/K. BE. bigo. HH . RFEFHRXEH— KB BHELS
RS BN ERER—RXE K. FE. bigo W < PRS- Beik s gh) |
BRORAH G, HAEEMEALTRN, YORAE issue 2 1F.

WO, HEOEEH AL : pmst-swiftgg

PR IF AT 12 4T RS objc-runtime, B MFK objca

JRAR: V0.1

HERE: 50%

B JEf&iT: 2020/05/24

[TOC]
1. /pK

—TMH

1 AR IR BN, Hik OB T SR B R 7RI B o R -
2. MARIHER, RERTEENT RIS T MEEEFHHER.

3. /4 runloop M5 ETRFIFE SZRRFF & H FIAE FH 1B I

1. R4z, WWT source before Al after waiting RunLoop Ff, W iE {55
A I ] E i 50ms, A RS 3-5 id Ry — R, AT LAE B
PLCrashreport & dump HZEFEHERRE S

2. CPU ZMHEMRLIEYS, YYAsyncLayer ¥iUF runloop before waiting 4, *fT
UL BREERE 4R T YY Transaction FH4E5C, bz 245t UL (3 55 5540
PRAFAEZUEA T, %53 runloop RURARHR P flush BT S 454028, BIXT layer
1T setNeedsDisplay AT FNEARIE, 2R/E RASPAT displayLayer J5i%

(Note: YYAsyncLayer & 55 T displayLayer J5i%, MAMER] LI B delegate

S, ZINEP A R A RS HIERE R PIRK B TR 8 E, MRS
B Core Graphic #£4T context 21|, #RJ515% image, [BI3|FLERE
layer.contents = images {RIFZFE % 4. X BAMHAEEE) runloop, AIEE
RN T R S B BEHT R ALIE .

4. BRVEL 3R B4 e LR
app WA B Al S 1

iOS Touch Event from the inside out


https://mp.weixin.qq.com/s/NXjw8rCbgjPviWriDLMAQg
https://links.jianshu.com/go?to=%5Bhttps%3A%2F%2Fwww.jianshu.com%2Fp%2Fc1765a6305ab%5D(https%3A%2F%2Fwww.jianshu.com%2Fp%2Fc1765a6305ab)
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https://links.jianshu.com/go?to=https%3A%2F%2Fopensource.apple.com%2Ftarballs%2Fobjc4%2F
https://github.com/ibireme/YYAsyncLayer
https://www.jianshu.com/p/70ba981317b6

1 Touch Event )4 45 & A
1.1 YFEE [ F A

iPhone K HA A AMHRAL BAS AR AR BN TAE, H1—H Y =2 & B bE
MNRANRZS A —ERBE, &IV — B LR E. a1 T
BN IR fige,  NARIR) 7L T 4R AR 5E 2 AR B — MR & L, X = AL i
KUt A FLE SR TR TR Ak s — MBI R, IR AN FLL A A i g
BEATUY BB r A, I HIR A IX DY BB ) FELR0 R 548 21 PO A FA 1R PR B A E
bU o 2 il 3 o ek PO A FLL A B RORS B 0 11 50, 49 R A R S

EST T

o OLED AJGJRFL. [MHRL:H) A OLED SR8 H AR B M bT

o OGS R

o HEMMEESEE T

. FE BH X A 458 57 )5 2 (FLASH 87~ i)

o iPhone X 4R 7E LI B LTI
1.2i0S FRIFZ 20 P FHI7 K F1F

i0S #RE RAE MU — NMEE R B INFE T, A FEFE 2 (045 Hid(E R HE B R
i%7720, B IPC (Inter-Process Communication). FL7E4k &1 b [ B 25 il A% o o
P24 ] Touch Event, ‘B2 H I0Kit.framework 4t 42 i IOHIDEvent X} %;
— SR AR BE IS B RIE T G R e, BT RIESWE, R RIE%E—
Z PR Wi e W% A8 HUEALEE g ?

% % /& SpringBoard.app, UL E|E 4] IOHIDEvent X R, £k 85 K| W 5
M — LRI K. Blhn, B FIET &2 s T A N AT, A WKL
AR FH mach port AL i3 25 1% 8 FH 1 E 26F2

Port HLHITE IPC H )8 FH & Mach 5 HAtE RN IX 2 —, 7E Mach #, HF
A NZACH IPC R4t. SHEAGIHHAAR, AP EREELHNZBE
port U5 AT s SR JE R IPC ML MIXAS port KIEHEE, AL RGHA,

