N reserved 2 A AL )G [ */
dchunk->map [dchunk->map used++] = -pcpu reserved chunk limit;

dchunk->map [dchunk->map used++] = dchunk->free size;

/* HE > chunk BEREXTNE slot ¥R, reserved WA HOHEME chunk:
pcpu reserved chunk */

pcpu first chunk = dchunk ?: schunk;

pcpu chunk relocate(pcpu first chunk, -1);

/* we're done #*/
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pcpu base addr = base addr;

return 0;

1.2.3 Percpu IS S B AFZTIE

KT Percpu A7 BC A7 04T L R ZE A &

(1) BRRALFRESF) H C Percpu 325 73 FC N A7 72 [0 HAT A [R] 1) R fU B A= 16, 45 0[] —
5y e NCIP OSSR -3 st Wl N K 1 T & B0 DA RS N N

(2) Chunk ic sKEEEANIE 28— oD 345 2] e f bk 2% 8], 6T —BAb FRAS K 3t — Ik D
P B A2 a1->unit size, Percpu W A7 MEfL L AELL Chunk A 2L A .

(3) Chunk H&E—RBC H A A7 H 3L map[ 457 .

(4) Chunk R4 H: free [ WA K EHER] Slot F 4 X N EER L.

(5) TIPS R U R 8], 7558 B— IR 43 BB A 75 216E N R 2 R N A

AN & percpu-vm [ {F .

/*BNZS LR B */

static void percpu *pcpu alloc(size t size, size t align, bool reserved)

{
static int warn limit = 10;
struct pcpu_chu;k *chunk;
const char *err;
int slot, off, new alloc;

unsigned long flags;

mutex lock(&pcpu alloc mutex);

spin lock irgsave (&pcpu lock, flags);

/* 37E reserved 7ML, M pcpu reserved chunk #4T, BRjHEAGiE*/

1if (reserved && pcpu reserved chunk)

restart:
/% ARYE TG E N AF BRI K /NR G| slot B RBIXF N HER */
for (slot = pcpu_size_to_SlDt(Size}; slot < pcpu nr slots; slot++) {
list for each entry(chunk, &pcpu slot[slot], list) {
/ /LR 0 ST 5 RO 223K chunk
1if (size > chunk->contig hint)
continue;
/*chunk FI4 int*map iIdxBRGACHINAFER, 25 (% chunk 128k
A HBEZEED, WFEEEKIZ int *map £ */

new alloc = pcpu need to extend(chunk);
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1f (new alloc) {
spin unlock irgrestore (&pcpu lock, flags);
//¥ R int *map B4
if (pcpu extend area map (chunk,

new alloc) < 0) {

}
spin lock irgsave (&pcpu lock, flags);
goto restart;

}
/*{E1% chunk B0 BC BN AE2E ] 03B e — B B B3 10, 28 BOPTRE % chunk

FE2 slot B X N FER T/

off = pcpu alloc area(chunk, size, align);
//off KT 0 RmsHe Il

if (off >= 0)

goto area found;

spin unlock irqgrestore (&pcpu lock, flags);
/*BIE S chunk, X B AT N2 R AE 2 [A] 1R 70 e */

chunk = pcpu create chunk();

spin lock irgsave (&pcpu lock, flags);
/ /38— A2H I chunk #:3] s1lot BN NV HER H
pcpu chunk relocate (chunk, —1);

goto restart;

area found:

spin unlock irqgrestore (&pcpu lock, flags);

/* —IX percpu WAF M FCRE], X BB A i B X 8O0 M Y BE iR A5 22 i, 5 WPRE Y i%
DX 48 3 FE R . DB ORI 78 L1 L2 ORI */
if (pcpu populate chunk(chunk, off, size)) {

mutex unlock(&pcpu alloc mutex);

/* return address relative to base address */

return  addr to pcpu ptr(chunk->base addr + off);
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1.3 CpuFreq

SR i, CpuFreq B 7 AL, — 7 WAL, Hokow el VA, fuf Ik i A
B /& Up BX Down AbFRES; — 7 e HARERAE i FLSEoR andey i Bt o JESEHE A -

(1) governor Wil {7 RGN Tkt id, BN Ak,

(2) J#ik cpufreq driver X} Arm core Ah[E I Eh ARG Ak FE FE S S TEHRAE , I8 213 A
PIVERT, R OR i A4

X TR CA9 ZEHAbFRES, ATV ZEI24T/E CPUO |, @it CPUO RAf H At iff
4. Down BY Up.

1.3.1 sk

CpuFreq #1240 1 TAE EEA LA F .
10 AL FE 25 FLAARTRAE iR 2 I 21 static struct cpufreq driver *cpufreq driver H, LA
i J ALk % LA AR /R 7 2. SOC | R #SLZRAE struct cpufreq_driver HLSZHL FH LT )2

1) 49 R

struct cpufreq driver {

int (*init) (struct cpufreq policy *policy);

int (*target) (struct cpufreq policy *policy,
unsigned 1nt target freq,

unsigned 1int relation);

Horhig B FE N -
int (*target) (struct cpufreq policy *policy, unsigned int

target freq, unsigned int relation) ;/ /&GRS E0 AT A EEAE
“int (*init) (struct cpufreq policy #*policy);// B ¥ HH struct

cpufreq policy

E =M TS RA &% )2, B CpuFreq Xzl static struct sysdev driver
cpufreq sysdev_driver i I} F AL FEZE R G0 &S, DAL LA GG A B Ak B 5% 1) I 44 -

/ *
soC S BSP AL ML A int cpufreq register driver (struct cpufreq driver
*driver data) [n] CpuFreq {EM H Gl struct cpufreq driver, X/ AP 50:

Bf soc #HKH) struct cpufreq driver Heix2y CouFreq, governor K dH iz}



16 = W H——%F Android [N 5 R G2 K 65 73 b

fii /2 CPU W 5 9K3)) struct sysdev driver cpufreq sysdev driver VL)
X S8 CcPUAT static int cpufreq add dev (struct sys device *sys dev)

il cpufreq driver->init

X1 CA9 B, R EHE BRIICE BSP i, Z 0ot soc AH K B AR AT
*/

int cpufreq register driver (struct cpufreq driver *driver data)

{

[*HEFAALE static struct cpufreq driver *cpufreq driver;idxk | EBEERIC
JEAH G T A5+ /

cpufreq driver = driver data;

/*EME struct sysdev_clgss cpu sysdev class, ZRESHIRIARATIEL RG X
% R B AE, I8 H M A static struct sysdev driver
cpufreq sysdev driver [f] static int cpufreq add dev (..) K%L, Ml FE RS
o R BRI () A /

ret = sysdev driver register (&cpu sysdev class,

&cpufreq sysdev driver);

1.3.2 CpuFreq $REZHYE L

Af 1 ELURIAL 3 25 AR I HUR B PR Ak, 5¢ B AR FE 45 1Y) struct cpufreq policy #]4a40 ) struct
cpufreq_governor [ FEEI AT o (HZXS T 2 R AR FEAS AU, 1 HLBEsk AT T A0 32 7 MR Ak 3
fir CIHATHY )

/ *Z R AU S R G EE struct cpufreq policy, B CcPU Y] UGt . wakeup N REN AT

IZIRE, fHZ struct cpufreq policy HAE CPUO HIMGALIN AR, Ja4k CPU 1L H Al il &

per cpu(cpufreq cpu data, cpu); HAG R G B L5 */

static 1nt cpufreq add dev(struct sys device *sys dev)

{
/*UWIR ZH0 cpu KM, HANG TR e s+ /

1if (cpu 1s offline (cpu))

return 0;

#1fdef CONFIG SMP

/*

X1 CA9 ZeKy, 7E CPUO #IUGfIN A% struct cpufreq policy, JHHERATEASHIRIL
= CPUO &) struct cpufreq policy

HA4 CPU MM HRZ R 5] #1li% struct cpufreq policy, H#ziR[A

*/

policy = cpufreq cpu get (cpu);

$fendif
/*CPUO /AT HiIXH, 7ML struct cpufreq policy &if*/
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policy = kzalloc(sizeof (struct cpufreq policy), GFP KERNEL) ;
if ('policy)
goto nomem out;
//5BE struct cpufreq policy %5478 o [ 4b B 48 Yo [
if (!alloc_cpumask_var{&policy—>cpu5, GFP KERNEL) )

goto err free policy;

//CPUO #£ 2 ERIA () GOVERNOR
if (!found)
policy->governor = CPUFREQ DEFAULT GOVERNOR;

/* IXHECH, AT ca9 B Z AL, W exynosd. imx6q, XHHHY struct
cpufreq policy If] cpumask var t cpus WEAFAMAIEES. XHEPRKZEEN sMp
(K150, CA9 #A> CORE MR AL IMIREF 3, — RIS X 47 () CORE #B47 AH [A] (1145
. IX{EZ )5l static int cpufreq add dev interface(..)¥, Prfy7EZAbE 451
per cpu(cpufreq cpu data, J) 5 & #F ¥/ m 4 cpuo ] # ) struct
cpufreq policy. MEMAEEZN per cpu(cpufreq policy cpu, j)#FiH I CPUO

*/

ret = cpufreq driver->init (policy);

/ /B /N K AH

policy->user policy.min = policy->min;

policy->user policy.max = policy->max;

ret = cpufreq add dev interface(cpu, policy, sys dev);

static int cpufreq add dev interface(unsigned int cpu,
struct cpufreq policy *policy,

struct sys device *sys dev)

/KDL SMP ZRAL AR (K54, P AT AL BEAS I [R] iR L ) — 20+ /
for each cpu(j, policy->cpus) {
if (!cpu online(3))
continue;
per cpu(cpufreq cpu data, J) = policy;
per cpu(cpufreq policy cpu, Jj) = policy->cpu;

/*IX HLRI%I¥] CPUFREQ GOV START Ji AH 5 B H 8% ARSI 1 )5 B+ /

ret = cpufreq set policy(policy, &new policy);
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1.3.3 Ondemand F$E LN

FiriE AL FE 25 1 572 struct cpufreq governor ¥ A3 HEMf I bRE, GG 2m T, &
G RAL T T IRALVE o AS AL FF struct cpufreq governor cpufreq gov ondemand 4717,
AR R R — S, SERHR A RS, AT It TR 1 s

1 5¢ CPUFREQ GOV START iH 5\ #% struct cpufreq governor cpufreq gov ondemand
R -

static 1nt cpufreq governor dbs(struct cpufreq policy *policy,

unsigned int event)

switch (event) {
/ /#3k CPUFREQ GOV START i &
case CPUFREQ GOV START:

/ 1 W eV EA
dbs timer init(this dbs 1info);

break;

}
J7i ) 5 I e RS 2R 28 B 3

static inline void dbs timer init(struct cpu dbs info s *dbs info)

{

/*ER R R%E static void do dbs timer (struct work struct *work) ZfMll REE

uitcER S IR ALY
INIT DELAYED WORK DEFERRABLE (&dbs info->work, do dbs timer);
schedule delayed work on(dbs info->cpu, &dbs info->work, delay);

}
W1 2R 8 G 3R R W] i

static void do dbs timer (struct work struct #*work)

{
/X RS B RGN A, AR Z BN AL RSN idle K, S5 RG R EMILE*/
dbs check cpu(dbs 1info);

/ /5

__cpufreq driver target(dbs info->cur policy,
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dbs info->freq lo, CPUFREQ RELATION H);

//HERRT A
schedule delayed work on(cpu, &dbs info->work, delay);

}

FEALFR AR S PRSI, 4748 SOC 78 55 L HH i i A6 2 i WS ZR A b 2 R AR 2 LA %
b3 S5 il B2 R DR R APRE . A LRGN T i aRAE . PMIC, RZHESL A=A 5K
Jot ) T B e A

P AZ R B AR AR A — R P WE A S . WA SOC SEIRIANE], JLF R i i)
BSP %‘HFHE‘H’JW%%% HSEIRE A AR, AHE SO0 MW 3.

(1) @i #E AN ARM Core [ clock #i5% A H. T AF i s 56 Rl AL FL s HO A0 3 1] 2
2 ﬁi}ﬁ, S Hs PR PR, S TR T s .

(2) LB LR E8 o] DUORFFE s LR IUAE 00 B AE R, (H3AT— PP b ERES o] DUAERIK
L A g A

(3) R XS ANFF PMIC #2417, AR PMIC $efEANFIF regulator, fE
drivers/regulator [ s FSZHIAN[A] PMIC [ regulator #:1F .

(4) WSS, BT ONLINE 2342 2| N #% notify i %l .

(5) XfT SMP 4bFids, Frfily CORE #BLAAH [ RYANAR TAE, B LARE ORI AR 2 X =
Hi 747 online [1] CORE #4741

W A oy AR JE SOC | 1 B BURAE B, AR TFEACHS A DT o hy e G2
Mgy, X AT HAR] FKEI .

1.4 CPUO bootup CPU1

{& SMP Z&fp, SRS RERUAE IR 451217 I B @ B A2 #0— . —FE IR BERA A, —FF
PIAEFR AN IEPEANS . HEAE RGN, XEFRIR AL EAR . S EFEMZ
CPUO, izAbFE#smoewial s, N HABAFARGI@E BT 2 )G, F boot up HAALFZS .
AT LAAURZ AL BRSO IR 40 #r . CPUL 4511 52 JF Booting AbFE &% . AT 43 A1 5L 491 A
Exynos4210.

CPU1 HJBE I HLAT LA R EHL.

(1) ¥ )53 CPUO 5l aatt e, nYiE CPUL.

(2) M SUSPEND R&KE, K2 E).

(3) CPUFREQ Wil #1245y 1283 =

1.4.1 CPUO MIZErEFIENE

{F Bring up CPU1 [l e, CPUO =247 W m i TAE.
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(1) M CPUO i A start _kernel H—ZIic, {T-fn]— 1 ONLINE [1) &b B8 25 75 AT An] I5F %1 P 2
SRALAESE—HEFE ) Context “F (0] N o RIS 5 BASI 4 %, sz idh A Idle BEFEF (0] JiT LA,
7E Bring up H.Ath4F Booting CPU 2 §ij, CPUO 75 A4 H. 4% Idle FFEH) Context.,

(2) CPUO &=l CPUL fyds. B RhEEpELE ¢ L, 5155 CPUL BN

AN

1 CPUO 5 wakeup CPUI B, CPUO 44T cpu_up.
/ /CPUO AT B2k

int cpulnit  cpu up(unsigned 1nt cpu)

{

// Tdle 4 [nl A e AL LS U BE BA A A 1) R FE
if (!idle)

} else {

/ /4 BRI R (1) AL R 41 25— id1e ZRAR
init idle(idle, cpu);

/ /48 CPUL E ] BI(1) U L e UF
pgd = pgd alloc(&init mm);
pmd = pmd offset (pgd + pgd index (PHYS OFFSET), PHYS OFFSET);
*pmd =  pmd((PHYS OFFSET & PGDIR MASK) |
PMD TYPE SECT | PMD SECT AP WRITE) ;
flush pmd entry(pmd) ;
outer clean range( pa(pmd), pa(pmd + 1));

/ /380 cPUl #E% S S S HUSAE secondary data H
secondary data.stack = task stack page(idle) + THREAD START SP;
secondary data.pgdir = virt to phys(pgd);

~_cpuc flush dcache area(&secondary data, Sizeof(secondary_data}};

outer clean range( pa(&secondary data), pa(&secondary data + 1));
/ /W cPUl
ret = boot secondary(cpu, 1idle);

return ret;

//CPUO Wil CPUL IR A4 4F

int cpulnit boot secondary(unsigned int cpu, struct task struct *idle)

{
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//CPUO LM EE) CPU 5 7E pen release H!

pen release = cpu;
__cpuc flush dcache area((volid *)&pen release, sizeof (pen release));

outer clean range( pa(&pen release), pal(&pen release + 1));

/*CPUO0 " CPUL IJHLYEIAT I, XIAEYS |, cPUl F4R)H3), CPUL %l boot monitor
F . CPULl 7 boot monitor Z5fgx*/
if (!'( raw readl (S5P ARM CORE1 STATUS) & S5P CORE LOCAL PWR EN)) ({

__raw writel (S5P _CORE LOCAL PWR EN,
S5P ARM CORE1 CONFIGURATION) ;

timeout = 10;

/% ARG cPUl RESEIEY: Reset, FHIF Bootrom HAHN A B */
while (( raw readl (S5P ARM CORE1l STATUS)

& S5P CORE LOCAL PWR EN) != S5P CORE LOCAL PWR EN) {
1f (timeout—-—- == 0)
break;

mdelay (1) ;

/* CPUO ! CPUL Jo shigkFE bk &5 f %7 {7 4% CPUL BOOT REG, XN CPU1 & 34T+ HF MMU,
TR KB bR, cPUL ¥ & F & F#F CPUL_BOOT REG. CPU1 AE BL1, CPUO AR
el A E BL1*/

1f (! raw readl (CPUl1 BOOT REG)) {

//CPUL i T Bootrom Jm (11 HihE
__raw writel (BSYM(virt to phys(s5pv310 secondary startup)),

CPULl BOOT REG) ;

smp cross call (cpumask of (cpu));

}
//CPULl B XA | pen release, CPUO Xl TAE R A 11

1f (pen release == -1)

break;

udelay (10) ;

1.42 CPU1 #1788 %

CPUI1 il i H O PRt /. 2% CPUL [ RS T TT)S, CPUL H$:L4L CPUO
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P deE ek, ARGk ALLFEZS R F bootrom HL, 7E—/~5 CPUO 25 1) 77 11 as HLAY
tk H AR R E, HNEAD2 eI ERE AN . X1 CA9, IXANHE AR HLIEE &
#E A 44 M R4 xxx_secondary startup.

//4E Booting AbFEAS A L1HLAL
ENTRY (s5pv310 secondary startup)

pen:

1:

/*EEUA CPU 1) ID, 2. DDIO388F cortex a9 r2p2 trm.pdf*/
Mrc pl5, 0, O, <O, cO, 5

And r0, r0, #15

Adr r4, 1f

Ldmia r4, {r5, r6}

Sub rd4, r4d, rb5

Add r6, re, ri4

/*#f pen release [ CPU ID Z&{7/2&H QI ID*/

ldr r7, [ro6]

cmp r/, r0

bne pen

/* pen release [t CPU IDAZHCH ID, cpu up()fEMHC*/

b secondary startup

.long

.long pen release

// arch/arm/kernel/head.S

ENTRY (secondary startup)

adr ri4, secondary data
/*rl2%ﬁﬂiiimhh__sec;hdary_switched*/

ldmia rd, {r5, r7, rl2} @ address to jump to after
sub r4, rd4, rb5 @ mmu has been enabled

ldr r4, |[r7, réd] @ get secondary data.pgdir
/*WAT5E proc init BMZJGIEME]  enable mmu $if7*/

adr lr, BSYM( enable mmu) @ return address

/* enable mmu #ATZ )=k r13 $iir. IXH r13 #A  secondary switched

(¥ b ik /

mov rl1l3, rl2 @ secondary switched address

ARM ( add pc, rl0, #PROCINFO INITFUNC) @ initialise processor
@ (return control req)

THUMB( add rl2, rl1l0, #PROCINFO INITFUNC )

THUMB( mov pc, rl2 )

ENDPROC (secondary startup)

ENTRY ( secondary switched)

Ldr sp, [r7, #4] @ get secondary data.stack
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mov fp, #0

/] B 4AAT secondary start kernel

b secondary start kernel
ENDPROC ( secondary switched)

// secondary data ZAFIRHTNE

.type ~_secondary data, %object
___secondary data:

.long

.long secondary data

.long ___secondary switched

R R — MR L, BIOCH] CPUL RIBUG 5] 5o X R i & A A R I O 1]
CPU1, {HEEE R EAESE R .
//CPUL KA )G

volid  ref cpu die(void)

{

// X35 CPUL, &JSZEN CPUL KM

platform;cpu_die(cpu};

/% RAVRM, (HRXR XA EIRF] 1dle, TEFPE X5 FHE. EHEHT cpul
1) wakeup AEXSH, HATE Die KM A EIX H «/

asm "mov sp, %0\n"

" b secondary start kernel"”

: "r" (task stack page(current) + THREAD SIZE - 8));

1.5 CPU1 9%

1.5.1 XA

FEIEAT H RGN D A8 el P SRS 111 503, R 1 8 FL D, AE 6 B G AT Booting AL
e, MmAEN RS KR RIE G ) Booting ALFEER, 7E RS Suspend HIH R ICH . A
TS AL AL B3 0 o A )5t 8, 93 A JF Booting AR F & R} CPUT (1) 2% A IR AL

CPU1L KA HLAT LA R ANE Do

(1) 7£ CpuFreq AL MM £ 241 S80I, AEREE- & SEHLN 2 G iZ A FE A% . Y
R A ARG, ETEPRRE] e BEZ G, ¥KH] CPUL. IXHL
(EAFIIEMA L, H5E, R SOC seHl il REN I i AL FE 8 IRES . BN ZEAAE
FERFIB D A8 DL, IX I 2 S8 57 33 AR I sl A 5 I I A% € I VE S AEOR SE G 11
Fose EAEDBARAIN 2 ST AINA 2 G R M s FTITARTRSS, BEFf SCO T 1y KT Y SRms AN —
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o X T OEH B2 AR IR AR 28 2 A 0 TT R S8 72 B I s, X6 10U A B 45 i A
Jo S

/ /7T I 2R G DA

static void dbs check cpu(struct cpu dbs info s *this dbs info)

{

/ /¥R /N T B
if (avg load < dbs tuners ins.down threshold) {
if (policy->cur == policy->min) {
/* HTEERACFE A2, H hotplug out avg load /T E{H*/
1f (num online cpus() > 1 && hotplug out avg load <
dbs_tuners_ins.down_threshold} {

cpu down (1) ;

(2) {EidkE N Suspend I, $#4E RS YR FH LA W Android [} PowerManagement f/[ il
SEH P HS, el 2GKRIRE, CPUL K54 <M.

/ /BEANARER, Z BRI IR B #3845 RS0 1Ak
static 1nt suspend enter (suspend state t state)
{

// RH3E booting ALFEES

error = disable nonboot cpus();

152 CPU1 XHIRIE

CPUL [FJOCH M T T R — R dillig; —2& CPUL AL, HOCHII R 7 b L
=&
(1) PeAALFREE FIsAT R S L YR K] CPUL, CPU_DOWN_PREPARE &Y jffi %1
R, S5 cpu active bits [] CPUL X5 BA Y Vi 54

(2) ¥4 static int _ ref take cpu down(void * param)${E+: %] CPUI1 1Y struct cpu_stopper
Hr, JFEEAF CPUL S8 pfE -

(3) CPUIl 4047 static int  ref take cpu down(void * param), ¥f cpu online bits [ [f]
CPU1 XfNAZIFERR; K CPUL B iE, JFock sl aprp i, OS82 Ra
FIT AT 46 e e VR AT & B CPUL 735 ER s &2 ) CPU _DYING il 41, 530 CPU1 1] wake list
HER AR CPUL 117 BA%| GBI HAs T B B2 22k 17 CPUL XFNAL), 2 B kIk
1T static void migrate tasks(unsigned int dead cpu), H#f CPU1 |2k fEiL#% 31 | 1AL FR 2% |- .
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(4) CPUI1 4k%:iz4T, CPUL ¥4 M IDLE ZfEn] LLlichT. PhiRAbFR 884k 44T FigdT
ZEfF CPUL BRI EE | idle 2675

(5) CPUI #t A idle task, 7t CPU1 <35 b CACHE Z RHI#AE, o 7e K7 CA9
PIsEl CPUL #ia 5 N5 R AL B 28 20 2 I AN e s, ARG HUAT WEL

(6) HFEAFRLSH: T kS CPUL 2@ A fras i B4, JCH] CPUL HL

% BRI AT EIRSAERIEACSSEEE, B S H B> CPU (1 struct cpu_stopper 454 . ‘& ]
SKRALFE1Z CPU #f X 2 Hir i) — 28 T4k,

struct cpu stopper {

spinlock t lock;

struct lzst_head_ works; /* 1list of pending works */
struct task struct #*thread; /* stopper thread */

bool enabled; /* 1s this stopper enabled? =*/

}:
struct cpu_stopper 454 [ i 71 27 7 struct task struct*thread; $44T 11 R EL N -

static 1nt cpu stopper thread(void *data)

{
AWM struct list head works;HUH work $i47
}

TEHZ 1) CPUL /Y cpu stopper Zéfe HLHAT F BRI 2L -
static 1nt ref take cpu down(void * param)
{

struct take cpu down param *param = param;

/ /XA CPU online fiiE 3, P cPU [ A i A

err = cpu disable();

/ /& CPU DYING 4
cpu notify (CPU DYING | param->mod, param->hcpu);

/ /% cPU BATBAAIIT task T E
if (task cpu(param->caller) == cpu)

move task off dead cpu(cpu, param->caller);

/ /XS CPU [f) idle 22 M ok
sched i1idle next();

return 0;

/ JTERE R CPU () idle A

vold cpu idle(void)
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{

$1fdef CONFIG HOTPLUG CPU

/ /X CPU XMW online A 432, FrLLiXM CPU #EA cpu die ()
if (cpu is offline(smp processor 1id()))

cpu die();
#fendif

1.6 ARM AbPHZS sd

1.6.1 ARM Z2gAbIE 25 5Y & i3t

ARM 7y F) ANETEDE ARM ZER) AR PRES I E, FEANA I BT G A RARERE . IR L
) ARM7/9, 2fE HH ) Cortex A8/9, 2| WAL AARZS ) 64 £7 V8 ZEAJMbHEZS . &F
— R ARM AbFSSEATE B O ffidy, ARM 7/9 T4 2T+, SEIL T ARM
[P J , Cortex A8/9 52K 1 45 B FHLHERI DI BEML I Sy, 64 17 2844 H b2 3F AR 45 2%
QA o

SN IX LS ERAE AR T E 5, AT E T & Cortex A7/ALS ZUFALTRES . HLALTRAS
LAY 2 CA8/9 Ik 7e, A BN Hbr. {H)E Cortex A7/A15 & b HIZE 5 5 4 Ak
TLAE RS IR e —SE I 3R G S 1) =

1. Cortex A15

Cortex A15 EEATLLF 3 N J7 i deadt .

QORI EESEST EiIEEe

ARM 7t CA15 2 Ja RATIWI AL RS # S Feil e dl, CALS It T — P sl ek
FILzC, REAE N hypervisor [fY) kernel Al user mode #iz T 7EIX P, IX PR R Heflt |
PL2 ) IPA #| PA {554 LL J VGIC, iXAEn] LU Guest OS A% H BACEE H A58 557G [ Y
L5, AN hypervisor KE A EH NN IX 2L FE S LB O 7, A
SRR 1) 0L 5 5 4% 2] hypervisor, AMYPERESZ B 52M, 1) H2EH) B 2 HTE .

(2) 40 {74 HE HbHl

32 {7y RE ) ) 8 LR AE X86 /A R T I, PUIE XIT UG R ARM R4 T o &Kl
SRR ERE 25, 4G 1 ke bR Re i 2 BEFE 7R R, (H2 4GB MW A AF R Pk
FIFHL PARAIZPR . 40 A2 FE AL A=, IXFER] LT & — 4G 18 L k=% [a]
FL3 1024G 1) EE 9 A7 AT AT Hb 7y .

(3) FL/KZR I3 A Neon it 2K 2k [F) Rl 45

Cortex A15 R HAWMNACH ARM HHHE—F, HSP mAKEN, ot sy i <E, {H
e H1F—HE 112 NEON AP M7 3 K0 it /K 26 110 i 1T, 24864 H NEON #5 4 )5 5 /.45 NEON.,



#15E ARM Z I ANFE 2% 27

A15 HL{1) NEON [ H At (Rt 7K 25 [m] iy 5252 1)

M Cortex A15 W iT ] 3l PC ZRACFEZS 1) 5 52, B R B s 3 K S Pk Re
ARM — H UMIRIHAEE AR, 1) Intel FJALIEEAS N[ 2 o /& Intel FIFCRAGT ARM? 2 Intel [
TJ A, Tsme. SAMSUNG? WAREIANE . JRINAE T XSF@EPERERIESR, D AREH] 35
Fedb I ARFR BN VEUE, R ARNEE, SEAEFE T Z/KF T Intel ALFRES & H 8 RIS i
B, HARIDFESE FoR T o 24 Intel 2407 ) #4s Medfiled HLpfI A0 AP LL S HE ) 2 25304, HAR
DIFERE BT o XA, A TiEKRmERE, ALS /MR8 7 ARM RN A,
SRIMSE T O BT &, Mg ARM 473K T WL Intel 18R A ——IhFE.

i AW Intel, fFHAAFHD R FREFAET), fE@HSEE T Z0ACHRIEN T,
] DA R B 2 5 Rie H R oo R FFDDFEAZ B R %, 1l ARM sibeANiL 7, [ ARM (1)
PEF T nlRE G, . GlobalFoundries 25 k), {HWAT g &4 T 2K F% G
1 TARHIZN . BrLL ARM [ vk 2% S BiX L T [ sEilae /1, — 85kl R a%ia
TR T N e AL PR 28 & v R AT BT DA—S8 K12 AR A A, T B E i
FH ARM AbFESS, ARG GRS St L 2kAr", XUCFR S| T L 4t
A LE U Qualcomm [1) Snapdragon. {HZZEFH LN, XibZ&LEA T A8IG—1 Intel.

HiE, RFERTFAMKTF. ARM FFERE M BT &, AMUBAT B3
i HoRKA P HL PC., Server [,

2. Cortex A7 5 Big.Little

Cortex A7 5 CA15 =544, {HZE CAT ANREELFIAT, TERELL CA8 BEL, CA7 L
& CALS %/, H: Die Size 147 A15 1) 1/4, ARM KATIX AN ZERIACFRZ% 17 H 1T
e EHFFIREMR . B2 T o] DIME A — P AL #E 28, CAT i8] LY CALS #51 LAE, #RK
big.little 4844, IXANZEMI ) ICEELI K

(1) KB RGBT IR A T E R Z TR FE ST, — 2% RGO i 8] #1
e f HA Y Core X1 IXI Cortex A7 HLREW £ £k, v LIUFEH I ALS XM, (HA
S5 B BT s 7 0 N T bring up A15,  DLSEER & 1 RE

(2) BT A15 5 A7 2B MHE A n, il IERH NI SMP SCHF 221 1 A
PR AL B o

WRAR RG], fEAMEU N BRSO, ALUE ALS 5 A7, A9 #5 AS hE—
FERTAT I

AN A HAREFAE G0 Re D RF o AT AR DIFE S b b B 3 (18T
Wi, MTK PR LR R LA EESS | R £E T JLAE R 32 777 b 3 ] 2 4% A7
—LeZ R AU m R A7 B THRCh R D B R A m . HA s Ui 375 .

1.6.2 TrustZone

TrustZone ;& ARM eI %244 i, £ ARMIL B et gL, 32 AUl DR AL
HET M — B Security FFBCIRZA LLSE Bese A PEAR S TAE . (H AT Wi i
i KR ZN M Y], TrustZone H i) LUK —FE RO T Z 340, HIGKAE T
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(1) TrustZone £3KAE Security F OIS — AN B AR N . NMAIEANTES R
at, MEANERRG— HEA KK,

(2) M1 TrustZone A &f f2LH4 ) i, AL F SRR R 238 01 1 ) il

D e, EA AT 043N Security FEACIRAS, FADME 0 4T A% LT
Non-Security JR& N P27 PPIRASHEFT W, 11T 1Y Core #FHEAN Security FfBCIRZA L
WL, Security FFBUIRA 09 = E N AT AR FEME A . 5 2 — AR A
Security FERCIRES, ZERIMA R N AE 53

@ B A E B FHs T 20%, Security FFPCIRES B4 — DN BEWE T, 47E
Security FiBOIRASR) AN Core #/EAMZ I, #Wlh 5 Non-Security AR T ) RGBT 5E,
X5 B Guest U [ AU & ) ] 8 —FF, o iFEg 4.

@ 4, TrustZone LI — AN LA T 00 207 In) I M3 WG H M 1 AXT A8 &) 1) 242
7 KA T 3, {H2 A 4E Security B BCIR A 77 L5 Hll I 2 IP Wt IR A X5 &

FrLA, R4 TrustZone F A& ANN T 2 Mg K, (H & T HA G X LA B4k &R
R PR, AR FATEA T AT 7 UL 2 4 0] @

HSZ NEERh K, TrustZone [ Security 5 NON-Security £ 5 3575 M #0424,
FE 22 AR ] DU T 7 il R 00 H sy 1 Hoze AU 6 T2 U R 7 R
FEa, AT Intel [1UALFERS KB UL AL 1F) Root I Guest [1) X FR . IXHE KVM 21775 &% 45
X FIEREIRFFNZ-SVC H5H 7 -USR 11224, R 5%¢5E .

He 2 AL PRSI I 56 — A4, P PREIX AN A AL PR 2R A 2 FR A8, BRI A Rl D 1)
MEFRELS VAR A S . ALRZEM R, ARSI L TrustZone DASZHRL
ARM ZE5e R ML . {HE ARM BATIXAEA, 121 FeR HYP 2576 PLL (1) R, 1X/2
— AW EIEAEEZP R, VF R XA ERER . R, B
“HL R,

1.6.3 ARM Virtualization

ARM ZERITE CAL5 LLJG AT A RANVAEFESS A FF B . 1EIXPMA R T SEI]
JEFUAAT Z PP ZEnl AERE, R A 17 £¥e_EAAT4T, fft DEMO T F2£% A7 W] @, {H
R R e Ak, EE NN ITT KVM EHifi 5 ARM JEUIMIE R, HEKEa T,

(1) E—PEA BN 10 SCFFBEA 488 B, 1R FEE AT ) Hypervisor, kA
DB U SEIEATFAS FLVF Guest OS H A% V7 [ B & . It kg Z k2 21> Guest
OS #1 Hypervisor [ A7 ) 5 Hllr 73 &« DMA $8 §ill IR « A A 453 b AN 22X
s, BB R AR B P RSO, EL Guest OS H & BRI 5% £ 1) 52
Wi, 28 I ARAIR 55 F Y5 SsoAH B 52, T AR R B EL 5 22 > e & 0 2R 71 Hyper Visor B2, 1X
H AR 5 805 HAh Guest OS AH 520 . v Wi 75 R 5 RS, MUY R, A
TR WA G S A5 2 BER D B &, B U AT RS 7 DhRe ) B a8 5 .

(2) it Xen 22 KWL 7 4404 Linux BSP A% 4 Domain0, X FF T il o) #
0] Lg% Domain0 247, Flig EEWATH. HEEFINNEANZ —ES ARM JEfMLA R
IR 4EH o 1 H. Xen 2R 80T 2 AT N 1 IG BCH AT MR SCFF X86 AbFRZS, AEAT 4 Wit S HF
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PIALFE A B IXAN B U BRI T, A 15 1y =R ) i 52 4k

(3) FHA, WITZEMIAIR, 4 Linux BSP 4% Domain0 [ T FEm A v 6 HimiGE. 1
CA8 LLJ5, ARM SOC £ Z &A% ARMO A4 f&j 28 T . SOC #4 ki H 31 T GPU,
VPU ZZ AN Tk %, ZEXCH GRS Z, a7 YA A il ik, 2
b Wz g S 2 A OU R I BT A RS I SEIN B AT A A A A A AT IR 2
Sk MK TR .

(4) FHE—0, AAE— DR AR Z, 7£T ARM SOC FHPJEARFN A A 43R, 2
S A B ULET—FE A TF SOC H A {5 B . IR ZH4F TP, | i B8 JHE T BSP,
(HAR BT R IR, 1 GPU 2 219K ah K UL i HI i Bk A . X A#15 Linux
BSP (& DomainO #i% 4 JE i) 1 ANE A B 0w .

P LA, 22348 N Bl ARM [FE AL ZER) & KVM, HoRF s /e T RE S 5 4T LA Linux
BSP 5 HEAE AR 1 3 XA s e Guest OS H£:15 ) b iz AFe m#E Mtk vl LUK A
Frontend+Backend Ixz A7, DI & H P RE .

ARM KVM [JSEELER A5 KVM AT 284, FUREARF A OCH 70 5 ARM 44k
PR T IER . HSEEA R

CLARM JE b9 g H (1) Hyp F U4 & =L 5E A PL2, (H 21X AN B AAE 4 HOST
55 Guest V4 [ 4% .

(2) HOST Linux [ {E{E PLO Fll PL1 Rz, H Context #7 {7477 Hyp ) stack H'.

(3) Guest Linux [ {/EAE PLO 1 PL1 KA, H: Context #% {5 A7 7F H: g 4L AL FH 28 4H 45
FH

Hyp #230 F—5K  kvm hyp vector 5+ % & ARM KVM ZERJIE AL )i 0, #5E Host
55 Guest 2 [a] [PI#fF 4.

___kvm hyp vector:

.globl  kvm hyp vector

W(b) hyp reset
W(b) hyp undef
W(b) hyp svc
W(b)  hyp pabt
W(b) hyp dabt
W(b) hyp hvc
W(b) hyp 1rqg
W(b) hyp fiqg

fidfi ARM KVM [{j¥% 11, hyp undef, hyp svc, hyp pabt, hyp dabt PUFy & H [k
IR EA R REHIRAE Hyp A1), 3X Uk i ) #0432 X bad_exception.

1. HVC &&

TEPII HVC $5%2 5% A, hyp_hve 7947 [l e Hyp A B a5 8 2210 570 )

hyp hvc:
/*BVC P 8 w5 a2 8ok, XU HIRAF*/
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push {r0, rl, r2}

/*HSR Fffde Hd>k | HVC A% I~ A2l T PL1 &4 HVC #H A, XH i HSR
BArde, R ARG E PLL BE| | HVC $54*/

mrc pl5, 4, rl, c5, c2, 0O @ HSR

lsr rO0, rl, #HSR EC SHIFT

cmp r0, #HSR EC HVC

bne guest trap @ Not HVC instr.

/*
ffiiAs2 PL1 B E| HVC $7§4, T REMIIRE vMID X /32K A Host ib/2 Guest ]
*/

mrrc pl5, 6, r0, r2, c2

lsr r2, r2, #16

and r2, r2, #0xff

cmp r2, #0

/*KH Guest [ HVC K EkHE 2 guest trap*/

bne guest trap @ Guest called HVC

/#k H HOST [f] BVC i Ff] i FiX Hi*/
host switch to hyp:
[ RIA RAF [P HOST 35T k2 4+ /
pop {r0, rl, r2}
/*{%AF- SPSR*/
push {1r}
mrs lr, SPSR
push {1r}
/*HOST il kvm call hyp, ¥ Hyp HH A HEERAE r0 B, struct kvm vcpu Hiff
AE vl B, X HAEEE IR 1, struct kvm vepu 3R r0. X HIEELLFELT r2,
r3, PLarRiRkZifix/
mov lr, r0
mov r0, rl
mov rl, r2

mov rZ2, r3

/*BkE%]  kvm vepu run #HERIKE Guest*/

blx 1r @ Call the HYP function

/*M Guest IR[F|# Host )oK, #MIXHHF] PL1*/
pop {l1r}

msr SPSR csxf, 1r

pop {1lr}

/*Hyp #0iE F] eret, %] PL1*/

eret

/*Guest hvc 7 EF|IX §lx/
guest trap:
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//x0 {¢#J8 VCPU [f] Contex MI¥RE
load vcpu @ Load VCPU pointer to r0
str rl, [vcpu, #VCPU HSR]

/*4i M\ Guest 1K, B HVC MM, ERTHER MMU Ffmy, WO Bea 3y A4 ik 1y vy (] + /
lsr rl, rl, #HSR EC SHIFT

cmp rl, #HSR EC IABT

mrceq pl5, 4, r2, c6, c0, 2 @ HIFAR

beq 2f

cmp rl, #HSR EC DABT

/AR, HAEEIR [Pl ie*/

bne 1f

[+ PR Cpl5 SR EE R, EXHREIT, 01t Host HIBkFE*/

/¥R T & HVC i i */
1: mov rl, #ARM;EXCEPTION_HVC
/*Host 1Bk pR £/

b __kvm vcpu return

/X H, W] Hyp Xf Guest PeEN R BB 48, & nJHe2 Guest WZHEIMERE, &
75 Guest HOC T Wrx/
4: pop {r0, rl} @ Failed translation, return to guest
mcrr pl5, 0, r0, rl, c7 @ PAR

clrex
pop {r0, rl, r2}

eret

% K70 #r Hyp #2320 %] Host [i] Guest U4t [ S5 .

/F XA R EK ARG, BIHY Host Context Kk, PKE Vcpu, eret*/
ENTRY ( kvm vcpu run)

/*IX " Host Context Hafk, fﬂ?«%fﬂ:%ﬂﬁ%ﬁtﬁm Context, [ A &A% Ik
ANEAR, 1 cP15 B\ E B/

save host regs

/*PKE vepu IR/

restore guest regs

clrex
/*# | Guest*/
eret
M Guest i [1] Host 5 M Host k& Guest Z3EL,  H &5 1] Host [RIFERVEAN &2 AFIX kT
1, Z I 3.
/*Guest [n] Host I&[A], K F Guest [ Hve FH*/

kvm vcpu return:
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/* % Af Guest [I] Context#*/

save guest regs

/*KE Host [F) Context, XHFICEZFH I 1r HFAE Host 1 1, T1M/& Host V)3
Guest Z AT —4cihht, KA E Hyp i T blx, MAZR Guest [n] Host A1 b

HSUKE host, hyp. guest A& MEAE, RILHR vepu, #&H ZATIAKPULE, RS
&/

restore host regs

/¥IZ[AF]  kvm vepu run ZHEIHF K352 =/
bx 1r @ return to IOCTL

2. hEF S RRPHRE

& FORFAT hyp S5 R B 53 A o AL FE

/% W7 S Y [ 2 bR i+ /

hyp 1rqg:
push {r0, rl, r2}
/*rAF PR, W3 Guest Exit */
mov rl, #ARM EXCEPTION IRQ

load vcpu @ Load VCPU pointer to r0
/*4k%E R Host 1R[], 5 hve 50 #A4F -/

b kvim vcpu return

.align

/ORI A W ALEE, 5 e AL S+ /

hyp fiqg:
b hyp fiqg

£ ARM KVM #EAT HERJ2 R 73 Bt Host Linux Jf3%A7 TAE/E Hyp B0, M2 -
Hyp st i Lb— F % 4% HOST 7t 5 GUSET 71 K17, 5 ARM AbFi SE 5 NON-SE
DRI ) T340 5 A2 e SR S . VS HOST 5 Guest # T /E 7 PLO A1 PL1,
{HJ& HOST &7 G e ALY, 1E /23Xl KT 1H ROOT tH 5 Hll Guest tH 5% &5 71K .

Hyp #30 F R LAEAS ol LU AL PR 2084 F 4 Rk S, XA A B34 5l n] LUK
fi4E Hyp B30, {H/Z2 ARM &£ TXFEEER 30, ARM AL 22 X —IRARPIAE H
BEE R b
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S, XANEAEF EZ MR TiE bR, MMU . R EHENZN AL
NS RGBT IR R . REMZ IG5y TAER R N iZ2 8 TN REFR, NHAREFE
A RRGE TAEMIER TS, PR AR I S T AN 1 RS

PAE RGO HIZEN TiITNH, B K, EAE RGNV A a4
Ja . ERERCHI, NAZG KH— RS 8, AL Z 1 0GE. #H— WA 2
ATERG P RS A, —EAR— DN Z.

ARM AbFEER B0 137 PP LA A AZ AL BEXS B AR I, AT 7041 ARM Linux %)
AR [P AHESE, JFAE W5 R UL A7 B 25 UTAH DG 1 B0 5 LU 52 0 224 Y A% L
P A o o

48 ARM 1R R 7 R 3RR

(1) BAwH . BIRAL, M reset ¢ [n] & HOH AT

(2) Fdm e o BN a) 0 i b 20 00 i A7 AE B0 0UR I AT a5 T ] 5 [ 11
o

(3) THHLFR2 7 o RIJ7 i) A FE 4% HU R 2 I i T ACHS Ul i AN A A8 B DR I AT T
SRR 5 TS 1 3

(4) Padep Wi sk . PR A B Fiq.

(5) K. H T IRQ.

(6) Bt kims. HTRGWHM, B SWI, A4k R #E, —H SWI
AN, WZARTE RG0S5 Z G 2IAHN APL, IfAKYE 7 &0% N RS 50k T AH Y. s
B APL, 5ERGERMU AR K. B R HUGE FH# EARIz B 4.

(7) AR5

2.1 SeRSIaAe

211 FEHEA

MAls ARM AEFERVE, ARM (57 o) 5k i) LA F 0X0000 k7 0XFFFF0000, XA
AL EAEFRES o] MRS . BRACAL FI&s — AT At ) DTG i B R B A e 36 5 5 ) i )
fr . X% TKHS SOC SZHLER LA OXFFFF0000, [AtA{5il k) OXFFFF0000 i /¢
ARM 7 [n) s i ik

{f Linux N %"}, ARM Linux [ % [ 2 &7 T arch/arm/kemel/entry-armv.S H . H il
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NEYGFE 2 vectors start 3| vectors_end, MK EALRE . AREXIFLAHE . AR
W BURR . IEUE R . IR R . PR DU IR

.globl vectors start

vectors_start:
SW1 SYS_ERRORO

b vector_und + Stubs_offset

ldr pc, .LCvswl + stubs offset
vector pabt + stubs offset
vector dabt + stubs offset
vector addrexcptn + stubs offset

vector irq + stubs offset

o o T T T

vector fig + stubs offset

.globl  vectors end

Horh A R e o R 2B 21— W AL FEACS B . R R MR E, (HR XL
F AR B RS I R
vector stub XXX, XXX MODE, 4 //fl% vector stub, HA xxx J3EkRH
/LR XAk R, B R AIE 1AL SRS A E M e W AR EE 5, R
EE usr Al sve B3, O Linux R4 F AR M. 1 ARM H A 7 Ffsl (A% &
CA15 [f] Hypervisor R, tEAF%E Trustzone f] Monitor ¥, B2 ZBEERME | 16
L, HJRKAE IRESFAAAN 0~4 LA HIR bRl ARG AREC 1, POy 1 B 1l 284 5 3 0 H 3
M K A RZAN RIS, b3 R e X 16 Titx/

.long XXX usr @ 0 (USR 26 / USR 32)
.long XXX invalid @ 1 (FIQ 26 / FIQ 32)
.long XXX 1nvalid @ 2 (IRQ 26 / IRQ 32)
.long = XXX svc @ 3 (SvC 26 / SVC 32)
.long XXX 1invalid @ 4
.long = XXX 1invalid =
.long XXX 1invalid @ f

AL FE S SN

.macro vector stub, name, mode, correction=0

.align 5

vector \name:
.1f \correction

sub 1lr, lr, #\correction
.endif

/xR arm 24U cpsr RAFTE spsr B, JTLMEH spsr WUEER H, W K AT AL FE 4%
ARG/

@ Save r0, lr <exception> (parent PC) and spsr <exception>
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@ (parent CPSR)

stmia sp, {r0, 1r} @ save r0, 1r //lr fFiG+ ¥ KAR pc B, r0 72 swi
1955

mrs lr, spsr / /B spsr AR 1r

str 1lr, [sp, #8] @ save spsr

[AANE E MAT AR R H 1, 1 Linux AR sve #5230, Bt DR A28 FeR A D)3 2]
SVC P */

@ Prepare for SVC32 mode. IRQs remain disabled.
mrs r0, cpsr //HUH cpsr AR
eor r0, r0, #(\mode ~ SVC MODE) //®&A SVC

msr spsr cxsf, r0 //H[A] cpsr

@

@ the branch table must immediately follow this code
@

and 1r, 1lr, #0x0f //HUHFHAKAER cpsr A TUIREAL

mov r0, sp

/AR A € B L . 29007 pe (HAE AN, pe ME N T 45452k, Pir DLBkS (1) ik .

1278 Z IR A X BACHS (1) — e b2, BB $23) 16 A -Bkd T/

ldr 1r, [pc, 1lr, 1lsl #2]

movs pc, 1lr @ branch to handler in SVC mode
ENDPROC (vector \name)

.endm

212 FRERNHE

DL EsE T PIAZ ) S () s RO N [ AL FE e 5, 9% S wh R B N % Image, {H 2
N ¥ Image #5014k 240 BN A7 10 HE HEAS 2 A8 15 0% 0] 18 3% 1 4F 58 4 B S 21 K 400 ik
0xffff0000, JIt LA A% I 75 20K 5 ) R i 21 Ox 0000, 1] ) 11 28 5 %) . 1) AL 2 pR 2L 1T
AT 4R B, AAHBEE RS, 184 B —IA 32 7K, B B Mgahd, ®aar i
M AT 32M,  FIT LAIS AT bR B AL BT 31 OxFEFR0000 P, H WA i Bl B4 LI A 25

1. {iF arch/arm/kernel/traps.c

volid init early trap init(void)

{

/ /SOC i 1) 5 ) S R FEHBERT IL 9 CONFIG VECTORS BASE=0XFFFF0000
unsigned long vectors = CONFIG VECTORS BASE;

extern char  stubs start[],  stubs endl[];
extern char  vectors start[],  vectors endl[];
extern char  kuser helper start[],  kuser helper end[];

int kuser sz = kuser helper end -

kuser helper start;
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/*

* Copy the vectors, stubs and kuser helpers (in entry-armv.S)

* into the vector page, mapped at O0xffff0000, and ensure these

* are visible to the instruction stream.

*/
[ /R M EERBESE 0XFFFF0000, vectors end -  vectors start ARFHMER
KA

memcpy ( (void *¥)vectors, __vectors start, __vectors end -

vectors start);

/XL vector xxx PRELK . LCvswi 3% OXFFFF0000+0x200 . E,  stubs start
M vector xxx M .LCvswi PR BT 4R ~ _stubs end NEETRANLE */

memcpy ( (void *)vectors + 0x200, ~ _stubs start, ~ _stubs end —

__stubs start);

/ /S, W icache

flush i1cache range (vectors, vectors + PAGE SIZE);
}

it A] DLYE arch/arm/kemel/entry-armv.S HESS T 5 o) S Bk bk, i sE2fr TAE
N34 F B fAl— R k2 5, OXFFFF0000 i A4 52 &A1 T AE#h /A .

2. SMP R R EmIFIIA 1L

T SMP R4, RAREMNENECHSHERG 2 A KRR, 52 2%
1 TAER . 76 CPUO I EG4L s void  init early trap init(void) L& T B HbE 5 5
AL, B2 RO R AP I B shid A2 CPUO & 37 [ & mi 2k 0l H ok B Hillid RIXFF

Al AT Rl T s
{E CPUO Ja#hitfir, 45447 int  cpuinit  cpu up(unsigned int cpu). [ [HIfCHS A H

2 CPU E il v vl H 5%

int cpuinit  cpu up(unsigned int cpu)

{

/*CPUO EHlA M mE i H%, XFEAE 4.1.3 178 cruo A A AR 5 u R b b HAb cpu o] H

I/
pgd = pgd alloc(&init mm);

secondary data.pgdir = virt to phys(pgd):;

/*
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* Now bring the CPU into our world.
*/

ret = boot secondary(cpu, 1dle);

}

Htk R DU 4518 fE—4 SMP R4 H, 7F CPUO ¥lisfh iR G, Frfa HAh )
CPU 2= X P mE AL, HihEA—2.

22 W i &

2.2.1 Cortex A9 Z 1418 2E 0 P HTIZHIZE GIC

£ CA9 LLHY, BEFf SOC HHh BT il 452 H CSBLR, {HA22] 1 CA9 SMP LlJs, HrIi
PR ARM B I —H8 7, S X WAL FESRACEE ARM = Hi#8 GIC Mije
IHIO048A _gic_architecture_spec. HHRAAE T, XJ1F SMP {288, % il st 245
H W TIEE, SE P IBTHIE SR acks bRk EDIRERD A], K] R EADUHE A, H
22| 7 SMP Gy &, BR T ack. k. BEmcZAh, B T A R ) e

(1) Wy A 25 R AAL B 25

(2) AbFRES )@ Q) se B ——ACFE 850 (5 A ot E a2 —Fhep ¥

(3) AbFEES R ER T

ARM AL e W i 48 GIC g2tk L B, R4 GIC Miye, Szt (=
W, THIO048A gic architecture spec '] Figure 2-1 GIC logical partitioning into Distributor and
CPU interfaces).

(1) 32-1019 SPI = Jajhlfr, nl455E 70 A FIAN A U A HiL 4

(2) 16-31 PPP  AbHfies syl h b, AbFREAR Jaiif v] W

(3) 0-15 SGI  HAFr=4=vlr, H1 CPU 5 ICDSGIR 7=/E, w45 5 & FIAN A i Ak

HE 4o
GIC A5 73 B 77 -
(1) GIC K DIST 347, X2ty CPU 2.
(2) &M CPU H CPU  interface #i7), IX¥l/r =l %5 frdesthl, HEEWL CPU J57l
AU, ARM HEFF S SOC | i Ry iz iy bk 5 80 D AT R A7
UL EMEESAE GIC fiA 4544 struct gic_chip data 13 2RI
struct gic chip data {
unsigned int irq offset; //FHiSHwiEE
void percpu  iomem **dist base; //WxXFH CPU Uil GIC Dist [ZEHshL

void percpu  iomem **cpu base; /*idxkff CPU jjin] GIC CPU interface
3k, AERALEE AR B R R Ty, (H 2 U i) B HI 2 AN [R] (37 A7 4 /

unsigned 1int gilc 1rgs;
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222 MT6577 89 BTk &R

MTK 5 Android Z2Za0C. 7EF AEHLINAS, MTK JREIFE 1 BRE B, (HZAMR PRI
1. MTK [ e LI ACSE RS, S TRt —4, X EH e fif k.

MTK FHLAFEZS B BE e AN B SR fe e, (H— 2 e 175 LN AER B ANIE K A&
98, (H— R IZIZ 1T SO AN 1) Android R 485 W H .

MTK [, MASIEERL., Rl 2 Android REESCHL, MTK 261264, JLF
s 7T BR B TAE . MTK 1250t B R R 5 KEEFHLEE 5e R ILEE, 35 )
SFF T EE P PR sy IRBE AR E R S, T [Rl—Rp Dy Reds A Ah i, HEATZ
F ok, PABAORIENL R LN B 22 4. ik, i) IC. fH. LCD. SMT &/ \b 5k L
MTK 55 20, L2 Bk =55 MTK AT R o 2 T AE.

AT 5 Hr MT6577 I A& 5 . MT6577 1) Datasheet A& AN T SCRS, & HoiZ S0
B IR TE ML IR P WA R S5 A . (BRI U8836d A T AR A1 nf LL5E £ 4h 7
AT MT6577 [#)H Wi 484 . MT6577 [ H WA 3 1) e e J2 AR 1A GIC B, n] 2 )l ARM
/) release AHOCFAR A . MT6577 Hhif) SiZE n) 22 W, U8836d 2 T AR AE Hh 1Y SC A

//U8836D\medlatek\platform\mte577\kernel\core\include\mach\mt6577 irqg.c

/ /16 ANERAF A

#define NR GIC SGI 16

//16 NEPESS R, 7E mt6577 PHSEHAEM T 54, M 27 S5IFG
#define NR GIC PPI 16

/ /128 A4 R

#define MT6577 NR SPI (128)

#define NR MT6577 IRQ LINE (NR GIC SGI + NR GIC PPI + MT6577 NR SPI)
/ /2R WA 32 S5 A

#define GIC PRIVATE SIGNALS 32

/ / BEHE 2 Jai s A T (R AR 4

#define GIC PPI OFFSET (27)

/ /AR 5E T 5 ANAE B 28 R v BT

#define GIC PPI GLOBAL TIMER  (GIC PPI OFFSET + 0)
#define GIC PPI LEGACY FIQ (GIC PPI OFFSET + 1)
#define GIC PPI PRIVATE TIMER (GIC PPI OFFSET + 2)
#define GIC PPI WATCHDOG TIMER (GIC PPI OFFSET + 3)

#define GIC PPI LEGACY IRQ (GIC PPI_OFFSET + 4)
R N 32 5T g e T 104 >4 ey I
#define MT6577 L2CCINTR IRQ ID (GIC PRIVATE SIGNALS + 0)

#define MT6577 USBO IRQ ID (GIC_PRIVATE SIGNALS + 8)
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#define MT6577 USB1 IRQ ID (GIC_PRIVATE SIGNALS + 9)
#define MT6577 EINT IRQ ID (GIC PRIVATE SIGNALS + 96)
#define MT6577 EINT DIRECT7 IRQ ID (GIC PRIVATE SIGNALS + 104)

CL_Erp A R I SE B2 E ok GIC PIREC B R 5, 11 GIC WEE & AEA s 72 5¢ Al
GIC #Jiaft el4k DIST H#lante M%Ef CPU H L interface H4#)451¢ . DIST #]454¢ H CPUO
SEH AR JE CPUO #58 % H L&A [ interface #]UHit. {1 CPUL IZK 2 )5 fH5E Rk CPUL (1)
FH K interface #JUG L.

CPUO 1) TAEACH an |

void init mt init irqg(void)

{

//DIST I
mt gic dist 1init();
//CPUO 1] interface #ltH1t

mt glc cpu 1nit();

static void mt gic dist 1init (void)

{

unsigned int 1i;

u32 cpumask = 1 << smp processor id();
cpumask |= cpumask << 8;
cpumask |= cpumask << 16;

writel (0, GIC DIST BASE + GIC DIST CTRL);

/*
M 32 I, WE SPT TPk, N-N i, GIC M GIC DIST CONFIG --0xC00
FFUf A2 Wi 7 K %5 A7 4% TCDICFR, AN SPT XTIV 2 i
*/
for (i = 32; i < (MT6577 NR SPT + 32); i += 16) {
writel (0, GIC DIST BASE + GIC DIST CONFIG + i * 4 / 16);

/*
Jifi SPT 43 K4y CPUO. XS IA cruo AfethirEl. GIC M GIC DIST TARGET
——0x800 FFUH 2 Wi K aifrds, KEMRIE ZFT spT AFmAFE, AT WO 8 7,
—fLE 1, PR ARSI EAL 2. Cpumask BF 8 ALEBARAIERE 1, FRLLM 32 S
4, SPI #R4r & CPUO
*/
for (i = 32; i < (MT6577 NR SPI + 32); i += 4) ({

writel (cpumask, GIC DIST BASE + GIC DIST TARGET + 1 * 4 / 4);
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/*
GIC )\ GIC DIST PRI —-0x400 JHaa2 Wil /Rd & frds, KEMRIESFFN sPT AF A
A, AW 8 AL, XML SPI RSEH AR E AR LK
*/
for (i = 32; i < NR MT6577 IRQ LINE; i += 4) ({
writel (OxAOROAOAO, GIC DIST BASE + GIC DIST PRI + i * 4 / 4);

/*
GIC M GIC DIST ENABLE CLEAR —-0x180 FF4fiZHWibf##F /7 4% ICDICER, KRR
SCRFI) SPT AAITANE], BSOS 147, H 1 Bz b
*/
for (1 = 32; 1 < NR MT6577 IRQ LINE; 1 += 32) {

writel(DXFFFFFFFEZ GIC_ﬁEST_ﬁﬁSEL+{SIC_DIST_ENRBLE_CLEAR-Fj_*%l/ 32);
}
/%
FEHR Linux PWrASAH %, B0 TW—4 struct irqg desc, VIHIZNEAH, BT
LR radix . BTN —4 struct irqg desc, kPN AR E ) OC B A 4
struct irqg chip M irq flow handler t. HIF 2R AT EHEEGIES, £ mt6577
/& struct irqg chip mt irg chip, & 2 F W & B E ¥, o K void
handle_level_irqzunsigne&_in£_irq, struct irq desc *desc), HAIRXATH
‘Pt x Ml void handle edge irg(unsigned int irqg, struct irqg desc *desc),
H RN i
*/
for (i = GIC PPI OFFSET; i < NR MT6577 IRQ LINE; i++) {

irqg set chip and handler (i, &mt irqg chip, handle level 1rq);

set 1rqg flags(i, IRQF VALID | IRQF PROBE) ;
}

#1fdef CONFIG FIQ DEBUGGER
irq set chip and handler (FIQ DBG SGI, &mt irqg chip,
handle level 1rq);
set 1irq flags(FIQ DBG SGI, IRQF VALID | IRQF PROBE);
fendif

/*

GIC M GIC_ICDISR --0x80 JFUnE Wi by f7 4% ICDISR, KPR SCHFFI SPT AN
AF, FAPWORY 1A, B 0 Fonizth kiR Letln, B 1 szt e et XH4e
B 1

*/

for (1 = 32; 1 < NR IRQS; 1 += 32)

{
writel (OXFFFFFFFF, GIC ICDISR + 4 * (1 / 32));
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/*

TCDDCR AV T 0x, Wi FFICHTFF

* /[

writel (3, GIC DIST BASE + GIC DIST CTRL);

/ /%R B S CPU s IE N1 )BT
static vold mt gic cpu 1init(void)
{

int 1;

/*

KW PPI, T FF SGI.PPI i M FIM i ffl void mt enable ppi (int irq) #TFF, £ u8836d
RIGIH HAT local timer /& PPI 1My, fEHAIMGAN N B OXT VAT HENIFT H, SGI 424
FTFF, SGI HI b ab 2 25 7] A Wt (1) LAl

*/

writel (0xf£f£f£f0000, GIC DIST BASE + GIC DIST ENABLE CLEAR);

writel (0x0000ffff, GIC DIST BASE + GIC DIST ENABLE SET);

/* WH PPI SGI FWiL/Edh 0x80%/
for (1 = 0; 1 < 32; 1 += 4)
writel (0x80808080, GIC DIST BASE + GIC DIST PRI + 1 x4 / 4);

/*%'E PPI SGI Wit NAE secure Hi*/
Writel{OXFFFFFFFF, GIC_ICDISR};

/*#:/F A C. ) CPU INTERFACE [I] ICCPMR #FAra%, RAMEH ST 0xF0 I KA =X
AU FE RS+ /
writel (0xFO, GIC CPU BASE + GIC CPU PRIMASK) ;

/*#4F H CI¥) CPU INTERFACE [f] ICCICR & {74y, M E:

(1) FEVFRARLELLSIE secure F W

(2) RRVFARLLELSIXTE secure F W

(3) % secure FWHELBIARLLTE R FTQ T4k

(4) W Hilid secure binary point register H|H

(5) —~ ICCIAR ] secure 1, FEIF secure HmmilLt% pending HH7F] ack
* /

writel (Ox1F, GIC CPU BASE + GIC CPU CTRL);

dsb () ;
}

(ELAS LA MT6577 4 Ja Hh B (19 SR S 93 2k W A
(1) X THERAE SOC BLy M, EEXT N —4 /i, @1 MT6577 USB1 IRQ 1D,
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{EHL IR BT aR I LRk L A Wi AL FE pR Z55E E 21 P9 1% 1 v B b 2 5L 2 2] v
request_irq{nqu} musbfsh->isr, TRQF TRIGGER LOW, dev name (dev), musbfsh)

(2) XFALT SCO Z Ahish ik, Wi MT6577 EINT IRQ ID #4575 %, MT6577
TENAZ HHER T — N Fh v I A B ek 2T 20 A

typedef struct

{
vold (*eint func[EINT MAX CHANNEL]) (void) ;

unsigned 1int eint auto umask[EINT MAX CHANNEL];

} eint func;

XL SN IR I void mt65xx eint registration(... )y M B ) T R EL
Bt i i BE 12 il 28 gt813 , mediatek\custom\out\huaqin77 cu ics2\kernel\touchpanel\
Gt813 driver.c il i iZ bR ZA M 5 1) v I A B pRy £

mt65xx eint registration(--, tpd eint interrupt handler, 1);

MK SOC AR & A DL S, MT6577 #44E GIC [t MT6577 EINT IRQ ID b=/
bk, MU fid A HC op IR Ah B pR Y static irqreturn t mt65xx eint isr(int irq, void *dev id). {F
%R B RS AT eint func 04, @E— 20 fd RO6T B [ Ab BE eR AL

2.2.3 Exynos4 By HhRi{KFHR

— A, ARM ACFRZEFIH £ 4, IEF RIS S —4C ARM AbERES, 1y HaE 4L
Kb 3 2% 55 3D KA A = b BE AT A LEE S BN Apple [ 54T J16F

F—UCK RS E R T B SR R R F) 2 L S5PV210, A Y Rl AL F A% —
{511 L2 Cache, S5PV210 Rl Ay i) i1 &t it) CAB ARM., ‘[ — IR ARM Ft,
1E CA9 1, —H OB ARM HEEER AW E —MFE, 76 CA15 B =B BN B —55E
2t ARM ZEA ) S .

— 51 ARM AbFEES I e AR KR RAE T = AL K45 68 0 o 76 4
— R TR B RS R UE T = R FRAS SR . B )adm, RS ALHE Intel
PIRES), AR DA S Se b T 2R BARIIHE, WA . i KT E eHx, —&
PN TF-HIE AL FRERAR T 1) T2 R ARG EM T, AL LCD b %tk Ot i Wi sSkok, A
T AR EMMC [P0 ks O e, TP aixds, = HEHP& L) 8H 24k 2
Zethifsete, EEatRifttE R T T .

1. exynos4 BYH A FR

CPUO 1] GIC #4540 T4EM void  init exynos4 init irq(void) JT-4f .

volid  1nit exynos4 1init irqg(void)
{

int irg;

gic bank offset = soc 1s exynos4412() ? 0x4000 : 0x8000;
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/*S5P VA GIC DIST #& CPUO [fJ GIC DIST X:diht, S5P VA GIC CPU s CPUO [f] GIC CPU
interface JiHilbsx/

gic init (0, IRQ PPI MCT L, S5P VA GIC DIST, S5P VA GIC CPU);

void init gic init(unsigned int gic nr, unsigned int 1rqg start,

void iomem *dist base, void iomem *cpu base)

struct gic chip data *gic;

int cpu;

//GIC #iiA4ify: struct gic chip data
glic = &gic data[gic nr];

// B CPU /e AL E DIST Ml CPU interface JEHuHE[R N A7kt
glc->dist base = alloc percpu(void  lomem *);

glc->cpu base = alloc percpu(volid  lomem *);

/ /5G4 CPUO [F] DIST Ml CPU interface At
for_each_possible_cpu(cpu) {
*per cpu ptr(gic->dist base, cpu) = dist base;

*per cpu ptr(gic->cpu base, cpu) = cpu base;

gic->1rq offset = (irqg start - 1) & ~31;

if (gic nr == 0)

glc cpu base addr = cpu base;

/ /DIST [HH]UHL
gic dist init(gic, 1rqg start);
//CPUO [f] CPU interface JEHihE[]A 17

glc cpu 1init(gic);

/¥ GIC dist MHIUGtL, REGHHTE cpuo #1T, K OTAFZNME cIC SPI Hir Gl AMH
WA ) %/
static void  1init gic dist init(struct gic chip data *gic,

unsigned int irq start)

unsigned int gic 1i1rgs, 1rq limit, 1;

void iomem *base = gic data dist base(gic);

u32 cpumask = 1 << smp processor 1id();
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//cpumask: AN 8 M EARAI A E 1

cpumask |= cpumask << 8;

cpumask |= cpumask << 16;
writel relaxed(0, base + GIC DIST CTRL);

/*
* Find out how many interrupts are supported.
* The GIC only supports up to 1020 interrupt sources.
*/
gic 1rgs = readl relaxed(base + GIC DIST CTR) & 0x1f;
gic:irqs = {gic_zrqs + 1) * 32; N B
if (gic i1irgs > 1020)
gic 1rgs = 1020;

Ve
* Set all global interrupts to be level triggered, active low.
*/
/ /0K SPT B B 4 il &

for (1 = 32; 1 < gic irgs; 1 += 10)
writel relaxed(0, base + GIC DIST CONFIG + 1 * 4 / 16);

/*

* Set all global interrupts to this CPU only.

* /
/% m 0x800~0x81C R[N BYTE Fi7tH 1M N 1 K & 2 cpu b, XA AT 1
AR Wit kTR A 2, XA cpuo W BUGIEATLMER] struct irg chip 1
int (*set affinity) (unsigned 1nt 1rqg,const struct cpumask *dest) ; B AU

WrZk e 21 53 4M ) CPU L/

for (1 = 32; 1 < gic irgs; i += 4)
writel relaxed(cpumask, base + GIC DIST TARGET + 1 * 4 / 4);

/*
* Set priority on all global interrupts.
*/

//0x400-0x7F8

for (1 = 32; 1 < gic irgs; i += 4)
writel relaxed(0Oxa0a0ala0, base + GIC DIST PRI + 1 * 4 / 4);
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KHBE PPT Ml SGIs ZAM b
* /
for (1 = 32; 1 < gic irgs; 1 += 32)
writel relaxed(Oxffffffff, base + GIC DIST ENABLE CLEAR + 1 * 4 / 32);

/*
* Limit number of interrupts registered to the platform maximum
*/
irqg limit = gic->irq offset + gilc 1rgs;
if (WARN ON(irg limit > NR TIRQS))
irg limit = NR IRQS;

/%

* Setup the Linux IRQ subsystem.

*/

//I 7 1inux ¥ generic HWior K E 4

for (1 = irg start; 1 < 1rqg limit; 1i++4) {
irq set chip and handler (i, &gic chip, handle fasteoi 1rq):;
irq set chip data(i, gic);
set irq flags (i, IRQF VALID | IRQF PROBE);

writel relaxed(l, base + GIC DIST CTRL);

/*CPUO [f] GIC cpu interface FWi#ldHtk, L %2 PPI M SGI #14hift, SGI ZALFEZIIE(E
) H S T-Bx/
static vold cpulnit gic cpu init(struct gic chip data *gic)

{

void iomem *dist base = gilc data dist base(gic);

void lomem *base = gic data cpu base(gic);

int 1;

/*
* Deal with the banked PPI and SGI interrupts - disable all
* PPI interrupts, ensure all SGI interrupts are enabled.
*/
[ MEATEEAZ, XH PPT T W28 hf ik ]
writel relaxed(Oxffff0000, dist base + GIC DIST ENABLE CLEAR);
writel relaxed(0x0000ffff, dist base + GIC DIST ENABLE SET);

/*

* Set priority on PPI and SGI interrupts
*/

for (1 = 0; 1 < 32; 1 += 4)
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writel relaxed(Oxa0a0a0a0, dist base + GIC DIST PRI + 1 * 4 / 4);

writel_relaxed(ﬂxfﬂ, base + GIC CPU PRIMASK) ;
writel relaxed(l, base + GIC CPU CTRL);

2. CPUX tHXH) GIC Ec &

CPUX A5 &Rk GIC 1¥) SPI Hh ¥y, B LA CPUX #HCH) GIC #WIdh4k TAESE R H 5 1
GIC cpu interface "W #J 2G4 RI 0] o EAF O A& H AT TiAE::

asmlinkage void  cpulnit secondary start kernel (void)

{...

platform secondary init (cpu);

u}

vold  cpulnit platform secondary 1nit(unsigned int cpu)

{
/* ARG T Exynosdx12 448, CPUX [f] GIC DIST #ll CPU interface ettt ()it 5 &
CPUO M6 I hE+ wim cPU & IS B+ /

void iomem_*dist_base = S5P VA GIC DIST +

(gic bank offset * cpu);
void lomem *cpu base = S5P VA GIC CPU +

(gic bank offset * cpu);

glc secondary 1nit base (0, dist base, cpu base);

void cpulnit gic secondary 1nit base(unsigned 1int gic nr,
voilid iomem *dist base,
void lomem *cpu base)

{
/ /eI E R GTC A 45 1) HL I 2
1f (dist base)
*__tﬂis_cpu_ptr(gic_data[gic_nr].dist_base} = dist base;
if (cpu base)
*__Ehis_cpu_ptr(gic_data[gic_nr].cpu_base} = cpu base;

//CPUX [¥] PPI SGI T Wreliaib Wi 1443

glc cpu 1nit(&gic datal[gic nr]);

224 OMAP4 g BEf{AZ

g ea MR HFINY, (Bl AR 40U dal,  Ti R S B[]
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BN E S KA R B om0 —4C ARM AbFE 8%, i H 5 WA 23 Hog 20 () DSP, DA
#+ ARM CORE T 1E. J&% Ti {F 3G IWACE 2 LA N BE, (H & Hos K1) ARM AbH 28
WU HE ST AE AT Modem [P0 F 545 T WAX: Omap3 & 553K Cortex A8 =i, HIIAT
C64+DSP, [ PEREAENL It HAA . G4 Neon HAE{FSw 6% 1) 26E, Omapd
5916 7 DSPAEH], (HAKAR 4Gl FE 2k A DUAZ N AR

WAVT R A Omap5 [ DNFESELEA REW A& T-HLF7 K, VP JeiE g Modem 5546 T Ti 1) 3%
77, W T B e oS, CUSFHUGCESBEASHT T 552 . T Omap5 1
BB ALAL B H AR A S0 keystonell, {H 2 ik A G ARFE 2% iy 3F it T Hoin g wa Sk 5], oK
AR T HLALFE 25 RS

AT 44 Omap4 H I A R .

1. #19a1L

volid  1init gic init irqg(void)

{

// B 5C map H P WE 4 Distributor 3 fras %% [H]

gic dist base addr = loremap (OMAP44XX GIC DIST BASE, SZ 4K);
BUG ON(!glic dist base addr);

/ /X Distributor HJH]UGAL

gic dist init(0, gic dist base addr, 29);

/* Static mapping, never released */

//map HHPEE T4 cpu interface & AF4s 5|

glc cpu base addr = loremap (OMAP44XX GIC CPU BASE, SZ 512);
BUG ON('!gic cpu base addr);

gic cpu 1nit (0, gic cpu base addr);

/*LL L 2 Ik map, SEPr bk AATE LR A g L R bk 20 Bk B  SX AN s R AE A AR AT
UEALIS BEAT, M R B AR VTR AL I IR BEAT map #:4F . HIRKHTET:

(1) PSR g bt A g B3 D17 LA BRER 1 i 36 it H 3%

(2) MWERALEEESE/ME, Distributor REEHEL—, HWBEEHWAT T

#define OMAP44XX GIC DIST BASE 0x48241000

HIX cpu interface ®AMMCEGHEAT B CIZAEW, (HE2BIRTE Omapd SR HAS N 1 HH 1A
¥y 3 Sk + /

#define OMAP44XX GIC CPU BASE 0x48240100

vold  cpulnit gic cpu 1nit(unsigned int gic nr, void iomem *base)

{
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gic data[gic nr].cpu base = base;

/*91EAA CPU Il hlfE B, XA BRI X o X CPU 41, {H 2 i1 T 13 i R U ik )
P IUCAR, WA AR EE 85 04T 210X HL o] TR AL B 4545 41+ /

writel (0xf0, base + GIC CPU PRIMASK) ;

writel (1, base + GIC CPU CTRL);

void 1nit gic dist init (unsigned int gic nr, void iomem *base, unsigned

int irqg start)

{

/ /X OB 21 B Distributor [ REFAHBIE
glic data[glic nr].dist base = base;

}
2. 251 CPU interface HI#I5 1L

vold  cpulnit platform secondary 1nit(unsigned int cpu)
{
trace hardirqgs off();

/ /¥1EHGZ cPu T (G B

gic cpu 1nit (0, gic cpu base addr);

spin lock (&boot lock);
spin unlock (&boot lock);

3. CPU [a) ¥ A& 57

static 1nline void smp cross call (const struct cpumask *mask)

{

glc ralse softirg(mask, 1);

/ /mask sk | R PL AL B AS R I P WT,  irg il AL R T

#1fdef CONFIG SMP

vold glc ralse softirg(const struct cpumask *mask, unsigned int 1rq)

{

unsigned long map = *cpus addr (*mask) ;

/* this always happens on GICO */
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/*Distributor [f] Software Generated Interrupt Register (ICDSGIR) T
H16fi——38 23147 : HERARESS

oM —3 Al o S

DA T iEA) [a) mask bRic i) CPU K4 irg 5 i/

writel (map << 16 | 1rqg, gic data[0].dist base + GIC DIST SOFTINT);

}
#endif

2.3+ I Ak B

TR AR 2 AR A AR S ) — 3877, B WIS AL AT, 05 KT handler
LU R A o AR AT AP AR S EiX L, XA, R SR, R
(AL TR AT BERY LR RE ML, v BT IR H RO Al BERYZRE s o 3 A5 LW, A ks
EM A, PRORPUERE S 5 BIAT . X T 2 % b BRAS v B2 A B2 1) A2 U ) T B

AT H W E AR AL 20 B B AT SR 51y, I LA b A B

2.3.1 HETEIERLGEH

AT PERRIEIR, SRR WEARG 1, LLAZA OB WA T 5. BT
o H AR UM & USER BEaUid 2 WA, iR 2 WA O ZE /O v b, Bk

_1rq svc:

__1rg svc:
svc entry //HWEEA

#ifdef CONFIG PREEMPT //#3/W4Ed T A%
/ /133 thread info fift
get thread info tsk
/* preempt count &EA& 8 fid kAT 275 ] AZRAZE N, TP R A o] LUK A= Wik £,
S SG 2 P W ot =B O 1) BT o H R e [ 2 R 2 AN BETE =4 B P BT AL BERLFE 46N
Wi handler. KO ZE0 Wife A 3 ai & Re Wtk DCCZO2 st AT AR = 1, RIS B i
(R Z AR IC B m 2 EEX A AT 2 s JFANBE VW LU T A B o 3 SRR 0 I P T 2 7
AR o AR SR EOR IR AT LA W AR FEERFEAG, Wi A2 AL F) handler
JaRIR HY,  iEZRAE 2546 Ze e/

ldr r8, [tsk, #TI PREEMPT] @ get preempt count
add r7, r8, #1 @ increment it
str r7, [tsk, #TI PREEMPT]

fendif

irq handler //HWiik
#ifdef CONFIG PREEMPT//H/\r4Ed T A%
/7R IHR N, RN TR
str r8, [tsk, #TI PREEMPT] @ restore preempt count
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ldr r0, [tsk, #TI FLAGS] @ get flags
teq r8, #0 @ if preempt count '= 0
movne r0, #0 @ force flags to O

/1SRRI e, 7 2 AT AR
tst r0, # TIF NEED RESCHED

blne svc preempt

#fendif
ldr r4, [sp, #S PSR] @ irgs are already disabled
/ /IR H
svc exlit r4 @ return from exception

UNWIND (. fnend )
ENDPROC( 1rqg svc)

sve_entry &N, T SVC BUHIWTHEN, T80 58 Ay A7 25 R4 1) LAk

.macro svc entry, stack hole=0

//E R O FRE B TR, A A A 4 B L AR 1A
sub sp, sp, #(S FRAME SIZE + \stack hole - 4)

/A r1-r12 X 12 DA AFRTIGE PR
stmia  sp, {rl - rl2}

.endm

VL e WS AR R ACEE, XFFH P SRS W, SR X OE IR [P T e f
17 signal ZACFE . Pz B RARELE W 4] 28 BT handler.
H T handler [ EH 02— AN 7% € X

.macro 1rqg handler

arch i1rqg handler default
9997:
.endm

arch irq handler default [ 5Z ¥ {/ T <asm/entry-macro-multi.S> , 7F W ff
kernel/arch/arm/kernel/entry-armv.S B 475 | 1% SCA:

.macro arch irq handler default
/ /38 GIC FEHHEHCH KR E] rS B
get irgnr preamble r5, 1r

1: get irgnr and base r0, r6, r5, Ir
movne rl, sp
@
@ routine called with r0 = i1rq number, rl = struct pt regs *

@



adrne 1lr, BSYM(1lb)
/B PW, oy R/
bne asm do IRQ

#1fdef CONFIG SMP
/KB IPT i, IPT Hii2 scI KA, dii'S /T 16
ALT SMP(test for ipi r0O, r6, r5, 1r)
ALT UP B(9997f)
[/l AFBARED, R r0 —EFAZEGEEAN do TPI
movne rl, sp
adrne l1r, BSYM(1b)
/KPR LS A P W/
bne do TIPI

#ifdef CONFIG LOCAL TIMERS
/ /R AAEPRES R, 29 5
test for 1ltirqg r0, r6, r5, 1lr
movne r0, sp
adrne 1lr, BSYM(1lb)
/*tick F i/
bne do local timer

#fendif

#endif
9997 :
.endm

2.3.2 HENRIR A

PRI, SRS A P IR R G AR, R PR fH R
A A CAD RO HITE, P SR A 0 T £ R R — R, 9T L T R 7 e
B RSB FE, ATTLL exynosd 15 MT6577 Syl 5347 P ISR

1. exynos4 By KRS

/ /S E : arch/arm/mach-exynos/include/mach/entry-macro.S

.macro get irgnr preamble, base, tmp
#1fdef CONFIG ARCH EXYNOS4
mov \tmp, #0
//1EEL CP15 HL[f) MPIDR #F 7 4%
mrc pl5, 0, \base, c0, c0, 5
// MPIDR HJHAK 2 fr4a7~ H Ay B2 Mbf CPU BTy, #Ards base Bl e AL B a5
and \base, \base, #3



52 Yo = W H——2T Android N5 R Ge 2L k96573 B

cmp \base, #0

beq 1f

ldr \tmp, =gic bank offset
ldr \tmp, [\tmp]

cmp \base, #1

beq 1f

cmp \base, #2

//CPU2
addeq \tmp, \tmp, \tmp
//CPU3
addne \tmp, \tmp, \tmp, LSL #1
fendif
1: ldr \base, =gic cpu base addr

ldr \base, [\base]

fifdef CONFIG ARCH EXYNOS4
add \base, \base, \tmp
fendif
endm

AT RN, ZRASHACHYE H SAMSUNG A JT [ H: 19300 (PURZACFEZSIRAS) Y5
gL, W W GIC [f) cpu interface SEILATIEAE ARM KB THEHF—FRRIALFELS cpu
interface F&HUHEHS A —4F . 1% T kernel.org, N SCFF exy4210 (XUZMA), AL H GIC
] cpu interface S I Y81 | ARM B 5 1) #EfE——FRE WAL FE 25 cpu interface JEH hEAL— £ .

.macro det irgnr preamble, base, tmp

/ /BB M, A B B B M
ldr \base, =gic cpu base addr

ldr \base, [\base]
.endm

.macro get irgnr and base, 1rqnr, 1rgstat, base, tmp
/*base & qHl CPU GIC interface [J5EHuhE, JEHuhmA#GIC CPU INTACK (0XC) fV'H
& 745/ Interrupt Acknowledge Register (ICCIAR). B 12~10 fiidsg J R 2

SGI KM, F=AiZ W] CPU o 5 0~9 frid sk 2 Hi = W5 */

ldr \1irgstat, [\base, #GIC CPU INTACK] /* bits 12-10 = src CPU,
9-0 = int # */

cmp \irgnr, #29
cmpcc \irgnr, \irgnr
cmpne \irgnr, \tmp
cmpcs \irgnr, \irgnr

addne \irgnr, \irgnr, #32
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.endm
2. MT6577 By iR SCI)

/ /B H{ErAbPESS gic intrface AL

.macro get irgnr preamble, base, tmp
ldr \base, =GIC CPU BASE

.endm

.macro get i1rgnr and base, 1rgnr, 1rgstat, base, tmp
//HB{ ICCIAR #| irgstat
ldr \irgstat, [\base, #GIC CPU INTACK] /* bits 12-10 = src CPU, 9-0 =

int # */

// NR_IRQS 7% mt6577 CFFfm Wi 16+16+128
ldr \tmp, =NR IRQS
//¥ ICCIAR Y5 | 0x1c00 ) fzh, HU 9-0 73] irgnr
bic \irgnr, \irgstat, #0x1c00

/* if (irgnr >= NR IRQS) return NO IRQ (0) */
cmp \irgnr, \tmp

movcs \tmp, #0

bcs BSYM(702f)

/* if (irgnr >= 32) return HAVE IRQ (1) */
cmp \irgnr, #(32)

movcs \tmp, #1

bcs BSYM(702f)

/¥ 1f (irgnr == FIQ DBG SGI) return HAVE TRQ (1) =*/
cmp \irgnr, #FIQ DBG SGI

moveq \tmp, #1

beq BSYM(702f)

/* otherwise, return NO IRQ (0) */
mov \tmp, #0

702:

cmp \tmp, #0

cmpeq \irgnr, \irqgnr
.endm

//ipi ZERLM AR KRS

.macro test for 1ipi, irgnr, 1irgstat, base, tmp
/ /B WS IAE irgnr
bic \irgnr, \irgstat, #0x1c00
/7S 16
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cmp \irgnr, #16

//ciE®E, BRS8N, /MT 16 S, 4 SGI, T GIC, ack ixHli

strcc \irgstat, [\base, #GIC_CPU_EOI]

/*c BALRAR LT 5N TESET, WA T sGI Fi, #/hf 16 S,
bne &KL, KT 16 SHW, ZIFLHIT, bne HATHRAFA L */

cmpcs \irgnr, \irqgnr

.endm

/ /KRR & 1lcoal timer
.macro test for ltirq, 1rgnr, 1irgstat, base, tmp

/ /B WS IAE irgnr

bic \irgnr, \irgstat, #0x1c00
mov \tmp, #O0

//local timer 7& 29 S HW, L

cmp \irgnr, #29

moveq \tmp, #1

/*E GIC [] end of interrupt FAray, ZAAF e krIVE K cpuid N,
Y icciar —#, #" irgstat [A[HEEIA]*/

streq \irgstat, [\base, #GIC CPU EOT]

//IIRZE 29, tmp HANIZE O

cmp \tmp, #O0

.endm

/ /¥ watchdog H

.macro test for wdtirq, irqgnr, irgstat, base, tmp

/ /B R WS IAE irgnr

bic \irgnr, \irgstat, #0x1c00
mov \tmp, #0
cmp \irgnr, #30

moveq \tmp, #1

//5 GIC [f] EOI, ack iZHH

streq \irgstat, [\base, #GIC CPU EOI]
cmp \tmp, #0

.endm

24 B ¥ = W

IZIR2ANHAT,

ack 1% W,

B V7 1) o i R, Al 2 AR s AR % S Al DURMCAS UGB B, 22 U N AT
B EJR AN BT, P TTAENLFR SR, AT DA 5 3 B RETE, A R — T A

AFHI AT AR

[E RN R S AT e b E Ao P 5 P R 2 E TR L N S P NIE E

vector stub dabt, ABT MODE, 8
/AP ARENRY, W R in) R E*/
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.long __dabt usr @ 0 (USR 26 / USR 32)
.long ~_dabt 1nvalid @ 1 (FIQ 26 / FIQ 32)
.long  dabt invalid @ 2 (IRQ 26 / IRQ 32)

[N RE T FE . WESIEWHEL FAITRRERXN Y, RIEZIBE] T ex table,
HHLE BUG [ */
.long __dabt svc @ 3 (SvVC 26 / sVC 32)

T3, WREAER T GRAC B R R AL BERE— Rl Bl 7 -

static struct fsr info i1ifsr info[] = {
{ do bad, SIGBUS, O, "unknown 0" },
{ do bad, SIGSEGV, SEGV ACCERR, "section access flag fault"

ba

{ do bad, SIGBUS, O, "unknown 4" },
{ do translation fault, SIGSEGV, SEGV MAPERR, "section translation
fault"” b,
{ do bad, SIGSEGV, SEGV ACCERR, "page access flag fault"},
{ do page fault, SIGSEGV, SEGV MAPERR, "page translation fault"},
{ do bad, SIGBUS, O, "external abort on non-linefetch" 1},
{ do bad, SIGSEGV, SEGV ACCERR, "section domain fault"},
{ do bad, SIGBUS, O, "unknown 10" },
{ do bad, SIGSEGV, SEGV ACCERR, "page domain fault" },
{ do bad, SIGBUS, O, "external abort on translation" },
{ do sect fault, SIGSEGV, SEGV ACCERR, "section permission fault"},
{ do bad, SIGBUS, O, "external abort on translation™ },
{ do page fault, SIGSEGV, SEGV ACCERR, "page permission fault"},
{ do bad, SIGBUS, O, "unknown 31" b,

};

e s KA T ARM ARFRAE ol BE R AL B0 P AT A i, (HZ D ARM (147 L84
il Linux WAZFFBAEH 2], PO X8 5 L EBAEH] do_bad, X455 £ £ 4E panic.
61 Linux A 1) ARM AL X L8 S AT W IR AN B pR & . B =% A s, Teie
PIAFEILENZERY, B3NS B 35 AL FE R 5 .

/¥ ZER BN ZE addr il VA% AR R AL, 258 fsr idak 1R AR RN */

asmlinkage wvoid exception

do DataAbort (unsigned long addr, unsigned int fsr, struct pt regs *regs)

{

struct thread info *thread = current thread info();
/*RRAE 7 A 1 U R R g | A R R R+ /

const struct fsr info *inf = fsr info + fsr fs(fsr);
int ret;

struct siginfo info;
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/7P GE M R R B R, R IEAEE, SR TR IE B S
if (!'inf->fn(addr, fsr & ~FSR LNX PF, regs))

return;
info.si signo = inf->sig;
info.s1 errno = 0;
info.s1 code = 1nf->code;
info.s1 addr = (void  user *)addr;
MR P SRR RE, KG9 RIZHE:; WRENZESKENAIER R,

panic*/

arm notify die("", regs, &info, fsr, 0);

}

& PoRELE] T NI REU N AR EE, 1K 2 — AN R RINLE], 520 2] R ST 7 7 1H i,
R AEA T 1 H AR T HEAT 2047

2.5 AbPRZS RS

AR PR AR A IEAS B 2EA A P T, fE CA9 ZEf) & 0~15 FHIEKA A& I SGI. 7 GCI
VIG5 25 AL FR 28 T T A 1 0~15 Wik, DUERESZ M AR EE 28 &2 25 A A
1M GIC 1] ICDSGIR H]=k 7=/ SGI Wik, HAZ T
e Bit 0~3 SGIINTID, 7=/ SGI H Wi+
e Bit4—~14 reserved.
e Bit15 % 0: KUl 1. ?‘i%ﬂt:ﬁéﬁﬂmﬁlﬁﬁ
e Bit 16~23 HFrACFEZHAIE  AEPALFEZS 0N —A47, & 1 BRIz Es K0 SGI
KT

e Bit24~25 00: A#JEHREA CPU interface [FI45 7~ K &G M 01 5% 10: 45 REAS
CPU interface 457K AP H el A2 H . 7 ARM Linux R4 RS AR50 b bit
24~25 4 00.

/ /3 B oA WA o A B EE B 2L T T FHL us836d (mt6577) FEid
vold 1rq ralse softirg(const struct cpumask *mask, unsigned int 1rq)
{

unsigned long map = *cpus addr (*mask) ;

int satt;

u32 val;
/¥
[ CPUL &K TPI CPU START H Wi, & CPUO wakeup CPUL [Fit)a—ANahfE, X HL fn A6 21
5& TPT CPU START HWi, WIHZAM#EN secure Hl. XAF Wi &ML FZ CcPUL ATE
WETRZS, KO WA HARLELAE T, (HEF XA FBF o2 b 219/ . = cPuo &k
O X A o W ocpul 19 o B g 45 b A, cpul H F| Ml | void  cpuinit
secondary start kernel (void) MARRBRATIFFR W, XHIFARE WFT, X H 1



TPT CPU START HLililEBAT = X
*/

satt = (irgqg == ITPTI CPU START)? 0: (1 << 15);
/*M dist Wi E 0x80, ik | AW secure @Y, BAFEIAN 147, B 0 £/8 secure
T, B 1 RAE secure T, X B SRS RGP EMEE B x/

val = raw readl (GIC ICDISR + 4 * (irqg / 32));

if (!'(val & (1 << (irg % 32)))) { /* secure interrupt? */

/ /A A 0, secure FIT

satt = 0;

}
/RS . P, SPETH bR RS N ICDSGIR*/

_ _raw writel ((map << 16) | satt | 1rqg, GIC DIST BASE + 0xf00);

}
NAZE SCT W0 E JURR AL FE & 18] o W -

enum 1pl msg type {

IPI CPU START = 1,

IPI TIMER = 2,
/*IX e B T AL BEGS R] AR W, 0 PE AR, " R RN I ARALBESS, HIzATBASIBEE AT T
task, HARdbESERZPN)G, EIMEFIT task active FI|HRMBITIAFI, BAKZ WA
B e/

IPI RESCHEDULE,

IPI CALL FUNC,
/AERT E HFRALBLSs BB KR e R 8, XABRE M, 2 M EEAZILE, 76)a maiEg
x/

IPI CALL FUNC SINGLE,

IPI CPU STOP,

IPI CPU BACKTRACE,

b

L IPI RESCHEDULE Jy {443 #7 IPT %z i%ist F
(1) pREE%E: static void (4#smp cross call)(const struct cpumask *, unsigned int);§5 [r] &b

HEESDEAE )R R E RGBS, B izfa s da iz 6 89 IPT SCHLeR &, X
u8836d [ A4 /& void irq raise softirq(const struct cpumask *mask, unsigned int irq), [ %] 1)
CA9 SMP Z&#) | 15 BL-55 pR Bt w5 AL

(2) HafabFEgsM, P8 H] void smp send reschedule(int cpu)rf %L, HP cpu /& H Fpib

i

(3) HppAbFEZS =4 SGI i, S$3pd%L asmlinkage void  exception irq entry

do IPI(int ipinr, struct pt_regs *regs) 4% il FH o ABEA: A W f°) = A2 21 12z el 0 i) i 2 L

//HH ipinr 2P WY, regs S5 A AR IS

asmlinkage wvoid exception irqg entry do IPI(int 1ipinr, struct pt regs

*regs)
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/*HL i CPU 5%/

unsigned int cpu = smp processor 1id();

struct pt regs *Dld_reéé = Set_igﬁ;regs(regs);

/*RWORSIIGETE, bRt T IPT R O A: 1 1K*/

if (ipinr >= IPI CPU START && ipinr < IPI CPU START + NR IPT)
__1nc 1irq stat(cpu, 1pi 1rgs[ipinr - IPI CPU START]);

switch (ipinr) {
case IPI CPU START:
/* Wake up from WFI/WFE using SGI */

break;

case IPI TIMER:
~_raw get cpu var (mt timer irq) = IPI TIMER;
1p1 timer();
break;

/* H bR Ab B35 52 25 H*/

case IPI RESCHEDULE:

/I EEH SIE AT A * /
scheduler 1pi();

break;

case IPI CALL FUNC:
generic smp call function interrupt();

break;
/*HFRfll IPT CALL FUNC SINGLE MV */
case IPI CALL FUNC SINGLE:
generic smp call function single interrupt();

break;

}

IPI CALL FUNC SINGLE
RN FE 23 E0A — > struct call single queue FA#1|, BA#ZIH “per cpu(call single queue,
cpw)” Kz 5[, ZNH| EAE Y fi——struct call_single data #i47—>BREFREN 47 1) X
RFZAL PR A5 S0 T Y PRER
YR B AS AT TR SRR e A B AR PRAT B 5 e U
/*cpu A HARAEEEES, func 7[R HAREE T ZHATHIRE, info HZHIR R wait RIIER
SEAF S 7 AR PR 3R] A /

int smp call function single(int cpu, smp call func t func, void *info,



s}
[~2
4
3
Jae
thn
O

int wait)

struct call single data d = {
.flags = 0,
}i

/ /B T cpu
this cpu = get cpul();
[/UEHPRE R A S, MAZSNE T, SATEI AT
if (cpu == this cpu) {
local_irq_save(flags);
func (info) ;
local_irq_restore{flags);
} else {
/*BE cpu 5, BuEiZ cpu T IEZE */
1if ((unsigned)cpu < nr cpu ids && cpu online(cpu)) {
struct call_single:dat;_*data = &&}

if (!'wait)

data = & get cpu var(csd data);

//¥i% struct call single data lf] flags & CSD FLAG LOCK
csd lock(data);
//BCE A FRAEBESRAY, BRBEREHE B

cpumask set cpu(cpu, data->cpumask);

data->func = func;
data->info = info;
/ /AT
generic exec single(cpu, data, wait);
} else {
err = —-ENXIO; /* CPU not online */
}
}
/ ¥R TROZ AL BE g /
put cpul();

return err;

static

int generic exec single(int cpu, struct call single data *data, int wait)
{

//IXH) cpu & H#r cpu, B9 HREEEM struct call single queue BA%

struct call single queue *dst = &per cpu(call single queue, cpu);
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/7 RHr, B, SEORUEXANRER R AT IR

raw spln lock irgsave (&dst->lock, flags);
ipl = list empty(&dst->1ist);

list add tail(&data->1ist, &dst->1list);

/ /R AW, TR

raw spln unlock irqgrestore(&dst->lock, flags);

//}i% IPI_CALL FUNC SINGLE
if (ipi)
arch send call function single 1pi (cpu);
[ /555, EERRA T AR BE AR E PR AU Y
1f (wait)
err = csd lock wait (data);

return err;

[ #IKAE A A R R 57 P I FR , e IR AR+ /
static int csd lock wait (struct call single data *data)

{

int cpu, nr online cpus = 0;
/*Ki# CSD FLAG LOCK FRiass& i af i A, X875 Ab B R AT FE B 58 45 2 B EUS A 20 X AR
anx/

while (data->flags & CSD FLAG LOCK) {
[/ ANME R B AE LR AR T 28N KL
for each cpu(cpu, data->cpumask)
if (cpu online(cpu)) {

nr online cpus++;

}
/ /W R ERF AL BEAS — N EATE T3k ]
1f (!nr online cpus)
return -ENXIO;
/ /55 AT

cpu relax();

return 0;

Hbr CPU 4% IPI CALL FUNC SINGLE Ji i H] -

vold generic smp call function single interrupt (void)
{ //BUHXET struct call single queue BAZ
struct call single queue *q = & get cpu var(call single queue);

unsigned int data flags;



i
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//WR struct call single queue PAFIFE#S, UiHIATEET
while (!list empty(&list)) {
struct c;il_single_data *data;
/ /RO A PR AT 1) R R
data = list entry(list.next, struct call single data, list);
list del (&data->1ist);

data flags = data->flags;
/ /AT IZ R AL

data->func (data->info) ;

[ *

HEMEL 1, Xy AP AS A S A e

*/

1f (data flags & CSD FLAG LOCK)
csd unlock(data) ;

static vold csd unlock(struct call single data *data)

{
/ /&% CSD FLAG LOCK, BRSO Jy ab B 4%
data->flags &= ~CSD FLAG LOCK;



3.1 Tick

Tick & WAZ I Ear ikds . X T Fair MM RT M) SCHED RR Zf%, Tick
PR IR B R A T B2 S B [ I » Tick 38 B R 2911 User #EFE Signal [ ACERR L. XF T-4b
T Sleep ARASALFRLS, AEiwi 2 € N Timer [PJFEAT F,  WFFIHFR A 21 Tick.

3.1.1 Local timer

Local timer ] LAY Ticker, j& Tick 2 Y5, TR RN H BRIl Tick M %
Xf AL FE a8 AR FE

{F ARM CA9 Z2#4 N1 W FP 77 X1 Local timer.

(1) SPI KM Local timero $4H K73 A 250 AR FRAS I AT, AH 2 X RIS AT 485514

(2) PPI ZER! ) Local timer. A 4 JRiACH 88 FH 2], AL SPL %, HARMIE.

CA9 L) SOC 523 =% 2 SPI 22 [F) Local timer, {E CA9 1Y) )5 kA< 1) SOC L3I
b, DL PPI 257 Local timer 4 -3«

Local timer [ HARSZHL 5 40P 25 AHOC, DL Exynosd412 A3, A % B 441 Ab B 28 X5 1V 1)
Local timer #PX] . —]> struct mct clock event device [)5Z4 ;

struct mct clock event device mct tick[NR CPUS];

T AL FE 2811 Local timer #2540 F -

static voild exynos4 mct tick init(struct clock event device *evt)

{

/ /B CcPU 5

unsigned int cpu = smp processor id();

/ /) CPU 5 &5 X WA A

mct tick[cpu].evt = evt;

/XTI ES, H Local timer $#ilF fr4s I 2EHbEARANA], MAZE A 0x100:
#define EXYNOS4 MCT L BASE (x) ( EXYNOS4 MCT L BASE + (0x100 * x))

i HE AP ErZE A, PP, o] AHEWT, Exynos4412 B EAA A1 Local timer
) BLARSZIR, Wy HAEH A R AERA 4 PPT B, XAER NILFEN Local timer LI,
tb 4 4~ SPI HlTlr % 1 */

mct tick[cpu] .base = EXYNOS4 MCT L BASE (cpu) ;



evt->name = mct_tick[cpu].name;

evt->cpumask = cpumask of (cpu);

// set next event set mode PRAXE

evt->set next event = exynos4 tick set next event;

evt->set mode = exynos4 tick set mode;

//1% Local timer [FHE])

evt->features = CLOCK EVT FEAT PERIODIC | CLOCK EVT FEAT ONESHOT;
/ /RS

evt->rating = 450;

/ /M RGEFENZ timer
clockevents register device(evt);
exynos4 mct write (TICK BASE CNT, mct tick[cpu] .base
MCT L TCNTB OFFSET) ;
// mct int type [F{E& MCT INT PPI, A% spT Hli [
if (mct int type == MCT INT SPI) {
if (cpu == 0) {

} else {
mct tickl event irg.dev i1d = &mct tick[cpul;
/ /HE
setup 1rg(IRQ MCT L1, &mct tickl event 1rqg);
/ /T 5E [

irq set affinity(IRQ MCT L1, cpumask of(1l));

}
} else {

/ /IXHALREZ PPT 0T, 7EMIUGALHISERRIN GIC (f) PPI H 72 disable I
gic enable ppi(IRQ PPI MCT L);

3.1.2 Tick #£%{

{E CA9 SMP 2244 I, 4 Core 1] H U1 Local timer 1E 4 H LI tick Z Y4
{F arch/arm/kemel/smp.c "', WIZ N EERALIEZSE X T H I struct clock event device:

static DEFINE PER CPU(struct clock event device, percpu clockevent);
(EEE]S Core MJgRMCHY, Ry 2dt H 2/ Tick Y51 T

vold  cpulnit percpu timer setup(void)
{
/*HF3 H G CPU Y5/
unsigned int cpu = smp processor id();
/+ilit AT cPU BE 3| H T struct c_lock_event_device*/
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struct clock event device *evt = &per cpu(percpu clockevent, cpu);
evt->cpumask = cpumask of (cpu);
evt->broadcast = smp timer broadcast;

/*S0C ZERJFH ) Local timer #@Etk, FFM soc ) HCGH Local timer ZEIAAN
struct clock event device i), X5 void clockevents register device (..),
PR E XA ok B/ B -
if (local timer setup(evt))

broadcast timer setup (evt);

}
2 1 >k Core ¥ £r 1% struct clock event device J& {5477+ H 1) Tick ¥ 25 AniE .

static int tick check new device(struct clock event device *newdev)

{

cpu = smp processor id();

/¥R % struct clock__event_device fe7~f) cpumask HARAHCD, ZEEAHD,
WIARTS, HIEKBH*/

it (! cpumask test cpu(cpu, newdev->cpumask))

goto out bc;

/*HUH 1% Core H[EMEAII struct tick devicex/
td = &per cpu(tick cpu device, cpu);

curdev = td->evtdev;

/* Ffi% struct clock event device f£{i/EXHI Core [ Local W &&*/

it (! cpumask equal (newdev->cpumask, cpumask of (cpu))) {

/*1% struct clock event device A& HJ Core [ Local W& */

/ *S2ARZ VA T T € 0] 43 A 45 2411 Core, Tick WEIIFLLF W, WRARE Local
timer, {HAEWRIEFWIEEE M7 &Lk, thelllx/

1f (!'irqg can set affinity(newdev->irq))

goto out bc;

/*qHI ] struct clock event device #& Local W, B L2k IF Local
W 1, BMUORS B s A, X Local W& EZ8 8 AN */
1f (curdev && cpumask equal (curdev->cpumask, cpumask of (cpu)))

goto out bc;

/*E R E R P RIEFE */

1if (curdev) {
/*B X CLOCK_EVT FEAT ONESHOT [ %, T RI{ERRIK Tick MEHIRKE, A%
FEVHATE ), ONESHOT IJUFACYE T AT LAZE idle il tickless . &I Local timer
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#RMIE RS LY CLOCK EVT FEAT PERIODIC | CLOCK EVT FEAT ONESHOT*/

1f ((curdev->features & CLOCK EVT FEAT ONESHOT) &&
I (newdev->features & CLOCK EVT FEAT ONESHOT))
goto out bc;
/*R N ZABERE 1 LMCE R A bRt */
if (curdev->rating >= newdev->rating)
goto out bc;
}

/*¥lf] struct clock event device CUEE, FHEGHEEE*/

tick setup device(td, newdev, cpu, cpumask of (cpu)):;

/*Tick W&AINEH */
static void tick setup device(struct tick device *td,

struct clock event device *newdev, int cpu,

const struct cpumask *cpumask)

ktime t next event;
/*I03K 1T Core 1] Tick ST ek £+ /

vold (*handler) (struct clock event device *) = NULL;

if ('td->evtdev) {

/X Tick AT B RERK, EARIE T K Tick KIITA], B EUSOE 3 =

*/

td->mode = TICKDEV MODE PERIODIC;
} else {
/* Tick B&HEERK, FIE T —IX Tick WH, struct tick device [f] mode {&¥F
FORI T, JRidok Tick BH W handler */

handler = td->evtdev->event handler;

next event = td->evtdev->next event;

td->evtdev->event handler = clockevents handle noop;

}
/¥ struct clock event device#*/

td->evtdev = newdev;
/¥R AGE Local Wik, WHA Wi K E N E M 2% Core */

if (!cpumask edqual (newdev->cpumask, cpumask))

irq set affinity(newdev->1irqg, cpumask);

/¥ T — %, WHRRZHE - KHHE td->mode == TICKDEV MODE PERIODIC, struct
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3.1.3 Tick =%

clock event device [N} HE void (*event handler) (..); ¥ # & & AN void
tick handle periodic(struct clock event device *dev), XE1% Core ] Tick H
W R R, MWK i% struct clock event device [ T 1 Wik & A 5 & F 5
CLOCK_EVT MODE ONESHOT, HH#raffi{F4mfe i E T — &I 8] gix/

1f (td->mode == TICKDEV_MODE_PERIODIC)
tick setup periodic(newdev, 0);
else

tick_setup_oneshot{newdev, handler, next event);

}
PL 3% 25 & tick broadcast, {E4L N2 20 TFHLHLIX ST fFeE A2 disable.

VE b RGENKIH, Tick AR, WIZIEST 4 —SahfE, Wgife F—IR Tick H W, 9555

I a],  fih % Timer 3% -p WrEEsh Ve, T feo B 10 &6 Tick 18 i FF 2% .

/*Tick AbBETHEZL /AL, — 7K Tick IXS W%, — T MnFEN P& A48 TE F—IX Tick M3
KN [7]  /
Void tick handle periodic(struct clock event device *dev)

{
int cpu = smp processor 1d();
ktime t next;

/*¥IXH¥ Tick ik scheduler, Time Ml Timer 4§71 TAETEIX H */

tick periodic(cpu);

/* FIERE F IR Tick R, WERIZW & ANSZHF CLOCK EVT MODE ONESHOT, Hf4
IR [EVBIAT, B2 5Z F 3 o s/
if (dev->mode != CLOCK EVT MODE ONESHOT)
return;
[*X T IR Tick F W7 AW Rl AT AR/ Sa A +/
next = ktime add(dev->next event, tick period);
for (77) A
1f (!'clockevents program event (dev, next, ktime get()))

return;

}

//HEYINR],, R4S Tick 4REE% 4y A% Ho At 2H 44

static void tick periodic(int cpu)

{

/*B~ Core #F HC Timer PAFI, HE Time HEEH > Core K4/

1f (tick do timer cpu == cpu)
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/*Time 4547, W F jiffiesx/

do timer(1l);

}
/*Timer M Tick 4i4*/

update process times(user mode (get irq regs())):;

}
/ /% Tick IEZY MRS, 4P bEZR A N Timer A%, K posix timer

vold update process times (int user tick)

{
/*timer 4EF*/
run local timers();
/*rcu 4EfFi*/

rcu check callbacks(cpu, user tick);

/*30 tick IR AL dv*/
scheduler tick();
/*posix timer 4idf'*/

run posix cpu timers(p);

3.2 Fair 53R

{E 2.6 WEZIIEI, I TREER. WEER S M EEAAIE AR 7). P EZBAAI S SE4K,
RERUALFRAS —AS, T EER O SR . BEMIMZESEAT RT. Fair, Idle —Ff. Tiixf T-HEMAL
FRAS, P IR LG 2R Fr s R R e RE BA A AR A A AR I AL FE 28 1) struct rq BA I

3.2.1 Fair fE £y E 1

T I AT AR 5 — AME S5 R G0 A — A 1 8 Bl AT AR PR 8% T 4. X0
Wy BB DR S I N 3k H B 1Y) struct sched group, 5 U {E 1% struct sched group H
T H e AT R TSR . AT CA9 8Ky, JEREMACTE SR A0 H LAY struct sched_domain 45
Fa), {HJZIXLE struct sched domain [¥)i5 & 0 BB & R 0 AT AL B2, PrLL, 124 1A,
IX LA FRES AT — N I . FR, X CA9 2844, &A™ struct sched group ML AL 77—
MNAEIRES, IXLE struct sched group XAKH N — P EER (S W EBR 225853 ). B
VIAE CA9 Z8% |, & ST AL HE 45 -4k n] LU 73 ) 1% struct sched_group M JE#5K, -4k
71 0 B AL PR A

/% PRAER B AE— AN BE A T s =i 1 struct sched group. Z%( struct sd 1b stats

*sds M T ZGIH4i R, struct sched domain *sd A 24§ $04T £ 28032 i 458 1 Ak 2548 X6 v
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struct sched domain &4

* /

static inline voidupdate sd 1lb stats(struct sched domain *sd, int this cpu,
enum cpu idle type idle, const struct cpumask *cpus,

int *balance, struct sd lb stats *sds)

struct sched domain *child = sd->child;

/* 2 Hj Ak B AR AT MV [ struct sched group, % ERECH EE M2 0 F X S struct
sched group #7178 5 M f struct sched group#*/

struct sched group *sg = sd->groups;

/ /M TAFI% struct sched group MEMFE T4 R

struct sg 1lb stats sgs;

int load 1dx, prefer sibling = 0;

do {

int local group;
/*struct sched group Wi & unsigned long cpumask[0];f5th | i%

struct sched group & [JABEAE, XF T CA9 B8k, HAFH 1AL 5 AL B 2R 10T AT,
£ T.mx6Q 288 b, HEUEN 1. 2. 4. 8. XHAMES T struct sched group
Tl IR BEESS ATV ) struct sched group*/
local group = cpumask test cpu(this cpu, sched group cpus(sqg)):;
memset (&sgs, 0, sizeof(sgs));
/ /#EH% struct sched group M#{5E B %] sgs J
update sg 1b stats(sd, sg, this cpu, 1i1dle, load 1idx,

local group, cpus, balance, &sgs);
/%4 BB XY struct sched group L% loadbalance [ HAxR, Jog Al iRk
[ /
1f (local group && ! (*balance))

return;

if (local group) {
/ /G5t HARALBEES 1) D1 K

sds->this load = sgs.avg load;

} else 1f (update sd pick busiest(sd, sds, sg, &sgs, this cpu)) {
/1R GE AL BR ORI sgs 5IRAT sgs T RRICELRS, % oAb B 3%
sds->max load = sgs.avg load;

sds->busiest = sg;

//BERHIF— struct sched group
sg = sg->next;
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} while (sg != sd->groups);

/*Gi it — > struct sched group W T A A A E, T ca9 R, M4 struct
sched group WHEA ML &5+ /
static 1nline void update sg lb stats(struct sched domain *sd,

struct sched group *group, int this cpu,

enum cpu 1idle type idle, int load idx,

int chaI;groap, const struct cpuaask ¥cpus,

int *balance, struct sg lb stats *sgs)

/45 T EGL ] struct sched group B S ATALEESY, balance cpu WK Fi% struct
sched group H 5 AL, X CA9 BN AT ALBE 4%+ /
1if (local group)

balance cpu = group first cpu(group):;

/*¥t X struct sched group H[HHRE—FiAb P25 451+ /
for each cpu and(i, sched group cpus(group), cpus) {

struct rq *rq = cpu rqg(i);

1f (local group) {
/* Fize qarib Ay CHAREHESS) 1) struct sched group, B IZETEES L

il /
if (1dle cpu(1i) && !first idle cpu) {
//Tick KAETE Idle, cpu BEAR K 28 51 1) Ab B A8 1) 07 2
first idle cpu = 1;
balance cpu = 1;

}
/*UHNZARBEGR I 08, X T Fair JHRESR, TEZRREIEPA H A AT A2 1 52 Ak R 4% 1)

$iR, 2 AR %/
load = target load(i, load idx);

} else {
/* YR AL PRER M R A D AL BEAS, HUH L A dgix/

load = source load(i, load 1idx);

}
/*21F struct sched group WAL 913, X1 CA9 X HL H fi—k*/

sgs—>group load += load;

/*
fE schedule F#ENZITANS AT i21T7 4 0, Mg Idle F, HILLLFEM
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*/

if (1dle != CPU NEWLY IDLE && local group) {
/* I X MG HLEM balance NALEEER A struct sched group 2 —FLLFER, &0
ikl balance. XMALEEZHIT AR EEACEEES, NiZ 2B AT, 2 PuZ A E
e LA E VR IG, SMT PR G X R EOL. (EHXTT CA9 Y Ab B 48 i 2 12 5 Ab
gy ARG Ol*/
1f (balance cpu != this cpu) {

*balance = 0;

return;

}

ik b, WBMFMERE G2, AR A S &M B s S AL TR A, 5 0T
Wb FEISANBE I ACAE N 81 H b th . X BB BREE 74— A2 081 [N 2, Bf Fair
il 2SR Re 8 BEZS 2 ol Ge v 4k i), Fair 19 51 8UE IR B d ok RT i 2R &R
Ol AHFE WSS B NS RT A4 s, W52 e 21 3L Fair 28 S HIME R0, IXFf
1247 RT Ze A2 AL Fi 4y B, 3 Fair I 558 () DU (Bt v b it A L T e Fair i 522K
') busiest.

A ML A 52 If . idle, newly idle, nohz idle balance PUFffEdt, "I —FMEHLIT)
o e H ARAL RS A0 2 (AL FE 2 . 1R nohz 1dle balance 52 [} loadbalance HEZE 5 ij
—Z A, HHHARAATEES A ZE A A FESS . nohz idle balance ZEAH[FEJE: nohz idle
7E idle RE LB T 2B T tick, FrUAIEALFRSLHE N nohz idle 2|7, St H CkrEdE
idle_cpus_mask {7 &, 7ER] ) active AbFRES AL tick I, CRF i AL TEESAE N loadbalance H
PRALFEZE

PR RG] LA S AR A U HE 2L R B T AEIR R B AR RS 2 e, A T LA

i

ot B3t T —— s B AR RS BRI RE R B HARALBRAS b (A4 21 2 iy A 2 28 # 2
Fiid 7y =R EE LD .
/ *
T BIHEZL R B, BT 4 NS EER R IR L Er B2, B NS B IR B o sk v 45 3
%/

static int load balance (int this cpu, struct rqg *this rq,
struct sched domain *sd, enum cpu 1dle type 1idle,

int *balance)

int 1d moved, all pinned = 0, active balance = 0;

redo:
[+ 5 ZAT ) struct sched group*/
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group = find busiest group(sd, this cpu, &lmbalance, 1idle,

cpus, balance);

/ /IR FREAT R FAFIN struct sched group, HAEZIR|[A

if (*balance == 0)

goto out balanced;

/*EF ) struct sched group HAKEIECNZAELIEL, AT CA9 XA X —H X
F*/

busiest = find busiest queue(sd, group, idle, 1imbalance, cpus);

/TR EAT AR SR HZ AR R4S, H R (0]
1f ('busiest) {
schedstat inc(sd, lb nobusyqg[idle]);

goto out balanced;

// 1d moved itk N DA KAE | ALE R 5)
1ld moved = 0O;
if (busiest->nr running > 1) {
all pinned = 1;
local 1irqg save(flags);
double rqg lock(this rqg, busiest);
/U FAT KBS AR S B A A A b, 3 R AT BA S BA R e FeE =/
1ld moved = move tasks(this rq, this cpu, busiest,
imbalance, sd, idle, &all pinned);
double rqg unlock(this rqg, busiest);

local 1irqg restore(flags);

[ *

1 HFRALPRER A Z [ AT AL FE A%, EAY TIF NEED RESCHED {15 HARMHEI AN SIzAT
WrZifE, iX7Z nohz idle balance AAEMTHN

*/

1f (1d moved && this cpu != smp processor 1d())

resched cpu(this cpu);

/% AT ELAS EI AR AR 2 AL FEARGEE 1, NRERE B RN NI ELES B */
1f (unlikely(all pinned)) {
cpumask_clear_cpu(cpu_of(busiest}, cpus) ;
1f (!cpumask empty (cpus))
goto redo;

goto out balanced;
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3.2.2 Fair AEZXIIEE1EF

Fair ¥ 525100 H AR R L AT SR ia 308 F s T L, B dt T A i AL
RE, H k2RI BT Fair THEEBASI .

/ *

IZBREEN struct sched class fair sched class ZE[[] int (*select task rq)

(..); BREL, EXMEE Fair HREERAGZRFER, WZFRIEPSIG AT 4%
*/

static int

select task rq fair(struct task struct *p, int sd flag, int wake flags)

{
struct sched domain *tmp, *affine sd = NULL, *sd = NULL;

int cpu = smp processor 1d();
/ /B R ZR AR p Z BNE 1T AL BEAS
int prev cpu = task cpul(p):

int new cpu = cpu;
int want affine = 0;
int want sd = 1;

int sync = wake flags & WEF SYNC;
/ /4E CA9 HZRR) R iz g oL
if (sd flag & SD BALANCE WAKE) ({
/ /R R p BRI AE S ar AL B4 |
1f (cpumask test cpu(cpu, &p->cpus allowed))
want affine = 1;

new cpu = prev cpu;

rcu read lock();

for each domain(cpu, tmp)

[ *

LR p MSCATALBEESS S A AL BE A J& T A, HERRE p RSB T e S

o affine sd BAL YRR AT Y. struct sched domain. X FpdE

B H LR A

*/

1f (want affine && (tmp->flags & SD WAKE AFFINE) &&
cpumask test cpu(prev cpu, sched domain span(tmp))) {
affine sd = tmp;

want affine = 0;

Hy AL B2
= CA9 Ab
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if (affine sd) {

/*47 28] cpu 4T idle IRASMEEEE HHT cpu, HIFTLFE p JCHI cpu & T idle RE
WEFEHEICHT cpu, 5 WI7E 200 BB e Vo Bl A AL BE G2 3 — M AL T idle REMIZ
T pe #1ikAF] idle RGBS W E M prev_cpu. iX7E CA9 B Wik ie*/
new cpu = select idle sibling(p, prev cpu);

goto unlock;

}

/%A WL 1)) P55 1 78 il A B 28 HLAE B — N i P W AL B E8 KB AT p*e IZBERIEANVH L, KA
N E AL PSR ANEZRFE p YAl Iz AT AP a5 51K i+ /
while (sd) {

/ /B2 struct sched group

group = find idlest group(sd, p, cpu, load 1dx);

/ /{EB7E N struct sched group K25 A AL B 4%

new cpu = find idlest cpu(group, p, cpu);

return new cpu;

3.3 RT3

3.3.1 RTiAEXBERE

LR ES e T+ SCHED FIFO, SCHED RR [f] task struct, & RT {28, RT S
RHTPAINH IR GG IR TG R A i o0 o

(1) AAEBAPIREHI B AR FIESC 1 task struct 47 5 L[] —FA S

(2) WG — UK BRI R BER KA, LR task struct BASILAESCZR N
RO FEEXS N R Sk E.

(3) BT — K m K58 AL B 3R s X WAL 56 2 & & A7 A AE 2 47 IR & 11
task struct.

TE XU R PR

struct rt prio array {

/] TR NAR SR/ [ IZ21T task struct
DECLARE BITMAP (bitmap, MAX RT PRIO+1); /* include 1 bit for delimiter

%/
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/ /3 task struct PAIIEER K
struct list head queue[MAX RT PRIO];
b7

il BE AP 1 N BA BRI A0 2 2 S gl M LA B R 5 D R Sk

static void enqueue rt entity(struct sched rt entity *rt se, bool head)

{

/IR ITC R 2R 5 | 5 R KU

struct list head *queue = array->queue + rt se prio(rt se);

/I BEFENEZEER L
1f (head)
list add(&rt se->run list, queue);
else
list add tail(&rt se->run list, queue);
/UL E R ARG BEAMBITNALE, Rl Rk LA T REMN
task struct*/
~_set bit(rt se prio(rt se), array->bitmap);
// MHPEATBASI T IEAT task struct HHAKE—

inc rt tasks(rt se, rt rq);

/* B B AR IR B, vg AR EIMA NS, p BT E A task struct*/

static void enqueue task rt(struct rq *rq, struct task struct *p, int flags)

{

/ /EFEN T BA A
enqueue rt entity(rt se, flags & ENQUEUE HEAD);
/%47 1% task__st}uct RRFEIT rq (024 FERE, Hi% task struct AJU{EZMACEESS I
ZAT, WK HEZBASI) pushable tasks ## %, fEi% CPU 518 E, i% pushable tasks
&R EI task struct KR HEX 2 AL FE 25 b/
1f (!task current(rqg, p) && p—->rt.nr cpus allowed > 1)
enqueue pushable task(rg, p):

)
RT 42500 Tick B3 7850 #8F¢ 7 SCHED FIFO., SCHED RR i & 55 0% [F AN [A]

static void task tick rt(struct rq *rq, struct task struct *p, int queued)

{

/*X%}F SCHED FIFO HB&¥) task struct, Tick IR, XMEMPUWEALA LI
CPU, A LJEdIf) SCHED FIFO Mg task i, MIAIRAMK —HI T L*/
if (p->policy != SCHED RR)

return;

/*X} T SCHED RR i EBEIY) task A IR A IS, Tick FPRH time slice {R#H



3 e 5 g SN

il

75

163 9l * /
if (--p->rt.time slice)

return;
/ /iR 0, PrENR] A ERIAE
p->rt.time slice = DEF TIMESLICE;

/*

U= HI SCHED RR M SRBE (1) task MHFEERAS A, JERFHEERIBARE o XA EHRAERTL T %6

., fERT HH A task I}, BI{f SCHED RR JJE5HB&MY task th

*/

1f (p->rt.run list.prev != p->rt.run list.next) ({
requeue task rt(rq, p, 0);
set tsk need resched(p);

/PR FESHAERIT N — 81T task EFEREL RS R E LA,
HORGIEN task, WHESRSE T MHRERE S K, 5T idle task*/

B2 3 FIFO 14518

4 5R = 1 SR A

static struct task struct * pick next task rt(struct rqg *rq)

{

struct sched rt entity *rt se;
struct task struct *p;

struct rt rg *rt rqg;

rt rq = &rg->rt;

/7R RT HERBATAEIZIT AN task, WHEWIBRA GIER task
if (unlikely(!rt rg->rt nr running))
return NULL;
/7R RT WEEZRE | i e PR (e, B3 AT i 1] task
1if (rt rgq throttled(rt rq))
return NULL;
[ /IEBUF e task, ZH% 3 ARAT
do {
rt se = pick next rt entity(rq, rt rq);

} while (rt rq);

//ZE 5| 2Hr task

p = rt task of(rt se);

//1EHr task $EHUN 5 RT R BASIH clock task I#[A]zP

p->se.exec start = rg->clock task;

return p;
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RN I8 5 2 A 3] RT RS ), HA 7Ry e S T b A R K A8
o 14T Android R4, HWIHIRAS RT AAIGEASAT I 2], 2 1 e WA RE T 7L,
k5 surfacefilnger Z FRHYZEFEREAT SEI PGS AN T RT A4

3.3.2 Rt_Bandwidth

AT RS RS RT RS RS CPU, WL T rt_bandwidth AL, HI5E—
NEEE, 24 RT 1247 A task (54 CPU BB [al#E R 71X AN I8, D00 2 258 RT i
TP AN DL, B3] T e 1) 3 B2 HoA i 28 1) task.

SEIZMLE L 4 542 G int sysctl_sched_rt_runtime KRS T I E . HEENZEL
ARM ACFRES) RS2 ALH) BSP HL A E BT A 19, By LG R 2844 5 B = Se 20 1) FIFO 5K
AR R B &, PGS N e m [ @A S . HE ARSI AEH B T21TE
1) FIFO I}, ZéFife totally % il R GERFAFAEHE AL bug.

/ *
RT M shchedule tick H.2 i iZE %
*/

static void update curr rt(struct rq *rq)

{

struct task struct *curr = rg->curr;
struct sched rt entity *rt se = &curr->rt;
struct rt rqg *rt rq = rt rq of se(rt se);

uod delta_exec;

1f (curr->sched class != &rt sched class)

return;
/*{E2H] task $CBEN & tick KR, H se.exec start 5 RQ IfJ clock task [F&, &
W, b 3. AR IR tick B, RQ I clock task 5 R 4 N W] [A & . void
scheduler tick(void)-> static void update rq clock(struct rq *rq)-> static
void update rq clock task(struct rq *rq, s64 delta). JiTLAXH K RKIPZEEZ A
& RT i FE2RIEAT (I [RGB+ /

delta exec = rg->clock task - curr->se.exec start;

/ /300 task ] exec start WA 5247 PASII A] [R] 20

curr->se.exec start = rg->clock task;

//WREEF T rt bandwidth BR[| B A]
if (!rt bandwidth enabled())

return;
for each sched rt entity(rt se) {

1f (sched rt runtime(rt rq) != RUNTIME INF) {
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/ /B4 By e

raw spin lock(&rt rg->rt runtime lock);

//rt time idxx | RT i EERIETT 1IN (A4S BE

rt rg->rt time += delta exec;

/*BE HT RT BTN K E 2L T rt bandwidth HLEIFFR S, a1 5E
VBRI, DR T BE s/

1f (sched rt runtime exceeded(rt rq))

/¥R N B, 4T task o) TIF NEED RESCHED izfPIRA, EMZ17 41 FIFO
task WFAC H AL FE AR+ /

resched_task (curr) ;

raw spin unlock(&rt rg->rt runtime lock);

//FEREE T rt bandwidth HL KPR

static i1nt sched rt runtime exceeded(struct rt rqg *rt rq)

{
//runtime (% RQ ] rt runtime WAL HE, X 2 PRI A 5

u64 runtime = sched rt runtime(rt rq);

[/ WERSERRIZAT I AL 1 PR 2 AT I E], W) g R85 rt throttled A K
if (rt rg->rt time > runtime)
rt rg->rt throttled = 1;

return 0O;

}

X2 G pLE R, 4E7 CPU BEN R EERS, S AR R4 fE, 20 RT i 2 BA S 4k
throttled, JffLA RT task iEFFi% [0] NULL, i /& #9654k 2225 Fair HL.2) Idle. X H P 25 a4
— N a) 2, WA Fair L% AT task, iZACFE 28K 2 3E A3 Idle H, R IXH RT B 44T task
KAITeYe, BIEFTA AP &G task 4 Idle, b2 A WTHEEA RT B FF— & 1
AT ], SR —MER TR Y R 8

M T ¥ RT iR EEBA 4 EI‘J throttled Y5 active, W #% fff Hl — 4~ hrtimer ——
sched rt period timer ¢ AbFHIX L.

//Hrtimer I 21 AL B pR %L

static enum hrtimer restart sched rt period timer(struct hrtimer *timer)

{

for (;;) |
/ 7 BUH 24 H s ]

now = hrtimer cb get time(timer);
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static 1int do sched rt period timer (struct rt bandwidth *rt b, int overrun)

{

/*forward 1% hrtimer , rt b->rt period W — 4~ J W BRIk N — #,
rt b->rt runtime A 0.95 %, XEEHLE void init rt bandwidth(...) H W uh 4k x /

over
1if |

/*9n TAE R, 72— AR, AL ERS RT MEES, B ZHr RT i 2B

run = hrtimer forward(timer, now, rt b->rt period);
loverrun)
break;

P2 iz1T task, NIR[A] idle*/

1dle
}

= do sched rt period timer(rt b, overrun);

// 2T idle KYE€iZ Hrtime 25 EH fire
return i1dle ? HRTIMER_NORESTHRT : HRTIMER_RESTHRT;

//idle Bl 1

int 1, idle = 1;

/ 1 BURAE L A BE A5 A P
span = sched rt period mask();
/ /AR S A BE 4 AT

for each cpu(1i, span) ({

int

enqueue = 0;

struct rt rq *rt rq = sched rt period rt rqg(rt b, 1);

struct rq *rg = rqg of rt rg(rt rqg);

raw spin lock(&rg->lock) ;

/ /R AAZIBAT A A AT 92 bniz 47 I TR) 30 %

if |

rt rg->rt time) {
uocd runtime;

raw spin lock(&rt rg->rt runtime lock);
/ /3 LBz AT RE >k H#¢ rt throttled
1if (rt rg->rt throttled)

balance runtime (rt rq);

/ / PR T I TR

runtime = rt rg->rt runtime;
/ /1% overrun A 0, XM rt rg->rt time #iF%
rt rg->rt time -= min(rt rg->rt time, overrun*runtime);

//rt_rg->rt time #ii%, H rt rg->rt throttled NH

if (rt rg->rt throttled && rt rg->rt time < runtime) ({
// rt throttled IR&EHIHF
rt rg->rt throttled = 0;

enqueue = 1;

/*

RATE RT BAFI throttled i, Fair HHBALIEZITIREMN task
*/

1if (rt rg->rt nr running && rg->curr == rg->1idle)
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rg->skip clock update = -1;

}
/1 RAAE RT PAAiz 1756 S L hrtimer 7 3K
if (rt rg->rt time || rt rg->rt nr running)

1dle = 0;
raw spin unlock(&rt rg->rt runtime lock);
} else if (rt rg—>rt nr running) {
/*i% RT BAFUXT (K] CPU NI MM, BB AT — 4> RT task, H#HH A RT
task AT R > TICK*/

idle = 0;
1f (!'rt rqg throttled(rt rq))
enqueue = 1;

}
/* enqueue AL T81% CPU B ML, O T a — MM FEZ # N —IK schedule)
B (1 B i+ /
if (enqueue)
sched rt rg enqueue(rt rq);

raw spin unlock (&rg->lock);

}
/*idle A 1 WRHNTET: RGEHMRMAAT RT task 87 RT PAFII task 7£— A PR

TZ Az 56 1=/

return idle;

3.3.3 fHiFEHESith

TAEIIM AE RT 2R ERP ARG, BRFEHEREIE, (BIXIFARN 1P
REFRAS A9 D, T LG A2 SEIPE D 56— LS5 1 (AL FE 2% ()41 55 7 FiC -

1. EMLEE RS Z)

(1) {EACTRAFEFEN 2l 25 W M i Ze A2 0 e I T S an A Bl s = iy AP e 2 H =i
MEFRES ST S AE A RE7E M AR FR 25 _EisqT, DI oh 4 i e 2 FE 75— M s AT IR Je L AL 1Y)
XAy (U vl e GEFE 3 Ay A 4y, 2 W E R 77 )

(2) 1EXFHEME e 28 A2 EE N H bR AL B 2512 17 BA A I Z1)

@ 5 e i 2 FEAIC S AT H bR RT 1247 BA A struct 1t_rq H#5 i= , JIAE struct highest_prio
M 257 Bl s 4 Ml 2 72 .

@ MR L FE 0] AR 2 M HERS FasdT, PR HHE A H b5 RT 1217 BA41 struct rt_rq
[] struct plist head pushable tasks;§5% . {H1S —$E) &, task £ A ZBEL I 2 LA
LMY, XFEHAE push AERIIHE S PC5E St s R T o 1 EEIR push ZEF42 (1IN
e EH AR AL A FERRE i = LA IR T4 push IR A &L push Zh1E, 54 4 fik
e N4 push .

(3) TEPLIEF Az,

@ K HAr RT iz217 A _ B 29 ar e 2 5 nl LAFE o, an iR gl e g 28 R S 908 =
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W HFr RT 847 A _E 24 mr2k Feb gl ridls TIE NEED RESCHED,  H 3l nff il 25 F4 15
H#r RT 1247 A2 _E 1 4R 2 FE DL S0 A [R) O PR a0 15 0

o MR ZAEEAE 2 AT ER BisdT, WIATABRAME, DN D i M i 2 FE I A AL T H
Fr RT i&47 B4 struct rt_rq ) struct plist head pushable tasks:BE & H, ‘& 1] GEREHE
H 25 B 7 H 2k

o 1 H s RT 1247 BASI ) =3 1l 2 B A48 e il 26 A2 4K L e At H AR AT 8% BisdT, fHAath
AT

o i Htn RT iz47 AAIH) A Ze b nl 7R HA AR FRES Bisqr, Wk ne B 2 Fe 4 o = Hrgk
Fey X Z e i ISR AT D2 g o H 25 B8 7 1 25 310 AR PR AR

@ FrEn R A5 —3)1E task_woken I %],

17 MR 2 R AN BEFE 7 H AT AT BAAI ) A AT R, HARMa Bz fe vl LIFEZ N Ab#E s |

1247, H H#br RT iz217F\F struct rt_rq [1 struct plist head pushable tasks; % AN A4S, {1EX)
TIZEER AT push #:4E .

2. TEIAE 88 HY pre_schedule Bf %)

XIS AL B2 I AR AT B I e Redgede, (Hg RVl LR L e AR T S0 &

FEMIL GOk e AT #AE « IX BLFE B Mk e iz T, HA R S B FEie
HE 2 0] DLMOR AL R 28 b fr ok SRR S A i R 2 1

3. TEIAE 88HY post_schedule BF %l

Ve, KALCEE, ik DIAFCRIHE push 215 1AL FE 25 .

3.3.4 EHiR(E

B0t 2 AL e s 3, Linux WAZAEH T 40 F 4544

struct cpupri {
[ ERA VUMM T ARG, GBI NS F I b PR AR ] o 35 255 A B 48 06 WAV 7E 1%
DB, WIRIRIZAEFE 2832 1T I E R () B im0 SC R RN o 2 R I &R 5 [/
struct cpupri vec pri to cpu[CPUPRI NR PRIORITIES];
/7 VMR BRSSO E G, BRI B D i A PE 4 s A T Y SR 1) e AL S5 2%
int cpu to pri[NR CPUS];
}i

/ / TERE UK FT I e R I RT 14 52 BA B sl 22 B i i A7 [
vold cpupri set (struct cpupri *cp, 1int cpu, 1int newpri)
{

int *currpri = &cp->cpu to pri[cpul;

/78U cpu B AT I B4k

int oldpri = *currpri;
int do mb = 0;

//struct cpupri LCHEBUEA R FTERARITIEUE, (EBIETCH
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newpri = convert prio(newpri);

/*DHE AN SRR B D, 5z B A2 1T A P B s D0 SC I 2R [R1 9, W he s 2k — 2D 3 4,

i ]+ /
if (newpri == oldpri)
return;
1f (likely(newpri != CPUPRI INVALID)) {
[ /UM SC R R G A PR A A P
struct cpupri vec *vec = &cp->prli to cpulnewpri];
/ [ BAAE PR AT AV

cpumask set cpu(cpu, vec->mask);

}
if (likely(oldpri != CPUPRI INVALID)) {
struct cpupri vec *vec = &cp->prl to cpuloldpri];

/ /1 B et A TR 28 S A1 % A7
cpumask clear cpu(cpu, vec->mask);
}
/ /oK MiZALEL Ay Ei il /e
¥Currpri = newpri;

}

(EMRFE ZEFE AN push FR A INEAE 77 22 54K 50 b AAL HE 4%, I H Ap 2 e RIS T HIZE

FEURSC AR, IXHF push Fl wake up HULREA L SLAIZAT
// HH p e B 4% push AT

int cpupri find(struct cpupri *cp, struct task struct *p,

struct cpumask *lowest mask)

int idx = 0;
/ /5 p MR TE struct cpupri WA VAH

int task pri = convert prio(p->prio);

/MR AR BRG], Hbn 2B R E AR, HHEAHEA ST p UL, &0

HI{E 4" push 8L wakeup b2 ik A AbHE 35 /
for (idx = 0; idx < task pri; idx++) |
struct cpupri vec *vec = &cp->pri to cpulidx];

/¥ IZAC PR T IZAT A B T 5 AR E S idx A NALE, S {EA 2 p I HARALEE 25+ /

1f (lowest mask) {

cpumask and(lowest mask, &p->cpus allowed, vec->mask);

/A RN T lowest mask, ¥ OEAEFES KT HT — ML HAT .

cpu v ] */
1f (cpumask any(lowest mask) >= nr cpu 1ds)
continue;

}
/43 TG IE AL B G

return 1;
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/P ILRRACT p ALEARSR 1) BATRILG 4R 1, REl 0, BiHIH SRS/

return 0;

34 W B 4R

3.4.1 AEE 12

M Linux 2.6 WAZ )5 WA T 46, WAZAET 7 B2k 1 220 S 2 R AL UL B AR 22
AR &R . HTEH H ATk ERET B A% O A H & 2 1) ARM JF AT IMX6Q, 4L
AT 4 4% CA9 ZEH4 | I RIS HA o

BRSNS R ZRA 1 2 R G 2R AR AL T A I S5 46 5K e BSG BE SR I T AR AL -

static struct sched domaln topology level default topologyl[] = {
/ /R REAL P 4
#1fdef CONFIG SCHED SMT
{ sd 1nit SIBLING, cpu smt mask, },
fendif

[/ EIEALERAR, AT cA9, AT
{ sd 1nit CPU, cpu cpu mask, },
/ /NUMA 1 2%
$ifdef CONFIG NUMA
{ sd 1nit NODE, cpu node mask, SDTL OVERLAP, },

#endif
{ NULL, 1},

b

IZ B e AR HR AR IZ AR A R R, AR T AN F I EIR, WA E
kBN N fh fi A 45 #) struct  sched domain_topology level . H: H 1
sched _domain_mask_f mask; ¥ i1 bR 2038 | AE %2 OZ AL IR A AT . 70 H ¢ &k o 4T CA9
MeTRES, XSGR ECAH B AT — . FLARFR S 7 A W N Fr AT fE £ b T 4% .

L) struct sched domain topology level AL, 1 & SE I pR 0l |

static int build sched domains(const struct cpumask *cpu map,

struct Sched_domain_attr *attr)

{ e
/% FPRSEE R LA FE 45+ /
for each cpu(i, cpu map) {

struct sched domain topology level *tl;

sd = NULL;

/*{E sched domain topology & E R AL, AT CA9 By

sched domain topology B A —T0, By LLEEAS R EGR A 0 B 64 Ab B
i ) L 1) JRE Jal /

for (tl = sched domain topology; tl->init; tl++) {
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/AR AR PR AR L BE S, AT CcA9 BEK, sd Kimh 0, SR 3C*/
sd = build sched domain(tl, &d, cpu map, attr, sd, 1);

}
/X T CA9 &K sd->child By 0, HAT )&, HENTHARZK, Xk 1
] IR 1) A 1 K Frx /
while (sd->child)
sd = sd->child;
/ /03T A T i
*per cpu ptr(d.sd, 1) = sd;

}

/* N EA R BRI R struct sched group*/
for_each_cpu{i, cpu map) {
/00T Ch9 Bk, HAHEESAUN— &, X B EUR AE AT SR 1) struct
sched domain fJE#H struct sched group*/
for (sd = *per cpu ptr(d.sd, 1); sd; sd = sd->parent) ({
[/ VTR % R o 2 /D A P
sd->span weight = cpumask weight (sched domain span(sd));
if (sd->flags & SD OVERLAP) ({
/X T CR9 ZeA, o REsE M H. %47 SD_OVERLAP, AR[HEE
23X Hlx/
1f (build overlap sched groups(sd, 1))
goto error;
} else {
/ /T8 struct sched group, ZIWL FX
if (build sched groups(sd, 1))

goto error;

/AT REX HL, 6T IT.MXeQ AbFEZE, 7EH: 4 PAbPEZRY) online 1HML T, WAL, MEEAH M
W 3-1 s/

rcu read lock();
[ /WA FE AR 2T A T struct rq S H L struct sched domain FBE K
for each cpu(i, cpu map) {

sd =_¥per_cpu_pgf(d.sd, 1);

cpu attach domain(sd, d.rd, 1);

}

rcu read unlock();

return ret;

}
B A3 A1 3-1 Pros )i BEIET ) o
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default_topology{0] ) w{ il D
—T— struct sched domain ** percpu sd;
struct sched domam topology level ) struct sched group ** percpu sg;
sd imt CPU struct sched group power ** _ percpu sgp; —‘
cpu_cpu_mask
structsd_data  data - JL_}

JEmrTTT——

union {void *private;struct rcu_head rcu:}: J q "—"“—"‘——"“\—f‘—"‘—b( struct sched group )—1
struct sched group *groups; struct sched group *next;
struct sched domain *child://0 struct sched group power *sgp;

unsigned long cpumask[0]://1

unsigned int span_weight.//4
unsigned long span[0];//0xF M P b( struct sched group )-'l‘
struct sched group *next; —

struct sched group power *sgp;
unsigned long cpumask[0]://2

-

( struct sched domain )-If
union {void *private;struct rcu_head rcu;};

struct sched group *groups: —
struct sched_domain *child:/0 - M = struct sched_group D
LT

struct sched group *next;

struct sched group power *sgp;
unsigned mnt span_weight;//4 unsigned long cpumask[0].//4
unsigned long span[0];//0xF

.-( struct sched group )
( struct sched_domain )q* struct sched._group *next; ||
umon {vod *pnvate;struct rcu_head rou;} ; struct sched group power *sgp:
struct sched group *groups; — unsigned long cpumask[0].//8

struct sched domain *child://0

unsigned nt span_weight;//4
unsigned long span[0];//0xF

( T T — }q;]

umon {void *private:struct rcn head rou;} ;

struct sched group *groups; —
struct sched domain *child://0

unsigned int span weight;//4
unsigned long span[0];//0=xF

Bl 3-1 i el A ife] 2 ) A

/BN R . X CA9, t1 BJY{ sd init CPU, cpu cpu mask, },, child A 0%/
struct sched domain *build sched domain (struct sched domalin topology
level *tl,

struct s data *d, const struct cpumask *cpu map,

struct sched domain attr *attr, struct sched domain *child,

int cpu)
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/*struct sched domain ZHIAGHNFEL DAL, XHEEIL percpu HHRER AWV
cpu ] struct sched domain, JRHEHW{EN SD CPU INIT*/
struct sched domain *sd = tl->init(tl, cpu);
if (!sd)
return child;
/*25 B unsigned long span[0];WUE, XEFA T 2 E G ARG H L, X
T cn9, H{EN cpu online mask*/
cpumask and(sched domain span(sd), cpu map, tl->mask(cpu));
/*child ZHU AL A HIZHOCR, WRIREN smt TG, JRIREEIER, H 260
SR AT — R E S Ak X CA9 BRI AR Z EIX AN+ /
if (child) {
sd->1level = child->level + 1;
sched domain level max = max(sched domaln level max, sd->level);
child->parent = sd;

}
//CRA9 M E1Y child fl parent &4 0
sd->child = child;

set domain attribute(sd, attr);

return sd;

J *

* build sched groups will build a circular linked list of the groups

* covered by the given span, and will set each group's ->cpumask correctly,
* and ->cpu power to 0.

PR T REAR by b e RE 1 i R B AE T, 1S S ) 2 B X I B8 i Yo Bl W IR AT struct
sched group ME, {N{EH —MALPEEE struct sched group I L2 5¢ Ak

%/

static int

build sched groups(struct sched domain *sd, 1int cpu)

{

[ /AT AT 38 AN v HL R P B 78w YO R R A HE g, R [P
if (cpu != cpumask first (sched domailn span(sd)))

return 0;

/ /O] R B 7B i v [ (KRR AL B A%
for each cpu(i, span) {
_strugf sched group *sg;
/*H struct sched group W{FrFR 7 lt, XHTE struct sched group *sg H
1o H i ki /
int group = get group(i, sdd, &sqg);
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/%I & struct sched_groupUQUﬂsigned long cpumask[0];*/

cpumask clear (sched group cpus(sg)):;
sg->sgp->power = 0;
/X T CR9, ZIEMHIEEC ARG R, BIOEXT 1 XMW struct sched group,
¥ H unsigned long cpumask[0] ;XN 1 AL H 1%/
for each cpu(j, span) {
if (get group(j, sdd, NULL) != group)

continue;

cpumask set cpu(j, covered);
cpumask set cpu(j, sched group cpus(sg));
}
/5% FEEE m U NPT Y struct sched group s/
1f ('first)
first = sg;
1f (last)
last->next = sg;
last = sg;
}

last->next = first;

return 0;

}

342 HEE

{E25 T Linux RS, LikWZSE 2SS, AN Z A0 —17 AL E s
TR . SR I 2 T Ry o T A e S AR S A pl, W3 2 1]
FEVE . PSRV R R AL U B PA A B RE V) S, TS Bk i, R iEG S5 A
W27

L) 4 (R VE T R AR AL 0 B R 222 FA 1P Context HAKE F—A 5 F AL FR 2L (126 F4 Context
P LAE . ARM ZER A B 28 R s A 21 7 A as, Ak B as 17 45 K3 1Y % 7 %5 Context,
XL Context [FIPRAF VRS RFAR KL BE 520 2 D) s [a] o (H A& RS0 A 2 Ab FE A8 1 26 2
HAZ, U1 Android R4 AXAX H 9 fift i 2 AR LR A 23 FH 21 Neon, iy H'eXAT T [R] f H L AE
[7] — N A PR A Az L Is AT A AR S/ 1o Fr AL it Ul Ae s ik 1 ardé, ARM 1)
s iz, & bR Up AL EEES W PR AL FE 25 1P Context n] A ] 4 .

Pt RGP E IS IS S 2h—/ N W) L /& Cache, #7 Cache J& &k #l T L E2H 217,
HS 47 I s RS 2 R 11 ) 40 Bsf 34a0h B8 8 Cache, 75 WL stV EL 7« ARM HHA 48 F4 4
ARMD (1] Cache ZHZJc5E & VIVT [1), IXF0T Linux XA 35 P07 i UL 18] (1) dE 7
PR BRI EAE V)4 Cache #8%E BFT— il o IX HEAGA KN E ] WINCES 2 57 i) 2 N k£ 3
2 4G MU R (] 1) QAR IXAN J T S — %% /1 CA8 2 Ji ff) ARM 53 HH L2 A1 L1 Data
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Cache J8i 77 SZHE 5 PIPT, 145 L1 Instruction Cache A4 %] VIPT, iXFELEHERED) ¥ iF i 40l 3+h
HE=% 18] 1) o) 84X §2 0 3] 1.1 Instruction Cache.

/ *

W EEAS R AL, AT, ZERET M EEN S YATERFE, ar b B i E RS
*/

static void sched  schedule(void)

{

need resched:
//EE LA
preempt disable();
WE R\ E TP L35
cpu = smp processor 1d();
/ /AR AL 4% 55 3 G AL B A X N (32 1T A A7)
rqg = cpu rqg(cpu);
//rcu i, Z W rcu o
rcu note context _switch(cpu);

/ /2] cpu IBATPAFI R AR B struct task struct *curr, #5F[R HHTZAE

prev = rg->Ccurr;

/1 RKF Wi

raw spin lock irqg(&rg->lock);

switch count = &prev->nivcsw;

/* R T RARTE A Y ELE W IE AT A IR (R i/
1f (prev->state && ! (preempt count() & PREEMPT ACTIVE)) ({
WE=TE5T 5
1f (unlikely(signal pending state (prev->state, prev))) {
prev->state = TASK RUNNING;
} else {
/FHETE DL, HRTERARAE B S B R LER LB TGO, 1T BERAR TR, R gk
FEZBATBAZ P HL Y/
deactivate task(rqg, prev, DEQUEUE SLEEP);
/*struct ta_sk_struct SRR RSB int on rq;fith HHETZAE DANTEIZAT
A /

prev->on rq = 0;

1f (prev->flags & PF WQ WORKER) {

struct task struct *to wakeup;

to wakeup = wg worker sleeping(prev, cpu);
1f (to wakeup)
try to wake up local (to wakeup);



38

Y= W H——2T Android W5 R Ge 2L k96573 B

switch count = &prev->nvcsw;

pre schedule(rqg, prev);
/45 H AL EE AR (132 17 A LT A TIE AT S AL, W5 SO AL BESS B Lo FE 3 H S
BT BAA* /
if (unlikely(!rg->nr running))
idle balance(cpu, rq):
/AT BAT AR IEAE, AT Nz T RS R g 45, AR BEARIZ AT S LA WA BE A ZATRAS,
KEAS R R BE R ANRI AR 2, RT i B2 SR AT R B HLz A7 BAA J2 24 iir e A2 1K) 32 47 IS [
HXJ21T AN task HOPT o€ iz AT (R AL BE &/
put prev task(rqg, prev);
[FERUR — A EIE LR, TR RS, HIEFOI AR R F IR Z RT HER. Fair
JBERA Tdle PWRESS. F71%$E | Idle MR UINNAAL IR EH A Idlex/
next = pick_next task(rq) ;
/ /i FE AT SRR B R AR
clear tsk need resched(prev);
rq->skip clock update = 0;
[ UGERUNERE, ATHERN S AR EAE, IXPHG D0 BA% I i FE R BRI AT, A5 0 A T D)
Heffi/
if (likely(prev !'= next)) {
rg->nr switches++;
/ /ZRTIEAT A BB B 2 2 B 2R R 4R

rg->curr = next;
++*switch count;

[ /SRR, X H IR =5 B F R AR AR
context switch(rqg, prev, next); /* unlocks the rqg */
/RS SRR A MNIX oK, HA L Z4AE i 2K I 2 g bRk, H 427

FiAbRAL B AR b, O RE R SE R T RN AT CFrghfe), 1 EIRIRAFEF A5 B
PR 2 BN ALBEAS Ja Bl 21217 2L L */

cpu = smp processor 1d();
rq = cpu rqg(cpu);
} else

raw spin unlock irqg(&rg->lock);
post schedule(rq);

/ /R TR AR I AR IR

preempt enable no resched() ;

/*TE W AR 5 BT BB AT B ML I R A T o, ELMGR T B Se R kAR, S BT
LREWAE N O AETE void finish task switch(..)N2FTHHR) =/

if (need resched())

goto need resched;
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3.5.

3.5 WL iR

1 MREESE L
R R R R R A TR AT E AT, AT e T R (R /E, 76 SMP 484

MEFRZSIASE B, BRI MEEAIEAT NS R REBA A, 3 o 08 AR . TR B SR EA T AL B 2 1)
UL
1. MREE

/R A 5 B BN 4 B e, SRR i L O T 6 s/
static int
try to wake up(struct task struct *p, unsigned int state, int wake flags)

{

//% raw spinlock t pi lock; K Hr
raw spin lock irgsave (&p->pil lock, flags);

cpu = task cpu(p):
[¥XHPPRAEEN A p ERS RS EEEAATIBITRE, BT REAMES, H
AL T I RAL B S FRREARaBER] raw_spin_lock _irqg(srg->lock);, XN7EZH)
MFEAS AR T i% p, XW p->on rg A%k, ZAiAbEES S 55— PR FE LS 5T 90 5 AL B
¥) raw spinlock t 1lock; ( B % static int ttwu remote(..) i id rgq =
__task rq lock(p); KIEFXN T raw spinlock t lock;), FFYurdbEEEIRE, % p
il PR A R BB TR, AT AR AR R 1% p, wake up $RAEREAT R R
AT/
if (p->on rqg && ttwu remote(p, wake flags))

goto stat;

#1fdef CONFIG SMP
[ RS E ST AT 23 b TS struct task struct [ int on cpu;
B L, MR AL SS struct task struct #) int on cpu; BEZF. ML
A U) e sk A B e W) 4T R Wy, W% ARCH WANT INTERRUPTS ON CTXSW Al
__ ARCH WANT UNLOCKED CTXSW #7E M. IXEMRATE DI BE T, 140 FE 4% 16 o by
1T I 1) LHA) ok AR AT Iz 7RSI struct rq i) raw spinlock t lock;fi*/
while (p->on cpu) {
#ifdef  ARCH WANT INTERRUPTS ON CTXSW
[ *
XH R AU SO
(1) ZaibHds EMif#i% struct task struct *p, {Hi%Z p X7 AHSS FIEAECE
M rq WETFBAFIBEUE, B oon rq ki, HIEM OIS, Hon cpu KRH . X,
M ArabE A LRGN T A FE S rq ) raw spinlock t lock; Ja¥i% p EHHAHLIZIT S
BT
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(2) ZajbHds FMiEEi% struct task struct *p, [RINAT7 RS HAE p U2
AN T R, Hoiz W i p (K454 X I R b PR A5 549 p ) raw_spinlock tpi lock;,
M AR B A FF T 20 7E % p I raw_spinlock t pi lock; ESFfF, (BX Uy 4k P AR B £5 A1
on cpu AHMFAM. PrLlE FRBFIALIESEZ p T ARG RIZPE R Z p 1)
raw spinlock t pi lock;

*/
1f (ttwu activate remote(p, wake flags))
goto stat;
felse
cpu relax();
fendif

}

/%

P B R R I Mo i 54

*/

smp rmb () ;

p->sched contributes to load = !!task contributes to load(p):
p—->state = TASK WAKING;
/0T fair PHEEK, o p bEE PR ACIALEL S, 6F T RT VAR e A T 58 1
IRIEZ p BE XN BAT HETEE, 70 WELU RGN
(1) # p BIRIBATINALEESS FARNHEAT AR RT Z68%, WIRZEEF p EIREATHIALFE 2%,
e M) wake up #A4EH p F46 /i TESS .
(2) %7 p EVGEITIALPESS FAATEIT IR RT 462, HiZ RT M0 Em T p 80 1% RT
LEREGPE MBS, WITGEON p B4 — Bk M 8 iz 1T
*/
1f (p->sched class->task waking)
p->sched class->task waking(p):;

/N p EFE T IE AEPE %
cpu = select task rg(p, SD BALANCE WAKE, wake flags);

1f (task cpu(p) != cpu) {
wake flags |[= WF MIGRATED;
/ /A p WE BT EL S

set task cpu(p, cpu);
}
#endif /* CONFIG SMP */
/*47 1% p L E FAC AR N M ar AL B ZS, 30 p SRR M ACERZS I BEBA A T, B p FERIDN T AL P A
] struct task struct *wake list'lyxﬂq:‘ %ﬁﬁﬁ'i?ﬁ#&ﬁiﬁiﬁ%&‘%ﬁb& XF ik B
e EWCE| W )a Hi% struct task struct *wake 1ist;PAFlle Z20LF 30/

ttwu queue (p, cpu);

out:
//f# raw spinlock t pi lock; FFH W

raw spln unlock irqgrestore(&p->pli lock, flags);
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return success;

)
2. A

M fE 7 I e b w55, 2 L A YRR o TR e FE R e R, A
MW R B T A A2 15 AENS HE 5 HL N IS AT BA A ) 2 i e e o A0 2R A2 45 e B iy P A A
static void check preempt curr(...) KA Er4t 5 41

static void check preempt curr(struct rq *rqg, struct task struct *p, int flags)

{

const struct sched class *class;

if (p—>sched class == rg->curr->sched class) {
/e p P R R 545 0E rq HargiE s TR SR, WG S AR F R As 5 A
JER*/
rg->curr->sched class->check preempt curr(rq, p, flags):
} else {
/X MR p PR ESR 51RE rqg RSN R T [F - HERIEN, Hg W5 RT #E
Rt Fair HREESR, Mamm/CZ ) RT HEESRIE P/
for each class(class) {

//360E rq FABERRE DTS R EERIL R S, AT B

1if (class == rg->curr->sched class)
break;

/1 EFE p s M BE R E 2 v, 4k

if (class == p->sched class) {

resched task(rg->curr);

break;

352 PEAEFEN KL

2 A TR {5 05 7 0 ) A TR B R T — AN A LA AL T B AT I 4
P, XL R I AR S AL T H ARALFE SR A T IAS, TR T wake list, i s
24T 58 A AT % 0 0T, L B AR B X e

/ /B, RIETT PSS e RESCHEDULE
vold smp send reschedule(int cpu)
{ //BEZREF W, cpu Xy AbELgs
smp cross call (cpumask of (cpu), IPI RESCHEDULE) ;
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/*%AT, 16 H A AL BE gy ER#i(®) IPT i IPI RESCHEDULE, MM #0E H AL 51+ /

asmlinkage void  exceptlion irq entry do IPI(int 1pinr, struct pt regs
*regs)

{

switch (ipinr) {

/ /AEER AR R RE NS G 3 3, AEIX HLM WO U7 AR BE 4%
case IPI RESCHEDULE:
scheduler ipi();

break;

}

e F BRI AL FE A A R A [ U wake list, B HPZRFE— 3805, 1% wake list fE7E
XY T AR TR O H 5 AT B T SE R KBGO R I Ee R BA A1

//1ist W iZA BEEFT B wake 1ist
static voild sched ttwu do pending(struct task struct #*1list)

{

[/ ttwu do activate BREUK IR AT EEE AT
while (list) {

struct task struct *p = list;
list = list->wake entry;
ttwu do activate(rq, p, 0);

353 h

o N SR A FINAZ SR e B 2 Linux BEARFYE, 5 A AEST T ARG & T
RIS o 85 S PE A SERT, (B SE PRI A P T WAL UG ) S R 2 . T3
R AZ VG [ 26 SE A0 I EERMB U T LASRAS SEAFHUSE RS P o AU AT AR A FE A T 4E
IERH

1. BRIEATZE

i A7 BT B S BRI SRR RO 56 2 task $THRI, Oy T {0571 BEACTD B,
AR TE LTI
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preempt disable();
SRS IARS B
preempt enable();

H.rp preempt disable()+ i% task [ struct thread info [1') preempt count H 0~7 {7 i 1,
=~ H A &gt AR SRR B

2. ZBILE HIRSH ZE T hi, MESMHERZE, RERS

X — MR EH T EEA, B task ML, TiIX A task (ESC S = T A EIL oG
9z, JF H 417 task ()R8 T RT, XI5 task [¥) flags (1) 5 i BEA 4 EAL . 8 1%
W IR [PTINAGE A =4 Y task [ preempt_count 4%, it AANEEQ R Ay, ARF I S Afeafe 1Y
BH, AP 27 task 152 IR ACHS B HRAT -

IR e 22T task {52 RIS BAiAT 56 52, el T preempt_enable(), K H C.1E
preempt_count HL[] 0~7 fZFr N 1 VEFR. {HZIXI NAZ XK & H 200 task [ flags [
TIF_NEED_RESCHED & &4 EA7 . R B WIA TN Wy, RxfiEAr, T2 Wit
G, 4HT task # ¥ E 4 PREEMPT ACTIVE MRZA, Wi schedule #EFE#T 1] task.

P BRI Bk b o0k B B AR

ch P A B pR 0 { ] static int try to wake up(.. )M task B, 31X IR EE BAA PR S
AT 2RA, DB S N 2R T task H

static i1nt try to wake up(struct task struct *p, unsigned int state, int

Sync)

{

struct rq *rq;

//rq & A AL EL AR E AT A
rq = task rg lock(p, &flags);

//p BRI N task

check preempt curr(rqgq, p, sync):;

static 1inline void check preempt curr(struct rq *rq, struct task struct *p,
int sync)

{
/ /B L HTEATAS S T2 1T task, RIS T task FIAHN R
rg->curr->sched class->check preempt curr(rq, p, sync);

}

ANF T I Linux 2.6 A%, AR LERCE T AR, — Bt | — et g m
task, 9HI task AN Ul HE A FARFRSS, IRAEA AR XA TR 45 2k .
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static inline void check preempt curr (struct rq *rq, struct task struct *p,

int sync)

{
rg->curr—->sched class->check preempt curr(rqg, p, sync); / /BRI E

/ /%G RT WEESR, $92 ERT WAERYE Linux 2.6 50K I B2 SN 1R AH AL
static void check preempt curr rt(struct rq *rq, struct task struct *p, int
SYnc)
{
/AT task WRZE rt task, AFHETHANE, BRGNS task e A HBR, HERN
LA, W RumelE task /M 201 task I prio (prio M/ MESLHEK) */

1if (p->prio < rg->curr->prio) {
/S VFIAZ YT task W28 FACEESS

resched task(rg->curr);

return;

}

/*HE Fair WERAIE D/

static void check preempt wakeup (struct rq *rq, struct task struct *p, int
sSync)

{

// rt task HERH,H cfs HIIYHET task
if (unlikely(rt prio(p->prio))) {
resched task(curr);

return;

/3] TIX YN task p AR T RT W, EWHENT task p NViZE T Fair HE
KT . WRE Idle RN task, BARZHETANZSEIARVFEI " Fair HER. HEW
RNEG T AWM, MIXA task p BE TIXASP P EEZENE? B DA L1 —AN 5 (1 14
B, mHAEHEWE Y Fair HIY) task, MU EBIXE [/

1f (unlikely(p->sched class != &fair sched class))

return;

/73 VIR task AR task B g T Fair T

/IR task BOFTIH BN e s BAL, A RE 1, REl. HSOX4T [ 7E Fair R
task #4851 DREHL, ERXMEE T, WRBHAXA task KT 2900 F, AATE
A E R AR B BT T, Fair WEERA L SR MIX A HbE «/
if (test tsk need resched(curr))

return;
/R task [FF KNG ANE NORMAL, ANHIBE, H#ik([A|*/
if (unlikely(p->policy != SCHED NORMAL))
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return;
/ /WA task MM ESRZE IDLE, #fiy
if (unlikely(curr->policy == SCHED IDLE)) {

resched_task(curr};

return;

}
/*OK, BEAR PRIV B RG50S SOV WAKEUP I [93E Y, S a5 1, R[E]x/

1f (!sched feat (WAKEUP PREEMPT))

return;

/* PR [ SR FEVFIX B WAKEUP, Y HT A RCIR A& L FORr B4, B/
if (sched feat (WAKEUP OVERLAP) && (sync ||
(se->avg overlap < sysctl sched migration cost &&
pse->avg overlap < sysctl sched migration cost))) {
resched task(curr);

return;

}
find matching se(&se, &pse);
/#ARYE H BTG, AR prio K/ANKPEIN task B HHETHEE N A cpu*/
if (wakeup preempt entity(se, pse) == 1)
resched task(curr);

}
A Idle WRER, IXASHOECR B, XHEHEEFH, HiGRiL.

static void check preempt curr idle(struct rq *rq, struct task struct *p,
int sync)

{
resched task(rg->idle);

}

T A, (EIXYE i B2 1H) static void check preempt curr(..)eREH, &G H
Pev) i task, IXANIEILAEH WAL FE e B, i HARY AR BOE AT 5E . BT LLIX IR
A& 24T task 1) H BT VR BE AL EAT

static void resched task(struct task struct *p)

{

set tsk need resched(p); //HBAL task ] flags HFrifEAL

}

B TIXHP AR ERFE R E R T H O AR, e T e task, 37 WAL FEFE
FRIR H IR . 2 1 2 A% A A it A GRS 70 A
__1rqg svc:

svc entry

#ifdef CONFIG PREEMPT / /WA B D AT 4
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get thread info tsk / /4K E| 2980 task [f] struct thread info 7%k
1dr r8, [tsk, #TI PREEMPT] //# preempt count J#F|% 174 r8
add r7, r8, #1 @ increment it //FWrAS B EANGERIE T
str r7, [tsk, #TI PREEMPT]

#endif

irq handler [/ WA B R L, WRER S task, RV EAL T E
/ /T X HLR H

#ifdef CONFIG PREEMPT
/ /PR P WTET I 2 HT task [ preempt count

str r8, [tsk, #TI PREEMPT] @ restore preempt count
/7B 4T task () TI FLAGS

ldr r0, [tsk, #TI FLAGS] @ get flags

//5F — 1 2§ task [ preempt count &7 4 0

teq r8, #0 @ if preempt count != 0

/*WR preempt count A4 0, r0 #E 0, YW LR UM ARER AT, WR preempt count
ANK 0, r0 B2 task ) TI FLAGS, WARHEAL | TIF NEED RESCHED Kj<r FEEE N &
A AdEE R sve preempt, I CLIZ A2 A 2 FEAR S B N b preempt disable () #
preempt enable () BEAL R RIABIE NI 5 K/

movne r0, #0 @ force flags to 0
tst r0, # TIF NEED RESCHED
blne svc preempt
fendif
ldr r0, [sp, #S PSR] @ irgs are already disabled

msr spsr cxsf, r0

/ /PR AT B PR S
ldmia sp, {r0 - pc}i”® @ load r0O - pc, cpsr

UNWIND (.fnend )
ENDPROC( 1rqg svc)

KXH, iR R, R AR s T, I RPN BT EE R T

H

preempt_enable(). XH T HFILSLRA T, HFh—> task #4E F AL FRAS .

/ /TN
#define preempt enable() \

do { \
preempt enable no resched(); \ //XH[H QT preempt count [ 1
barrier(); \ //WAFbtik
preempt check resched(); \

} while (0)

/ / Vi B I ATLAS 0
fdefine preempt check resched() \
do { \
if (unlikely(test thread flag(TIF NEED RESCHED))) \ H - FACEH T LR

B P
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preempt schedule(); \ //#N
} while (0)
/ /38N L
asmlinkage void  sched preempt schedule (void)

{
/ /B struct thread info #i%f
struct thread info *ti = current thread info();

/*k & preempt count MW ZGTHEE L. XM MFHAEN DN ERESBAGRER . 1E
Linux 2.6 oMM AZE, AbEESS g a2 A ol R« /
1if (likely(ti->preempt count || 1rgs disabled()))
return;
do {
/ /R H CEALAAE T T
add preempt count (PREEMPT ACTIVE) ;
[ERE NS, R AR SIEFEE H CHE S task KizqT, 280 task #HL FACEE RS+ /
schedule () ;
/*ABAE T task MOGRTG T2, AKX HH T 46+ /
sub preempt count (PREEMPT ACTIVE) ;

} while (need resched()):

}
3. BBAAKRSIES

o AR B B W AZACIS EESE D EL K E LR, WAL WA 2R B ), X
5 B SRR S Wk B, ER] T sve preempt.

SVC preempt:

//1r BEORAFHIMZE L4352 blne sve preempt [ F—MHihk
mov r8, 1r

//Bk#| asmlinkage void  sched preempt schedule irq(..)

1: bl preempt schedule irqg @ irg en/disable i1is done inside

/e RPAETS, R A R AT, DR, EREILN cPU, NIAHETHLAE
B, TSR T . T A UK A/

ldr r0, [tsk, #TI FLAGS] @ get new tasks TI FLAGS
tst r0, # TIF NEED RESCHED
/ /R[]
moveq pc, r8 @ go again
b 1b
asmlinkage void  sched preempt schedule irqg(void)
{ / /B T task [ struct thread info
struct thread info *ti = current thread info();
do {

/ /¥R HCHAE N
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add preempt count (PREEMPT ACTIVE) ;
/ /4T FF W

local 1irqg enable();
/ /HEN VA FE a5 V15
schedule () ;
/ / R T
local irqg disable();
/ /B B e A
sub preempt count (PREEMPT ACTIVE) ;
barrier();

} while (need resched());

}

HAS PR, ERXPURES MG s task 4t b CPU I, A RRERAT IO H W 21K I
H N context, FrPAf#HRIkTG CPU I, EEMSGHTH TR 1 7B i 2, IXH A HEiR 2]
H R B HA T HB AL
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% 4% Signal

Signal & RZTH 1 —FPEFARNLE], R FRLFEE NPAZS VIR P 20, I 2 5 H
FUATAT AR 0 HE N TS % E ) Signal Handler [IHL] . Signal Handler [ R 42 & 27 ¥
HihE 2 46 S s FUR G i H 1) P & IR A, RGEASgetf e A PATIN Z . Ry — ey
FHARTF AL FE 25 B I )& A Be Az 4% 19, B LU Tick H KR i I 4% B 0% v I 21 R Ik & 4
A28 FE (1) Signal Handler, {H /& W AZ IEANGELRUEN R FEFRAFAC R 28, Br DABS B-h I A e
PRk i ity SEA LA I BEHL T T

Signal b5 AEFRASZEMIAH G, AREFENBMT T IWMMX AL I 45 (1) 40 3 17
IWMMX [P ALFE )7 A 3& ] 1 NEON PhAb 2 2% .

4.1 15 5 & X

5 RIERIURGE P EAF 7B, T BN R AN Signal Handler 45 H Wi
N, IX B NAZ AR IX N2 FE Y thread info BLAS—Mid 5, FFESHLAIEBHRAT, 1k —48
FEEIFAE, ATFEHR A Signal Handler [N, A% B 420 n] DLGH IR BV 1) 26 R fifl
NEFE

/ /55 RIL R AL

static int send signal (1nt sig, struct siginfo *info, struct task struct *t,

int group, 1int from ancestor ns)

/i E T ARG HITER struct task structblock Bt ignore*/
if (!prepare signal(sig, t, from ancestor ns))

return 0;

/*group $i7th 1 %[5 5 REORTEHIE (RRBEA) & RPOIEAT I L=/
?

pending = group &t->signal->shared pending : &t->pending;

/* WMRZAE SR A /N SIGRTMIN AR5, HetE R % el ®| 1z, W
[ER: 37 SUREREE A SR
1f (legacy queue (pending, s1g))

return 0;

/*ZH info #7115 B SEND SIG FORCED #RiHiX2 % BN M i1 SIGUSR1, SIGSTOP
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ZRWES, WS T EEB R/
if (info == SEND SIG FORCED)

goto out set;

//5rleiz s I struct sigqueue 4i#), PAE® 110G 5 HAMGE &

g= sigqueue alloc(sig, t, GFP ATOMIC | GFP NOTRACK FALSE POSITIVE,
override rlimit);
1if (q) |

[ /HE AN FEH BV FE ) peding BAY
list add tail(&g->1list, &pending->list);
switch ((unsigned long) info) {

case (unsigned long) SEND SIG NOINFO:

default:
/ /B % s B
copy siginfo(&g->info, info);
1f (from ancestor ns)
g->info.si pid = 0;
break;

}

} else 1f (!is si special (info)) {

Dut_set:

[/ BCEAR S R A
sigaddset (&pending->signal, siqg);
[ * VAR T IR, W S 'S pending PR MUBEHAE SRS . ST 30/
complete signal (sig, t, group);

S

\

return 0;

static vold complete signal (int sig, struct task struct *p, int group)

{

struct signal struct *signal = p->signal;

struct task_struct *t

/*

PR TR € BRI A R A5 5 5l H A e, HUROrbreEan T W B 5 5835 E &t
block, B FHELBIEESGT R AE MY, BT €M debug, BUETRIELAE 2 ATA I HI AL B
25, BHTRE L pending BHAEEEN) signal, HSATRELFEEARILE T AIE M EK
A I HLUBETT R 58 S = au AN o AR TE 434 D0 ) Jst IRFE T8 3845 5 [ SR A T IR AL 5E & N R3S
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o) F P &R Bl B, WERAE Sy R HAS S T e 2 EBIRER, Pr LUS Sk 5 AL 2
a2 . M7 pending signal MREZLBENER TG SPATENRS, A2T
A HEAE — AR |
*/
if (wants signal (sig, p))
t = p;
else 1if (!group || thread group empty(p))
/AT EF R INGIE I AE, W BRI H AR LR AL AR, WIRA LA, HiE
igzml, ROgR RGN ERE. G AAESE L CL BN [ TIF SIGPENDING
AN T S AL R T/

return;
else {
/¥
T ER AR LI RE, B G defE
*/
t = signal->curr target;

while (!wants signal(sig, t)) {
t = next thread(t);
if (t == signal->curr target)

/il FERR A, HB [ E A e AR G Sk FEd 1, X AT 8P
fit TIF SIGPENDING F{/EGHAMEESRAE 1, Oy E—IRIME 5 AL FE
cafiid 1=/

return;

}
/ /B G G 2R

signal->curr target = t;

1f (sig fatal(p, sig) &&
! (signal->flags & (SIGNAL UNKILLABLE | SIGNAL GROUP EXIT)) &&
Isigismember (&t->real blocked, sig) &&
(sig == SIGKILL | |

'tracehook consider fatal signal(t, sig))) {

1f (!sig kernel coredump(sig)) {
/*STGQUIT. SIGILL. SIGTRAP. SIGABRT. SIGBUS Z{Z'5 R4, FACEINLEFEL/

return;

/*
XTRE PR E A TIF SIGPENDING Wi TASK INTERRUPTIBLE HEARAR A K135 & L2
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*/
signal wake up(t, sig == SIGKILL);

return;

42 5 5 M 11

W ESCHAR,  Signal $AAT I AL AN IZIR [P 20 . {E1% task E’JJZ.L_{EJ: A
2Rt 2 15 1) pending 1) signal AT ACFE, U5 AT signal pending, NIFHAT(5 FALFE. A
t% 4 Signal A0 HE R ZFAT 77 248 LI TAE.

(1) #k3 pending | WM 5 -

(2) NARZEIR I &SR g B E9fiaiix task LLRTHIH] ' 45 context, FIr AN 42
HUHARLE B oK.

(3) M7 N P WAL IR BT P 2 B0 B8 42, Bl — 2R RES IR [M] 2] Signal AbFH pk 211

(4) Signal AbFE R0 72 1% task 1 P kR, HU2IX MR ECHT Y frame 2 47 N A% A R
Hi SR A

421 1R

EHWNRE RS R AR EES, H)a— I AR 2 S i 2 5 A 2 m
A7, WERMA (S o pending, WA WHIR B Fas iy Es 12, BEA(G 53047 .