T AbBE A2 At 2R 5 R

1.3 IOHIDEvent -> UlEvent

N R P 3 28 F2 1) runloop HiE T — mach port T ¥ W IOHIDEvent ] Sourcel
FHAF, BT E  IOHIDEventSystemClientQueueCallback(), Wi Xigt—2 4
& Source@ FH{F, T Sourced FHAFERE H ® XY, dEZ:T 4 port, fFEANER,
R, selector i FAF, BRI T EZ
__UIApplicationHandleEventQueue(), ##ZUKFIH) IOHIDEvent A4 X % 3t 25 ik
AR UTEvent F4F, SRJ5 1M ulApplication SEfXF %11 sendEvent: J5ik,
¥ UIEvent /%1647 UIWindow fif — e84 Ak TAE:  buanfd g 44 A T R LAt ]


https://www.hangjianet.com/v5/topicDetail?id=15422809007930000
http://www.51touch.com/technology/principle/201308/29-24678.html
http://www.51touch.com/technology/principle/201308/14-24323.html
http://www.51touch.com/technology/principle/201309/04-24800.html
https://zhuanlan.zhihu.com/p/22677100

£, ARl A, MOCER A R R IR IE ? SFE - R AERE. X%
PAK.

1.4 Hit-Testing 776 R 1ENH I 2

Source® [F i Fok k5 07 i b 5 2 4F UlEvent (FLIEHH £ UlTouch Bl FF# 25 4t
%), fEEE M E vIwindow, HHMTE TR BB AEM N, XA EFEPRZ N Hit-
Testing, “FIHI_LEf#: hit RIALAE 7 BF AR5 X, XANX I ae A 2 ML EZE
M, B IX Ak B B B 2, IS4 B XAz vPA) 21X B2 7R
e LA EE -

1. ZFHMEHE N EAEiE, Bl uIApplication -> UIWindow -> THIE -> ...->
THLE AL

2. JEIOEAR B e AR T B vy, B RE SR FRATT AR

3. WIREANLEAE S, g L i SRR R — AR, 3 R B,
PRIGAFAREEAT AR, RGeS 7, (HAEBE TR w2 f
I

4. FIRBAEWN L FEF,  UlEvent HF ) UITouch & ARWiT FAr%s: thim
HitTest View 2MF1~, superview ;2Mf4~? JKHX T 14 Gesture Recognizer?

B2 F 2 ML S N 2 2 BT OC AR SRR 4 7K E NSobject , K ERIA H i
PHOZLM hitTest:withEvent JyEHsEEl, ©AMWAMMEM: 181 28740 K 2
B REfE I N S AF 2. LB I A . A e B e VA B A, IR A nil o ARES U0
T

- (UIview *)hitTest:(CGPoint)point withEvent:(UIEvent *)event{
/7 1. HUEFMEWL
if (self.userInteractionEnabled == NO ||
self.hidden == YES ||
self.alpha <= 0.01) return nil;

/7 2. ARG A Z2HGESH note point JE7EFTHLEI AR £
(VA

if ([self pointInside:point withEvent:event] == NO) return nil;

// 3. DALY RERAE AT AL R RERS SR M N 5 e AL A
int count = (int)self.subviews.count;
for (int i = count - 1; i >=0; i--)
{
/] TRE
UIView *childView = self.subviews[i];

/] RS R &
CGPoint childP = [self convertPoint:point toView:childView];

/1 TR G W A
UIView *fitView = [childView hitTest:childP withEvent:event];



if (fitView)

{
return fitView;
}
}
return self;

}

1. HEHREJUETBE M, WA H userInteractionEnabled=YES; ¥&7F f&iik
self.hidden == NO; 3FFiEH] self.alpha <= 0.01 ———— JE = — HANH L
IR =AM, HETAL ] A AL ERANBEAE A N3, Hit-Testing 1 5€
15Tt

2. FEEHWAE S R EEME NG ———— XN R EA, T IR R E M
iy

3. MW ELEEN USRI E NN, HREAEREEAGE T EL, K FEE

ARG T A E; VEE pointInside t2 BRI SZELHT
1.5 UlIResponder Chain 7/ ¥

Hit-Testing AR A TICIERE LRI ALE R & I N3, eI 3 SRIE AR
ACFREE A Rl AL BEATL I 12 2 40 2 B e B 2 DA s N (B T k), HE
AR R T — 2% ma SLEE s 25 K A G i B E B BT R A& T 25 ——a i H 28
SRR, FARRR TR N EFE, B RER TR 28 B2 target-action 1%
AR FE . AIE, BHAEW N ] BEXT AL HE Event “Z2 M@, BIANSES
touchBegan touchesMove.ZE U751 AR FHs (HR 2
control (#14) b UlButton , A4 HFAFIE & W THFEF I