/*{E Signal pending I#HWTIRAl. R AR P, XHEARZATE S Handler $04T TAE
IEFI R/
asmlinkage void do notify resume (***)

{
[ /N ZR BN S regs it HArA T, X HEZ2ANBEERRFFH P& context HiJy
if (thread flags & TIF SIGPENDING) //F#&XHl task £ {57 pending
do signal (&current->blocked, regs, syscall);

static int do signal (sigset t *oldset, struct pt regs *regs, int syscall)

{

/ /IS B RAF ) cspr )5 ALK € regs S TaAT T
1f (!user mode (regs))

return 0;

/ 1 RTRARAT
1f (try to freeze())
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goto no signal;

single step clear (current);

/ /R FIIK 2 pending TG 5

signr = get signal to deliver(&info, &ka, regs, NULL);

no signal:
/1S AR HAEAN

return 0;

4.2.2 ARM Linux MES#ITIMNERIIEE

Signal Handler FJHUAT AR T o) P AR B gIR [A], 8 B A5 R A7 58 1 1O 35 A7 2R
A&, AETCERPE, Sl LaaE e, {H2 Signal Handler BARJE—Bedm e 140D,
{H 2 HE I AL F 25 1) 27 A7 2 IR A KN 75 SR B8 H K, iy HL P9 A% A 0 O AT 58 BES 1 [P K
BT ELEE Dy HAE A i N 7

//Signal Handler $iATHEaMIHER

static void handle signal (**)

{

[*AAERG WA, TREAEREEANEL, S0 T3/
if (syscall) {

switch (regs->ARM r0) {

case —-ERESTART RESTARTBLOCK:

case -ERESTARTNOHAND:

case -ERESTARTSYS:

case -ERESTARTNOINTR:

/ /A5 5 AE PR pR EU) 2 S A B N4 T8 AR AT
if (ka->sa.sa flags & SA SIGINFO)

ret = setup rt frame (usig, ka, info, oldset, regs);
else

ret = setup frame(usig, ka, oldset, regs);
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}

N T e s S B R I2 T I ST, W T M &R (X 20T task H P&
stack 1)

struct sigframe ({
struct ucontext uc;

unsigned long retcode[2];

struct ucontext {
unsigned long uc flags;

struct ucontext *uc_link;

Stack_t uc_stack;
/ /AL task VLT P& context

struct sigcontext uc mcontext;

sigset t uc sigmask;

unsigned long uc regspace[128]  attribute (( aligned (8)));
};
/[ MERR

static int setup frame(int usig, struct k sigaction *ka, sigset t *set,

struct pt regs *regs)

{

// B E] task PR, AREMHPEHEACH sizeof (*frame) [H)%F[H)

struct sigframe  user *frame = get sigframe(ka, regs, sizeof (*frame));

err |= setup sigframe (frame, regs, set);
if (err == 0)
err = setup return(regs, ka, frame->retcode, frame, usig);

return err;

/*IX T ESUARZAR B ORITI task HIPZS contex f/fFE struct sigcontext uc mcontext Hx/

static int
setup sigframe (struct sigframe user *sf, struct pt regs *regs, sigset t

*set)

{

/ JIRAF 35474
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__put user error(regs->ARM r0, &sf->uc.uc mcontext.arm r0, err);

__put user error(regs->ARM rl, &sf->uc.uc mcontext.arm rl, err);
__put user error(regs->ARM r8, &sf->uc.uc mcontext.arm r8, err);

__put user error(regs->ARM cpsr, &sf->uc.uc mcontext.arm cpsr, err);

/1 RAFEFEH RS
__put user error (current->thread.trap no, &sf->uc.uc mcontext.trap no,

err) ;

__put_user_error(Set—>sig[0], &sf->uc.uc mcontext.oldmask, err);

err |=  copy to user(&sf->uc.uc sigmask, set, sizeof (*set));

//1RAF marvell IWMMXT {hpibPEZS conetxt
#1fdef CONFIG_IWMMXT
1f (err == 0 && test thread flag(TIF USING IWMMXT) )

err |= preserve lwmmxt context (&aux->iwmmxt) ;
#endif

//IXHARAFE arm vEp PMEFEES conetxt

#1fdef CONFIG VFP
1if (err == 0)
err |= vfp save state(&sf->aux.vfp);
#endif

__put user error (0, &aux—}end_magic, err) ;

return err;

/ /&R A
static int setup return(struct pt regs *regs, struct k sigaction *ka,

unsigned long user *rc, void user *frame, int usig)

/7 WAZACSK A5 5 A B pR AN 1 i ik

unsigned long handler = (unsigned long)ka->sa.sa handler;

unsigned long retcode;

int thumb = 0;

/*¥ cspr BFIFRMHIRSILIGE, ARM 72 2 R MFATH, BEIR(E 5 A0 B eR KOE AN LA H IR
A, R ERF ARG AL F+/

unsigned long cpsr = regs->ARM cpsr & ~PSR f;

if (ka->sa.sa flags & SA THIRTYTWO)
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cpsr = (cpsr & ~MODE MASK) | USR MODE;

//IXHIEZ thumb 154 /73 F AL

if (ka->sa.sa flags & SA RESTORER) {
/7 URGCE A A E R EOR I N B g bk, i SE

retcode = (unsigned long)ka->sa.sa restorer;
} else {

unsigned int idx = thumb << 1;

/ /JWREE T SA SIGINFO, EH FHAN AL
1f (ka->sa.sa flags & SA SIGINFO)
idx += 3;

1f (  put user(sigreturn codes[1dx], rc) ||
__put user (sigreturn codes[1dx+1l], rc+l))

return 1;
1f (cpsr & MODE32 BIT) {

/PR IE signal, idx N3, EFEHE DAL R;
MPEE rt signal, idx K 3 A8 2% T 12, IG5 AL g/
retcode = KERN SIGRETURN CODE + (idx << 2) + thumb;

} else {

//Thumb #5953 FHIAEEE, X H AT

/1E G S A B R U 2 5L

regs->ARM r0 = usig;

/ /A5 5 AL eR BT R

regs->ARM sp = (unsigned long) frame;
/7PN sk, TRE] 1, 553G 5 A EH ek B0 [a] i
regs—->ARM 1lr = retcode;

/ /A5 5 AR PR R BN 1 i ik

regs—->ARM pc = handler;

/1 FIRGSALG F )5 1 cspr

regs—->ARM cpsr = cpsr;

return 0;
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42.3 Signal &IB R Z(AYIR [

Signal AFEpREPATIEEEZ G EIR M BN Az A, Tl HGR M, WM T iR
27
PR A0 S i 1) R 26 +0x00000500 (1 5 CE T N RZ IR BN

const unsigned long sigreturn codes[7] = ({
MOV R7 NR SIGRETURN, SWI SYS SIGRETURN, SWI THUMB SIGRETURN,
MOV R7 NR RT SIGRETURN, SWI SYS RT SIGRETURN, SWI THUMB RT SIGRETURN,

};

e TR AR R, 28U AT void  init early trap init(...) P R ) S 3K
— Y S B A . KB R, Horp i dR A SR Boh Wi A, v WAE S AL
PREOR [Pl N A4S B TP . BE AR RS T A RS T asmlinkage int
sys sigreturn(...), asmlinkage int sys rt sigreturn(...)H] AL FE 7% [n) S22 +0x00000500 Ab (1
2 AN T

asmlinkage 1nt sys sigreturn(struct pt regs *regs)

{

struct sigframe user *frame;

current thread info()->restart block.fn = do no restart syscall;

1f (regs->ARM sp & 7)

goto badframe;

// regs->ARM sp s 7 0 FE R

frame = (struct sigframe  user *)regs->ARM sp;

/BT HAERPS, WM
1f ('access ok (VERIFY READ, frame, sizeof (*frame)))

goto badframe;
//WE task BEA[G TALBL R B Z gt P&
1f (restore sigframe(regs, frame))

goto badframe;

return regs->ARM r0;

/*RIATE launch S ARFERR A2 BRI task WA context M7 ERAF, FTLAR] T HUH )
I figc+ /
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static 1nt restore sigframe(struct pt regs *regs, struct sigframe user
*s5f)
{

struct aux sigframe user *aux;
sigset t set;

int err;

/%% T task /&N context, HAl task {55 blocked BE#hr EIB M ORAE, MW A8
A7 5 DIPKSE */
err = copy from user (&set, &sf->uc.uc sigmask, sizeof (set));
if (err == 0) {
sigdelsetmask (&set, ~ BLOCKABLE) ;
spin lock irg(&current->sighand->siglock);

current->blocked = set;

\I‘; ., %

recalc sigpending(); //ZEHitE Yar2 % T LGRS S pending {7
spin unlock irqg(&current->sighand->siglock);

}
//U TR E task B P& context

get user error(regs->ARM r0, &sf->uc.uc mcontext.arm r0, err);

get user error(regs->ARM rl, &sf->uc.uc mcontext.arm rl, err);

~__get user error(regs->ARM sp, &sf->uc.uc mcontext.arm sp, err);
~__get user error(regs->ARM lr, &sf->uc.uc mcontext.arm lr, err);
___get user error(regs->ARM pc, &sf->uc.uc mcontext.arm pc, err);

__get user error(regs->ARM cpsr, &sf->uc.uc mcontext.arm cpsr, err);
err |= !valid_user_regs{regs};

/ 73X HAARAT R R PR i W PR AL FE AR 1) context

aux = (struct aux sigframe user *) sf->uc.uc regspace;

/*KE TWMMX PMEEESS: context, X T CA9 NI #4bEE Neon [f) context, WZEDIH. 5%
FJTA Neon B HE 73\ TWMMX {p A0 2E 2% 4H [7]*+ /
#1fdef CONFIG IWMMXT
if (err == 0 && test thread flag(TIF USING IWMMXT))
err |= restore_iwmmxt_context{&aux—>iwmmxt);

#endif

return err;

}

1T XK task A B ARG, B L= P9 A NI L3 [] g e (o MU i e 1) P9 A Bk
1 PR A FRD 588 1] 380 BT el 2R e o] T iy 0 H P 2 bk
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=\

424 ZRGFGAFE

KT RGP HENG LU AR .

(D) 5 597 hEw el s v Z0E, IX I AT EHATE T AL H R 2L .

(2) FFEPATE T AT R %L .

FEL M, HEDRG P GFTH, ER BN Pan B aF A I A .

WHE L block 7:UHE jH : -ERESTARTNOHAND

W LLE M UE ) : -ERESTARTNOHAND, -ERESTARTSYS, -ERESTARTNOINTR

static 1nt do signal (sigset t *oldset, struct pt regs *regs, int syscall)

{
//Z W, signal AR EHAT

no signal:
/7 I F I I FR S8 ek k1)
if (syscall) {
1if (regs->ARM r0 == -ERESTART RESTARTBLOCK) ({
/*Thumb §5-EMALEE, W] EIRSKERM, XHEAMEE P REIT*/
1if (thumb mode (regs)) {

regs->ARM r/7 = NR restart syscall -  NR SYSCALL BASE;
regs—->ARM pc —= 2;
} else {

#if defined (CONFIG AEABI) && 'defined (CONFIG OABI COMPAT)
// BEABT 4iiF284H ¢

regs->ARM r7 = NR restart syscall;
regs—->ARM pc —= 4;
felse
u32  user *usp;
u32 swival = NR restart syscall;

// FIZSHERTT H— A8 frame
regs->ARM sp —= 12;

/ /] frame

usp = (u32  user *)regs->ARM sp;

swival=swival- NR SYSCALL BASE+ NR OABI SYSCALL BASE;
/ /R4 task P &K pe i

put user (regs->ARM pc, &uspl[0]);

/1 ¥ X RG] restart syscall [4R% ik

/* swi  NR restart syscall */

put user (0xef000000 | swival, &uspl[l]);
/AT A4 A
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/* 1ldr pc, [spl, #12 */
put user (0xed9df00c, &uspl2]);
[/ T AS B, Wi icache
flush i1cache range((unsigned long)usp,
(unsigned long) (usp + 3));
[*IXATHREE, BRI EN, pe FHFREHRR R B ARR2 tHulk /
regs—->ARM pc = regs->ARM sp + 4;
fendif

}

1f (regs->ARM r0 == -ERESTARTNOHAND | |
regs—>ARM r0 == -ERESTARTSYS ||
regs—>ARM r0 == -ERESTARTNOINTR) {

//Z W F W) setup syscall restart 73t

setup syscall restart (regs);

}

single step set (current);

return 0;

}
/ /A P& Context B

static i1nline voild setup syscall restart(struct pt regs *regs)

{
regs—->ARM r0 = regs->ARM ORIG r0;
/AU A pe 5 EIB 4, IEAFIRIN) swi AR, R TS5 E G0 T P A EOHT U T/

regs—->ARM pc —-= thumb mode (regs) ? 2 : 4;
}

HANOREXW ke

SYSCALL DEFINEOQO (restart syscall)
{

struct restart block *restart = &current thread info()->restart block;
/ 1 BRI UG BAT SE I T A

return restart->fn (restart);
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5.1 Linux JEFE

51.1 Fork

EHFRN I OGFEAZ, I3 Linux 195C Fork f Exec HLHIRIEIe K, — 4]
IR ML A ), Nz EdtiE, HEN SSRGS S . 7R
i 535¢ Android #/E RAE 2 J5 A Bl H, Fork HLHIA R E K NEAE RAE R EE A, #HH
AN SCRF DR IR AR R AR G L, A2 e v el IR M R R A RS

(1) Fork 5 —/NHZ T/E2 S BB IRdk K, XHE MR X 55 BN
PR . o REAU PN AT BIARFR 7 AN A], R B0 7~ A28 R A2 i FE W e As, LA
SOFr ZREREZ Rl R R

Fork AL ¢T38 WSO A5 555 7 T I BT A FE X A% 1) G S22 m beag 5, A1
ANHAT I, 1ok T B A AF AR, A5 L Android Java iEF2E 465 T 37017

(2) Fork ML) 75— A2 TAE B RE I 58 — N fe d E WAL SR gk, A
N RE LRI AT RIS, TR RE ) 56— N S REaa AT 1IN ZI AR A2 ASE — IR ifi] 52 AL 7
w TR, N ZI AT RS, ARG E kA R AR 98 2] Fork I8 FH 1 F—4-hht, H280 2
25 ERE P L WA =5 18] 1

BRI SR — SR B ar B s — I 2 A R s BLITAR ), H AR RIS 14 € 2
IS L WA context HHERS—ANBT T & FEI2 AT FUEE IF) 9 A% ER R 52 R
(ARSI R I

Int copy thread(unsigned long clone flags, unsigned long stack start,

unsigned long stk sz, struct task struct *p, struct pt regs *regs)

{
struct thread info *thread = task thread info(p);

/] W B IR A7 TG A 282 P A& ) context
struct pt regs *childregs = task pt regs(p);

*childregs = *regs;

/ /¥ iERE

childregs->ARM r0 = 0;

/P ASHERR, X TR R IX 2 Z R P A X T[] — BERE AR R R, ZRAE EAEIX LAY
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JEORT (IR AE N 1%/
childregs->ARM sp = stack start;
/ /1EOLVI context

memset (&thread->cpu context, 0, sizeof (struct cpu context save));

/ /B R R R TR P A

thread->cpu context.sp = (unsigned long)childregs;
/ 7 CE B BRER AR I W AZ BT
thread->cpu context.pc = (unsigned long)ret from fork;

return 0;

}

FEE AR IR A, BE I P I clone HFHIIIG — A<Mkl . 53R
AR BAHIL B ARSI, T AR M5 % Android 545 .

WHERAK T LR E,  FRBEAGRIL TR, R T AT
M0 g MR Fork Y8R K — it

5.1.2 Exec FiHiE|iE

7t Android &4 H Exec ML BAR T Fork HLHIIR A E 2, (HHZE ARG AR /D)
Nl e AR 72T Java #i8E, RGP 1E W mit. A H )7 JZ deamon 2 2R
HHERE KA AE

Bt R Al gy A LA AN 2

(1) W22 F2 [ Context, Linux WAZEAT P B R —ASHr R MINLE], By i)
BrIEFE AR M _E— 8 Fork i oRUEREEIERE K, By LBt RE & Se R JCE HERE i fU il
] RHZZEHEREST TP SO TH K Z AR HL PR 0T S A2 < AN B2 55 1T AE

(2) FTIFHr bR B8R . prilt FEvE & W) s Tk FR HUBdE R 1) ) A 4%
2 MAP 2 Ao SRS b2 ) . W B RERE ] P A e

/ /Exec @ Bt FE B 1) 14k

static int load elf binary(struct linux binprm *bprm, struct pt regs *regs)

{

elf phdata = kmalloc(size, GFP KERNEL);

/ /% Bt ELF B4 Skt ok
retval = kernel read(bprm->file, loc->elf ex.e phoff,
(char *)elf phdata, size);

/*GCC IERL 1IN T FH M ah B4 S A2 e ELF ., X HE A ELF B A1 48/
for (1 = 0; 1 < loc->elf ex.e phnum; i++) {
/ /R AEIX BT PT _INTERP, WIHJE PT INTERP RoniX HUeAT o) & & H 48
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1f (elf ppnt->p type == PT INTERP) ({

}

// elf interpreter FFfFERTETF 1T H
elf interpreter = kmalloc(elf ppnt->p filesz,
GFP KERNEL) ;

/ /K g et elf interpreter
retval = kernel read(bprm->file, elf ppnt->p offset,
elf interpreter,

elf ppnt->p filesz);

/*FTFahis &R XA, AT Android Bii&/system/bin/linker, XI5 ubuntu
Ma/1lib/1ld-x.x.x.s0%/

interpreter = open exec(elf interpreter);

/* AN AR b BE{% L") BINPRM BUF SIZE —B(#| bprm->buf, 7
ASBEEAH SEWZ ELF 3O, HSEpi R HE ELF ki R/
retval = kernel read(interpreter, 0, bprm->buf,
BINPRM BUF SIZE);

/* Get the exec headers */

loc->interp elf ex = * ((struct elfhdr *)bprm->buf);

break;

elf ppnt++;

elf ppnt = elf phdata;

/ /0] DLIEANTE AT PR T AR A H G R IS YR T

for (1 = 0; 1 < loc->elf ex.e phnum; i++, elf ppnt++)
1f (elf ppnt->p type == PT GNU STACK) ({

if (elf ppnt->p flags & PF X)
/ /AT HR
executable stack = EXSTACK ENABLE X;
else
[/ ATTHATH:, Android M ZHEHIFEY & T X R
executable stack = EXSTACK DISABLE X;

break;

if (elf interpreter) ({
/ /XN B AR AR A TR A, &2

}

[/ R B S UCE I, ISR S
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retval = flush old exec (bprm);

/ /RN LK B U W oy gt an 4, 76 FCEG 0 b

setup new exec (bprm) ;

[/ CERERR IR B2, BT R IR BT 1 P A
retval = setup arg pages (bprm, randomize stack top (STACK TOP),

executable stack);

current->mm->start stack = bprm->p;

/0 _HEHFR PR ELF (1) PT_LOAD JEFUMUEB K, 7E Android REIH Ll system/bin/
app process M, ZGRNEHIPTLMER "prebuilt/1inux-x86/toolchain/arm-eabi-4.4.3/
bin/arm-eabi-readelf -a out/target/product/generic/system/bin/app process
"dump K, H Program Headers Z5fa 19kl T

Program Headers:

Type Offset VirtAddr PhysAddr FileSiz MemSiz Flg Align
PHDR 0x000034 0x00008034 0x00008034 0x000e0 0x000e0 R 0x4
INTERP 0x000114 0x00008114 0x00008114 0x00013 0x00013 R O0Ox1
[Requesting program interpreter: /system/bin/linker]

LOAD 0x000000 0x00008000 0x00008000 0x01194 0x01194 R E 0x1000
LOAD 0x002000 0x0000a000 0x0000a000 0x001b0 0x001cO RW 0x1000
DYNAMIC 0x002040 0x0000a040 0x0000a040 0x000e8 0x000e8 RW O0x4
GNU STACK 0x000000 0x00000000 0x00000000 0x00000 0x00000 RW O
EXIDX 0x00114c 0x0000914c 0x0000914c 0x00048 0x00048 R 0x4

H A1) INTERP 58 [ Be sl R AP IS S HERE 2 IR 1211, IX/ NS MAP ok, T2l X read
EE ok T, mHA A LoAD BB, Hilgdsiuhk /747 F 000008000 1 0x0000a000.
T P T B X AN B MAP HY ke x/

for(i1 = 0, elf ppnt = elf phdata;
1 < loc->elf ex.e phnum; 1++, elf ppnt++)
int elf prot = 0, elf flags;
unsigned long k, vaddr;
/ /4% PT LOAD RAFIEL, MIMAE
1f (elf ppnt->p type != PT LOAD)

continue;

/ /5K MAP Z i #R4EE R AR LM brk
1f (unlikely (elf brk > elf bss)) {
unsigned long nbyte;
retval = set brk(elf bss + load bias,
elf brk + load bias);
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}
/R R ZE W ENE, HdRKTE elf prot 1, XANEALE MAP Al */

if (elf ppnt->p flags & PF R)
elf prot |= PROT READ;

if (elf ppnt->p flags & PF W)
elf prot |= PROT WRITE;

if (elf ppnt->p flags & PF X)
elf prot |= PROT EXEC;

elf flags = MAP PRIVATE | MAP DENYWRITE | MAP EXECUTABLE;

vaddr = elf ppnt->p vaddr;
1f (loc->elf ex.e type == ET EXEC || load addr set) ({

//0x00008000 Al 0x0000a000 P~ Bt #F = F1)3%

elf flags |= MAP FIXED;
} else 1f (loc->elf ex.e type == ET DYN) {

}
/*MAP A1, XGRS L struct vm area struct #ill4iH), A REKR

Hox#etE, L5l A S kEx/
error = elf map(bprm->file, load bias + vaddr, elf ppnt,
elf prot, elf flags, 0);

/] GRK

}

/3% B E TAE R AR W 28 MAP ORI B MAP oK, ST TEA 73 #r=/
if (elf interpreter) ({
unsigned long uninitialized var (interp map addr);

elf entry = load elf interp(&loc->interp elf ex,
interpreter,
&lnterp map addr,
load bias);
/*% T Android R4 Syste:n/bin/linker, elf entry iR[F{H N 0%/
1f (!'IS ERR((void *)elf entry)) {

.l;'

/* elf entry Z2FANFEFH PSRN HhE, SR e W AR 261 R

A b, MRS &SERESFMNAIL L E, XT system/bin/app process, H
ELF ki) loc->interp elf ex.e entry Hdx XA SR HLLE:
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} else {

Ox b0001000*/

interp load addr = elf entry;

elf entry += loc->1nterp elf ex.e entry;

/ /iR struct cred #l4h1k

install exec creds (bprm);

/ /A BO IR 45 R ik 7R 1K B A

/* N.B. passed fileno might not be i1nitialized? */

current—>mm—>end_code = end_code;

current—>mm—>start_code = start_code;

current->mm->start data = start data;

current—>mm—>end_data = end_data;

current->mm->start stack = bprm->p;

/* B BEREAE R T P AR [A] £, BT RE — EHATH Exec Z AT ARARIEIT S, e e AT 4~ W
PRAERRY, RUEERPEA SN, B ope #dRR SgRghl, PR EEGE 1, TELEHE Exec
i sf— UGR BIF P AR RUE ) 1B . 1K BRI 2

(1) WHHMAPA pc -z 8ERA A k.

(2) BCEM P HRIIE, S8R SRR IX A BT P B i $e B )5 2 240, $631 —dhiRE e

I A
* /

start thread(regs, elf entry, bprm->p);

}

AABERE A ISR B R rng, 2% MAP PT LOAD RARIME:, U
Android [ system/bin/linker A ¥ 70t . 5G4 @Ay % . prebuilt/linux-x86/toolchain/

arm-eabi-4.4.3/bin/arm-eabi-readelf -a out/target/product/generic/system/bin/linker dump system/
bin/linker [1')45%4), H: Program Headers 7i% 41 |-

Program Headers:

Type

LOAD

LOAD

LOAD

GNU STACK
EXIDX

Offset VirtAddr PhysAddr FileSiz MemSiz Flg Align
0x0000d4 0x00000000 0xb0000000 0x00000 0x00000 R 0x1000
0x001000 0xb0001000 0xb0001000 0xO0adcc 0xOadcc R E 0x1000
0x00c000 0xb000c000 0xb000c000 0x006fc 0x0b4d0 RW 0x1000
0x000000 0x00000000 0x00000000 0x00000 0x00000 RW O
0x00ba84 0xb000baB84 0xb000ba84 0x00348 0x00348 R 0x4



$ 5 RSN 117

of L2 MAP H 0xb0001000 A1 0xb000c000 iX P Bt . H v 0xB0001000 &
system/bin/linker [1J2&HhE, 2 AN TTAL, 2 WL H makefile A bionic/linker/Android.mk:

LINKER TEXT BASE := 0xB0001000

KT system/bin/linker [)52ILZ UL Android F5747, AT T T WAZHLHIT 04T . shasiE
P28 INEXAE PR 2L static unsigned long load elf interp(-+*) L #t4T, 5P —dtdlEi 5 nadE
AL, w2 WA R RSB nE, A RHHE.

5.2 CPU 5 MMU

At & MMU [AETR 85 2 AR RGUEAT I CHE, AU A7 I E SRR v SO LR R 451 HL
FIE R B A AN L 7. RS AE AL o R AE A R 2 P K )

1. AFERBIEIL

— AN N R A A B E AT A R NAF TSR — BN A
H, BRI AR AT Z G A 0T BEAE N RO 2 BN, A7 4™ i
Frtt, SEGRGE G ARARME R A 5 318 1 A A7 DL 2 N O 75 2

2. RERRNFRE

(EBA RIS RS T, i M AAFR R 2 Ui FE A A7, it HLAER IR H
AT S KPR L e 22, W — > 16K Ak, i B Mo AR 2, Wik M
Ac 8K, <FEFcF] 8K HIKI(X, JEMAIYFALF e 2 A 7 (R s 85 D
I A ZRERI BRI R AN s BE N A, AR S EBRS B e i, RGOk

1F UUHY -

521 ARM Linux IR T B RE#

32 NP ARFRLR ) MMU ) UL 25 00 5 O 2, ARM VT ABANIS), A3 220072 04 02 H 5k
TR, AT RIEE WARZ A L1 IR L2 K. A T XF TN UR 1AL EE 25 75 H iR e L
- arch/arm/include/asm/pgtable h #1475 W /| #include <asm-generic/4level-fixup.h>, 1% A}
Bk 1 =2 DR B A

HEAR IR E e XU T

/s RAL addr 3T L1 5T/

#define pgd offset (mm, addr) ((mm) ->pgd + pgd index (addr))

/*(E ARM 32 {120 &, % H e SO L1 1) LRI */
#define pud alloc(mm, pgd, address) (pgd)
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/*PMD f24FXF ARM 32 {7 B2, 7E ARM 32 fifA R F#define pud none (pud) 0, #define
pmd offset (dir, addr) ((pmd t *) (dir)), JTLLiZ%: HEIR[F] puds/

#define pmd alloc(mm, pud, address) \
((unlikely(pgd none(* (pud))) && pmd alloc(mm, pud, address))? \

NULL: pmd offset(pud, address))

{E ARM Linux RZH A WA IURE ), —FZ 3G DLER—Z00k, —FE Bk
I "R A 2 WAZSH T 730, 2 it H . o 7e N R 0L il ik 4 1] 55-4iE 77 5K,
B

Linux #2/E RGN 3G IT 4G, CRMHIERPEYIENAAHIITER, — EMUN 2V N A7
A (X2 Linux R4 EWFAAEY 1G B2 2 @ IR, ANE T A FE 885 A
1 12 OS Bt M) o X F ) 1R B 21 ke s ik 2 W) BE b Bk e e g AR T, 385 AN
B N T AR, $2 5 TLB A%, Linux W8 ARM MMU [ 1M B it
I, ELARAE L1 2R VR S e B AL .

3G BL R Rt iR ] B B R GURA AL, AN T ARM MMU fig 9% 41 Linux
I RERL N AEHESE TR, M7 R it

{E Linux BN/, @200k BRI dirty, AT 32, W55 M. {H)E2 ARM L2
Y TUR I S5 44 HEANBEBR Linux B 2R — XM, iy H L2 ORI =70 s Br e
AR L2 33K, Linux #2734, 4% Linux , — 4 MMU J]. HAH 2
P RAE—A> 4K K/ L

256 T LI Linux JUEE 0[256 Ji G IR Linux JUER 1]256 T LRI MMU 51L&
0[256 IR LI MMU L3R 1

IXFERRR I L2 (1) U R U Z A BE AN, A 2 Hr i F

/*L2 RIS AC S HERE, mm A 2HT task [ struct mm struct, vma A5 REAHLEEXT Y ()

JETAN AR S5 8, pmd 4T ARM 32 {7 st /2& L1 (IR, address KR H K ERHEE */
int pte alloc(struct mm struct *mm, struct vm area struct *vma,

pmd t *pmd, unsigned long address)
{  //7W 12 ik

pgtable t new = pte alloc one(mm, address);

/*RC5E 1 L2 AR, FIREGE L2 VOREERE L1 AT iU RIn A 2 ar s R ) v R 3 T
Vi, XA A B 48 b B S RT A BE 2y bR AR N 1 R AR AR I AR v AR R AR
T, 1 HHhE T §EFR address ZEA]—> 4K H (X7 T ARM & [H—> 8K) B =AM,
Pl L2 8i4E page table lock */

spin lock (&mm->page table lock);

SRR R L1 RO, MEERERBIE page table lock XBM AR
ArHIegtEm e T, WRBXFEA A S T, 1 RC I v B B ] * /
1if (likely(pmd none (*pmd))) { /* Has another populated it 2?2 */

mm->nr ptes++;

/0 L2 3 11 b/
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pmd populate (mm, pmd, new);

new = NULL;
} else if (unlikely(pmd trans Spllttlng(*pmd)}}//ARM32{LAK%HQLEH”HUL

walt split huge page = 1;
/* T/
spin unlock (&mm->page table lock);

/3% R M S BIBIE page_table lock BB 5 AMALFRE4EHE T TE, s
1) 1 e T /
1f (new)

pte free(mm, new);

return 0;

}
/30 L2 3| L1*/
static inline void  pmd populate(pmd t *pmdp, phys addr t pte,

unsigned long prot)

/* pte ZAAC AK K/MOANAAY R bEE, §T 2K §4 Linux {ff]. PTE HWTABLE OFF
=512x4, prot s2l@MA{sE E*/

unsigned long pmdval = (pte + PTE HWTABLE OFF) | prot;
/* pmdval $AAT J° MMU BEPHERT R IR, IHE L1 [ iR/

pmdp [0] =  pmd(pmdval) ;
/* L2 MR H & 256, 1 M4 256 T, Fi7 [R5 5K i1 K */
pmdp[l] = pmd(pmdval + 256 * sizeof (pte t));

flush pmd entry(pmdp) ;
}

TE N AZ 7 B0 L2 BRI, i B pR %L

extern void cpu set pte ext(pte t *ptep, pte t pte, unsigned int ext);
#define cpu set pte ext (ptep,pte,ext) processor.set pte ext (ptep,pte,ext)

nf Wi 2%, L2 JUER I B A2 2R AH O SCFFACHS, f7T proc-xx.S W, v7 ZEFAH AR

fanp

/*RO HAFMANZ LRI AE, R HAF BN IURIE, R2 7 th BRI SORIE I 2 11 f7)%
PEAE */
ENTRY (cpu v/ set pte ext)
#ifdef CONFIG MMU
[ EHFEGANNZAT R T ERIE B, XA Linux NV, ARM MMU ANas 8]/
str rl, [r0] @ linux wversion
/ARG N AZ AT A DOR TS B, A& SR A 1 DUR TS ARM AR BRI MMU 345 5 % RiE [ AC &
AT, Linux ARTRECE AT DhREAR IR R (G5 EARMT— M fl RS0 ARM 40 FE
2“" PR R 2R AL S DhEE) . XF ARM MMU PMbHE 2SI A -BA MR P, &
M1 E1EZ W, infocenter.arm. com */
bic r3, rl, #0x000003f0
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bic r3, r3, #PTE TYPE MASK
orr r3, r3, r2

orr r3, r3, #PTE EXT APO | 2

tst rl, #1 << 4

orrne r3, r3, #PTE EXT TEX(1)

//Dirty J@PE X E

eor rl, rl, #L PTE DIRTY

tst rl, #L PTE RDONLY | L PTE DIRTY

orrne r3, r3, #PTE EXT APX

/ /AR s A i B

tst rl, #L PTE USER

orrne r3, r3, #PTE EXT APl
/EWIZECESE T 2 ARM MMU (1) domain #Liil*/
#1fdef CONFIG CPU USE DOMAINS

tstne r3, #PTE EXT APX

bicne r3, r3, #PTE EXT APX | PTE EXT APO
#endif

/ /AT I PR ) i A

tst rl, #L PTE XN

orrne r3, r3, #PTE EXT XN

tst rl, #L PTE YOUNG
tstne rl, #L PTE PRESENT
movedq r3, #0
/RAEARAT FH B TR TIME S AN L2 1 GURIN, X B2 AT LA ARM 1) MMU M L1 Z 5| id e/
ARM ( str r3, [r0, #2048]!' )
THUMB( add r0, r0, #2048 )
THUMB ( str r3, [x0] )
mcr pl5, 0, r0O, c7, cl0, 1 @ flush pte
fendif
mov pc, lr

ENDPROC (cpu v/ set pte ext)

522 TiFRNHEHZFRE

TR AR B Rl FE: — A2 N RE SA BT R A7) 3] DT sk Ly D7 in) o, IXE
TR T DOHLH s s — o s R T H SR A R ) e, X e S B0 R UL
Hok @A) AT i)a—F.

/*ZBREH T Linux generic MR AbE, SZRFZ PEERg R 2 Py HI A E:, B HA# Android +

Arm CA9 I AR AR CARMALLEE . AU EE/ A2 11 12 RN RS 58, Jfits
T m — RIS 7| R 6k 01 55 AL /

int handle mm fault(struct mm struct *mm, struct vm area struct *vma,
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unsigned long address, unsigned int flags)

{

/% X H RN Linux BRANAF R WAL EL, SRR R FR AR 280, fEHAE 64 A AL 2%
IRR FRIER] 3. 4 2%, El2w | 4 D IiRIEE € XH s N, {HEEARM 3247 F, #Ar=
MR L1 R T« /
pgd_t *pgd;
pud t *pud;
pmd t *pmd;
pte t *pte;

/*HUGETLB_PAGE il i i K U (FBURLEE, AT $em TLB yar P&, 7E2EI CAS 2 I
Android RENFEEXANMNA] */
if (unlikely(is vm hugetlb page(vma)))

return hugetlb fault (mm, vma, address, flags);

pgd = pgd offset (mm, address);
pud = pud alloc(mm, pgd, address);
if ('pud)
return VM FAULT OOM;
pmd = pmd alloc (mm, pud, address);
if ('pmd)
return VM FAULT OOM;
/* Transparent_Hugep_ages i X86 :24:, 5 Arm Android JoK*/
if (pmd none (*pmd) && transparent hugepage enabled(vma)) f
if (!vma->vm ops)
return do huge pmd anonymous page (mm, vma, address,
pmd, flags);
} else {
pmd t orig pmd = *pmd;
barrier() ;
/*{J}Ph & Transparent Hugepages K, AFE[E*x/
i1f (pmd trans huge(orig pmd)) {
if (flags & FAULT FLAG WRITE é&é&
!pmd write(orig pmd) &&
!pmd trans splitting(orig pmd))
return do huge pmd wp page (mm, vma, address,
pmd, orig pmd);

return 0;

}
}
/*
WER L1 M ICRIAFAE, WA 12 &, JPRHAES] L1 &I, X+ ARM 32 {7 L2
T A IO 7 B 1)

*/
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if (unlikely{pmd_none{*pmd}} &&  pte alloc(mm, vma, pmd, address))

return VM FAULT OOM;
/* 1f an huge pmd materialized from under us just retry later */

if (unlikely (pmd trans huge (*pmd)))

return 0;

/*
R Z AT Y ) L2 R T, X HECGH 2 L2 [ Linux GLER I
* /

pte = pte offset map(pmd, address);
return handle pte fault (mm, vma, address, pte, pmd, flags);

}
L2 BRI G140

fdefine pte offset map (pmd, addr) ( pte map(pmd) + pte_index{addr})

/*RE L1 BURIR N AK )5 B H2X EZAS AK JON 55, FREUMUR ) R, By P |A]
B UL T bx/

ftdefine __pte map (pmd) (pte t *}kmap_atomic{pmd_page(* (pmd) ) )

/ERIHLHEE L 4k BHES LT, H5F 512-1, BHASKHEESLBIMNA L2 ERNZES|
7B */

fdefine pte index (addr) (((addr) >> PAGE SHIFT) & (PTRS PER PTE-1))
1% A Linux ) L2 036 e T a1 F g 1

fdefine L PTE PRESENT ( AT (pteval t, 1) << 0)

#define L PTE YOUNG ( AT (pteval t, 1) << 1)

fdefine L. PTE SHARED ( AT (pteval t, 1) << 10)/ * shared(v6),coherent (xsc3)
* /

MMU P ) L2 SR IS¢ 4 2 ARM AR, e X an F

#define L PTE MT UNCACHED ( AT (pteval t, 0x00) << 2) /% 0000 */
#define L PTE MT BUFFERABLE ( AT (pteval t, 0x01) << 2) /% 0001 =/
#define L PTE MT WRITETHROUGH ( AT (pteval t, 0x02) << 2) /* 0010 */

#define L PTE MT DEV CACHED ( AT (pteval t, O0xOb) << 2) /* 1011 */
$define L. PTE MT MASK ( AT (pteval t, 0x0f) << 2)

5.3 UEREILNAY

5.3.1 Android FEE il A 17 8% 4% 7

BERE FE AU Y A2 (8] B RGP AZ 22 (AR ) &5 1) o H A A s i ik = 8] 2 P A3 BEFE Y
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HLZ ORI Hok . X B FRE S EMNAES m ald, i H L 45/E Android R45H
1) Java JEFE -

Dalvik 1 5til i Fork HLH| 5 il DVM E4UAL, 28 )2k T Android Application framework
IN#EAH OS] so activity service:«+-: , T J& Android Java FEFESLUEE |

/*Fork HLIC T #EREE A2 A FE R £, 2% unsigned long clone flags, 712
Ol ERT BRI TGRS, 28 struct task struct * tsk ZFHIHEFEEZEFE*/

static i1nt copy mm(unsigned long clone flags, struct task struct * tsk)

{

/* Android #4E Fork ] clone flags Z%(7= 0x11, ] DVM Zf% Fork ] clone flags
Z 4% 0x 450£00%/

1f (clone flags & CLONE VM) ({
/* CLONE VM & X A#define CLONE VM 0x00000100. [f] DVM Fork clone flags

7= 0x 450£00, JirLL DVM ARG EERIIX H, nf X420 &, struct mm struct
AR 5T H ok AR WU IR0, SR 25| v Bt 15 ins/
atomic 1inc(&oldmm->mm users);
mm = oldmm;
goto good mm;
}
/*DVM HEFEGUE clone flags J& 0x11, EFXH, #ATEAN dup mm(---) #4F. G —
ASBTIHERE, AHAERS 1B struct mm struct iy, W FC*/
retval = -ENOMEM;

mm = dup mm(tsk);

[/ S H struct mm struct SiRULHEGE K
tsk->mm = mm;
tsk->active mm = mm;

return 0;

/% REATL N AT 72 0] (P HE 3 oR 250 A B (XD 2E A G 8 BL B AU b ik 73 A, 3 B 45 R UL b hik A LAY D 3% it
H sk S aE B A 458 struct vm area struct MRS EIE. BrZidbiE s XA
[FIfE T H AR B e eba & Sk, P LA s H 15 T J2 COW K AL T +/

struct mm struct *dup mm(struct task struct *tsk)

{

/*4 AR S IE struct mm struct ify*/

mm = allocate mm() ;

/P EFEN] struct mm struct Ml struct task struct @K FHR*/
if (!mm init (mm, tsk))

goto fail nomem;
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/*struct vm_area struct BERM LR I H k1) & BRI B0 ex /
err = dup mmap (mm, oldmm);

}
/*ERHIBEEL struct vm area struct BRI/

static i1nt dup mmap (struct mm struct *mm, struct mm struct *oldmm)

{

/*WIREX] struct vin area struct FERM L E L H x4, LEEHSF struct mm struct
] struct rw_semaphore mmap sem; * /

down write (&oldmm->mmap sem) ;

/RN S ORE T HAh CPU EASHATEE) struct vm_area struct FERM LR I H K
B, P ELRUE L2 cache HRIGAFIRHNAFHINAE 2 flush cache*/

flush cache dup mm(oldmm) ;

[/ RPHT R struct mm struct WMUH K AT G A ERAE

/ /P TAFEIX B AT
for (mpnt = oldmm->mmap; mpnt; mpnt = mpnt->vm next) {
struct file *file; -
/¥ struct vm area struct HiRMACRIREN —BURIMNE, & BH S ar it fE 1)
struct vm area struct 48, ZERTEARNER | BOE bR G HEE . B TESEE B/

1f (mpnt->vm flags & VM DONTCOPY)
/*WIR B RXBOR N AR A BER B, A8 B R T — BUEIL N A7/
long pages = vma pages (mpnt) ;
mm->total vm -= pages;
vm stat account (mm, mpnt->vm flags, mpnt->vm file, -pages);
continue;
}
charge = 0;
1f (mpnt->vm flags & VM ACCOUNT) {
[z Bt & T VM ACCOUNT {5 B CVERIVE . FEAS FiXte sy Bt k& s T G
70 i /
unsigned int len = (mpnt->vm end - mpnt->vm start) >> PAGE SHIFT;
1f (security vm enough memory (len))
goto fail nomem;
charge = len;
}
/* A FTFES AL struct vim area struct &ifd*/
tmp = kmem cache alloc(vm area cachep, GFP KERNEL) ;

tmp->vm flags &= ~VM LOCKED;
tmp->vm next = tmp->vm prev = NULL;
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/ /BB E ] backed file
file = tmp->vm file;
1f (file) {
/i ZBHE R filebacked B

struct inode *inode = file->f path.dentry->d inode;
/*struct address space *mapping itk J i% file [f] page cache*/

struct address space *mapping = file->f mapping;

get file(file);

/ /KA % B L) e

if (tmp->vm flags & VM DENYWRITE)
atomic dec(&inode->1 writecount) ;

mutex lock(&mapping->1 mmap mutex);

1f (tmp->vm flags & VM SHARED)
mapplng->1 mmap writable++;

flush dcache mmap lock (mapping) ;

/*FF % struct vm area struct fll page cache HREFEC K */

vma prio tree add(tmp, mpnt);
flush dcache mmap unlock(mapping) ;

mutex unlock (&mappling->1 mmap mutex);

/*H “struct vm area struct” GifH:RIHT AR RER F*/

__vma link rb(mm, tmp, rb link, rb parent);

rb link = &tmp->vm rb.rb right;
rb parent = &tmp->vm rb;

mm->map count++;

/%X HLHEATIZ BON AR IV B GO L SR R 2 A /
retval = copy page range (mm, oldmm, mpnt);

/ / LR L H SR I 5 11 R &K

int copy page range (struct mm struct *dst mm, struct mm struct *src mm,

struct vm area struct *vma)

/ /¥ PGD
dst pgd = pgd offset(dst mm, addr);
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src pgd = pgd offset(src mm, addr);
/ /4 Mk 5 v v H ok
do {
next = pgd addr end(addr, end);
1f (pgd none or clear bad(src pgd))
continue;
/* IR T H SKIERE Y, FAER R EE], ARTEZBOIE R P A IR A /
1f (unlikely(copy pud range(dst mm, src mm, dst pgd, src pgd,
vma, addr, next))) {
ret = -ENOMEM;
break;

}
} while (dst pgd++, src pgd++, addr = next, addr != end);

/S URI PTE, BV /N () 4 bk 52 0], 3 B 0G0 cow AR ALEE */
static 1nline unsigned long copy one pte(struct mm struct *dst mm, struct

mm struct *src mm,
pte t *dst pte, pte t *src pte, struct vm area struct *vma,

unsigned long addr, int *rss)

/ / Z R RERE AT A0 bk B Je

unsigned long vm flags = vma->vm flags;
pte t pte = *src pte;

struct page *page;

/*
WRZE cow WATEL, pte Blilardim ESE0R, 55 T1E Fork iX— I ZIR 2408 75 (R0 2 22
HAREAE T —FF

*/

1f (1s cow mapping(vm flags)) {
/ /O ERE A
ptep set wrprotect(src mm, addr, src pte);
/ /0¥ R A

pte = pte wrprotect (pte);

out set pte:
/ /B B 2R I R T
set pte at(dst mm, addr, dst pte, pte);

return 0;
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5.3.2 HIZEMMIEZS B BYIES

AR =20l map PLHISRS BRI AE, 17 Linux 57 U P A7 bk =3 18] (R 2 AT B
se il il struct vm_area struct UEAT 70 BCOE H o 0k HLAT SO D6 R MR, AH (R P [ 3% AL i
IR B Y. — ™ struct vim_area_struct 4544, HUfidox 1 iz B bt g G an k.
PRAE PR B N . e i AN gL 5| 2% M1 struct vim_area struct 4544 I8 H b [y 4
VE R 24T A HE

X AT OIEN /&, 7 Linux /&R B U HhE 7> 4 44 A1 file backed WIS, RIE A
BARAAE T AT, JaBm BN I A s B B — 18T Linux W% R
I BRI E RS vt T 2 7 0 A file backed WAFHL . A A IX w) DL R 3 Hi i 42 4 34
NAEBIAE I 0 - SRR 1)1~ & Android R ZEI Dalvik A B4 file map $1 Dalvik HEFEH,
IXHEANA] ) Dalvik BEFE 0] LI —40 47 T page cache [1) Dalvik A, 1 HA T4 45820 v H
{1 ) Android 287 5 HIWIEL A A7 AL 2 KR D

/ / R F0L M ik =% 18] 1 3R HY
unsigned long mmap regilon(struct file *file, unsigned long addr,

unsigned long len, unsigned long flags,

vm flags t vm flags, unsigned long pgoff)

/*
EARE G —AMFIEN struct vin area struct &7 24 g F bR B G IF a2 1 2k
RIGLL )G B8 struct vim area struct &ifd, Fiag—BOpriHbL

* /

vma = kmem cache zalloc(vm area cachep, GFP KERNEL);

//#] struct vm area struct 4if4
vma->vm mm = mm;

/ /g bk

vma->vm start = addr;

/ /G AR H bk

vma->vm end = addr + len;

//esKiEImHERR AR K 7. cow 23R E itk

vma->vm flags = vm flags;

/ /S GO IR AL H]

vma->vm page prot = vm get page prot(vm flags);
/ / XA map Huht

vma->vm pgoff = pgoff;
INIT LIST HEAD(&vma->anon vma chain);
//file backed XAFHI#AE
if (file) {
error =—EINVAL;
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/*map WA BE RS, AREAREIGR, 5 N IEOKNAIEM £11e map #:41F*/
1f (vm flags & (VM GROWSDOWN|VM GROWSUP))

goto free vma;
1f (vm flags & VM DENYWRITE) {

/#47 WAT- & W] GBS AT 5, ANFE R A L)+ /

error = deny write access(file);

1f (error)

goto free vma;

correct wcount = 1;

}

/e A e, BT X map*/

vma->vm file = file;

get file(file);

/* W] map AR BAARISCFERERE . AT extd RS, XHEPUTH static
int ext4 file mmap (‘=) K%L, 0% struct vm area struct WKL ZRE
struct vm operations struct WHMN struct vm operations struct
extd file vm ops. X[ struct vm operations struct £5f4fHE 23R
Mo H R B S RE, AN T extd 4002 int filemap fault (--+) #l int
ext4 page mkwrite () */

error = file->f op->mmap(file, vma);

1f (error)

goto unmap and free vma;

} else 1f (vm flags & VM SHARED) ({

/ /3L WA AL PR
error = shmem zero setup(vma);

1f (error)

goto free vma;

/PP struct vim area struct ZifHAZIHFEN struct vm area struct #ri*/
vma link(mm, vma, prev, rb link, rb parent);

file = vma->vm file;
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SO0 005 A7 Shrink B S T-HEFE U RE ) — 584, (HIRIX R4 A A E s B,
BRI — T 00 8. DM RG ARG, WAZREIT A WA 208, — AU AT HX
H—BERS, R 3R G825 R AT A 15 & T g e R 4l 1 52 b G : 57y A — 4 i Bl
Kb FRRX 41—k U135 U1 5 A7 Shrink AL

N FEFPIE AT I SR N A7#R 2 RN AT, AR ] malloe 70 FCH 2 KA AT, A b
AN BUAE struct vin_areastruct JE4U A A7 A 1 ok BB A< 110 2, AT 3 A7 1) 70 T
WA R I H X WIET . MR IR S A A 19 75 22 Hovh m) 2] T malloc 73 it i A7 3
ko R BN AF AT IR B IR ARG OL B A T IRE, A< 32U N A7 1Y
53 B -

i b, RGISATIRATIX 2480, K41 14 malloc [ 5L AR 2 SeiEAT R B iz fU b ik
[) map il 5% struct vm_area_struct HJAE, 70 st AT N chunck DL & malloc
MRk BTLAE— AN TURTER N, #5900 chunk J6&24E T T, WiZ 0T A ) HAD chunk
BIfEAAT UG R 3, WA TN AER N A . X H A LA AT G T Android RETAHCH TS
74T

N A7 Shrink s2 6 0135 UL 7 M ahAE, HOQHEAE ] 23 N A7 Z 9K I v e B = > i
17~ BRI N A TR TN AY S RIS AT FH P A AR 3E DUIS Qoo  [m] 5K .

6.1 R I

B FH 2 AT B P2 AL R R U0 o o Al R R GeHH WA S At ve e L TR R s A A0 . FH
TE R T A4 A o 31 Ak 3 25 0L Bt it S A 30U n) 54k i e a1 R A

CPU <-—->VM <-->VFS5<--> FS5 <-->5troage

1. 1EAME

K R A A R A 2 B /e SR AR A ) DU, XL DU I E] VML, VM
A S TR Bk RG] N ) SO R A 50 VES, 075 22 1 i 5 £1] Page cache HL. VFS ¥
P L R AR SO ZR G0 A 7 B B A A L R T 8 B HROT >R OIS B RS R 5t
B e HAR S R 50 )A s K a4 A ek P A7

2. 5F]q
Ab PR 288 I VM B BP0 EE 5 N Page cache, K i CPU S AN{EE Bl 247 ) (1) 54 .
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VM iR VFS Fo 5 LAPRF X B HHn 3e s HAR CAE R GE, R e I8 s s WK 5 AT A7 i -
WA ) RIS AR AR L VML, 1Ty EL#x#4F VES BSOS 51, HEAZE RS
TAFR 2750, XA 12 28l ) 72 R 005 1 S L

6.1.1 File backed E#lA FEIR{EREL

KE UL N AT B B 45 44) struct vim area struct J& 15 FE N B NAZ X . H[ BB N
A5 BT AT R A 2I0E I, () 400 BN A1t A A e i I, SRl I I A5 A I it (+fault)(struct
vm_area_struct *vma, struct vim_fault *vmf); al 53 BRECRACFE . b i 704 Extd (1S

/¥ NBEOLK T A RAERNM M struct vm area struct TR, HF_AZHL I A#HK
AR RE AU AR . 12 eR B A 55 Tk 21 K2 A0 Bk X I (1 P BE 1+ /

int filemap fault (struct vm area struct *vma, struct vm fault *vmf)

{

int error;

/* B ST page cache B 5 $k*/

page = find get page(mapping, offset);

if (likely(page)) {
/ *
1EiZ XA page cache KIMAT N IPEL G, #0838 async TBL. YT &
AR HETT £ M PRI SO ZE . el Dalvik FEPATARSE, AR AT HEI AT % Hh kil

i
*/
do async mmap readahead(vma, ra, file, page, offset);
} else {
/* WHTEZ LI page cache RIS MY G, B2 fE5) sync i, XHA]
HE & A HEE AR * /

do sync mmap readahead(vma, ra, file, offset);
count vm event (PGMAJFAULT) ;
mem cgroup count vm event (vma->vm mm, PGMAJFAULT) ;
ret = VM FAULT MAJOR;
retry find:

/*sync TliL5eE:, H—IK7E page cache HF#k*/
page = find get page (mapping, offset);
if (!'page)

goto no cached page;

}
/* A R AE page cache $HEX W TUA R EREF) | readpage #GEFIX . ERIX H i

HUPE 23R 1T AV U0, FEAEHT AN lock i Hi*/
if (!lock page or retry(page, vma->vm mm, vmf->flags)) {
page cache release (page);
return ret | VM FAULT RETRY;
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/ /s FARBIYEL i, pR E AT BT I MGX L [P
vmf->page = page;
return ret | VM FAULT LOCKED;

no cached page:

/*
Page cache A XN UL, T VFekd kA L), XN JG3) readpage 0% L
%/

error = page cache read(file, offset);

/:{:

e IR A F] retry find
* [

if (error >= 0)

goto retry find;

6.1.2 File backed ATEHYIET

AT file backed WAFAEH: pte O 0 B ZER TR & HIALFE, XFPG LR AT %
(EE

(1) file backed PN A7 1L B {XAZ VT R, IX IS H MUY struct vim_areastruct fifiid Ho & ',

(2) file backed WAF/EME shrink [, {H/2& VM SHARED 28 H 4712 M5 1) page
A TR0 0L

/%1% bR B I AE R G AT I et L, K W ARG BL U ) AKX mapped 2O SCHE2 U ) T/

static int do fault(struct mm struct *mm, struct vm area struct *vma,

unsigned long address, pmd t *pmd,
pgoff t pgoff, unsigned int flags, pte t orig pte)

/ /BRSO 5T
vmf.virtual address = (void user *) (address & PAGE MASK);

/*% page XTNAERL BRSO, FbLi% page f7 B MN%FE1ZXAE N page cache B, X H
I EVTREARN File backed UL AE B A sR B EU MY T * /

ret = vma->vm ops->fault (vma, &vmf);

/*
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S RSN R AR . SR A UL B R M, #3547 VM SHARED bR, 5%
g ay BARI X R GE. W, —A> cow KA T

*/

page = vmf.page;

if (flags & FAULT FLAG WRITE) ({

1f (! (vma->vm flags & VM SHARED)) {

/HAE N ARCE N BRI 2 AR A TS e, W] cow AT, X HLESH /R —
AL I RAT page A A E BIBXAS B 4 i, X HERAERRHLZE: i
fEmap | HCOKEEREGRZSM, a2 % IS Uz B8R 23w, 8
BRIV page BA#ILE, HZ )5 TRKNEAMYP shrink page list
R 1, PTUGRERE KA pte 4 O IS5 */

anon = 1;
/ /AN HEHRES MBI, KR EA R
page = alloc page vma (GFP HIGHUSER MOVABLE,

vma, address);

charged = 1;

/ /3B AT N BN 2 P BE i

copy user highpage (page, vmf.page, address, vma);

___SetPageUptodate (page) ;

} else {

/*VM_SHARED KM GJjn], RAEH RKUjREERXE, dRERXHFRG0K
b, FETAER R 1% page ) writeback, HXF1Z U page 45 FIXF M 11
pte WA, Z U do wp page H1r*/

1f (vma->vm ops->page mkwrite) {
tmp = vma->vm ops->page mkwrite(vma, &vmf);

page mkwrite = 1;

}

/ /&5 BRI
page table = pte offset map lock(mm, pmd, address, &ptl);

/* HARBARIZ page I, JURIE SR LSS XFEOUR AL S5 B 205X 5L I
f, [A]—REARI M R Z AR VT M) 1 iz Hiuhilk+/
if (likely(pte same (*page table, orig pte))) {
/% TURINEAT KA, BAT A ZRE ot T 3T/
/ /B TR T
entry = mk pte(page, vma->vm page prot);
[/ SEAERAXN URINE dirty M write
if (flags & FAULT FLAG WRITE)

entry = maybe mkwrite (pte mkdirty(entry), vma):;

/ Tk A R 4
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1f (anon) {
/*HE 44 01, X cow, IXHUKiZ page IA#| struct vin area struct [f struct

anon vma *anon_ vma FIEKH, MILIEZPERE )X IR A 1 #4400+ /
page add new anon rmap (page, vma, address);
} else {
/ /1% page #% map AR E 0], 1% 001 map vHEUE N
page add file rmap (page) ;
if (flags & FAULT FLAG WRITE) {
/75— AN, R4
dirty page = page;
get page (dirty page);

}
/ /B TR T
set pte at(mm, address, page table, entry);

/* ST T, MRAR BRI K I E A+ AR 75 3 T3 587 cache #/
update mmu cache(vma, address, page table);

} else {

/ /I EFE ST AT 5E Rk

out:
if (dirty page) {
/ /ML) Ak BE
struct address space *mapplng = page->mapplng;
/#RG R TOHEAZ BT RGE, AT AT RERF SR B 1 6 (0] 5 2 FR g i i, 23 WLAH DG FE o=/
1f (set page dirty(dirty page))
page mkwrite = 1;
unlock page (dirty page);
put page(dirty page);
/#4712 IU R AR b i FEE O, DA 7506 N 16 4 JlE 02 15 BA 5 Bl 55, 7 4 2 3 B
L, 2 WAHC T AT/
1f (page mkwrite && mapping) {

balance dirty pages ratelimited (mapping);

} else {
unlock page (vmf.page) ;
[ IAFTUsIe B I v, SR 1, R
1f (anon)
page cache release (vmf.page);
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6.1.3 ERANFIERN

[ 44 PN A IR DA PR S Bl an b -

(1) HXVih. zero page WG HLLEIX BANFR, BIR 1E4rAC H R page 457 il i) i3 FE
PR A2 MMU B 17 EREm sk, o SRR B HS SRS 100 AL P A 705 o) 1) i) et it Ll 4%

(2) Fi 8 NAFAL T SWAP 73 X B o iX R L FABL T File backed P A7 DU RS IR
1, M SWAP 43X 56 S0 B H 6 W [ page, FHEES] pte b o PALA X Ffeids vt S 00T 1 3
220 1 CHE” RA . R AR EGE FHLRGAEH Y emme. sd card {7t /1 it #l /& nand, 4l
N5 FEAT . BrUAE A EE FHLR G A SR SWAP 701X o AP ARATT
VI 7 T Y N2

/* B4 LA =/

static int do anonymous page (struct mm struct *mm, struct vm area struct
*vma,
unsigned long address, pte t *page table, pmd t *pmd,

unsigned int flags)

/* BEA T EIREE, B4 TGEF 2RI NAE, FIREEIEE AR L2 & ), FrA Wz o8
HEw 1AM 0 Lx/
if (! (flags & FAULT FLAG WRITE)) {
/ /BT 0 A 5 () H
entry = pte mkspecial (pfn pte(my zero pfn(address),
vma->vm page prot));
/ / AT
page table = pte offset map lock(mm, pmd, address, &ptl);

//E¥EN 0 WEEH pte
goto setpte;
}

/FEIRGREA R, BRENEI A AWEUE, B 0 ] gefs e 1 HALEREE R, P
PLIX HEAN 53 OB (1K) BT, 17 EL 7 SR 1% WU 0%/

page = alloc zeroed user highpage movable (vma, address);
if ('page)
goto oom;

SetPageUptodate (page) ;

/ /%] pte {5

entry = mk pte(page, vma->vm page prot);
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if (vma->vm flags & VM WRITE)
entry = pte mkwrite(pte mkdirty(entry));
//pte HE
page table = pte offset map lock(mm, pmd, address, &ptl);

/ 1 WESRRE % UL B[] BRLERS

page add new anon rmap (page, vma, address);

/ /W H pte
setpte:
set pte at (mm, address, page table, entry);

6.1.4 COW if|o]

COW 5 [ 47 L R JLFf.

(1) 3P 20 iy —dE B3 W A A B X, IX B ) 7= ZE I (3 struct vm_areastruct
FHRY 555 AL FE PR Y int (+fault)(struct vim area struct *vma, struct vim fault svmf); KA FE, 7E
25 0 A E 5 % page PIAT 43 )L AE B T 44 0L

(2) iZHERE Fork HiFr BURERE FHR T M BB X, A K T TR I B N IR IRAS Y
B o

(3) SFrib R vy n) — b S B R B W AR A B X AR BCE BEFEAB G W AT 2 5 — Fhi
O, U5 struct vm_areastruct AHMY. 5 AL H pR %Y int (+fault)(struct vm_area_struct *vma, struct
vm fault *vmf); KALFE

(4) SBR[ Z RIS AT I B AR e 2 5 X, s 5 RS L

(5) ZBEFE Fork it fe)oiviin) H s = LR B A E X, KO ZEFE/E Fork B
H R BRI E N S IR, B R A 2B R R AR 1R D

F_MIE SR AL E AR

/ *

X% &% R HU cow [F) AL R

*/

static 1int do wp page(struct mm struct *mm, struct vm area struct #*vma,

unsigned long address, pte t *page table, pmd t *pmd,
spinlock t #*ptl, pte t Drié;pte} - -
__releases (ptl)

/7 IR T R B BE 1) page

old page = vm normal page(vma, address, orig pte);

if (PageAnon (old page) && !PageKsm(old page)) {
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/*1% page ZHIfE Fork Q&G RIPBUE, HHM BIANF FREREF, REBES—IKCH
_mapcount FNN—, LB ARV ] IKi% page XF T 1 REFUUHLIE AR 25 73 Bo T )
page ¥ 1% page B3 #Hr page #. M2EN page @2 Moyl 2 B 4% unmap
o, Hdga ANEEREVT N, AT B TAE 1, AR X page Blu]*/

1f (reuse swap page(old page)) {

/*pte ZaE&gE, XHKi% page [#] struct address space *mapping;ﬁkﬁ
45 29HJ struct vm area struct [ struct anon vma *anon vma; Bl A]*/

page move anon rmap (old page, vma, address);

goto reuse;

} else 1if (unlikely((vma->vm flags & (VM WRITE|VM SHARED)) ==
(VM WRITE|VM SHARED))) {

reuse.

/ /F1Z U E N yong

entry = pte mkyoung(orig pte);

/ /i bR S IR

entry = maybe mkwrite (pte mkdirty(entry), wvma);

//EP X E pte

1f (ptep set access flags(vma, address, page table, entry,1))

update mmu cache(vma, address, page table);

/ /X HLR A
1f (!'dirty page)

return ret;

/*
AR fe)m kU7 0] COW [X 15
*/
page cache get (old page);
gotten:

/1N H Y page HRAF I cow s
new page = alloc page vma (GFP HIGHUSER MOVABLE, wvma, address);

/ /¥ cow Hoil & il ok
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cow user page (new page, old page, address, wvma);

page table = pte offset map lock(mm, pmd, address, &ptl);
if (likely(pte same (*page table, orig pte))) {

/ /BB 51 R I
entry = mk pte(new page, vma->vm page prot);

entry = maybe mkwrite (pte mkdirty(entry), wvma);

/ /B I map AT H S fe) BR A

page add new anon rmap (new padge, vma, address);

/% BCEOTI BRI */

set pte at notify(mm, address, page table, entry);

if (old_page) {
/*old_page CANTE SRR, b old page (1] map H %« /

page remove rmap (old page);

} else
mem cgroup uncharge page (new page);

6.2 WAF Shrink

6.2.1 Shrink #g{E shrink_page _list

Linux POAASIT TR A2 M AAE, 45 i A ERR IR I, H9 AT 5 PR3 A
AR 25, BF H 20 TR LA A2 B ) N A7 7 oK o AR i 1R st 23X A% oy 8 9 A B HE 3R
PRI

/* shrink page list () ERTAFDEELERNMEER page 1ist B, KERK */

static unsigned long shrink page list(struct list head *page list,

struct zone *zone,

struct scan control #*sc)

[/ AH page 1ist HJGLI
while (!list empty(page list)) {
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/ /Z 5| BiZ U

page = lru to page(page list);
/ /Y page list WiJF

list del (&page->1ru);

/#4712 U 2 mlock BUEMY GUE, BT SIS Al AT g0, AN BERORE U, Lhan
X AN SIS N () GLTHL, OB, U7 () I S S A, I @ ANE] SRVT
(K)o Fir LAk e 3 Fefe 248 TR ) L [y /

1f (unlikely(!page evictable (page, NULL)))

goto cull mlocked;

[ /AT writeback IRAS, HRIEE L& 5T K
if (PageWriteback (page)) {
/ /B HEN shirnk BRAJE T I21T sync S5fF, & W) B &Pk % i m
1f ((sc->reclaim mode & RECLAIM MODE SYNC) &&
may enter fs)
/ 1545
walt on page writeback (page);
else {
unlock page (page);
/135K Bk iz U
goto keep lumpy;

/* kA U TR O 5 LIRS -
(L) 27 GUTHI A W SR BIHERR 1) e AU 23 1], DR R 5 EL B Il BRE .  JFRS B G I pte 2T A
7 1. PTE YOUNG, #7fi—> pte Wi#{ &/ L PTE YOUNG, utWIZ LB, 7EilbRILir{
IR B pte [f1 L PTE YOUNG )i i&[F] PAGEREF KEEP
(2) #7ZILM page A5 4% i Referenced NiZ[A] PAGEREF RECLAIM CLEAN
(3) #7 (1), (2) [FI &AW [7] PAGEREF ACTIVATE
(4) kbl BB, iR [A] PAGEREF RECLAIM
*/
references = page check references(page, sc);
/ /R ESZ RGH T 0], A BIOR B, ki ik it
switch (references) {
case PAGEREF ACTIVATE:
/ /B
goto activate locked;
case PAGEREF KEEP:
/ /B
goto keep locked;
case PAGEREF RECLAIM:
case PAGEREF RECLAIM CLEAN:
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;o /*AREEALERZ L * /

/#b5 44 00 H AT # I sWAP [ BRALH], 3X UK H A, DME J5 T4 1% 01 sync $| SWAP
Jeis PR/
if (PageAnon (page) && !'PageSwapCache (page)) {
if (! (sc->gfp mask & GFP TI0))
goto keep locked;
/* EJ&:L%‘J{‘:%M;\ SWAP & & 8, AT ) mapping B . Bl struct addres s space
swapper space [f] page tree H*/
1f ('add to swap(page))
goto activate locked;

may enter fs = 1;

mapplng = page mapplng (page) ;

/ *
B r BRES (R AERE, -2 i F MMU HBRSS o WLF S #
*/
1f (page mapped(page) && mapplng) {
switch (try to unmap(page, TTU UNMAP)) {

case SWAP AGAIN:
/ /AT DRI, Beid i
goto keep locked;

case SWAP SUCCESS:
;o /EIINRFT, ARERACTE L DT */

}
/*AE AL EE, F] pageout B HARA Y writeback Hliill. EXH A1 clean page I

s, Z 030/
if (PageDirty(page)) {

/* $PEACET writeback FLiill */
switch (pageout (page, mapping, sc)) {

case PRGE_CLEHN:
;o /% BRELACPRAZ UL */
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/* 1% page AN struct buffer head, iXmZH block E/=AEM], ARG
or page SHIEHIERY, X HUAG R/
1f (page has private (page)) {
/ /W struct buffer head
1f (!'try to release page(page, sc->gfp mask))

goto activate locked;

/ /3EBX B AT 1 X% page FIRERUTAE
free 1it:

nr reclaimed++;

/ /AN free pages, HiJa KRR

list add(&page->1lru, &free pages);

continue;

/ /% CTRAN R FEICRAT, RS R T

activate locked:

keep lumpy:
/ /NN ret pages §8%, %IV IR
list add(&page->lru, &ret pages);

}

AR, RIS B A7 LA 212551 page [ pte #E 0. JCiRXT T F: 44 1k /2 file backed UL,
POV A2 90 L e [ R SR B R, 700 RS IR ERF i try to unmap one fiF R

/ /RS N T R AL
int try to unmap(struct page *page, enum ttu flags flags)

{

int ret;

1if (unlikely (PageKsm(page)))
ret = try to unmap ksm(page, flags):;
else 1f (PageAnon (page))

/ /& 44 LfE RS
ret = try to unmap anon(page, flags);

else
//file backed UL [¥fiF Bl
ret = try to unmap file(page, flags);

return ret:;
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/ *
BT WS i S A, X B RORTE file backed WU BRI
*/

int try to unmap one(struct page *page, struct vm area struct *vma,

unsigned long address, enum ttu flags flags)

/ /TR ENHH . 1) e LS
pte = page check address(page, mm, address, &ptl, 0);

if (! (flags & TTU IGNORE ACCESS)) {
/ /¥ pte 27 L. PTE YOUNG Hifil# L. PTE YOUNG
1f (ptep clear flush young notify(vma, address, pte)) {
ret = SWAP FAIL;

goto out unmap;

}

/*XH AT pte WMH, JHERZ, FEAZE 1T, HEHFiZ page 5i% struct
vm area struct *vma Z[AJ[JBSS, WiH | struct vm area struct *vma Ji7EE
PN A2 | X% page P17 [a]* /

pteval = ptep clear flush notify(vma, address, pte);

/ / REHIAL B
if (pte dirty(pteval))
set page dirty(page);

if (PageHWPoison (page) && ! (flags & TTU IGNORE HWPOISON)) {
/ /BRM ZER4 AT

} else 1f (PageAnon (page)) {
/R 44 01, HASZFRE swap, WPeAy sE i AL EE, 47 52 %F SWAP, WK page 7E swap
[ B IAE pte B, APESDH Android HAERS FIINEAT N, X HBg I/

swp _entry t entry = { .val = page private (page) };

set pte at(mm, address, pte, swp entry to pte(entry)):
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6.2.2 Clean Page

& shrink page list 5T L5242 £ block JZZ 1, P4 clean i% page. X GL4H Py /7 (M
E, — & page 4i#4 H 5 [ clean, 75—l /& 1% page XTI [P DT T[] clean, 1IX)> clean
BLEH XA TR IS &4 L_PTE_RDONLY [ #8 B A . XA T map 2 SO A A7AEH
MORYESDE RS RS e, DME N AZ BERS M S22 I DUy A

/S RAEIE A page 2 U, W XM clean % page. H3% LEEMBICH RARIT

5] I5F X T 44N page 7 B8 1% 2R 80+ /
int clear page dirty for 1o(struct page *page)

{

struct address space *mapping = page mapplng (page);

1f (mapplng && mapping cap account dirty(mapping)) {
/ /55 page GiH ARG ] clean, it clean XV pte
1f (page mkclean (page))
set page dirty(page):
}
return TestClearPageDirty (page);

//page MMU B} JSTHI) clean 4b3E
int page mkclean (struct page *page)

{
int ret = 0;
/ /47 1% page 2= BL5] 2N F 1 B3 A7
1f (page mapped (page)) {
struct address space *mapplng = page mapplng (page) ;
if (mapping) {
/ /i clean H pte
ret = page mkclean file (mapplng, page);

/* > page ATHEMRGT BIZ AN, S In) RS BE R P AR XSk L REU A7 25 18], s B H 0

pte*/
static int page mkclean file(struct address space *mapping, struct page

*page)
{
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/ /MU [T B 1% page IR e [n) BRSHHE R
vma prio tree foreach(vma, &iter, &mapping->1 mmap, pgoff, pgoff) {
/#3247 VM_SHARED 7 i ZHEAT AT #1F, A A1 clean [F]lh 5%/
1f (vma->vm flags & VM SHARED) ({
unsigned long address = vma address(page, vma);
1if (address == -EFAULT)

continue;
//EE— D EMHAEZF A pte ) clean

ret += page mkclean one (page, vma, address);

//— pte ] clean #4F, Tl clean, {21 E HH @M

static int page mkclean one(struct page *page, struct vm area struct *vma,

unsigned long address)

//ff&ipte
pte = page check address(page, mm, address, &ptl, 1);
1f (!'pte)
goto out;
//pte AFEE pte WA BN, HikfEek
1f (pte dirty(*pte) || pte write(*pte))

pte t entry;

/ /PRGN pte AR GHNIZ pte i O

entry = ptep clear flush notify(vma, address, pte);
/ /TEJR S pte W% EEA7 L PTE RDONLY

entry = pte wrprotect (entry);

/ /i ERIEUEH pte WA EF) L_PTE DIRTY bris

entry = pte mkclean(entry);

/ /A BT ) pte HifE e

set pte at(mm, address, pte, entry):

ret = 1;

6.2.3 HETiEYHsiE

{F VM_WRITE|VM_SHARED J& £ 1] page #% clean 2 5, H pte H L@ tE, 457 HK
K% page BB W= A8 S iy, DL MR
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/ *
HNEBZR M clean Jo HJE1E VM WRITE | VM SHARED (1) page F-IX#%5 j iv)
* /
static int do wp page(struct mm struct *mm, struct vm area struct *vma,
unsigned long address, pte t *page table, pmd t *pmd,
spinlock t #*ptl, pte t orig pte)
__releases (ptl)

/ /1% page

old page = vm normal page(vma, address, orlig pte);

1f (PageAnon (old page) && !PageKsm(old page)) {
/ /B TUTEAEIX e, 20 EX
} else 1if (unlikely((vma->vm flags & (VM WRITE|VM SHARED)) ==
(VM WRITE|VM SHARED))) {

/*int (*page mkwrite) (-) ; FEAE RIS %I writeback 5EM, #iZiAT
writeback IRE&EFRHTEM, AR HSEAE, RENFEREMGEE & UE
FINZE, HRA T 30 RGeS 2 H A — B PRy L, P LUK BT 22 A8 45 FLAK
(P S R GEK A+ /

1f (vma->vm ops && vma->vm ops->page mkwrite) {

/ /B EAR SO R GUR M & 1 R 20

tmp = vma->vm ops->page mkwrite(vma, &vmf);

//UF ARG, 1% page BT HES PR
page mkwrite = 1;

}

dirty page = old page;

get page(dirty page):;

reuse.

/ /Z VORI #%U7R), young Z

entry = pte mkyoung(orig pte);

/ /RS

entry = maybe mkwrite (pte mkdirty(entry), vma);

// W H pte

1f (ptep set access flags(vma, address, page table, entry,1))

update mmu cache(vma, address, page table);

/ /IR BAR P S R G R AT page mkwrite WIZBLTTE A QAL T
1f (!'page mkwrite)

/ /5 IZ LN writeback

walt on page locked(dirty page) ;
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/RAZ B, JHEE RS, SEPLEIR S AR RIE, AR D/
set page dirty balance(dirty page, page mkwrite);

}

put page(dirty page);

/ /5 R b &

1f (page mkwrite) {
struct address space *mappling = dirty page->mapplng;
/REZICEE, N T SCREA R 2R AL B G, AR REG, WA

AR E A, HIX AR NAARE, AR EaEx/

set page dirty(dirty page);

if (mapping) {
A icw i< WRGTEI [NV
balance dirty pages ratelimited (mappilng) ;

}
/¥ F b IBEWZ T pte BAL L PTE DIRTY, XA TAE/E L —HEEGEHK. S0

e/

return ret;

6.3 & x KA

AT TSl DO D HE S e B, R Bt B . FR AR R ok, IR HL R B U N A
i A S ALAYR SR o 4T Android #4E RGE KU, X WA N AFE BT E s i 7 .
/ / VT3 TR S5 M FE R B

int handle pte fault(struct mm struct *mm,
struct vm area struct *vma, unsigned long address,

pte t *pte, pmd t *pmd, unsigned int flags)

pte t entry;
spinlock t *ptl;

entry = *pte;
/*pte WRAEFRW] 1 H XN L P Ak FR &+ /
if (!pte present (entry)) {
1f (pte none(entry)) {
/*pte A 0, FTWIATUIFAIHE
File backed B[ 44 5 — IR U) 0]
File backed W shrink page list B2 )q, X—ik#Vinl. Z W shrink page list
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15387, BB File backed 7, H PTE ##'E X 0.

*/

}

if (vma->vm ops) {
/*vma—:wm_t:ﬁ}t_:'s EEMAAAT £ile mmap &1, X T File backed Ui, %
FAF AT >/
if (likely(vma->vm ops->fault))
return do linear fault(mm, vma, address,
pte, pmd, flags, entry);

}
/ /5 IR 1) BE 44 0
return do anonymous page(mm, vma, address,

pte, pmd, flags);

/*L PTE FILE FZM[) file mmap, 7E Android REGH KA KX ZE. XHZ

Linux W5 R KA LRI SER] . WARERT Linux WSR2 B A A7 B
XS . ARSI, HEEERGEEASAT T 2EHHS . —A4F
MRS EERRME T P 2SS A EEEFIILE . R T EE RS
M, ARG EERFRA AT 1 Linux WEMLEIEH R s hire
[ ], ubuntu Z BWREANEREEE T2 Linux AEILEIE? (HE2EHIAN,
ubuntu ZKKREE, A& Linux WXINIME, HAZ 58BN RS 1 Linux
ZJTATERR S5 4% AT HGE, 2 hES)> redhat. ubuntu T R EEEEAE RE T iE
WML A E R RS T . 7 B ubuntu redhat % # 6NEHLEIAG £ >4 pix
HRBARAE RGP T RFE 2 ? 2, XAmETHES i) ubuntu EAZ
£ T GTK. QT. &5 MEAfF, XU ARMMIRERAMERT? WA, ubuntu
EEER T - HELFH R FIR AT, (HRHIFA G RERE RS, T ubuntu B EAZ
AT IR, HREREATHE “HE” fEAH, BB A RIS, HZ
ARATANLNEC R ! HOyREE RS . A AT B ATl i 1, 5T RIS
—EHEA . XATTE Linux FHEKRE, SRIH S HAE, &AOG7), LiEE
R ERAE R SR RN A AR 87 BRI Linux REN4— BAER
Ml THL M, RO T LM AR RS, SO0 SR R — A (24T

1f (pte file(entry))

return do nonlinear fault (mm, vma, address,

pte, pmd, flags, entry);

/ /BT, $ SWAP % SWAP 43X 8 A 1

return do swap page(mm, vma, address,

pte, pmd, flags, entry);

ptl = pte lockptr(mm, pmd);
spin lock(ptl);
if (unlikely(!pte same (*pte, entry)))
goto unlock;
/* 55N . ERXEIERA ROV EfREYS, HMENTE  do page fault HLpigxk
R T . IXHIE DR cow KA B AR v (1) 45+ /
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if (flags & FAULT FLAG WRITE) {

1f (!pte write(entry))

return do wp page (mm, vma, address,
pte, pmd, ptl, entry);
/*#¢ shrink #[f] VM SHARED WJAFE 4 NWAFERIXH, PWARTEX B2 M DU P s /
entry = pte mkdirty (entry);

}
/ /& IUR# Ui, EAZ L PTE YOUNG
entry = pte mkyoung(entry);
/ /W HE pte
1f (ptep set access flags(vma, address, pte, entry, flags & FAULT FLAG

WRITE) ) {
update mmu cache(vma, address, pte);

} else {



FTE H i@

{F Linux /&5 FEATWEANSRS) 1 R GE R A7 5 Block HS4 % .

S F A T B 24 e TAE /& tH Block DT MAFAE AT VT ) X2 RGEA7- il B
T (14 /7. Block M RERE T A RGN HER I

S TARIE TS RS, XHRGEEET MRS 1 RSN,
i jfs2 HREAE MTD i b (HEKE DS RGEIE TR &1, IkRSS4%. PC A
Jil SCSI. SSD H AN it

TER ) B emme X6, I EIAR H s SCAF R G O A Z3EFE, 1 emme A
S —FbRUER) Block BB 4%, XU AE AL F ok SO/ R S8 HAREHE extd T

IR FAEARAEDR 2%, ib n] LUE I SRS R ABU L %, L0 nand )%, Linux fgfit
T —> mtkblock block KB KELIUT R &, yaffs2 Wihk T-1X PP ik &35/ Block .

7.1 Bdev kRS

Bdev T RGEE—PFIR AR G, e R B S B 8 — -5 18 1Y) inode 719 5,
X5 T LA 5 38 S AR FRAE ZE R AL FR B 26, XA Bdev AT RGN il 5 R4
P28 6 N

HHA@ FEAEM T — 2 HZEAHRGI0R &, SFHEEd Bdev XRG4,
Bdev A HA L R AT 38 SCAF 1) struct address space operations def blk aops; 75— /7[fl
e I RGEAGMH], RGN A Condant, S2fr b2 HEorr iz &3 T Ab#E,
XIS IE L Bdev AT R Gu AL FER AR FE

AR iR Bdev ZEANE ), {HIEXS T bdev A RS AE HH 4 2 H TAENLHI Y S8, 1
FARERANTT, 20

Bdev SCF R GEHI IR b

static struct file system type bd type = ({

.name = "bdev",
/*FEBRE AT 122 6K K+ /

.mount = bd mount,

.kill sb = kill anon super,

};
bdev L R IEEZLWIT -

void init bdev cache init (void)

{
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/ /EM bdev X R4
err = register filesystem(&bd type);
1f (err)
panic ("Cannot register bdev pseudo-fs");
/ /£33 bdev X R4
bd mnt = kern mount (&bd type):;

}
/*bdev 2 MNAFE T WZI RS, 38 O U R G AR BIRE «/

static struct dentry *bd mount (struct file system type *fs type,

int flags, const char *dev name, void *data)

{
/RO ARG RO B, SRR H oW i+ /

return mount pseudo (fs type, "bdev:", &bdev sops, NULL, 0x62646570):;

}
/*bdev HFBEGAT R ECER*/

static const struct super operations bdev sops = ({

.statfs = simple statfs,
/ /5y BB

.alloc inode = bdev alloc 1node,

}s
bdev VAt ARG S XWE:

struct bdev inode ({

struct block_device bdev;

struct i1node vfs 1node;

i

n] Il bdev inode &5 struct block device bdev;' & %k R AE— L1, 1] bdev XA RGN
inode 77 Pic R Z 5 {X 1 /2 3% 7] struct block device bdev;—iZ 43 it bdev 1Y) inode 17 & .

static struct 1node *bdev alloc inode (struct super block #*sb)

{
/* bdev cachep WH.ICAN/PELZ sizeof struct bdev inode */
struct bdev_inode ¥l = kmem cache alloc(bdev cachep, GFP KERNEL) ;
if ('ei)
return NULL;
/*LL struct inode IR [A]4;5 H*/
return &ei->vfs inode;

)
AW bdev SCAFRGERITT W

struct block_device *bdget (dev t dewv)
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struct block device *bdev;
struct inode *inode;
//Z N E inode MIAIEE, X H i 2] bdev X RS inode 41 AL R AL
inode = i1getb locked(blockdev superblock, hash(dev),
bdev test, bdev set, &dev);

if (!'inode)
return NULL;
// BDEV T iR[A[45if4 struct bdev inode [FJiEiFHhL
bdev = &BDEV I (inode)->bdev;
/ /914G struct block device 4l bdev H ] struct inode %5ty
1if (1node->1 state & I NEW) {
bdev->bd contains = NULL;
// bd inode filn] bdev [f] inode
bdev->bd 1node = 1node;
bdev->bd block size = (1 << inode->i blkbits);

inode->1 bdev = bdev;

/ /1 H bdev inode [f] i data BRIAEEAE

1node->1 data.a ops = &def blk aops;

mapplng set gfp mask(&lnode->1 data, GFP USER);

inode->1 data.backing dev info = &default backing dev info;
spin lock(&bdev lock);

//FEAN all bdevs #l3

list add(&bdev->bd list, &all bdevs);

spin unlock (&bdev lock) ;

unlock new 1node(inode);

}

return bdev;

7.2 HeikegEnhsif

(ED TR G KA Z 1Y, B e PR I A E I 474

1. struct gendisk

P R% I8 I B # A i S5 44 struct gendisk KA IATEH LK £, AR WIT:

struct gendisk {

int major; /* major number of driver */

int first minor;
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//Fen e AT AR 0 X B H , WiR==1 Tonizicd e Ix

int minors;

/*struct disk part ®EFIEREANI 5 XA, BHPF RN 40X . mixsX
HMANS 0 MILESRFH, Ef5 struct gendisk WMZEE struct hd struct
part0;, fURRKGEARL, [RGB AT TN, 70X EH R A M) T/

struct disk part tbl  rcu *part tbl;

struct hd struct partO;
/ /B 3 [) SR B A

struct request queue *queue;

}

2. struct hd_struct

struct hd struct Fifii Be iz 2 1 H H— P70 X .
struct hd struct {
/ /BB UG B X
sector t start sect;
/ /%53 X R 7N

Sector_t nr_sectS;

/ /53X
int policy, partno;
I
3. struct request _queue
struct request_queue &R i A& HAX, Adak TEB A IIERIERAA . R RLA . i
REAERR A PR ESE — R AR A

struct request queue ({

struct list head queue head;
/] E— IR RAE

struct request *last merge;

/ /AGE I LR B

struct elevator queue *elevator;

4. struct backing dev_info 5 struct bdi_writeback

struct backing_dev_info JIRFIA ik, ARG . 242 L TAZEE
DINHE
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struct backing dev info {
struct bdi writeback wb;

}
“struct bdi_writeback” J& PS5 Hill g5, HTAEREE W B

struct bdi writeback ({
/ /18I’ deamon

struct task_struct *task;
/ /Al I

struct timer list wakeup timer;

}i

struct bdi writeback #4546 I £ Ho vz B B [0 5 BB struct timer  list wakeup timer;,
1Z B 20 22 1 B B L0 g B S PRk e, = WL RS 4 . iz BB Y il A R B A

wakeup timer fn:

static vold wakeup timer fn(unsigned long data)

{

struct backing dev info *bdi = (struct backing dev info *)data;

spin lock bh(&bdi->wb lock);
if (bdi->wb.task) {
/ /O RATE W [P S 2 F, Y2
wake up process (bdi->wb.task);
} else {
[/ /EATERII S R, AT RN 0] 5 26 75
wake up process(default backing dev info.wb.task);
}
spin unlock bh(&bdi->wb lock) ;

7.3 Pt ald 5t

$EH RV % 1M R S IR B AR 1, e & UK A O HE S struct
block device operations *fops;fll struct request queue *queue; 4514 . A Ji B V5 25 YK A £ 1 H]
struct gendisk *alloc disk(int minors)>f A #& Bl 25 01 2 H A A 45 #) struct gendisk F7F Mt
IR 2

/ /B 2 M R AL
vold add disk(struct gendisk *disk)
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struct backing dev info *bdi;

dev t devt;

int retval;

disk->flags |= GENHD FL UP;
/ /part0 fARNZ BRI %, il
retval = blk_alloc_devt{&disk—>part0, &devt) ;
1if (retval) {
WARN ON(1);
return;

}
//part0 [f] struct device  dev UK [ HHRiZ &
disk to dev(disk)->devt = devt;

//disk fmajor AL W&, first minor A% 4 XM minor W&
disk->major = MAJOR (devt) ;
disk->first minor = MINOR (devt);

/* Register BDI before referencing it from bdev */

bdi = &disk->queue->backing dev info;

bdi register dev(bdi, disk devt(disk)):;

/ /17 bdev map M IEHHR % 1) 75 X Vi H

blk register region(disk devt(disk), disk->minors, NULL,
exact match, exact lock, disk);

register disk(disk);

blk register queue (disk);

/*FEBRB U A I, 3K B A OSBRI — N A T EUZ BB 5 0 X R T B S 3 X E R T
61 5t x /
vold register disk(struct gendisk *disk)

{

struct device *ddev = disk to dev(disk);

/% WIRANSLFF 43 IX, iR\ */
1f (!disk partitionable(disk))

goto exit;

/* R EIZW R AAE, WRIZ RSN BE{EH*/
if (!get capacity(disk))

goto exit;
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/*part0 [f] struct block device, BRI EARL . KXH K FE bdev XM RS

IR &R part0 A1 mix/
bdev = bdget disk(disk, 0);
if (!bdev)

goto exit;

//bd invalidated & 1, ¥ 32 7rXEFH
bdev->bd invalidated = 1;
/*$5] static int __blkdev _get (=) A, W F3C*/
err = blkdev get (bdev, FMODE READ, NULL);

/*void register disk(struct gendisk *disk) FEOZEREMWI A, ZREAEA W

I 2T AN [F] (1) B A2 /

static 1nt  blkdev get(struct block device #*bdev, fmode t mode,

for part)

{

struct gendisk *disk;

/ /R S ERBIA NV struct gendisk 454
disk = get gendisk (bdev->bd dev, &partno);
[ I EFEPR AR R TE N bdev->bd openers AMFELE, XN EA Ashide
1if (!bdev->bd openers) {

bdev->bd disk = disk;

bdev->bd contains = bdev;

/ /3T R %8 partno A 0

if (!'partno) {

struct backing dev info *bdi;

ret = -ENXIO;

//part0 [f] struct hd struct

bdev->bd part = disk get part(disk, partno);
if ('bdev->bd part)

goto out clear;

ret = 0;
/ /AN R BB B AT I ek B, W, X E R BAK [ S B S TR
if (disk->fops->open) {

ret = disk->fops->open (bdev, mode) ;

LR N |

}
/ /MR EAA N XA %, ERAEH struct backing dev info
if (!'ret && 'bdev->bd openers) ({

bd set size(bdev, (loff t)get capacity(disk)<<9);

int
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bdi = blk get backing dev info (bdev);

/b R UR S E T AT struct backing dev info, W AERINT
default backing dev info /A H bdi, X T emmc X F{E AL,
emmc KAt H G struct backing dev infox/

if (bdi == NULL)

bdi = &default backing dev info;
bdev 1node switch bdi (bdev->bd i1node, bdi);

/ *
bdev->bd invalidated A 1, Rk X R, T 2B
X %%
*/
1f (bdev->bd invalidated && (!ret || ret == -ENOMEDIUM))
rescan partitions(disk, bdev);
1f (ret)
goto out clear;
} else {
/ /T WRAT T 77 X i o
struct block device *whole;
/ /M bdev ARG M FEHR I %) struct block device
whole = bdget disk(disk, 0);
ret = —-ENOMEM;
/7 U RARA BN Y (BRI 5%, AW RET BT
if ('whole)
goto out clear;
/¥, EEF - PERRR ST OEsdT I H8, WREAT, JCEEH T
B2 1) 73 [X A 4 /
ret = blkdev get(whole, mode, 1);
if (ret)
goto out clear;
/ /53 DX RV 25 [V s 2 B R s %
bdev->bd contains = whole;
/*fﬁtﬂﬁ}ﬁiﬂiiﬁﬁrﬂlﬁiﬂ’ﬂ bdev X &% inode, HHKHE inode->i data.
backing dev info fi5 [ ERPRZ &) bdi*/
bdev 1node switch bdi (bdev->bd inode,
whole->bd inode->1 data.backing dev info);
[/ X & M) struct hd struct
bdev->bd part = disk get part(disk, partno);

/By XA
bd set size(bdev, (loff t)bdev->bd part->nr sects << 9);
J

} else {

/* e2fsck MINRERIXH, bd openers f1H, HEFTIFHIEERIL S, AiLXAN
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%k bdev->bd invalidated S&#iH 0, FrUAAS FEPIRHR X L/
1f (bdev->bd contains == bdev) ({
ret = 0;
1f (bdev->bd disk->fops->open)
ret = bdev->bd disk->fops->open (bdev, mode) ;
/* the same as firgf opener case, read comment there */
1f (bdev->bd invalidated && (!ret || ret == -ENOMEDIUM))
rescan partitions (bdev->bd disk, bdev);
1f (ret)
goto out unlock bdev;
}

/* only one opener holds refs to the module and disk */
put disk(disk);
module put (owner) ;

}
/ / RIB AT IT

bdev->bd openers++;

7.4 53 DXRSI A Bk,

Linux W A% SCF7 20 Fidg 200 XOE 20 SR XA 20, INAZ7E fs/partitions/check.c
sy ol Rl IS8

/*53 XAG ERT BR B e . BRI XA B S HIA I R &L, 8IS CONFIG KiiE*/

static int (*check part[]) (struct parsed partitions *) = {

#1fdef CONFIG ACORN PARTITION ICS
adfspart check ICS,
fendif

/ /X H 53 X A% 5K

#1fdef CONFIG MSDOS PARTITION
msdos partition,

fendif

}
/*57 X LI 5 AR G, A M I 2 i A 1 R Kk /

int rescan partitions(struct gendisk *disk, struct block device *bdev)

{

rescarns.
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J /W X R I pR 2, state 3% [A] R 0 21 (1) 40 X 2l
1f (!get capacity(disk) || ! (state = check partition(disk, bdev)))

return 0;

VAR 3P R el U ESIES S R S (B
for (p = 1; p < state->1imit; p++) {

sector t size, from;

struct partition meta info *info = NULL;
/ /SRy R

size = state->parts|[p].size;

/ /SR I XE A

from = state->parts|[p].from;

/* I RGUE XA XX IER B o 1 X IRIGIENE IS struct hd structs*/
part = add partition(disk, p, from, size,

state->parts|[p].flags,

&state->parts[p].info);

7.5 HikeEnIFIIT

o] UAZEL GV AE N raw B8 . HZERE H open i H TS O, iIX R 77 A8 FH B i &5
{E Android M KZ# PC R RAFAER, N BAEINEIE TP & 1) KA RS T IT
Pei & MTE O

Bt &XF 7 ST TP AT ) struct inode 4514 :

(1) struct inode XJ N2 i1 8 B & LA, 1% struct inode A7 - 3X N 5 & XA P8 SCA:
RGL, X IH M struct inode.

(2) struct inode Ft &7 T bdev AF R4, bdev A} RGLiH L IX ™ struct inode #:1E 1%
B

Block ¥ £ 11 lookup I FE1R Ef i ifd B 13X AN e @, ACAS I F -

struct block_device *lookup bdev (const char *pathname)

{

/pathname AHR & CHFE LN A RGEE AL E, EYI R EKE, BHRNERIK
1 path Hx*/
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error = kern path(pathname, LOOKUP FOLLOW, &path);
1f (error)
return ERR PTR(error);
/3N A R LB Bk SCPHAE R S RS L inode*/
inode = path.dentry->d inode;
error = -ENOTBLK;
[FWIRAZ PG, YT [/
if (!S ISBLK(inode->1 mode))
goto fail;
error = -EACCES;
/* path.mnt F5[R) 200 X RS, MNT NODEV FEnA suiTUy n] 24 | XA 5 40 RF R SCAT
R XA AT O, AR ST ANREFT FF+/
if (path.mnt->mnt flags & MNT NODEV)
goto fail;
error = -ENOMEM;
/¥ { T RS inode 5 struct block device 5Nl &4

bdev = bd acquire (inode);

static struct block device *bd acquire (struct 1node *1inode)

{

struct block device *bdev;
/* bdev lock 7&PriHRVAE I */
spin lock (&bdev lock);
/*inodéé%*@ﬂﬁstrué% block device *i bdev; fift=*/
bdev = 1node->1 bdev;
/MBI AT R NS bdev X RGEKEK L/
if (bdev) {
/*¥§ bdev inode IHITHEUN—, TR NZ [ AMEHF*/
ihold (bdev->bd inode) ;
spin unlock (&bdev lock) ;
return bdev;

}

spin unlock (&bdev lock);
/* AT LR bdev XAF RGN M inode ¥ E:, JHH bdget & bdev XA RZIN

inode*/

bdev = bdget (inode->1 rdev);
/*bdev A bdev A/ FR S0 inc:_de 55, Z W bdev X R4 inode € X */

if (bdev) {

spin lock (&bdev lock);
/*@SLHMA inode [RIBEFR*/
if (!inode->1 bdev) ({

ihold (bdev->bd inode) ;
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inode->1 bdev = bdev;

/* 1 mapping #i[] bdev Xff R4 inode ) 1 mapping , WHHWIRA open
write, 1% inode It 2t bdev W R 4: inode K AbFE*/

inode->1 mapping = bdev->bd 1node->1 mapplng;

[* AU AT HEAT 2 B U, BRI HIEOR, HEEA CHU bd_inodes #ER L*/

list add(&inode->1 devices, &bdev->bd inodes);

}
spin unlock (&bdev lock) ;

}

return bdev;

7.6  HLiZasIRshiny 2k gk

B &R I3 A ZAZIR, e IS BREA RIS, AN 5 1) IDE,
SCSI. MMC £iillits Fr o #HAE ERZ PR HIIKE) 7 R S8, W1 IDE 284K5) . SCSI Ze5K7)
MMC RIKF)). fH1E Bt RSO Ra) . e BARRIKS) 1 R 2t SL ik a] D54
77, AHZ ) Linux WA IR, 0= D EREN 1o AT OO e il 2 3R 5 28 3K
Ao MG IRBAE NAZ IR B A Qi B 2L, O 7R MRS B DB 1 FE## Android
2L LAENLEE, AP AR5 E AL A NSO E A ) EMMC. SD RELIR &
i

W) B 2 SR T S RGBT HAR - e SRS ) B . R252 S0 R GEH
PSR, T A S B IE I, K R G R & IR B .

S RGN SCAFER R E LL struct buffer_head & B4 $248 F block 2, block 2 H
XA BY struct bio $EAC BN AR IR & UKS) o A, MR B2 UK ) J2 Tk BI0F N BR v 26 il 4
H oK) struct request queue 454434047 H: make request fn*make request fn;pR%(. 1l )=
I E i 2 SR BN ) 5 AR B SRR RIR DO S R 2. et TERik gk it, AEIRZ3H
VE, BreAWiz  Hgeflt | static int __make_request(-+)PIFe, 1M K2 AR &1 RGALZ
TP EABIRE

static 1nt make request (struct request queue *q, struct bio *bio)

{
/*
Plug L, FREANLFEFLAHIR IS A FRAAE DI, PrUlXH BB &% bio £ HHE
FIYHTZRFE plug B bio &)
*/
if (attempt plug merge (current, q, bio))
goto out;

spin lock irqg(g->queue lock);



160 = W H——%F Android [N 5 R G 2R Y65 73 b

/*K 1% bio & o] IANZ R & A FEBAZ 1 A bio 53F, elv merge IR Z A&

Fid 2 m a5 H/
el ret = elv merge(q, &req, bio);
1if (el ret == ELEVATOR BACK MERGE) {
/ /& 9

1f (bio attempt back merge(q, req, bio)) {
1f (!attempt back merge(q, req))
elv merged request(q, req, el ret);
//Ja eI, 5ER T % bio HIALEE

goto out unlock;

}
} else 1f (el ret == ELEVATOR FRONT MERGE) {

/ /R0 A £
1f (bio attempt front merge(q, req, bio)) ({
if (!attempt front merge(q, req))
elv merged request(q, req, el ret);
/ /AT R, 5ERK T % bio MIALEE

goto out unlock;

get rqg:
[/ EAGHRIGERIX Y, KEiZbio £ikibes
rw flags = bio data dir(bio);
if (sync)
rw flags |[= REQ SYNC;

/*

TEMRZEIRNHER T struct request queue #&, HREEBUEN S Pz 5 Ko e
AR #AE. XHEIM struct request queue (4 H K F|

*/

req = get request wait(gq, rw flags, bio);

/*
" bio it#F| struct request_queue}ﬁ
*/

init request from bio(req, bio);

/ /KA plug MLl
plug = current->plug;

if (plug)
[E IR RSB S 2 bio, MiXEE bio Z MIFEFAEETI LR, LT —

K, WEZSEHt 1 plug AL,  DAEAEREAN 135 A1 40 58 L n 145 B = 1 55 P
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B R, LMEHEAT bio ZIH]f merge. XM IERZ IR GEIERI) “bio” $248*/

/ /IR bio BT K, FRESEE5SRE unplug XA~ bio BAA
list add tail (&reg->queuelist, &plug->1list);

} else {

/*%A plug, WX bio HE KNIEAZ 2] FEWS). struct request queue %
fJI request fn proc *request fn;R%EE FERSNSEFS TAERALL, @5 H
HAKMI W& T RGUOKSE . bWl static void mmc request (struct request
queue *q) z& mmc | RIPIAT*/

__blk run queue(q);

Dut_unlock:

7.7 B PSE

17 EELEAE A 0 ELAR A, RS A BT & R e (20 T i HhiERC 3] Linux
PAZ I SERE AR, TEIRBNE T — 2 AR E 2% 2, WX S B i 28 IR e A 0 e 450 kg JE A
IR 25 2 AE

UL Nand & 0], A5 EIFARSHE&RE, (H2H BRSO RG W Yaffs2 1+
1 G A s R PR B Linux PAZSEREZEM) . FTLL Yaffs2 ARG T HLH)
Nandblock % %% .

/¥ A RGEINBIE AR AT RO B SRR L yatfs2 Al o=/

struct block_device *lookup bdev (const char *pathname)

{

/* B ILW S X path.dentry->d inode JR[A] rootfs BN T & XA inode*/
error = kern path(pathname, LOOKUP FOLLOW, &path);

//dev/block/mtdblock0 A& AT j£fs2 HEEH mtd, yaffs2 # nand %4k
mtdblock KM, XH4 N HOKRIE DMl block device, HIEFETE VES EHIT
1T ARFPEER ext3/4 RAHML Y

*/

if (!S ISBLK(inode->1 mode))
goto fail;
error = —KACCES;

//1E bdev JEWHREGH A /dev/block/mtdblock0 73rft—4N 10 &
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bdev = bd acquire(inode) ;

)
I 7F mtdblock /2, HX) nand H#/ERE B2 — MR Heiic &, ACRS R .

/*mtdblock % R EE mtkblock HIURAY I firh K+ /
int add mtd blktrans dev(struct mtd blktrans dev *new)

{
/*struct gendisk P4 ECA N THEAN ERL mtdblock B #5*/

gd = alloc disk(l << tr->part bits);

/*struct request queue [7MACHIKEZE block =, WA nand )i 5 41 ER
#% static void mtd blktrans request () ¥ ibrER B K484 1/

new->rq = blk 1nit queue (mtd blktrans request, &new->queue lock);

/ /Tl N AZ AR 73 X o
add disk (gd);

}

PL A LA nand & AE A o0 B sE], sk BAE 5 — PR a% VES AL, 24T Linux
N R G T K= IR & L. W KVM guest FHFK Virtio blk, 9 4% i 4% F 1)
NBD %5 .
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VFS & Linux WHZIEARARGT 7 DR s A ke, WA U T wrkeifs: — =&
“PR7 BRI AT RONLE; RS AR DN SN RAAH R E H . VFS Bl iX A
o

VES 73 A LAYz

(D) F—EZRE— MR HESE, XN T REA, B Linux WECSEIL, B85 SCHFRIFT T
.

(2) VES % . JZX N T struct file operations, 17 MFPEHE: — 2L 2 X R 48,
2SN R G S SE AT, SVE L WA S I SO IFT T B S SRR ] 58 —
EPEI T 5t at, WL T H B S 8RS HLHLL K SCHF) page cache HLHIHE ML | — &34
A ERER 2. HARI) U R 1% =40 X E R Z B A

VES 5 "R @I NAZIR S B e A B . A AZSEELI A Bk i, HART SO
ARGV B L BRI SO R R e A B A% b, 1 AN T 0T ] S ML B R SO
page cache HLiil. X TIRE AR RS, W/hAH NOMMU 124, H EXXFRGES
e, ERniATalJo. MRS LI LA & SO page cache HLEA HR U2 BB B
DAAEIX HUSEEARE 8 SCF R4, Séad VES BRI 2R, shnl U & AL A, §tR — AN Bl
T EFE B KR

X1 Linux RG890 SCAF R G0 AR 77 2248 1] Linux 855 1) page cache. [F] 5 S5 HLH,
B LSRR Ak B8 Linux $2 (1451 FE K 52 .

(3) VFS 155 =AW T struct address space operations, zeE X A R GE ) FLAA [P 4
HEWRLIRE L FOE . I DR AT SRR R DR N SO A o 0 AR AR B RV 28 1 S R e
PAZAEIX AR PR AR S — 2 —FF, $R4E T IR IRAE i B, SO R GE R s I ) LLIEFE A H]
JX 6 A R A9 i B S o 16— LR E bR (P HeR & SO RS jets2 ez Al ] P A%
B, W2 H DS

(4) VFS U= A A AT R AR . XA S REH AR, HFed AR 3
2 g P, W int ext4 get block(:**).

F148 VES B A R G m Nz # H A58, H 3% cache. inode cache %5 /7 [l 1Y)
N, IXEEHBEICRAK, HESHIRZAHER, KPAHANA.

8.1 H H x

RGP AT R S, AT IR H AR I
B, MRHANXWZRR, WORE TR RG . WIRE A F S RGHE#Lf
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FEA A o

vold  1nit mnt init(void)
{u.-
// sysfs RGNV

err = sysfs 1nit();

[/ RIGEAR H ok S RS, IR H RS T ramfs 224
init rootfs():;

/ /HER/

init mount tree();

/ /HRH 3 RG34 ——ramfs
int  1nit 1init rootfs(void)
{

int err;

//ramfs [f] bdi

err = bdili init(&ramfs backing dev 1info);

//EM rootfs fs type, HSEPR TAEAZIALT ramfs

err = register filesystem(&rootfs fs type);

return err;

/ / INEAR H 5 XA R 5¢

static vold 1nit 1nit mount tree(void)
{

//mount roofs, HECHE ramfs

mnt = do kern mount ("rootfs", 0, "rootfs", NULL);

//mount [F] £5 [F] root #7 YA R G0 01/
root.mnt = ns->root;
root.dentry = ns->root->mnt root;
/ /BCE BIBERR ) S HT H sk
set fs pwd(current->fs, &root);
/ / uCE BIBREN] root

set fs root(current->fs, &root);

}

{EAE G B init FERAEAS 1 CLONE_FS Frifl. WA
ﬂg “/,‘HG

[TET)

HE X H Sk F IR %
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8.1.1 REBEFRXHERG——initramfs

WHR ARG intramfs FLHl, PIZiE % rootfs mitcall(populate rootfs);’f initramfs
YDA 5 B P 6 B 626 . it imit populate,_rootfs(void B MU AT

2% PR B AR B A -

(1) f#)s  initramfs end --- initramfs start 2 [A] ) s 45 CAF

(2D MRkt st Y 7R IRAT I | B4 -

static  1nitdata 1int (*actions[]) (void) = {
[Start] = do start,
[Collect] = do collect,
[GotHeader] = do header,
[SkipIt] = do skip,
[GotName ] = do name,

[CopyFile] = do copy,
[GotSymlink] = do symlink,
[Reset ] = do reset,

}i

(3) SKUSRAFICRR b2 LA SO R BR A IR B R ST
L GotName Hff o, {441

static int 1nit do name (void)
{ PR
if (S_ISREG(mode)) {//% MM

int openflags = O WRONLY|O CREAT;

/ / VLB 3 T AT Tz 34
wfd = sys open(collected, openflags, mode);
} else if (S ISDIR(mode)) {//H3x
/ /B H sk
sys_mkdir(collected, mode) ;
} else 1f (S ISBLK(mode) || S ISCHR(mode) ||
S ISFIFO(mode) || S ISSOCK (mode))
1f (maybe link() == 0) {
/ /BT R

sys mknod(collected, mode, rdev);

}

return 0;

}
PRI BRAEIX e — NN e e, XSO E A IR 18 1R 22 ramfs SCHFRST. (R TH
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[ static void _ init init mount_tree(void) L CLZ8 ! WA RGN 2L Al 4a 1 1, X WA ) HisK
e e,

8.1.2 Android ramdisk.img

Xf 1 Android, roofs /& ramdisk.img. Android {#1H] ramfs A28 ¢ 15 0= 1) A
A8t ANET HRINEAR H sk 2%, F-4R init Y%, Android iIX PP A R SR #E 7 :02s
T init FEFERR R R TEME, AR SRSV AR B BN RS fEAA
%5 RZEWMEE, it R CLEERNZIEMN, A RN, FEHEEET,
G T N AZ A2t SR A H s v 2 IR sl AR ARG . AN ELITI) ramdisk {3 £ ramfs,
I Android R4t FA3 3] T 5¢ AR

(1) W% )5 nitramfs, A REA T & 2 H kG5

(2) Uboot " ramdisk.img 2 A7 H)— M Hihk, JF@EF A%

(3) Wizlash#la)a, 83 ramdisk.img, FFHEE MR LA N5 T cache B &
L 72 Android Hc W2 I SCAF RS, init FEFEAF L
(4) WAZFE i ramdisk.img J 5 7 0] (PR 4 ramdisk.img PN 2 O 28 67 HUH A4 2 rootfs) .
(5) WA, AT /nit.

8.1.3 EHHERBRXNXBERFEME AN

B ATAE M initramfs, kernel init 3E A %I void  init prepare namespace(void); LA{% 4t
J7 ZOMEAR H s SR GE

(1) #&% root W& -

(2) M CTENE SR G L 22120 % root 1245 21| F sx/root.

static int init do mount root (char *name, char *fs, int flags, void *data)

{ //H:3]/root

int err = sys mount (name, "/root", fs, flags, data);

// & H /root AYHIH>X: set fs pwd(current->fs, &path);
sys chdir ("/root");

return 0;

}

(31 H 2 move 2/, & E 41 H %2 FS ) root(set fs root(current->fs, &path);).

8.2 X fF 4T JF

AT R BEFENIE )
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8.2.1

FHIRREX

Hog 2 30, JUR MBI N 22 R ) U RS H . H s A FRp 2 7R IX 48 H 5%
SCA HR A3 i S ) IR T
/ *

IZRECE JZ T P ed AT, JHE BB B I decache B XMF RGN, Bk T RiEtie &,
[EESIRE S EalE 7 2SI

static i1nt link path walk(const char *name, struct nameidata *nd)

{

*/

/ /BRI IELL ) /

while (*name=='/")

name++;

1t (!'*name)

return 0;

/* BRIEFfx/
for(;;) {

unsigned long hash;
struct gstr this;

unsigned int c;

int type;
nd->flags |= LOOKUP CONTINUE;
err = may lookup(nd);
1f (err)
break;
//this $5 [ 81 &=
this.name = name;
c = * (const unsigned char *)name;
hash = 1nit name hash();
/ /i ECY R4 B hash {H, dcache M2 R US04 b IERRIT
do {
name++;

hash = partial_name_hash(c, hash) ;

c = * (const unsigned char #*)name;
} while (c && (c '= '"/"));
/ /H S o AR
this.len = name - (const char *) this.name;

//Hi4r & hash {H, HK7E dcache H #rik
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this.hash = end_name_hash(hash);

type = LAST NORM;
VL G5 N {3 | 3T
1f (this.name[0] == '.') switch (this.len) {
case 2:
1f (this.name[l] == ".") {
type = LAST DOTDOT;
nd->flags |= LOOKUP JUMPED;
}
break;

case 1:
type = LAST DOT;

/ /7E H 3k nd->path.dentry &k this, nd->inode ¥id>k FEHK LS BRI inode
err = walk component (nd, &next, &this, type, LOOKUP FOLLOW) ;

/ /I REA lookup BREL, U CHAZ H&3XF, (break)
if (!nd->inode->1 op->lookup)
break;

continue;

last component:
/* it LOOKUP_ CONTINUE #ras, &KnERIESS58m */

nd->flags &= lookup flags | ~LOOKUP CONTINUE;
nd->last = this;
nd->last type = type;

return 0;

static int do lookup(struct nameidata *nd, struct gstr *name,

struct path #*path, struct inode **inode)

struct vismount *mnt = nd->path.mnt;

/* nd->path.dentry 7R HXM struct dentry #ify, KA HWZEZHXT
B4k struct gstr *name X {f=/

struct dentry *dentry, *parent = nd->path.dentry;

int need reval = 1;

int status = 1;

int err=0;
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/ /5 CA1E dcache H 4k

dentry = d lookup(parent, name);

/ /A AE dcache B3], KRG H K
1f (unlikely(!dentry)) {
// X HFEWE A inode, BUH A HFEM inode

struct 1node *dir = parent->d inode;

mutex lock(&dir->1 mutex);
/ /BT % H x5 & —IX dacahe
dentry = d lookup (parent, name);
[ IR AT R B
if (likely('dentry)) {
/*IX O 20 A name 9 C—NETY struct dentry B AR H X
] struct list head d subdirs;#E®RH*/

dentry = d alloc and lookup(parent, name, nd);

if (IS ERR(dentry)) {

/ /IR BAT I EAK, T S0 H ok mutex B, RPN IR{E
mutex unlock(&dir->1 mutex);
err = PTR ERR(dentry);
goto end do lookup;

}
/* need reval N 0 RRATHEEEPr dcachex/

need_reval = 0;
//status K 1, TR
status = 1;

}
/ /IR, T EET H oK mutex i

mutex unlock(&dir->1 mutex);

}

/IR ER G R ACK PR

path->mnt = mnt;

path->dentry = dentry;

err = follow managed(path, nd->flags);

*1node = path->dentry->d inode;

static struct dentry *d alloc and lookup(struct dentry *parent,

struct gstr *name, struct nameidata *nd)
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}

struct inode *inode = parent->d inode;
struct dentry *dentry;
struct dentry *old;

/* M dcache L7 lC—/N ¥ struct dentry*/

dentry = d alloc(parent, name);

/* inode N HxXT A, MNBEMAEIK dentry, X T extd, HxWRMEEREC: struct
inode operations ext4 dir inode operations, JTLLXH T3 extd lookup
BRI E 1) i F =/
old = 1node->1 op->lookup(inode, dentry, nd);
1if (unlikely(old)) {
dput (dentry) ;
dentry = old;

}

return dentry;

NHGE RS RN R, DL extd XPERGEAY], Extd inode 11 Y KA LA B

(1) AEAEPTE H 1 H 3k I
(2) R4 H ok i 1715 5%, B inode.

static struct dentry *ext4 lookup (struct inode *dir, struct dentry *dentry,

struct nameidata #*nd)

{

struct inode *inode;
struct ext4 dir entry 2 *de;

struct buffer_head *Pbh ;

/*(E extd [f] dir Hx FEHK dentry X WFISCH:, REIPHEZICHAE dir Hax B H I/
bh = ext4 find entry(dir, &dentry->d name, &de);
inode = NULL;
if (bh) {
/ /de BNy As & SO H I, ACH kI U 2 SCHE extd B SCMR S

u32 ino = le32 to cpu(de->inode) ;

/ /B extd [T A

inode = ext4 iget(dir->1 sb, 1no);

}

return d splice alias(inode, dentry);
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822 BEIIEERE=RE

>

VES R IR BevE, RV RARE) SO R G SEBAERE— 2 BE Al ELsc B e BRI R VR ) pR 2
B ] DA BB A 10 50 O SR SR B n] o AR SCAEAT TR L RS, 200 SO — 2 I B AH
REAERREL
o R SR ERAE R AL A0 N TR A
struct file operations ({
struct module *owner;

/1 XA TR AL

loff t (*1llseek) (struct file *, loff t, 1int);

/13t

ssize t (*read) (struct file *, char  user *, size t, loff t *);

/] XHE

ssize t (*write) (struct file *, const char |user *, size t, loff t *);
/] NI

ssize t (*alo read) (struct kiocb *, const struct i1ovec *, unsigned long,
loff t);

/XM RPY

ssize t (*alo write) (struct kiocb *, const struct i1iovec *, unsigned long,
loff t);
/ /1 H sk 3

int (*readdir) (struct file *, void *, filldir t);

/ /XA map #:15E, HE M
int (*mmap) (struct file *, struct vm area struct ¥*);

int (*open) (struct inode *, struct file *);

};

VFES 28 = JZ 3B R, 22N TE T =, AN AT .
Inode |2 [#21F -

struct inode operations {
//ERHE, HRICHE S iz ek
struct dentry * (*lookup) (struct 1inode *,struct dentry *, struct

nameidata *);

/ /ERBEEER SO, T IF ORI 2

volid * (*follow link) (struct dentry *, struct nameildata *);

/ /3

int (*create) (struct inode *,struct dentry *,int, struct nameidata *);

/ / MR SO et A

void (*truncate) (struct inode *);
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/ /WCE JE T
int (*setattr) (struct dentry *, struct iattr =*);

/ /REm P

int (*getattr) (struct vifsmount *mnt, struct dentry *, struct kstat *);

}

PIE K, inode FAFZZBAT N SCAFEAF TR N IR JZ Ik 55, HIRIAAES inode 28
LT A7 28 Hopl 72 28 55 struct address space 1 data; il /& page cache #, Frfy A 4EHK
W A X struct address space 1454

struct address space operations {

/5T, ;74 Block E1AC, MMRHLK UL writepage HANE T VES =2, 1ZRE T
e s It UL [R5 BILA AR e i 4 AL Al A T+ /
int (*wriltepage) (struct page *page, struct writeback control #*wbc);

[/, ;o4 Block EEAS
int (*readpage) (struct file *, struct page *);

/*E 422 direct 10, EMERNT extd XU Page cache WU SCHE RS, KR
ALl direct 10 #4F KT page cache, XFEITA XN TR A INE page
cache Hx*/

ssize t (*direct IO) (int, struct kiocb *, const struct i1ovec *iov,

loff t offset, unsigned long nr segs);

b

VES (& JE T R SO BRI T A SR E, VES $RILAY R B5e et sl 1
3 HE R cache ML, 56 L Linux AR TR LR RGAMEN] I VES SRR AL X
s R ] 1 e Extd. AL, SE MBS EF T VES iplFe, Hae2@E L, X
28 VES $R I R B e U RS ER 70

83 X M 5

8.3.1 NHEHEZL

VFS ¥ 355 ALLE 4 D EEARTE

(1) FRHAFE AN BEX MY FIE P

(2) ¥ AN EH RIS VT page cache.

(3) WSS N R ) page brids ANE, HORE ST £ inode bR WA, FHOBIZT M
FEA TR 5 [ RA A .

(4) koW AFBLE D 5 28— BIE, 0 K A2 41 W e ik ' [M] deamon.



# 8 & VFS 173

VFES et | — AL SHEZL R W FE static ssize t generic_perform write(s++), QA4

e

//struct iov iter *i HAFBGFEDGANIMAFNE, pos WY HFRE

static ssize t generic perform write(struct file *file,

do

again:

struct i1ov iter *1i, loff t pos)

/*write begiln FOR BRI SO Z g He el 3 o0 i SCAE, RN R1% page XM SCHF AN

DLt NAT*/

status = a ops->write begin(file, mapping, pos, bytes, flags,

&page, &fsdata);
if (unlikely(status))
break;

/*write begin ZISCIFABFERUER, ZEMEN F AT REYET DMA #1/F T35 L1
dcache A8, JFLLERI—TF L1 dcache, UIfR¥F—8tE, WRHEABEAATHEATT
PATARY, LR F L1 icache*/

1f (mapping writably mapped (mapping))

flush dcache page (page):;

pagefault disable();

/U NN P STt WA ] page Hix/

copled = 1lov iter copy from user atomic(page, 1, offset, bytes);

pagefault enable();

/*PIXR L1 cache, XXl cache MJREANE T _E—K, XHAETAE X HNEMNA]
FPARHEANEN page BN FEH, 4§ A EHLAE G page FH1T T 5 #:4%, IXI 1% page
[RINB AT A BEIERAE dcache ., 1MIXZ a7 A HEXTi% page fiit DMA, fir LLiX Bl 22 il
T/

flush dcache page (page) ;

/+EF AT page cache B page, 14K HEILEERRE I ER TN “FEEE” 5 R
iHER” BA%, 7E shrink memory WHENHWkrtE, XH Ui 1Z page IHERZHE N,
D2 H A ERIR S+ /

mark page accessed(page);

[*GERAENETRIT B, GEFENEGR, AFTRIESREIAE S, XHE AR ERE
A /

status = a ops->write end(file, mapping, pos, bytes, copied,

page, fsdata);

[/ SCAFHRENER

pos += copied;
written += copied;

VL kv WREIE ]!
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balance dirty pages ratelimited (mapping);
//Z3 struct iov iter F—IHREE
} while (1ov iter count(1i));
/RIS AN, HSEE AT page cahe K

return written ? written : status;

8.3.2 write_begin

X GEAERIE — P B S5 AR SO N SRS B 7 B SO . B S RS
R H K RKISEAHAR, HZ2JLFI A B3RS X REG A EH it
~ block write begin(-**)F A H: write begin B -4

/ I RS RGH T S 10 get_block t *get block FK
int block write begin(struct page *page, loff t pos, unsigned len,
get block t *get block)

//GilgiEHnE, X B LU TN A
unsigned from = pos & (PAGE CACHE SIZE-1);
/7 5E

unsigned to = from + len;

/ [ ZERBRE) /I
blocksize = 1 << inode->1 blkbits;
//WIR page A1 bh, EHHAE bh, &4 bh fitn] M2k
if (!page has buffers(page))

create empty buffers(page, blocksize, 0);
head = page buffers(page);

bbits = 1node->1 blkbits;
/ /- page XN SO RS GRE A EL Y
block = (sector t)page->index << (PAGE CACHE SHIFT - bbits);

//EER page XN HIRE—ANIZEEEL, BRI B Fo A R

for (bh = head, block start = 0; bh != head || !block start;
block++, block start=block end, bh = bh—>b_this_page) {
block end = block start + blocksize;

[ /R EG I AFTAEXAZES S, Bl
1f (block end <= from || block start >= to) ({
1f (PageUptodate (page)) {
if ('buffer uptodate (bh))
set buffer uptodate (bh);



175

i
[ 4]
14
5
)

continue;

}
1f (buffer new(bh))
clear buffer new(bh);
/*1% BH BAT B, U0 W A 0 . (R A il , i B AR O . MR i At ik, Ay
HAR A B S R GEA FNTE */
1f (!buffer mapped (bh)) {
/7 EARI) SO R GRS BREL B2 AR JONT I R A i ik
err = get block(inode, block, bh, 1);
1f (err)

break;
[ *WIRIX A — A B o B R, EAE XTIV [ % page cache W B A 2T CAAF1E.
HHELIX A A PR R RAE T, SO R GEu B AT T 11 e SCAF 1) page cache B4, 1%
M52 WAE block —F*/
1f (buffer new(bh)) {
/ / AbEE g A e [R] I 28 3l U page cache A& A page cache I11F
unmap underlying metadata (bh->b bdev,
bh->b blocknr);

[FWIRGNNBEAEZIZ R, A ZA page HOM NI Ty #51, [Hoh3ELL
VA RGUAN Lt WA 1, MZIZHRIRSOCEF 0 f i, mX M iERe
AlRER N I P BSCA, O 1 Z TR, i 0%/

1f (block end > to || block start < from)

zero user segments (page,
to, block end,
block start, from);

continue;

[/ ZEE Se R, B Hbsvg Nz s, T wEEZEIuae K
1f (!'buffer uptodate(bh) && !buffer delay(bh) &&
'buffer unwritten(bh) &&

(block start < from || block end > to)) {
/ /P ATIZ BB F

11 rw block(READ, 1, &bh);

/ /WK T A AR N IZ AR R

*walt bh++=bh;

}
/+ SRS e R, [ RSP page WHARR, MBS update, At/
while (wait bh > wait) {
wait_o;;buffer(*——wait_bh);
1f ('buffer uptodate (*wait bh))
err = —EIO;
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8.3.3 write_end

AR AT S HESE ) write_end HIFE, APENLE H] write end $ilFE, 2T X1 static int
__block commit write [ n] 4 HAK R4 HEL 71 H .

//write end PIFE T B T AERME GT AT AN FEAC

int generic write end(struct file *file, struct address space *mapping,

loff t pos, unsigned len, unsigned copiled,
struct page #*page, void *fsdata)

struct inode *inode = mapping->host;

int 1 size changed = 0;

/ /R IR A8 s v B AT I IR A A e i, 2 LR 3L

coplied =block write end(file, mapping, pos, len, copied, page, fsdata);

/73K T, 7E inode WA SR K SCHK
if (pos+copied > inode->1 size) {
1 size write(inode, pos+copied);
1 size changed = 1;

}

//inode ALH KA, £ inode A B hras A ik
if (1 size changed)

mark inode dirty(inode) ;
return copied;

}

55 1t page cache A7 BEAT#E S [RIRERL (1Y) page FRZ AT Lo SCHFS 180G — A8 & 4
PRI, ACHS T

static int block commit write(struct inode *inode, struct page *page,

unsigned from, unsigned to)

blocksize = 1 << inode->1 blkbits;

/* §tXf page ME—A BH M a1E: (1) Z151% BH £4 update, 7E block EIKENTE
BH read 5¢MLL a2 %1% BH & 4 UPADTE; (2) ¥i% BH bras WA, X5 inode 5
[FIRASN R4, WL T SCPER */

for (bh = head = page buffers(page), block start = 0;
bh != head || !block start;
block start=block end, bh = bh—>b_this_page) {
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block end = block start + blocksize;
1f (block end <= from || block start >= to) ({
/ /1% BH ¥ 17 update

1f (!'buffer uptodate (bh))

partial = 1;

} else {

set buffer uptodate (bh);
/ /¥r&1% BH A

mark buffer dirty(bh);
}

clear buffer new(bh);

}
/14— B A N upadate, HWALEE N update

if ('partial)
SetPageUptodate (page) ;

return 0;

8.4 NEmmszZ 5mlG L]

841 HETIHVIER

AIE DL e A8 2247 LT A iR IAL
(D) XHRGNE FECT L, XS &G e s i, X RIe 4 B 3CrE

K 35 inode A5 A IEHIHEAC -
(2) VM _SHARED J& 1'f 1] File backed A7 A& T 515l .

M SR T B DTS A AT i

[/ RPN dirty, WIS page #f2 dirty
vold mark buffer dirty(struct buffer head #*bh)

{
/AT dirty RE, R[]

1f (buffer dirty(bh)) {
smp mb () ;
1f (buffer dirty(bh))

return;

}
/ /% BH 55— IR E AL A i
if (!test set buffer dirty(bh)) {
struct page *page = bh->b page;
/! BB AN page &1 AL
1f (!TestSetPageDirty(page)) {
struct address space *mapplng = page mapplng (page) ;
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/ /% page fi —NEHIROAM, W A% page BUAL T RS
1f (mapping)
__set page dirty(page, mapping, 0);

/AN HRAT A page A, HCAZICAER D E i
static void  set page dirty(struct page *page,

struct address space *mapplng, 1nt warn)

/ PRGSO bR I
~ _mark inode dirty(mapping->host, I DIRTY PAGES);

//inode ¥ KUEAT HE
vold mark inode dirty(struct inode *inode, 1int flags)
{

struct super block *sb = inode->1 sb;

struct backing dev info *bdi = NULL;

/*inode TWEAL MM, W RKAMFIZCARBER . Bt/
if (flags & (I_DIRTY SYNC | I DIRTY DATASYNC)) {
/ /WD N B inode BEAE fE BRI£K
1f (sb->s op->dirty inode)
sb->s op->dirty 1node(inode, flags);

/WA inode IREHERENRRES 8, XROGLERHITT . A dirty 21 page,
2 BH, B —X4&¥B 31 inode PAFIW AT W%, 1 HiEWwdFEBEAR, BoEADER

inode->1 lock 34+ */
if ((1node->1 state & flags) == flags)

return;

/ /% inode RESEHHHPREA 2K
spin lock(&inode->1 lock);
if ((inode->1 state & flags) != flags) {

/*inode fIZFRE, XHERELTCLATE inode 17 FEECE B FUR K O,

was dirty Rznid iR */

const 1int was dirty = 1node->1 state & I DIRTY;
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8.4.2

/[ BAL

inode->1 state |= flags;
[ *

iZ 1 BOIEALTE sYNCORES, Bkl
*/

1f (inode->1 state & I SYNC)

goto out unlock inode;

[ /%N K IR E

1f (!was dirty) {
bool wakeup bdi = false;
/ /BRI RN R RS R
bdi = inode to bdi (inode) ;

/IR RS RES R, AR BR A

if (bdi cap writeback dirty(bdi))

H&ﬁMJIfMﬁMEﬁ%m%AWMH”ﬁﬁPE
DLHL R {5 A S AR HIWTE A deamon AR */
1if (!'wb has dirty 1o(&bdi->wb))

wakeup bdi = true;

}
/ / REAE HE IS B (1) $54T

spin unlock(&lnode->1 lock);
spin lock(&lnode wb list lock);
inode->dirtied when = jiffies;

/ /R R AR [ 2 ) A5 R [ A BA A

list move(&lnode->1 wb list, &bdi->wb.b dirty);
spin unlock(&inode wb list lock);
/ /WM bdi [) deamon, Z W block — &

1f (wakeup bdi)

bdi wakeup thread delayed(bdi);

return;

S5 p])

3171 inode ¥ A,

A AZ AR I IR 5 LT ) F R gD WA P B IR, A6 page B AR BRI Fe 2

PR SR = I s g S R AE . RIS HLHIR A R LAT BT —

A
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(1) KRAXHE. £ XHSEAEMSAR, 85 E AT 00 AR 2 & A2 )3 3l B 5 L
21T

(2) K H File backed H VM_SHARED KN AF5. 750U 7~ A0 0 R sk A
HIE DL RIR S & & w2 3 s [P S AL 25, 1 AE shrink page list B2 H 8254 At U1 H
writepage $&4 HI| 1 £ = -

(3) REAAE A IERNLE . fEfE1 % struct backing dev info 7F [v) W AZ N A% 1FHE H
G0, SR N WEERE, RS ENEER, KA E xRS L.

S 28 — M A IS HLIY) shrink page list H 4% writepage MGG LAAE, filt & B HL A 21 SR AS
—E ey M IS AL, il A ARSI R S I 0L B 2 LA R SR A s i 2 ik
HEAERSEBRTAT, Z I A

/ / fit R Bl S AL 2k A A

vold balance dirty pages ratelimited nr(struct address space *mapping,

unsigned long nr pages dirtied)

/¥ AN RAT, Bt R PTG (R & b A i R A — e B/

if (mapping->backing dev info->dirty exceeded)

ratelimit = 8;
/*
AR A, HETARERSS b AR 2SI REEREH ratelimit pages
* /

preempt disable();

/7R A B g F A R RE 5 R

p = & get cpu var(bdp ratelimits);
/7R A PR g F AR B RE 5 ER 0

*p += nr pages dirtied;
/I KT BHEA 2 8 D) Bl S AL
if (unlikely(*p >= ratelimit)) {

balance dirty pages (mapping, ratelimit);

return;

}

55 = AR LR T 7R AR T ESCR A0S i R A RO BT S o 75— /M 53
PAERE BRSO, ML RS, R LR R RS T, 2 W
LXAREE
/¥4 A struct backing dev info ZEVEMINHBA ORI T PRLERR, LI %S 2% % &
IR TR >/
static 1int bdi forker thread(void #*ptr)
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/ /me Bl 424§ struct backing dev info A5 HIHLF

struct bdi writeback *me = ptr;

for (;;)

{

/ /action A = HiIE SORZS i 2 (0AH % ah 11

enum {

NO ACTION, /* Nothing to do */
FORK THREAD, /* Fork bdi thread */
KILL THREAD, /* Kill inactive bdi thread */

} action = NO ACTION;

[ *

TS Y, W R] 455 [A] 5 A e

* /

1f (wb has dirty i1o(me) || !list empty(&me->bdi->work 1list))

/B RET I HEAR struct backing dev info W, =M RIS

del timer (&me->wakeup timer);

wb do writeback(me, 0);

list for each entry(bdi, &bdi list, bdi list)

bool have dirty 1o;

/ /% struct backing dev info W&AFIERFEIS M L
have dirty 1o = !list empty(&bdi->work list) ||
wb has dirty io(&bdi->wb);

//fH721% struct backing dev info W& FHIE A TEERM[A]S %
if (!bdi->wb.task && have dirty 1o0) {

/*action 1§ H T B EIZ W & EIE NS deamon*/
action = FORK THREAD;

break;

}

//zwg e ARSI, HEH FidATAY deamon
if (bdi->wb.task && 'have dirty 1o &&
time after(jiffies, bdi->wb.last active +
bdi longest 1nactive())) {

LR N |

// RFRIEAN LA FPE deamon
action = KILL THREAD;

break;

{
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}
spin unlock (&bdi->wb lock);

/ /MR action AT 75 LM ERAE
switch (action) {
case FORK THREAD:
set current state (TASK RUNNING) ;
/* 4% struct b;cking_dev__info W& A shns deamon, ZEUN %R % 1[0
AL * /
task = kthread create(bdi writeback thread, &bdi->wb,

"flush-%s", dev name (bdi->dev)) ;

Erane ."
5450

break;

case KILL THREAD:
__set current state (TASK RUNNING) ;
// AAE ) deamon
kthread stop(task):

break;

case NO ACTION:
/AT E P, AR E K

1f (!wb has dirty io(me) || !dirty writeback interwval)

schedule timeout (bdi longest inactive());

else
schedule timeout (msecs to jiffies(dirty writeback interval
* 10));

/IR HS AT E freeze
try to freeze();
/* Back to the main loop */

continue;

return 0;

}

["]'5 deamon, bdi writeback thread [FJ{E 1] bdi forker thread ZS{EL, /&K A& 517
AE ot LA Bl 5 o {H J& bdi writeback thread A [A] [ #i /7 & H A EE X 2 HI struct
backing dev info ¥ €%, 1A &%/ struct backing dev info B3 .
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co
gy

8.4.3 [EIEHFHIBIERIEIE

PSS, AR H— page B8O, IS EXHE— g FrEAPI S ER)
JE RGeS R SE, SRJG & 1T . struct address space, 1 Jii 4 /& page.
/ /1S EEAE T SEAR, e WA o] S s AL AR 2 A 2% R 2L

vold writeback i1nodes wb(struct bdi writeback *wb,

struct writeback_control *wbc)

int ret = 0;

[/ Bz EA T ERIS ) page
while (!list empty(&wb->b 10)) {

/TR Z R & EIC RG A, sb BN E R

ret = writeback sb inodes(sb, wb, wbc, false);

/ VRPN X RGN A

static int writeback sb inodes (struct super block *sb, struct bdi writeback

*Wh,
struct writeback control *wbc, bool only this sb)

/*wb A ETR &M P S, K EM b io PAFIREZE & LSRG R/
while (!llst_empty(&wb—>b_lo}} {

/ /W EE R

writeback single inode(inode, wbc);

[r

Ml

RHIES

844 T

/

-

Inode J&[M|EHLHI M IEARAL, WZE XN SHATRIE#EAE. T ablE W
[ EIR ,—Ei:uﬁﬂi%ﬁﬁl'ﬁ UNAE SOOI R S K AR MRS, IX 20 A
GRS, TR AN AN AN NS, BIEEE . XA EAE B PR ECHEZE R 58 JY,
A an -
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/:1-:
AN L, BT EARSG AT AR
*/

static 1nt writeback single inode(struct 1node *inode, struct writeback

control #*wbc)

{

/7 W RN, ZERECRPRACT R

ret = do writepages (mapping, wbc):;

/*

PP IS T WBSYNC ALL, EIXMASF5i% A page I writeback 5
* /

if (wbc->sync mode == WB SYNC ALL) {

int err = filemap fdatawait (mapping);

spin lock(&inode->i lock);

/*
I DIRTY #fil inode A G i50%
*/

dirty = 1node->1 state & I DIRTY;

inode->i state &= ~(I DIRTY SYNC | I DIRTY DATASYNC);

spin_ unlock (&inode->1 lock) ;

/X HRAE inode A5 . 1AM RS cEdE, R BRI REiA FE, WiffEls
inode AL, XHHHHLBEHRIEFRE: int (*write inode) (struct inode *,
struct writeback control #*wbc); */

if (dirty & (I DIRTY SYNC | I DIRTY DATASYNC)) {

int err = write inode(inode, wbc);

/ *

R AR RS R A, SR AT BRI RS AL writepages BREL, #7 BRSO/ RG0%E
AIEAEZ R E, WPAT IAZEGA IR . 58 B —Bose R ERAE T A 2N writepages BT
{E H SR 2 DL FH AR BRI RE 9 32 o RS0 F 0 B W AZ BRI B AR

*/
int do writepages (struct address space *mapping, struct writeback control

*wbc)

{ sas
/ /R BAR I S &2 Gttt writepages pRZUN {3 H]
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1if (mapping->a ops->wriltepages)

ret = mapping->a ops->wriltepages (mapplng, wbc);
else
/7AW, AR R ERGA Y SRS AL

ret = generic writepages (mapping, wbc);

return ret;

/*¥¥5— inode ML M4 E] block &, mapping HNi% inode X[ W [f] page cache ¥, wbc
N =40 [ A (4 AR 3 /
int generic writepages (struct address space *mapping,

struct writeback_control *wbhc)

struct blk plug plug;

int ret;

/* MR % inode P g XXMF RGLRAT LI writepage $ifE, WX i Bl Uy sCEEAE A,
AT R0 S R G T WAL ISR R 2 block write full page SEHL 1 iffilfEx/
if (!mapping->a ops->writepage)

return 0;

blk start plug(&plug);
/*K51% inode PATIRA AL S HECEREE K, 2R )5 UM HAHAT Lock #:4F, R )5 ] writepage
PR iZ 5 0l, fE writepage BIFEH, 7ESERCULIAIN BH 1240 )5 #F %) 1% page unlock*/
ret = write cache pages (mapplng, wbc,  writepage, mapplng);
blk finish plug(&plug);

return ret;

/%
RE A1 U 0[] 5 Y 2%
* /

int write cache pages(struct address space *mapplng,
struct writeback control #*wbc, writepage t writepage,

vold #*data)

while ('done && (index <= end)) {

/ /TE1Z N B ¥ page cache HLEUH — & Z&E L it
nr pages = pagevec lookup tag(&pvec, mapping, &index, tag,
min (end - index, (pgoff t)PAGEVEC SIZE-) + 1);
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/ I HROAE R (R R page
for (i = 0; i < nr pages; i++)
struct page *page = pvec.pages[i];

/IR TR AL, 75 Wb BT 05 5 5 T
if (!PageDirty(page)) {

}
/ /R et TEERRE, HEEEi air, SfHEEn
1f (PageWriteback (page)) {
1f (wbc->sync mode != WB SYNC NONE)
walt on page writeback (page);
else

goto continue unlock;

//E ORI — 3, 2 D s AL
if (!clear page dirty for 1o (page))

goto continue unlock;

/ /A B RS writepage, FRAF 34 H] block &
ret = (*writepage) (page, wbc, data);

/¥F— A THHEACE] Block B, get block MiZ U RS0 TI B bR £+ /
int block write full page(struct page *page, get block t *get block,

struct writeback control *wbc)

//SEM SRR static int block write full page (***) BRZY
return block write full page endio(page, get block, wbc,

B> W32 47 Block [ Ut AR AUERG, M) Block $24C AEA LA & BH, — > page
NP ] BEXT . 2> BH, {HJg& H m 70 WAk T emmetextdk SCAFBLTT IR A TFHLRSE, I
LU B —/> BH A . —7)> page-

J *

TR AR AL, %R ER WA writepage $EBEREERIGIFE, AL EAKR) SO R Gk 4 A
*/
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static int block write full page(struct inode *inode, struct page *page,

get block t *get block, struct writeback control #*wbc,
bh end 10 t *handler)

/A SR IR/

const unsigned blocksize = 1 << 1node->1 blkbits;

/&AM e AN AR
last block = (1 size read(inode) —-1) >> 1node->1 blkbits;

/¥ W% page WAT BH, WIHHOIE, T extd XHRS, EXMTAESHERGE 5
LA [ */
1f (!page has buffers(page)) {
create empty buffers(page, blocksize,
(1 << BH Dirty) | (1 << BH Uptodate));

/* 29H] page ANV ARG IZHE ARG */

block = (sector t)page->index << (PAGE CACHE SHIFT - i1node->1 blkbits);
head = page buffers(page);
bh = head;

/BTN SO R, AR N SR RGBS, XA SO R A AR
B, MixtT extd REL, JRVETERGHEZLNS DRt & B, (H2A0 13 REE iU
A A ARG, ACHS (R IX A B T SR 80N generic #4F, FrEL 1 3250 1 304
2. XHESH X DB YEES, X T extd REGRXEALBZTE cache B4}
W—IRET, AT ERRE sh s
*/

do {

1f (block > last block) {

/* BRI TR, HEEAETE BH, XM SR AL SO T RN T
page, HXMFEKEN &G — XA N &G —1 page WEJa—A> X
Bro IXREA XS, HERHERES

*/

clear buffer dirty(bh);

set buffer uptodate (bh);

} else 1f ((!buffer mapped(bh) || buffer delay(bh)) &&
buffer dirty(bh)) {

/ /W IELER, X IR e ERAG YIRS

err = get block(inode, block, bh, 1);

if (err)

goto recover;
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clear buffer delay(bh);
1f (buffer new(bh)) ({

(R EHT 7 o AT AT HE 5 BUX A F D+ /
clear buffer new(bh);
unmap underlying metadata (bh->b bdev,
bh->b blocknr);

}
bh = bh->b this page;
block++;

} while (bh !'= head);

do {

1f (wbc->sync mode != WB SYNC NONE) {

[ /G R EOR HOE 5 P4k, lock i% BH
lock buffer (bh);

} else 1f ('trylock buffer(bh)) {

[ /RN G R BB KR S A ek, WPR Lock AMEiZ BH, 45 H 5B & i
redirty page for writepage (wbc, page):;
continue;

}

1f (test clear buffer dirty(bh)) {

/ /¥51% BH )56 handler B A end buffer async write
mark buffer async write endio(bh, handler);

} else {

/ /i NE lock % BH I 424 BH 5 HEAAifi Beek |
unlock buffer (bh);

}

} while ((bh = bh->b this page) != head);
/*

W EHEAE Block |, % page J& T writeback IR&
*/

set page writeback (page);

do {
struct buffer head *next = bh->b this page;

1f (buffer async write(bh)) {
/ /AL F| Block J=
submit bh(write op, bh);

nr underway++;
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bh = next;
} while (bh !'= head);
/ /8% page
unlock page (page) ;

err = 0;
done:

1f (nr underway == 0) {
/ *
% page AT EIASM BH, X RATEA M LT SE K BE SN, sREHHISH
AER syne, HiZ W PT{T BH & 6i% lock HI1E

* /

end page writeback (page);

}

return err;

}

{E1Z UL B 5 [ 5E 15 » block J2 23 o6 5¢ il BH i ] void end buffer async write(:**)
PREL, A an R

/ %
* Completion handler for block write full page() - pages which are unlocked
* during I/0, and which have PageWriteback cleared upon I/0 completion.
*/

vold end buffer async write(struct buffer head *bh, 1nt uptodate)

{

/ /% BH X[ V1] page
page = bh->b page;
if (uptodate) {
/*H¥ 8 BH K& N uptodate, BH [f] uptodate 5 page [f] uptodate A[F], HBI#AIEE
Al5E A 4b T update, Ja & EMENBLIAAN update T */
set buffer uptodate (bh);
} else {
//T0 W, A REIXFHE D

first = page buffers(page);

local 1irqgq save(flags);

bit spin lock(BH Uptodate Lock, &first->b state);
/ /i FE1% BH [f] async frics, f#H11% BH

clear buffer async write (bh);

unlock buffer (bh);

tmp = bh->b this page;
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//#5F7 % page ] BH ¥ — R, FHiaAEAA ENE A1) BH
while (tmp '= bh) {
1f (buffer async write(tmp)) {
/ /&A1 BH AR [Alid FE o
goto still busy;
}
tmp = tmp->b this page;
}
//Z I ) BH EB5E R 1 5 (A
bit spin unlock(BH Uptodate Lock, &first->b state);
local irqg restore(flags);
/ /4R 1% page ] writeback RE&
end page writeback (page);

return;

}

CL_b 3 # B D4 AC & e 2D U3 AL, FRHRAC 2 block 22 Ja YT de Fe sl 224l i3t 1
Lt 415 1] deamon 11 H &5 deamon, ‘41 1A W] BERRR A S5 5 e 2 i RO — 20 1) A,
HERERKEIS T o 34T —Fl block #2482 [AIDHAS, HI$EAC ] block x4 FE st %6514 BH ¢
PO 1R 6
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9.1 Android X{FRGEMIERE

{. Android #% K RH A XK FHL RS, ARG R IR N i B

22T ] nand 1E K HAFEA T il. 76 nand B8 SO RS WIF TR, T/
& nand 5 (EFIANNTE SI2M F5 LU R, aTLUEF yifs2 fE A H U RS X T4
KA1 nand 0 f, B H] UBIFS /E N H CAF RS . IXMW AP ST nand 1) S0P R G52 EAB
n] LA Android 54t

{H)&, Android 2%, Joie W THESASREILFE THS2 /E A H X RS . H H B RA & Tifs2
AT RES St Android R GuTHi %) int (+fiemap)(s--+): L. HIGUXTET, AN T yifs2 Hl
ubifs, Jffs2 HIZAEHIAE mtd char W& b, SCH-AT R daut W BRI S 3RV EARVE N — AN 1 Z
RN SRS G E,  TAER T SN F4E 7 By i T sl BRI SRR S 2K
P S o BIRG I HILSZHL R % 75 2 H A0 FE nand W& IRFPE, 77 270 X RS0 )2
s BRI AT . 0 RS ISR ERAE, S T2 4Ey HEEh T R LAEE IR 2% . AT VES
PEHESE, JHs2 A n] DARLF G Y. . (HZX] T VES HHESL THs2 st ok e BEIERS, RER S
VEAN 75 B EL e VE 2 62 4P A 17 5, LR T A Redet writepage #Lii|, T2 filemap
PR P I DL [T ES HLH ek TAE, BAREIESCHF filemap ML R WL, 7EA &R 42k A
o0 Linux K& ) nand AR RS, T2 7E/h . BEEEAE IR ARG Y, HT
Hmx. e, A RmELE.

11 R4 H EMMC. SD +~. SSD %54 T nand [JER % &, H T IXE% & 1) TAERAE
Ze R B R T, Fr DA B SO RGN E Ik H AR & EXT4. fE k4t EXT2/3 &
et EXT4 /& Linux #H X SCFRER IR & X RSG 2 —, Bl R W

9.2 EXT4 YN

AT M EXTA SO R AR ARG L A1 R R EUT 5

021 EXT4 inode ALy

EXT4 4 Z 541 inode 454458 X AE struct ext4 inode:
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struct ext4 inode ({

~ lel6 1 mode; /*Fi1ile mode */
__lel6 1 uid; /*¥Low 16 bits of Owner Uid */
~ lel6 1 gid; /*¥Low 16 bits of Group Id */

/50 SO EGE H s SO T30z g1, sk sc ol DA e =/
~ 1e32 1 block[EXT4 N BLOCKS];/*Pointers to blocks */

b
RT3 ES], 1 block [1EE ATk 4 357

/ /Wi 12 T5UE F g

#define EXT4 NDIR BLOCKS 12

/ /% EXT4 TIND BLOCK T ] [ Ez B}

#define EXT4 IND BLOCK EXT4 NDIR BLOCKS

/ /% EXT4 DIND BLOCK Jil#|n] 2 {XI[A]FERR G}

#define EXT4 DIND BLOCK (EXT4 IND BLOCK + 1)
/ /% EXT4_TIND BLOCK Tidg[n] 3 VX IREzRLg

#define EXT4 TIND BLOCK (EXT4 DIND BLOCK + 1)
#define EXT4 N BLOCKS (EXT4 TIND BLOCK + 1)

0.2.2 EXT4 raw inode BYE{IL

EXT4 raw inode f5H)s& EXT4 A0 e A BRI, HAN R ] LU inode
TR EUE AL H K. int | ext4 get inode loc(+++) & EXT4 inode [1)5E (PR, 1% PRZEL
W45 € [ inode 5, KEXNAE EXT4 CAF RS0 H [ inode #&HUHI K

//inode->i ino NiZIXMHTE extd I RA LAY
static 1nt extd4 get inode loc(struct inode *1inode,

struct ext4 iloc *iloc, 1int 1n mem)

struct extd4d group desc *gdp;
struct buffer head *bh;

//inode->1i sb;fiiln extd X R MR

struct super block #*sb = inode->1 sb;
extd fsblk t block;

int inodes per block, 1node offset;
iloc->bh = NULL;

/I RBZ T E T NA N extd Wy
1f (!ext4 valid inum(sb, inode->1 1no))
return -EIO;
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/*EXT4 INODES PER GROUP (sb)id>k I —PMRA AT Z /DA G, 1 KU BRELBRA 58
1322 AL T IR =/
iloc->block group = (inode->1 ino - 1) / EXT4 INODES PER GROUP (sb) ;

/ARG IRAL S BUH BRARGIRTF, %408 HLdok T ARBRA I ORI R R 5 */
gdp = ext4 get group desc(sb, 1loc->block group, NULL);
if (!gdp)

return —-EIO;

[ *

inodes per block T/Rf extd block HESNZ DA

* /

inodes per block = EXT4 SB(sb)->s i1nodes per block;

/*inode offset N WR T HERAWLEANIRE, AW R SR SIERAN WEE,
AR Y S/
inode offset = ((inode->1 i1no - 1) %
EXT4 INODES PER GROUP (sb));

/*extd inode table (sb, gdp) AIZRAN inode W FKLLGHINE, inode offset
b EARESR A P 270 i BT LA 3 B D PTERR S */
block = ext4 inode table(sb, gdp) + (inode offset / inodes per block);

/P EB S M mAZ a, B MPREBR 2 B O 5 Z A 1y s 8/
1loc->offset = (1node offset % 1nodes per block) * EXT4 INODE SIZE (sb);

/*Ja BB & 9K, AN SRS okex /
bh = sb getblk(sb, block);

has_buffer:
iloc->bh = bh;

return 0;

0.2.3 EXT4 inode BY3£EX

TR SO wAG AN TE A AERE A B R R G, X AT LA BT RS R,

A VES S SR B R B2 O RS S 22 TAE . EXT4 S 1RE 41 sk R 20N
extd iget. L YEI] VFS HIT extd iget BREUCKINEL EXT4 raw inode M5 K, RS VES
gt KU FEALM inode R2URGE K .

/ /RRPEB PRI 5 IR

struct inode *ext4 iget (struct super block *sb, unsigned long 1no)
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struct ext4 1loc 1loc;

//extd raw 1node
struct ext4 inode *raw inode;

struct ext4 inode info *ei;

/RGO R R

struct inode *inode;

1node

/*5%8 static struct inode *ext4 alloc 1node(struct super block *sb) ¥ i
A, ZBREAC struct ext4 inode info 4ify, JFIRIFIHN AT struct inode
vfs_inode;lﬂ]?ﬁﬁ‘a i35 1% struct inode #¢ A %] inode cache, [ inode cache
R E— hash £/

inode = 1get locked(sb, 1no);

//struct ext4 inode 1info B extd V1R IC ER BT
el = EXT4 I (inode);
iloc.bh = NULL;

// FEAL R ino FRPEMN) block
ret = extd4 get inode loc(inode, &iloc, 0);
1f (ret < 0)
goto bad inode;
//iloc->bh->b data NP EELEHLAL, iloc->offset  raw inode fE block Wi &
raw 1node = ext4 raw 1node(&iloc);
//#" raw inode Mg Bl %] inode H
inode->1 mode = lel6 to cpu(raw inode->1 mode);
inode->1 uid = (uid t)lel6 to cpu(raw i1node->1 uid low);

inode->1 gid = (gid t)lel6 to cpu(raw ilnode->1 gid low);

[/ KRR R, XU extent tree AL

for (block = 0; block < EXT4 N BLOCKS; block++)
el->1 data[block] = raw i1node->1 block[block];

INIT LIST HEAD(&el->1 orphan);

/*extd file operations. ext4 file inode operations. address space
operations = ICAEEAFRAGRE, W& v fil vis #5728, BARSEEL i BRSO R
G oKL A+ /

1f (S ISREG(1inode->1 mode)) {

/ [ H RS
inode->1 op = &extd4 file 1node operations;
inode->1 fop = &extd4d file operations;

ext4d set aops(inode);
} else 1f (S ISDIR(inode->1 mode)) {
/ / H K3

inode->1 op = &ext4 dir 1node operations;
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inode->1 fop = &extd4 dir operations;
} else 1f (S ISLNK(inode->1 mode)) {
/ /R A

1f (extd4 1node 1s fast symlink(inode)) {
inode->1 op = &ext4 fast symlink inode operations;
nd terminate link(ei->1 data, inode->1 size,
sizeof (e1->1 data) - 1);
} else {
inode->1 op = &ext4 symlink inode operations;
ext4 set aops(inode);

}

} else 1if (S ISCHR(inode->1 mode) || S ISBLK(inode->1 mode) ||
S ISFIFO(inode->1 mode) || S ISSOCK(inode->1 mode)) {
/1AM, WA 1 block [ B ARk %
inode->1 op = &extd4 specilial 1node operations;

1f (raw inode->i block[0])
init special i1node(inode, 1node->1 mode,

old decode dev(le32 to cpu(raw inode->1 block[0])))
else

init special inode(inode, 1node->1 mode,

new decode dev(le32 to cpu(raw inode->1 block[1]))):
} else {

/*HKEE raw inode [f) struct buffer head {5 R T, SIHWER—, S Wk
B e/

brelse(iloc.bh);

ext4 set inode flags(inode);

unlock new inode (inode);

return inode;

9.3 Mount

VRGNS R 25, ATATR . T EXT4 ARG, AR
> EXT4 mount i ££ 1 PN AE AR R SR ECRT H B . 5 2 bdev A
RAPRVEW 560, Jaa i T XX RFE G5 .

static 1nt ext4 fill super(struct super block *sb, void *data, 1nt silent)
~_ _releases (kernel lock)

__acquires (kernel lock)
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/*EH EXTA R, B X AER—A Inode 11 &, T VFS inode #1FEMIIERHHESL.
AR A TG SO Z R P R A Y LB S, logical sb block HEEfRH TR
AL */

if (! (bh = sb bread(sb, logical sb block))) {

}
/*
bh->b data fi R LML, of fset N FIP WAL HbE
*/
es = (struct extd4d super block *) (((char *)bh->b data) + offset);

/ /EXTA B AL S H SR BRIR R )
blocksize = BLOCK SIZE << le32 to cpu(es->s log block size);

//InEH &
1f (ext4 load journal (sb, es, journal devnum))

goto failed mount3;

/R4 BEXT4 X ARG Bout X, e H AT BBy — 5 8 SCPFIE EXT4 XX ARSGAEE, B
AT UL T3 g BRULA8 RAT T+ /

static 1nt ext4 load journal (struct super block *sb,

struct extd super block *es,

unsigned long journal devnum)

journal t *journal;

/IR H SN EXTA XXF RSN —#87r, s journal inumidsx J HIXMHS, HWHHE
PIAER & s journal dev Hi*/

unsigned int journal inum = le32 to cpu(es->s journal inum);

dev t journal dev;

int err = 0;

int really read only;

if (jJournal inum) {
/ /M EXTA SCAF 23250 N BB T A48 1 45 7 e B ok
if (! (journal = ext4 get journal (sb, journal inum)))
return—EINVAL;
} else {
/* MR journal dev G H SRS LXK, #:1F bdev ARG KX
S/
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1f (! (journal = extd4d get dev journal(sb, journal dev)))

return -EINVAL;

if ('err) {

// HEMZE M 4K, Recovery TAEAEX Bt T

err = Jbd2 journal load(journal);

return 0;

9.4 EXT4 X1EEHHE

EXT4 5#E X H T WAZ SR AL 38 FH 5 9 FE static size t generic perform write(-) (2%
£ O DIRECT #iX5), £ iZ0IFE EXT4 755 4 HARIL I F 6 .

(1) ext4 da write begin: SCHLIZ 45 B 21|47 F LR 570 B0 R SO0 . A A et
17>, JF R HEEAE.

static 1nt extd4 da write begin(struct file *file, struct address space

*mapping,
loff t pos, unsigned len, unsigned flags,
struct page **pagep, void **fsdata)
{
retry:
/R BNAIR H S 54
handle = ext4 journal start(inode, 1);

/ /3REER B EE AT V[T page cache B HL K] U]

page = grab cache page write begin(mapping, 1ndex, flags);

/ /¥ % JUIH ) N 7 e N AT
ret = Dblock write begin(page, pos, len, ext4 da get block prep);

return ret;
}
(2) ext4 da write end: [v]["]"5 deamon {24 UL, JFE45 W H G #AE-

static 1nt ext4 da write end(struct file *file,

struct address space *mapping,
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loff t pos, unsigned len, unsigned copied,
struct page *page, void *fsdata)

/ /ARG XN ] handle

handle t *handle = ext4 journal current handle();

new 1 slze = pos + copled;
/xR GEAE FECT N BRI, TR BEOXT A size {H, Xl &% o T 1B 80
MXf T EXT4 Y] ordered fi3\, il & 250 T oo i 5 A HE R I, PrEAEX B inode
AR AL B, 115 H & deamon HEME AL i (1 I WP AC H £ vt =/
1f (new 1 size > EXT4 I (inode)->1 disksize) {
1f (ext4 da should update 1 disksize(page, end)) {
down write (&EXT4 I (inode)->1 data sem);
1f (new 1 size > EXT4 I(inode)->1 disksize) {
// VR size BB PR A& T2 order fi3X
1f (extd4d should order data (inode))
/1 H 5 REH2451% inode, % inode WLkt t inode list PA%I, iX¥4
FEZ jbd2 AT XHANE R block EMSHAC. HIEAI U, EXT4 ordered
ARSI IS A ) B R DR SCATE N B4 5 N U R GE IR [R] 56 T oo Bl 4% JBD2
H AR R, IXRE A BE DR UEVR R I A 2 T80 B SR N R IR E 2k, A
ROCLE AR ELAS 5 B0 F IO R AW . M7E SR AEN, ordered
JTCHEIREAD), U EALERHEAELE t inode 1ist PAAI [ x/
ret = ext4 jbdZ file inode (handle,

inode) ;

EXT4 I(1node)->1 diskslze = new 1 size;

}

up write (&EXT4 I(inode)->1 data sem);

/*EHEH 1% inode 77 EAER], HUA metadata JER M) H&$EAC 1% inode, XFf
T201% inode WA G AN H &/

ext4 mark inode dirty(handle, 1inode);

}
/*FZ " N IEIRA, 47 inode size KA, XHE K inode B AHAEINA, X2 IEE M
AR A, FAHY T JBD2 AFEAE—FEx/

ret2 = generic write end(file, mapping, pos, len, copied,

page, fsdata);

/ /G R HAE T B [0 AR H S AF
ret?2 = extd_journal_stop{handle};
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9.5 EXT4 journal

H &S RGE LTS — AN A 45 8, REELORUE SO FR 48 A ik B )Rk
AW o ATA —Pp Al i 36 SKARAS 28 H H & S0 RGeS H s o 27 2538 SK Bk i ()R]
WA, FRPECREICREARE N, XAt 52 IF H 5 K& s8] W 32
SO R B RSB P-4, IR RSO RGN 280 K S B N AE AT ] o 228 AN
AR E4) AP S A AN &l ] AT R GE i b @tk U 1T v B AR —AR R Ge A4 e 2 IX
ASHEbR. ol AE S R G R B SN R APIAER,  oeEdin se i W R GEA L BE _E & n]
WALy, X TFH ARG FILRS, R R ooEds &R aT o i o s 4501 1
I B OO I (1) SO RE 08 22 4, ARV AR W) 15 e 2 i I Bt s P oo Bl 7
OB — A SR IESAE I, HWE IS Gwxs A SO R EAN RIE 2
Block JZHEFIEAZAMEN, FTLLZEE NN ordered BirAUZimtEHEBA, AT
ordered i3, X2 KEMTHL. KALRGERH A

TBD2 (#) HEEEE A% Oy 2 struct transaction s 45 #), & UIF RS S IBD2 (158 LI
. — A, XHRGEHFFLES AN IBD2 Fa| M eEdE, AHOCHT SO SR struct
transaction_ s 5 faAHOCHE R s 75— A1, IBD2 [ kjournald2 & FE " £ 7F struct transaction s
ER e EESRR, SRR RS R AR, S A RS, 55 A JBD2 LOG
), IR EIEE AR .

EXT4 1) FUSERAEIRAE SRS, DL SFN S 9], EXT4 [ ordered A2 [
SACHEL I SR T

(1) /£ write begmn(:-+) " 1§ H handle t *ext4 journal start(:--), @& 24 H{J struct
jbd2 journal handle, JfFfF HIOCHEF] {531 struct transaction s 45 4 .

(2) 7 &AL, A it ext4 handle dirty_metadata(-++ )5 772 2 oo & 4
TR (gl A &, B F il 155 1Y) BH £:7E struct transaction_s 4544 (1) t_buffers #E 4 .

(3) HRAE K, i static int ext4 ext dirty(---)¥aiE R o EdE: 175 struct
ext4 extent o, struct ext4 extent idx [') BH £7F struct transaction s 45§24 [ t buffers #5 % .

(4) 5 RASCAFRIAS, 7 write_end(-++) H0RF 2 [0 A mnode A ZHITE S struct
transaction_s £ 4[] t inode list ¥1]5% .

(5) AR AR, 7+ wrte end(---)H ] int extd mark inode dirty(--+), }F4Hy
VA inode A5 4 4E u i N struct transaction s 544 1) t buffers #E % .

(6) 7t write_end(++*)" i}l | int jbd2 journal stop(handle t *handle)%: Wi i% handle, #7Y4
fil handle §i5Hi 75 %720 handle->h_sync, WM kjournald2, JHE5FFH [F2D5ER. 5 W H
kjournald2 7¢ 733 (KAL) 20

/%

K250 BH EEA struct transaction s §iRMAHEELR S, jh #E474HCH BH $8%,
Jlist feth VS HEAn H e, X T B0 R cdds, 1ist {54 BJ Metadata, Xf
FiX TR BH, EXT4 (UEH bdev U R ML, IR bdev XHREME, THEE
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A PEA 4T JBD2
*/
volid  Jbd2 journal file buffer(struct journal head *jh,

transaction t *transaction, 1int jlist)

struct journal head **1ist = NULL;

int was dirty = 0;

/ /B A ) BH 4551
struct buffer head *bh = jh2bh(jh);

//FRYE 311ist 3R/ INSEE0E BH H AV (14 &

switch (jlist) {

case BJ None:
J ASSERT JH(jh, !jJh->b committed data);
J ASSERT JH(jh, !jh->b frozen data);
return;

case BJ Metadata:

[/ UEAR TSN t buffers B

transaction->t nr buffers++;
list = &transaction->t buffers;
break;

case BJ Forget:
case BJ LogCtl:

case BJ;Reserved:
/ /TR A
list = &transaction->t reserved list;

break;

}

/ /EENFH CBERR
~_blist add buffer(list, jh);
Jh->b jlist = jlist;

/¥
WA XY, inode A struct transaction s #ifJiJ t inode list |3
*/
int jbd2 journal file inode(handle t *handle, struct jbd2 inode *jinode)
{

//M handle H$EF|XME transaction
transaction t *transaction = handle->h transaction;
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jinode->1 transaction = transaction;
/ /A0 transaction [ t inode list #l3

list add(&Jjinode->1 list, &transaction->t i1node list);

return 0;

//kjournald2 XJ 342 UL 1 Ak H

static 1int journal submit data buffers(journal t *journal,

transaction t *commit transaction)

struct jbd2 inode *jinode;

int err, ret = 0;

struct address space *mapping;

[/t inode list &
spin lock(&journal->j list lock);
[/ A S £ inode 1ist HE3& LIFT A

list for each entry(jinode, &commit transaction->t inode list, 1 list)

/ /B SR YA page cache B
mapplng = jinode->1 vfs 1node->1 mapplng;
/7R RS E N JT COMMIT RUNNING, BhibZedr2RFEM A
set bit( JI COMMIT RUNNING, &jinode->1 flags);
spin unlock(&journal->j list lock);

/ /5 S R

err = journal submit i1node data buffers(mapping);
1f ('ret)
ret = err;

spin lock(&journal->7j list lock);

[ /iEREZ N JT COMMIT RUNNTNG R

clear bit( JI COMMIT RUNNING, &jinode->1 flags);
smp mb after clear bit();

/ /VREEERFTEZ 115 JT COMMIT RUNNING RZMIZRFE
wake up bit(&jinode->1 flags, @ JI COMMIT RUNNING) ;

}
spin unlock(&journal->j list lock);

return ret;

/%45 & inode A, AREUNSTIUALA W RROEI inode 5 IOREABIRR, R U BN SCHFM
B/

static 1nt journal submit 1node data buffers(struct address space

I

*mapping)
{
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int ret;

/ /5 TE R, ERM SYNC

struct writeback control wbc = {

.sync mode =

WB SYNC ALL,

.nr to write = mappilng->nrpages * 2,

.range start = 0,

.range end =

}s;

1 size read(mapping->host),

/ /5% B page cache $HLIF P AE it

ret =

return ret;

}

generic writepages (mapping, &wbc);

E5EH T AN E IS AN, kjournald2 A & AbFEH:40/E H C t buffers F [Tl
#ii BH, IXFELORE T SXEA R IV oo s A W ECST 7 X7 e vEdl o i,

WARZEHCOER, XHAFIY.

9.6 Extent tree

Extent tree ;& EXT4 A AN R ARG M), JR4E EXT4A #5220 a8z B vy 5k,
(H2 e A 5 I i 2 A ). 2 KO SCRAN &G &, Frbl EXT4 (ks iE 2
—AE T H AT R e, BT DAAS S 52 Extent tree,  ANFRISTIR ] FE BT T7 2

0.6.1 HEAHLEM

AT EXT4 A R GRS ILm 454 .
struct ext4d extent ic 4%, — B IE L)) L 2 Z S e, AR

struct extd extent {

_ 1e32
_ lel6
_ lel6
_ 1e32

b

ee block;
ee_len;
ee start hi;

ee start 1lo;

/x5 — NI AR /
/K /

/i 16 P ERER AR/
/K 32 L FE e */

IXANEER U] T extd [ 30 /NI SCATE &R ge 1 PR Al -

A A Sk PR PR B R R 5 O R AL T AR FEES 7Y 32 457 K 4P HE B WS 40 437 470 B b
HEIE O R . SCHEFE R, M7E ARM 32 fiplgs b, #@HPus KE 4K, LA
AN PR i 4G X 4K=16T, Y& 2|1 48 A7 5| fuht, SCABp R/ 5@ —

B, FTLASCHE RS 2 X 4K

struct ext4 extent idx {5 |1 struct extd extent 2, fCALUI |,
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struct extd extent 1dx
~ 1le32 ei block; /*X W struct extd extent TIHILTHET *»/
~ 1e32 ei leaf lo; /*struct ext4d extent RIAK 32 fii*/
__lel6 ei leaf hi; /#*struct ext4d extent R 16 fiix/
~_ulo el unused;

};

struct ext4 extent header /. T* struct ext4 extent F {7 struct ext4 extent idx 7 [ 7k,
A7 1715 53 inode 4544,

struct ext4 extent header {
~lel6 eh magic; /*probably will support different formats */

/*struct extd extent EE struct extd extent idx FKISEFRIH Ex/

~_lel6 eh entries;
/*struct extd extent FREL struct extd extent idx FMHEH KN HEx/

~_lel6e eh max;

/*FRIN struct extd extent fll struct extd extent idx RKWEBE, WRM TV
inode HAZ%E, WK1 A inode PIIIHIZE struct extd extent*/

~_lel6o eh depth;

~ 1le32 eh generation;

9.6.2 EfLZiEIRAY struct ext4d_extent

MIZ AR GE A L struct ext4_extent HIRIFE L/ M inode 17 KU1 struct ext4_extent idx
2 311X struct ext4 extent Xf W I 1) L FE

/*block AT LU HIZHEEY, path A struct extd ext path 4, AIKidZM inode
WHIFLR, TEFHKN struct extd extent Ml struct extd extent idx XfMNVINFREr*/
struct ext4d ext path * ext4 ext find extent (struct inode *inode, ext4

1blk t block,
struct extd4d ext path *path)

struct extﬂ_extent_header *ah ;

struct buffer head *bh;
short int depth, i1, ppos = 0, alloc = 0;

/*BI7h (struct ext4d extent header *) EXT4 I (inode)->i data, fEiH{ EXT4 X1
AR R SO R 1 block AL EENNE] i data BT, &M extd inode [FJ3RHEL*/

eh = ext inode hdr (inode) ;
/*1 block Wk 0x6 ea_depth, KNTFFR/N 1 block HZE struct extd extent idx, 5%
TZEX/KR1 block H 2 struct extd extent*/

depth = ext depth(inode);

/*account possible depth increase */
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/ /914G path ACUGZ
path[0] .p hdr = eh;
path[0] .p bh = NULL;

i = depth;
/*M inode FURE R T */
while (1) {

int need to validate = 0;

/*{EHI struct extd extent idx RPFFrFEEALNNVIN, eh depth KT ZFM]inode
WA N2 struct extd extent idx FK*/
extd ext binsearch i1dx(inode, path + ppos, block);
/*pat_h [pp_u:ns] .p_idx iR struct extd extent idx HHR[RH]F R Y B 5*/
path[ppos].p block = ext4 1dx pblock(path[ppos].p 1dx);
path[ppos].p depth = 1;
path[ppos].p ext = NULL;
[ /U — R G[FE
bh = sb getblk(inode->1 sb, path[ppos].p block);

/ /4% struct extd extent idx FMHIEk
eh = ext block hdr(bh);
[/ REGGE, Il kR L BAE RN BH

ppDS++;

path[ppos].p bh = bh;
path[ppos].p hdr = eh;

i-—;

}
/*KF| | struct extd extent T, HALEHAI T path[ppos].p bh */

path[ppos].p depth = 1;
path[ppos].p ext = NULL;
path[ppos].p 1dx = NULL;

/*{E struct extd extent TR FRAT MV Ii*/

ext4 ext binsearch(inode, path + ppos, block);
/*¥1f not an empty leaf */

1f (path[ppos].p ext)
path[ppos].p block = extd ext pblock(path[ppos].p ext);

extﬂ_ext_show_path(inode, path);

return path;
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/*struct extd extent RMNFTHFAEIKE struct extd extent idx MBI ITARLx/

static voild ext4 ext binsearch(struct inode *inode,

struct ext4d ext path *path, extd 1blk t block)

/] ALk

struct extd extent header *eh = path->p hdr;
struct extd extent *r, *1, *m;

/ /RS PR R IR

1if (eh->eh entries == 0) {

return;

/1 TR 1

1 = EXT FIRST EXTENT (eh) + 1;
/[ FHRIRTIN ¢

r = EXT LAST EXTENT (eh) ;

while (1 <= r) {
/ /4 Z 7 ) R I
m=1+ (r - 1) / 2;
/ / CAHR [ R IR )38 A8 B4 4= 7 In] (R KRR
1f (block < 1le32 to cpu(m->ee block))
r =m-— 1;
else
1l =m+ 1;

}
/xR [Pl R RIZ RS, N T A ETR B IZ BRI R T T HERGMULL struct

ext4 extent EIRZ TR YE, PP AR @ n] GEZE IR [B]11) struct
extd extent JILAWN, WHEELEHASE LIS/
path->p ext = 1 — 1;

90.6.3 ENZiFRAAMEA] struct ext4 _extent IR

AT Extent tree 1, FCASCAFRERG S G T HUA R, B35S Hole I . iXI
T R NZIZ B P /e A 1) struct ext4 extent Tl

/*ENL/E struct extd extent T, path A bR [ ENEETE*/
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static int ext4 ext search left(struct inode *inode,

struct extd4d ext path *path,
ext4 1lblk t *logical, ext4 fsblk t *phys)

depth = path->p depth;
*phys = 0

-
rF

/*ENI A struct ext4d extent bR, Ko B4R P path M&ds —Digiid sk 1k
AIZHHUNT RS2 4RH struct extd extent T, #FHHKELEE T, FABLGHH
EMEL struct extd extent Iji*/

ex = path[depth].p ext;

*logical = le32 to cpu(ex->ee block) + ee len — 1;
*phys = extd ext pblock(ex) + ee len — 1;

return 0;

/*EN AN struct extd extent i, path N b—4TRPIFENMERE. EMAM struct
extd extent WA MWMEN, FF LT EKRNEIHGEZBRBID THMMNEHRE struct
extd extent i A2 struct extd extent KIM&)o —HF, HaH)qmm—mEI Lk, HE
WRE &) —NFE 2R W EERgl, B ED struct extd extent idx fR[H) struct
extd extent FRHH —Tix/

static 1nt ext4 ext search right(struct inode *inode,

struct extd ext path #*path,
ext4 1blk t *logical, ext4 fsblk t *phys)

depth = path->p depth;
*phys = 0;

if (depth == 0 && path->p ext == NULL)

return 0;

/ /ex NIRIGZHEBR/N TG IZHRN struct extd extent Tl
ex = path[depth].p ext;

ee len = extd ext get actual len(ex);

/¥R PR RS, B IRl Ay «/
1f (ex != EXT LAST EXTENT (path[depth].p hdr)) {
VE-ClE: B

ex++;
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/ /A Z R
*logical = le32 to cpu(ex->ee block);

/ /A IPEEE, Gdok R, FEBRIECIAT ]
*phys = extd ext pblock(ex);

return 0;

/x5 MIE DL, AW B2, By 2sds I, W) struct ext4 extent
Th SN E—R R 5| */
while (--depth >= 0) {
1x = path[depth].p 1i1dx;
/ /AW B a7 struct ext4 extent idx
1f (ix !'= EXT LAST INDEX (path[depth].p hdr))

goto got index;

/4R BB struct extd extent idx T, [n] R4k, BEIELH struct ext4d extent
idx RMEAL struct extd extent idx Ji*/

return 0O;
got 1ndex:

1x++;
/B B E2R struct extd extent idx HIRW YRR
block = ext4 1dx pblock(1x);
/ /B it
while (++depth < path->p depth) {
//VEH AT struct extd extent idx &
bh = sb bread(inode->1 sb, block);
if (bh == NULL)
return -EIO;
[/ ENLFR K
eh = ext block hdr (bh);

[ /3T, AE AR RS T

1X = EXT FIRST INDEX (eh);

// F—% struct extd extent idx RMIMLHE
block = ext4 1dx pblock(1ix);

}
/1% T3] struct extd extent &, H

bh = sb bread(inode->1 sb, block);

/ / ENL 3k
eh = ext_block_hdr(bh};
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/ /B4 T

ex = EXT FIRST EXTENT (eh) ;

[ [T

*logical = le32 to cpu(ex->ee block);
/ /I

*phys = extd ext pblock(ex);

return 0;

9.7 B 4 R

Ho 43 Bk S8 S — AN (0 SO H R BURG AL — % R A7 T
0.7.1 ¥R4HAY buddy &£

EXT4 Rt [a— N o —) inode 7 FE R, B— N ERA R A & HEf —
bitmap 1=K IZIAH KD FREAE 150, 1% bitmap HLEE— {7 6F N — /N EEHL . 4 T 5 bk
Pt /i, Linux 7ESCHL EXT4 I, AR 15 D3 N A7 00 7 Be AR Ak A k. =
SeANE] T 0 IR N AE ) o e A S, EXT4 lid J2 2% i) bitmap K SEEUG ) FE R F) 43
H#H59

2% bitmap HIJYBLH )YFER bitmap, FALICE— M) IZE A . 285 H
e b, P45 N 2 bitmap, & —2¢[F] bitmap size bt F—Z/b—24, {H & H bitmap H ()5
—fidE A 2N MELY YRR R E, Hh 2N AN, KR EE TN
W= F— N ) PR AT I bitmap.