1.6 UlTouch . UlEvent . UlIResponder

IOHIDEvent §{f [ % 2| /& 7F I0Kit.framwork F2E K H IR JG &1L — RV 43 5 A4 Bk
TGN, R85 N E28FE runloop 4bFE sourcel [A] A S 3EAT source0 F44r K
X B A A4 UlEvent H)LFE, A4 UlTouch WB? A&t & AR g 2 Hefh 18
B —ADFHE— KBRS ZE I — UlTouch XF %, WHENIZHAGEEEAT IR T,
RIART RESE 2> Touch, - HAREIR 26 5 T AN, XFEIR A H K E UlEvent 2
Al BTl UlEvent Xf &AL & T il iz A Al B0 R4E S, 1@1T allTouches
JB PR E

BN E AYRAE B UlResponder 28, A& HAG MM FHLERIRE S1, W& BRI\
Il touchesBegin touchesMove touchesEnded touchesCancelled VU574

FAFERBIWRIIEOL T UHTE N B I 2h e N, O AR QT

0 - [AView touchesBegan:withEvent
1 - [UIWindow _sendTouchesForEvent]
2 - [UIWindow sendEvent]



3 - [UIApplication sendEvent]

4 _ dispatchPreprocessEventFromEventQueue
5 _ _handleEventQueuelnternal

6 _CFRUNLOOP_IS CALLING OUT_TO A _SOURCE® PERFORM_FUNCTION
7 _CFRunLOOPDoSource®

8 _CFRunLOOPDoSources®

9 CFRunLoopRun

10 _CFRunLoopRunSpecific

11 GSEventRunModal

12 UIApplication

13 main

14 start

// UIApplication.m
- (void)sendEvent {
[window sendEvent];

}

// UIWindow.m
- (void)sendEvent{
[self sendTouchesForEvent];

}

- (void)_sendTouchesForEvent{
//find AView Because we know hitTest View
[AView touchesBegan:withEvent];

}

—H

BISCHVE (B HMi— N FRERARNIR TR S, 0 abba BiE aba XA
IR ST FRET o

bool isPalindrome(char *s){
int len = strlen(s);
int i = 0;
int j = len-1;
while(i < j){
if(s[i] != s[j])return false;

}

retrun true;
}
leetcode J5 T [B] S AH ISRV
block fSE B 5

1. block FJAHBSEIL, SR AREH


https://leetcode-cn.com/problemset/all/?search=%E5%9B%9E%E6%96%87%E7%AE%97%E6%B3%95

block /& —/M¥ %, FE 4N Imp 54K Fl Desc Z5¥1&, H clang -
rewrite-objc 2 ¥t oc fUILE B K c++:

struct _ block impl {
void *isa;
int Flags;
int Reserved;
void *FuncPtr;

}s

struct _ main_block_impl @ {
struct _ block impl impl;
struct _ main_block _desc_0* Desc;
__main_block_impl ©(void *fp, struct _ main_block_desc_© *desc, i
nt flags=0) {
impl.isa = & NSConcreteStackBlock;
impl.Flags = flags;
impl.FuncPtr = fp;
Desc = desc;
}
¥
SR b runtime YRI5 8 S block FAE ISR FTHNA G — € H BRI, DA R T i s 454
NHE, SIAMRZVECE R ICH ) (Block R ERAR FLACRL D)
typedef NS_OPTIONS(int,PTBlockFlags) {

PTBlockFlagsHasCopyDisposeHelpers
PTBlockFlagsHasSignature

(1 << 25),
(1 << 30)

¥
typedef struct PTBlock {
__unused Class isa;
PTBlockFlags flags;
__unused int reserved;
void (__unused *invoke)(struct PTBlock *block, ...);
struct {
unsigned long int reserved;
unsigned long int size;
// requires PTBlockFlagsHasCopyDisposeHelpers
void (*copy)(void *dst, const void *src);
void (*dispose)(const void *);
// reqguires PTBlockFlagsHasSignature
const char *signature;
const char *layout;
} *descriptor;
// imported variables
// Block FHHEHISEPIZER A A
} *PTBlockRef;

typedef struct PTBlock_byref {
void *isa;



struct PTBlock byref *forwarding;
volatile int flags; // contains ref count
unsigned int size;
/) IR E TG E 2 ENT 2R flags K
// void (*byref keep)(struct PTBLock byref *dst, struct PTBlock_
byref *src);
// void (*byref destroy)(struct PTBlLock byref *);
// Llong shared[0];
} *PTBlock_byref Ref;

block J&2NT, A HkLm

—%, block 5 =#: _NSConcreteGlobalBlock. _NSConcreteStackBlock-
_NSConcreteMallocBlock, HR#E Block X} %Gl i By &b s X AN [F) i 47 [X

5l o

1. # L Block, 5IH 7# 4 &, SaAHERgaER N, —BEER
WA, Mg RAEE T, ARC FHTEINE _strong JB1, ATLAFTED
IR BE#R /& NSConcreteMallocBlock, iXEf# ] unretained > 7 3=
BN EAT T, B3 MRC T 225800
2. ML Block, f#H copy 83 strong (ARC) i MA% Block # U1 2IHE |,
3. &) Block, A5G| FAEATH: 22 & 52 425 Block;
—/> int B _ block B 5 HIX A ? block HIALE#ZR

{8 copy F$a%l copy, __block &M1& RVFLE block W B MR T, KAtk
A2 int B EIRE .