B 7284 bitmap & ELEEMEAH P E S R BAAL,  HABZ ) bitmap #S &AL 28
— 2% bitmap £ R .

/¥ R A B buddy, group MR F*/

static noinline for stack int

extd_mb_load_buady{;truct super block *sb, ext4d group t group,
struct ext4d buddy *edb)

int blocks per page;

int block;

int pnum;

int poff;

struct page *page;

int ret;

struct ext4 group info *grp;

struct ext4 sb info *sbi = EXT4 SB(sb);
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/* N AHESS T DRI SCAE R AT AT B 4H buddy cache WA . ZCHFR 2 A7 TN
ZHAA2] | H page cache, HH [ page A dirty, H¥41f anon HRALEE, P DLIHAY
(NAFAENAE, THLEI e/

struct inode *inode = sbi->s buddy cache;

[ /W B page X T 2 /DAY Bk

blocks per page = PAGE CACHE SIZE / sb->s blocksize;
E-CIb°S Y5

grp = ext4 get group info(sb, group):;

/% ARBA ] bitmap 76 5 buddy cache [IARUAR B . &AL A WEER, ANl
JREGH) bitmap, —NRERAENN bitmap, FrUlUPEBOFREARMAE %K bitmap 1
UL BB x2 %/

block = group * 2;

/R TURZ AR, 1K B X R Ly B AR A+ /

pnum = block / blocks per page;

[RUIRBRALEN, NT 2K, —FORES T 2 AL bitmap, X 75 M09 (RS e/
poff = block % blocks per page;

/*% ] page cache &5|#E*/
page = find get page(inode->1 mapping, pnum);
1f (page == NULL || !'PageUptodate (page)) {

/* e ) o] i G U, X H U Ac)E ) GFPNOFS, iifq H i 5 XAt ARG
1B FR*/
page = find or create page(inode->1 mapping, pnum, GEFP NOFS);
if (page)

1if (!PageUptodate (page)) |
/B S S BT % T, 3K RS2k bi tmap 755 MBS . i
K, Z W F 0B/
ret = ext4 mb init cache(page, NULL);

}
unlock page (page) ;

}

//bd bitmap A% 4 bitmap, vHHHEMHLE

edb->bd bitmap page = page;

edb->bd bitmap = page address(page) + (poff * sb->s blocksize);
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/*ETHZUEBREE, AT 0 sSWAP LI THL. IR AR RS, 1X H I EE AT S5br X, IXFf anon
T EAEH shrink ffl)*/

mark page accessed(page);

/AR AH A4 bitmap £ s buddy cache [EN*/

block++;
pnum = block / blocks per page;
poff = block % blocks per page;

//FIFETE s buddy cache 1T Eilf) page cache #&5|
page = find get page(inode->1 mapping, pnum);
if (page == NULL || !'PageUptodate (page)) {

/1R —IREG], KiE, A~ GEP_NOFS page
page = find or create page(inode->1 mapping, pnum, GEFP NOFS);

if (page)

1f (!'PageUptodate (page)) {
/ /ARG bitmap, Z W F X
ret = ext4 mb init cache(page, e4b->bd bitmap):;

- .

}
unlock page (page);

}
/ /WK EARGON I bitmap (1) hE

edb->bd buddy page = page;
edb->bd buddy = page address(page) + (poff * sb->s blocksize);

mark page accessed(page);

return 0;

/*HUHEA buddy cache M bitmap, %BRER PR, 55— R MR 2 H LA 1 bitmap,
R F 2 bitmap R E RN bitmap*/

static int ext4 mb init cache(struct page *page, char *incore)

{

inode = page->mapping->host;

sb = inode—>i_5b;
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/ /& RS AT 2 DA

ngroups = ext4 get groups count (sb);

[+ TR inode, fHRIF AT EXTA superblock 1 A4 EBUE M, FT UK
i blkbits HSEERH GAHR*/

blocksize = 1 << inode->1 blkbits;

/ /BEAS GO (1) ) B R

blocks per page = PAGE CACHE SIZE / blocksize;

/] ARAEFMA block, JrLAER 2

groups per page = blocks per page >> 1;

1f (groups per page == 0)
groups per page = 1;

/*RVENT 2K WG DL AFAERT, HEIHME EXTA 1 FHL. IRA KRG PR BAL 2 4K
Iy FrBA—A~ BH BIRA] =/
if (groups per page > 1) {

/ /7T 2K &L

1 = sizeof (struct buffer head *) * groups per page;

bh = kzalloc (i, GFP NOFS);

} else
bh = &bhs;

//—> page HJHE 5 2> block I bitmap, M X5
first group = page->1index * blocks per page / 2;

/*read all groups the page covers into the cache */
for (1 = 0; 1 < groups per page; 1++) {
struct ext4d group desc *desc;

/ [ ZRAA R T
desc = ext4 get group desc(sb, first group + 1, NULL);

/B FFBUR L bitmap FiERIBIEL S, AR5 76200 1 RGO ITE He i 4 0 W7
bdev ARG H 1 &G H page cache B[] page, RIGHUH ATV IF] BH, W15 %
11 page, WQIE page I BH, XHBEATHx/
bh[1] = sb getblk(sb, ext4 block bitmap(sb, desc)):
if (bh[i] == NULL)
goto out;
/ /1% Bitmap .4 update | F— R4
1f (bitmap uptodate(bh[1]))

continue;
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lock buffer (bh[i]);

ext4 lock group(sb, first group + 1);
/ /A7 %R DR AT AT i
1f (desc->bg flags & cpu to lel6(EXT4 BG BLOCK UNINIT)) {
/ /1G4 % bitmap, 5 [0 E:
ext4 1nit block bitmap(sb, bh[1i],
first group + 1, desc);

/ /AN bitmap fll bh #ff update |
set bitmap uptodate(bh[1]):;
set buffer uptodate(bh[1i]):;
ext4 unlock group(sb, first group + 1);
unlock buffer(bh[1i]);
continue;
}
ext4 unlock group(sb, first group + 1);
/ /W ) BH /2 update (1)
1if (buffer uptodate(bh[i])) {

/*E?@ffﬁ_bitmap Jj update */

set bitmap uptodate (bh[1]);

unlock buffer(bh[i]);

continue;
}
get bh(bh[i]);
/) T 3K LT RA KB AT i, B M LR (F R X shrink #17,
[N EEFRAT A A/
set bitmap uptodate(bh[1]);
bh[1]->b end 10 = end buffer read sync;
submit bh(READ, bh[i]);

/xRS NI PEAC AR AR G O, X BB A i o8 Tx/
for (1 = 0; 1 < groups per page; 1i++)
if (bh[1])
walt on buffer(bh[1]);

/3| T iX B, B bitmap M ERE 225, FHEA R buddy cache %2 bitmap*/
first block = page->1index * blocks per page;

for (1 = 0; 1 < blocks per page; 1++) {

//data fi T-buddy cache 1 xill] page cache

data = page address(page) + (1 * blocksize);
/ /bitmap &7 T-Hi# bdev 1 5ilf] page cache

bitmap = bh[group - first group]->b data;
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/ /Wi 1 AR 5 4% bitmap Ll iH ok
if ((first block + i) & 1) f{

extd lock group(sb, group):;
/ /e %% bitmap #5E AT
memset (data, Oxff, blocksize);
/*E K buddy R & H bitmap, W T3/
ext4 mb generate buddy(sb, data, incore, group);
ext4d unlock group(sb, group);
incore = NULL;
} else {
[ /AT bitmap 3, A HAAREETIF buddy cache s
extd lock group(sb, group):;
memcpy (data, bitmap, blocksize);

/B P AT T OB, K5 U0 BC IS BE I KA bitmap B, {UNELE) budduy
page cache, JGH&HHIKCERE*/

ext4d mb generate from pa(sb, data, group):
/FAAFBRA AT REEACH B R, R T BE A BEIE KT bitmap B, {NELE)
budduy page cache, JLHLR&HHIEE*/

ext4 mb generate from freelist (sb, data, group):;

extd4d unlock group(sb, group);

incore = data;

}
SetPageUptodate (page) ;

}
/*Buddy cache HR% 2 bitmap MANEAE, bitmap AN KPIRAN] bitmap*/
static noinline for stack
void ext4_mb_ge;erazé_buddy(Struct super block *sb,
volid *buddy, void *bitmap, extd4 group t group)

struct ext4 group info *grp = extd4 get group info(sb, group);
extd4d grpblk t max = EXT4 BLOCKS PER GROUP (sb);

ext4 grpblk t 1 = 0;

ext4 grpblk t first;

extd grpblk t len;

unsigned free = 0;

unsigned fragments = 0;

unsigned long long period = get cycles();

/*{ES — bitmap R HHE WP/
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1 = mb find next zero bit (bitmap, max, 0);
grp->bb first free = 1;
while (1 < max) {
fragments++;
//first WRIELLME PN T W
first = 1i;
/ /1 WSS ) A SRR
1 = mb find next bit(bitmap, max, 1);
//15 first Z[AEZE S R R
len = 1—first;
free += len;
if (len > 1)
/ /X UM E buddy cache HR %2 bitmap
ext4 mb mark free simple(sb, buddy, first, len, grp):
else
grp->bb counters[0]++;
1f (1 < max)
/] RELARF AN R B
1 = mb find next zero bit(bitmap, max, 1);
}
grp—->bb fragments = fragments;

/*# P IEAKAE R R BN K R R ERNTE R 1, P S WU S g 28 «/
static void ext4 mb mark free simple(struct super block *sb,
void *buddy, extd4d grpblk t first, ext4 grpblk t len,
struct ext4 group info *grp)

border = 2 << sb->s blocksize bits;

while (len > 0) {
/ /M AR B A )G e A2 buddy 2 FIF K B
max = ffs(first | border) - 1;
/i AR 2 LR TG */
min = fls(len) — 1;
/ /200 e B BE S R BE 2 TA) B HrRE 0 7 I 1 RE
1if (max < min)
min = max;

chunk = 1 << min;
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[/ ZARALEXS N R R EE, RS (first >> min)
if (min > 0)
mb clear bit(first >> min,
buddy + sbi->s mb offsets[min]);

/ /BT T A
len —= chunk;
//

first += chunk;

}

Bl MBI 2612 TR, K8 30156 25K A, ARk 5 Bl T

MHGRGAGE 4 H R ! i 8
2612 4 X
2616 g ;
2624 64 6
2688 128 .
2816 256 3
3072 1024 10
4096 4096 12
8192 8192 13
16384 8192 13
24576 8192 13

//buddy cache HARHFHK bitmap HLIEZTE extd mb init HI4R1LI

int ext4 mb init(struct super block *sb, int needs recovery)

{

i =1;

offset = 0;

max = sb->s blocksize << 2;

do {
/ /N 1=1 JHUE, AOE RN IE SR N B
sbi1->s mb offsets[1] = offset;
sbi->s mb maxs[1] = max;
[ /BRI LR
offset += 1 << (sb->s blocksize bits — 1);
max = max >> 1;
i++;

} while (1 <= sb->s blocksize bits + 1);
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J /B ATN. 272 order KA E
static void *mb find buddy(struct ext4 buddy *e4b, int order, int *max)

{
char #*bb;

/*WR order Xy 0, WEFHACKA 1 HIELEER, Al A HIAZ B ZXS R bitmap ]
bd bitmap */
if (order == 0) {

*max = 1 << (edb->bd blkbits + 3);

return EXT4 MB BITMAP (edb) ;

}
/* T WILL sbi->s mb offsets 4 KL, order A% 512 buddy cache H A MK bitmap

Hi hE* /
bb = EXT4 MB BUDDY (ed4b) + EXT4 SB(edb->bd sb)->s mb offsets[order];
*max = EXT4 SB(edb->bd sb)->s mb maxs|[order];

return bb;

/*AEXRT M) bitmap HG4K block LA A WIESER, XANERE ET T2 D& 7EmIl—ZZ BRI AT v B
?H bitmap KM block i BN T W . IXH block WEHL S FH N W &*/

static 1int mb find order for block(struct ext4 buddy *ed4b, int block)
{

int order = 1;
vold *bb;

// B¥FATH buddy cache FH %2 bitmap
bb = EXT4 MB BUDDY (e4b) ;
while (order <= ed4b->bd blkbits + 1) {
//BEFE] 2 bitmap, block #iFRELL 2, ABEE F—Z bitmap =5 2% VAT E
block = block >> 1;
1f (!mb test bit(block, bb)) {
/# G B BALRIRKT IV 2~ order MELEH 42 /DT — 24 1 ] =/
return order;

}

[/ ZEANIE RN 0, RSN 22order LA
bb += 1 << (ed4b->bd blkbits - order);
/7RI — 2%
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order++;

}

return 0;

90.7.2 S ECHIIEIR

YIELER  BCH) 56— e sk A H AR R . X —ANiga sk, HEedn Yyt
PUBIEA B A O L — RO N )R, IXFERURE T B R S AL Ja, B

PRFEZ AT inode 11 RUPTAELRAAANL EAF A H b Py ELER .

/ /R BB block AW HER, path b F XTI Extent tree RG] 45 R
static ext4 fsblk t ext4 ext find goal (struct inode *1inode,
struct ext4 ext path *path,

extd Iblk t block)

if (path) {
struct extd extent *xex;

depth = path->p depth;

/*H I A %) struct extd extent T, MAZHAA struct extd extent T,
K b M B 3507 E FRIE 2L [ P BB+ /
ex = path[depth].p ext;
1t (ex) {
/ /BTN V) B 4n 1 ik
extd fsblk t ext pblk = extd ext pblock(ex);
/ /B EE TR Z B 45 M bt
extd 1blk t ext block = 1le32 to cpu(ex->ee block);

/#UNRAZIZHR RN T B LIPS R R U B 22T F DR, X fi AR O
X I I S, B B AR B T A AN B /
if (block > ext block)
return ext pblk + (block - ext block);

else
return ext pblk - (ext block - block);

/*¥ AT path, H#EZX inode BRAFTENE */
block group = el->1 block group;
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/ /B R AR B
bg start = extd4 group first block no(inode->1 sb, block group);
last block = ext4 blocks count (EXT4 SB(inode->1 sb)->s es) - 1;

[/ RE delay alloc, H#ER[AIHE LGN
if (test opt(inode->i sb, DELALLOC))

return bg start;

/%5 W) EAR B 5 9 v BN BRI G B -2 L S +colour. HHP @S N iZE D
7, colour NKIRLFE T EIIME*/
1if (bg start + EXT4 BLOCKS PER GROUP (inode->1 sb) <= last block)

colour = (current->pid % 16) *
(EXT4 BLOCKS PER GROUP (inode->i sb) / 16);
else
colour = (current->pid % 16) * ((last block - bg start) / 16);

return bg start + colour + block;

/HAERE BRI HARLE 2 )5, ZAE HARALE block 4 FHRK WL KT % T ex—>fe len ()
VAR, ARIOMETR S mb_find extent SEBL LRSI, 1XBREH PR 2% order
#Rk 0x/

static int mb find extent (struct ext4 buddy *ed4b, int order, int block,

int needed, struct ext4 free extent *ex)

//order==0, HEUH&HML 2 bitmap, AN block
buddy = mb find buddy(e4b, order, &max);
/IR A RSN T, RGN, YA block 4 HARKZRC R T */
if (mb test bit(block, buddy)) {

ex->fe len = 0;

ex->fe start = 0;
ex->fe group = 0

-
F

return 0;

/*block AL EAN N, HAE B4R RIS 7S [A]*/
if (likely(order == 0)) {
order = mb find order for block(ed4b, block);
/*block 4L Xf WV IF] 2~order LA WER, block £ order i, A HEFEXTW. bitmap
KRG ZELL B/
block = block >> order;

}
/ /K B R

ex—>fe_len = 1 << order;
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ex—}fe_start = block << order;

ex->fe group = edb->bd group;

/47 HbrB S5iE g Huic q s i A7 248, HEUAN HFRBTFF RIS RE =/
next = next - ex->fe start;
ex->fe len -= next;

ex—}fe_start += next;

//IME T LW AL, PkE]F > buddy 2 H 2450
while (needed > ex->fe len &&
(buddy = mb_find_buddy{eﬂb, order, &max))) {

1f (block + 1 >= max)
break;

/ /BEE] 5 HT R RELE S BRI R > block

next = (block + 1) * (1 << order);

/! NEBARZ 1] bitmap FF4GIHA

1f (mb test bit(next, EXT4 MB BITMAP (e4db)))
break;

/ /HIREYFE T4 buddy I block —%% %4t FIRIELT N

ord = mb find order for block(ed4b, next);

[/ XARBN T MR, SRR
order = ord;
block = next >> order;
ex->fe len += 1 << order;
}
/ /IXFE M block FHUR I EL 75 R B
return ex->fe len;

}
extd F& T HARRIUEE B BCHIA U | -

/*ac M EORESZ R, HIHhdR T Aar o i rPRE, edb MZEd sk buddy K bitmap
Hi ik /
static noinline for stack

int ext4 mb find by goal (struct ext4 allocation context *ac,
struct ext4d buddy *edb)

ext4d group t group = ac->ac g ex.fe group;
int max;

int err;
struct ext4 sb info *sbi = EXT4 SB(ac->ac sb);

struct ext4_free_extent ex;

/[ E SCR A S PO SR A2 A S VERE T A ARk 7 i
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if (! (ac->ac flags & EXT4 MB HINT TRY GOAL))

return 0;

//MNE buddy A bitmap, KZ2HIHFH FEAT LIy page cache
err = ext4d mb load buddy(ac->ac sb, group, edb);
1f (err)

return err;

//BAEIRA, 7E ac A& idx | HirINRA

extd lock group(ac->ac sb, group);
/*acac->ac g ex mIxXHIERITHER, ac->ac g ex.fe start idx2 HirR

7, ac->ac_g ex.fe len itk | &0 LK E*/
max = mb find extent(ed4b, 0, ac->ac g ex.fe start,
ac->ac g ex.fe len, é&ex);
/*R [ max $5H M ac->ac_g ex.fe start FFUAH £/ ELLIYEY, FHEM A nax &
HRT T ENKE ac->ac g ex.fe len, WAL, % max > block BU# AN w5
i}, acac->ac b ex idxArm it N4 K=/

if (max >= ac->ac g ex.fe len && ac->ac g ex.fe len == sbi->s stripe)

extd fsblk t start;
//extd JrfFtE, stripe 70AC
start = ext4 group first block no(ac->ac sb, edb->bd group) +

ex.fe_start;

1f (do div(start, sbi->s stripe) == 0) {
ac->ac found++;
ac->ac b ex = ex;
extd mb use best found(ac, edb);

}

} else if (max >= ac->ac g ex.fe len) {
/ /s N EAE Al R
ac—->ac found++;

ac—>ac b ex = ex;
/X AT A E BB (1) ac->ac_status B WHHIRA: AC STATUS FOUND ;: (2)
%4 buddy [ bitmap %W k% B A7 */
ext4d mb use best found(ac, edb);
} else 1f (max > 0 && (ac->ac flags & EXT4 MB HINT MERGE)) {
/xRS HANRE W AR KB, 1H ac 43 FCRIE R iT49F, XFME SN max 2 EESD
e 45 R /
ac->ac found++;
ac->ac b ex = ex;
extd mb use best found(ac, edb);
}

ext4d unlock group(ac->ac sb, group);



WO EXT4 H&RS 221

ext4d mb unload buddy(edb);

return 0;

)
A7 ECRER, giol LT EXT4 Sl JEAAH A Be s /e, SR,

/*IX & EXTA LT B ek 2, HSRmE 2 /i 02 T HARB o Mo SvA e H AR 4] 5240 1c i 75 1 4 B
Bro YIX A2l 2 a2 I e A B A A i) P e« /
static noinline for stack 1int

extd mb regular allocator(struct extﬂ_allocation_context *acC)

{
ext4 group t ngroups, group, 1;
int cr;
int err = 0;
struct ext4 sb info *sbi;

struct super block *sb;

struct ext4d buddy edb;

sb = ac->ac sb;
sbli = EXT4 SB(sb);
ngroups = extd get groups count (sb);

/* B G2 HFRE I */
err = ext4_mb_find_by_goal(ac, &edb) ;
[/ RZEAFOCT, HbsB o Re a2 2001, HRR [P EIa]

if (err || ac->ac status == AC STATUS FOUND)

goto out;
repeat:

for (; cr < 4 && ac->ac status == AC STATUS CONTINUE; cr++) {
ac->ac criteria = cr;
WY NER R34 PiR
group = ac->ac g ex.fe group;
/ /BB TR

for (1 = 0; 1 < ngroups; group++, i++) {

/ /BB B AL N4 buddy cache 2% bitmap
err = ext4d mb load buddy(sb, group, &edb);

/ /BAE iz A
extd4d lock group(sb, group):
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/ 7 ARAR T EE A AL T AN [R] )3 BE 572
if (cr == 0)

/ / TRj LI EL AR 1

ext4 mb simple scan group(ac, &edb);
else 1f (cr == 1 && sbi->s stripe &&

Q

!'(ac->ac g ex.fe len % 5bi—>5_5tripe}}
/ /3T stripe B
ext4 mb scan aligned(ac, &edb);
else
[*BOZIRA DR, WZY PRI UGS i B EL R, X5 HirR )
M AE 55 2Bl /

extd mb complex scan group(ac, &edb);

extd unlock group(sb, group);
ext4d mb unload buddy(&edb) ;
/ /SR BTG E ) g S Y BELR
1if (ac->ac status != AC STATUS CONTINUE)

break;

}

/ /A e A 3 2 Bl b

if (ac->ac b ex.fe len > 0 && ac->ac status != AC STATUS FOUND &&
!'(ac->ac flags & EXT4 MB HINT FIRST))

/ /% E buddy cache &2 bitmap
ext4d mb try best found(ac, é&edb);

out:

return err;

}

FCHIA R 2 EXTA WP BL 2 AL, i sEbs | EXT4 Y3 H 7y [0 o i HUA Ay
AN Be Ll o

5 5¢HE) inode 7> struct list head 1 prealloc list; g3, HL A ilcE _F CHE 2GR &N
SECHANTERE LY L, B s i St 5 s frdr B W) R ) 22 (H

HOR R G R R B2 5 T (1 FHAS 58 (R S BRHRAT B RAE I P70 BC 1 46 v, 45
{t: inode 17> struct list_head 1_prealloc_list;# 3 & A7 O adi ) 3R B, W P43 Be S0y 25 v 55 FH b
Y)FEE 5 IX e R L B BE B, P smels AT 0 e -

45 T BOHLI GV /2 225K, A 25 5 3% A FE o O L, HL 3 A7) 38 e o fic 5¢ i
i, XA B[R HATEYHEL cache N REA T4 BeHLHIEH

/ *
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Extd YR B T ER 2L
*/
extd fsblk t extd4d mb new blocks(handle t *handle,

struct ext4 allocation request *ar, int *errp)

int freed;
struct ext4_allacation_context *ac = NULL;

struct ext4 sb info *sbi;

sb = ar—>inode—>i_sb;
sbli = EXT4 SB(sb);

/ /5 BC context, MELEIER RS ECRESHI MRS S EL
ac = kmem cache alloc(extd4 ac cachep, GFP NOFS);

/*iid struct extd allocation request #]UHift struct extd allocation
context, struct extd4 allocation request Hid>x | HARYEH S HHE*/

*errp = ext4 mb initialize context(ac, ar);

/15— )3 s gy Be AL
1f (!ext4 mb use preallocated(ac)) {

/ /TG AL B AT Bz, % T R 53 BC AL
ac—->ac _op = EXT4 MB HISTORY ALLOC;
ext4 mb normalize request(ac, ar);

repeat:
/% Ja 1 HS R0 B AL+ /

*errp = ext4 mb regular allocator (ac);

/ /AL R, By 2T 2R R
1f (ac->ac status == AC STATUS FOUND &&
ac->ac o ex.fe len < ac->ac b ex.fe len)
/ /2 P ELEL cache 7E L4 Bc AL H
ext4_mb_new_preallocation{ac};

}

if (likely(ac->ac status == AC STATUS FOUND)) {
/*H ALY bitmap BAL, XM 5 buddy cache bitmap K, W T304/
*errp = ext4 mb mark diskspace used(ac, handle, reserv blks);
} else {
/I BEAN Yy, B FFEr ok
freed = ext4 mb discard preallocations(sb, ac->ac o ex.fe len);
1f (freed)

goto repeat;
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*errp = —ENOSPC;

}

R B e — a2 EALRA BB AL, 1X 2 #1F EXT4 U R G,
LA g Hs LR e 5 A H &, AR E -

//ac idsk ViRGY R, K AE KB A K

static noinline for stack 1int

ext4d mb mark diskspace used(struct ext4 allocation context *ac,

handle t *handle, unsigned 1int reserv blks)

struct buffer head *bitmap bh = NULL;
struct ext4d group desc *gdp;
struct buffer head *gdp bh;

struct ext4 sb info *sbi;

sb = ac->ac sb;
sb1 = EXT4 SB(sb);

/ [ EBA ) BRAL A1
bitmap bh = ext4 read block bitmap(sb, ac->ac b ex.fe group);

if (!bitmap bh)

goto out err;

err = ext4 journal get write access(handle, bitmap bh);

/ /BRI T, RA MBS ITE bh 4 gdp bh
gdp = extd4 get group desc(sb, ac->ac b ex.fe group, &gdp bh);

err = ext4 journal get write access(handle, gdp bh);

//ac->ac b ex JRANWBE, XHEIFHSLHYHERY
block = extd grp offs to block(sb, &ac->ac b ex);

len = ac—>ac_b_ex.fe_len;

/ I BAERA

extd lock group(sb, ac->ac b ex.fe group);

/ /B bitmap A NALEAL, X FE bitmap bh fii

mb set bits(bitmap bh->b data, ac->ac b ex.fe start,ac->ac b ex.fe
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_len);

len = ext4d free blks count(sb, gdp) - ac->ac b ex.fe len;
/ MBEBOZBA SN BB H , X T2 gdp_bh it
extd free blks set(sb, gdp, len);

gdp—>bg checksum =ext4 group desc csum(sbi, ac->ac b ex.fe group, gdp)

ext4d unlock group(sb, ac->ac b ex.fe group);

/*bltmap bh 5 gdp #f/2 EXT4 ) metadata, HE#BEN 1, REEA T (B2 % E R

B AR P EPLED EXTA HE R R T E Y metadata GAHE, T F 24 bitmap bh
5 gdp LG HERGAE . KT jod2 73Hr IWAHICFET+/
err = ext4 handle dirty metadata (handle, NULL, bitmap bh);
1f (err)
goto out err;

err = ext4 handle dirty metadata (handle, NULL, gdp bh);

9.8 iR}

EXT4 n] LA AL e 11 2 2 (a4 B 5l 5 A ] Extent tree HLHISRAH ZSCHFE, i o] LA
JEH R EXT2/3 RS, (HRABCRAAG, HooEdl 5 s, Brbd H aj R 7E
B, ARG EXT4 #51% 1] Extent tree S ZH 2 3 AF .

WP P) LY € ALAT EL N AP DL

(1) O BCERER B AR B 2 A7

(2) YA, F5 o0 H A EC) L H A4 £ Extent tree %2 451

/ *

T Extent tree [FZH BB HLER
*/

int ext4 ext map blocks (handle t *handle, struct inode *inode,
struct ext4 map blocks *map, int flags)

struct ext4d ext path *path = NULL;

struct extd extent newex, *ex;

struct ext4 allocation request ar;

ext4 10 end t *10 = EXT4 I (inode)->cur aio dio;
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struct ext4d map blocks punch map;

/*extd A4 —MEHPHZIEF AN struct extd extcache Hliil, 1> inode $#H# |
> struct extd4 ext cache RM[f] i cached extent Zm, HIKidxsmir i ilm
struct extd ext, RN Extent tree Z[#K B iR & NIXAN X [A]*/
1f (extd4 ext 1n cache(inode, map->m lblk, &newex) &&
((flags & EXT4 GET BLOCKS PUNCH OUT EXT) == 0)) {

[#AFIZHPG L struct extd ext, EIIEHILSHN L struct
extd ext PJHPSREIGXAT NP RS =/
newblock = map->m l1blk

— le32 to cpu(newex.ee block)

+ extd ext pblock(&newex);
/*M map->m 1blk ¥ FVEPKRE */
allocated = ext4 ext get actual len(&newex) -

(map->m 1lblk — 1le3Z2 to cpu(newex.ee block));

goto out;

/¥ VN 1 cached extent X[A], #H A Extent tree, ZW L35 HT */
path = ext4 ext find extent (inode, map->m 1lblk, NULL);

/ /B extent tree WIVEREE
depth = ext depth(inode);

//path W& Ja =X N struct extd ext

ex = path[depth].p ext;
1f (ex) {
//struct extd ext fRIHIFHHIR
extd Iblk t ee block = le32 to cpu(ex->ee block);
//struct ext4d ext UYL
extd fsblk t ee start = extd ext pblock(ex);
unsigned short ee len;
//struct extd ext WHEHMKE
ee len = extd ext get actual len(ex);
/* A map->m_1blk &5 ARZ XA, 0TSO FRE /D T80 T 30 B I 22441
2RO */
1f (in range (map->m 1lblk, ee block, ee len)) ({
/ /v B
newblock = map->m lblk - ee block + ee start;
/*map->m 1blk LUJSMIKE */ -
allocated = ee len - (map->m lblk - ee block);
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/*

) 1 IX L 2 S ARG 1SS AR

*/

if ((flags & EXT4 GET BLOCKS CREATE) == 0) ({
[ *
WERABERE B block, RATIR[ME T
*/
ext4 ext put gap 1in cache(inode, path, map->m 1lblk);
goto out?2;

}

[ *

PR B> i

*/

/* B A extents BB ELIER, 2l Extree tree — 7%/
ar.lleft = map->m 1lblk;
err = extd4d ext search left(inode, path, &ar.lleft, &ar.pleft);
1f (err)
goto out?Z;
ar.lright = map->m 1lblk;
err = ext4 ext search right(inode, path, &ar.lright, &ar.pright);
1if (err)

goto out?2;

/*
#i map->m len KF EXT INIT MAX LEN 8{ EXT UNINIT MAX LEN, f#§HL
EXT INIT MAX LEN B{ EXT UNINIT MAX LEN XJ5%
*/
1f (map->m len > EXT INIT MAX LEN &&

'(flags & EXT4 GET BLOCKS UNINIT EXT))

map->m len = EXT INIT MAX LEN;
else 1f (map->m len > EXT UNINIT MAX LEN &&

(flags & EXT4 GET BLOCKS UNINIT EXT))
map->m len = EXT UNINIT MAX LEN;

/UG T ] extent */
newex.ee block = cpu to 1le32 (map->m 1blk);
newex.ee len = cpu to lel6(map->m len);

/ /K% extent £ 5 HADR extent TNHE S
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err = extd4d ext check overlap(inode, &newex, path);
1f (err)

allocated = extd4d ext get actual len(&newex);
else

allocated = map->m len;

/* WU struct extd allocation request 4ify */
ar.inode = 1inode;
/4% B B AHRB [K) P BE P /
ar.goal = extd4 ext find goal(inode, path, map->m lblk);
ar.logical = map->m lblk;

ar.len = allocated;

//EXT4 PRI iC, Z W L1

newblock = ext4d mb new blocks(handle, &ar, &err);

[ /BB, RYPEEBCSRTE struct extd extent
extd ext store pblock(&newex, newblock);
/ /SR PTit KE

newex.ee len = cpu to lel6(ar.len);

/*F} struct extd extent ffiAF|Extent tree, S HGAREIZ struct
extd extent &7 O] LIMIRBILI] struct extd extent 5iF, WRTUAGIF, HEE
MUZELB struct extd extent KRR, #AGEG I, WGIE B struct
extd extent JRHFEAN Extent tree. LIBUWITEZEMN | metadata, ¥ FE
extd ext dirty MR, Mtk H &/

err = ext4 ext insert extent (handle, 1node, path,

&newex, flags);
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Spin_lock St 4f LLEATIE TF2LAT, ALPRESIE R AR 4, PG LIS AZ ORI Z
MR AL R IR BN RIS S A T RGN, 230 ge U 11718, RCU Hi
U LEASEASH, ACPRAS I A CRYTE B AT 8, ASDATHN

10.1 RCU Tree

10.1.1 RCU Tree &#4

S RCU Z5# A2, WAZHeflk T Reutiny H1 Reutree P FRE5H), i idi ] T AL FE
MR D G DL, Reutiny (5 BURS 1 55 T 04, A TAME4 BT, Reutree Hl T KB R
gr, nlEIREOE WAL S . Reutree B 10115 S struct reu data KR, iZ45MARE
WbFRZS, "HA)Y S struct reu node 78, MY £ struct reu state K7 .

RCU HEZH W@ a5 T -

(1) Wi CPU G % /T struct rcu node 5 HH REL, — 2902 LA R CPU.

(2) FH RE<CPU LH<H HE RECE 7, WIER tree A BEAYN T 1 (1) CPU,

(3) Ji HH REOT J7<CPU S Eu<h H RE 4 IRV J7, 21 tree A HERYN T CPU.

(4) i RE 4 IR 7<CPU R, VYR tree 4 REW AL -

XA JE R L5 RIAE struct reu_state & P 2R, AL Wl |

struct rcu state {
/I EAN BB N struct rcu node
struct rcu node node[NUM RCU NODES]; /*Hierarchy*/
[ IEAS B ()RR TR [ VR 55— struct rcu node
struct rcu node *level [NUM RCU LVLS]; /*Hierarchy levels*/
//wex VR EHR AL struct rcu node
u32 levelcnt[MAX RCU LVLS + 1]; /*# nodes 1n each levelx*/
u8 levelspread[NUM RCU LVLS]; /*kids/node in each levelx*/

}
BRI CPU X W 1) 45 B 2544 struct reu_data g ST 4 M EEL) RCU BAA

struct rcu data{--
struct rcu head **nxttail [RCU NEXT SIZE];

u.}
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Horfii T B R 4 4 RCU BAS.

#define RCU DONE TATL 0 /*Also RCU WAIT head. */
#define RCU WAIT TATIL 1  /*Also RCU NEXT READY head. #*/
#define RCU NEXT READY TATL 2 /#*Also RCU NEXT head. */
#define RCU NEXT TATL 3

Hrp: RCU DONE TAIL & 45 T grace time [¥) RCU pRECRA 1)

RCU WAIT TAIL & 5545 241 [1 grace time [1) R £ A1

RCU_NEXT READY_TAIL & b7 Z 5515 grace time [pR%ELPA%, K2 RCU_
NEXT TAIL &Rty B4, By L x4~ pAA)

RCU_NEXT TAIL &5 08I e ZRAN XA A o

10.1.2 RCU Tree 9192

RCU Tree G AR A FRASAZ O EL, K5 T2 R A5 LR/ . IX 2 1E RFt A
B Z )T E e R TAE .
static volid  1nit rcu init one(struct rcu state *rsp)
{
/*B G struct rcu node *level [ RN ICEHERTG RN —ERSE I struct
rcu node*/

for (i = 1; i < NUM RCU LVLS; i++)
rsp-—>level[i] = rsp->level[i1 - 1] + rsp->levelcnt[i - 1];

/[ EZRECTHH R 21 struct rcu node XfW.Z /il CPU

rcu 1nit levelspread(rsp);

// FRMNELAE E, #1463 RCU tree HJFFS struct rcu node 4K

for (i = NUM RCU LVLS - 1; i >= 0; i--) {
/ /AR BZE B struct rcu node FXAFNWZ /DRI CPU
cpustride *= rsp—)levelspf;ad[i];
//HREX —EWH 4 struct rcu node
rnp = rsp->levell[i];
for (§J = 0; j < rsp->levelcnt[i]; Jj++, rnp++) |

raw splin lock init (&rnp->lock);

rnp->gpnum = 0;
rnp->gsmask = 0;

rnp->gsmaskinit = 0;
/*1% struct rcu node X WE 5 {H /M CPU, & 21 cpustride {HAR
AN[F]*/

rnp->grplo = j * cpustride;
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/ /1% struct rcu node XWZE5|{HH K CPU
rnp->grphi = (5 + 1) * cpustride - 1;
if (rnp->grphi >= NR CPUS)

rnp->grphi = NR CPUS - 1;
if (1 == 0) {

E NRUY=

rnp->grpnum = 0;

} else {
/*1% struct rcu node {fE L) struct rcu node &ixiFEGl, j Kpr b2
iZE=E 5|, rsp->levelspread[i — 1]#& L= struct rcu node &
HZ/DAKRES G, R HCREIA */

rnp->grpnum = J % rsp—->levelspread[i — 1];
/ /XTI mask i

rnp->grpmask = 1UL << rnp->grpnum;

/ /WK AN HAETA

rnp->parent = rsp->level[i — 1] +

j / rsp->levelspread[i — 1];

}
/ /WK Fi% struct rcu node JATEE%L
rnp->level = 1i;
INIT LIST HEAD(&rnp->blocked tasks[0]);

/ /5B~ CPU 1] rcu sched data #[XTM ] struct rcu node

#define RCU INIT FLAVOR (rsp, rcu data) \
do { \

//¥IUGM struct rcu state

rcu init one(rsp); \

/] BRI A4 R

rnp = (rsp)->level [NUM RCU LVLS - 1]; \

7 = 0; \

for each possible cpu(i) { \

//1i 7& CPU 5], j /& struct rcu node & KINE 5
if (1 > rnp[j].grphi) \

Jj++; 0\

/ /8~ CPU [f] rcu sched data ] mynode i [ X V[ 45 £
per cpu(rcu data, 1).mynode = &rnp[]j]; \
//{E struct rcu state Hid>x FiZ% CPU
(rsp)->rda[i1i] = &per cpu(rcu data, 1); \
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rcu boot 1nit percpu data (i, rsp); \
FoA
} while (0)

/ /i —LAEAFES CPU [ rcu sched data 5

static void init

rcu boot init percpu data(int cpu, struct rcu state *rsp)

{
unsigned long flags;

int i;

/ /SR ENAE BRGS0 N ) £ 3

struct rcu data *rdp = rsp->rdalcpu];

/ /B struct rcu node BIFRR S, 5

struct rcu node *rnp = rcu get root(rsp);

raw spln lock irgsave (&rnp->lock, flags);

//FH W% CPUAEH AW, struct rcu node H [ mask
rdp->grpmask = 1UL << (cpu - rdp->mynode->grplo);
rdp->nxtlist = NULL;

/ /¥ Z CPU [f] RCU BAS
for (i = 0; i < RCU NEXT SIZE; i++)
rdp->nxttail[1i] = &rdp->nxtlist;

raw spln unlock irqgrestore (&rnp->lock, flags);

}

PL_EHEFRFSHILE CPU A struct reu node 4 [ FfA K FR . S92 LIXI %% CPU b ¥k
TG, 1E1% CPU #30GE Jo i H PR 2X static void  cpuinit rcu online cpu(int cpu), #—
[ e S A I VAN
7 5C AT AR A o

10.2 Grace Period

10.2.1 Grace Period B94&:

FEAN AL PR B AR 2o 0L 22 /D — K quiescent state, FF A grace period. AbFEZSAbT- quiescent
state [ BLUT T

(1) HEANPER.

(2) P&, &L &

(3) ALFREZRI2AT 1dle ZeFEElidt A VAT tick HIRAS 1dle,

FERUAE A4S/ H Y RCU_SOFTIRQ HY, #7 H A& |k quiescent state, JIJ 5% v]
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static void
rcu check quiescent state(struct rcu state *rsp, struct rcu data *rdp)

{
/*E AT 4855 quiescent state B{ RCU SOFTIRQ ZHi, HRZE3N I #i—% grace

period WA fF. 1XPRECK A HTAL SR A V458 struct rcu data W ZRE gpnum B8
M —% [ grace period %, H¥f gs pending & 1*/
1f (check for new grace period(rsp, rdp))

return;

/*¥1—% grace period #)i3)), gqs pending i H 1  */
if (!'rdp->gs pending)

return;

/*

E4 5 quiescent state FHZEHBE 1
*/

1f (!rdp->passed quiesc)

return;

/*

] E—ZZB) struct rcu node ZifJIL AR, HETLEECAL%LT ) quiescent state
R

*/

rcu report gs rdp(rdp->cpu, rsp, rdp, rdp->passed qulesc completed);

/*8JIKJZE struct rcu node GiMER AL HCOE P LHEEMLL quiescent state Ik
&, WMARZFARAL, WZE ) )= struct rcu node Sl fjix/

static void
rcu report gs rdp(int cpu, struct rcu state *rsp, struct rcu data *rdp, long

lastcomp)

{
unsigned long flags;

unsigned long mask;

struct rcu node *rnp;

[/ AR )R — R struct rcu node 45y

rnp = rdp->mynode;
raw spln lock irgsave (&rnp->lock, flags);
/R A AR A 40 quiescent state S & Z1% struct rcu node it IELERT M 1)

* /
1if (lastcomp !'= rnp->completed) {

/ *
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G O A AEAE NI 3 K AE PR 8RHE0C 5 80 1 % grace period H55fF. XN 3
WA H 2] quiescent state JE LR, EHISFA % grace period

*/

rdp->passed quiesc = 0; /*try agaln later! */

raw spin unlock irqgrestore (&rnp->lock, flags);

return;

}
/*grpmask id:x | JETAEEBAEEH)E struct rcu node 4584 B X VA */
mask = rdp->grpmask;
if ((rnp->gsmask & mask) == 0) {
raw spin unlock irqgrestore (&rnp->lock, flags);
} else {
/* RN E B & struct rcu node Zify, IAR] [T 2 1] quiescent state fAR*/

rdp->gs pending = 0;

[ *
U HT AL FE S AR I RCU 3B, (EF A REIRFTIX AE RCU WTLURAT T, DN A Ak B0 2% R
P s & e g1 Y TR = W
*/

rdp—>nxttail[RCU_NEXT_REHDY_TAIL] = rdp—}nxttail[RCU_NEXT_TAIL];

/ /M H A2 struct rcu node Z5FHR &
rcu report gs rnp(mask, rsp, rnp, flags); /*rlses rnp->lock */

/*H[H]Z ] struct rcu node M) quiescent state IR&KM, #7HHI struct rcu node
St P E RN T A SR quiescent state IRE&EAREWAT T LA E—Z¢ struct rcu node
LRI Afex/

static void rcu report gs rnp(unsigned long mask, struct rcu state *rsp,

struct rcu node *rnp, unsigned long flags)

__releases (rnp->lock)

struct rcu node *rnp c;

/*ZBZ|n] struct rcu node FFILIR */
for (77) {

/*i bR RN EX N E— & struct rcu node XA */
rnp->gsmask &= ~mask;
1f (rnp->gsmask !'= 0 || rcu preempt blocked readers cgp(rnp)) {
/*[JET RN E— & struct rcu node X MWAL &R, XMIE LR AL,
struct rcu node TEFENIEHEE by RiLF] quiescent state JR&*/
raw splin unlock irqgrestore(&rnp->lock, flags);

return;
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}

mask = rnp->grpmask;

/*[AZ% struct rcu node PIEFEMALEEAS FIYIAR] quiescent state JRE, WM L
JE4R s */

rnp ¢ = rnp;

//Hl struct rcu node G K

rnp = rnp->parent;
raw spin lock irgsave (&rnp->lock, flags);

/*

IlJ= struct rcu node I EFEALPEERINIA S| quiescent state JRE, H MR 1A struct

rcu state 54
%/

rcu report gs rsp(rsp, /*releases rnp->lock. */

flags);

//struct rcu state #ZiillFT 25 grace period 5 Hr
static void rcu report gs rsp(struct rcu state *rsp, unsigned long flags)

_ _releases(rcu get root(rsp)->lock)

/ /BRI 5E % GP %5
rsp->completed = rsp->gpnum;
rsp->signaled = RCU GP IDLE;
//EF R B ASHT I GP 5

rcu start gp(rsp, flags); /*releases root node's rnp->lock*/

10.2.2 EFHBshFhi—% Grace Period

JA 213 —%¢ Grace Period [ < /& SR 34 RCU tree H B, X NMGCHEEGSFIIA G A

Re A ) _EVEFR
/* G B —He 1) GPx/

static void
rcu start gp(struct rcu state *rsp, unsigned long flags)

__releases (rcu get root(rsp)->lock)

/*GP T HHr */
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rsp->gpnum++;

rsp->signaled = RCU GP INIT; /*Hold off force quiescent state. */
rsp->Ji1ffies force gs = jiffies + RCU JIFFIES TILL FORCE QS;

/ /WK A B [A]

record gp stall check time(rsp):

/#XFFHAT )& struct rcu node ZifIHIIFHDL*/
1f (NUM RCU NODES == 1) {
rcu preempt check blocked tasks(rnp);
/ /FEME— struct rcu node BT AR RN AT
rnp—>gsmask = rnp->gsmaskinit;
/ /GP 5 HU
rnp—->gpnum = rsp->dgpnum;
/ /5E/% GP 5 BB
rnp->completed = rsp->completed;
rsp->signaled = RCU SIGNAL INIT; /*force quiescent state OK*/
/*GP 5 O H a8 X V. struct rcu node i) completed #5058, B
REFE2E I nxttail AUATRE*/
rcu start gp per cpu(rsp, rnp, rdp):;

raw spin unlock irqgrestore (&rnp->lock, flags);

return;

raw spln unlock(&rnp->lock); /*leave 1rgs disabledx*/

/*E X Z & struct rcu node ZifJHIEN, 8 )= struct rcu node &4 ER B BB
AU AE* /
rcu for each node breadth first(rsp, rnp) {

raw spin lock(&rnp->lock); /*1irgs already disabled*/

/ /BB aqmask HIUGH
rnp->gsmask = rnp->gsmaskinit;
//5H GP %5
rnp—->gpnum = rsp->gpnum;
/ /W H completed %
rnp->completed = rsp->completed;
/x5 TR [AJ& 5 — 2 struct rcu node [FACEEES T H nxttail A iRE*/
if (rnp == rdp->mynode)
rcu start gp per cpu(rsp, rnp, rdp);

raw spin unlock (&rnp->lock) ; /*¥1rgs remain disabled*/
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10.3 RCU BT

(1) fERPRUE TS Tick FII R, A = arkb +s 12 517 RCU pending, U1K BT
¥4 53 Raise RCU SOFTIRQ.

(2) RCU SOFTIRQ ¢+ WrH <> i ] static void  rcu process callbacks(struct rcu_state
#1rsp, struct rcu data *rdp)pf ZK T 2 .

static void rcu process callbacks(struct rcu state *rsp, struct rcu data
*rdp)
{

/FE AT AL EELSS, B A H G RCU WATT TATL PAFIZEAFIN grace time 215 EH, WHRE
213U WU 25 BA AR I [r iy ih 2 /

rcu process gp end(rsp, rdp):

/1 NIX B =R 4% CPU

rcu_check_quiescent_state(rsp, rdp) ;

/ /AT PE R ) RCU_DONE TAIL BASIAS, BEHIAIE 1 GP [ RCU BRE T 44217
1f (cpu has callbacks ready to invoke (rdp))

invoke rcu callbacks (rsp, rdp):;

}

/ /1% BB B WA R PR A T

static void 1invoke rcu callbacks (struct rcu state #*rsp, struct rcu data
*rdp)

{

/RN TE SR IR, R TR = 19 RCU B A AR X AT
1f (likely ('rsp—->boost)) {

rcu do batch(rsp, rdp):;

return;

}
/XTI ) RCU BRAE N A4 2642 rcu cpu kthread P 401T, IX Ml rcu cpu kthread

N A% 2 FE =/
invoke_rcu_callbackS_kthread(};

}
(3) rcu cpu kthread PYFZZeFEm) AT .

static void rcu kthread do work(void)

{ -
[ [ ZBREAK R HEE struct rou data M) struct rcu head BASI, MKIKFAAT
rcu do batch(&rcu sched state, & get cpu var(rcu sched data));
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XA T AT IME—— PN IRB) 1 RGE . AT RIARER KK E)), HIX & E A W04,
RN & w15 A7 Block 218 1 UG, AR 288 A4 F2 S 2] 1 S ot BN AT
VFS. U} Z% . BLOCK FlHei% 2 UKz .

11.1 MMUC Driver

MMC Driver 13 LA F =/~ A1fl .

(1) MMC Host ] MMC £:4i)%%, 5 HARS %, 78 host H 3% R BLRIIA R SOC
1] MMC {548 o X B S BRI #4E, X280 0 B i AN K, ASSCH% 2 MMC 2554l
=R T

(2) MMC 138, Blizf77E MMC #5528 B, —> MMC #5145 n] §g s F SDIO,
SD. MMC ZFEAN[A . EFXT AN ¥ 2 7E Core H sk 45 AR SEHL

(3) B, WIAZENXHIB S, XHEKEZF MMC &R = B S5k
e, IFRERBINZIREE.

11.1.1 MMC i 2

MMC #:ill#s LS, MMC PRl S8R — 1 3 2 MRl ol MMC $28 0 25 56 2 51
W2 B S SORE ) 5
//MMC 2 iilgs B )a,  SREh i % e BRI MMC 1 g

static int mmc rescan try freqg(struct mmc host *host, unsigned freq)

{

/*SDIO W ksl */

if (!mmc attach sdio(host))
return 0;

/*SD WA */

if (!mmc attach sd(host))
return 0;

/*EMMC WA */

1f (!mmc attach mmc (host))

return 0;
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mmc power off (host);

return -EIO;

/ *
LLEMMC A BIEE 2008, RS T EMMC VhBHRAE BI85, AR RS EMMC W& A
IESPES ]
*/

int mmc attach mmc (struct mmc host *host)

{

/%

1 emmc host fill emmc ¥ %5, FAM P emme W&, WAK struct mmc card Jf4E
#| struct mmc host F
%/

err = mmc 1nit card(host, host->ocr, NULL);

/*14 struct mmc card FEMBIRFIHELE, Bl R ArHER device Ml driver ULfC*/

err = mmc add card(host->card);

11.1.2 MMC g &

{t struct mme card F M IR DU ECHOGT NV 1) EMMC Bk & K ) e 5, Ho s
driver/mmc/card/block.c, $E{LPERAFZR W | .

i

static struct mmc driver mmc driver = ({

.drv = {
.name = "mmcblk",

},
.probe = mmc blk probe,
.remove = mmc blk remove,
. suspend = mmc blk suspend,
.resume = mmc blk resume,

}i
i mmc bus type ILAL# A mmcblkdevice

/ /R0 BR KR MMC SR B 1K) 3R
static 1int mmc blk probe(struct mmc card *card)

{

struct mmc blk data *md, *part md;

/*BlJ# struct gendisk fll struct request queue KEERE, MMC B & 1 3ERH Bt
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Al X A E, R ICTE o br*/
md = mmc blk alloc(card);
if (IS ERR(md))
return PTR ERR(md) ;
/ /350 host 41, BE XA/
err = mmc blk set blksize(md, card);
1f (err)

goto out;

/*XF EMMC &, HHEAGMW boot partition, XM AHHAE struct gendisk, RE
{E emmc spec & partition MIMEE, 7E Linux B S/ B AR 4, HE &
5N 0xb3, K& S MM 020, 0x40 FHif*/
if (mmc blk alloc parts(card, md))
goto out;

mmc set drvdata(card, md);

/ /B R AN

mmc fixup device (card, blk fixups);
/*[n] block JETEM*/

1f (mmc add disk(md))

goto out;

/*¥F boot partition AN _EIAZHEREZ M block HFEM*/
list for each entry(part md, &md->part, part) {
1f (mmc add disk(part md))

goto out;

/ /MMC X3 ) BEAit 5t 23X ) 3 11
static struct mmc blk data *mmc blk alloc reqg(struct mmc card *card,

struct device #*parent,

sector t size,
bool default ro,

const char *subname)

struct mmc_blk_data *md ;

int devidx, ret;

//struct mmc blk data XM —5Kk eMMC B(# SD K, MMC %Xzl block E{1H]
md = kzalloc(sizeof (struct mmc blk data), GFP KERNEL);
1f ('md) {
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ret = -ENOMEM;
goto out;

/ /P BLN# bock JZMEA] struct gendisk %M, perdev minors & SRVFI X %Y

md->disk = alloc disk(perdev minors);

//struct mmc_queue 8 GBS R 5 M HELH 20 B
ret = mmc init queue (&md->queue, card, &md->lock, subname);
1f (ret)

goto err putdisk;

/ /W14 struct gendisk 4T E4IME B
md->queue.lssue fn = mmc blk issue rq;

md->queue.data = md;

md->disk->major = MMC BLOCK MAJOR;
md—}disk—>first_minof_= de%ldx * perdev minors;
//disk ek SCAF A R AL

md->disk->fops = &mmc bdops;

md->disk->private data = md;

/*struct request queue H MMC Kzheflt, EIRFT MMC block W& HOH struct
backing dev info #if*/

md->disk->queue = md->queue.queue;
md->disk->driverfs dev = parent;

set disk ro(md->disk, md->read only || default ro);
md->disk->flags = GENHD FL EXT DEVT;

//EE block B AN
blk queue logical block size(md->queue.queue, 512);
/ /& HE block ER&RE N/

set capacity(md->disk, size);

int mmc init queue (struct mmc queue *mg, struct mmc card *card,

spinlock_t *]lock, const char *subname)

mg->card = card;
/*flE struct request queue H request fn proc PRIELA mmc request. struct
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backing dev info #IEAEIX B 5¢ i/

mg->queue = blk 1nit queue (mmc request, lock);

//struct request_queueﬂ@pmep_rq_fn;@ﬂ&ﬁ]mmc_prep_request
blk queue prep rdg(mg->queue, mmc prep request);

// V15TF block #eAC AR &K 47 mme host
mg->thread = kthread run(mmc queue thread, mg, "mmcqgd/%d%s",

host->index, subname ? subname : "");

11.2  JFETHL US836D ( MT6577 ) 43 XISl

XX, NEEERER 0 XS, WA R ANRFR, KO RGP
] UL el e .

AR N Z EMMC 1) Android 8844140 &, X1 MTK %1 Android F-HLK
hancking £5 ROM [P 554745 BN S & X .

MAEN TR ACHS 5L n] DU H, WZ 2l 5 32 BUE 78 EMMC user 73 [X B[ 47 [X R 3k
13 25857 XAF BB, 10070 DX A BV B A2 [ 7 1, A 1024 TF46, B 4R A7 2544 T 0x5054763 1
P IX s B0 N 1024+ 2048 JFUf, A7 E 254400 0x4D505431 [ X o IXAM BN 1% A&
MTK 55 95 bootm A 5E Uf 1), [K 4 M log HLF preloader th 71 HL1fil, il bootm WAHX
preloader. 14 mtk K5 A4 preloader [l 5 A EMMC [ boot 77 [X, {H /& iX#F X PR il
) EMMC WA, b 7 S2H5PE K EMMC LN i 4128, MTK WAiZAS 2 X R

static int load exist part tab emmc(u8 * buf)

{
int reval = ERR NO EXIST;

int i,7;

int len=0;

/ /EANRNAFI 2 X R iR EE

char *buf p;

/ / NIXAME B TG5> magic &1 0x50547631 K43 IX K
loff t pt start = 1024;

/ / NIXAE B FF U85> magic B 0x4D505431 (4 IX K
loff t mpt start = pt start + 2048;

loff £t pt addr = 0;
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int pn per pmt = 0;
/1 XRKN A 2K, 1 KR B e A 254
int per pmt size = 2048;

pt resident32 *lastest part32;

int blk size = 512;

/ /BRI EE A RE

int read size = 16*1024;//8192;//4096;
char *page buf = NULL;

char *backup buf = NULL;

/ /UG B AFE page buf
page buf = kmalloc(read size, GFP KERNEL);

/*M 1024 FFiG, BB ER 40 050547631 [ X */
for (1=0;1<CFG EMMC PMT SIZE/read size;1i++)
{
buf p = page buf;
// 53 emmc B
reval = eMMC rw x(pt start + i*read size, (u32%*)page

buf, 0,0, read size,1,USER);

/1B X 3544

for (J=0; j<read size/blk size;j++) {
[/ FAE AL, IR 7R 75 X R 5544 1k 2|
1f(1s valid pt(buf p)) {

/ 7 A RBEEU N R AT X R A al gt K

if((read size-Jj*blk size) < per pmt size) {
len = read size- J*blk size;
/ /R BRI 7 X RILA backup buf
memcpy (backup buf, &ébuf p[PT SIG SIZE], len-PT
SIG SIZE);
/ /PRI B EMMC i, U R 43 X R ok
reval==eMMC_rw_x(pt_start-F(i+1}*read_size,(u32*)

page buf,0,0,per pmt size,1,USER);

/G R I RARE 4, WARANRAFERE 4, W] X REAT 7
Hh—#Br, KN per pmt size*/
1f(1s valid pt(&page buf[per pmt size-4-len])) {
/ /K R o X R AL E
pt addr = pt start + 1*read sizet+j*blk size;
pl.pt has space = 1;
reval=DM ERR OK;
goto find;
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lelse{
/ /XM DS, —IREIFE s X R Al gt ok, AR
if(is valid pt(&buf p[per pmt size-PT SIG SIZE])) {

/ /KT X FR Ty AR A
pt addr = pt start + 1*read sizet+j*blk size;
pl.pt has space = 1;
reval=DM ERR OK;
goto find;

}

break;

J
buf p += blk size;

}

/ /M 1024 FFHIGHIAL B R AR R0 IX R

if (i == CFG EMMC PMT SIZE/read size)

{
pl.pt has space = 0;
/*Mmpt_start fPEIHRIFXER, JEFR EZW B, KRZEAFU FASERIX H*/
for (1=0;1<CFG_EMMC PMT SIZE/read size;i++) {

[ AT AR 5y X R I
if (i == CFG EMMC PMT SIZE/read size) {

reval = ERR NO EXIST;

}
goto end;

/ /X REH RN backup buf [1, fidt— 0 abE

find:
[/ ORIEAT Ty i85, I ALEZ X per pmtsize [RFARHEN TE7R
pl.pt next = (backup buf[per pmt size-11]>>4)&0x0F;

pl.sequencenumber = backup buf[per pmt size-12];

[/ BREEVEN TR X 3R, X FF DUAR D I,

1f (pl1.pt next == 0x1) {

//pt_addr B&idsx T X 55— & 07E EMMC B E, JBahi iR
reval = eMMC rw x(pt addr+per pmt size, (u32*)page buf,0,
0,per pmt size,1l,USER);
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/ /B B o i X R M3 44
1f((1s valid pt(page buf) &&is valid pt(&page buf[per pmt size-4])) |
| (1s valid mpt (page buf) &&1s valid mpt (&page buf [per pmt size-4]))) {

pt next = 1;

/ /AR A X e £ AT 5] backup buf

1f (emmc s1ze<0x100000000ULL) {
memcpy(&backup_buf[pn_ﬁér_pmt*sizeof{pt_resident32)],&page_buf[d],
per pmt size-8);

lelse(

memcpy (&backup buf[pn per pmt#*sizeof (pt resident) ], &page buf[4],per

pmt size-8);

lelse/{

printk("can not find next pt, error\n");

}
}

if (emmc size<0x100000000ULL) { //32bit

/ /backup buf 1§ B f#l53] lastest part32
memcpy{léétest_part32,backup_ﬁ;f,PRRT_MHX;COUNT*SizeDf(pt_
resident32));
//BINFEH lastest part32 15 B WIZAEH
for (i=0; i<PART MAX COUNT;i++)
{

if (lastest part32[i].name[0] !'=0x00) {

memcpy(lastest_part[i].name,lastest_partBZ[i].name,MﬁX_
PARTITION NAME LEN) ;

lastest part[i].size= lastest part32[1i].size;
lastest part[i].offset= lastest part32[i].offset;

lastest part[i].mask flags= lastest part32[i]
.mask flags;

lelse{



£ 1285 RWHECERGEKNZIFR

12.1 Conf

{EM ARM BSP FEAH HI S ik 205 2 7 b N AZ AR KIS &R o AF 8 T RAE B s —
SN, AT NAZECE RS IR B, PS5

12.1.1 Kconfig T=

Kconfig fie AL AN [ J0 55 42 74T H , B struct symbol 75, & 21 Bl HAth 76 22 1) e A A BLIT .
Kconfig {45142 menu ()2 454, H PR menu B 2 201 Fk .

(1) 3B—2 /& menu, HIEAZE$)/E menus--endmenu.

{t arch/arm/kconfig 3CAFH, AT MAE T 25 284 1L FE R0 /& menu:

menu "System Type"

config MMU

bool "MMU-based Paged Memory Management Support"
default y

choice

prompt "ARM system type"

endmenu

1% menu 1) ELI0 HH config MMU. choice 4 ji% .
(2)% 2 & Choice, H. L AN 454 & choice +-+ endchoice, 1] U1 ; [F]#f7F arch/arm/kconfig
A, X SOC ZEFIEFEsL & Choice.

choice
prompt "ARM system type"
default ARCH VERSATILE

endchoice

config ARCH SOCFPGA
bool "Altera SOCFPGA family"

select ARCH WANT OPTIONAL GPIOLIB
select ARM AMBA
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config ARCH REALVIEW
bool "ARM Ltd. RealView family"

select

select

ARM AMBA
CLKDEV LOOKUP

config ARCH VERSATILE
bool "ARM Ltd. Versatile family"

select

endchoice

ARM AMBA

i% menu 1 B0 AN [A] Y config XXXX F4) ik .

(3) 3 =& config, X BHAREIIEH, AVELESE I,

config ARCH S5PV210
bool "Samsung S5PV210/S5PC110"

select
select
select
select
select

select

help

Samsung S5PV210/S5PC110 series based systems

CPU V7

ARCH SPARSEMEM ENABLE
ARCH HAS HOLES MEMORYMODEL
GENERIC GPIO

HAVE CLK

CLKDEV LOOKUP

12.1.2 Kconfig 9 4f

Kconfig 1)/ TR w4, 4 ke

(1) BEEATAE R HLIT R A /& 1% current_menu [1) )& 1

(2) BRI ITHE I, ARTTREA P, AT IR AT — > =1 menu, H struct
menu *current menu F&N. _E 2SR B sk N Y IS BT B 0 AR i struct menu  *parent;;
menu->parent = current menu; .

(3) 31 menu 454, struct menu *current menu Pk 5 A A2 5 B[P A BESE .

enum yytokentype {
T MAINMENU = 258,

T MENU

— 259,

T ENDMENU = 260,
T SOURCE = 261,
T CHOICE = 262,

(EEf A s P,
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}
Choice [FJ4bFH . Choice H:5Z 5L /& —FF menu, i F] Choice [ 4bHH 5 menu b FHAHALL,

case 5l:

{

/* HIXA™ Choice A TFHK struct symbol Z5fa*/

struct symbol *sym = sym lookup ((yyvsp[(2) - (3)].string), SYMBOL
CHOICE) ;

sym->flags |= SYMBOL AUTO;
/* NIiX~ choice £ struct menu %584/

menu add entry(sym);
}

i %] endchoice, fCASUn |

case b3:

{
if (zconf endtoken((yyvsp[(l) - (1)].id), T CHOICE, T ENDCHOICE)) {

/28 menu PRk F| 2% menu*/

menu end menu () ;

122 W & A sk

PAZ S TF-Bog — AN 2R3N, BE AN, PAZ I ME— T T B2 ia it
N LN A E Y LOG.

T AZ S, W BN RS i) — Lo Bl si . BODERER . B N AR SR i
— LR XY T BRI SEEL: — 2R KGBD X R 75 o B ACHS L inAChd, 7§
M AEME LA R A= s Su AR e Ze i TL45 W trace32. DS-5 (realview) KAzl 4k
FES, MM EMEEIZIT L UL W HI7E e TUas . IX ST B s AR w] LU vk — S0 50 57
1) bug, HEIXEEAT B H & AN T WA R AT IFPIRAS

Ty A B AR LR I AZ S B R B SR WAZR S, HE X SEBR IS AT IR ISR 78 4 ] feds
BoR? YRR AL, SR b W S AR R, i S PP IRSSEIAE, G ET S REAN T
BeT Wy B b WS e IXA R TLIE BN AR IS AT RS o WUER 2B IX LR DL, 98 AT HIHE
MEFRES, B T SR IS ARG s N A A 1k 50 T IR AR S, SRR IEAT
INf AN B] REAFAEHY

P AZAS & 8 G IR 1 N FH 288, PR e — A 2T Bt & 72 R A L= TN B 24
PR ERAEN printk, FRANEHHE WAZIZIT(E R, ARGl o HriX Lz 4745 SR A S .

AAZ R printk FEARTE N AT HUOTAREN, printk A 5 245 4F console, 5 £ 44:
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{E semaphore |fif H<Zx 5| A Wr. P LLFE 20K printk [ console #4F 2:45, 1l printk A~ 2:#4E
i@, A~Z: down semaphore. IXA¥ printk 52— MEEEEAENAF IR AL,  BLEEW 7E N AZ AT
o] — AN HOTAEH T .

HSZIX PR 20 N AZ I B i, 2 printk 2 T SETE N [A] (1), AbFE 2L printk
P FEERSS AL TR 2% FICHEF 5, 76 ARM7 _E VR ik 28 85 & B0, 73 I8 3K 5 L printk
MEIZ Ty AMEORAN KW, 5 R 2 Y printk FIRS AR 1o BLAERJALFE4F CAS/CA9
i) printk (2R T, A BEAT Linux WAZ S 4 IRUTT, ATA0 I () F8AS GE 2L AL BT 2%
il P9 A2 A A8 9 R IS ) 6T 22 48 1) 52 1

UL HL, I ) @A R, pintk U AZ G SATEIRINAE T, H2 B A4 BeliX
LN G B ke ? VAR IR, B m XKLL~ AP )5 2.

(D) R AEZL) A5 LOGBUF B NAFz K, i EREL 4, A
MOP R M) trace32, DS-5 b2 INZEDT, PTG L8 4047 P Arohie, U PEud)E
PR ) ) 8. Ay AR I N AZAE G EE R RIS O, L3l Linux B4R 21 428 Ak 2 45 28 F4)
~, BJLFEEAR NI H A Linux 2.6 B EIE DSP _E, WIS Arch M Aa#fiddcfr, H
B R TURAB PO F 2, 84T I ) B4 LOGBUF 5 ok, (LRI fis sV Mt
e T 2T — AN LOGBUF, Kb 2 E b — RN A ek, —4~ 4M 1Y
LOGBUF b & tth, 7 IR WA -E )\ 3

(2) 55 =R G 7E— AT e H XA EHE ER LR L) BUG [y, 1E1E RS
L HREH M ) LOG 15 HL, IXFE# 220k Ae pintk BN A7, XRE[RIIN AR M o« X R0
F, EAREFEREAW .

@ RFF pintk A48, 7RG BHL 18 217 AT printk, IXE printk 23 #1424 LOGBUF
{5 B

@ A PR %L senix printk, 1% pAEIE T printk M, 2 printk $#:4F console AHICHE
2, ZR B IH 2] LOGBUF, [K A logbuf lock #iA7E7E, FTLAANSFT #1456 ptinrk
% o

AT I CHT AT 2 W% R A OK,  Hi I fRefm i, printk [ ALEAE LOGBUF s 2 {15
BPAT, BWSEH . FEM I T S

12.2.1 senix_printk

AT NIRRT, BRI R K S % fRIE.

/*senix printk 5 printk Z%0€ X562 FE, HTE printk.h HEELS N */

asmlinkage 1nt senix printk(const char *fmt, ---)

{
va list args;

int r;

WESE it

va start (args, fmt);
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/ /PR TAF# Y senix vprintk
r = senix vprintk(fmt, args);

va end(args);

return r;

//senix vprintk M vprintk i sk
asmlinkage 1nt senix vprintk(const char *fmt, va list args)

{
int printed len = 0;
int current log level = default message loglevel;
unsigned long flags;
int this cpu;
char *p;_
size t plen;

char special;

/AR A B AR A AT BEAEN £lags, FERRIRASFAER PRI E AL, AR, 13X 5 G
AT B EFEALFR ZR AT T I ACRS I I, S arAbEE AR B RTET R, TR AT AL TEAR R B I
printk il spin lock(&logbuf lock) ;Kfxik LOGBUF [JVjli, spin lock (&logbuf
lock) AR — R, 7EZ FALTE 450K Bt AR IE I IR S AR 0 i AL PR 2, TAE B Ol L2k #4  Isf fi
spin unlock (&logbuf lock) f4THFXE], 1E ARSI I Pe#E . (H 2 2 hi AL FE 2% AE 7E 2K
BRI, ACEESRRGEN, NEOFEAIRER LA, SRR 2T, (X A0AAT NRERS T TRk
ZI1T o ME—RENSIE Pk LI cPU RAT AT, PRLUX IR, B 1R R i S A /

raw local irqg save(flags);

// *4¥ii CPU %5

this cpu = smp processor 1d();

/*WR printk cpu Z4H] CPU, HSW] printk A IEHEAN T, X585 AF, X24HHE
JEL 1/
1f (unlikely(printk cpu == this cpu)) {

[HENBIX A OTEE: (1) 7E pintk WA, 1 A A A 57 CEFEE BAT H 24,
WA AR RS, LLWrpr b IR, SGHI E4s ', console A EEER
it X (2) printk N XOBEHHA T printk, printk fAAHEA IR KEKEHHEEFR
[FJiX%E, 7E console unlock () ; A KIEIaAHICHIAES, WA eTaei i printk*/

1f (!'oops 1n progress) {
recursion bug = 1;
goto out restore irgs;

}
zap locks();
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lockdep off();

[/ BREEZ 1], KA

spin lock(&logbuf lock);
//printk cpu A HHI cpu
printk cpu = this CPU;

printed len += vscnprintf (printk buf + printed len,
sizeof (printk buf) - printed len, fmt, args);

/*printk buf LN E 5 IR A S HUE B/

p = printk buf;

/*IEEEN T, printk buf [EF =47 P[0] ,P[1], P[2]14 <L>, L 2WNEE XY
KERN EMERG -KERN DEBUG, KERN DEFAULT, KERN CONT, iXH current log leve

ok L ISR, WH L4 KERN DEFAULT, KERN CON, speical idxHAFHE */
plen = log prefix(p, &current log level, &special);

if (plen) {
p += plen;

switch (special) {
case 'c': /*KERN CON F/r4k&Luiymm—frHmth=/
plen = 0;
break; /*break, N/7ELLGE*/
case 'd': /*KERN DEFAULT, RpHilE—1T =/
plen = 0;
default:
if (!new text line) {
// R EEATIRE KERN CON, A2 —17, X4 %] LOGBUF
emit log char('\n');

new text line = 1;

}
/AR OAL BRI (g 5 S, R H 3] LOGBUF */

for (; *p; pt+) {
/ /BT
1f (new text line) {

new text line = 0;

/ *If [AJEEFE X HLE LG */
1f (printk time) {
/*Add the current time stamp */
char tbuf[50], *tp;

unsigned tlen;
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unsigned long long t;

unsigned long nanosec rem;
/*X L E NI A EUE,  (HAREEURS I [R] #R 4T EIE BRI a4 AN 2, 1 L
M printk 2I5E 2 OCH Wr L g2 A] BECER AR B TG, W R SRS A
e ) I [R) i 2 B S AEACAS HLE */

t = cpu clock(printk cpu);

for (tp = tbuf; tp < tbuf + tlen; tpt+)
/ /HEI X 2] LOGBUG
emit log char (*tp);

printed len += tlen;

if (1*p)
break;
}/ /AT ISR AL FE 25 2 I 45 R
/ /FEX AT 145 B th 3] LOGBUF
emit log char (*p);
/ /B \n I Fi—17
if (*p == '\n')
new text line = 1;
}
[/ RBIEANEXH, P console MM
//1f (console trylock for printk(this cpu))
// console unlock();
//HETALEEES 2T T pintk, printk cpu # & 4 UINT MAX
printk cpu = UINT MAX;
/1 BRERZ 11T )3
spin unlock (&logbuf lock);

lockdep on();

out restore 1rgs:
/R AHWOIRES, XHEAZITIFRW, it printk ZF5ACBE GRS 35 A7 a8 PR 5+ /

raw local 1irq restore(flags);

return printed len;

12.2.2 LOG _BUF
LOG_BUF s& HIoRJCHE printk log 5 B\ T7, A7 PArSEILT 5

— PP EREAE AL HLE S KA

static char log buf[ LOG BUF LEN];
static char *log buf = log buf;
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—Fp oy R EAE AL S EUE 5 52 HoK /s log buf len, %401 211% Z 5] static unsigned
long initdata new log buf len;ic.>k H: K/, RJGAENIZ A B ] void  init setup log
buf(int early)>k & 7~ 814 LOG BUF.

vold 1nit setup log buf (int early)
{
/IR B BHAGE LOG BUF AN, HARMATE new log buf len itix AN K pE
1if (!'new log buf len)
return;
/* N B &M AIE LOG BUF MAERHENIFAIE, IEWFINIED AR Z buddy system, X2
— AR RS I N AR B TEIX 2 HT [P /& bootmem, IX & — A I, BEAL AL — UL 1T #E bootmem
=M bootloader HINEKI NG E. IEWIHI FE bootmenm Jn #3848 LOG BUF,
HAEFE RS LIRSS, ZRR MK LoG BUF, A2 early ZEUIE X */
1f (early) {
unsigned long mem;
/ /bootmem b E VK, HUFM memblock 43 Ft N AT
mem = memblock alloc(new log buf len, PAGE SIZE);
1if (mem == MEMBLOCK ERROR)
return;
/ /5 3 TE H R A0 T 11 R f b ik
new log buf =  va(mem);
} else {

/*M bootmem BN ILMNE T« new log buf HAZIR[AIK]m 2 M 0L b+ /

new log buf = alloc bootmem nopanic(new log buf len);

/*5r LT 1B LoG BUF, 48T LoG BUF [k, Wi, Biff logbuf lock, H
f1 CPUO 7E#f, XH H gy FIWORITIE, HIOP Wi, AT EBE logbuf lock*/
spin lock irgsave(&logbuf lock, flags);

/*1og buf B MEHEE X, NEHARNESR, RN, I7EEes A5
log buf HFIEHRE 28 /AL LoG BUF W, Jf HAAH CHREH U3t ke* /

log buf len = new log buf len;

//1og buf {1 B4 AT

log buf = new log buf;

new log buf len = 0;

free = LOG BUF LEN - log end;
//con start, log start j& LOG BUF ML, WF
offset = start = min(con start, log start);

dest 1dx = 0;
/ /4 log_buf H[EAEH 20 B LOG_BUF, LOG BUF i [# ¥ BUF
while (start != log end) {

unsigned log idx mask = start & ( LOG BUF LEN - 1);

log buf[dest idx] = log buf[log idx mask];
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start++;
dest 1dx++;

}
/¥ WA Log buf HEIEBIZEK T, 5T LOG_BUF WA, HMREHLIREE)S

—fEx/

log start —= offset;
con start —= offset;
log end —= offset;

/ /1B, VR ST A WPIRAS
spin unlock irqgrestore(&logbuf lock, flags);

}

LOG_BUF {yigfF FE25ELL N = FaE RS .
(1) log start: Linux £ 4t I sysklogd Mix H #2107 log.
(2) con_start: %l 5 MIiX B 5t log {5 &

(3) log end: log {5 K\ 45 sl .

/ / ZR G ] LOG BUF 5 LOG {5 EIAIME— AT
static void emit log char (char c)

{
//1log end & LOG W& jattbhl, 2 - PTHAAF, SA
LOG BUF (log end) = c;
//1log end 5% M Ja R
log end++;
//1a¥ BUF, #i log endiB L | log start, log start [n])gH
if (log end — log start > log buf len)
log start = log end — log buf len;
//{E¥ BUF, %7 log endii .| con start, con start [#])5#H
1if (log end — con start > log buf len)
con start = log end — log buf len;
1f (logged chars < log buf len)
logged chars++;

}

LEAER A ] printk Bf, #5231 ] void console unlock(void). %A% & LOG BUF {5 &
i I ORHEBE o FERE N IR Z T, 75 %5 3| console semaphore.

vold console unlock (void)

{

/¥ LR B LA console #1E, WIR console AR[H, HERERA AT LAMREE FRMEN T, B
semaphore, i&[A]*/
if (console suspended) {
up (&console sem);

return;
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console may schedule = 0;
for ( ; ;) A
[/ RKHWr, 8 logbuf lock, XH ARG
spin lock irgsave (&logbuf lock, flags);
/ /5, BR AT EE sysklogd
wake klogd [= log start - log end;
/* kB AN TEEM, R con start == log end W& #% console
i L0 A Ex /
1f (con start == log end)
break; /*¥Nothing to print */
//AWEET, M con start #F| log end ) log fg &M console HIiXH 2%
_con start = con start;
log end = log end;
Eon;;tart = lo&_end; /*¥Flush =*/
/*f#FF logbuf lock, FRIMIMEEEBOAK, XN con start == log end EAL,
ANFHC ) FR A TR 25 A I 7 i+ /
spin_unlock(&logbuf_lock};
/ /P console Wa" log 15 B ik H %
call_console_drivers(_con_start, _log end);
/*EENXHEA TR, XGRS console AT, BT AR RIS T1H K5+ /
local_irq_restore{flags);

}

console locked = 0;
/ /T REIEE N &
up (&console sem) ;
/XX N ET break {F
spin unlock irqgrestore(&logbuf lock, flags);
/*S}"S]{_]_ng' i3 3o syslog W\fE 1Dg_1_¢ait b, W sysklogd. — RGNS E= T,
EIR AR RS # Android, EXANHLHIELTFASE ] */
if (wake klogd)
wake up klogd();
}

Printk R [f1_F 2R B FT D pR &L, HUE H R 28 2411 console IR A A &, 1fif BE ¢
BEM 2 printk HEHIFE AR SRR O T, XA SURNIOR . B RALE # 1) — N
iJll&: SMP #%: I, CPUL Mashidfess 2% LOG BUF A%, JRPW R printk i H]
FE S s &t an b R L.

/ /VE S TRAAE I AN

static void call console drivers(unsigned start, unsigned end)

{

for each console(con) {

1f (conenable && con->write &&

/ /KA Y ET CPU & FELk
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(cpu online (smp processor id()) ||

/ /15 T51% V-4 FIf) console flags f& CON PRINTBUFFER
(con->flags & CON ANYTIME)))

con->write (con, &LOG BUF (start), end - start);

}

1% PR BN 2410 CPU {128 )5 A4 43 3E N console )5 e %L, FEALFEZS online 4 E A 2
HriE ] printk, K EL LOG_BUF H)A%%, il senix printk 5 A 2 ifiid printk [
LOG i KA g% ob sl o A O DAL 31 2% 3 2)) 31 set_cpu_online(cpu, true); iX B I [A] ,
cpu_online(smp_processor 1d()#S A4, {HZIXH$EHI 5  con start ##EM] | log end,
+72 LOG_BUF 15 i £~
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TER RS R R BRI R G, WAFEERLT 2 kg il A e il . 15
A% S AT LUE B8 RS N AFIC P N A7, LA BB A2 DL BT, X T 32
. ARM Android T HEAN 4K, fE Android J] /7 2 /E4 4 Dalvik iz sUAL 5 485 W it
FE LUK Z2 48 Deamon, ASE I3 AT R AU A A2 e 45 T £ A B H 5 4K A BURTE G &R

13.1 Dalvik {45 B

Dalvik [ P 4753 FC R Li] B4 42 44 75 Bionic C J (1 I A£ 45 31 2 |, #¥E | )& T Bionic
853 ALHE IS [ A T T BT BB T Dalvik (%SG BEHLE], o & B
55 Dalvik 57 [ACHLH

PRI RERME T, AT R B R 7 0, AR SRR T80, i i A 54 J [ 1
Kok, BB AR A R L AR B, D T I RAR I HLEE, Tava AR
053 BT 23 AR RE AR 5%, 3K LA T 0 B HE L

13.1.1 ERIAEFES B

F P 2 K U A7 100 20 TG 00 32 72 1% BT 20 TIC R U P A7 st ik % 9 k2 i A o AT &, B i
map HLHILE AL T ERE B AN AF A BEG5 Ra b C Y iZ B N A k. AR P i
malloc 7EUEAT 73 #7523 A P AR AE T R SE /BRI AF B . (H 2 XA Be WA BL AN RE
PRl HoAT 2 SE Bt N P EEN AT JRINE T, W03 N A48 A2 Bl 0L 29 e - HE a3 v R I,
5 PL 4K BT o 3XAS 4K B N A AT G XS Y 4K P RE RN e kb, i) EE Y A7 1R 4 T 2
{E 4K Huhibrh o8 — IR S EI A . BN 2 malloe SR I N A-BOIT(E 4K [E U A7
AT SV L, W malloc 2 HEEAE XN PN AT, & WX BRI AF L &2 —A
T WIS AEf 45 SWAP HLHI ) RS HL, IX LW B N A7 38 A7 7E B I 9% shrink out 1 demand
in [ 1] §E

75 P & E— U0 malloc #E4T 5 #aE DL S IR DL Ja e ey, #0 n] 5e 5 20U A 46
FEHIIRIR, FRIKAE T vl ae s DM F N A7 7B,  ERIR P N A7 Be Al AT vl fe 72U it
15 . demand in %5 S EURIRMIZIVE B ACHLFAT I 18] 2 BE OG0, 7Kz #2472 7 malloc
H SR N A7

(] 20 1@, malloc Y NAFAE C E A GG N, XADEHIRE WP E A,
(SN0 wd BBl - Eonl I P o SR E A= SL 2y A S Y 1 N
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struct malloc chunk ({

size t prev foot; /*Size of previous chunk (1f free)*/
size t head; /*Size and 1nuse bits*/
struct malloc chunk* fd; /*double links —- used only if freex*/

struct malloc_chunk* bk;

}i:

(1) 78 sE size t prev foot, /EAHZR I HITHISER N AFE S N (free) B, i ST
BN AFER RN

(2) H iR size thead, &5 30 A7 id s ARBL AR/, 25 O 7 id s Ay i —IR N A7 42
f o ic QEEMEHY), 2 1 ALl AN AR 2T L& .

(3) J& 178 struct malloc chunk* fd; struct malloc chunk* bk; H 7F 15 N AT 25 N B
., & smallbin Al treebin [1)777 &

malloc 5 Dalvik <[] 5¢ 5 /&, Dalvik fE LA L DL 2R 48 1Y —LL native pREUF] deamon
%] malloc, 4 Dalvik SEATXI 5 730 BUi, SE B &R R A A7 0 0 B B K /N Y A7 5 1]
(EREAEREAT SR

malloc HJSEINA Z 5, 7F Android Bionic FE B 70— AN 17, B JCM smallbin H
T R I A A B, 25 AT £k 30 A ] smallbin HL ST R P A7 B 731 o #5318 AN i /2 L treebin
PSS G R, AT, A ST RS B map KRN AFEGE YK struct
malloc state X+ .

//bionic c FEl malloc SR

vold* mspace malloc (mspace msp, size t bytes) ({

mstate ms = (mstate)msp;

1if (!PREACTION (ms)) {

vold* mem;

size t nb;

// MAX SMALL REQUEST ZRiA{H/E 254
if (bytes <= MAX SMALL REQUEST) {

/ /5K nb W NAEERAT V[P smallbin 2 5]
1dx = small i1ndex(nb);
// mspace 1] smallmap fEFRH, 2025 W TN RS ArR

smallbits = ms->smallmap >> idx;

1f ((smallbits & 0x3U) !'= 0) { /*Remainderless fit to a smallbin*/
mchunkptr b, p;
idx += ~smallbits & 1; /*¥Uses next bin i1f idx empty*/
/ /M smallbin 3 HEH XA 25 W I AR
b = smallbin at(ms, 1dx);
p = b->fd;
assert (chunksize (p) == small i1ndexZsize(1dx));

unlink first small chunk(ms, b, p, 1idx);
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/*REARB) head B EiZNAAELE /D, JF B F A WAFERE head 22 & B 1
PINUSE BIT EAL, AN T —ANANAARIAEERK, BN AFRLE T 20 BoRaS*/
set 1nuse and pinuse(ms, p, small indexZsize (1dx));

mem = chunkZmem (p) ;

check malloced chunk(ms, mem, nb);

goto postaction;

}

else 1if (nb > ms->dvsize) /|

if (smallbits '= 0) { /*Use chunk in next nonempty smallbin*/
/AP IE IS G nb AW NAFEL, {H2 smallbin B3R HilA 8 K W N AEE
I3 Tc* /

binmap t leastbit = least bit (leftbits);
compute bit2idx(leastbit, 1);
/ /%3 Bl

b = smallbin at(ms, 1i);

unlink first small chunk(ms, b, p, 1);
rsize = small 1ndexZ?size (1) — nb;
/*Fit here caiﬁot be remainderless 1f 4byte sizes*/
if (SIZE T SIZE != 4 && rsize < MIN CHUNK SIZE)
set 1nuse and plnuse(ms, p, small indexZsize(1));
else {
set size and pinuse of 1nuse chunk(ms, p, nb);
//r Ve e AR
r = chunk plus offset(p, nb);

set size and pinuse of free chunk(r, rsize);

VA £, B dv T

replace dv(ms, r, rsize);

}
else 1f (ms->treemap '= 0 && (mem = tmalloc small(ms, nb)) != 0) {
[/ TESTEE) size B K, HFUM tree BN T

check malloced chunk(ms, mem, nb);

goto postaction;

}
else 1f (bytes >= MAX REQUEST)
/¥ Fe KN AAAE G DU, ANTE SRS 2R NS AL [ R 88 deamon HLHHIL, 5 HH% M A map
HH oK /
nb = MAX SIZE T;
else {

nb = pad request (bytes);
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/ /Wil smallbin Ml treebin BAEAAE S, - R BIKE Z K] dv
1f (nb <= ms->dvsize) {

/ /M dv k]

size t rsize = ms->dvsize - nb;

mchunkptr p = ms->dv;

1f (rsize >= MIN CHUNK SIZE) { /*split dv*/

set size and pinuse of inuse chunk(ms, p, nb);

}

else { /*exhaust dv*/
//av W 1

size t dvs = ms—->dvsize;

set 1nuse and pinuse (ms, p, dvs);

}

}
else 1f (nb < ms->topsize) { /*Split top*/

//nb BB, M/NTHEEFR free BAF, M top HK
size t rsize = ms->topsize -= nb;

mchunkptr p = ms->top;

goto postaction;

}
/ /B RKAAFHI G, BT ARG, R KBRS hE

mem = sys alloc(ms, nb);

}

SE N BIEAT, MR TR BRI R, A SEUBRIA AR, HE N RER
HIEHE Z BN AE. B EMN N, Briia IS R a LA et bk R E 4R . 7F
H S G s BB HAS TR 5 /) 5 R BN AE & R K.

/*[7] Z5 G0 U HEAUL A A7 /

static void* sys alloc(mstate m, size t nb) ({

/X T RKEEUNAF (/M T mparams.mmap threshold) WZrAd, wf LUl =07 k1T,
AR AT TR RS, E T BATI B, XE AN A/

if (tbase '= CMFAIL) {
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}

else {
/ *BLH T HALFXE, FHEEX) mstate [f) msegment seqg; #ERF I 5
g (1 X 3 555 0 G R IX B A7 X A5 e /
msegmentptr sp = &m->seqg;
while (sp !'= 0 && tbase != sp->base + sp->size)
sp = sp->next;
if (sp '= 0 &&
!is_extern_segment(sp} &&
(sp—->sflags & IS MMAPPED BIT) == mmap flag &&
Segment_holds{spj m—>t0p7) { /*append;}
/AR E] A BEAT B N AF DX, I DX A5 R e 20 o X R n e bk, SIF2, fE
Android RAEHFIX A& H KAENEMN, 7T system allocation [1] 99%LL ARk Z*/
sp->size += tsize;
init top(m, m->top, m->topsize + tsize);
}

else {

if (sp '= 0 &&

!is_extern_segment{sp) &&

(sp—>sflags & IS MMAPPED BIT) == mmap flag) {
VA3 % R v e S [ P O 74P 510 L | o T W e S e SB[ P
char* oldbase = sp->base;

sp—>base = tbase;
sp->size += tsize;
return prepend alloc(m, tbase, oldbase, nb);

}
Else

/AT BEAT AT DX 30508 7 B X A SR, A8 4 FE 04 9 [ msegment*/

add segment (m, tbase, tsize, mmap flaqg);

1f (nb < m->topsize) { /*Allocate from new or extended top space*/
/ /B IE nb 43 e i 4]
size t rsize = m->topsize -= nb;

mchunkptr p = m->top;

return chunkZmem (p) ;
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/*{i 1] segment, KT segment 5 mstate 747, £ malloc.c XIS I VRN )RS,
W T B e/
static void add segment (mstate m, char* tbase, size t tsize, flag t mmapped)

{

char* old top = (char*)m->top;

/*mstate 1] top FRMIHT A ACX IR, KIAHBEEG ) top segment #EA | nb size 4L E
3Ky 10T 70 HE AT DX AT BA, 30 A e i ) Jigt AT /

init top(m, (mchunkptr)tbase, tsize - TOP FOOT SIZE);

/*HUFT Y segment f:3 mstate [f) msegment seq; HER [, LRI EE L/

set size and pinuse of inuse chunk(m, sp, ssize);

*ss = m->seqg,; /*Push current record*/
/ /Z:hE
m->seg.base = tbase;

/*JFAT I segmnet RIFE A /DHEHF bin FERBMA tree F, N HAEAL T/
1f (csp !'= old top) {
mchunkptr g = (mchunkptr)old top;

insert chunk(m, q, psize);

}

13.1.2 ARFEYK

TSI AT IS, PAZIEIOR 5 TH0MR T o A R TR I KT i 2 I Hh 3
S b, 7E top Bl (7 A A7 KIIEAT trim 3 0E, EUR A IE AL S

6 top B i W1 B T L0 7 A PO A7, B J e 5 O i £ A AT, (4
IR (. DRI F POAE AR L I 4 PO, 78T swap BLAIIO T4 % FBIR B
Pett, XEHRIL

/ | AT HORE T30 eR1 24

vold mspace free(mspace msp, void* mem) {

1f (mem '= 0) {

1f (!PREACTION (fm)) {
check inuse chunk(fm, p):
1f (RTCHECK (ok address(fm, p) && ok cinuse(p))) {
size t psize = chunksize(p);

mchunkptr next = chunk plus offset(p, psize);
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/AR N PR E T ALTE free IRTE*/

if (!pinuse(p)) {
/AT NAFER free, TR HL H A AFERIF) v/
size t prevsize = p->prev foot;
if ((prevsize & IS MMAPPED BIT) != 0) {

/*RI T AAFERZ H4% map 1K), G J)F ummap %/

prevsize &= ~IS MMAPPED BIT;

psize += prevsize + MMAP FOOT PAD;

1f (CRLL_MUNM&P((Char*}p_; pré&size, psize) == 0)
fm->footprint -= psize;

goto postaction;

}

else {
/ /AT N AR N4 prev
mchunkptr prev = chunk minus offset (p, prevsize);

/ I BHRAERAT A IE, R A
psize += prevsize;

P = prev;

1f (RTCHECK (ok next (p, next) && ok pinuse(next))) {
/R F—NNAFAREPREZ R free

1if ('cinuse(next)) { /*consolidate forward*/

[/ F— AN T free RE, ATLLM T 5IF

1f (next == fm->top) {
/T A PAF SR mspace [ top B, HUE B LR HIA T . 2% 13 17 e RE
2 H I N AT o/
size t tsize = fm->topsize += psize;

fm->top = p;
p-—>head = tsize | PINUSE BIT;
if (p == fm->dv) {
fm->dv = 0;
fm->dvsize = 0;
}
/*A mspace &1 TR ZHENAE, RGBS IA S, BBEEL 2 U A A7/
1f (should trim(fm, tsize))
sys trim(fm, 0);
goto postaction;
}
else 1if (next == fm->dv) {

/ /next WAFBE dv WAFER, UFIE, sEARBRNAAGIF B
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size t dsize = fm->dvsize += psize;

fm->dv = p;

set size and pinuse of free chunk(p, dsize);
goto postaction;

}

else {
/ /%538 1) [m) By N A7 B A
size t nsize = chunksilze (next);

psize += nsize;

unlink chunk(fm, next, nsize);

}
Else

/*FCIE T3 I NAE, R next WAFEL) PINUSE BIT b5

set free with pinuse(p, psize, next);

/AN A H R smallbin B8R ELE tree H
insert chunk(fm, p, psize);
check free chunk(fm, p);

goto postaction;

13.2 Ashmem

[ 24 NAT, AL PC Rl 55 4 P4 55 T A% n] LA ] SWAP HL%'JH/F%%"EFH [ A
TR . Fe 1A Android FRGER SR X Rp Oy JOokA 48 A=), HARO & D B
Dalvik ZEFEGIH— /‘II‘L’HTEI’HLTJL%?‘%TT% i A EESCAY, Rt Dalvik | PEF% BN
1] MAP FI3X /N CAF o XMk 5 SWAP ALERSE AR, BEA T P9 A% R 46 A\ 45 L
I

(H2Pfi# Android Ji{iE, Ashmem FF#feful | JAg k. RF’W”E%EJEFF’HT*TL%JE’J@%
AAH,  Ashmem A& — 2RI PER 58, {H 2 Ashmem 3 P4 ME 15 FRIE I HE /T
ﬁ@%ﬁﬁﬂﬁ%ﬁf::Eﬁt%mﬁ%mﬂﬁﬁWfﬁf%%@ﬁfkﬁ%ﬁ%%
B

1EFSY Ashmem Z Fy), Ze[0i-— F ramfs, 7F rootfs 23 #1H 18 £ 1) ramfs, HH ramfs
VE 4 rootfs W2 SEA B . ZESEEUEA E, ramfs &2 —PNITIER SRS, HAFR 2 4k
e WA AR KA i, BT B N A 1 H 7T i) Page Cache H . Ashmem AL |,
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FEANHERE B 22 R AN AE 80 AT 45— ramfs 1775 525,
/ /EH P 2540 LR 24 N AE 2 B B4 MMAP 4%

static 1nt ashmem mmap (struct file *file, struct vm area struct *vma)

{

1f ('asma->file) {
/¥ TARG AL E AL, A iZ)ETIEE L WA PG ramEs 17 fi*/

vmfile = shmem file setup(name, asma->size, vma->vm flags);

}
/*Ashmem Bt AL ALEHLRISEEL, ML EGHE | tmpfs, HLENAENZET ramfs AL/
struct file *shmem file setup(const char *name, loff t size, unsigned long

flags)
{

//1E ramfs i1 E
inode = shmem get inode(root->d sb, NULL, S IFREG | S IRWXUGO, 0, flags);

[/ NG RELEP” file
file = alloc file(&path, FMODE WRITE | FMODE READ, é&shmem file

operations) ;

}

11 11X )= MAP i3 2 ), R4 44 AT AR IR DU 74 int shmem_getpage(+++)4ifi 3k
5, & PoRmie WAz BT page cache HHTG #1FE. 4% FoK, g Linux f2 48 P9 A7 ) 5
ABATHUHIHE S T, TR, SN, AR 4.

{Hi&, YEN3ET page cache () 3CIF RS, ramfs & &40 A4 H 1), WERE 24 NAE D)
PR R R AE A B, X EREIE 1 4E SWAP HLHI I 24 S8 UL N A7AT A4 X 0 e ?

1% Malloc, wJLAEB|, W HE47T I N AF R e AME I G FEG  IX =2 2300
PR DU N RN AF o TR, PAZ I ANKIIE IXAS DU 2 v ARSI o DR 22
24 AT WA REAE H AN BRI R L, {2 X DU AN — € AB7E LRU RN . B
PAIXAS Il e 28 P 2508 R0 N AZCRE IX AN DUTHN R JidsE, 11 Android B & IXAE AT« PITEL,
S ramfs, XD EVEREAAAET B, K page cache X iV UL [ truncate B 1],

/¥ N RZAC KR RT3 W FT AR B R WK IR 5K, 75 % shrink WAF, BiA {E Android

T’k ASHMEM PURGE ALL CACHES fiv& W, M2 G Tt/

static int ashmem shrink(struct shrinker *s, struct shrink control *sc)

{

list_for_each_entry_safe(range, next, &ashmem;lru_list, 1lru) {
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/*NZF I page cache IHUEEREL B MER inode 17 R XTNAE start ] end 2 A
M ff page cahe W [H*/

vmtruncate range(inode, start, end);

}
L SCHIPERS 3 AT HL B 2 T Ashmem 3 WUNAH OCHIANHY, 111 Ashmem 2 i Bl Ge i 2L

S NAENLHIA Binder FD RS2 H A AL =04, Ashmem M EH E— 25T, X HE AN
MEEZNE, AHHLEIZ WL ERL A A7 A1 Binder 7577,

13.3 GC

JEUE SR E 5 R AL G B 55 a1 e i, {H X 48 ) & T Dalvik (1) H A
T R4, GC Ak 2 Dalvik N AFEEE . %) T Dalvik GC fif 5 2EA4 70 B [P 50 CUp
bionic S8, 1ff HARVF N 1 8kt LA Fa B, Dalvik i) GC HLHI I SZHE T A marksweep
o, FrLA Mark HLHIFR#GE R 1, Dalvik GC 1 28R gL i 1 o

13.3.1  XF& Mark

Mark I8 BRSO Sebrid ok, 7ES I gE i Dy MR, #ZX IR 5
HIZRAL, N IHRIT T3 AS )5 B S

/ /3 53k [ ) B A R K
static void scanObject (const Object *obj, GcMarkContext *ctx)
{

if (obj->clazz == gDvm.classJavaLangClass) {

JRFREI, T RCREGE S A, SR R s e/
scanClassObject (obj, ctx);

} else if (IS CLASS FLAG SET (obj->clazz, CLASS ISARRAY)) {

/1A RBAXNS, DA H R RN RIMAT scanArrayObject
scanArrayObject (obj, ctx);

} else {

/ /&R S, X RETE BT R
scanDataObject (obj, ctx);

}

/A R, TRz B AR d o R, i B 1208 B R R D
s iz A B P G| TR — 00 Gex/
static void scanDataObject (const Object *obj, GcMarkContext *ctx)
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/ /B B N IIAE P kil A o R
markObject ( (const Object *)obj->clazz, ctx);
/* AR 2 B P ER B3, Rz B AT T A Skl A/

scanFields (obj, ctx);

13.3.2 M Root MR EF| L BEITHR

GC M root X} % T4 [ 7| 4%, root XfZRELFEMMAMIZR (WAFE 4350 KX A7/ T

Dalvik) .

a5 eRgl ARG IR, M5 KmE Java WA IO S ) e it

thread [k Py gt AN, AT B E A2 O B 5 55 | DS B 34
/ /Root X ZEFRAL

volid dvmVisitRoots (RootVisitor *visitor, wvoid *arqg)

{

/7 EINE) R

visitHashTable (visitor, gDvm.loadedClasses, ROOT STICKY CLASS, arqg);
WA IS E BN

visitPrimitiveTypes (visitor, arqg);

/ /2R G K| &
visitIndirectRefTable (visitor, &gDvm.]jniGlobalRefTable, 0, ROOT JNI

GLOBAL, arq):;

visltReferenceTable (visitor, &gDvm.]jniPinRefTable, 0, ROOT VM
INTERNAL, arq):;

/ [ ERAE I3

visitThreads (visitor, arqg);

/ /N ERE, X HERER RIER X Z6FE stack 1))

static void visitThread (RootVisitor #*visitor, Thread *thread, void *arg)

{

threadId = thread->threadId;

/ /P 2R RN Z A 5
(*visitor) (&thread->threadObj, threadId, ROOT THREAD OBJECT, arq);

/ /TR FE N B
(*visitor) (&thread->exception, threadId, ROOT NATIVE STACK, arg);

/ /] java £
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visitThreadStack (visitor, thread, arqg):;

Java #R K 7, ik ERE#HS 4 Java KFREIT N =A% 5| ER L. Hef
Dalvik t& 452 WA HAHICF T,

//H Java #

static void visitThreadStack (RootVisitor *visitor, Thread *thread, void

*arqg)

/ /B iAL B
for (ud4 *fp = (ud4 *)thread->interpSave.curFrame;
fp !'= NULL;
fp = (ud *)saveArea->prevFrame) {
Method *method;

saveArea = SAVEAREA FROM FP (fp);
method = (Method *)saveArea->method;

/ /K B i it ok B A A A
1if (method !'= NULL && !dvmIsNativeMethod (method)) {

1f (regVector == NULL) {

/*BATHEAT regVector, WK ZFBA 17 58 B 0N A, 25Xt B
{7k Py A/
for (size t 1 = 0; 1 < method->registersSize; ++1) {
/ /BB AR
1if (dvmIsValidObject ((Object *)fp[i])) {
/ /i 77
(*visitor) (&fp[1], threadId, ROOT JAVA FRAME, arg);

}
} else {

L

u2 bits = 1 << 1;
/ /UL EIEEN TR E, MBS, HiEZ

for (size t 1 = 0; 1 < method->registersSize; ++1) {
if ((bits & 0x1) '= 0) {
/ /3 JH

(*visitor) (&fp[1], threadId, ROOT JAVA FRAME, arg);
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13.3.3 GC 5%iELrH4

GC AR e A2, 2 Java BENSZR Sk Eear PR bt . JRUINPE T76 GC 2GR
I B e B8 1% Java HEFE I BT AT 26 % suspend {51317 GC, HI] GC 4518 2 i iR 1Y

1 GC ZFE, &5 void dvmSuspendAllThreads Ji %1 HAth Java ZEF£1E A suspend
RES, HAth Tava ZRFERIMRE 2 EE SR 2 TR 52 SRR B2 ] void dvmCheckBefore 14 7%
union InterpBreak [ uintl6 t subMode; H /2 15 75 %% suspend, #7251 e, Wi H
dvmCheckSuspendPending i A suspend AR %

/*GC Ze A2 i FH i R B US4 Java BEFE*/
void dvmSuspendAllThreads (SuspendCause why)
{
/ /34 DVM BHFEF A 1] Java £
for (thread = gDvm.threadList; thread '!'= NULL; thread = thread->next) {
1if (thread == self)

continue;

/*¥ B thread 1] int suspendCount Ji1—, Hi%® union InterpBreak [f]
uint16 t subMode;iR&, % thread ¥ LA int suspendCount Mluint16 t subMode;
REVEA BT E suspend M5 A*/

dvmAddToSuspendCounts (thread, 1,

(why == SUSPEND FOR DEBUG ||
why == SUSPEND FOR DEBUG EVENT)
21 : 0);

for (thread = gDvm.threadlList; thread '= NULL; thread = thread->next) {

/%35 551% thread IKIR, 7 SERFISREL @R R, WHERTHZERRMILLH, #izsrt
AT IEAT S RALEATHOHE L CPU, &z AT R/
waltForThreadSuspend(self, thread);

//Java LIEMTER KT 24 R Ja i AR %L
vold dvmCheckBefore (const u2 *pc, ud *fp, Thread* self)

{
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/*Xf T GC 15 ¥l, suspendCount A Hx*/

if (self->suspendCount ||
(self->interpBreak.ctl.subMode & kSubModeCallbackPending)) {

/XA YA 4 R NIe 2 JE £ A kInstrCanBranch | kInstrCanSwitch |
kInstrCanThrow | kInstrCanReturn H[—#, Bl Java ZFE/EBEYL R[A| HAZ ™
He W I A 352 GC 1) Suspend i 3K*/

1f (flags & (VERIFY GC INST MASK & ~kInstrCanThrow)) {

// KiE GC R EIEK

if (self->suspendCount) {
dvmExportPC (pc, fp):
//i## N suspend
dvmCheckSuspendPending (self) ;

}

H LT BLEZE GC O SEIH 1) st 3= 22 S B FEA v 5. ANn[ Tl ) Suspend. 1T
GC XJ Java Zf% Suspend HAEFE 7> 4 BL B JLAME L -

(1) T ia 7 & HIRTFALFR SR RS, PR 0 Eoad 2l phf ik Al 35 2 B Al .

(2) T 1E1T SMEE ARG B E R, XSG OLPETT HAL Se 08 A3 280 o 1] it

(3) W TARIE T4 Java Z6he, IXPPZEAEAT ok B AT I 75 E2 A0 71 int suspendCount
F11 uintl6 t subMode; LAZ54F GC 5E % .

F1Ah GC H G 128N A 520 S ) QBN 22, [NOA) GC IR R E T 46 FE Suspend
INEINOR N 2
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14.1 Dalvik JBIPLTIHERE

{E Dalvik it F2 610 22 (1) e 8t — 22 )& A H Linux 1) Fork #L#| M zygote £E{4 Fork H—
ASFrEERER . B T IX AT MESOSE R HL T .

(1) H1/& Linux 1) Fork #Li, FritFes il Zygote [ n] =2 fz fUlH0 bk 8] (1) 7 3% it
Hk. A EZ X EH Linux H 5 /) COW YLHIES LA .

(2) Zygote L& B#HAT K IMIaa4, a7 Ko HIZRZER — JEHI B8 %, #HT

(3D FrbFEan BATA A 3 50RO, ] LA Z) 4% kenel 235, 22 systemserver ! Zygote
BAT I, RGEIIR a] LM RR 24T

(4) 1EHFLIZEAT NV FACHD 2 M) 2t Android BEFE 2 HERL . [ TALGEFE L ] 1 1D,
1 ID W HEFE AU ) BRITE B R IX 5, i Capabilities & 7747 5 0040 75 Hb 42 W6 A
B3 1)

//Zygote Fork HrZtfe szl ek &L
static pid t forkAndSpecializeCommon (const u4* args, bool isSystemServer)

{
pid t pid;

/ /i) UID A1 GID, XZTEMH PackagemangeService 1&Zi%il 1)
uid t uid = (uid t) args[0];

// VWA Linux 24 Fork

pid = fork();

/ /56 Fork s, B A af WX B ik 7]
if (pid == 0) {

P UIH SRR SRR A i e EE, (HZ2IX 2 Android EFEIEAT )LD EE. BEAIX R H
Zygote Fork H1BERE, ‘& A5 Zygote fHRIFIALFR, X AW RVFH, AR Android | ff]
EEIR R LR T o TR ERE R T IX BLIE BT N4 APK [f).so il dex, B LBt
FEAEIX B A PR BRI A AU s BT b, F2n2 1B E R APK (AR i T -

Wi Android [ 224k EE— 20, HRFEL T Selinux [ i) AV N FH ) 58 i3 2 0 i) ‘224
P, HRATTH B EW, HWRAKRAY K Selinux WIERAC. A 78R T80, FFX6
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gl

SEAndroid/SElinux )73 #r ATEA g BVl 2 N

#ifdef HAVE ANDROID OS
if (uid !'= 0) {

#endif /*HAVE ANDROID OS*/
//EERPA

err = setgroupsIntarray(gids);

/ /B o U PR 1)

err = setrlimitsFromArray(rlimits);

//HEE GID
err = setgid(gid);

//HEH UID

err = setuid(uid) ;

//Capabilities [k H

err = setCapabilities (permittedCapabilities, effectiveCapabilities);

/ /BB DVM 5 k) (R 78
Thread* thread = dvmThreadSelf () :;
thread->systemTid = dvmGetSysThreadId();

} else if (pid > 0) {
/*the parent process*/

}

return pid;

}

At )G, AR ] Zygote 1, (HZACHEREGRELZERF B0 DVM dEFE 1)
$m,%ﬁhfﬁ“WHWMWEZFH%I%i

14.2 Dalvik ZeFLGIIEHLHI

Bionic [JZFENLTZE Dalvik 26542 1AL 2EAt . LS E I Linux EKJ Fork Ll >R 5K
LI, IXHFE Android [1] Java £ R 5EBr Bl 2 ANEEA I8 Linux 2678, HIHE5%ES% W
Wy

HRREIIB AT Ak, #R 2 Mgl Bk, Dalvik ZFE W ANMGI 4L, %60 Android LAY
VR HL 45 T i) bionic R FRHIAR 45 H4 .
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TLS area |

stack area

AT W, SRR AR S 2 B AR R A7 BOZ A RE I FE 45 1) pthread internal t; %47 24k

RE R D PR R Ia AT IN 7 A A HER A -

ENTRY (| pthread clone)

LRI A A S ILIEAE pthread AP, SEHLUNF -

int pthread create(pthread t *thread out, pthread attr t const * attr,

vold * (*start routine) (void *), void * arg)

SRR, SRR, He 2 i A
if ('attr->stack base) {

stack = mkstack(stackSize, attr->guard size);

} else {
stack = attr->stack base;
}
/ /TR E R Jmy A AT
tls = (void**) (stack + stackSize - BIONIC TLS SLOTS*sizeof (void¥*));

/*W ] pthread clone, &l F X[ &HE LS L E CLONE VM, WA U IEZS R I,
BlZf2. pthread clone Ml %I, =& Bionic —#4, W F 3=/

tid = pthread clone((int (*) (vold*))start routine, tls,
CLONE FILES | CLONE FS | CLONE VM | CLONE SIGHAND
| CLONE_THRERD | CLONE_SYS?SEM | CLONE_DETRCHED,

arqg) ;

pthread clone (S

.cantunwind

/AU RN B RETONHER, 208 26 RE I A A% R HH I 2 X L S B SEp AT bk . Hoep vl
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s MEFR Hi ik = /
str r0, [rl, #-4]
// 280 w22 HUE B
str r3, [rl, #-8]
// CLONE VM %5 BURAE r0, IEAFM &G
mov ro, r2

#if ARM EABT
/1 RAF TR rd—x7
stmfd sp!, {rd, r7}
//Z38 1A clone, clone Bl Fork [f]—Fpalds

ldr r/, = NR clone
SWi #0
felse
SwWl # NR clone
fendif
//HIERAE) 0 9 0, Z WNEH
movs r0, ro0
blt ___error
/ /O ZAE K HLIR [A]
bxne 1r
/ /BT R AR ST
/ /B A7 R B 2 R HE A B RS i 3t ik R 22 5
ldr r0, [sp, #-4]
ldr rl, [sp, #-8]
/ JHAARNOMEAR SRR 1 TLS DX, 2 00 b 3ok 44
mov rz2, sp @ thread entry needs the TLS poilnter
sub lr, 1r
/T ERREAR L] thread entry
b ~_thread entry

END( pthread clone)

/ /W2 trampoline

void thread entry(int (*func) (void*), voild *arg, void #**tls)

{

int retValue;
pthread internal t * thriInfo;

thrInfo = (pthread_internal_t *) tls[TLS SLOT THREAD ID];

/ /TG BT R PR I R A2 SRy S A7 ik

__1init tls( tls, thrInfo );

/ /W5 BB S R 1S 4 Hi ik

pthread exit( (void*) func(arg) );
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14.3 Android Z&FRiml

Android HEFERAEJE ZHEFEN . Android [FIZEFE45#AT Wi L.

(1) TZHE, i Zygote BHAE L.

(2) SRt AR s I E 0, H2 R G E DVM 75 21 Context, iX48
2R FEEYE Binder I, SEHL Binder 1, A2 Binder i UKaN1T:_FFE 5] Java /2 5¢ s 2k F2 1
H A 2SRRI D

(3) Java W HGUEERIZRE, il 1) Dalvik 2655 .

(4) fEH P& R E R R pthread ZEFE VA AHM. [F) DVM Contex, JGiAi $] Java

B, HReP AT ZREHINLASAY, 85— 4% deamon T k.
0 ZeA2 2 Android N HAEZEHUEINAE R, Jo APPSR . AR, AR

5 H TR P R R 1 A

1431 FEHEMEK

{E Zygote BE{A Fork H Android N ]2 J&, FEL&FE1E A8 1Y Android [ ] 1) 55—/ 2k Fe
AFAE T

public static final void zygotelInit (int targetSdkVersion, String[] argv)
throws ZygoteInit.MethodAndArgsCaller {

/3 MNIX BN A HE R [ 2 FE it /
zygoteInitNative () ;

/TR NOK B, activitythread M T 7RI S HAT+/
applicationInit (targetSdkVersion, argv);

14.3.2 LRIEZRIERIE R

T FESARTE Java 5 il | class Runtimelnit [ public static final native void
zygotelnitNative(): .

C++J= ] class AppRuntime [Y] virtual void onZygoteInit() & £ 5¢ B 5L P 1Y) TAE S e ] &t
TAE, SRl bR, gtlds—14%E A, R)G%R A YUE Binder [y
BR SPAWN LOOPER Hiff, zgifF /BN, ZefE A Q@42 B, ZifE B 4kl
BR SPAWN LOOPER Hiff:, zJiffF &AW, ZAFE B QLA Co TSR g e —IE 4
R 3 A4ye 1X 52 Binder PMYIRE R, MR REeACHAREH UL FEFE ) Tgdnm B, Sefe
M2 AL IR H n] Lah &k %, 29581X )& T Android fLAC % 1€, A 7& Google Android Release
S



14 5 R S8 277

virtual void onZygoteInit ()

}

{

sp<ProcessState> proc = ProcessState::self();
/* IR EE R )5 — AR */
proc->startThreadPool () ;

2 P 1 ) 22 6 4505 230 1 Tava SRR GURRIE MG 2, X450 AT AERSIEA DVM
TEAT I A ST T

int AndroidRuntime: :javaCreateThreadEtc (*)

{

/*entryFunctiDn_Eﬂ%}class PoolThread :: virtual bool threadLoop()*/

args[0] = (void*) entryFunction;

/*AndroidRuntime: : javaThreadShell & REEMIRLEERE, © N4l d & Er pvM
context, HiMH] entryFunction iz{7*/

}

result = androidCreateRawThreadEtc (AndroidRuntime: :javaThreadShell, args,
threadName, threadPriority, threadStackSize, threadId);

int AndroidRuntime::javaThreadShell (void* args) {

/¥ AALREONE Java BT context, %#B7r TAF S Dalvik ZefE6)E 3, HAxy

P Dalvik ZRFEE4p*/
1f (jJavaAttachThread (name, &env) != JNI OK)

return -1;
/¥ L Y, i class PoolThread :: virtual bool threadLoop () */

result = (*(android thread func t)start) (userData);

ze FEvh HL A — 2R FEEF 4k 7K H class PoolThread, threadLoop()/&H T2 T 1k,

class PoolThread : public Thread

protected:
[ REMM AR LR TAF, Bl Binder PMMAIINAT . AT AT ERFEIBERFE U ERAE SR, HTAEANRE

AT W, Binder #47*/

virtual bool threadLoop ()

{
IPCThreadState::self () ->joinThreadPool (mIsMain) ;

return false;
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14.4 Java ZEFLsEHn

AT AT S RE M Java ACHS 1 H] INT eR £ UL S HAT Java $04 7T RE 77 I e k2 A TNT A A4 1) H]
Java pREL ) FE

14.4.1 M Java 2 JNI

M Java 2| INI Rk an 18 3] | native pRZCF ] o 31X A2 MR A In) 2B fillia 47 I8 5% ) 1Y
E, RAETEARREZSIE R R EOR T4, H I RILAR U ) sR 202 native 287 . 4% TR A
C iAW1 73 M native pRELIH, JCT % /78§ Context [JALHETE “Dalvik 25 1775 2 1515
R A i AT N, ATTE S 1 native i HIAH OGS

/ /TRFEAS AT invokeMethod ) handler
GOTO TARGET (1nvokeMethod, bool methodCallRange, const Method#*

~methodToCall,

uZ2 count, uZ regs)

{

newSaveArea->method = methodToCall;

if (self->interpBreak.ctl.subMode '= 0) {
/*GC B FH MR RAE, WTIHRANE, HEEZYAIR2 0GB B ER 2/

PC TO SELF();
dvmReportInvoke (self, methodToCall) ;

}
if (!dvmIsNativeMethod (methodToCall)) {

//Java EREIEH, AEERN M
} else {

self->interpSave.curFrame = newFp;

/* ] native R newFp A ZHARIGEALH 2T jni native R X H Java
RGN, FEmgt N g etk . MSEpr EAESRINEE native KA, #HI4G
.5 void dvmResolveNativeMethod (**+), XFEML—NHEFITIEE, B FRM

X H BRI HOE ) native pREH*/

(*methodToCall->nativeFunc) (newkFp, &retval, methodToCall, self);

/*BREOH T 5EEE, 1B i+ /
dvmPopJdnilocals (self, newSaveArea);

self->interpSave.curFrame = newSaveArea->prevFrame;

fp = newSaveArea->prevFrame;
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gl

GOTO TARGET END

//native B TR, XHERENT native RECR IEHIE B
void dvmResolveNativeMethod (const ud* args, JValue* pResult,
const Method* method, Thread* self)

/ /EGE PHL T & R 1% native BREL
DalvikNativeFunc infunc = dvmLookupInternalNativeMethod (method);
1if (infunc '= NULL) {

/ /%R AT I
DalvikBridgeFunc dfunc = (DalvikBridgeFunc) infunc;

// 5 N method->nativeFunc, F ~IXAHHERE T
dvmSetNativeFunc ( (Method*) method, dfunc, NULL) ;
/ /] native PR%EL

dfunc(args, pResult, method, self);

return;

/*TE . s0 BESCHF LTI native ML ABRE T . so LI RR B/, HITLIS%
linker —71, TAFEREZEALL*/
void* func = lookupSharedLibMethod (method) ;

1f (func '= NULL) {
/* NG, 5 AN method->nativeFunc*/
dvmUseJNIBridge ( (Method*) method, func):;

//native REH]
(*method->nativeFunc) (args, pResult, method, self);

return;

14.4.2 M JINI 2l Java

INI i H] Java pR %L, At Bl fEREASIeAT Java 000, R T RSB E] invoke
R4 . [H 2 RS AL T invoke PRELZ HIAT —/MEATHI1) Context, CL4H M HSEHF 24870
A eREUR AR S A as 0 e BREURIMME T A48 0L, LA DVM ik B 1 a#
eI, HAY Context Al F Bah A A K. A T 58X T/E, DVM hibifEs T
BRELEE,  [n) INT 42 A RIS (1) Tava pR £ -

//DVM [n] INT $2 R 55 1) ek B 3R
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static const struct JIJNINativeInterface gNativelInterface = {

CallByteMethod,
CallByteMethodV,
CallByteMethodA,

}

(F INL JZE TR ARSI Java pR ZEFE H AN F BN H R AL IXEEAN DR EBUSE 5 AN
I Java R 5 G A R SEE, {E & H S 7 X AR A ], BIE Bl void dvmCallMet-
hodX(+++)SZHLif J .

Ll void dvmCallMethodV(-++) 9|, ALHLLI -

/*IX 7 BT EAR B A T E A2 Thread* self. HiHAMER A Method* method. # A&
static PREGLER T HXT R Object* obj/
void dvmCallMethodV (Thread* self, const Method* method, Object* obj,

bool fromdni, JValue* pResult, va list args)

[/
clazz = callPrep(self, method, obj, false);
if (clazz == NULL)

return;

/*"1ins" for new frame start at frame pointer plus locals*/

ins = ((ud*)self->interpSave.curFrame) +

(method->registersSize - method->insSize);

/ /AR BREU R B2 R AT BRI context H?
1f (!dvmIsStaticMethod (method)) {

*1ns++ = (ud) obj;

verifyCount++;

}
/ /1R B HUE SR S HER A
while (*desc !'= "\0"') {

case 'F': {

[ /¥ R H
¥*1ns++ = dvmFloatToU4 (f) ;

break;
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default: {
/ * ] BRI A g B Bl /
*1ns++ = va arg(args, ud);
break;
}
}
}
/ /BENRREAS

dvmInterpret (self, method, pResult):;

//java WHISEEEHEE Java i
dvmPopFrame (self) ;

}

DVM Java R EE 3 1) /& DVM JE ML, H 5008 5 e 4E B UL Context, %47 Context
HZZA 0 2% & X, FrLL Context [FJHE 25 & 44T DVM Java R A+,

static ClassObject* callPrep (Thread* self, const Method* method, Object* obj,

bool checkAccess)

ClassObject* clazz;

A £: PSS
if (obj != NULL)

clazz = obj->clazz;
else

clazz = method->clazz;

1f (dvmIsNativeMethod (method)) {
//native EREMIA, XHEAZE

} else {
/*EUHLIF Context #R7EH: Java ¥ AL — NEREUHA Java #IEK—l, X HR
o5 R B A a8 286 R E I T 28 W) o ok a3 m) . HAg i W
“Dalvik FAFARIRI” — i/
if (!dvmPushInterpFrame (self, method)) {

0

return NULL;
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return clazz;

}

{E4F Java pR ALY Context ME4f 2 ot NfitkE#s, R RREASEE RS 2y — ik
FIRSAE A — M, (HIZHE |, HaidEmi g ies| 1 Java £ .



£ 15 &E Bionic B917530&#1 5l

—A~ OS [U2Emtdi b, mORHE. M BEME N E C FE, C ARG HAL AT
VER LA . 5 RIS sh AT A AR 1) 1= I AL PR 2834 /2 ARMO, 1 Linux A& 24 H ) C
i j& GLIBC. GLIBC #XJ# N, 4aidsc 2 Jalafyess 8SM £ . REENIEN X C )
U ) S AR ES [, 1 — AN KLY C 1 i 1) 1) 02 S AA W) R g i o0 A, ¥ 80
PSR DU, X T 48 1 ARMY AbFESS GLIBC WAL S o« F257 193 2 i [ 4R KHE v
FEAEIX N ER C L. T2l T#EY i uclibe, {H 2 HBL T AHe v mdd, 1y HAIH
NN

=AM Android it H AR & 400M [1) ARMY, i H i1 T- Android A7 72 (R 217K
o Linux ZREHIRERS, C EMCAMERLEVERFC T . Brbl Android HOB %1l C JE, 1Xi&
ANKEIGI C FE, Al GLIBC Al ucLibe 11771 B K TR . Fe W) Android [ AS REWS
£ ARMY EJAETT, IXAN/NG1) C FEDIANA] ¥

IAERR AN SRS 30 A 28 10 PE e ORI PC, —H 4 #% CA9 [UALFESS 2 LLIBAT
GLIBC T, Tfij/h% %%k Bionic — H#& #eds, R AHVFE T T Android AN 32 SCHF —
BRIV, FrCABA TR E S KA C

Bionic C % [1 5L I U1 malloc HLHI. ZeFENLHI S RGH AW /> BHAHOC, B LLAR#Y
o] 7 HAR TS, Bionic C FEHLHIN R & B A DN BH L B AR A g A 5 1 P2

AN[A T4 C 21 1d.so, Bionic C [ #8 SE L Linker R 5¢ I DiHg . Linker [14EH] 2
V4K EE B A B e ] ] PATFE P M sl BB RO B R B AT e 8, AR s Ak &
TR A HATREIF A O X H PSR FE R R R AN AT R, A — N8 ] B
A G WA T 57— N ah AP, Linker 75 £ 58 BOX AN I N# i #2 . BT BA Linker 1438712
T EK H XA B sk HiZ i

15.1 Linker— /' 8AL

N AZIZAT 8 I T 2SN N I, B Je B AR BT N N gas, FERF IR . 7EW
MASUIIEI 2SI, SATHISE 207 2 HFAERN A B —8b il B (R B ar b ik, 1283
INE A an ok, LRSI R

_start://HPSNEFHL
mov r0, sp //WIEIRISH, HEERSH
mov rl, #0

bl _ linker init //Linker MK, X H 58 MEhaSERE RN B TAE
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/* linker init returns the entry address in the main image */

/*Linker 263 "RV IA TR, FHRHEIAE 0, T 2Upigph 2] —HEH Y A g/

mov pc, r0

15.2 Linker 34

link_image

Linker [] L2 — RS ELF SCAFR AT H AR B 2125 5 B4
(1) ZB—2: INEis ZHsIaslE, Rz ELF 55k L2

/ /B8 soinfo *si @XIXAT LR A EN ELE X I 4iiE
static 1int link image (soinfo *si, unsigned wr offset)

{

/* 1f this i1s the main executable, then load all of the preloads now */
// LD _PRELOAD [JAbFE, XM AR
if (si->flags & FLAG EXE) {

int i;

memset (preloads, 0, sizeof (preloads));

for(i = 0; ldpreload names[1] != NULL; 1++) {

soinfo *1si = find library(ldpreload names[1]);

}
/ /KON ELE BRI SR A A, HE ik

for(d = si->dynamic; *d; d += 2) {
/*si->strtab + A[1]1BL2NSER X4, Ll/system/bin/app process A,
X gt BT I sh &S FE W F: 1liblog.so. libbinder.so. libandroid

runtime.so. libc.so. libstdc++.s0. 1libm.so. Linker =2\ /vendor/
lib., /system/1lib M~ H 3k FFHRIX L */

if (d[0] == DT NEEDED) {
/13T EBEEE, FnEz

soinfo *1si1 = find library(si->strtab + d[1]);

/ / FLE W R IX AT
1f (s1i->plt rel) {

1f(reloc library(si, si->plt rel, si->plt rel count))
goto fail;

}
if(si->rel) {
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if(reloc library(si, si->rel, si->rel count))

goto fail;

}
(2) 35 2 AECNEE B & f LR sIS RN 2Bt eeik, SR s, %
% B

soinfo *find library(const char *name)

{
//ENE . BERRNIBENSEABAE solist BER 1

for(si = solist; si '= 0; s1 = si->next){
1f (!strcmp (bname, si->name)) {

- solist

[ ZE S IINEGF R, BRR[EIRIA]
1f(si->flags & FLAG LINKED) return si;

}

/ZFECH AR S, a2

s1 = load library(name);
/¥ ZNSE LN, T BT ZNSEARD 2RI, W R A7 7R ) 28
B2 B AP I AR ) Bl & 4 * /
return init library(si);

}

AR XHLX solist BER HUBRAEBA (LA T RHRAE, JURBET, XN
FERMAT ), Hgmekfe,

/ / I B 28 P Pl 58 1) 21) 25 P

static soinfo *init library(soinfo *si)

{

/ /3% NI B 2%
1f(link image(si, wr offset)) {
/* We failed to link. However, we can only restore libbase

¥ 1f no additional libraries have moved it since we updated it.

*/

munmap ( (void *)si->base, si->size);

return NULL;

return si;
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(3) =D BB

static soinfo *

load library(const char *name)

{
/ 1 $T TR BN P SCAF

int fd = open library (name);

[ /G AN SR L E BRI solist BER

s1 = alloc info(bname ? bname + 1 : name);

/* Now actually load the library's segments into right places in memory
*/
/] BARK B S &4, 85> PT_LOAD R E MAP ik
1f (load segments (fd, & header[O0], s1) < 0) {
goto fail;
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16.1 Android A Il

AT BERE A L _E o A 4ol AN Init #EF2HE 21| Zygotelnit. main (String argv[])-

HEtE PSS N2, Imit 24 AAZ N, XJ T Android R ZERI A /init, Z
WL S AZ 53 (1) rootfs. Init FEFEEE —1F TAE &7 H nitre HAIH a4 . G mitre B
fi2, Init BEFEEFBIU T service:

service zygote /system/bin/app process -Xzygote /system/bin --zygote --
start-system-server

socket zygote stream 6606

onrestart write /sys/android power/request state wake

onrestart write /sys/power/state on

onrestart restart media

1% service H:SZHf /27 T /system/bin/app process FJIREFE, H N e EE A B (e SCAHALE

frameworks/base/cmds/app process/app main.cpp.

int main(int argc, const char* const argv/([])

{

/*class AndroidRuntime KPR E#REA dvm BEAE P AT, (H2H A 4G A AEX T
FAS dvm HFE 2 fork () K, BrLlal L4k a4 Al HACHEFE N Runtime SE61. m#laaib A
FEIXH BT IK. 1M class AppRuntime 4£7&K H AndroidRuntime, H]54t k% B K3t
T skia EIJEAH CHIUG L/

AppRuntime runtime;

const char *arg;

// Next arg is startup classname or "--zygote"
if (i < argc) {
arg = argv[i++];
/*IRYE init.rc MEBNIZH: —-zygote --start-system-server*/
if (0 == strcmp("--zygote"™, arqg)) {
/ 1A RRAL
bool startSystemServer = (i < argc) ?
strcmp (argv[i], "--start-system-server") == 0 : false;
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setArgv0 (argv0, "zygote");

//app process Hlf& zygote

set process name ("zygote");
/*com.android.internal.os.ZygotelInit & Zygote HFFEHIMLAN dvm IA L], Zygote ib

A ME% 2 H8) SystemServer*/

runtime.start ("com.android.internal.os.ZygoteInit",

startSystemServer) ;
} else {

L ]

}
} else {

/*Android ia{7 i */
void AndroidRuntime: :start (const char* className, const bool startSystemServer)

{
/ /H1UEAY dvm (MiE 4T F 5
1f (startVm(&mJavaVM, &env) != 0)

goto bail;

/ /BN EMATH] class: com.android.internal.os.ZygotelInit

startClass = env->FindClass(slashClassName) ;
1f (startClass == NULL) {
} else {

//#3F| com.android.internal.os.ZygoteInit [ main pR%]

startMeth = env->GetStaticMethodID(startClass, "main",
"([Ljava/lang/String;)V");

1f (startMeth == NULL) {
LOGE ("JavaVM unable to find main() in '%s'\n", className) ;
/*keep goling*/

} else {
/*com.android.internal.os.ZygoteInit [ main BREUE dvm tHAFIALT*/

env—->CallStaticVoidMethod (startClass, startMeth, strArray):
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16.2 Init—OS AL

Init BEFE 25— P SEERE, Z2BRIFRGRA L. Init IEFEAEA R R OS HATANA HY
S, H AL T AR RS RC AR AR, SEREN G-

16.2.1 RC X4

RC S22 —FrIA A, Hiflidsx I RaEERES AR IME. S TARB R
ZNCE, RC XA EAIERI WA, (HIE 2R A ntis it 2 58 i i, A 3)) Android
P RGURSs . DGR K RC U 45t

(1) 272 section, section fjLL | =28,

@ Ll on JF3kMH section, X section HL 23 AT — R A1 @74

@) Ll service J3L [ section, iX™ section {55 — " service Mz HAH S % .

@ Ll import JT3k[1) section.

(2) B IR T 5 section ZEFIZ % .

Init %f RC 7304 () T2 TAE QN B

static void parse config(const char *fn, char *s)

{

for (77) A
switch (next token(&state)) {
case T EOF:
state.parse_line(&state, 0, 0);
return;
case T_NEWLINE: /*@ 3| [ gii)—A7T, AL 47, L4708 RANLT args[]
B =/

if (nargs) {
int kw = lookup keyword(args[0]); /*HEEFREX AT KIIKHET 2
o/
if (kw is(kw, SECTION)) { /* MR -—4T7LL on B¢ service, import 17k,
IS e/
state.parse line(&state, 0, 0);
/X — B iR A, Wk 2 on, section, W] static void parse line
service () K9 HriX — section; W H 2 service, section HiH static wvoid
parse_line_action{“ﬁJkﬁ}ﬁﬁi"Section*/
parse new section(&state, kw, nargs, args);
} else {
/¥ B e AR ar A AL BRI GBI S EHEX Z BTN args BT 1 */
state.parse line(&state, nargs, args);

}

nargs = 0;
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}

break;
case T TEXT:

ST CRERAT, XN R IR T A B, AR T RS K A B
W MERER, AR TR SR RORE] args [1 50414/

1f (nargs < SVC MAXARGS) {
args[nargst++] = state.text;
}

break;

vold parse new sectlon(struct parse state *state, int kw,

int nargs, char **args)

switch (kw) {
case K service: //section A service
state->context = parse service(state, nargs, args);//7 1% service

if (state->context) {
/ /X service M EEATH] static void parse line service () BRE T
state->parse line = parse line service;
return;

}

break;

case K on: //section 4 on
state->context = parse action(state, nargs, args); //Xf on #AT5¥T

if (state->context) {
// %} on section R AL 1TH] static void parse line action (*++) R

state->parse line = parse line action;
return;
}
break;
}
state->parse line = parse line no op;

}

(3) 4317 service.
Service [F)FEAGEF) U T

struct service {

/¥ ) service F— I LL service list N HHIHER*/
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struct listnode slist;

/ /% service 4 FK

const char *name;

/*1% service IT&F] classname, init HFRESHKIEARIT classname G815 1%
classname ILACIITfS service——void service for each class(+*)*/

const char *classname;

/% service ] flag bris, init HRESKIEA R PR E R85 ZREILAL T service
——vold service for each flags (-)*/

unsigned flags;

-

//1E restart I, 1% service 4T action, HIZI\-wr2 2K

struct action onrestart; /*Actions to execute on restart*/

/*keycodes for triggering this service via /dev/keychord*/

-

}

static vold *parse service (struct parse state *state, 1nt nargs, char **args)

{

svc = calloc(l, sizeof(*svc) + sizeof (char*) =* nargs};/*ﬁﬂﬁi'ﬁ“struct

service i)k T R1%Z service*/

svc->name = args([1l];//i% service 4T
/*classname BRIME N default, TEHTIZ service HiEn) N 2IH E1Z H*/
svc—>classname = "default";

memcpy (svc->args, args + 2, sizeof (char*) * nargs);//fkfff service NJZE]
svc—->args [nargs] = 0;

svCc—->nargs = nardgs;

svc->onrestart.name = "onrestart";

//01lEt onstart action WAy 2 THER

list init (&svc->onrestart.commands) ;

/ /1% service INF| RG] service HEXRH

list add tail (&service list, &svc->slist);

return svc;

}
X1 serice BN EMEAT, #FH] static void parse line service(:+) K1, XA
FREURS, HaZ28airun k.

static vold parse line service (struct parse state *state, i1nt nargs, char

**args)

{

kw = lookup keyword(args[0]);//3kh KT
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switch (kw) {

case K class: /] BEERIEE classname
if (nargs != 2) {

parse error (state, "class option requires a classname\n");

} else {
svc—>classname = args[l];//ﬁﬁﬁﬁﬁﬁzclassname
}
break;
case K disabled: // =T EAAN disable R
svc->flags |= SVC DISABLED; //©E2E1L flag
break;
case K oneshot: / /{5 A oneshot Faix,
sve->flags |= SVC ONESHOT; //iXH oneshot flag
break;

case K onrestart:
/*5r TR service XMWIF) onrestart #fF, Ll Zygote A, 1% service X T2
onrestart #ff:

service zygote---

LR N |

£~ onrestart a{EANAT NV — ) ar &
onrestart write /sys/android power/request state wake
onrestart write /sys/power/state on
onrestart restart surfaceflinger
onrestart restart media
onrestart restart netd
g 2 w3 8K, 1F8 onrestart action Mm%
*/
nargs—-—;
args++;
/ /v iy 2R
kw = lookup keyword(args[0]);

/ /9 Be a2 &5
cmd = malloc(sizeof (*cmd) + sizeof (char*) * nargs);

/ /PR A2 ST R AL

cmd->func = kw_ func (kw) ;
cmd->nargs = nargs;
WEER T o

memcpy (cmd->args, args, sizeof (char*) * nargs);
//JNA onrestart action & EER
list add tail(&svc->onrestart.commands, &cmd->clist);

break;
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}

(4) “on” section []43#7 -
BE “on” section FRNAEFA I Z i &k — R4 EE, HIEEARZ U .

struct action {
/*PTA [ action ZFALL action list N H IR/
struct listnode alist;
/*Ll action queue A EMIFERILK T BIRIH init $0ATH) action ZifERER, glist £iX
NEER I Ri*/
struct listnode glist;

/ /% action XN Ay 2R
struct listnode commands;
LT R
struct command *current;

static void *parse action(struct parse state *state, 1nt nargs, char **args)

{

-

act =calloc(l, sizeof (*act)) ; //XTH on,section #AEK > struct action
act->name = args[1l]; //IXHM) args[1]ii2E on Ifil& 54, W init. boot 5§

list init (&act->commands) ;
list add tail (&action list, gact->alist) ; /*HF XA struct action AR

4ilt) action list HEE=*/

-

return act;

}

X FHE/> on, section 1) ay 240 Bli— struct command %54, FRF XSS5 8 INAAE
struct action [') commands #1|7 H1 .
On section [1) - ZiEa) 8l T .

static void parse line action(struct parse state* state, 1int nargs, char
*¥args)

{
kw = lookup keyword(args([0]);  //#kZar<x NI ICHT

cmd = malloc(sizeof (*cmd) + sizeof (char*) * nargs);
cmd->func = kw_func (kw) ; / 1 R BVEFA i 20 I AT 8RB
cmd->nargs = nargs;

memcpy (cmd->args, args, sizeof (char*) * nargs);

list add tail (&act->commands, &cmd->clist);
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}
8T K HY) on section #% iX A\ action list £ H .

16.2.2 RC zh{EH1T

RC & X HIsI{ER service 34T )5 B #% il 21| action list #E Fl1 service list #E& .

(1) On section FEMIFAT

> on section #A7H H CHIHATEIHL, on Z J5 17 FrH e H 1 1% action 751 I 4
AT . 76 it BEFESE R RC SCAFR M 2 J5 i ] action for each trigger("XXX", action
add queue tail); B A A FUATE AL action JIIA action [11)F0 4T HEZ action queue. #5745 it [
TAFEA AR I Ml A BEAS actions Init HEFEHUAT action 1 &1 Wi |

"early-mnit"->"1mit"->"early-fs"->"{s"->"post-fs"->"post-fs-data"->"early-boot"->"boot"

% 171 RC WAL % P action 2.4, Init 3047 —4% builtin 1Y) action, init {# ] void
queue builtin action(- ) H.INAE 5 1& I I action queue AT HEF

UNAEf A IS AL early-init b5 init 2 [8),  EH AU F builtin action,  #8/rACHS AT -

{

/ /KAl early-init ) action A action queue $AfTHER

action for each trigger ("early-init", action add queue tail);
/7MW R init MARGENAN builtin action
queue builtin action(wait for coldboot done action,"wait for
coldboot done");
queue builtin action(property 1init action, "property init");
queue builtin action(keychord init action, "keychord init");
queue builtin action(console init action, "console init");

queue builtin action(set init properties action, "set init properties");

/¥R HL" init ") action I action queue $AfTHER*/

action for each trigger("init", action add queue tail);

}

(2) Service section ' service [KJHAT -

Q) 5 classname J& 7).

X THE service section, BE™ class 2T — N & T'F classname, android FJ PLJE 3 iy
classname 7 7555441 service. & WH)— M9l 142 on boot section HL 22K\ 3 5/), classname

“Jy core FI1 main [{¥] service:

{E re LA B g X

on boot
Class_start core

class start main
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Ifi] class_start iy 2% . AT RO & XU R (7 system/core/init/keywords.h ).

KEYWORD (class start, COMMAND, 1, do class start)
int do class_ start(+**) 23 }{<#5 classname /5 5)) %) T service.

@ JABhiEE 4 I service.
f 4 service 4544 1) il 51 22 i const char *name; K i 21 %My € ) service, JXF 73Uk

HITE RC Al a2 )3 s I3 80 5 service, WIAE RC A0 B 3E X:

on property:persist.service.adb.enable=1
start adbd

M) start a2 XF M. AT BRI ZON € Xl (FE system/core/init/keywords.h 1 ):
KEYWORD (start, COMMAND, 1, do start)

int do_start(+++) PR £ 2> JH 544 4 adbd 1) service.
@ LLHEANREA ) 3l service.
Ja @R SVC RESTARTING 1Y service.

static voild restart processes()

{

process needs restart = 0;
Service_for_each_flags(SVC_RESTRRTING,

restart service if needed);

16.2.3 RC BB

1]

r

RC A B8R FUR A SO, {HZR 42 HII35 %> Android REGE 3, P LAk
RC A7 AT s K 25 2 JLAS 158 J3 B AL -
early-mit—1nit—early-fs—fs—post-fs—post-fs-data—early-boot—boot

(1) early-init. 33/ ueventd, W74 FIFEAT, W B o0

(2) mit, I[ajiE, WEANEARRE, GEEAHXK.

(3) fs. 05 B4 F5H %, X9 mount |-/system, /data.

(4) post-fs, Hod&H SRR PE .

(5) post-fs-data, /data | 548 H X104 .

(6) boot. MZ%. Wi . alsa. ril Zi% &1 EMEX 'S, |53 core fll main 2 25 sevice.,

e lHf 3

16.2.4 &EZIRM

Android F| ] Linux [ uevent PRl RETH )i &, R )& RN 2 i %45 B84l

idt/dev FEYBCE SCIE, AU
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int device 1init (void)
{
fd = open uevent socket(); // BB SANE RS 1E i) NETLINK

coldboot (fd, "/sys/class™); //FAEUT HxP R & H KIS0 8w & 0
coldboot (fd, "/sys/block");
coldboot (fd, "/sys/devices");

}

X B WA ZRTIEIE, B S Wi vevent HLEIHIEER, A% uevent AL i
PR 05 P A VA i /sbin/hotplug A1 NETLINK .

/sbin/hotplug & M F' &M — D RGUEFE, BN MA—1 uevent FH/FAR A AT Hi
& ZH1EZE, Jrgl)/sbin/hotplug, fif/sbin‘hotplug J& 2 i 415 A% A% K 1 Z £ 51 A uevent i
f, #tiE OS REGHMAS H.. Android 14 R FE 1 18 i /sbin‘hotplug [ 5=, 15
NETLINK HY 78 uevent 7 H. .

static void do coldboot (1nt event fd, DIR *d)
{

fd = openat (dfd, "uevent", O WRONLY);//4THiZHxx Fi] uevent Cff
1f (fd >= 0) {
write(fd, "add\n", 4); //IMi% uevent X HE A add
close (f£d) ;
handle device fd(event fd);/*HT¥#GE I uevent XA add a1, TFaiAILA
M NETLINK H{ uevent {g & [ */
}
/78 P RAEEH T4 H I
while((de = readdir(d))) {
DIR *d2Z;

1f (de->d type != DT DIR || de->d name[0] == '.")
continue; //AEHEXF, il

fd = openat (dfd, de->d name, O RDONLY | O DIRECTORY); //¥iEM —4HX%
d2 = fdopendir (£d);

do coldboot (event fd, d2); /=@t ANXA Kk, FHXSFHKIXAH T
uevent XfF

}

XA R B FE Ve 2 B4 H ok F K vevent XA, JHE L v X A E N add
i H: uevent {5 K., #R)518 L void handle device fd(---)M NETLINK k15 uevent fiid,
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MR AT 1 & (5 sl i/ dev | I & SO o /dev B 2 1 AR AT REFE W& 16-1 P

void handle device fd(--+)-> static void handle device event(:*)-> void make device(:**)

static void ssize t recv(...) M NETLINK H{5 &

void handle device fd(...) static void parse event(...) uevent {5 & 747

»| static void handle device event( (...)#J%&/dev
FHF

|| static void make device( (...) f4&

/dev ZHHFFHENRET A

4 16-1 /dev a1 BAR T 2

eyl fEIX 2 I AZ LA

(1) B Z 5K W) WAZTEM Ak, A WAZ ) HAE systs A RS0 A1E 1 H oK.

(2) WIZAEZ BN H ok FIBUE —A uevent XA, 1MXASCAFS RE, Sk
uevent,

(3) A SIEIXA B H ok M uevent AFS5 A add ZIFER, i 3SCPF T pR 2045 i
K, RBENM A N A% ) uevent AL .

(4) W% uevent AL [v] NETLINK 5 A ¥ & 115 B

(5) Android J{] /7 )\ NETLINK HH i #15

16.2.5 property FER)#3E

Android &R G JEPE(ESE— A7 AL property %2, Android #R%¢ HAWRZH {1l nt
property_set(***)>K ¥ B A IR EAE, 1MiE 1L int property get(+++) KR HUH ¢ Jm PEAH

K property PRI AT W~ JLANJ7 I A 2

(1) it FEFLH] void property imit(-+)#d L A7 i property {E H A7 X1k, FHRF RGTH
RN property A ' X A'f/default.prop N7 R A7 H .

(2) RC CAFLL L Init HEFE H )75 U B R S8 property .

(3) Imit HEFESE post-fs-data 5 early-boot H[H], iiH] queue builtin action(property
service init action, "property service init");}4 property #/]4f 4[] builtin action NI AIZ 1T A,
1% action 4 R4t L /system/build.prop. /system/default.prop. /data/local.prop H! [{'] property
(NN WAF. T B 22, Init BEREG] 22—~ PF_UNIX B 2R (A i# (5 socket, LA
Jri Android HAWMALF (o5 Init HEFEANAELR]—ZERE 0] il id iX )~ socket HL IR £ i)
A1 Fr property
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5y AMEAKTE R TR, HEA property BUEIITIE & SEAGME RIS, X
Fl 271 property 76 RC SCAFHE 24— on section #E X, AL

on property:vold.decrypt=trigger restart framework

class start main

class_start late_start

Android iz 17H}, & 2iXP property {H &2/ EIAE, action list HL&E—IRARSZ 2IFG A, U
RV 2 I fib Kz 2 AF 10 Uf 2 property {H, HA 1% section Kf # fi A -

vold property changed(const char *name, const char *value)

{
if (property triggers enabled) {//init Ji3/JJa property triggers enabled

WE 1
/ /K55 property HAH XN action
queue property triggers(name, value);
}
}

vold queue property triggers(const char *name, const char *value)
{
struct listnode *node;
struct action *act;
list for each(node, &action list) {//#kiJ}j action list &
/ /BB action

act = node to i1tem(node, struct action, alist);

/ /¥ &% action &1 H property itk

if (!'strncmp(act->name, "property:", strlen("property:"))) {
const char #*test = act->name + strlen("property:");
int name length = strlen (name);

/ /K # property K@ 4

1f (!strncmp(name, test, name length) &&
test[name length] == '=' &&
'strcmp (test + name length + 1, value)) {

/ /AN action fill & 4T FAA

action add queue tail (act); }

}
7179k, AE RC boot Fir B e, Init HEFE 2 W AR H -

queue builtin action(queue property triggers action, "queue propetry

triggers");
LLHL 1% R L H I property {H & 7 A4 RC A “=" - HME, WANAHEE RS 1% action Jil]

ANPAT RS
% FOK Init SERCEL B LAE a2 N G .
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(1) Imit FEFEH load 565rle 1mage(++), ¥f/mitlogo.rle T 7~n7EFf % o 1X LA AU
Ui, S/ map ) framebuffer, 2AJ5HE NG 2.

(2) " A 2544 4 1nit, early-boot, boot [ section $A 174, X 32 K& property {H
WA

(3) i Az 451+ 4 property %5 T 5 AME ) section AT $4 .

16.2.6 Init YA
Init BEFE 15 B4 H OFB8AT A1) Android %8 MH T LOG Huthi Dhfig. Init JEAE IS

i B —&, Init {5 519 H 0 & /devikmsg. 7F Imit SEFRE LR, E 8. SE(E B
T B

#define ERROR (x-..-) log write (3, "<3>init: " x)
fdefine NOTICE (x..-) log write(5, "<5>init: " x)
$define INFO (x...) log write(6, "<6>init: " x)

{HZAE Imit HEFEIE L INFO A1 NOTICE % Hi i il 5 B IR A A e AE] . Fa i 1)
G Bt A2 k? di— 041 void log write(+++):

vold log write(int level, const char *fmt, ...)

{

/*IXHRAE init #HFE il INFO Ml NOTICE #8i% ikH R K, Android &%+
log level NEUIME 4, PrCLXH LR [A] | */

1f (level > log level) return;

//UIREAT log £d X, KRR

if (log fd < 0) return;

[ /TN B2 EAN log £d XfF
write (log fd, buf, strlen(buf));
}

WATRIE B 5 H B S log fd XA SCAHRSEHL. A log fd & 4tA SC, 7Emk H
FI W ? Imit [Y) main pRZECH 251 H void log mit(void)pR EUR ¥ 4640 H &) LOG A4

vold log 1init (void)
{
if (mknod(name, S IFCHR | 0600, (1 << 8) | 11) == 0) { /*QEEE&TH 1.
IRBEET 0 L1 RS0/
log fd = open(name, O WRONLY);//LLHGJi:FTH log fd XfF
* )
}

uf U log fd SCAFXAT M A2 Linux RGP L 50 1. IR& 50 11 PR 302
/dev/kmsg, HSZHLAL T WAZ ISP T drivers/char/mem.c A XA U2 N A7 SCAF, BIAS
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F7AE T nand BifiE, 2 NAZIEATIN R ALA — g S0, HIKS s ol

static const struct file operations kmsg fops = {
.write = kmsg write,
}i
static ssize t kmsg write(struct file * file, const char user * buf,

size t count, loff t *ppos)

tmp = kmalloc(count + 1, GFP KERNEL); //7EWIXZERIZAC RN AT

if (!copy from user (tmp, buf, count)) {//%H %3 AIEANLEE 2N Z
tmp[count] = 0;
", tmp); / /AR R N ZRAT oK

ret = printk("%s

}u.



% 17 = Interpreter 5 JIT

A RE A T S R AN LY B OCHEIN 35, B Dalvik 1A C i 5 IRAS I RE 2%, 31T %
SCHLE) ASM fiRkeds, F528E— 0% IIT Modk ke 2% . 7648F 4 Android iR A [ release ',
HOR R T Dalvik i B 25 I RCEAE A EE T AE.

17.1  feREZSanitaity

AFFAN ] () Ab R 28 F1415 4 4, Android 1745 55 Z R [ iy JE {4 Interpreter A1 JIT SEH.
N T XHFIXLEA R SR AL PR ES A $i5 24, Android ] 1 R iF 9 1R 4544

(1) 1t dalvik/vm/Android.mk 5 £ 75 ReconfigureDvm.mk.

(2) 7E ReconfigureDvm.mk ¥ 7% Dvm.mk.

(3) dalvik/vi/Dvm.mk J& &5 H7 241 OCHE, X HAE 52 5 dvm_arch_variant it
G2t =ROs YDA P IVAS IS/

X T4 NEON [ arm AL FRAS, ) NV A B o9 BE ) SE B SC /& InterpAsm-

armv7-a-neon.S ! InterpC-armv7-a-neon.cpp-

mterp/out/InterpC-$ (dvm arch variant) .cpp.arm \

mterp/out/InterpAsm-$ (dvm arch variant) .S

makefile HL1JEL 5 15 W AF /2 InterpC-armv7-a-neon.cpp.arm, SEbR AT XA AT,
{E build/core/binary.mk H [fi] X} cpp arm sources 14 % %5 ik 1Y) 4w = AL FE . InterpC-armv7
-a-neon.cpp.arm X[ M. [ 5 /& InterpC-armv7-a-neon.cpp.

17.2 Dalvik ZF{7 25 ity

Dalvik &5k T35 7 A (RN, FLAF A7 4 PR AL 2 LUK O thOo iy, AL 80 s 38
AT BRI S EC A7 A S A R A AE AR BC S A R

17.2.1 Callee F1FE L
Dalvik 1) Callee PR 77 17w 70 BC KU 4n

R¢]1%£¥Tﬁzftﬂﬁfﬁﬁﬁﬁﬁﬁﬁz
(1) W R E0E Y Ja 22 50 0 n M 2778 0——3 7 4% (n—1) #HOIR L gn Jai il AR &t
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(2) #3454 n 7By this.

(3) WHREZHN m, WEAAEE (n+rl) WAy (ntm) KR BLgs s al AR 1

(4) WR B TS REPAEH 1rpa AR &, WG R AR E IO A4y, AT S AlA
{E this 73 477 B Ji T .

CLan b ek £ oA

public int senix register(int parl,int par2, int par3) {
int local varl=l;
int local var2=2;
local varl=local varl+local varZ2+parl+parZ+par?Z;

return local wvarl;

}
i H] ./out/host/linux-x86/bin/dexdump —d odex P47 T b H

name :'senix register' //ERE%

type : "(III)I'//=7 int ¥, REMEW N int
access : 0x0001 (PUBLIC) //J&tk
code -
registers : 7 //HHT 7T 1EFALA
ins : 4/ /AR E
outs s 0/ /A HARREL outs A 0
insns size : 8 1l6bit code units

Obdefc: | [O6defc]

com.android. launcher?.LauncherApplication.senix register: (III)I
064f0c: 1210 [0000: const/4 vO, #int 1 // #1 /*local varl=l;*/

064f0e: 1221 |0001: const/4 v1, #int 2 // #2 /*¥local var2=2;%/

064f10: d802 0403 10002: add-int/1it8 v2, v4, #int 3 // #03 /*local varl
+local var2 AT BHRAESEint 3, B0 DFFAE v2 IETRIER, X H PR ZE v2=
local varl+local varZ+parl*/

064f14: b052 10004: add-int/2addr v2, v5 /* v2= local varl+local var2+
parl+par2 */

064fl6: 9000 0205 |0005: add-int v0, v2, v5 /* v2= local varl+local varZ+
parl+par2+parl, JHFHICERMBNTF 4% vO 1 =/

064fla: 0f00 |0007: return v0 /*PLv0 R[\]45H*/
catches : (none)
positions

0x0000 line=78

0x0001 line=79

0x0002 line=80

0x0007 line=81

locals :

0x0001 - 0x0008 reg=0 local varl I //#FAra% 0 7MAC%4 local varl
0x0002 - 0x0008 reg=1 local var2 I //#&HAfras 1 7-HAC4 local var?
0x0000 - 0x0008 reg=3 this Lcom/android/launcher?2/Launcher
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Application; /*&F{f#% 3 A% this, ZBREUETE class LauncherApplication H
SN/

0x0000 - 0x0008 reg=4 parl I //&Afres 4 50 CGHINSE pard

0x0000 - 0x0008 reg=5 par2 I //7A74s 5 ML HINSE pars

0x0000 — 0x0008 reg=6 par3 I //#iffrds 6 DL HIANSE pars

17.2.2 Caller FEFHZ9EC

Caller PRELT)ZF A7 as 0 TERENJE, 150 A2 Callee BRELTIZF A7 o 0 BC A0, {H2AE I
K 2 A, P2 AR 8 S, S27E Callee p& £ i) iy s bk N U8 FH 280 1X 281 HI = 54 Callee
K ins.

LLG T~ e’ ZON 51 53 A -

public int senix register(int parl,int par2,int par3) {
int local varl=l;
int local var2=2;
local varl=local varl+local varZ+parl+parZ+par?2;
return local wvarl;
}
public int senix register caller(int parl,int par2, int par3) {
int local varl=l;
int local varZ2=senix register(4,5,6);
local varl=local varl+local varZ+parl+parZ+parZ;

return local wvarl;

}

senix register caller(int parl,int par2.int par3)dump [1J 45 £ U1 F -

name : 'senix regilster caller'
type : '"(III)TI°
access : 0x0001 (PUBLIC)
code -
registers : 9 J/HHT 9NEFA
ins = 4//3 1N EiAZH+this, this AN & 1res
outs - 4//3 1Mt ZH+this, this AN & e
insns size : 15 16-bit code units|[064f28
064£28:]

com.android. launcher?.LauncherApplication.senix register caller: (III)I

064f38: 1210 |0000: const/4 v0, #int 1 // #1
064f3a: 1242 |0001: const/4 v2, #int 4 // #4 /25580 4 I EAR 2%/

064f3c: 1253 |0002: const/4 v3, #int 5 // #5 /*¢55%80 4 LS8 3%/
064f3e: 1264 |0003: const/4 v4, #int 6 // #6 /[/*45Z8 6 /r W FHArds 2%/
064f£f40: £840 7400 2543 |0004: +invoke-virtual-quick {v5, v2, v3, v4}, [0074]
// vtable #0074/ WHKA T, 342N this */

064f46: 0a0l 10007: move-result vl /* HUR[EUEE] v/
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/% R AT, S0 i +/

064f£48: 9002 0001 |0008: add-int v2, v0, vl
064fd4c: b062 |000a: add-int/2addr v2, v6
064fde: b072 |000b: add-int/2addr v2, v7
064£50: 9000 0207 |000c: add-int v0, v2, v7
0edfb54: 0f£00 |000e: return vO

catches : (none)

positions

0x0000 line=88
0x0001 line=89
0x0008 1ine=90
0x000e line=91
locals :
0x0001 - 0x000f reg=0 local varl I //#FAr4s 0 7-AC%4 local varl
0x0008 - 0x000f reg=1 local var2 I //#&HAfras 1 7-HAC4 local var?

0x0000 - O0x000f reg=5 this Lcom/android/launcher2/Launcher
Application; /*#fr4y 5 7MAC4S this*/

0x0000 - 0x000f reg=6 parl I//%{fas 6 A4 parl

0x0000 - 0x000f reg=7 par2 I//%ifies 7 WL par?

0x0000 - 0x000f reg=8 par3 I//%ifids 8 M4 par3

TALE V2. V3. va PG AN S A BT IX I RARE T IXLE outs F L
WS L o LA R IX AN ) B 0 Mt fRRE 2 AL P invokeMethod XXX 54> I 42 i) 22 HEZ 1)

17.2.3 outs ByALIE

S AT outs [ Ab R B A T 6F eR ECH 10 A, FERRRE A% 18 2] Dalvik pR EH FH §5 2
invokeMethod [, H C fi#k%s handler W~ C_FE3CAE40#T native pRECHH H a8 21 b i XA
handler, X B0 F o041 1) 25 17 2540 Ja) )

//C it EE#% ) invokeMethodhandler
GOTO TARGET (invokeMethod, bool methodCallRange, const Method* method

ToCall,

uZ count, uZ regs)

{

ud* outs;

int 1;

/*ECIEWER UL, B, R AMREN, R - IRESEA s, W3R
& methodCallRange Ji&ii. X T84S, #H GET REGISTER M =4 Hij BR & L HUH
HE IS ZHAE callee RPN F A5 */

if (methodCallRange) {
/ /TR TR E4 2 A R], vsrel B2 A
outs = OUTS FROM FP(fp, vsrcl);

for (1 = 0; 1 < vsrcl; 1++)
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outs[1] = GET REGISTER (vdst+1);
} else {

ud count = vsrcl >> 4;

//TE TR S EUY I AE A, count S EAN B
outs = OUTS FROM FP(fp, count);
assert ((vdst >> 16) == 0); // lébits -or- high 16bits clear

switch (count) {

/ I ARIEZEALBIAE], ATH A A [ AL BE

case 5:

outs[4] = GET REGISTER(vsrcl & 0xOf);
case 1:

outs[0] = GET REGISTER (vdst & 0x0f);
default:

}
E5ER T ZE Ui M vlnte 2 )a, i 25057 8 1) 43 Bd OUTS FROM. FP:

#define OUTS FROM FP( fp, argCount) \
((ud*) ((ul*)SAVEAREA FROM FP( fp) - sizeof(u4) * ( argCount)))

$define SAVEAREA FROM FP( fp) ((StackSaveArea*) ( fp) -1)

ANHER IR, A& G HiFREr fp 4 N 2rEC, 12 StackSaveArea {E1E F 3 H 7]
XAEA I A fp $REH R IR R G e ds, i — DR EW AL p 1F P A — 1
VM-specific internal goop-- struct StackSaveArea. Mt PLfSH DL F 4518

(1) outs H:5Zxt J& M Caller M S5 M H S5, /& Callee [1] ins.

(2) outs 3| ins /&#% U1, outs /AL HLLE A7 25T Caller 4 v £E Al H .

17.3 Portable Interpreter 45f4

A LAY Android Wi A B, Dalvik RS 2 H C 511 IXPPfRRE a8 AT I L1
(Hul etk kom, B, (LU Android WA BT SEEL T it AL ke 2%, (HIXFh
portable f#FE 2K ARAFAE - 75 Android [7) Ko AN 4B 48 p i) AL PR 28 b RS R I 2 VA %) 1 I 1 Gk
fRFELMr), X portable [FIMME SEAATR H 3k T .

ZRRE RS A% Oy 2 — > handler B4, HoE LU F:

#define DEFINE GOTO TABLE( name) \
static const void* name[kNumDalvikInstructions] = { \



306 Pz W H——%F Android )N 5 R G2 R Y5 73 b

H(OP MOVE WIDE FROM16), \

H(OP_MOVE OBJECT 16),
H(OP MOVE RESULT),

H(OP MOVE RESULT WIDE),
H(OP MOVE RESULT OBJECT),
H(OP MOVE EXCEPTION),

P

\ }

iZ %140 handlerTable 170G BN EAE 0D ¥ handler #uhil, &F38 2] — N AERD g Bk 23X A
FH BUHUH handler SRPAT 2 3B2EMS o 1B 4538 /E 0 1) handler 2544 % X W -

HANDLE OPCODE (OP XXX)
FINISH (**) ;
OP END

H: HANDLE OPCODE(OP XXX)#% 5 X F% 1% B¢ handler 45 *7, handlerTable %\ I i
X AN HEE, TN EREREFAT S, #GEE FINISH( )0 H N — M RAERD, SR 5 Bk %1
YES XS Y [7) handler H .

# define FINISH( offset) ({ \
/ /45 PC AR T4 710
ADJUST PC( offset); \
/ /B F 53] inst
inst = FETCH(O); \

//INST INST (inst) Bl AL %S, RIEX1 %5 K5 handlerTable L E
goto *handlerTable[INST INST (inst)]; \

}

Hrp, ADJUST PC(_offset) & ¥ /E i AChS Be 1) PC $REH R 17~ — M 4EHS, FETCH(0)
FIE &I IXAN RS, Bk N B — 1 #84EAS ) handler.

17.4 ASM Interpreter

Dalvik ER A B RE 28 5l 2 IX P gm i AL TR 28, MR AN [R] CPU ZEF45 AN [A] 1 SE B,
A FEH S ARM V7 23K 15237

1741 HEAKREH

5 portbale RS, ASM R 2 > AN A A B RE A A B i) R4, X

;& ASM Interpreter [I') mainhandler, 7T 1F %1247 RAEH], HSZHL/E X dalvik/vm/mterp/
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out/InterpAsm-armv7-a-neon.S ',

(1) mainHandler ] Z02H 5% X .

/) KRB R E: dvmAsmInstructionStart. Bl A% 0 1] NOP #5741t ht
dvmAsmInstructionStart = .L OP NOP
EAR E1E
.Lext
/e E 64, B handler 64byte, MEHUEHBEE)H AL 7, HE{RIUERE handler 64
TN */
.balign 64
.L_OP NOP: /% 0x00 */
/* File: armvbte/OP NOP.S */

//64 FRFE, B _AF 1 MOVE ) handler
.balign 64

.L OP MOVE: /# 0x01 %/

/* File: armv6t2/0OP MOVE.S */
/* for move, move-object, long-to-int =*/

/* op VA, vB */

mov rl, rINST, lsr #12 @ r1<- B from 15:12

ubfx r0, rINST, #8, #4 @ rO<- A from 11:8

FETCH ADVANCE INST (1) @ advance rPC, load rINST
.balign 64

.size dvmAsmInstructionStart, .-dvmAsmInstructionStart
.global dvmAsmInstructionEnd
//mainhandler £ 2 25k

dvmAsmInstructionEnd:

R T AT B 64 5452 s handler SHL, ASM R S84 5 4 SCBLICEAC IS
B dvmAsmSisterStart H .

(2) ALThandler

ASM Interpreter [1)i447—> ALThandler, 7t JIT A1 debugger B ], HSZHL L AE XA
dalvik/vm/mterp/out/InterpAsm-armv7-a-neon.S H .

/ /27 E dvmAsmAltInstructionStart
.global dvmAsmAltInstructionStart
.type dvmAsmAltInstructionStart, %function

/ /A B

.text
/ /ALThandler AW RIR 7 1S IHLS— XM
dvmAsmAltInstructionStart = .L ALT OP NOP
/ /A 64 FATXFF

.balign 64

.L ALT OP NOP: /#* 0x00 */
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.balign 64
.L ALT OP MOVE: /* 0x01 */

.balign 64
//VEAN /3T —/> ALT handler 451, H.4 ALThandler ZEfUl
.L ALT OP IF GEZ: /* 0x3b */
/ /U FEL )] breakFlags i 3
1drb r3, [rSELF, #offThread breakFlags]
adrl lr, dvmAsmInstructionStart + (59 * 64)
1dr rIBASE, [rSELF, #o0offThread curHandlerTable]
/*5 7 breakFlags 24 0, Wk 0 B#EBE#] mainhandler, 1r # mainhandler %20 4%
IV i ik /

cmp r3, #0

bxeq 1r @ nothing to do - jump to real handler
EXPORT PC ()
mov r0, rPC @ arg0l
mov rl, rFP @ argl
mov rZ2, rSELF @ argZ2
//breakFlags # &, & F| dvmCheckBefore &
b dvmCheckBefore @ (dPC,dFP,self) tail call
.balign 64
//althander 2 K&

.s1ize dvmAsmAltInstructionStart, .-dvmAsmAltInstructionStart
.global dvmAsmAltInstructionEnd

//althander E4H 45 W
dvmAsmAltInstructionEnd:

(3) Handler [1] )3 H
fE—/ Dalvik Q2 4], 754 R4 FILE 4 T i 3 F % handler MU,

static Thread* allocThread(int interpStackSize)

{
//mainHandlerTable W1 A 88, Bl M. offThread mainHandlerTable

thread->mainHandlerTable = dvmAsmInstructionStart;

// altHandlerTable Blfj dvmAsmAltInstructionStart;
thread->altHandlerTable = dvmAsmAltInstructionStart;
//interpBreak.ctl.curHandlerTable fR#{H N 40, B4 offThread
curHandlerTable

thread->interpBreak.ctl.curHandlerTable = thread->mainHandlerTable;

1742 BITETRE 5 RIEE

(1) ASM fikEgs € X T B 1 1S AE 28 KA N Dalvik UL,
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//rPC $5n] dalvik EAERS(FH

$define rPC T4
//EFP {1 dalvik [, X 274w e TR F A4
$define rFP r5

//rSELF /1A [ Ej 26 #2/F] struct Thread 45
fdefine rSELF 16

//TINST J 24114

#fdefine rINST «r7

//rIBASE 5[0 F 1715 handler AH 4 A bt
#define rIBASE 18

(2) FEAREAEMW B

/ /TR RS A B, WS EA countXx2, FFUAIMI LR T FFMEBFAEE regd
#define FETCH( reg, count) ldrh _reqg, [rPC, #(( count)=*2)]

/ /3 rec Ml rFP MY ETZRFENN struct Thread 45k HELH K

#define LOAD PC FP FROM SELF() ldmia rSELF, {rPC, rFP}

/ /L. vreg ARSI AFaMEAE reg F, vreg MRGMELL rFP AKLHE

#define GET VREG( reg, vreq) ldr _reqg, [rFP, vreqg, 1lsl #2]
//M struct InterpSaveState HUHF17iSF54 Hht S bk rpC Fl rFP
#define LOAD PC FP FROM SELF () ldmia rSELF, {rPC, rFP}

/ /B3] reg F XN handler, A4 64 FAT5%, FFLL 1s1#6
#define GOTO OPCODE ( req) add pc, rIBASE, reg, 1lsl #6

17.4.3 ASM Interpreter A

dvmMterpStdRun S fi# 55 &8 A L1, AN [R] [PIfERE 28 AT 8 AN Rl 1 SE 3L, %) T ASM Interpreter,
A E L C to ASM T I RIYE,  1f H AR DVM JE4UAL Context,  HSZHLGN |-

/ /BSM [ AR A AN 1]
dvmMterpStdRun:
#define MTERP ENTRY1 \
.save {rd4-rl10,fp,1r}; \
stmfd sp!, {r4d-rl0, fp,1r}
#define MTERP ENTRYZ \
.pad #4; \
sub sp, sp, #4

/x5 E30E X%, frfF rd-r10, fp, lr FArae*/
.fnstart

MTERP ENTRY1

MTERP ENTRY?Z

/* DRIFARSRED */
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str sp, [r0, #offThread bailPtr]

/* r0 WAFBUEY AT 462 struct Thread */
mowv rSELF, r0
/% MYETZFE struct Thread [f] struct InterpSaveState W HUH F il itA £PC,
Wi N cFP %/
LOAD PC FP FROM SELF ()
/* rIBASE Hi/& handler 4 Hhhk*/
1ldr rIBASE, [rSELF, #offThread curHandlerTable] @ set rIBASE

#1f defined (WITH JIT)
/*71it DJEE enable I (1AL */
.LentryInstr:
/* Entry i1s always a possible trace start */

/¥t struct Thread [f) pJitProfTable; A r0, JitProfTable & MIKG vt i) B

Ko/
1dr r0, [rSELF, #offThread pJitProfTable]
/IS TR S

FETCH INST ()

mov rl, #0 @ prepare the value for the new state
str rl, [rSELF, #offThread inJitCodeCache] @ back to the interp land
/*WIH pJitProfTable A 0 ﬁiﬁﬁﬁﬁjﬁﬁ‘:ﬁ*ﬁm: HARAT jit iX[A 55 [ =/

cmp r0, #0 @ is profiling disabled?

#1f 'defined(WITH SELF VERIFICATION)
/AN R B, RAIE A, AT E jitx/
bne common updateProfile @ profiling 1s enabled

felse

#endif

/*¥IXE it eable ARG E, B LT E LI R rINST, #8 rINST H K484 40 i
W AR BT Ards ip B =/

1:

GET INST OPCODE (ip)

/*l‘ﬁ_ﬁ%ﬁ_ﬁ ip BME, BEERNGE K F WXV IF handler, %t ASM Interpreter 3371,
ULJG B4k 7 I A S O H S 700, HFBE AT N (] handler */

GOTO_OPCODE(ip}

#else

/* start executing the instruction at rPC */

FETCH INST () @ load rINST from rPC
GET_INST_OPCODE{ip) @ extract opcode from rINST
GOTO OPCODE (1p) @ jump to next instruction

#endif
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17.5 Interpreter HJYJh

AT 73 Mr Dalvik KE UL @I ] Fh g Ak SRR 2 1Y
(1) BHRARSE E FRR AT .

int AndroidRuntime: :startVm(JavaVM** pJdavaVM, JNIEnv** pEnv)
{

/ /B 2G5 @Y dalvik.vm. execution-mode
property get ("dalvik.vm.execution-mode", propBuf, "");
if (strcmp (propBuf, "int:portable") == 0) {
/*portable i#FEA, XNEAL, HEAZBIMEA IR . SR RESE F
AR AT T, T RASE XA+ /
executionMode = kEMIntPortable;
} else if (strcmp(propBuf, "int:fast") == 0) {
/* executionMode=2, JT1f fast RS2 MUt BEREAT IJIT Uie g REas, JIT Xf
T/NRGAT AT RE R BIERT, XA R A8 R ANET L/
executionMode = kEMIntFast;
#1f defined (WITH JIT)

} else if (strcmp (propBuf, "int:jit") == 0) {
/*executionMode=3, BEI it X7 JIT Zhig. Wik2E ARM v7 LU EWIHLAY, BlaiXAs 1/
executionMode = kEMJitCompiler;
fendif

}

}

(2) fRREASIEEE,
MRPE AT R I PR 25 . EfR A NI IR Z 03, X A e iRt gk £5.

void dvmInterpret (Thread* self, const Method* method, JValue* pResult)
{

1f (gDvm.executionMode == kExecutionModelInterpFast)
// dvmMterpStd s& ASMAUALIE AT JIT ThEE N =L
stdInterp = dvmMterpStd;
#1f defined (WITH JIT)

else 1f (gDvm.executionMode == kExecutionModeJit)
/*dvmMterpstd x& ASM AL JIT Dhaescil, S5 EF X ONTES IFEITN WITH JIT &
ROE */
stdInterp = dvmMterpStd;
fendif
Else

//Portable fi#kEEdy, AIIREIE void dvmInterpretPortable (**)
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stdInterp = dvmInterpretPortable;

‘_ﬁ

17.6 Dalvik &4 THpimighf

{C Dalvik iz17H, FNRECfT H A1 Frame, 1555504 Dalvik 5649 HL 6T Frame 254 [1)
A«

Low addresses (0x00000000)

e + <-- stack ptr (top of stack)
+ VM-specific +
+ 1nternal goop +

- + <—- curFrame: FP for cur function
+ w0 == local0 +

e + —————————————— — -

+ outO + + vl == 1n0 +
e + —————————————— — -

+ outl + + v2 == inl +

o ————— + e +

+ VM-specific +
+ 1nternal goop +

= + <-- frame ptr (FP) for previous function
+ v0 == local0 +

S O +

+ vl == locall +

S O +

+ v2 == 1n0 +

S +

+ v3 == 1inl +

S O +

+ v4 == 1n2 +

S O +

- + <-- interpStackStart

High addresses (Oxffffffff)

Horp 25 A 284 e A ) 2 e Dalvik g i3t g8 w8 2 1, 11 VM-specific internal goop i /& struct
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StackSaveArea, %4545 XU

struct StackSavelArea {

ud* prevFrame;

/ /1% PC 3REH A S kI r15, 1 2 Er T iy i bk
const uZ=* savedPc;

/ /X5 N [F) eR B 2 R dR

const Method* method;

union {
u4 localRefCookie;
[ RAF ST T A bk 3L B, R TE EXPORT_PC () I R4+ /
const uZzZx currentPc;

} xtra;

LA AR A R E W -

#define EXPORT PC() \

str rPC, [rFP, #(-slzeofStackSaveArea + offStackSaveArea currentPc)]
H.rp offStackSaveArea currentPc #WE NN 12, sizeofStackSaveArea Bl f struct
StackSaveArea ZifJl] size. rFP AYarpiiithhl, 2% 17.5 1Y Frame %i#J, [rFP,
# (-sizeofStackSaveArea + foStackSaveﬂrea_currentPC}]i}xtra- currentPc Jif

{EHhLE .

17.7 JIT

IIT (1977 2 n] LARR BON A B n BL trace 4 B o HF & BEARS 1E— SR L, a8 e —
PIACHS, {H /2 7E Android 2.3 flRASH IR EEE - AA5ELL ASM Interpreter JA 2EAil 73 #fr JIT HLH .
17.7.1 At

JIT s — 202 A s, BB S M0 AT 1Y trace BCpREL, 1k A S s K 22 |,
ASM Interpreter 251U~ Z -

// AT ZEFE struct Thread [f) pJitProfTable A r0
r0 <= pJditProfTable (verified non-NULL)

/ /R F AR RN rPC

rPC <= Dalvik PC

// TINST A F —4&F i<

rINST <= next instruction
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H.rpr JitProfTable 7E bool compilerThreadStartup(void)H % 61 2, HLfi4&E—I0 X%} W hash
2T ) hot FEFE, WG 'E N gDvmlit.threshold (gDvmlit.threshold 1 X} A~ [A] 224447
BAFPIENE, AT vSte BRIAE A 200, X v7 R ENE N 40), & =440 AT 21tk
IR, HI 0 IR JIT

HOS KM ER asm interpreter —Ff, SEHLAE CAFASLE dalvik/vm/mterp/out/InterpAsm-

armv7-a-neon.S

common updateProfile:

/ /R rPCHEH W hash 1H, R hash {HikH JitProfTable Xf VI

eor r3,rPC,rPC,1lsr #12 @ cheap, but fast hash function

1s1 r3,r3,#(32 - JIT PROF SIZE LOG 2) @ shift out excess bits
1drb rl, [r0,r3,1sr #(32 - JIT PROF SIZE LOG 2)] @ get counter

/ /18 rINST F Wi 4 5B F 748 ip

GET_INST_QPCODE(ip}

/ /¥ JitProfTable X W IR 1

subs rl,rl,#1 @ decrement counter

/ /4 R A7l JitProfTable X W I

strb rl, [r0,r3,1sr #(32 - JIT PROF SIZE LOG 2)] @ and store 1t

/ /U R EEM it BI{E, R[9] asm interpreter

GOTO OPCODE IFNE (1p) @ 1if not threshold, fallthrough otherwise
/ /3] X W] xPC 15 [ A AT NS, WS it 1

/* Looks good, reset the counter */

//BCH B, HAFA JitProfTable %I

1dr rl, [rSELF, #offThread jitThreshold]

strb rl, [r0,r3,1sr #(32 - JIT PROF SIZE LOG 2)] @ reset counter
// SAVEAREA FROM FP(fp)->xtra.currentPc = pc

EXPORT PC()

mov r0, rpPC
mowv rl, rSELF
/ /2% it AR B B4R 2T v PC il K B AT AE
bl dvmJdi1tGetTraceAddrThread @ (pc, self)
/ /R cPC HibEAbEE Jit i), w0 HZIR[PIMAE, ffA inditCodeCache
str r0, [rSELF, #offThread inJitCodeCache] @ set the 1nJitCodeCache flag
mov rl, rPC @ argl of translation may need this
mov lr, #0 @ 1in case target 1s HANDLER INTERPRET
/ /KRBT Jit Wi kA
cmp r0, #0

#if !defined (WITH SELF VERIFICATION)
//BHEBEE] jic i RIS

bxne r0 @ jump to the translation
//rPC AL P fid jit
mov r2,#kJitTSelectRequest @ ask for trace selection

@ fall-through to common selectTrace

#else
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/1 EPr g EIXA G FEIETE disable, AFEXM WITH SELF VERIFICATION fFL
fendif
common selectTrace:

/*sjcrur:t Thread [ interpBreak.ctl.subMode i3XkFF HHI it ML */

1drh r0, [rSELF, #offThread subMode]

VA URF.W 79 VA kSubModeJitTraceBuild Fl kSubModeJitSV # AN ZE, Wi Y H L BE
JitAHMAUHIIRZ Jit TARKIAR S B AN T B0E j1it ERAT 300 dalvik
AR Jit TAFERAEIRAC 1 Jit TAFE i/

ands r0, # (kSubModeJditTraceBuild | kSubModeJitSV)

[/ WRCEWIE jit, AREEAT HET Dalvik LRI A]

bne 3f @ already doing JIT work, continue

//r2 B 2L kJitTSelectRequest

str r2, [rSELF, #offThread jitState]
mowv r0, rSELF
EXPORT PC()

SAVE PC FP TO SELF () @ copy of pc/fp to Thread

/=N jl_t SOEERE, ro WML struct Thread, {4 void
dvmJitCheckTraceRequest (Thread* self) [NZH, 1ZREE FiL
curHandlerTable VJ#ifi% ALThandlerTablex*/

bl dvmJitCheckTraceRequest
3:
FETCH INST()
//FOF U handlertable BMilik, X &k 4E | %2, V)% ALThandlerTable
1dr rIBASE, [rSELF, #offThread curHandlerTable]
4:
//8k5E Dalvik HHjLkFE
GET_INST_OPCODE{ip) @ extract opcode from rINST

GOTO_OPCODE(ip}
/* no return */

tendif

17.7.2 Mode ]

e NZPAELZ HI s struct Thread [1Y) jitState 4% & v/ 4 kJitTSelectRequest, G0 |

void dvmJitCheckTraceRequest (Thread* self)

{
switch (self->jitState) {
/*jitState J kJitTSelectRequest M%7 XA, ZIREFE common
selectTrace : A i B */
case kJitTSelectRequest:
/*jitstate IREFHH K kJitTSelect, dvmcheckjit HGALFHIX AR */
self->jitState = kJitTSelect;
/* kSubModeJitTraceBuild A& 0x4000, iXH )} 52 handlertable [{J{])#*/

dvmEnableSubMode (self, kSubModeJditTraceBuild):;
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)
i FH 2= O -

void dvmEnableSubMode (Thread* thread, ExecutionSubModes subMode)

{ // Z ¥ subMode & kSubModeJitTraceBuild =0x4000
updatelInterpBreak (thread, subMode, true);

}
/ /Z ¥ subMode & kSubModeJitTraceBuild =0x4000, enable {1%X

void updateInterpBreak(Thread* thread, ExecutionSubModes subMode, bool

enable)

{
do {

1if (enable)
newValue.ctl.subMode |= subMode;

else
newValue.ctl.subMode &= ~subMode;
/* newValue.ctl.subMode B B A kSubModeJitTraceBuild, il SINGLESTEP

BREAK MASK {8 f1#5 kSubModeJitTraceBuild/
1f (newValue.ctl.subMode & SINGLESTEP BREAK MASK)

newValue.ctl.breakFlags |= kInterpSingleStep;

/* Kl 4 newValue.ctl.breakFlags #{ & {7 &4 kInterpSingleStep, X ¥ T 2% asm

interpreter handlertable VJ#t%| althandlertable*/

newValue.ctl.curHandlerTable = (newValue.ctl.breakFlags) °?

thread->altHandlerTable : thread->mainHandlerTable;

} while (
/*64 AL HAE, B EBUSMET 4T union InterpBreaks/

dvmQuasiAtomicCas64 (oldValue.all, newValue.all,

&thread-> interpBreak. all) !'= 0); }

17.7.3 JIT X

JIT W 5 24 /) ALThandler, H A58 Fiii CARGE 0 Hr, X AT Y 5w 220

(1) HARTAFi4 2 H mainhandlertable Zb# .

(2) BECRF AL PRI AZ 45 mainhandlertable 22 {ij #5221 ] void dvmCheckBefore(--+), £ il
SRR AL JIT H .

vold dvmCheckBefore (const u2 *pc, ud *fp,

{u.-
#1f defined (WITH JIT)

Thread* self)
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// self->interpBreak.ctl.subMode # & {/ kSubModeJitTraceBuild
1if (self->interpBreak.ctl.subMode &
(kSubModeJitTraceBuild | kSubModedJitSV)) {

if (self->interpBreak.ctl.subMode & kSubModeditTraceBuild) {
/*vid dvmCheckJit (=++) SEBLEAKRN) it AZ T A=/
dvmCheckJit (pc, self);

#tendif

17.8 Compile

Compile /245 JIT (% EFT B, X HL5E R Dalvik §54 BINLETE 2 9 iFa01E . XA
YE5 PR, B SR 2% 5E ik tracerun (Y732 ), SR Dalvik 2 328 e 50 il 3 TAE .

17.8.1 EREEIELEW

Compile HSUgt&—MNgmikasifaim, HIRZ AN T B RNLR ISR A, B DLAE
A Z| Compile Z i, #5574 JIT Compile 1§ /] 2] H/Jﬁzliﬁﬁﬁ gl e N LA
(1) struct DecodedInstruction ] f & 7~—4% Dalvik 54

Dalvik #4573 B 36 Fist, W op. op VA, vB. op VA, #+B. op VAA, vBB, vCC
Lo G IR T IR IR O R RS

struct DecodedInstruction {

ud VA; //VvRA. VB, vC Fl25 fif R IR A AL

ui vB;

us vB wide; /* for kFmtbll */

ud vC;

u4 argl[5]; /* vC/D/E/F/G in invoke or filled-new-array */

Opcode opcode; / /B
InstructionIndexType indexType;
}s

(2) struct JitTraceRun H K id 3% —" tracerun X WV [ i i s Hillk . 1% tracerun 2157
P T A L, B H kil oo a5 B .

struct JitTraceRun {
union {
JitCodeDesc frag; //trace runﬂﬁ‘“
void#* meta; / /47 FHRMIR TR, 235547 0] oo 259tk

} info;
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ud isCode:1; //iE LXK HEn 7 2B
ud unused:31;

b
(3) typedef struct MIR %7~ 4k Dalvik 52 41 E 454 .

typedef struct MIR {
/ / IR i IR gh
DecodedInstruction dalvikInsn;
//Dalvik If&KE
unsigned int width;
unsigned int offset;
/*—~ tracerun [I] Dalvik 2L W F PR & prev Ml next H:AEXNWIT struct
BasicBlock 45 F*/
struct MIR #*prev;
struct MIR #*next;

//SSA

struct SSARepresentation *ssaRep;

} MIR;

(4) struct BasicBlock 7~ TraceRun, % | MF 0SB H B TraceRun, entry
S, USRI A A XA S5 Mk R o

typedef struct BasicBlock {

/ /A BB b i ik
unsigned int startOffset;

/=K H 2N typedef struct MIR B =*/
MIR *firstMIRInsn;

MIR *lastMIRInsn;

/ /BB FA R

struct BasicBlock *fallThrough;

/ /6% B ) B AN R

struct BasicBlock #*taken;

/ /RAT BATE AR iy I (1) S AR B

BitVector *predecessors;

struct {

BlockListType blockListType;

GrowableList blocks; / /TR TE AR 72 25
} successorBlocklList;

} BasicBlock;
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17.8.2 dalvik 5SS

AT 43 M1 Dalvik AR 2 i 1) JE A1 2
(1) HuEEfEmE .

Opcode dexOpcodeFromCodeUnit (u2 codeUnit)

/ /HUHAIG 8 4

int lowByte = codeUnit & O0xff;

if (lowByte !'= 0xff) {

/U RAK 8 iR 1, K 8 il iR/
return (Opcode) lowByte;

} else {

/*NE 8 iR, opcode A 8 fii+0x100%/
return (Opcode) ((codeUnit >> 8)

)
(2) R KA Rt

{

0x100) ;

FR| TR LS, AR, . RS EEERERNA] . Dalvik #i [

4 5R3R

InstructionInfoTables gDexOpcodeInfo = {
gInstructionFormatTable,
gInstructionIndexTypeTable,
gOpcodeFlagsTable,
gInstructionWidthTable

i

R BEIERA %, &% gnstructionWidthTable.

size t dexGetWidthFromOpcode (Opcode opcode)

{
return gDexOpcodelInfo.widths[opcode];

PAEFR A, 7 glnstructionFormatTable.

InstructionFormat dexGetFormatFromOpcode (Opcode opcode)

{

return (InstructionFormat) gDexOpcodelnfo.formats[opcode];

17.8.3 TraceRun &%

N3 TraceRun [1) 7 5t , ASM R 2ol 21 JIT )% /=, V)43 ALThandlerTable,
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im— B 4#: 3| ALThandlerTable L) J5 TraceRun )73 M5t TFE T .

vold dvmCheckJit (const uZ2* pc, Thread* self)

{
G 3E k% 1astPC S NULL

Sy

// lastPC 2 F —4&FWiafhhl, % 4%
const u2 *lastPC = self->lastPC;

/ /2R g bk

self->lastPC = pc;

switch (self->jitState) {
int offset;
DecodedInstruction declnsn;
case kJitTSelect:
/ /EFFUGR M Tracerun I jitState & kJitTSelect
1f (lastPC == NULL) break;
/*Grow the trace around the last PC if jitState i1s kJitTSelect */

dexDecodeInstruction (lastPC, &decInsn);

/* WIS S| OP PACKED SWITCH f1OP SPARSE SWITCH $54 Ui H] TraceRun 43 #t

ZER */
1f (self->totalTracelen '= 0 &&
(decInsn.opcode == OP PACKED SWITCH ||
decInsn.opcode == OP SPARSE SWITCH)) {
self->jitState = kJitTSelectEnd;
break;

}

//flags sEH] R WA

flags = dexGetFlagsFromOpcode (decInsn.opcode) ;
//Llen R 542 5

len = dexGetWidthFromInstruction (lastPC) ;

// offset JEBl %42 K WAL R BUE 4507 B 1K B

offset = lastPC - self->traceMethod->insns;

/FARIETR S VR HELL M KA E A5 A — ¥ TraceRan [ 4G/
1f (lastPC '= self->currRunHead + self->currRunlen) {
/N IRANEZL 4520, B TraceRun Hin+*/
int currTraceRun;
/* self->currTraceRun fric q{J tracerun “*/

/* We need to start a new trace run */

currTraceRun = ++self->currTraceRun;

/¥F1] tracerun 774 | s currRunLen B A 0, currRunHead HAEUGF 1
iy 3t k- /

self->currRunlLen = 0;

self->currRunHead = (uZ2%)lastPC;

/*1t N 1% tracerun FAHIAG E*/
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self->trace[currTraceRun] .info.frag.startOffset = offset;

L

self->trace[currTraceRun] .1sCode = true;

}
/*=4H tracerun, 5% >EIE IN*/
self->trace[self->currTraceRun] .info.frag.numInsts++;
/* IR EREF AT tracerun 3R 508 i/
self->totalTracelen++;
/* I tracerun [T Lk /
self->currRunlen += len;
[ *
* Tf the last instruction is an invoke, we will try to sneak in
* the move-result* (if existent) into a separate trace run
*/
/A RARTE 2 AR lastPC #R22 R AUHRIR 2, W] tracerun MU Uk
-, DIMFEENE ZEH > move-result*/

/ /184 gOpcodeFlagsTable #& H IR & RAEM A EIE S

int needReservedRun = (flags & kInstrInvoke) 2 1 : 0;
/* Ik tracerun WP EHE A 64, WEHE | 64 BI{iTiA{y tracerun tBATE
X IR */

1f (self->currTraceRun ==
(MAX JIT RUN LEN - 1 - needReservedRun)) ({

/ /T
self->jitState = kJitTSelectEnd;

}

/FURA R B kTR S, FHIE2 @M 1T kInstrCanBranch,
kInstrCanSwitch. kInstrCanReturn. kInstrInvoke &, UiHHAX
tacerun RENVIZE R [ */

if (!'dexIsGoto(flags) &&

((flags & (kInstrCanBranch |
kInstrCanSwitch |
kInstrCanReturn |
kInstrInvoke)) '= 0)) {

self->jitState = kJitTSelectEnd;

/ /R T R E0R ) Ab PR
if (flags & kInstrInvoke) {

//H 3 struct JitTraceRun JERECGH o3RG B
insertClassMethodInfo(self, thisClass, curMethod,
&decInsn) ;

//N—> tracerun, HIRZiHIR[A]

insertMoveResult (lastPC, len, offset, self);
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}
/ /W HEaEF) 7 THROW, WT

if ((decInsn.opcode == OP THROW) || (lastPC == pc)) {
self->7jitState = kJitTSelectEnd;

}

[/ wftalgil, WmEEE T 64 4 tracerun, T

1f (self->totalTracelen >= JIT MAX TRACE LEN) {
self->jitState = kJitTSelectEnd;

case kJitTSelectEnd:
//tracerun AT T, F—SaRR compiler LA SHE Ml
{

/ /R CEE RN tracerun 5 BT AE JitTraceDescription #
JitTraceDescription* desc =

(JitTraceDescription*)malloc (sizeof (JitTraceDescription) +

sizeof (JitTraceRun) * (self->currTraceRun+l));

//f] compiler ZRFEHRAC I iFEHIG
if (dvmCompilerWorkEnqueue (
self->currTraceHead, kWorkOrderTrace, desc) ) {

VAYN Y
1f (gDvmJit.blockingMode) {
dvmCompilerDrainQueue () ;

}
} else {

}
/*IE compile W TAFILEMESER, HZX T ASM fifkEd:, Jit

P TAERI B 5E R T */
self->jitState = kJitDone;
allDone = true;

}
break;
case kJitDone:
// allDone A8} true

allDone = true;

break;

1f (allDone) {
/ /X W FE ASM R A U)#i%| mainhandlertable
dvmDisableSubMode (self, kSubModeJitTraceBuild) ;
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}
/*MIX B[ mianhandlertable, 1T tracerun R, ASM fifREask & 1FH AR/

return;

17.8.4 MIR

MIR E[l 4 middle-level intermediate representation, 7I5¢J&X] trace 2 Ji, ZATYLEE K
traceruns HOZ 0T, rEHEALL, H Dalvik $54 DL MIR JEaUsERE K .

bool dvmCompileTrace (JitTraceDescription *desc, int numMaxInsts,

JitTranslationInfo *info, Jjmp buf *bailPtr,

int optHints)
{
/*Z ¥ JitTraceDescription *desc HHZWHERIN traceruns {5 E*/
/* dexCode &iX%¢ traceruns JT7EMN X */
const DexCode *dexCode = dvmGetMethodCode (desc->method) ;
/*ESCEN B tracerun*/

const JitTraceRun* currRun = &desc->trace[0];
/*55—~ tracerun WEZHLHE*/
unsigned int curOffset = currRun->info.frag.startOffset;

unsigned int startOffset = curOffset;
/¥~ tracerun FH M FIEEH*/
unsigned int numInsts = currRun->info.frag.numlnsts;

/* codePtr HiIEHRMF 1 tracerun 7 map H ) odex XHilk*/

const u?2 *codePtr = dexCode->insns + curOffset;

/* A IR G VR S5 R f ik /
CompilationUnit cUnit;
GrowablelList #*blockList;

/091G BEINEER] cUnit Hix/
cUnit.method = desc->method;

cUnit.traceDesc = desc;
cUnit.jitMode = kJitTrace;

/*BE IR trace #HL %547 T struct BasicBlock, AR trace iG] struct BasicBlock #F
JAE cUnit.blockList Hidgk */

blockList = &cUnit.blockList;

dvmInitGrowablelList (blockList, 8);

/* entry block IXZ4iFEdH BT MANFFA struct BasicBlock*/
curBB = dvmCompilerNewBB (kEntryBlock, numBlocks++) ;

dvmInsertGrowableList (blockList, (intptr t) curBB);

curBB->startOffset = curOffset;
/* DalvikByteCode iIXEY tracerun AW [] struct BasicBlock, #A* tracerun #i
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i HE M struct BasicBlock, XX entryCodeBB X W5 /> tracerun */
entryCodeBB = dvmCompilerNewBB (kDalvikByteCode, numBlocks++) ;
dvmInsertGrowableList (blockList, (intptr t) entryCodeBB);
entryCodeBB->startOffset = curOffset;
/* fallThrough %7~ struct BasicBlock [AJ[FiZ 5 R NPT, entry block Ja
15— M 4RAT struct BasicBlock A% > tracerun*/
curBB->fallThrough = entryCodeBB;
/* entry block AFEA MIR, curBB M > tracerun FlH*/
curBB = entryCodeBB;
while (1) {
/A F ARG ER XS N, — > MIR */
MIR *insn;
/*F RS DERE */
int width;
/%0 RS 50 i MIR */
insn = (MIR *)dvmCompilerNew(sizeof (MIR), true);
/*offset $i7[a) TprF WhdHihE */
insn->offset = curOffset;
/HAEEHCT A B T HI R +/

width = parselnsn (codePtr, &insn->dalvikInsn, cUnit.printMe);

insn->width = width;

traceSize += width;

/0 HT MIR $E3) A7 struct BasicBlock MBEERS, MRIEFWSIE G510 "4 (11 i
PR FHR =/

dvmCompilerAppendMIR (curBB, insn);

cUnit.numInsts++;

/AR 20T T A I th* /

int flags = dexGetFlagsFromOpcode (insn->dalvikInsn.opcode) ;

/*invoke 152 AL H*/
if (flags & kInstrInvoke) {

/*%f T invoke KiF4, TEXUHTHIAS1FE(E B struct JitTraceRun 551, LA
FARGE R BME. HarR I ocidzE B, B2 struct JitTraceRun &ifk
Ton. XEE BTE trace AT i EELF, 220l void dvmCheckJit (+++) */

/* 20T RS B/
const Method *calleeMethod = (const Method #*)
currRun[JIT_TRACE_CUR_METHOD].info.meta;

CallsiteInfo *callsitelInfo =

(CallsiteInfo *)dvmCompilerNew (sizeof (CallsiteInfo), true);
/xR R IR E B/
callsiteInfo->classDescriptor = (const char *)

currRun[JIT_TRACE_CLHSS_DESC].info.meta;
/*{RTR N AS*/
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callsiteInfo->classLoader = (Object *)
currRun[JIT_TRACE_CLHSS_LOADER].info.meta;
callsiteInfo->method = calleeMethod;

insn->meta.callsiteInfo = callsitelInfo;

}

[*5E T N F A, numInsts 3/
if (-—numInsts == 0) {
/*2Hf tracerun )7 THSACEESEE, 18 3 P PRAE * /
if (currRun->info.frag.runkEnd) {
/*TAT 1] tracerun ACBES5EEE*/
break;

} else {
/*I01] tracerun ffAEEE */
do {

/* currRun 5[\ F > tracerun*/

currRun++;

} while ('currRun->isCode) ;

/* MBI tracerun 7MAC—> DalvikByteCode M ] struct BasicBlock, Hi
K skiX > tracerun [ MIR*/

curBB = dvmCompilerNewBB (kDalvikByteCode, numBlocks++) ;
dvmInsertGrowablelList (blockList, (intptr t) curBB);
/* BT tracerun BOPCEHLIE . FVEEH . odex SCHHLAESH(E Hox/
curOffset = currRun->info.frag.startOffset;
numInsts = currRun->info.frag.numInsts;
curBB->startOffset = curOffset;

codePtr = dexCode->1nsns + curQOffset;

}

} else {
/¥ & tracerun WIACEE, 7 mSFR%Er 5 Hr*/

curOffset += width;
codePtr += width;

1785 EAMBIEXER

A1 FR, X5 LAEYILE bool

TESEREAR IR MIR #5382 ), E M ARz
dvmCompileTrace(--+) " ZE47, AL

bool dvmCompileTrace (JitTraceDescription *desc, int numMaxInsts,

JitTranslationInfo *info, jmp buf *bailPtr,



326 = W H——%F Android [N 5 R G2 R Y65 73 b

int optHints)
{ es
/X AR FE AR, SR Je AR H R A FE AN B J 4 710 B i EE 1t Bk AR R A, B A B (158 4 3
BT LR P B A B 2 [A] (1) G Fe* /

size t blockId;
for (blockId = 0; blockId < blockList->numUsed; blockId++) {

/ARYEFEA B 2R 51 I BE A e /

curBB = (BasicBlock *) dvmGrowablelListGetElement (blockList,

blockId) ;

/B AR B g N0, BT adat, ZEABRF) MIR BER 2T A A YOG R,
lastMIRInsn Bl A& —AF 1hE 11 MIR*/

MTIR *lastInsn = curBB->lastMIRInsn;

/* curOffset &)o' F W HLE*/

curOffset = lastInsn->offset;

unsigned int targetOffset = curOffset;

/i )a— TR s AT R, R BARIXRERA B IEN F F—
AR hE, X FHE S fallThrough*/

unsigned int fallThroughOffset = curOffset + lastInsn->width;

bool isInvoke = false;
const Method *callee = NULL;

/*bool findBlockBoundary (=) BRE TAE 20 MTE)G — 71018, W2 INVOKE
KR4, il callee REUMULNAE targetOffset, WHE GOTO, IF XX KIF4L
A H e hb e targetOffset */

findBlockBoundary (desc->method, curBB->lastMIRInsn, curOffset,

&targetOffset, &isInvoke, &callee);

/* Link the taken and fallthrough blocks */

BasicBlock *searchBB;

/* R e — A JE A/

int flags = dexGetFlagsFromOpcode (lastInsn->dalvikInsn.opcode);
if (flags & kInstrInvoke) {

cUnit.hasInvoke = true;

}
/W RAGZREGIA, T H B AR AN T Y ar b, I ATRMER A T, bool
compileLoop () & [ JHIRALFR I/

1if (isInvoke == false &&
(flags & kInstrCanBranch) !'= 0 &&
targetOffset < curOffset &&
(optHints & JIT OPT NO LOOP) == 0) {
/=P IFEE AL */

return compilelLoop(&cUnit, startOffset, desc, numMaxInsts,

info, bailPtr, optHints);
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/* B IR P AT A AR, S a e dG ik 2 A5 2 S Ay BRIk A H bk, 503
& 2 RP S Ar BRIt bk /

size t searchBlockId;

for (searchBlockId = blockId+1l; searchBlockId < blockList->numUsed;

searchBlockId++) {
searchBB = (BasicBlock *) dvmGrowableListGetElement (blockList,

searchBlockId) ;
[+ R 5 4RI 2 Bk il & searchBB [F1AD 4 ik /
if (targetOffset == searchBB->startOffset) {
/* taken fHIRMH IIBEFL /TG ZR*/
curBB->taken = searchBB;
/* Y HTHFE searchBB 3L A predecessors (K EAL */
dvmCompilerSetBit (searchBB->predecessors, curBB->id);

}
/* R W TG — AR R T LIS 2 searchBB (145 i+ /
1if (fallThroughOffset == searchBB->startOffset) {
/* taken iR HINFHAT K FR*/
curBB->fallThrough = searchBB;
/* 4 HIALE searchBB A predecessors ([ EAL */

dvmCompilerSetBit (searchBB->predecessors, curBB->id);

17.8.6 FHFsoE

1. FFERIVENTE

(1) Zeut = a0 ek 208 H B Dalvik JBUNLE 4745, 2 W “Dalvik 27 7 ddn PR " — 5.

(2) srirdE—4 MIR 3RS, W H P RCA 788 (A SEPRIT) ARM 27474y, A Al
BHIEArAE), 1% {r#s 5 Dalvik [EHINL S AF a5 T 6T W K &

(3) 7t Dalvik jit HLA7/> SSA #f&, EAE MBI TFE54l. SSA (1) 77 17 A5 2H IR
Dalvik ZF fr#as 2l — — X W . % > struct CompilationUnit 45 #4 4 %5 W > E 4 int
*dalvikToSSAMap; fll GrowableList *ssaToDalvikMap;. Fij# LA Dalvik %547 25 5 (520 2 5|
] AR BN N[ SSA FFfrds 5, Ja& UL SSA ZFAras T MU R 51 vl LUK 26) [V 1) Dalvik
AT A T o

(4) % 1R 75 B0 Mrhi 4% Dalvik 4172 ()37 A7 8 il oK, AL 24 55— 4> BasicBlock,
SR G BB —1> BasicBlock [%:— 2% MIR (75 A7 a4 FH A/ &L 7347

bool dvmCompilerDoSSAConversion (CompilationUnit *cUnit, BasicBlock *bb)

{
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MIR *mir;

for (mir = bb->firstMIRInsn; mir; mir = mir->next) {
/*struct SSARepresentation id>k$ESk Dalvik R MR A AFas k= /

mir->ssaRep = (struct SSARepresentation ¥*)

dvmCompilerNew(sizeof (SSARepresentation), true);

/*HUH 1% Dalvik #AEM &, A s e b AR H s, YRR 25 s
PERL A ke, ARIE B T LA i i il 2 2 D3 A7 . R A A RIS a7 A7 d . 210
Tt ST A AT/

int dfAttributes =

dvmCompilerDataFlowAttributes[mir->dalvikInsn.opcode];

/PSR B AT 2 T oK U He/

int numUses = 0;

/* % DF HAS USE & XWF
#define DF HAS USES (DF UA | DF UB | DF UC | DF UA WIDE | \
DF UB WIDE | DF UC WIDE)
Hrp A DE UXX AR R A BSR4 10 7 oK
*/
if (dfAttributes & DF HAS USES) |
1f (dfAttributes & DF UA) {
/U R E WA AT AT, SN AN A7 A s Kk /
numUses++;
} else 1f (dfAttributes & DF UA WIDE) {
/U R T B R B CA AR Ay, H2RT ) WIDE, MNP AArde o oK */
numUses += 2;

}
/U R T EPR AT BT REAT 24, RIS e/
1f (dfAttributes & DF UB) {
numUses++;
} else 1f (dfAttributes & DF UB WIDE) {

numUses += 2;

}
/¥ GET R IS A A AT A 20 Be e 2 AN i B e B A = /
1f (numUses) {

mir->ssaRep->numUses = numUses;

mir->ssaRep->uses = (int *)dvmCompilerNew(sizeof (int) * numUses,

false) ;
mir->ssaRep->fpUse = (bool *)dvmCompilerNew(sizeof (bool) *
numUses,
false) ;

}
/* H WA BT AP s v B+ /
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int numDefs = 0;
/* 7% DF HAS DEFS & XUk
#define DF HAS DEFS (DF DA | DF DA WIDE)
HAHEA DF DXX ACE N H By A 20 A7 45 1 />R

*/
1f (dfAttributes & DF HAS DEFS) {
/% H A S e ds T ae T — >, BARE 2RIk 2 WIDE K8 */
numDefs++;
1f (dfAttributes & DF DA WIDE) ({

numDefs++;

/25 GE v ORI H A 2T A7 48 20 e TR B A AN s A e e =/
1f (numDefs) {

mir->ssaRep->numDefs = numDefs;
mir->ssaRep->defs = (int *)dvmCompilerNew(sizeof (int) * numDefs,

false) ;
mir->ssaRep->fpDef = (bool *)dvmCompilerNew(sizeof (bool) *
numDefs,
false) ;
}
DecodedInstruction *dInsn = &mir->dalvikInsn;

/* FRUCR A s R/
if (dfAttributes & DF HAS USES) ({
numUses = 0;
1f (dfAttributes & DF UA) {
/%R T 73 Fe 7 A E BCA R ACE X AR OK 1, W RAR 2 VR 07 R st B AL, AR
X SEANTF R, fpUse [ 10N A7 4% B A */
mir->ssaRep->fpUse[numUses] = dfAttributes & DF FP A;
/¥R Dalvik e HAF A4S, k2] ssn XN F e 'S, IHFTE uses [1HZH HidfEiX
/™ SSA Ffrdnx/
handleSSAUse (cUnit, mir->ssaRep->uses, dInsn—>VA,

numUses++) ;

} else 1f (dfAttributes & DF UA WIDE) {
/* R YEEEAT 2 WIDE, A8 A4 A T ET M Dalvik & A7ds, AHM B T 2 4> ssa
A AT, ACEEJIEAETE AR, HZ2XHETEN dInsn->vA Ml dInsn->vA+1 73 HIALH— K=/

mir->ssaRep->fpUse[numUses] = dfAttributes & DF FP A;
handleSSAUse (cUnit, mir->ssaRep->uses, dInsn->VA,
numUses++) ;

mir->ssaRep->fpUse[numUses] = dfAttributes & DF FP A;
handleSSAUse (cUnit, mir->ssaRep->uses, dInsn->vA+1,

numUses++) ;
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}
/* PP B. C, i AR oA A = /
1f (dfAttributes & DF UB) {

} else if (dfAttributes & DF UB WIDE) {

}
1f (dfAttributes & DF UC) {

} else 1f (dfAttributes & DF UC WIDE) {

}
/% KEFRE iR E o/
1f (dfAttributes & DF HAS DEFS) ({
/¥ 47 NITF B A 8%, fpUse [ 147N A4 4 B * /
mir->ssaRep->fpDef [0] = dfAttributes & DF FP A;
/*fE defs [1AFNVIIE T 2> SSA FFA7-dv*/
handleSSADef (cUnit, mir->ssaRep->defs, dInsn->vA, 0);
if (dfAttributes & DF DA WIDE) ({
/*HFI AR AT A fE 2 WIDE, XHALHSE A&y, BT FAEiH LA E [ */
mir->ssaRep->fpDef[1l] = dfAttributes & DF FP A;
handleSSADef (cUnit, mir->ssaRep->defs, dInsn->vA+1, 1);

}
2. ARM F7F/1ER

/0] R Ffres, BT 5 r6, Kk r5 r6 20 5l# Dalvik fifFEes>4 rFP Ml rSELF,
XN ANBERE A B AC. 171 rd J8H 28 EXPORT PC () PRAFESRAT LA MK E, Frbl r4a ha] A

e, r13 rld rl5 4p%2 sp. 1r. pc, JrbAXEeEfrastb ARE H B2 id
* /

static int coreTemps[] = {r0, rl, r2, r3, r4pPC, r7, r8, r9, rl1l0, rll, rl2};
/* 0] T A AT a8/

static int fpTemps([] = {frle6, frl7, frl18, frl1l9, fr20, fr21, fr22, fr23,
frz24, fr25, fr26, fr2’7, fr28, fr29, f£r30, fr3l};

void dvmCompilerInitializeRegAlloc (CompilationUnit *cUnit)

{

/*FAF-asith: ARM A AF 3 ) BEAR T PR G R+ /

RegisterPool *pool = (RegisterPool *)dvmCompilerNew(sizeof (*pool),
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true) ;

cUnit->regPool = pool;

pool->numCoreTemps = numTemps;

[*FEDTFAL AN - struct RegisterInfo, NN H BTN struct
RegisterInfo &if4*/

pool->coreTemps = (RegisterInfo *)

dvmCompilerNew (numTemps * sizeof (*cUnit->regPool->coreTemps),

true) ;
pool->numFPTemps = numFPTemps;
/BN O] IV RS a7 le struct RegisterInfo &5/
pool->FPTemps = (RegisterInfo *)

dvmCompilerNew (numFPTemps * sizeof (*cUnit->regPool->FPTemps),

true);

/* R A #)iG1k struct RegisterInfo 451y, FEHNEFEWT:
Gy . BTG HECHg S, %%'5 7 enum NativeRegisterPool HE ¥;
T . XTI X T
T RCAHE T o AFF A7 A fe 75 il 2 R HAb Ay A7 4% il
*/
dvmCompilerInitPool (pool->coreTemps, coreTemps, pool->numCoreTemps) ;
dvmCompilerInitPool (pool->FPTemps, fpTemps, pool->numFPTemps) ;
pool->nullCheckedRegs =

dvmCompilerAllocBitVector (cUnit->numSSARegs, false);

extern RegLocation dvmCompilerEvalLoc (CompilationUnit *cUnit, RegLocation

loc,

int regClass, bool update)
{

/*CNE M RCH K1) ARM FF A7 B Ak, 2SN 2 HT SSA FAFARIT*/
loc = dvmCompilerUpdateLoc (cUnit, loc);

/*TE MR L 20T B B4 A ARM /748 B4R ARM F A7 8%+ /
newReg = dvmCompilerAllocTypedTemp (cUnit, loc.fp, regClass);

loc.lowReg = newReg;

if (update) {
loc.location = kLocPhysReg;
/XA R I ARM 277 B XM IC T F SSA 247 48w/
dvmCompilerMarkLive (cUnit, loc.lowReqg, loc.sRegLow);

}

return loc;
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17.8.7 LIR

LIR S5HLZEZEMAH O, BN LIR M WAHW LTS, 4 H A EMREAES. T
f— MIR, R4 T LIR. LIR R W AN D3

(D) BT IEEEA, R4 Dalvik 95054 200 24, {H 2 4% L4 B> SR
s R LURE H 70O 36 K38 18 AH (W] g AE B 719 05 B S i A% CARAH ], Q=775 4
OP IF EQZ. OP IF NEZ. OP IF LTZ. OP IF GEZ. OP IF GTZ. OP IF LEZ #)& T
Fmt21t A 1) 760 G b A%

(2) ARIEHEAAE 700, FFAE RGOS ) ArmLIR F- 75 B W [ ARM #AERSEY,
X1 v7 ZERAE R thumb2 $5 256 . (HAERTZE, A ZE—4 MIR XN —2% LIR, SEfx
EARPEA R MIR Dhfg, 0 H S 225 LIR RS, A1 k.

void dvmCompilerMIRZ2LIR (CompilationUnit *cUnit)

{u.
/¥ AR BRI R EEA T, SRS X RS BEACER ) MIR BER AT V. LIR, AT
ARM Z8HM) LIR [FSEILN struct ArmLIR*/
for (BasicBlock *nextBB = bb; nextBB != NULL; nextBB = cUnit->
nextCodegenBlock) {
bb = nextBB;
/visited briFATIZE AP A4 LIR/
bb->visited = true;
cUnit->nextCodegenBlock = NULL;

for (mir = bb->firstMIRInsn; mir; mir = mir->next) {

/*HUH Dalvik F 15t/

Opcode dalvikOpcode = mir->dalvikInsn.opcode;
/*73BT AT i A 2K/

InstructionFormat dalvikFormat =

dexGetFormatFromOpcode (dalvikOpcode) ;

/ *RRHEZ TN R S R AT AN [A) (1) b B % /
switch (dalvikFormat) {

case kFmtZ2l1lh:

notHandled = handleFmt21lh (cUnit, mir);
break;

case kFmt2lt:
/*OP TIF XXX RMFAT, LA vEL 73 A/
notHandled = handleFmt21t (cUnit, mir, bb,
labellList) ;

break;
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-

}

default

notHandled = true;

break;

FEEL OP_IF XXX it A%, oA H LIR B4R A

static bool handleFmt21lt (CompilationUnit *cUnit, MIR *mir, BasicBlock *bb,

/**/

Opcode dalvikOpcode = mir->dalvikInsn.opcode;

ArmLIR

ArmConditionCode cond;

/* JEIEA A Hpr bbb S a1 58 )5 KA E & A5 backward B/

bool backwardBranch =

-

RegLocation rlSrc = dvmCompilerGetSrc(cUnit, mir,

rlS

/* L LR R 2 1 ArmLIR, A ARM #:4E65 4 kThumbCmpRR*/

rc = loadValue (cUnit,

opRegImm (cUnit, kOpCmp,

*labelList)

r1Src, kCoreReq):;

rl1Src.lowReq,

/*ERPE Dalvik T 10 iS4 Bl 2k A= /
switch (dalvikOpcode) {

case OP IF EQZ:
VAL SRR TTVA S RV

cond = kArmCondEqg;
break;

case OP IF NEZ:
R T o
cond = kArmCondNe;
break;

case OP IF LTZ:
[ *FAFIAL N T+ /
cond = kArmCondLt;
break;

case OP IF GEZ:
/* ALK -/
cond = kArmCondGe;

break;

0) -

(bb->taken->startOffset <= mir->offset);

0)
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default:

}
/¥ kThumb2BCond 8§42 [F] ArmLIR, Zig2 5 ek H o X & taken 4032, Bk¥%

£ 5> tracerun */
genConditionalBranch (cUnit, cond, &labellList[bb->taken->id]);
/* This mostly likely will be optimized away 1in a later phase */
/*FE B kThumbBUncond 54 ) ArmLIR, iX#& fallThrough 4332, 1IFUFERIRHE—F, X
7 LIR A]RERAAL A */
genUnconditionalBranch (cUnit, &labellList[bb->fallThrough->id]):;

return false;

17.8.8 Codecache

Codecache H[l 4 47 WL 28 CHS B [¥) cache, Frpu i R ACHS .
(1) FEARPFE . IXEACAD A jit B4V RS, it TIT 2B il ACAS A o S EAE

./dalvik/vm/compiler/template/out/CompilerTemplateAsm-armv/-a-neon.S

(2) 4w pAUY . RS Dalvik 7 b A4 sl AL EA RS B .

(3) H(aflht. FIREEAN . EREPEACAS RIS, 38 5 MR PR IE A TR A B

BN IEARPFEXS WY intptr t templateEntryOffsets[ |20 2H 1Y) Horp—I01, ARz IEnL ] F4
P A% 2k A9 F2 A2 4 Hh il dvmCompilerTemplateStart [ 4K J5E

#define JIT TEMPLATE (X) templateEntryOffsets[it++] = \
/TR 2 B /
(intptr t) dvmCompiler TEMPLATE ##X - (intptr t) dvmCompiler
TemplateStart;
/ #Z N T A PIFEA */
#include "../../../template/armvSte-vip/TemplateOpList.h"

#undef JIT TEMPLATE

bool dvmCompilerSetupCodeCache (void)

{ -
/* Bl code cache NERLHNAT */

fd = ashmem create region("dalvik-jit-code-cache", gDvmJit.

codeCacheSize) ;

gDvmJit.codeCache = mmap (NULL, gDvmJit.codeCacheSize,
PROT READ | PROT WRITE | PROT EXEC,

MAP PRIVATE , fd, 0);

/ /ORI FEFE V1 Bl codecache & iR 4t

memcpy ( (void *) gDvmJit.codeCache,
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(void *) dvmCompilerTemplateStart,
templateSize);

17.9 Dalvik ART

WA S5 2 I, Android UHEH T ART. 258 AR BUESEAT b AR
ZHTRFEVER, HJE ART 7E2ER) 2 TR (A B Wt 8L, S /EA K 5 [EE Android 2244 f5i.0
BRI, FEAEAMFER L FRBEIMART

G, MRS EERNL . BV RS 1. WA EE. JERSRE A B
EANNERA N %S T BN AR S ) — 3877 . ART o] LR R g — Prr ok i iRt
ars IR AR R4 handler A0 N RS 1 ZaE RIS . BT A ART JFAS 2 5 it 4
1 Dalvik JEUALIM 2 4 Dalvik $&ti | —Fogh ) fif s, Dalvik FJREZFES B, AFEHE

ART iy K [ A1 52 0 2 AR K BRI o, R ge s i T4k, & A b4 B A
F0 04 handler K I X 0o IXFE T EUCAE B EERGR, A7 2 (Rl R A7 B OK

ANt et o). WA R IR A 2 kB, BEAE - SR ER I & R, H AT s AN AT
SR N B n LUAY : Mok iR s Al L BB S P AT native pREL—FEHAT ART 1L 128 K
PR USRS ART fh; R L2 m ek B9 IR A7 TR S Tava VAT ILAE IR
e SIS RENS Fif 30 T A 2 BRI EL R 15 0 — it

HAF Java B3R DA S UIXFESWIA T Java PIRERE, (H2Z7E FHIARA SR, H)L
I~ Java [P FE .

!
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18.1 Parcel

Parcel MY & —BLEHE BRI, Parcel &A1 JA7EM Java J2= 2 N = R G0 %30 4%
AL A ZARM B OCHE A FRAE A%, PAZ L ke Parcel BLXT R 1@, CHH/2¥ Parcel
B RSk, Java BE2Kf Parcel 7 Java 2S04k, (HEETEE — BT SRR, X
e s g I URTE S EARIANE],, HE XEGEAH R . R KED service X % HlE
service % % (14 A< Hh izt FE ML I ) 2 78 2 K 5 Parcel LI SR 58 Bl A< 55 25 B 20T service % 4
[PIAS b S e R 28 B, T AE — 8520 555 0 #r JF service X % (ANl A ze 5 g ST AL

TiEk s R WAL &R GRN EAR, 7 505 RI150 7, A0 Parcel [FJ{E C++
Al Java E2HIHLE], A% EHLHIZ: W Binder K2 —17 .

18.1.1 C++/Z8Y Parcel

Parcel [{JALFRI) 4 I B AR IR, MREBON R, HEREARIL parcel (15, AT
A IR A T A TR

/ /Parce ffEH,

status t unflatten binder (const sp<ProcessState>& proc,
const Parcel& in, sp<IBinder>* out)

{

1f (flat) {
switch (flat->type) {

case BINDER TYPE BINDER:
[ /AR, EARHCH B ]

*out = static cast<IBinder*>(flat->cookie);

case BINDER TYPE HANDLE:
/ /AREEXS B AR BE LT X
*out = proc->getStrongProxyForHandle (flat->handle);
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}
/ /AREEXT B A HE
sp<IBinder> ProcessState::getStrongProxyForHandle (1int32 t handle)

{
sp<IBinder> result;

AutoMutex 1 (mLock);
AT AMERELI, TR XM Toinder, 33l Thinder [ handle K3:

B, XHEEAAENI AR handle AZE[N IBinder, WRALFAEW N ILIHC— A7 I

handle entry*/
handle entry* e = lookupHandleLocked (handle) ;

1if (e !'= NULL) {
IBinder* b = e->binder;
if (b == NULL || 'e->refs->attemptIncWeak (this)) {
/*0 %5 handle AM7fE, MHHE L class BpBinder X%, H41UE4LH mHandle ik
AR i/

b = new BpBinder (handle) ;
e->binder = b;
if (b) e->refs = b->getWeakRefs (),

result = b;

return result;

18.1.2 Java =HY Parcel

[A] C++=—#FF, Java 220t B, AlRlT C+H+ /=, Java 2% s id e
RREL AT EIXFE . Java B EAIAEXNS B AX %29 H L.

//Java JZII] Parcel
public final class Parcel {

//X%GIH, B ZR GRS Java EXR
public final IBinder readStrongBinder () {
return nativeReadStrongBinder (mNativePtr) ;

}
7L JIN )z nativeReadStrongBinder p& £ FH 41 B R ZY

static Jobject android os Parcel readStrongBinder (JNIEnv* env, Jjclass

clazz, jint nativePtr)

{
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if (parcel !'= NULL) {
/*C++JZIf] readStrongBinder HSI Bl /& unflatten binder, AHIX[Z KT BBinder,

FEEXS % 3774 BpBinder*/

return javaObjectForIBinder (env, parcel->readStrongBinder());

}
return NULL;

/ /%R EAE 2l RS val 2%, ARHE Java EICEIX &

jobject javaObjectForIBinder (JNIEnv* env, const sp<IBinder>& val)

{

1f (val->checkSubclass (&gBinderOffsets)) {
/L FX B E R T A AH S, (EARMASEATEX B AR, HOZLA7E, XHERE

F 1A by Z iz [a] Bl ] = /
jobject object = static cast<JavaBBinder*>(val.get())->object();

}

/ /W ERESR G2

jobject object = (jobject)val->findObject (&gBinderProxyOffsets);
if (object !'= NULL) {
/ /BEIR Y weak 512
jobject res = env->CallObjectMethod(object, gWeakReference

Offsets.mGet) ;

}
/RN B AR, BEAN Java BEEEA T 5. HERR I DA 5, HRE A RRE 4R

{7 H A 3 BR Hx /
object = env->NewObject (gBinderProxyOffsets.mClass, gBinderProxyOffsets.

mConstructor) ;

/ /I class BinderProxy A%

1f (object '= NULL) {
//1E mobject it F Java 2] BpBinder

}
/ /iR [A] Java [F)INAE1Z6 %5k £ 4 ] H

return object;

18.2 Binder x5l

A BN e R HE - e X tH L s bR, X0 WA= I LAE, Binder WM %L



% 18 % Binder 339

& Binder WAZ9KB)SEHLIT o 71 Binder 3K #))H, REANSEREIN G4 20 i —BRW , 2 871
HAHGIH o 1IN 852 B0 B2 51 A 3 g e AR H N Bb 2 1B FE AT A .

18.2.1 Binder §

A1 Z2 PP LA Binder X5 51U ER, 478 FIZEFE A BGE H Binder RSl 2 it &
Binder 5 . X6 1F I 8 X 220 52 A KA R 4EDT Binder PRUA S 11801E, A TIA
o 2 FETT . R A F o0 A I R ARFRN S A XS A i X 52 if F IR 7~ /E /) Binder 5, X2
Binder X %ML LL J2 Android 25 Fi A5 70 43 5 55 3 (1l )y .

/% FRACEENS S I AT %, B 7] servicemanager VMRS ERE BTSN, 1% pR EHY
W, fit&@w44 4 BC TRANSACTION. iXH struct binder proc *proc fll struct
binder thread *thread 7} UK A BC TRANSACTION [JIEFEFIZFE*/
int binder thread write(struct binder proc *proc, struct binder thread

*thread,

void user *puffer, int size, signed long *consumed)

while (ptr < end && thread->return error == BR OK) {

// WNH P &RG a2
1f (get user(cmd, (uint32 t  user *)ptr))

return -EFAULT;

switch (cmd) {

/* BC TRANSACTION ZFefCRE[JM N1, BC REPLY XN AHXS 5 1) bF £k [0 Z)
s D ARAN R BRI )a e/
case BC TRANSACTION:
case BC REPLY: {
struct binder transaction data tr;
/ /R P23 Al struct binder transaction data Z4(HUH K
if (copy from user (&tr, ptr, sizeof (tr)))
return -EFAULT;
ptr += sizeof (tr);
//Binder %Ly, X5 HRRE X 7 #7E X HLEAT
binder transaction(proc, thread, &tr, cmd == BC REPLY);

break;

}

return 0;
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£~ Binder AAHUG %, T igs& C++id & Java 2 (i, HAE W AZ B H — > struct binder node
ME—XF W o BEANIEFER) BT AT struct binder node ZH B — AR o 5 2 FAREE X % U7 0] 85 3EF4E 1)
AHOXT S, WACHEEX) 2 P ERERE B S B 58 A2 B 5| Hl 4544 struct binder ref.

/*struct binder transaction data*tr J transaction A% Z %, reply FKRH Jjn)*/

static void binder transaction(struct binder proc *proc,
struct binder thread *thread,

struct binder transaction data *tr, int reply)

if (reply)
[ /A RENE TR, B TR 5, N e BRI ] i
} else {
/*target AWFEX S, target.handle NITFEXTZ I A]HE*/
if (tr->target.handle) {
struct binder ref *ref;
//1E struct binder ref R EIKILIE
ref = binder get ref(proc, tr->target.handle);
1f (ref == NULL) {
[*AESEI 2 0, SRV H struct binder ref, FkAZRIGIH, #%
R IVEBAT*/
}
/ [ EFEA AT B
target node = ref->node;
} else {
[/ FTTREN B 0, XASZAEX B /& BINDER SERVICE MANAGER

target node = binder context mgr node;

/* W Binder ANPREIE PR, XHEHSZZNZ2UN, 115 REA 181 Binder 255
NV, )G Android IIA T Binder ZEHLiil*/

1f (security binder transaction(proc->tsk, target proc->tsk) < 0) {

}

1f (! (tr->flags & TF ONE WAY) && thread->transaction stack) ({
/A5 EN A B W EAEH] transaction stack, b faj 86 WG 25 X R 1 il /
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/* FEWNZ B AL struct binder transaction*/
t = kzalloc(sizeof (*t), GFP KERNEL);

/*¥1UHifk struct binder transaction JEARZH(*/
t->sender euid = proc->tsk->cred->euild;
/ /¥t transaction X WV EEFE
t->to proc = target proc;
t->to thread = target thread;
// fiHH transaction XMW1 R AL
t->code = tr->code;
t->flags = tr->flags;

t->priority = task nice(current);

//5lE transaction [ buffer
t->buffer = binder alloc buf (target proc, tr->data size,
tr->offsets size, !reply && (t->flags & TF ONE WAY));

/7R P T AL 545 B bk

offp = (size t *) (t->buffer->data + ALIGN(tr->data size, sizeof (void
*)) )

/7 2 A P& E R

1if (copy from user (t->buffer->data, tr->data.ptr.buffer, tr->data

size)) {

}
/72 AP S %465 B

1f (copy from user (offp, tr->data.ptr.offsets, tr->offsets size)) {

off end = (void *)offp + tr->offsets size;
/% M AT ORI B £ AR KR HE BN X B AT 70 #fr+ /
for (; offp < off end; offp++) {

struct flat_bzﬁder_pbject *fp;

/*Ep RA B AR G5 R K Sk AR Er*/
fp = (struct flat binder object *) (t->buffer->data + *offp);
switch (fp->type) {
case BINDER TYPE BINDER:

case BINDER TYPE WEAK BINDER: {
/*WIR1%Binder /£ BINDER TYPE BINDERZ(BINDER TYPE WEAK BINDER !,

HEAN T HrHFE, 1% Binder X B A5 & A A Gx/
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struct binder ref *ref;

/#TEWAZ S B AR AW BT R AR 451 struct binder nodex/
struct binder node *node = binder get node (proc, fp->binder);
1f (node == NULL) {
/¥R —IRERNZAN S, LUWTE addservice I, A RAS N B 106 G 04 45
f2) struct binder node J{INIAZAHIXT G i/

node = binder new node (proc, fp->binder, fp->cookie);

LR N |

}

[/ ZERE
1f (security binder transfer binder (proc->tsk, target proc->
tsk)) |
return error = BR FAILED REPLY;

goto err binder get ref for node failed;

}

/*BEIR LA B AR H T AR AR B, HIXS T target proc KRl ETENS, &
%J& T target proc SIH&MHIFIMAEGI M. struct binder ref &K 4
Binder WEHFEGIH, —k%EFH 1% Binder [ node, —LEHF A TILN struct
binder proc ghf o RN EFEAT AN AN AR L) Binder XI5 & 5]
WAREX IS struct binder ref iR E desc AT ES AT
rIE s N, XANEE M2 BpBinder [f] handle */

ref = binder get ref for node(target proc, node);

/* W RAZ N BAE 1 FE /& BINDER TYPE BINDER { BINDER TYPE WEAK
BINDER KM, Uil]iZz6 % S pr R A 5, A 2060 T HAriEfE, % Binder

X Gl GE SR REX] Bk /
if (fp->type == BINDER TYPE BINDER)
fp->type = BINDER TYPE HANDLE;
else

fp->type = BINDER TYPE WEAK HANDLE;
/ /X BAE HAREERE K AR 5
fp->handle = ref->desc;
binder inc ref(ref, fp->type == BINDER TYPE HANDLE,
&thread->todo) ;

} break;
/*WIH1% Binder /& BINDER TYPE HANDLE ( BINDER TYPE WEAK HANDLE 7,

2T HTEFE, 1% Binder A4 E R RN Gx/
case BINDER TYPE HANDLE:
case BINDER TYPE WEAK HANDLE: {
N%ﬁ%p@mn@ﬁ$ﬁﬁ%ﬁﬁfﬁmsmﬁmﬂmwwmmﬂeﬁﬁﬁﬁﬁﬁ
FA X AAHN G458 struct binder ref*/
struct binder ref *ref = binder get ref (proc, fp->handle);
if (ref == NULL) {
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/*RYE binder VMY, ASHIIXPEN, W H R/
return error = BR FAILED REPLY;

goto err binder get ref failed;

}
[/ ZERA

1f (security binder transfer binder (proc->tsk, target proc->
tsk)) |
return error = BR FAILED REPLY;

goto err binder get ref failed;

}
/*RIEG [ ED MY node, HHRE node $£3i% Binder SEHLHEERE*/

if (ref->node->proc == target proc) {

/*i% node ISR A AKX transaction ff FFRHERE, % Binder X41E
HbrgE A Aty %, 4 HKAN N BINDER TYPE BINDER #l BINDER
TYPE WEAK BINDER*/ N N -

1f (fp->type == BINDER TYPE HANDLE)
fp->type = BINDER TYPE BINDER;

else
fp—->type = BINDER TYPE WEAK BINDER;

/*struct binder node 1A cookie iEHT1% Binder fEH P &M HL
bk, SR[EIRNVH P S ERZ S HTRERTA] */
fp->binder = ref->node->ptr;
fp->cookie = ref->node->cookie;
/AT | v 2/
binder inc node (ref->node, fp->type == BINDER TYPE BINDER,
0, NULL);

} else {

/*IX R EARNTE N, R HFEAN A, transaction If] target #fE N B, 1
Binder WAHLSEZH ) Bbinder 7E3HFE C. N #HFE X servicemanager &
FRFEA service X P D/

struct binder ref #*new ref;
/*7E H bRt A2 L F-#K1% Binder 5| H1Gikg*/
new ref = binder get ref for node(target proc, ref->
node) ;
1f (new ref == NULL) {
/A F PR S Binder MY, RIS/
return error = BR FAILED REPLY;

goto err binder get ref for node failed;

}
/*IEEZA B node WREAAA A, (B GIHEA R BEFEAS AL, R3] T

M RTE target RN I H, BAMES 7 H handle {H */
fp->handle = new ref->desc;
/BT K/
binder inc ref(new ref, fp->type == BINDER TYPE HANDLE,
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NULL) ;

}
} break;

case BINDER TYPE FD: {

/*File KM, RIKAEMNADHERERILZ 30, M2 ST map #i% file
FINAEI3E S, P i#fEYS surfaceflinger Z A AN AFIL S5 2 0 i iX f o7 =
IR */
int target fd;
struct file *file;

/ /7E H AR BERE I SCH IR 17 2R 3 il — T
target fd = task get unused fd flags(target proc, O CLOEXEC) ;

/¥ £ile LAAE MR TR T, X £d 1% B, M P EBUBEAT A0 1/
task fd install (target proc, target fd, file);

trace binder transaction fd(t, fp->handle, target fd);
//iEZA~ handle Bl 0]

fp->handle = target fd;
} break;

// BAREFE Binder 04 &KL/ BINDER WORK TRANSACTION ff4bH
t->work.type = BINDER WORK TRANSACTION;
list add tail (&t->work.entry, target list);

return;

18.2.2 Binder i

DVM [F2eFeith 2 B\ 7E Binder b, ZRFH NAEMWIZALH oK. Binder 1322240 F
Binder PSSP ar 2, T 8 1Y 1 b A CFE XN % i BC TRANSACTION B, ASHIX %
1) Binder [P AH N B)1E o

/*struct binder proc *proc fNERAHXIZF{EHFE, struct binder thread *thread
R AT ARt 2 e * /
static int binder thread read(struct binder proc *proc,

struct binder thread *thread,

void user *puffer, int size,

signed long *consumed, 1nt non block)
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while (1) {

/*M Binder 55— A LLE H, @wimfCEEA G 42 & BC TRANSACTION I, Ui &4
Hoo Z P e e FEih 2R FE AL PRIV TAFEHE7E T thread->todo L*/
if (!list empty(&thread->todo))
w=11ist first entry(&thread->todo, struct binder work, entry);

switch (w->type) {
/ /X J7i8)d Binder H##4C ¥ > BINDER WORK TRANSACTION T.ff
case BINDER WORK TRANSACTION: ({

t = contailner of(w, struct binder transaction, work);

} break;

//buffer->target node AAHLL TIN5
if (t->buffer->target node) {

struct binder node *target node = t->buffer->target node;
/*cookie B} A H: bbinder 7%, _©bEZFEMMLFEIH 2355 B8 0] LA AT
onTransact*/

tr.target.ptr = target node->ptr;
tr.cookle = target node->cookie;

t->saved priority = task nice(current);

/ /TR E T4 4 BR_ TRANSACTION
cmd = BR TRANSACTION;
} else {

}
/ /3% %€ W FH Dl e R AL

tr.code = t->code;

tr.data size = t->buffer->data size;

tr.offsets size = t->buffer->offsets size;
tr.data.ptr.buffer = (void *)t->buffer->data +

proc->user buffer offset;

/ /2 traction BHRE K EIH P&/
if (put user(cmd, (uint32 t user *)ptr))
return -EFAULT;
ptr += sizeof (uint32 t);
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1f (copy to user(ptr, &tr, sizeof (tr)))
return -EFAULT;

break;

return 0;

18.3 C++)Z2I

18.3.1 A 5mimIf&K

e A IS SRR G, CHIEAEARMPEBIEA, AT IXEAE C++ 2 (i Al
B T8 i %) G2 i da 2 i S I

1. Kb
(1) A#h Binder.

class BBinder : public IBinder

{
public:

/*interface A=/

virtual const Stringl6& getInterfaceDescriptor () const;

/¥ 52 i proxy [H1iH F*/
virtual status t onTransact ( uint32 t code,

const Parcelé& data,

Parcel* reply,
uint32 t flags = 0);
}

(2) AHbz55#0 M class Bnlnterface 471k, ANHb I 5% 5 B2 1) 2 HL 24 pR 2L virtual
status t onTransact( ..);, ZC¥r proxy M i FH &R i 1% bR £k .

template<typename INTERFACE>
class BnInterface : public INTERFACE, public BBinder
{
public:
virtual sp<IInterface> queryLocalInterface (const Stringlé6&
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_descriptor);
I

2. proxy Ff3E

class BpRefBase : public virtual RefBase

{
protected:

/*Z¥w binder X%, XJiz i e 55 X% B 16 i i AR 2 K3 mRemote HEATH*/

inline IBinder* remote () { return mRemote; }

IBinder* const mRemote;

}
vt i AR T L4k 7K class BplInterface, A4 |

template<typename INTERFACE>
class BpInterface : public INTERFACE, public BpRefBase

{
public:

BpInterface (const sp<IBinder>& remote);

}i

Jo 1 4= class Bnlnterface if /2 class BpInterface #fi4k 7K T-3-/~ k45 1) INTERFACE. Jit
AR5 5230 H Y INTERFACE #2508 1 DL il «

(1) Zk7K H class IInterface.

(2) 52 descriptor Fll asInterface pf %Y.

S B AN IR S5 Y INTERFACE 76 H S 192858 CHLG | %

DECLARE META INTERFACE(INTERFACE)j+ B descriptor il asInterface pf%{. 1fjiX
5N BRI SIE PR R 1ok % IMPLEMENT META INTERFACE(INTERFACE, NAME)5¢ %
1o X2 E XA T frameworks/base/include/binder/IInterface.h.

Horp asInterface PR EUE OCHE, #E— 00 #0200, ARG -

android: : sp<I##INTERFACE> I##INTERFACE: :asInterface (
const android::sp<android::IBinder>& obj)

android: : sp<I##INTERFACE> intr;
if (obj !'= NULL) {
intr = static cast<I##INTERFACE#*> (
obj->queryLocalInterface (
I##INTERFACE: :descriptor) .get () ) ;
1f (intr == NULL) {

R
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intr = new Bp##INTERFACE (obj) ;

}

return intr;

}

X HL 2% oby 2R B & class BBinder (# /& class Bpinder. U5 /% class BBinder,
Wiz 4% 5t /& class BnInterface 145 %], H: queryLocallnterface PRZEL 2897 B4k, ACAS AN |-

template<typename INTERFACE>
inline sp<IInterface> BnInterface<INTERFACE>::queryLocalInterface (
const Stringl6& descriptor)
{/+WIRFEH SRR, WHREH SRR */
1if ( descriptor == INTERFACE::descriptor) return this;
return NULL;

}

{HZEW R 2 class Bpinder 257, H queryLocallnterface — ¥ H.4% 14 /& class IBinder
TS E, ACH I .

sp<IInterface> IBinder::queryLocallInterface(const Stringl6& descriptor)
{ /xR[E[E{E*/

return NULL;
}

IR M NULL, )4 —4> Bp##INTERFACE BRI [ %, iXJ&—/ Nt proxy.
{15 7 1] & Bp##INTERFACE 2578 141 %) % ] mRemote, $& 11 H: % 5[] BpBinder.

///BpBiner [f] transact /)

status t BpBinder::transact (

uint32 t code, const Parcel& data, Parcel* reply, uint32 t flags)

// Once a binder has died, it will never come back to life.
1f (mAlive) {
/*TFE P, mHandle pniREARTRAIIN S, code HMAIMIIIEE, data HIHAIZE, reply
IR A4 Rk /
status t status = IPCThreadState::self()->transact/(
mHandle, code, data, reply, flags);
1f (status == DEAD OBJECT) mAlive = O0;

return status;

return DEHD_OBJECT;
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18.3.2 BRFZHIEL

A543 1 Service 5 ServiceManager 2 [A] )¢ %, fL4% Service ') ServiceManager f{F
ISR EL, A iz A M s A

1. DefaultServiceManager #%£EY

BT A7 e 55 4 4% ServiceManager, R 4¢H! iy 248 H AN IR ST, B 562 M) ServiceManager
i

sp<IServiceManager> defaultServiceManager ()

{

/*defaultServiceManager 1) &5 B AR gDefaultServiceManager, IR e
defaultServiceManager H3}ZiR|[A]*/

1f (gDhefaultServiceManager '= NULL) return gDefaultServiceManager;

{

/*5H—{XH defaultServiceManager */

1if (gDefaultServiceManager == NULL) {
/*asInterface PRERYE BpBinder £/ class BpServiceManager [FX} %/
gDefaultServiceManager = interface cast<IServiceManager> (

/*IA 2} ServiceManager HJAE—/NEEFESCEL, P LLIX HLUIR [A][#) 04 %€ /& BpBinder*/
ProcessState: :self () ->getContextObject (NULL) ) ;

}
return gDefaultServiceManager;

}

2. ServiceManager #j BpBinder 31 & 4 B},

sp<IBinder> ProcessState::getContextObject (const sp<IBinder>& caller)
{ /*f4k handle 54 0 [f] IBinder*/

return getStrongProxyForHandle (0) ;
}

3. BR355iEA

NI 55 1 50 s B ] class BpServiceManager:: addService |1] serveicemanager y+ /it H ),
AT

virtual status t addService (const Stringl6& name, const sp<IBinder>&

service)

{
Parcel data, reply;
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data.writeInterfaceToken (IServiceManager: :getInterfaceDescriptor());
/* g 55 %%/
data.writeStringl6 (name) ;

/* service A HCI BnXXX X %i*/

data.writeStrongBinder (service);
/*BpBinder [I] transact pRE*/

status €t err = remote{)—}transact(EDD_SERVICE_TRHNSACTION, data,
&reply) ;
return err == NO ERROR ? reply.readExceptionCode () : err;

18.4 Java JZ2If1

I ZACHI B AT Java 5 CHZ IS 5C & —1F - Java 2= I BE AN H G G AIA G
%ECHF%F%%—WW%H%J%ﬁf&mﬂmﬂﬁﬁﬁ%%&ﬁﬁ%@ﬂﬁ@CH
SR N AT B S, ARG Java 5 O INT fUEEHALES Java AT 23728 H.

Java R ARHUAT G 00 |-

public class Binder implements IBinder ({

/ /AR ]

public static final native void joinThreadPool () ;

private native final void 1init();

/ /R FREMFEMN X HFE AN Java B

private boolean execTransact (int code, int dataObj, int replyObj,

int flags) {

try {
/ /] onTransact KA, IhEEREH X HEI onTransact
res = onTransact (code, data, reply, flags);

} catch (**) {

}

{E JNI J=43— class JavaBBinderHolder 75, ‘4t class JavaBBinder : public
BBinder RN R, 20 R 2 JTava A AR MW R AE CHZHDE A5, S f it i i > Xk
Z7 0] Java 2o 10 PAZ IR AT G5 | AR 2 Jd i i % .

//Java JRACHEE X%
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final class BinderProxy implements IBinder {

/ / DEE SN I 2 eR B LA S D FE 1
public native boolean transact(int code, Parcel data, Parcel reply,

int flags) throws RemoteException;

}

9 e/t Java 3k 13 Parcel UL Jio, fifi | readStrongBinder >k 3k 5 v (1) X % .
readStrongBinder i il native pf%{ nativeReadStrongBinder 7F C++/Zf#tL, XHBIAE T 1%
X% 1) BpBiner. %4 nativeReadStrongBinder i {] NI J:[I') newobject, fl4E Java J= class
BinderProxy %] % . JIN 7r- 614 Java |22 class BinderProxy X} % & DA Sc iy @) @ 1) Bpbinder {2
2, FEALE class BinderProxy X % [I') mObject {7 & Abid FiX> BpBinder. iX#f BpBinder [k
5 class BinderProxy % W K .

VLG &K class BinderProxy i ] transact % %! BpBinder, M |fij &€ C++)= transact.

18.5 service_manager

5%, service manager & /MR IERE, AN Android [RAS & H] Java, HT XA
7RI B A EE,  BrbhE Kook C 1.

service manager {\/ |- frameworks/base/cmds/servicemanager/service manager.c 4. ‘&1
e RGP P Y service, ‘i ] nt binder become context manager(+++)[n] A4 H ] H
L il /& Servicemanager

5L | service manager i FEA G BT K2 E IR, ﬂJIEI’H”EfﬁE T X AL H S ER4E
T service 15|, IXFEAE DL G B ERE B 4K service ), A% tif i service manager i
FE N RIS IHR, $RBNHAT ST 7E R RERE . UZ I | service_manager R LITEN R GE4FE
FEAE, AT ABRPRO) — PR ? IX 25 5.

M5 Java 2] ServiceManager 5 vJ UL A& K = fP) native pRAL, HAAR S Hr HSZHLSE AT LA
KN class ServiceManager H:527 [1] service manager 211, Java J=PZRFEM . B llIRSS
b il service_manager HEFESEILMNY, ol HEMGHL UL /L service_manager #EFE I HISPRAY
SEHLIR o
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@i IoRF, Dalvik RedUMLAI LA RO PRS2, — o0 AR I ZE R, P A7 AL 7l A8
{10 Java HERUAGZE, X RETECS GC. BELAENLHGE 4 LARARE A8 A O B Ze REA L ) o
BN, KEMREAM N Java FEFEARAEFFE 6% . B 5SS 5L Thae, i H
B RN ALBT, $Etit 1 Java JEFEI N FHHESL

19.1 £ % %

19.1.1 Inital class

Inital class /& Java ifi 55 HL & LAl 128, Dalvik R0 FERE 58— TAE 2 H 2 S Java
5 S AR Inital class, IXLERLARIEHIFR W F FTR:

(1) Ljava/lang/Class;

(2) Ljava/lang/Boolean;.Ijava/lang/Character;, I java/lang/Float;,Ljava/lang/Double;,Ljava/

lang/Byte;,Ljava/lang/Short; Ljava/lang/Integer;.Ljava/lang/Long;
BRSPS MO P I, TR BRI S Dalvik SEATHY,  FLAERE LA B8

static bool createInitialClasses() {

//class Class MZIERK
ClassObject* clazz = (ClassObject*)

dvmMalloc (classObjectSize (CLASS SFIELD SLOTS), ALLOC NON MOVING) ;

DVM OBJECT INIT(clazz, clazz):
SET CLASS FLAG(clazz, ACC PUBLIC | ACC FINAL | CLASS ISCLASS);

clazz->descriptor = "Ljava/lang/Class;";
/*{F struct DvmGlobals gDvm; ) classJavalangClass HidskiXME class Class

] ClassObjectx*/

gDvm.classJavalangClass = clazz;
//Java B[] Void Byte FFRUGIMIF] ClassObject Ak

bool ok = true;
/*{E struct DvmGlobals gDvm; ] classJavalangClass Hidx X M E Void )

ClassObject*/
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ok &= createPrimitiveType (PRIM VOID, &gDvm. typeVoid) ;
/*fE struct DvmGlobals gDvm; [l classJavalangClass HidgiX MK Boolean I1

ClassObject*/
ok &= createPrimitiveType (PRIM BOOLEAN, &gDvm.typeBoolean);

return ok;

}

DL T A SR BT T Tnital class, {6 3FA 0 HAIARE] DVM 45 0 IR B i
X LRI MR IX LY class Jfid st DVM 4 Je4sfmrh . ELOEN# TELE static bool
initClassReferences(); /1 bool dvmValidateBoxClasses() H! 5¢ % .

19.1.2 ODEX XryhnE;

JUE TAR S i LI SR SCAF, ABIX e 4 30, Davik FEAEHT 24l i 1k
fitl 2 Jm i) ODEX 3 fF, 7E Android R4t %F H ok system/framework [, &~ JAR ZRJ%
ARXS M.~ ODEX WA

ODEX SCHFHIINZRAT BN I HIaNE: 1 5072 SO s 77 xCUm e, X w77 sCri 4y
M SRAAE VT M) I A4 2% IR ah i A, HACRSBCn] 3L = page cache, Z: WA W7 701
5B ANBIE R S SR RIAET, BT ODEX U e g id ik, Ho AT 15 2250 st ik 3 3
(VANIT IS

/ /ODEX SCAFBLGf 3= 44
int dvmDexFileOpenFromFd(int fd, DvmDex** ppDvmDex)

{

// SCAEB, #57 File backed BRI ERL AT
if (sysMapFileInShmemWritableReadOnly(fd, &memMap) != 0) {

/ /1T, eIk EE AT
pDexFile = dexFileParse ((ul*)memMap.addr, memMap.length, parseFlags);

//"ER struct DvmDex, Dalvik 4T H BI04 MR PEE A 45 1)

pDvmDex = allocateAuxStructures (pDexFile) ;

}

/ /0dex SCAFIF L)
int sysMapFileInShmemWritableReadOnly (int fd, MemMapping* pMap)

{

/ /B ORBERERAE, 5% MAP PRIVATE BRI, Android ZRHih 1 S 5 KX
memPtr = mmap(NULL, length, PROT READ | PROT WRITE, MAP FILE |
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MAP PRIVATE,
fd, start);

return 0;

191.3 ARG ZEE

{f Android 21T, HJ4H4C R ZEL dvmStartup Hifi F 2E Al 28 2 19 4] 45 46 PR 2L bool
dvmClassStartup(). 1% K ZLE A 5E Ljava/lang/Class; 2 . primitive types ZE #6402 JG W) UG
JEMHZRZE, AERHSREWY il sk /E gDvm.bootClassPathStr ', gDvm.bootClassPathStr 17 LA F

Fhdig e 7.
(1) 7t dalvik/vm/init.cpp H, I $EHAEE AR 7S .

static void setCommandLineDefaults ()

{
/ /PEEU A B AR B "BOOTCLASSPATH"

envStr = getenv ("BOOTCLASSPATH") ;

}

(2) 7E6U4E DVM L UALE I8 5L78 N-Xbootclasspath 2 2417 € -

#F-Xbootclasspath #s Il 2 jint JNI CreateJavaVM(JavaVM#** p vm, JNIEnv** p env,
void* vm_args) {} [ ZE L4 void* vim_args .. ORFAE Jg FUAH LA 2 3 F4 [ int processOptions(int
argc, const char* const argv[], bool ignoreUnrecognized) 55 h#% 734 ik, FFIRES
gDvm.bootClassPathStr.

RGRPERF W R CBL“2” o fD:

/system/framework/core.jar:/system/framework/core-junit.jar:/system/fra
mework/bouncycastle.jar:/system/framework/ext.jar:/system/framework/fra
mework.jar:/system/framework/telephony-common. jar:/system/framework/mms
—common.jar:/system/framework/android.policy.jar:/system/framework/serv

ices.jar:/system/framework/apache-xml. jar

Fisg b, DLERPE SO AT HoA ) ODEX A S04, Dalvik o5 /& in4ix £¢ ODEX
A AR IERIE LW EBG: BT PrBoe AL 26 = ANPrBo LR B INZ.
il Android FREUKF&H A SRS T H oK, 16 zygote UG mURs X £E28 i i 4 £
DVM B A . IXFRAE fork #HY Java fEAE I X LE TN 280 00 2R a2 L= i A8 L& E 000
IR, Java BEREAE N A BE AT IN %, A IX SR 4GS [K DA page cache HLHI1S 2 A
A2, (HEIX R ELE DVM H [P B LR 20 A R L A7 Y

AR — PP B—— AL HE

/ / FEREZEPETIAL BE bR £Y
static ClassPathEntry* processClassPath(const char* pathStr, bool
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isBootstrap)

{

/* AN SO 4N ClassPathEntry, R 1M E4: ClassPathEntry*
cpe*/
cpe = (ClassPathEntry*) calloc(count+l, sizeof (ClassPathEntry));

[/ WsRIX A E gDvm. bootClassPath H
gDvm.bootClassPath = cpe;

while (cp < end) {

/ /b PRAE—AS FrameWork 2304, iX B M map 1
prepareCpe (&tmp, isBootstrap)

}

IXFFIERTZR A #E FE 21 gDvm.bootClassPath, DL 028 Ak Aili 58 14 HL 1 28 X B -3 Rl
n, Tt T RE AR FEAS 5 P AL BE S N AE R, 7F zygote ZE ROHTIT) Java EFEWEEE R 2R,
Bt LLREA™ Java HEAE P AERHZRZE B MRS b AR A [R], W1 B P

JZE S A 4 WIS A 0 b - e S

/system/framework/core.odex 45c4b000 350910
/system/framework/core-junit.odex 45£d7000 6bb8

/system/framework/bouncycastle.odex 45fe0000 108720
/system/framework/ext.odex 4610d000 16£550
/system/framework/framework.odex 4629p000 9f11d8

/system/framework/telephony—-common.odex46d4f000 121acO
/system/framework,/mms—-common.odex 4689000 1fc58
/system/framework/android.policy.odex 46ead000 9b4d0
/system/framework/services.odex 46£58000 291e60
/system/framework/apache-xml .odex 47218000 150920

CL B L 22, T Android RGEHIRAANA], IXLeHb bbb 23 f Fr AR . EA
2% Android 4.0 iR A F IR

19.1.4 preloaded-classes

FENRIEE &N T SCFFHER Java i 5 10i21T, AT Android %48, PR 7 2&AHZE A LLAR,
NWHAESE . UL AR LK EDIRetEA M, #8& LRFETE UL, H AP AT A S EE 2R
PEWE I I FE I KA, A TR &I T HCER N A R, 75 B0 X S T 4 it oK
XL ] ZE 5P N preloaded-classes, . TiINZE I #4 /& Android R 45 Bl = 2 HFERS P 7E

PRI ZGE A B 50 22 4k H 75 22 3k IS 828 2 /5 BT ey, ARAEan

InputStream is = Zygotelnit.class.getClassLoader () .getResourceAsStream
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PRELOADED CLASSES) ;

XA Java i A) 1 F JE s E A&

(1) i H class Class [I') ClassLoader getClassLoader(); pR%{+k$| class ClassLoader.

(2) 75311 class ClassLoader /& class BootClassLoader.

(3) i [ class BootClassLoader [}') InputStream getResourceAsStream(String resName);
J:4k InputStream. HH 40 R

@ class BootClassLoader [ £ 52311 URL getResource(String resName).

(@) class BootClassLoader H £ 5231 1) URL findResource(String name).

(3 class VMClassLoader [}) URL getResource(String name).

HAE | 42 class VMClassLoader native PR ZCEE I

%A, T class BootClassLoade 4k 7k |- class ClassLoader, iXHl [z){E/2& il class
ClassLoader 253K 2|75 N4 Z_A K . 2R 4 R A ZEA S FRMLHIZ WL _E 3.

class VMClassLoader X} M. [1') native pRELU |-

static URL getResource (String name) {
/*$% %l BootClassPath {1 L/ #42. il BootClassPath H S #Z JAR 3CfF, ST
A AR/

int numEntries = getBootClassPathSize();
/JECA RN SR (JAR B) EHH M preloaded-classes AF

for (int 1 = 0; 1 < numEntries; i++) {

String urlStr = getBootClassPathResource (name, 1);

}

return null;

class VMClassLoader native pf%{ native private static String getBootClassPathResource
(String name, int index); 1) SCHACAL G

static void Dalvik java lang VMClassLoader getBootClassPathResource (

const ud* args, JValue* pResult)

result = dvmGetBootPathResource (name, idx);

StringObject* dvmGetBootPathResource (const char* name, int idx)

{

switch (cpe->kind) ({
case kCpedar:

{
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JarFile* pJdarFile = (JarFile*) cpe->ptr;
/ /2 JAR BB K preloaded-classes
if (dexZipFindEntry (&pJdarFile->archive, name) == NULL)

goto bail;
/ /% JAR B AT E 4k M) preloaded-classes XA, idskiZHx
sprintf (urlBuf, "jar:file://%s!/%s", cpe->fileName, name);
}

break;

/ /45 Java 4R A6 4
urlObj = dvmCreateStringFromCstr (urlBuf) ;

bail:
return urlObj;

}

Ifi] preloaded-classes 5= HHYH ) & X 5 U g {F/system/framework/framework jar {7 /i
N4 N preloaded-classes 1Y) A, 1% 3CAFid ok | preloadClasses B 77 NN IS, 1X 1L
Kzl LAEMAS K& M3, B A /£ Android 5 15 1)
frameworks/base/preloaded-classes 515 , 4w i 45+ £113F framework jar.

%} 1 Android 4.0, preloaded-classes P42 Hi 128 EL H 1A # 2200 2>, *f 1+ Android
2.3, AR H & 1800 4N, HIb vl LLE iR AT 4 &AW1 Android 7 400M
(1) ARMO HIfFERAR N, 10 5 4F o, XN AL P8 IR Android 4.0 A14H 4 9% ).

192 2% i #,

Dalvik MEAUALFEIZAT I 75 PN F)TRAT AR % i ek B . i T iX e g 4k
At AR T2 - I LLRE U LAE AT 5 2R N RAH R I i 2 7870 T RIS
XA LR 2RI

19.2.1 KN HEZE

e~y IE=AiNpuUN EX I

(1) $i7 7€ B R GUIRPE LA B ISR P AL ) SCAF, X T struct DvmDex, 28 )i i1 7E
12 AR RN 1SR X254 struct DexClassDef, 1XAH% 1253k,

(2) DRICAPIINEzR, X0 M. Dalvik 45 #2512 struct ClassObject.

(3) Kuk#e, MBI NI @7 vtable 5 #4E

//Dalvik ZEINEL I HESE R 5L
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static ClassObject* findClassNoInit (const char* descriptor, Object* loader,

DvmDex* pDvmDex)

/*Dalvik B KA IMATEH hash & gDvm.loadedClasses ¥, Xz 1AL,
FeAE P AERIZE RS/

clazz = dvmLookupClass (descriptor, loader, true);

//hash RPHEAZIE, T ATnaEshE
1f (clazz == NULL) {

if (pDvmDex == NULL) {
[/ ARFRERIIMB >, TERGEREH A
pDvmDex = searchBootPathForClass (descriptor, &pClassDef);

} else {
[ /TRE TERIESC, WIEBAE SR e XA 4k
pClassDef = dexFindClass (pDvmDex->pDexFile, descriptor);

if (pDvmDex == NULL || pClassDef == NULL) {
1if (gDvm.noClassDefFoundErrorObj '= NULL) {
/* ARNZRNE X, RAKREFH, 4N 2P/
dvmSetException(self, gDvm.noClassDefFoundErrorObj) ;
} else {

/* KE X FE, AR R, HEIH A +/
dvmThrowNoClassDefFoundError (descriptor);

}
goto bail;

/* FIMNEL, XHPAZEA NN struct ClassObject*/

clazz = loadClassFromDex (pDvmDex, pClassDef, loader);

/*3 PR EADL ARG ] HEIRTF1Z struct ClassObject, {HILESER T AE, P DR H i
JEEKe* /
dvmLockObject (self, (Object*) clazz);

/ /WK PRI G ER AR
clazz->1nitThreadlId = self->threadId;

/% R INERRIMAZKIF] cache WAy =/

1if (!'dvmAddClassToHash (clazz)) {
/T RN EREIE T PNz R, R W H 25 KA NF Dlx/
clazz->initThreadId = 0;

/ /BRI clazz
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dvmFreeClassInnards (clazz) ;

/* BRG] struct ClassObject BIA] */
clazz = dvmLookupClass (descriptor, loader, true);

goto got class;

/ /KR, ZIF
if (!dvmLinkClass(clazz)) {

/ /BRI TG DL, B iR
goto bail;

//fiB811% struct ClassObject, HAWMIZEFEWRATLIA T
dvmUnlockObject (self, (Object*) clazz);

19.2.2 ZEmE

FINEIFA RN A p izt WA, A AR FI 458 struct ClassObject, Jfi#t
BN 1Ak R X S

VVE Y ks 9 o

static ClassObject* loadClassFromDexO ()

{

// NZE5EE struct ClassObject 45ty
newClass = (ClassObject*) dvmMalloc(size, ALLOC NON MOVING) ;

/ /W E %K classloader
SET CLASS FLAG(newClass, pClassDef->accessFlags);
dvmSetFieldObject ( (Object #*)newClass,

OFFSETOF_MEMBER(ClaSSObject, classLoader),
(Object *)classLoader);

/ JWRZRITEE X struct DvmDex

newClass->pDvmDex = pDvmDex;

LR N |

[/ WSRIZRIIAR, FERBEFLIN 5 AR AT H AR
newClass->super = (ClassObject*) pClassDef->superclassIdx;

-

[HEMNTERFE L. KRS R 5 iR HTK K%, DirectMethod #RHJJE Java H[H
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static. private. <init>pR#*/
1f (pHeader->directMethodsSize !'= 0) {
/ /B DirectMethod &Y pRiE 4L

int count = (int) pHeader->directMethodsSize;

newClass—>directMethodCount = count;

/ /i DirectMethod FE8Y pf £ 45 c £ 4H 77 ]

newClass->directMethods = (Method*) dvmLinearAlloc (classlLoader,

count * sizeof (Method)) ;

/3% FRBA I A RE, [HE00ERRE, XRNEBUOFA S HLIER B, 23X
7 B (I fENT, %R Dalvik bytecode i S0 2 MAP F| DM BEFEHL, Tk
SAE R B, ZWAHKE Y . EMEt a0 A T Linux W BN A R Bt
e AT LLZE 2 1 DVM BERR I — 0 WAEFE DL, i ELYEPRE A7 R K HZ B AN
TR FH IR, AT URE TS A SR ME — [ P EE N A7 o T 7E A Uy ) I 34 Cache 3 Linux [f] Page
Cache, # RGN TSNV H . X2 Dalvik BN ITE2 40, ilF e 1
HEFEEH, 5 Linux WIZEIERIA —{4*/

for (1 = 0; 1 < count; 1++) {

dexReadClassDataMethod (&pEncodedData, &method, &lastIndex);
loadMethodFromDex (newClass, &method, &newClass—>
directMethods[i]) ;

}
/*VirtualMethod REPIINE, FTiE VirtualMethod {5142 Java [ if pR 2. 1TTIXZE R
A, 20l veable 31T, > class ] vtable AL ETE 1ink Py BuiT*/
1f (pHeader->virtualMethodsSize !'= 0) {
/ /A VirtualMethod JS pR Y F) 4L

int count = (int) pHeader->virtualMethodsSize;

/ /A VirtualMethod &R ek £ 5y it £ 2H =5 7]
newClass—->virtualMethods = (Method*) dvmLinearAlloc (classLoader,

count * sizeof (Method));

/#RIREUH VirtualMethod R BT struct DexMethodId 454, FHHIGGH LA
£ B G AT, AR HLE] S DirectMethod FM B, % W F0*/
for (1 = 0; 1 < count; 1i++) {

dexReadClassDataMethod (&pEncodedData, &method, &lastIndex);

loadMethodFromDex (newClass, &method, &newClass—>virtual
Methods[1]) ;
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return newClass;

19.3 X80k

Dalvik HO6f B 1) 2R Bl BRI, B S At AL ot G el W (1) class B N A7 . Dalvik 155¢
% class Z SN EINAF, B & 28 % class UNMashfE, 2 WENaE 7. B85
{t Java #EFE heap HLMIHE iZZEH A Fi5 H 20 5 B 5 FH N AR KN i S Be A7, A

XHLZKEEEEI’J 720U L Dalvik /) new $54, R4S IE 20 AR 2 new I 1)
handler 41 & C(LL C fi#EREas A1) -

HANDLE OPCODE (OP NEW INSTANCE /*vAA, class@BBBB*/)

{ s
/ /X Dalvik it AR E M A O R IF 2R 2R 5

ref = FETCH(1) ;

/*BA~ Dalvik 7E DEX =R it Hadsk T e MB R NArH M class, X H LR
1% class & CA#EINE 1 */

clazz = dvmDexGetResolvedClass (methodClassDex, ref);

if (clazz == NULL) {
/ /% class WA BIME, XHETFELNEIZ class
clazz = dvmResolveClass (curMethod->clazz, ref, false);
1f (clazz == NULL)

GOTO exceptionThrown () ;

}
/BRI, AR W HRFER KL Java AL, ARFCmMEL 1, fE

W) dalvik java BEREAERN fork [ XU DL A SR PEA5 ) 45 k) 1 2 40h N A7 22 T,
LU Bi i) dalvik java #EFEH 2 DABeige b Uy )ik BRI DGR EIE M 45k, V)3 N AT
AN, FF L SRR AT +/

//TE dalvik java #HFEN heap HEH 7 Fliz b %
newObj] = dvmAllocObject (clazz, ALLOC DONT TRACK) ;

}
FINISH(2);

OP END
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[ /R B 2, o B SRS B RE AU N A
Object* dvmAllocObject (ClassObject* clazz, int flags)

{
Object* newObj;

/* 3T bionic FElf) malloc Hi%LfE java heap /A% . clazz->objectSize fRiH
1% class APl NAFE Kb/
newOb] = (Object*)dvmMalloc (clazz->objectSize, flags);
if (newObj '= NULL) ({
/* BFiZA %I ClassObject* clazz; fR¥{R 1% class AV [H) struct
ClassObject 4ify*/
DVM OBJECT INIT (newObj, clazz);

}

return newObj;
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¥ oe a7 Linux ZEFEEIY 1) Android IV 274 4 bl Android APP JT K4 i L 3
[f) Android Java #fete Y, X2 N HIHEZE P 2IRIAEN], ACFEERT Android APT. W JJALE
28, Linux gEFEEIR 2 [H] ()G R .

Android [ FHHESL )R 2 U0 F

(D) DA RKEAHS RIS Z 0 NS (BT — 1Y) . /£ CHJa
[ status t TPCThreadState::executeCommand(int32 t cmd)4$#1] case BR. TRANSACTION:
), ASHBXT 5L 1) status t BBinder::transact 2% [fij ifi] /f] onTransact pR%%. 1X & 28 Feh b 1 2 F2,
W LAHI R Java 2. DVM H (oie i e 2 RS8R ) 1Y Java G FE X G0 A HIG 5 1)
il FH A A2 X Bp 7 =S I o

(2) L MainLooper A AR -2 L1 class ActivityThread [fCHY, ANEHbE:7 K H &
GUAAFHE IR 2, X H zygote fork HRZFE

(3) Android UT & F SEHLH A2 AR HEFEA 5, Android UI R4 class
WindowManagerService {2 Ik i 53 A Tl FVE FRHL I S SE A il o N ERESRTG — BRFKR
Z N surface 1) bitmap. M FTA UT BTE S ERAEARZ ig T WA S Z W UL KPR 5 B
3D [P SEIARE UL KRR — 7, FURFLSEI AT i A8 A 5¢ Bt o

(4) NMHIHEZERI A7 BEFRE IR SCOFAE . 283l U7 42 S #R T & Linux 4%
iy, & Java 2 )4 AE 7 AN T 2

(5) REHNAE KRt DVM #2117 WA AES, XU RGHHRE 5% 0 2 e
Torro e HEEei M A E 1 Z M2 Wl surface flinger AL FE AN

20.1 SRRy

et Z e & Android X B HACEIHLHI1)I2 47 5848, XEELRE th RGN, I RSt
PEfIZ4T, ORf Binder YXAE 1L 3 Java 20 FRARS 55 ACHE A il FH AL G 8

2011 C++=

EH P S, &t FEE l deamon, #5509 4% Binder ZK %) 35230 Binder )
B HAGFEN G 2k, ZFEih & 2t iz ek 2.

/ /Binder PMXAEH PR &IKZE B, {704t BR_ TRANSACTION &

status t IPCThreadState::executeCommand (1nt32 t cmd)

{
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case BR;TRENSACTION:
{
binder transaction data tr;

//mIn HWZITK, HHESA tr

result = mIn.read(&tr, sizeof (tr));

/ARTE tr #FU54L Parcel buffer, XHmMENHZHER
Parcel buffer;

buffer.ipcSetDataReference (
reinterpret cast<const uint8 t*>(tr.data.ptr.buffer),

tr.data size,

reinterpret cast<const size t*>(tr.data.ptr.offsets),

tr.offsets size/sizeof (size t), freeBuffer, this);

const pid t origPid = mCallingPid;
const uid t origUid = mCallingUid;
/ /i # PID UID

mCallingPid = tr.sender pid;

mCallingUid = tr.sender euid;

//replay fFIBOR [P 4546 5 r1 45 3R
Parcel reply;

/*tr.cookie R | AHNT R IFRE, X E2NZIRAREN, Z% Binder Waj*/
if (tr.target.ptr) {
sp<BBinder> b ((BBinder#*)tr.cookie);

/ARG, 3 onTransact M, L& C++ib 2 Java FIARHLN 5
#aE4E onTransact, PLSZE BAKT)HE*/
const status t error = b->transact(tr.code, buffer, &reply,

tr.flags);

} else {

1f ((tr.flags & TF ONE WAY) == 0) {
A PSP AT S
sendReply (reply, 0);

} else {

L
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break;

}

D) private class ApplicationThread extends ApplicationThreadNative 417, 1% class 4k 7K F
class Binder Jf H %% | public boolean onTransact( -+ ) bf & . 7F &€ ¥ 2F F£ 1Y) class
ActivityManagerService i i class ApplicationThreadProxy /¢ bindApplication ifi [ J5 . MV
A FE R e e b 2 FEpl i it , 31 S5 21 class ApplicationThreadNative [1'] onTransact p£ Z{#5
W, #2555 bindApplication £ A class ActivityThread [ v ELPA 41 B [H]

"] WL onTransact pRAUAN & FHAFARFRRY AR,  H A ZHPREGH SUE R,  BARR S b3

I 2 AR AR L 5E

20.1.2 Java =

Java [ A<Hb Binder 7& C++JZ X T class JavaBBinder : public BBinder, onTransact +&
class JavaBBinder 1% /0r R %L .

//F15tatus_t IPCThreadState: :executeCommand (1nt32 t cmd) T2k

virtual status t onTransact(
uint32 t code, const Parcel& data, Parcel*reply, uint32 t flags = 0)

/ /M Java |2 class Binder [f] private boolean execTransact (*:+) BR%(

jboolean res = env->CallBooleanMethod (mObject, gBinderOffsets.

mExecTransact,
code, (1nt32 t)s&data, (1nt32 t)reply, flags);

}
Java = A b Binder [fY) private boolean execTransact(+++) K%L, FUtt, ZeFEuE 2L 72 i 2]
1 Java 7, JEECN Java JE AT REXS G iy 2 70 R SEARE RS, X B2 Android M HIHEZSE 32
U2 Binder §LHIDCEERTTE . B T zygote ) fork L], activitythread [1') mainlooper L, 1%l
il 5 Binder — 2 il &) Android ZEA2) S ) 3 HLEH L o

private boolean execTransact (int code, int dataObj, int replyObj,

int flags) {
Parcel data = Parcel.obtain(dataObj) ;

Parcel reply = Parcel.obtain(replyObj);

try {
/*%f onTransact EREIF W, Java EAMIGEN SAT IR EL, 255k EH DM
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IR */
res = onTransact (code, data, reply, flags);
} catch () {

20.2  Z5:M Activity 55 Service 17L&k

Activity B, Service [ AT W 7 T TAE, 76 R G M2 6] Activity 5% Service 758 113t
R A2 o I 7E T AT B FE 808 () Activity BY Service. HYEH WK —AHY class
ActivityThread 24T 5L C A EE, 578 WA RS Br 9 2 /AT

[/ RGMAER Activity
private final void startSpecificActivityLocked(ActivityRecord r,
boolean andResume, boolean checkConfig) ({
/7 M H A RO W W T i sk
ProcessRecord app = mService.getProcessRecordLocked
(r.processName,

r.info.applicationInfo.uid);

/ /IR R B AEAER, W N ] HAT AT 2R
if (app !'= null && app.thread !'= null) {
try {
app.addPackage (r.info.packageName) ;
/FILFEAC B HXF N activitythread, A scheduleLaunchActivity
*/
realStartActivityLocked(r, app, andResume, checkConfiqg);

return;

}
/ARSI, X R E OB KRR, JF7ERL A Activitythread, MG
bindapplicatin WX HAT*/
mService.startProcessLocked(r.processName, r.info.applicationInfo,
true, O,

"activity", r.intent.getComponent (), false, false);

/ /45 service AR
private final String bringUpServicelLocked (ServiceRecord r,

int intentFlags, boolean whileRestarting) ({
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/* R B ZNR S i 2R =IEAT, EWRAT 1% service AL HAD activity. service
e[ R s =/

final boolean i1solated = (r.servicelnfo.flags&ServiceInfo. FLAG
ISOLHTED_PROCESS) = 0;
[/ U RANT E N p S iEAT

if (!'isolated) {
[/ TERGHE F AT % service 212 1THEFE
app = mAm.getProcessRecordLocked (procName, r.appInfo.uid);

//EKEN TR VAR
if (app !'= null && app.thread '= null) {

try {
app .addPackage (r.appInfo.packageName) ;
/* 3 activitythread [f) scheduleCreateService #¢ififf*/

realStartServicelocked(r, app):

return null;

[ /RS TG E R AR B AT, B AT Y R
if (app == null) {
[/ EBOITIHFE ) activitythread, €% service
if ((app=mAm.startProcessLocked(procName, r.applInfo, true,
intentFlags,

"service", r.name, false, i1solated)) == null) {

}

A RCHT BERE ) 7 ZCRIIE Y socket 55 zygote BEFE[A]AC HL, 18 L F fork AL A= BOHT B 2E
2. Xt & K fI A systemserver Hf FE H ZE Jj§ | ActivityManagerService .
PackageManagerService, WindowManagerService 25— KHEIRES, 1M1 zygote HL A1 243 23 414, .
X2 K RS H A 2 [0 A8 B2 AH S INER), RS EZELE systemserver BEFEHLEE A | iR
S, A T HETEGER IR SS r E RAS [ P e FE B n) o 1y zygote A& HIK fork M HIBERE,
HAR B AN REZE MRS, ANSREFANHERE fork I #HUIRSS Wik, EHAGL T E.

FAb, AR IR activity A1 service AR RGN R HIHLE], BRIl hngk
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activity fll service i A& H T HEFE HL 1) class activitythread K5 &1 -
20.3 class ActivityThread

class ActivityThread 251 main /& DVM -2 FE 04T 1) 1= 44 . class ActivityThread 1) 5E53,
R | Android HEFEFJIEACL FEAIAY,  WIf&] 20-1 Fras.

¢ LR R )
4’( class Looper )‘4' activitythread java - static void
MessageQueue mQueue - main(__) €17
Thread mThread
static Looper mMainLooper
— ( class Handler )
( class ActivityThread )
N b-( class H )
HmH ol
= MessageQueue mQueune; |—— \\
Looper mLooper — : Gub].ir:. void handleMessage(Message msg) {
i : ] Looper mLooper; switch (msg what) {
static Handler sMainThreadHandler; —
Callback mCallback case LAUNCH ACTIVITY:
ApplicationThread mAppThread |
handleMessage ] case PAUSE_ACTIVITY:
case STOP ACTIVITY SHOW:

L
LAUNCH ACTIVITY \ /

¥

PAUSE ACTIVITY

schedulexxx pf £ 18 B void
queueOrSendMessage(. )4 Bl %% Fliclass
Message, 1 {Fclass handlerf'JmQueuef) #1]

class Binder

class ApplicationThreadNative

/Y\f"'\f"\
NN

class ApplicationThread
scheduleWindowVisibility

scheduleResumeA ctivity

scheduleBindService
onTransact(): i ] % Fschedulexxx

& 20-1 FEARLLFERT

20.3.1 MainLooper
Looper PLHIAJE T2 P27 11, {H /& mainlooper /& R4 P ME—11), '© 5 L2k FEY9 =,
& FEAE S KA.

public class Looper {

/*1% looper JITEZRFENILLTE R Arfifi, EZZ&fEP L sThreadLocal AJLL; R #]i%
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looper*/

static final ThreadLocal<Looper> sThreadLocal = new ThreadLocal<Looper> () ;
/] PR BE 1 mainlooper. static

private static Looper sMainLooper; // guarded by Looper.class
//Llooper i E B\

final MessageQueue mQueue;

}
Looper 1§ H 1) 55— 20 & HE X VKR, Al k-

private static void prepare(boolean quitAllowed) {
/ /B E AR A 2 41T | looper
if (sThreadLocal.get () '= null) {

throw new RuntimeException ("Only one Looper may be created
per thread");

}

[/ looper, FHAFHAE 20y £ F2 1 Jn) S A7 1

sThreadLocal.set (new Looper (quitAllowed));
}

Mainlooper HJf %, AL |
//looper 4K

public static void prepareMainLooper () {
//false Fn LLFEAGEIR

prepare (false) ;

/ /WK | static [ sMainLooper

sMainLooper = myLooper():;

//looper FAKpREL
public static void loop() {

for (;7;) A
/I AMER B 21 BB P HUHT message
Message msg = queue.next(); // might block

/*r RAZ B BN target 2&dRH 1 H K1 handlerx/
msg.target.dispatchMessage (msqg) ;

}

Al Lo #r i 2 FE i) TAERL S, 2R e Fedfhiny R H RAE LR a2 ] class
ApplicationThread [] public boolean onTransact(:++), J{I4 iy 2 LLVH S BA#I 1) 2 R4 3] 126
FErvE BB A, 55 H handler & class ActivityThread [JfAf5 25 private class H extends
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Handler, 2R )Rl ik [n].

e L2 FE looper BUHVH EBAA, FHPAT H 4 K ki, Bk private class H extends
Handler [1') public void dispatchMessage(Message msg) K %Y

BE—20 71 ¥ private class H extends Handler, ‘& 5t{%/&— > DVM RS EHTITTH, i
41 LAUNCH ACTIVITY. SHOW WINDOW, BIND SERVICE., BIND APPLICATION %

K HRGAH R a2 A HIX 0K
20.3.2 activity 5 service BYhnE

RGN E A 2 gy BERE H nak— S8 i) activaty 5, class Activitythread [Y) private void
handleLaunchActivity (-« )k 5 20 L ARFNAT PR EL private Activity performLaunchActivity(«-+)4¥
WA, S an k.

/*activity AERGETH Y Rg m]-—EhCkEk, M EEAIRFEENHRTOR, XHE AN

H, APMESNE Android HFEER Y activity. service ZAIICER, XH HAMHrH g/

private Activity performLaunchActivity (ActivityClientRecord r, Intent
customIntent) {

try {
/ /B 87 NV e package XV PR N4 2%
java.lang.ClassLoader cl = r.packagelInfo.getClassLoader():
/X B SERUA TF 2RIN B N3 % activity*/
activity = mInstrumentation.newActivity (
cl, component.getClassName (), r.intent);

}

return activity;

}

ANk ik 558 H] 5 20 class Activitythread [1') private void handleCreateService(*+),
MNATAL TR H: service BIZRINZ, AL LI T

private void handleCreateService (CreateServiceData data) ({

try {
/ /% F) % service FITE package XV [FIZRINE 4%
java.lang.ClassLoader cl = packageInfo.getClassLoader();
/ /N,

service = (Service) cl.loadClass (data.info.name) .newInstance() ;

}

JXAE activity Al service G470 5 RGN 2 [6] 52 5448 € PR H activitythread [ K&
FRZEHY, A& MW HZEINZEANLH n] LLiE R L E 1 activitythread B 528 DIEg, LieeftaRkM
[¥] activity fl1 service, #EAIT A& activitythread HL [ — 444, HNZHLHIgR = T activity,
service 5 activitythread #FE 85 AR
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Android UI {4 2 tH RGN AN A Bk, RGeMl i bRl n, B2 B class
WindowManagerService , - 2 51 5iyH W . & DA £, K~ R E s HT class
SurfaceFlinger 71 Ot 2 JIvH 5 BEANN HI X6 Y 1) surface, J1i% 45 )iC )2 1) Framebuffer 1K 5] .

W I e View B 2H e, 252 JIk55 ) F = class WindowManagerService )75 5, FFHEAT
VR YL . HLE Yot G AR N N 1Y) surface H . 3D 4 INE A Java #5211 5
72y View 1K 5, - TAELEN .

NI H A R ZE I, fChE Al Android 1.X, /&% 5 Android 4.x fHEL G TS
i e ) ), AN R T T FE A R . HsiX 2 Android FFRZ—, Wi,
Android Z¢#)— HEA KA. X2 OS TR Z MDA KRB . HSE Android [n] {22 4]
B2 IR G A EELEW, R 222N . B2 THAH H ok 28 M vt
FCASTECE IS AN B SR R BB, SRR KA SO D REA& 20 N ., AR Gui s iy 7
F C B i i e eee s BE—DNRASH) TAEBRAIR 0t s BN LA iAS 355 1) 254, Android
A ReRe U AR RIINAE . Ik, FFH—EEOR BRI OS I H , 55 H 22 1 Jit A2 ZE A AN
T ECE VA R, AR A NN, RS T AP R RE, (H2 HERRAS T
G BRR e, B Thaeis A B, RZBIRCAHIR I8, SERA TRIREB A K,
B 2 FEEOR ERI

21.1  EHHAERA K

H ¢ class ActivityManagerService 1 i z)) Activity B 1 £ & 3L SHOW APP
_ STARTING ICON, | 5%[ class WindowManagerService [{] public void setAppStarting
Window( =+ ) #Z ] ], % & G 2 mPolicy.addStartingWindow( =+ ) #% ] H1 , 5 3 class
PhoneWindowManager ') View addStartingWindow(--+)#% ifi 11, W& 21-1 s,

N FE ) View HEZE N 2 TE class PhoneWindow [ ViewGroup generateLayout
(DecorView decor) P& £ 5¢ Al :

View in = mLayoutlnflater.inflate(layoutResource, null);

H b layoutResource [ ID 5 1] APPS/Common/res/layout/scree title.xml H [ 95 5 A«

i YRR 3 5 e X1 View 4 )I] FH void setContentView(:++) F 1% (1% #K %1 1 OnCreate()
P, o N AE N R € 1) View 5l H £ 1) layout.xml.

73 1T Android ZRFFEn] LU, #5 UL R R 2 — SR, W class GridView. class
AbsListView, class AdapterView, class ViewGroup. class View, T IUK IRk AL F.
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( class Activity )
Ibiner mToken
— Windowmanager mwindowmanager
Window mwindow
_W »( Class PhoneWindow )
-l-( Class Localwindowmanager ) —- DecorView mDecor -
Windowmanager mwindowmanager *

|

kT “nstallDecor()” ,
WFEE: Oncreate()-

=setcontview()-

Class windo ' ~installDecor()
( 5 Tl ) - Hractivity B [ view I FLL

mDecor 4 rootft] #

View[] mview

Viewroot]] mroots

_T———h( Class ViewRoot )

Class view —
W mwindow
Surface msurface

K 21-1 A AR s =

class View & View Jf15G, ‘EH#%H T — View Wi HA ) onlayout, OnDraw,
dispatchDraw. dispatchTouchEvnent. OnTouchEvnent %5 i BR £ . IXFEANA]ZETY ) T fe 2508
o H X 2 o AR T 2 H B 7R OK

i — View HHHAth View #1E A HAZz 747145, PrLLA 38 B m), Tl #2171
X I bR B FH 3t BE 6 TR G AN <Fe At ) S 4584 o 3P ) 6F 4 1) S AR 2 UT AR 2R % R 1 7 1)
AR T A0 AR R T DV B PR n) L, QA Jsde 2 I AL 4e i 14 B AR 1
YE LA View 4K 2K 5E R 1f H H §i ™ B 3D A4 hnak 1) UT 44 & 1 & A IX A
RRZa . HF58 FiXAS UT ML A 2 Android EAUATY, A TOS [ UI Vi G 2844
SRR R, EAE S X WAL 24 UL Surface Jy H0 Y wayland B

21.2 ViewRoot 5 Surface

ViewRoot 15 View % 77 {8 i % %, ViewRoot 2 | UL 4 % 55 % % il
WindowManagerService A8 b [J#% 1, Hil ViewRoot, WindowManagerService }4 %y A 14
T HiFi% 5] Android T, SR B Android View {4 28 6k A4 g mig [ WL ik 514252 Jif
e T AARR S DA JRl . E] VIEW SR80 1E

ViewRoot R EERHLIELE Activity 5¢hE View €142 Jii, handleResumeActivity() e %L
WefhAz, AR E

final void handleResumeActivity () {

wm.addView (decor, 1);
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M52 class WindowManagerImpl ] public void addView(--)#§ i, 235 il % i H
B, WK 21-2 .

class WindowManagerimpl: : addView
L New ViewRoot — - root.SetView
mWindowSession=IwindowManager.stub.asIn — sWindowSession.add()
terface().openSession
— requestlayout
L scheduleTraversals

& 21-2 A

Surface s& W HEFEVE R 28 H L, A E—IRA2E, Hegdbfedh=s, L5
A2 il i Binder 4% i SCPF A1 SO ) 7 AP AT ) . Surface )R BGEFE AN |

(1) ViewRoot % — &k 4T PerformTraversals i3 resize 5}, $3%#{ sWindowSession.
relayout()#5 1 /] -

(2) WindowManagerService 1] & Surface.

(3) ViewRoot i} WindowManagerService fil] 4 [) Surface 1 3 7F H . ) mSurface .

(4) 7F ViewRoot & Draw 2 [ iff ] Surface.lockcanvas, 75 %l canvas.

(5) Surface.lockcanvas 5L PR A2 fR 3% i 2 SCHFFIT surface % 0G0 & — M7 1 .

(6) ViewRoot %X~ canvas 1545 View {& 5 J-ya 4.

21.3  ZwbhESesl s Br

G HEAE JLF-20 J UL AR Py 5. AT LLZw AR HE B KR 224K 50 Mt Android UI 44 &
) CAERLA

21.3.1

ViewRoot 3%

ERGMCIEIT R

ViewRoot /& Android View /A& R [FJHHX, ‘& AE S 2] R4 I] WindowManageSevice,
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InputMethodManagerService 55 2 Gt 41 114 b iy H 22 &N fiil e View Tree [FAHOCENE, ¥
Android View 1A Z [ /7 7T . B RGEAS Bl 75 BAR1S RAM AL ARTTLL class
InputMethodManagerService A {5l 731 H.AE ViewRoot H 4T FE A il

TN BR T TR service AREEXT R AERL, AR HTIE service X4 AR K
SEH)
BAT A RO Bt v AT AREEN B, B 58 0 RGN ASHIOG 1 2B B, R4t SystemServer
1) 4 R 48 2 i A %% class InputMethodManagerService, 6 H.yF M 3] serviceManager 1,
(ML

ServerThread. run() {

try {

imm = new InputMethodManagerService (context, statusBar);
ServiceManager.addService (Context.INPUT METHOD SERVICE,
imm) ;
/*0l]# InputMethodManagerService, B HMA ServiceManager. %ol HAth2H /i@ it
n] ServiceManager & Context.INPUT METHOD SERVICE K3kf§ class InputMethod

ManagerService [f] proxy*/

} catch (Throwable e) {

}
(EN A, class viewroot HH /AR Rl HACHER, ACAG Q|

public static IWindowSession getWindowSession (Looper mainLooper) {

/*InputMethodManagerService fQEAERN, XM servicemanager SR CHEXN %
FIHLi] . WindowManagerService S5 AR HIAQEEAD &l L X Fh 7y 2 71 . Xy 14
FEARSS X G AR 3REL, 1 WindowSession ARHEAT B IK4E K, ZMitA window
ManagerService LI MK 5E . £ N B Hr P HE B E ServiceServer #HFEK
AR WindowSession &AM &, AJ54F Binder AU B H:H N AT HEFE 1) I 5K
WindowSession X %)y BINDER TYPE HANDLE E{ BINDER TYPE WEAK
HANDLE 2RM, HAENHIBEREP ARG, I8 ServiceServer MFEN T 1. HAKsy
Brii 2 ). Binder 17/

InputMethodManager imm = InputMethodManager.getInstance (mainLooper)

}

W ) class InputMethodManager 52491 #4) 2 12 #1891 service ACHEEXT G (1A Rl 1

static public InputMethodManager getInstance (Looper mainLooper) {
synchronized (mInstanceSync) {

/ /73| servicemanager H$k#| InputMethodManagerService
IBinder b = ServiceManager.getService (Context.INPUT METHOD SERVICE) ;

/ /A InputMethodManagerService ACEXT %
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I TnputMethodManager service = ITnputMethodManager . Stub.
asInterface (b) ;

mInstance = new InputMethodManager (service, mainLooper);

}

return mlinstance;

21.3.2 EotlirEH——7=FFE Android Ul #1F|BYE )

RV i s Re A Android UT HLHIH) TAENLE, e JLFP BT 246 Android
UI PLifl: WindowManagerService, InputMethodManagerService. ViewRoot, ViewTree, [/
M ViewTree WIS GHEE KR AT LLUE st US04 1 AL FE 4 5] 73 Hr 1K L HL ) 1) B3]

B 5t WINDOW FOCUS CHANGED 7H E # WindowManagerService /< iX% %5 class
ViewRoot. {F class ViewRoot {1, WINDOW FOCUS CHANGED 75 S ALFE AL Wl

public void handleMessage (Message msg) {

case WINDOW FOCUS CHANGED: {

InputMethodManager imm = InputMethodManager.peeklInstance () ;
1f (mView '= null) {
/ /)7 ViewTree 43 KA m U728 HA4
mView.dispatchWindowFocusChanged (hasWindowFocus) ;

}

/gy JT T WIER IR AL AL, AT Al e S fe i am A 481, X HAGHEAR View Tree
L4y InputMethodManager KAbE!*/
1f (hasWindowFocus) {

1f (imm '= null && mLastWasImTarget) {

/*I il InputMethodManager [f] onWindowFocus JyiZKA4bH Focus FHAF.
X ZH mView Jj ViewTree*/
imm.onWindowFocus (mView, mView.findFocus(),
mWindowAttributes.softInputMode,
'mHasHadWindowFocus, mWindowAttributes.

flags);

= WINDOW_FOCUS_CHANGED Fi{14 % &% % InputMethodManager ', — 541 A%
Wl he, ACHG .

public void onWindowFocus (***) {
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//— M, [n] ViewTree 7 K S K& HN

focusInLocked (focusedView !'= null ? focusedView : rootView):;
/*%5—Ji1, X7T InputMethodManager HH &K & a, —HEfU RS E LT ES
N/

checkFocus () ;

}

/ /A Rk A PR AL
public void checkFocus () {

/*Ja i ANi%, InputMethodManager HU i 1 24 class InputMethod
ManagerService AREXT SR, o zhAH CH AL TARRR @ A A1 2258 ilix /
startInputInner () ;
}

IMAE View & R M, 24— N5 2240 3 AV 3R 15 5 N 11 View 7RI SR r 7 BN,
HR B FH H: A2 2K onFocusChanged p %y, (CHS 0 |-

Class View: :onFocusChanged (**)

{u.

imm. focusIn(this) ;

}
/ /X B G R AR ZAU R AL RIS View

Class InputMethodManager:: focusInLocked (View view)

{u.

mNextServedView = view;

21.3.3 ASZHFRIALIE

TEACFR SEFE UG 2 Ja, #EAY UL HLt el LEEAT S A4 1 o b3 i 5l
br 95 1F B 56 #% windowmanagerservice M N 1% input X #h i HE R 2 5, & 48l 1)
windowmanagerservice £ 21| = {ij 55 [ /2= & H XAV ) ViewRoot, R Fi{ 70 7 21| v HI il .

/ /iR A 9 5 viewroot

private void deliverKeyEvent (KeyEvent event, boolean sendDone) {

// B HCAN ViewTree KeAb BZ fil 51 A
boolean handled = mView '= null

? mView.dispatchKeyEventPreIme (event) : true;
if (handled) {

[/ MFZHEH ViewTree FIHEA View ALEE 1, | H 82 (0]

return;
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}

/*5 MR A L A2 45 InputMethodManager, #: F 2K InputMethodManager i
I ACHE AT % IInputMethodManager mService; HSHAHEAZ LS R G0 F) i A5 HE
2y, HH S BRI ATEAS Hox/

if (mLastWasImTarget) {

imm.dispatchKeyEvent (mView.getContext (), seq, event,
mInputMethodCallback) ;
return;

21.3.4 REERERL

AT LA MMS W O B 0 B S SR AE A il AEAE ] MMS W ] 98— R TH IR 2% )5 )
— > activity , 1X N activity f/ T packages/apps/Mms/src/com/android/mms/ui/
ComposeMessageActivity.java, Hiiid H UL [ xml {44 compose message activity.xml, H
TE AT FC )2 A5 RN G B AE

{I packages/apps/Mms/res/layout/compose message activity.xml {Z U1 F 5 0&E X T FG
PR i AT -

<ViewStub android:id="@+id/recipients editor stub"
android:layout="@layout/recipients editor"

android:layout width="fill parent"

android:layout height="wrap content"

/>
uf L, compose message activity.xml J3F K 45 254, 172K H ViewStub K
Fhid gmAtHE . b layout 5[] packages/apps/Mms/res/layout/recipients editor.xml.

<com.android.mms.ul.RecipientsEditor

xmlns:android="http://schemas.android.com/apk/res/android"
android:i1d="@+id/recipients editor"

/>
com.android.mms.ui.RecipientsEditor §5 H T 28(5 5. 2 F KRG XA G 5EHE /2 W) 2 il
/ /B T EVIARAR EL

private void initialize (Bundle savedInstanceState) {

if (mConversation.getThreadId() <= 0) {
/ /AL B BN D 22 (R L

initRecipientsEditor () ;



378 = W H——%F Android )N 5 R G2 R Y565 73 b

} else {

/ / GEAER] 451

private void initRecipientsEditor () {
ViewStub stub = (ViewStub)findViewById(R.1id.reciplents editor stub);

if (stub !'= null) {
/ /K AEHE recipients editor 47 inflate HiK
mRecipientsEditor = (RecipientsEditor) stub.inflate();
} else {

}

class ViewStub A< )it 5 /&> class View, —> View {# [ class ViewStub U3 H & AE
UI HEZEh BN E, B ARG 35S i ViewStub.

public View inflate() {
/ /3 ViewStub I View

final ViewParent viewParent = getParent();
if (viewParent '= null && viewParent instanceof ViewGroup) {
1f (mLayoutResource !'= 0) {
final ViewGroup parent = (ViewGroup) viewParent;

/* B RAF LayoutInflater, H TAEMZ inflate, HRGIHET View
inflate —ff, HAITXHIFEX View, A Inflater AR CHEE [ */
final LayoutInflater factory = LayoutInflater.from(mContext);
/*$ AT inflate, WA IR E N BIIEERAH NI Views/
final View view = factory.inflate (mLayoutResource, parent,
false) ;

/ /8 ViewStub M View H &g
final int index = parent.indexOfChild(this);

parent.removeViewInLayout (this);

//FOFTAE R View AL View HF

final ViewGroup.LayoutParams layoutParams = getLayout
Params () ;

if (layoutParams '= null) {

parent.addView (view, index, layoutParams);
} else {

parent.addView (view, index);
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ADB V45 H 72 Android RETH)— MBI, {HiE ABD JIRAMGE,  n] PUAEH R4 T
Wt AR F SE R R Gt ge . A4 ADB FALim BT Ay, HAX 0 Aridad W28 IE 217 5
Aid ADB 7t PC A4 L {3 ] — & A0S, PC Y47 A ol Z B HL o0 47

22.1 ADB JLAEER

2211 &

AT AT TN ADB 5z v i S IE LT A2

int adb main(int 1s daemon, 1nt server port)

{

/* Gl # unix socket %) #§ X/ transport registration send . transport
registration recv, P REBERE/

init transport registration();

//FE init.rc Ff"service.adb. tcp.port" & B

property get ("service.adb.tcp.port", wvalue, "");

1f (!'value[0])
property get ("persist.adb.tcp.port", value, "");
if (sscanf (value, "%d", &port) == 1 && port > 0) {
/*4i"service.adb.tcp.port"B"persist.adb.tcp.port"{iE | tcpport, H
7, ADB it M 2%i%$z. void local init (int port) fork HIERLRE, %422
LRI 1inux server ZkF%: static voild *server socket thread(void * arqg)*/
local init (port);
} else 1f (access("/dev/android adb", F OK) == 0) {
/ /WM WIRAFAE /dev/android adb ¥ &, Wil USB i%#:
usb 1nit();
} else {
/ /% W) E I B OA D 4% i 11 3%
local init (DEFAULT ADB LOCAL TRANSPORT PORT) ;
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/] LRI
fdevent loop():;

return 0;

/ [ VEFREFE

static voild *server socket thread(void * arg)

{

int serverfd, fd;
struct sockaddr addr;
Socklen_t alen;

int port = (int)arg;

serverfd = —-1;
for(;;) {
1if (serverfd == -1) {

//socket i H

serverfd = socket_inaddr_any_server(port, SOCK STREAM) ;

close on exec (serverfd):;

alen = sizeof (addr) ;

/ /TE % L1 _ESFERFAT JT 1) connect

fd = adb socket accept (serverfd, &addr, &alen);

[/ IERE, WG R)AR
if (fd >= 0) {

/*OEBACRIZIERLN struct atransport 45, 1445

—3k 1% socket A

P RCBE R 2l : int sfd;

W

int (*read from remote) (...);——int remote read(...)JHidi% socket MiEimix

int (*write to remote) (...);

LE

int remote write(...) il 111Z socket [n)iminH

SR Jo 1% PR ALl 14 transport registration send [n] ¥ % B B ML M 7 M % struct

atransport Zifa*/

reglster socket transport(fd, "host",

}
P M pA AL static void transport registration func(---)

port, 1);

BT LR, X

struct atransport 45 f4 &8 61— input thread A1—-]> output thread, "W. [ X7 #ro



22 ADB 381

2212 F%iE

ADB (fj 1:££ 2 /¢t void fdevent_loop(), £k Filiiak select LA KIRLIN 11 CLOGE KT
SRR R EAT SRR A, #AT IR, K g0 B SO A RAT AL B B 5 ARFS 8

vold fdevent loop()

{

for(;:;) {
/RS R RS A SR, A SRR REERE 1ist pending fERF*/

fdevent process();

/JHKEUE 1ist pending BERP AN, T EALTE S

while((fde = fdevent plist dequeue())) {
fdevent call fdfunc(fde);

static void fdevent process|()

{
/ /WCER ST R AL Pl S

memcpy (&rfd, &read fds, sizeof (fd set));
memcpy (&wfd, &write fds, sizeof(fd set));
memcpy (&efd, &error fds, sizeof(fd set));

//Linux R&%; select i
n = select(select n, &rfd, &wfd, &efd, NULL);

/1 HRE
for(i1 = 0; (1 < select n) && (n > 0); 1++) {
events = 0;
/ /WCEEAZ AR Y. ) A
1f(FD ISSET (1, &rfd)) { events |= FDE READ; n--; }
1f(FD ISSET (1, &wfd)) { events |= FDE WRITE; n--; }

if (events) {
fde = fd table[1];

fde->state |= FDE PENDING;
/ /A SR AR A]IRICRTE 1ist pending
fdevent_plist_enqueue(fde};
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22.1.3 FLIEMMBYSCHEHRIR

1. transport _registration _recv

5 it transport registration send Zf fil% unix socket FJARXS, filh & pR &Y static void
transport registration func(int fd, unsigned ev, void *data), K& FIERF M.

2. struct atransport ¥ 52 %% = transport_socket

55 struct atransport % 014 i it fd;ZH il unix socket TJRRXS, fil/Z PR ELA static void
transport_socket events(int fd, unsigned events, void * t), JHKEFE struct atransport [ 4~ T
YEZeFE: static void *input thread(void * t)#/l static void *output thread(void * t).

3. 7ZNHb struct asocket p{ R Z & int fd

AR H struct asocket Xf 1l 55 8 FEZH A% unix socket FARXT, MR 45 LR M AEIX A
unix socket HE{ER] static void local socket event func(..)#fil A, F2UImym X35 struct

asocket 4514 [1) enqueue 25 pR F 48 1 H -
ADB 4345 struct atransport [1 P44~ T /EZE 4 : static void *input thread(void * t)#l] static
void *output_thread(void), UL XS NATE aiy 2 55 2 A, IX LB E R 1) 0 B 76 ) [ 51540 2

22.2 Transport

Transport [1') 1= £ 45#4) /& —]> struct atransport A4 /> struct asocket X 55 4] .

2221 #IEk

Transport M4 14 0 58 T AL M S HLI O LRI P S R EC G, 3606 T R
PR £Y transport registration func SZI .

//Transport HEZL R £l

static vold transport registration func(int £fd, unsigned ev, void *data)

{

/*IEZA~ £d Bl static int transport registration recv, 4 static int

transport registration send #H{ X} unix socket, XH i static void
xserver socket thread(void * arg) fZiXid KN transport Z40 O T I 45 3% %
ADB 7)) */

i1f (transport read action( fd, &m)) {
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fatal errno("cannot read transport registration socket");

//static void *server socket thread(void * arg) BN struct atransport 45y

Tt = m.transport;

1if (t->connection state != CS NOPERM) {
/* initial references are the two threads */

t->ref count = 2;

/60 T AP struct atransport, transport & HEHLA A H G SR FE:
static void *input thread(void * t)fll static void *output
thread (void * t), JfHAIE 1> unix socket AJ#Xf, HIKS5XMWALILEE*/

1f (adb socketpair(s)) {

fatal errno("cannot open transport socketpair");

}
// transport socket s transport & HHLI AL ) A) IR
t->transport socket = s[0];

[/ t=>fd &R IMAE & AR A I AR
t->fd = s[1];

/¥ 45 TIPS 6 F21E unix socket HSANE, W static void transport
socket events () ¥pifih A */

fdevent install (& (t->transport fde),
t->transport socket,

transport socket events,
t);

/ /¥ select FIRISCA S AH VA BAY
fdevent set (& (t->transport fde), FDE READ);

//B# input thread Z#%
1f (adb thread create(&input thread ptr, input thread, t)) {

fatal errno("cannot create 1nput thread");

/ /B output thread Z4%
1f (adb thread create(&output thread ptr, output thread, t)) {

fatal errno("cannot create output thread"):;

/* 1% atransport HIITK */
adb mutex lock(&transport lock);
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t->next = &transport list;
t->prev = transport list.prev;
t->next->prev = t;
t->prev->next = t;

2222 transport {Ei§ 252

]~ struct atransport {7 input Fll output P§/N2EFE, IX /2 struct atransport 55X /718 1{5 1
TFETAEZHE.

/*Mizim | transport B K static void transport socket events (*-)*/

static void *output thread(void * t)

{

atransport *t = t;
apacket *p;

/ /5Tl struct apacket
p = get apacket();

p—->msg.command = A SYNC;

//In static void transport socket events(-) RIE ™ A SYNC T2
if (write packet (t->fd, t->serial, &p)) {

/ /RO B R R, %4 transport
for(;;) {
p = get apacket ()
/0T 2% %82 1 ADB, ZERELA static int remote read (), HAF] accept
KW 51 socket FHZFIAIM int sfd;, Amimis BUOEHR L/
1f (t->read from remote(p, t) == 0) {

/ /R UK packet 5%l static void transport socket events(::)

if (write packet (t->fd, t->serial, &p)) {

} else {*-

/ IAE PR —# # S —4 A SYNC g%
p = get apacket();
p->msg.command = A SYNC;
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if (write packet (t->fd, t->serial, &p)) {

/ /R EAERM transport HHRE static void transport socket events () &% F]ix
i
static void *input thread(void * t)
{
atransport *t = t;
apacket *p;

int active = 0;

LR N |

for(;;){
//M static void transport_socket_events{"ﬁiiﬂi%ﬂﬁﬁi
1f (read packet (t->fd, t->serial, &p)) {

1f (p->msg.command == A SYNC) {
//WRE A sYNC N DIRES

} else {
1f (active) {
/G EE S )i e, AT M ZRERE ) ADB, B PR%L static int remote
write (=+), ZBREH] accept KIMim i socket BEFEMIA)MA int sfd;,
[r) 320 Sy 5 H 4+ /
t->write to remote(p, t);

} else {

return 0;
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22.2.3 transport BYEIE

3 U 1) B4l 215k, select [ transport fde AN A FH kA, S 3 static void

transport socket events(-+) fill /7

static vold transport socket events(int fd, unsigned events, void * t)

{

if (events & FDE READ) {
apacket #*p = 0;
/ /W HC input thread, output thread f&iXKIEHE
1f (read packet(fd, t->serial, &p)){

} else {

/ /A BRI (1) K
handle packet (p, (atransport *) t);

JPBORAIIAERE, S RIAC TLYI, ADB A HHZ WA SORY, i AL BLA BC BT LA
M3%H: target I push — AN 3BT 1 SOK 50 B/
vold handle packet (apacket *p, atransport *t)

asocket #*s5;

switch (p—>msg.command) {
case A SYNC:
/*_ﬁﬁ' U ,void handle packet (**) 5 HCW input.output &L [A, Ml id A SYNC
iy K S * /

case A CNXN: /* CONNECT (version, maxdata, "system-id-string") */
/* B, WEI A CNXN B connect Ak, XL ALBELEE R B, 32 ) X
JBRIE N A CNXN LRI A] */
1f (t->connection state != CS OFFLINE) {
t->connection state = CS OFFLINE;
handle offline(t);

}

parse banner ( (char*) p->data, t);

handle online();
1f (!'HOST) send connect (t);

break;

case A OPEN: /* OPEN(local-id, 0, "destination") */
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/* =70, push ¥ FE 1~ A OPEN tl&iXH| target*/

1f (t->connection state != CS OFFLINE) {
/ /push iy 2 WEARE B IR E MRS 4 M sync:
char *name = (char*) p->data;
/ /TR 4% 44

name [p->msg.data length > 0 ? p->msg.data length - 1
//asocket *create_lDcal_service_socket(“ﬁfﬁﬂfmfFﬁ:

s = create local service socket (name);
1f(s == 0) {
send close (0, p->msg.arg0, t);
} else {
/* AN struct asocket BIE - ELR), AR, 2wk K1 A s
EHGM ID, p—>msg.arg0*/
s—->peer = create remote socket (p->msg.arg0, t);
s—>peer—>peer = 3y
/ /ACK iZ¥i— > A OKAY
send ready(s->1id, s->peer->id, t);

s—>ready (s) ;

}

break;

case A OKAY: /% READY (local-id, remote-id, "") #*/
[/ FMUL, TimHK A OKAY
1f (t->connection state != CS OFFLINE) ({
/ /BRI EE struct apacket 2 @A
1f((s = find local socket (p->msg.argl))) {
1f(s—>peer == 0) {
s—>peer = create remote socket (p->msg.arg0, t);
s—>peer—>peer = s;
}
s—>ready(s) ;

}

break;

case A WRTE:
/1N, REBESNDER, WdaimlEl A WRTE s 645w
if (t->connection state != CS OFFLINE) ({
// T3k struct asocket X AHL I
1f((s = find local socket (p->msg.argl)))
unsigned rid = p->msg.argl;

p->len = p->msg.data length;
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//PATH int  (*enqueue) (...); EREL, M ENL T3

if (s->enqueue (s, p) == 0) {

send ready(s->id, rid, t);
}

return;

asocket *create_local_service_socket(const char #*name)

{

asocket *s5;

int fd;

/*iiid int service to fd(const char *name)fll& sync:MRSGZEMAE, JFEE 1
unix socket H5Zilf5, R[AIGJH £d, BEIFi% unix socket [FJH)JiR*/

fd = service to fd(name);

1f(fd < 0) return 0;

[+~ struct asocket 4if, JHRHIA local socket 1list A4, i% struct
asocket HIXHI A RS int £ W5 ik sync: MMRSSILEE N unix_socket [
TN, 1R %L int (*enqueue) (+++) ; N static int local socket enqueue (**)*/
s = create local socket(fd):
//IRAliZ struct asocket Z5iMJFRES
return s;

}
/ /AN A asocket

asocket #*create local socket (int £d)

{

asocket *s = calloc(l, sizeof (asocket));

/7 HINRSS LFE ] unix socket

s—>fd = fd;

/ /B LR B N )

s—>enqueue = local socket enqueue;

s—>ready = local socket ready;

s—>close = local socket close;

//IMAAEH local socket list R

install local socket(s):

/*ﬁHH%gﬁﬁiﬁirﬂ_ﬁimﬁ)\ﬁ{ﬁW, static void local socket event func(-) 3%
WA, ZRECKE A AL asocket Mimim X 55 asocket [ int (*enqueue) (*++) ; BREL,
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{175 e 55 L FEA% R 1) S04 3K 32 S+ /

fdevent 1install (&s->fde, fd, local socket event func, s);
return s;

/*{ERFIR A WRTE RIS, XP NV A struct asocket 4ifJ[1) int (*enqueue) (asocket *s,
apacket *pkt) ; #filik*/

static 1nt local socket enqueue(asocket *s, apacket *p)

{

/ /7 HdE

while (p—>1len > 0) {

//TRF LR TNEAR, s—>£d MV ARSLFEB unix socket HJHRX}
int r = adb write(s->fd, p->ptr, p->len);

22.3 Local IR55

2231 Local BREByFhZE

Local f71)72 THLERIR A\ R FE EIFT € D e -

//Local service HidFAFH name K& 5|
int service to fd(const char *name)

{

int ret = —-1;

#1f ADB HOST

#else /* !ADB HOST */

} else if(!strncmp ("dev:", name, 4)) {
ret = unix open(name + 4, O RDWR);
} else 1f(!strncmp (name, "framebuffer:", 12)) {

//framebuffer k%5, JIBE

ret = create_service_thread(framebuffer_service, 0);
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} else if(recovery mode && !strncmp(name, "recover:", 8)) {
//recover M5, T4k
ret = create service thread(recover service, (void#*) atol(name +
8)):
} else 1f (!strncmp (name, "jdwp:", 5)) {
/ /jdwp & PC 1A%
ret = create jdwp connection fd(atoi (name+5));
} else 1f (!strncmp(name, "log:", 4)) {
//ﬂ(log
ret=create service thread(log service, get log file path(name +
4));
} else 1if(!'HOST && !'strncmp(name, "shell:", 6)) {
/ /3% shell
if (name[6]) {

ret = create subproc thread(name + 6);
} else {
ret = create subproc thread(0);

}
} else 1f(!strncmp (name, "sync:", 5)) {
/ /B R AR AR ST, e 2R Rl o A
ret = create service thread(file sync service, NULL);
} else 1f(!strncmp (name, "remount:", 8)) {
/ /B mount/system H3E
ret = create_service_thread(remount_service, NULL) ;
} else 1if(!strncmp (name, "reboot:", 7)) {
//E)G, EEE vde SRR TAFZ Ja A GedhAT B S
volid* arg = strdup(name + 7);
if(arg == 0) return -1;
ret = create service thread(reboot service, arg);

} else 1f(!strncmp (name, "root:", 5)) {
/*IA TG ro.debuggable KR E R BN service.adb.root, LMiifF adb root. T
FLRGE FIHA R RIRAR e L), SR M) B E*/
ret = create_service_thread(restart_roat_service, NULL) ;
} else if(!strncmp (name, "backup:", 7)) {
/ /%Ay, ML /system/bin/bu K5EHK
char* arg = strdup (name+7);
if (arg == NULL) return -1;
ret = backup service (BACKUP, arg):;
} else 1f(!strncmp (name, "restore:", 8)) {
//PkE, g /system/bin/bu K58
ret = backup service (RESTORE, NULL);
} else if(!strncmp (name, "tcpip:", 6)) {
/ /IS E service.adb. tcp.port fift & FH K a1}
int port;
if (sscanf (name + 6, "%d", &port) == 0) {
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port = 0;
}

ret = create service thread(restart tcp service, (void *)port);
} else if(!strncmp (name, "usb:", 4)) {
/ /T E service.adb. tcp.port fill kA KN

ret = create service thread(restart usb service, NULL);
#endif

LR N |

}

-

return ret;

}

1Ay Fif i ADB SEIICAREF IR DI RE, tH5 2 4L int service to fd(const char *name) 4 JJl]
R 3L

2232 Local BREZBIFTS

ADB Local service [1) JE 2 J& AL EFE TEAAFAEN, A )5iE L unix_socket 5 2 115 .

/ /B /> ADB service
static 1nt create service thread(voilid (*func) (int, void *), voilid *cookie)

{
stinfo *sti;
adb thread t t;
//unix_socket [1]—XJ A a)HR
int s[2];
/ /03 unix socket, ®JFNNAE int s[2]H
1f (adb socketpair(s)) {

}
//stinfo *sti HRAFNZE

st1 = malloc(sizeof(stinfo));

1f(sti1 == 0) fatal ("cannot allocate stinfo");
sti->func = func;

sti->cookie = cookie;

sti->fd = s[1];

/ / BVEANAT I Ik 55 2k A2

1f (adb thread create( &t, service bootstrap func, sti)){

}

LR N |

return s[0];
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2233 SYNC BR%

LL SYNC JIk 55 49153 ¥, —> Local IlRg5 5. = Push — > ({2 target, SYNC
ke 55K 2 4% )5 57
vold file sync service(int fd, void *cookie)

{

for(;;) {
/ /M UNIX SOCKET HiH{ L4
if (readx (fd, &msg.req, sizeof (msg.req))) {

if (readx (fd, name, namelen)) {

}
/ /name T RIA target K34

name [namelen] = 0;

// Push — ARG AN, XMW ID 4 ID SEND
switch (msg.req.id) {
case ID STAT:

case 1D SEND:
/*AERR TR SRR 2 )5, SO LTS static int handle send
file (=) KL, XHH UNIX SOCKET ALkt Jx/
1f (do send(fd, name, buffer)) goto fail;
break;
case ID RECV:

//UNIX SOCKET HJif s #2&1% 23z vy () 4 rfy
static 1nt handle send file(int s, char *path, mode t mode, char *buffer)

{

/ /AT T A

fd = adb open mode (path, O WRONLY | O CREAT | O EXCL, mode);
1f(fd < 0 && errno == ENOENT) {

mkdirs (path) ;
fd = adb open mode (path, O WRONLY | O CREAT | O EXCL, mode);
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/| AR
for(;7;) {
/ /AL Tk
if (readx (s, &msg.data, sizeof (msg.data)))
goto fail;
/ /KA AT A
1f (msg.data.1id != ID DATA) {
[/ BT AR
1f (msg.data.1d == ID DONE) {
timestamp = ltohl (msg.data.size);
break;

-

/B, BRI & %12 4 : M\ static void *output thread(void* t) #| struct
asocket [f] int (*enqueue) (...) ;% (static int local socket
enqueue (--+) ), HFXH */
if (readx (s, buffer, len))

goto fail;

/ /5N target A AF RS
if (writex (fd, buffer, len)) {

}
/ /A E N, ACK I i
1f(fd >= 0) {
/ /BCK B4 A B 3 Iz i

struct utimbuf u;
adb close(fd);
u.actime = timestamp;
u.modtime = timestamp;

utime (path, &u);

/ /AIRZAE A OK
msg.status.i1d = ID OKAY;
msg.status.msglen = 0;

/ /5 B3z Vi

if(writex (s, &msg.status, sizeof (msg.status)))

return —-1;

}

return 0;

b}
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b HTMLS AT, $efit— M) Webruntime SCFFRCH OS [0 T . Webkit H
i 2 pl: Webcore Al js 7|25, AU B LAE27E %% html A, Jo38 22 js S ATHLR . f1 2 B
Js 5SS, ARPAEE T V8 A

A # Webcore 77 #THACH [l A4S &) Android 2.x £E % [1Y) Webkit, V8 #54rH1 T-7F PC i
RS, BWAMALE V8 SR, Al 2.2.14.

23.1 Webcore

Webcore {il] ') TE HH html 1574 # 4. Dom B [ # 4 . rendering tree [¥J#J 4. layout,
FAF R B e HAEAR TAENLFE . Webcore K html 17 SURSEZ 70 BT 2 Ja 74 2 LA html 1572
AT A DOM B, AR 545 CSS A il H rendering tree, 1% rendering tree | [ 5E/N T
5 DOM B AHXT R, 2 HE 2RI IE . 28 )5 Webcore M rendering tree #3777 sl - 45 &
AN H B rendering 1 5, HOHP RS rendering 1 SET A A RTE R A L . AR KN E
UL DOM Y [112 45 25 #4) Fil rendering tree 7 BAF KOAHCHE, K FE4E 20 e 260 W1 5 _E

23.1.1 DOM 5 Rendering #f4 pX

(£ ) html THVAMENT 2 )G, html JAA R 5 o283 L token [ 1B 2056 7R,
HTMLParser::parse Token(++*) BR ZURF i — AL FHLIX LY token, £ 4] A [A] 28 Y 1) token 71 sl H: DOM
T, JEEANHEHN DOM W F, [AIEFHHE DOM 7 ik BY Rendering 17 £, iXFE DOM K Fil
Rendering ¥ [f] i} 74, 1 3 token #7 AbHH5E

[/ EVEITCEAE I, A DOM B Hl Rendering
PassRefPtr<Node> HTMLParser: :parseToken (Token* t)

{

/*t &Iz, WWEAD: <img src="home series.png">, XH SO E class
HTMLImageElement*/
RefPtr<Node> n = getNode (t);

1f (n->1sHTMLElement ()) {
HTMLElement* e = Static_cast<HTMLElement*>(n.get());
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e->setAttributeMap (t->attrs.get());

}

/*Z R AU AR fffA DOM W, 7E insertnode BREP SE AT AT A A HE attach()
EREL, M FEOZT SN rendering A% A Ak /

if (!'insertNode(n.get(), t->selfClosingTag)) {

}

return n;

}

7t DOM P # #2 5¢ ¥ 5, Webcore H4l; DOM 4} 4: |l rendering #4 , $235 M iX ™ rendering
tree HJHR A& Layout.

void FrameView: :layout (bool allowSubtree)

{
// &I layout, M rendering tree Z Lifii F, layout

root->layout () ;
}

P FOREIU R A B, 23] 3 DOM ) HI Rendering 44

<html>

<head>

<title>Titlep</title>

</head>

<body>

shomepage <label>Thislabel </label>wang
<label>senixlabel </label>sen

</body>

</html>

R ) DOM #1231 filfw

55 22 X W) rendering A= B R B E5 R W 23-2 .

FEVHRT A B I T 2N CSS RIS B, CSS [T F 221l it lex Al yace
T H5ERk, a4 Rl CAF47 T android\out\target\product\generic\obj\SHARED LIBRARIES\

libwebcore intermediates\WebCore\CSSGrammar.cpp .

//HA css TN RIS, EE G b
bool CSSStyleSheet::parseString(const String &string, bool strict)

{ e
//ENAAE R CSSParser X%
CSSParser p(strict);

/ / FERTIRELT) CSS F4F
p.parseSheet (this, string);
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( Class RenderBlock )
0x202d5c
html

L( Class RenderBlock ) ’—( Class RenderText )*

0x202e90 0x20300c

de}Y L “Tallg ”

->-< Class RenderText )— -D-( Class RenderInline )—>< Class RenderText )

0x202flc 0x20304c el 0x2030fc

“shomepage ” label “sen”

- N
\-% Class RenderLine ) D—( Class RenderText )

0x202f5¢ -l 0x2030bc
lable “senixlabel”

*( Class RenderText )

0x202fcc

“Thislabel ”

K] 23-2 rendering A= i

{I- CSSParser::parseSheet H{§ f] lex and yacc . H.53# CSS 1514,

2312 BHFEES %

H Yo AT S A T oR B A, AEAY i DOM R INE, U i1 5 AT AH Y ) Ak 2 pR AR
W LEZAT AR A s SR i R Z T S5 i listener. LAJ5i 2% Webcore 514y K& 4
PERNZAT SN, SR A 13 4 1) listener 21 AL FH pR 2L

FRR R, (B2 H AT ZAHFI), CL—Fp i ab 38 04 51 n] UL 2 #r i 284
SR BB, R LML R script 1A A 14

<html>

<head>

<script language="LiveScript">
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function pushbutton() {
alert ("hello");

}
</script>

</head>
<body>

<form>
<input type="button" name="Buttonl" wvalue="Push me" onclick=

"pushbutton () ">
</form>
</body>
</html>

T RLAL BEALH A £E BB AR, FHR I AR FE R K, IX LSOV R
e PR AL BE

PassRefPtr<Node> HTMLParser: :parseToken (Token* t)

{

if (n—->1sHTMLElement()) {
HTMLElement* e = Static_cast{HTMLElement*>(n.get());

J/MIX X, H:3E event [ALEE 1istener
e->setAttributeMap (t->attrs.get ());

}

XAk H class Element (19777 53, o PEGESR H A7 IAE SRR class NamedAttrMap
") namedAttrMap 25, X HALE G ST, B UE— ARSI E s
R A, Webcore {5\ parser 7)1 H R IK i PE SR A# A7 2IX A7

/ 7 JE W
void Element::setAttributeMap (PassRefPtr<NamedAttrMap> list)

{
1f (namedAttrMap) {

for (unsigned 1 = 0; 1 < len; 1it+)
/ /I T S A
attributeChanged (namedAttrMap->m attributes[1i].get());

}

XA, parser 73 #TH class HTMLInputElement ZS5 ()15 S 404G W F @ . type.
name, value, onclick. 7ERFIXLEJEEAE A namedAttrMap 2 )i, 34 BEF TR Ja 1 fi i 5
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vold StyledElement::attributeChanged (Attribute* attr, bool preserveDecls)

{u.

if (needToParse) //Xf TIRLERAY ) vl it D Ab B
parseMappedAttribute (mappedAttr) ;

}

M class Element 424011 A, SERTTAAA F CEOUBIEET B . 11T class
HTMLInputElement, ‘¢ 2%, | parseMappedAttribute pf%(, 5ARE <0y width, height,
onfocus. onselect 25 )&V, X1 onclick, class HTMLInputElement JfA 00y, #H G E
A RALHE

vold HTMLInputElement: :parseMappedAttribute (MappedAttribute *attr)
{

/ 134 S RAL B
HTMLFormControlElementWithState: :parseMappedAttribute (attr);

}

class HTMLInputElement [) 378 class HTMLFormControlElement 154K A J¢ /v iX A
onclick J& 1, 4RELH4T HAK,

vold HTMLFormControlElement: :parseMappedAttribute (MappedAttribute *attr)
{

/ / EAF A B P HE Ty
HTMLElement: :parseMappedAttribute (attr);

}

X B, class HTMLElement #bFf | onclick J& MR HE ., HEIFEEN & class
HTMILElement 4bFE T generic 1) UT 28 Jm P E ) ¥ 8, 41 onmousedown onmouseup .
onkeydown. onkeyup %

void HTMLElement: :parseMappedAttribute (MappedAttribute *attr)
{

/ /% 'H listener
setInlineEventListenerForTypeAndAttribute (eventNames () .clickEvent,
attr) ;

}

BT ) DOM B 715 sl 4k 7K T+ class Node, 1T class Node H147 — M7 80Z 1 ST AT
listener [1') ¥ 4% class NodeRareData 5 1) 7548 - A 10 a2 404 i 228 L 0 class
NodeRareDataMap ¥ KB, B> Node HJSEHIH] H CRIFREN 22 304N 1 R 48 J: 4k
{778 H . listener [ class NodeRareData J3 7Y [1) 75 4%

setInlineEventListenerForTypeAndAttribute [1') - % T {E 24— listener, Jf A 211X
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-
M

R listener 2845 H o

void EventTargetNode: :setInlineEventListenerForTypeAndAttribute (const
AtomicString& eventType, Attribute* attr)

{

/*

) # % K M H A ) listener H M M class ScriptController 1]
createInlineEventListener R B K G E KM A class JSLazyEventListener [
listener . {£ & class JSLazyEventListener ] & ® BA % void
JSAbstractEventListener: :handleEvent, fE5F 0 KEZ T H)G, B # IR

*/

setInlineEventListenerForType (eventType,
document () ->createEventListener (attr->localName () .string (), attr->
value (), this));

}
/ /eI orHt 1istener 43
void EventTargetNode::setInlineEventListenerForType (const AtomicStringé&

eventType, PassRefPtr<EventListener> listener)

{
/ JAECARTEM B A4 [ [A] 1istener R
removelnlineEventListenerForType (eventType) ;
1f (listener)
/ /B 1istener A RIZE 454
addEventListener (eventType, listener, false);

}
mAE IR eSS K, A FMATAKRE Android RS, H ) F

windowmanagerservice i3] Web HEFE[ viewroot, #AJ5iH IS WebViewCore J§Ji {444 A
Webcore .

/ /webcore 7K FH A1 iR L

WebViewCore::finalKitFocus

{

frame->eventHandler () ->handleMouseMoveEvent (mouseEvent) ;

}

bool EventHandler: :handleMouseMoveEvent (const PlatformMouseEvent&
mouseEvent, HitTestResult* hoveredNode)

{
/[ FAEEANL
MouseEventWithHitTestResults mev = prepareMouseEvent (request,
mousekEvent) ;
/197K
swallowEvent = dispatchMouseEvent (eventNames () .mousemoveEvent, mev.
targetNode (), false, 0, mouseEvent, true);
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FiF1E N3] WebCore, ZkLLgiflir A, pREIIT
bool EventTargetNode: :dispatchGenericEvent (PassRefPtr<Event> prpEvent)

{
handlelLocalEvents (event.get (), false);

}

{E1Z 1T K1) listener A8 7 HE event HAFITACH) listener, 132 )5 B fi 2 H:
handleEvent % .

void EventTargetNode: :handleLocalEvents (Event* event, bool useCapture)

{

RegisteredEventListenerVector listenersCopy = eventListeners():

size t size = listenersCopy.size();

for (size t 1 = 0; 1 < size; ++1) {

/ /33| event

r.listener () —>handleEvent (event, false);

}
pF & eventListeners [ 1F F H Sk /& 22 4k 1% 710 A1) listener 2445

const RegisteredEventListenerVector& EventTargetNode::eventListeners ()

const

{

1f (hasRareData()) {
1f (RegisteredEventListenerVector* listeners = rareData ()

—>listeners())
return *listeners;

}
{E_E el LG 3 class JSLazyEventListener 257 (1) listener OV &4 AR 245, 1L
BN L EC P S 2R Y )5, H: handleEvent pf 25045 fitk 7

23.2 V8 parser JEiS 5P

EAERZTNBEKEE IR, AT RBEIEGE G (V8 RAT: 2.2.14)
V8 X js HYJEIAAL FEUFE U ] 23-3 PR

&

o]
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parser L A GV, X H G RE—1)js
i4h) (statement) R — N1 A

|

AT 5 | G4 0 52 A R T
“REIIHS, ORI A, A
IO AT R LRI 77

Y

AT, 8B ET Y R O RS shix A
o FE (IXH fElazy parser)

K 23-3 V8 X js [T I A Ak PR A

AT IE 2 X PR — 2

23.2.1 V8 parser {IBRIARE X

(1) # A FunctionLiteral* MakeAST(-+), iXHL/p#fH EAETER/E json I /EHIET js
WHUAS, a8 ) 3s A IE 125 1 H] parser.ParseProgram(--+)Ab i,

(2) #t A FunctionLiteral* Parser::ParseProgram(--+), iX/&”> wrapper, 12 [{EWl |

O MEZHAIEZAT IS BT 75 220 scope, LA g i3I 75 2211 Scanner .

Q) Sz AVE VA S W 10 A Jl T AF 15 22 (H void* Parser::ParseSourceElements(+++)5¢ % »
HE R 45 B T HE 28 Y 255 4% ZoneListWrapper<Statement™> body(16) .

(® M sl 2R i FunctionLiteral 287 )3 [M] 45 L

(3) ik A void* Parser::ParseSourceElements(+-+), iX B [FZ 4518 ] 5, /& H] Statement*
Parser::ParseStatement(s* ) 51T 3s 1) 08T oK, BE4% js 1B T HE iR T Bl Statement.

V8 H1 Parser £ XU

class AstBuildingParser : public Parser {

/ /R A

Handle<Script> script ;

/ /AR, AR A GRS B — DI oc %=
Scanner scanner

//AERIER, XN TR e A S, X AR s B AR AR

Scope* top scope ;

/ /Expect BRECGEPS R scanner IREH1F )5 5
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void Expect (Token::Value token, bool* ok);

AstBuildingParserFactory factory ;

/ /IR
FunctionLiteral* Parser::ParseProgram(Handle<String> source,

bool 1n global context) {

LR N |

// Scanner scanner_ﬁﬂﬁﬂk

scanner .Initialize(source, JAVASCRIPT);

LR N |

FunctionLiteral* result = NULL;
//iXH top scope A NULL

/ /8] class Scope, H parent Jj NULL
Scope* scope = factory()->NewScope (top scope , type, inside with());
/* LexicalScope [N i& KA H K class parser [ top scope f5%H45 [ WIE K scope*/
LexicalScope lexical scope(this, scope);
TemporaryScope temp scope (this);
ZonelLlstWrapper<Statement> body (16) ;

bool ok = true;

/ /3T 8 FJE top scope, HZiWFrE R Token: :EOS

ParseSourceklements (&body, Token::EO0S, &ok);

1f (ok) {
/T EROT N T 4T EIAS Y FunctionLiteral
result = NEW(FunctionLiteral (**));

/ /3T Is BB T

FunctionLiteral* Parser::ParseFunctionlLiteral (Handle<String> var name,

int function token position,

FunctionLiteralType type,
bool* ok) {
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int num parameters = 0;
/] BRI BT
{ Scope::Type type = Scope::FUNCTION SCOPE;
/RN A REAAT, XEF B, XA KRBT A1 class Scope HJSEHBI, HAR
scope M top scope */
Scope* scope = factory()->NewScope (top scope , type, 1nside with());

/¥ T AEIR class LexicalScope, {E-HM)id R 2 R E prev_scope_fﬁﬁ‘id%%ﬁ
JZIF] top scope , Ml class parser ] top scope #7454 scope, IMTE class
LexicalScope iR H K E class parser [f] top scope M4 B2 ik 3 1Y

prev scope */

LexicalScope lexical scope(thilis, scope);
TemporaryScope temp scope (this);

top scope ->SetScopeName (name) ;

/7B (7, FRWIRREOS W T 4G
Expect (Token::LPAREN, CHECK OK);
int start pos = scanner .location().beg pos;
bool done = (peek() == Token::RPAREN) ;
//IRBEREA NI “) 7, RYIZNDREEAZE SN HZS 4
while (!done) ({//7MHTiZERESL
Handle<String> param name = Parseldentifier (CHECK OK);
if (!'i1s pre parsing ) {
/ /EZEIMAF% scope H
top scope ->AddParameter (top scope ->Declarelocal (param name,
Variable: :VAR)) ;
num parameters++;
}
done = (peek() == Token::RPAREN) ;
1f ('done) Expect (Token::COMMA, CHECK OK) ;
}
/7T 7, RS EIR o
Expect (Token: :RPAREN, CHECK OK) ;

//HBL L7, A ERBUAI T UG
Expect (Token: :LBRACE, CHECK OK);
/*Class ZoneListWrapper SEPr b2 AR SCp] i) — M F13k, X B HBYM) 2
Statement %lJ#&*/
ZonelLlstWrapper<Statement> body = factory()->NewList<Statement>(8) ;
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if (!function name.1is null() && function name->length() > 0) {
/1R AR E, HATFNZREA

Variable* fvar = top scope ->DeclareFunctionVar (function name) ;
/1R AR E AR

VariableProxy* fproxy =

top scope ->NewUnresolved(function name, 1inside with());
/ /%5225 AR ARG e oK
fproxy->BindTo (fvar) ;
/*E RN Assignment RIAT I SEH], H target_j’g fproxy, H value_j’a class
ThisFunction [F]52£f0], class ThisFunction A2 I H#IARX: class

ThisFunction: public Expression*/

body.Add (new ExpressionStatement (
new Assignment (Token::INIT CONST, fproxy,
NEW (ThisFunction()),
RelocInfo: :kNoPosition)));

if (1s lazily compiled && pre data() !'= NULL) {

} else {
/ /I BN A B TR 73 B
ParseSourceElements (&body, Token::RBRACE, CHECK OK);

this property assignments = temp scope.thls property assignments();

Expect (Token: :RBRACE, CHECK OK);

int end pos = scanner .location().end pos;

//parser P45 FIAEIX
FunctionLiteral* function literal =
NEW (FunctionLiteral (...);
if (!is pre parsing ) {
function literal->set function token position(function token
position) ;
}
seen loop stmt = true;

return function literal;
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23.2.2 Scope

(L parser 70 Mt 2l — A2 w0 I, BL—eR 80 192 i s W I AE 4 1 -

var senix;

var senix=123;

o 4C parser {E 70 A 3 5B — 45 1B 1) B, 18 1) Ab B pR £ : Block* Parser::Parse
VariableDeclarations(bool accept IN, Expression** var, bool* ok) {+*+}—/> B E 451 & 7E [0
scope H! declare IX M2 m . [fi] scope [ declare PREUAE 2 21X MESS 2 G, fib sz an sk

(D) fELH/AEEY R P Ek eGR4 .

(2) GREAT A A4 A2 5, AE =410 scope WG4 —MH 42 i class Variable.

(3) M%7 i 7k Bt 2% & fC ¥ VariableProxy , Jf ¥ 2 n A 24 1 scope 1
ZoneList<VariableProxy*> unresolved [\ 41§l ZoneList<Declaration*> decls [\ %1 .

(4) 122 w5 fCHE class VariableProxy 4 % 3| class Variable.

{E1% scope 471\ parser scope 1 M45iHy, Ul 23-4 s

class VanableMap: public
—

HashMap J hash
class Scope: public ZoneObject Entry* map_ L
; - —i- class Variable
- class Va:ublcl’rpx_*,t public
VariableMap variables — Expression
list Handle<String= name
_ _ J Handle<String™ name _ A RHE -
Zonelist=Declaration™= decls
class Declaration: public
] . AstNode Variable* . Mode mode_
ZoneList<VarnableProxy*> | anable™ var_,
unresolved )
VariableProxy™ proxy_ — Expression® rewrite _:

*f Fvar senix:i§ 1) 7E
AstBuildingParser: Declare(_) it Fwar senix; iH A){E
a4 AstBuildingParser: ‘Declare(.)
| list A R

int mum stack slots ;

int num_heap slots ;

%] 23-4 parser scope 1 [F]4fi#)

Y45 parser 7620 258 40 A, IX RN TE A), AR R IE T LR ACER senix
') class VariableProxy 25 72F & FIfCF#K 123 [ class Literal 2% &, scope i 2P i &
parser scope 2 W5 U 23-5 P

I e LA 2, 3 A E TR ) AR ) AN AR ARH, Ty AT TR AR )i AR .
1228 AR 5 2R 5 B9 € 78 56 — 20 58 il

(E5E T I parser BUG, R 35 it S 0 1A W — BRI T 670 e — AR 2
A AT AR S T,  1X B 58 Hk class VariableProxy #I| class Variable [1) 4 5E .

parser if; 42 (1 =1 HIl ) scope B declare iX/Mrwar. X B js A, BN ZIRAAT Y. —
I class Scope, 1ZJ/=ZRK _EHIAZE . 1EHEGEH 5 scope B AHIC . WRIAS A LA A iz
5L B ZOE A2 KT scopes
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class VariableMap: public

class Scope: public ZoneObject Entry* map i
- class VariableProxy: public
VariableMap variables Expression :
- class Variable
list
J Handle<String> name
ZoneLisi<Declaration*> decls_ a i
class Declaration: public Handle<String™ name
ZoneList<VariableProxy*> | Bathiode Variable* var
unresolved Mode mode
VariableProxy* proxy —
Tt Fvar senix; 4] 7E Expression* rewrite -
AstBuildingParser=Declare(.) W} Fvar senix: i ) 7F
int oum_stack_slots_; g 1 AstBuildingParser-:Declare(..)
= list Sk Rl
imt num_heap slots ;
—| - class VariableProxy: public
Expression

Handle<String> name

Variable* var ;

A T 18 fsenix=123.4F

Parser-:ParsePrimaryExpression
()8 “case
Token::IDENTIFIER: "4k 4
fik, fR"senix"
class Assignment: public
Expression: public AstNode
—®| class Literal: public Expression
Token-:Value op_;
Handle<Object™ handle
Expression® target ~ virtual void Accept{AstVisitor*
v):
Expression* value_; —
Target 42 “=" A fllFitsk, - FiEd)
value J& “=" 45 &k senix=123;Parser--ParsePrimary

Expression(_.)f]case
Token::NUMBER:-At 4 . f¥
Fr123"

%] 23-5 parser scope 2 [{]45#

BEIAS SO 1) scope AR

FunctionLiteral* Parser::ParseProgram(Handle<String> source,

bool 1n global context) {

/¥R ZE bool in global context HlEi% Scope M FRM, Xf T HIA S,
in global context A 1, i% Scope 1Z8%) GLOBAL SCOPE*/

Scope: :Type type =
in global context
? Scope: :GLOBAL SCOPE
Scope: :EVAL SCOPE;

[/ REEH] s A Scope, XM T Js X2, top scope 4 NULL
Scope* scope = factory()->NewScope (top scope , type, inside with());
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}
HAK Scope Gl M i Parser 2B A1 5, XF T class AstBuildingParser, H. 14 pd %L
I

Scope* AstBuildingParserFactory: :NewScope (Scope* parent, Scope::Type type,

bool 1inside with) {
Scope* result = new Scope(parent, type):;

result->Initialize(inside with);

return result;

2323 EESREIANO Parser::ParseStatement(--*)

TE A% PR B BEAT SE TR E AT o 12— dhds: 20 At B s i m) 2R, A a
FIXSAS R PR 3 — 2D R ARG 20 A R 2. RATAE R E AR 2, B e 70 A7
T[] statement. iX%Y statement [HOCHEETFHTI], ATIRTG RN X, 1 var forest;, % NRAZ
2 LTI statement 3 M7 2% 1 UE 4T B0 & ) 0 M o bE W var i A) AC 45 Block*
ParseVariableStatement(bool* ok);, if i5+H]J4C %7 IfStatement* ParselfStatement(ZoneStringList*
labels, bool* ok);, AZZ5 1 XT38 18 15 1) Ul forest=1876+forest3;. PRI ] 2515 1) Statement*
ParseExpressionOrLabelledStatement(ZoneStringList* labels,bool* ok): {3t —2 73 #7 -

P, Hor 45 CAEH—A switch BEAT .

Statement* Parser::ParseStatement (ZoneStringList* labels, bool* ok) ({
switch (peek()) {

case Token::CONST: // fall through
case Token::VAR:
/ /VAR A2 5 75 ] i)
stmt = ParseVariableStatement (ok) ;
break;

case Token::IF:
//IF i)
stmt = ParselfStatement (labels, ok);

break;

case Token::TRY: {
//try wh)

Block* result = NEW(Block(labels, 1, false));
Target target(this, result);
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case Token: :FUNCTION:
/ /38 3| R AL

return ParseFunctionDeclaration (ok);

default:
/ /R ER)ERXH

stmt = ParseExpressionOrLabelledStatement (labels, ok);

2324 EBEIEQRISH

PR SR AT B B BARR IS 1BV TR I AL FE,
1. T=EAA

18 # — -~ var Token, parser 1{ Jf] Block* Parser::ParseVariableDeclarations(bool
accept IN, Expression** var, bool* ok) {+*} K/ HriX N iE1] .

Block* Parser::ParseVariableDeclarations (bool accept IN,
Expression** var,

bool* ok) {

Variable: :Mode mode = Variable: :VAR;
bool 1s const = false;
1f (peek() == Token::VAR) {
//F parser A HRE M ArHEHE 2] var J5 AL E
Consume (Token: : VAR) ;
//CONST iEf) 5 VAR b FiAH [
} else if (peek() == Token::CONST) {
/ /% parser M4 455t W) B HEdE 2] CONST Jo M [H47 &
Consume (Token: : CONST) ;
mode = Variable::CONST;
1s const = true;
} else {
UNREACHABLE(); // by current callers

/ /R~ class Block: public BreakableStatement ikl
Block* block = NEW(Block (NULL, 1, true));

VariableProxy* last var = NULL; // the last variable declared

int nvars = 0; // the number of wvariables declared
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do {
/RN T 2R B A IHER), ¥ parser L35 E () Ay HERE 21 AR & 55 BP0 5 J5 1 * /
1f (nvars > 0) Consume (Token::COMMA) ; Handle<String> name =

Parseldentifier (CHECK OK) ; / /PEECH 85 AR & 1 bR LA

//TEHT scope W AWiZRE, XEmBEEN T
last var = Declare (name, mode, NULL,
1s const /* always bound for CONST! #*/,

CHECK OK) ;
nvars++;
Expression* value = NULL;
int position = -1;

[ /X TAHIGEE W], f2E A UL

1f (peek() == Token::ASSIGN) {
Expect (Token: :ASSIGN, CHECK OK) ;
position = scanner () .location() .beg pos;

value = ParseAssignmentExpression(accept IN, CHECK OK);

} while (peek() == Token::COMMA) ;

return block;

2. AssignmentExpression AT

Xf—> AssignmentExpression 1A 3 [ 734/ LA forest=99 A o], ACAL I -

Expression* Parser::ParseAssignmentExpression(bool accept IN, bool* ok) {

/EXT “=" Jcill, $AAT Parser: :ParseConditionalExpression, ZEREGR[E] “=" Z-Al]
FRIERX, XT forest=99; bt “=" il &ILx/
Expressionk expression = ParseConditionalExpression (accept IN,
CHECK OK) ;

/ /IR R K token A2 “=", HEZIR[AIZEIER
1if (!'Token::IsAssignmentOp (peek())) {

// Parsed conditional expression only (no assignment).

return expression;

Token::Value op = Next(); // Get assignment operator.
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/7B TN EERF, X T forest=99;, op A “="
int pos = scanner () .location() .beg pos;
/o “=" LA RIE R
Expression* right = ParseAssignmentExpression(accept IN, CHECK OK) ;

/e A N PEV R G R A i e Be, MR IR AR R r) oA RIA AL FF op A& H) iforest=99
] statement*/

return NEW (Assignment (op, expression, right, pos));

3. LogicalOrExpression '?' AssignmentExpression "' AssignmentExpression F=iA 1

/* % PR B 4 BT i W LogicalOrExpression '?' AssignmentExpression ':'
AssignmentExpression [PJi&h)*/

Expression* Parser::ParseConditionalExpression(bool accept IN, bool* ok) ({

/ /%M LogicalOrExpression #b45, Bl “? 7 =

Expressilon* expression = ParseBilnaryExpression (4, accept IN, CHECK OK);

/ /IR ZiER) A4 LogicalOrExpression #h4, W peek A~Z| “27, ix[A]
1f (peek() '= Token::CONDITIONAL) return expression;
//scanner IR EIEL “?7 7

Consume (Token: :CONDITIONAL) ;

/ /M~ AssignmentExpression &40 B1 “? 7 0 “.” Z A FRIAR
Expression* left = ParseAssignmentExpression(true, CHECK OK) ;

/IR BN T T ¢
Expect (Token: :COLON, CHECK OK);

/ /5 HT)a—~ AssignmentExpression #43E “: 7 JamHFRIE
Expression* right = ParseAssignmentExpression(accept IN, CHECK OK);

return NEW (Conditional (expression, left, right)):;

4. H ParseBinaryExpression(--) 4 “?” ZAMBIFRIELR

“JUPR )y 4% Expression* Parser::ParseBinaryExpression(***);, ALK = H%H, A
fFH AR . S R O H I ek ZUE AR 2 ARG 2 KR ACAL, statement (), SER ALl 0 L5800
PR H =T

XN EAE ] 7 — A2 T H. Expression* ParseUnaryExpression(*-+);, 1% pRECE HonJ
CLEE RN — S AP B 2 — N EefE2L, UL atbtc 4 {4, Expression*
ParseUnaryExpression(+++); i [H] X} W a [F] 1A 2.

HAEAETH A ALY 2, int Precedence(Token:: Value tok, bool accept IN);iX /™R
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HO U N N E R e B/ BRVEFRTILSE ) € L2 W, tokenh) .

% bR B K IR U 0 i, ARG IH M ERIIR B, B R ERT A e 2. B
X Parser::ParseBinaryExpression(--+){# ] Expression* ParseUnaryExpression(+++), H{ H 25—
HAEES, e AR P EAEES MR ERT P RS R T Gad) i e b
BEERT AL SE S . WARAR, SR ML, BHLEK. XPE L K% Expression*
Parser::ParseBinaryExpression(+++) 355 [l 25 %% - Expression* ParseUnaryExpression(:++), f{
fanp .

Expression* Parser::ParseBinaryExpression(int prec, bool accept IN, bool*

ok) {
ASSERT (prec >= 4);

/ T A AR AL

Expression* x = ParseUnaryExpression (CHECK OK) ;
/AR T REAEFFHIIL A (Precedence (peek (), accept IN) ) K T2 A4 Loai i
ERFIESEZ. (int prec), il biR[A] [ */

for (int precl = Precedence (peek(), accept IN); precl >= prec; precl--){
/ /B ERX H B WIE R | S U C R R AT
// precl >= 4
while (Precedence (peek(), accept IN) == precl) {
/ /B XA A A
Token::Value op = Next();
[*ERCT MR, S8 precl + 1, IR S MERAERA @@ IHHE T 2 XA
while TG BN 77 i+ /
Expression* y = ParseBinaryExpression(precl + 1, accept IN, CHECK OK);
/ /B ) 2k 3
x = NEW(BinaryOperation(op, X, V)):

}

return x;

}
HE SCE A

// Precedence >= 4

Expression* Parser::ParseBinaryExpression(int prec, bool accept IN, bool*

ok) {

/ 1 SCHEAT — eI R S
Expressilon* x = ParseUnaryExpression (CHECK OK) ;

for (int precl = Precedence (peek(), accept IN); precl >= prec; precl--)

// precl >= 4
while (Precedence (peek(), accept IN) == precl) {
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Token: :Value op = Next():;
/ /B JE T e Rk
Expressilon* y = ParseBinaryExpression(precl + 1, accept IN, CHECK OK) ;
/FUIR x Al y AR FMEZRFT SR, GHFRIAIC AR5 i) 2k i A pleds 2265 54> Rk TUAK
Ak A A /
1f (x && x->Asliteral () && x—>AslLiteral () —>handle () ->IsNumber () &&
vy && y->AsLiteral () && y->AsLiteral ()->handle()->IsNumber()) {
double x val = x->AsLiteral () ->handle () —>Number () ;
double y val = y—>AsLiteral () ->handle () —>Number () ;

switch (op) {
case Token::ADD:
x = NewNumberlLiteral (x val + y val);

continue;

case Token::SAR: {
uint32 t shift = DoubleToInt32(y val) & Ox1f;
int value = ArithmeticShiftRight (DoubleToInt32(x val), shift);
X = NewNumberLiteral (value) ;

continue;

}
default:

break;

/ /AR y AT Hog bRy, miERFE AR, SIHFRIERX

// Convert constant divisions to multiplications for speed.
1if (op == Token::DIV &&
y && y—>AsLiteral () && y->AsLiteral () ->handle()->IsNumber()) {
double y val = y->AsLiteral () ->handle () —>Number () ;
int64 t y int = static cast<int6d4 t>(y val);

J

return x;

5. Fth—FRIENX
ZREDIRERE . EAap Bt —uRikA, Ear@EERias, k.
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Expression* Parser::ParseUnaryExpression (bool* ok) {

/ / SCHU BT
Token: :Value op = peek();
/ /R A5 A U RIA A 1
if (Token::IsUnaryOp (op)) {
/ /U At E
op = Next();
Expression* expression = ParseUnaryExpression (CHECK OK) ;

-

1f (expression != NULL && expression->AsLiteral () &&

expression->AsLiteral () ->handle () ->IsNumber ())

}

LR N |

} else 1if (Token::IsCountOp(op)) {

-

}

LR N |

} else {
[/ AN iE— e RIE T

return ParsePostfixExpression (ok);

}
SR IR AT AR TR AT Bl i T

Expression* Parser::ParsePrimaryExpression (bool* ok) {

- e

switch (peek()) {

LR N |

case Token::IDENTIFIER: {
/R IEAR R RSB, ST forest=99;, 255N forest MHTIA&LES
1X L * /
/ /BUR AR R R N name 28
Handle<String> name = Parseldentifier (CHECK OK) :;

1f (1s pre parsing ) {

result = VariableProxySentinel::identifier proxy();
} else {
/*BE > class VariableProxy KRR AT, I HIRATE I HIH scope H I unresolved
B/

result = top scope ->NewUnresolved(name, 1inside with());
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break;

case Token::NUMBER: {
/AR TN, AT forest=99;, TS AMIN 99, HALERIX Hix/
Consume (Token: :NUMBER) ;
//7E V8 WHE M — XU FEEORE AT
double wvalue =
StringToDouble (scanner .literal string(), ALLOW HEX | ALLOW

OCTALS) ;
result = NewNumberliteral (value) ;
break;

return result;

233 8 2 4k

7 V8 parser E il < o, # FREER RS . HIEAREGLZ, T2 IETEM
R AG R, M Dy He B, ARG MR REAN T R 2R Y, k3 L kil iR 2 10 A2 B
o IXUEANTE] YT AR AT A HOXF NV [T AstVisitor.

Class AstVisitor i/ |- sre/asth, X)W1 AST NODE, X[ T AAl) AST NODE 5 A~ [A] [

Visitor,

class AstVisitor BASE EMBEDDED ({
void Visit (AstNode* node) { if (!CheckStackOverflow()) node-> Accept

(this); }

#define DEF VISIT (type) \
virtual void Visit##type (type* node) = 0;
AST NODE LIST(DEF VISIT)

fundef DEF VISIT

};

#define AST NODE LIST (V) \
V (Declaration) \
STRTEMENT_NODE_LIST{?) \

EXPRESSTION NODE LIST (V)
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n WL AST 5 4R A5 1 statement 41| & FI R IA A1 % .

$define ST&TEMENT_NODE_LIST{V} \
V (Block) \

$define EXPRESSION_NODE_LIST{V) \
V (FunctionLiteral) \

HW—Him, X TEMEKMEAFERE, ZH2SH H AW class CodeGenerator, 1¢

src/xxx/codegen-xxx.h:

class CodeGenerator: public AstVisitor{

/%R AT | B A IR AR Y, X NN R i EIEN I A 1) iE 4R 45
PR G R, H B A NH AN Visitor, H dEFE 414 e X visitor
HARSE R * /

void Visit (AstNode* node) { if (!CheckStackOverflow()) node-> Accept

(this); }

}

class CodeGenerator H. 2352 Class AstVisitor H ) VisitXXXXX R, TG R ik
4k 7T+ class RegExpTree, JIi{] statement %7« T class AstNode, X PN HLAwE ST K bR
% virtual void Accept(AstVisitor* v); XL IA T flI statement [ accept(+++) R £ ) HAR S
1F ast.cc .

#define DECL ACCEPT (type) \
void type::Accept (AstVisitor* v) { v->Visit##type (this); }

AST NODE LIST (DECL ACCEPT)
#undef DECL ACCEPT

HJ UL, AST NODE LIST 77 sl &AW | statement Fl & Fl KA X F%K, B F
STATEMENT NODE A EXPRESSION NODE 1] accept R £ A v->Visit##type(this);. IXFf
VAR 23X 2] CodeGenerator Jii, 14 AN [FIZE Y 1) fi AT AN [A] AstVisitor 1) Vist #:24E, H]
i FH H: VisttXXXX pR 2074 il — JEH4R 4
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