SRR EATIURRTY: HaiAE. @SE. wSeEREE. 2RLE.

G R AR NS 4 R A B AE block g L% 51 I, AN 28I 454 L 48 A fi
B

PREL/JTIETI static FRASACE A FARAE block HORAE THRET, W0 H AN

int a = 1;
static int b = 2;

int main(int argc, const char * argv[]) {

int ¢ = 3;
static int d = 4;
NSMutableString *str = [[NSMutableString alloc]initWithString:@
"hello"];
void (~blk)(void) = ~{
a++;
b++;
d++;



[str appendString:@"world"];

NSLog(@"1----------- a = %d,b = %d,c = %d,d = %d,str = %@",

a,b,c,d,str);

¥

a++;

b++;

C++;

d++;
str = [[NSMutableString alloc]initWithString:@"haha"];

NSLog(@"2----------- a = %d,b = %d,c = %d,d = %d,str = %@",a,b,
c,d,str);

blk();

return 0;
}
B R o+ AN

struct __block_impl {
void *isa;
int Flags;
int Reserved;
void *FuncPtr;

s
inta=1; // <=~ NOTE
static int b = 2; // <~ NOTE

struct __main_block_impl 0 {
struct _ block_impl impl;
struct _ main_block _desc_0* Desc;

int *d; [/ === NOTE
NSMutableString *str; /) =mmmmmmmmmm e NOTE
int ¢; // <-mmmmmiimii e NOTE

__main_block_impl _©(void *fp, struct __main_block_desc_© *desc, i
nt * d, NSMutableString * str, int _c, int flags=0) : d(_d), str(_s
tr), c(_c) {

impl.isa = & NSConcreteStackBlock;
impl.Flags = flags;

impl.FuncPtr = fp;

Desc = desc;

}
¥
static void _ _main_block_func_@(struct _ main_block_impl © *_ cself)
{

int *d = _ cself->d; // bound by copy

NSMutableString *str = _ cself->str; // bound by copy

int ¢ = __cself->c; // bound by copy



a++;
b++;

(*d)++;

((void (*)(id, SEL, NSString *))(void *)objc_msgSend)((id)s
tr, sel registerName("appendString:"), (NSString *)& NSConstantStr
ingImpl var_folders 7 3g67htjj4816xmx71tbp2ntcee00gn T main_150b2
1mi1);

NSLog( (NSString *)& NSConstantStringImpl var_folders 7 3
g67htjja816xmx71tbp2ntcoo0ogn T main 150b21 mi_2,a,b,c, (*d),str);

}
static void _ _main_block_copy @(struct _ main_block_impl ©*dst, str
uct _ main_block impl ©*src) { Block object assign((void*)&dst->str,
(void*)src->str, 3/*BLOCK FIELD IS OBJECT*/);}

static void _ main_block dispose @(struct _ main block impl 6*src)
{_Block_object_dispose((void*)src->str, 3/*BLOCK FIELD IS OBJECT*/
)5}

static struct _ main_block _desc 0 {

size t reserved;

size t Block size;

void (*copy)(struct _ main_block_impl ©*, struct _ main_block_imp
1.0%);

void (*dispose)(struct _ main_block impl 0*);
} __main_block_desc_© DATA = { 0, sizeof(struct _ main_block_impl ©
), __main_block copy 0, main_block dispose 0};

int main(int argc, const char * argv[]) {

int ¢ = 3;

static int d = 4;

NSMutableString *str = ((NSMutableString *(*)(id, SEL, NSString
*))(void *)objc_msgSend) ((id) ((NSMutableString *(*)(id, SEL))(void
*)objc_msgSend) ((id)objc_getClass("NSMutableString"), sel register

Name("alloc")), sel registerName("initWithString:"), (NSString *)&
_NSConstantStringImpl var folders 7 3g67htjj4816xmx71tbp2ntco000g
n_T main_150b21 mi 0);

void (*blk)(void) = ((void (*)())& main_block_impl @((void *)_

_main_block func 06, & main_block desc © DATA, &d, str, c, 57042534
4));5

a++;

b++;

C++;

d++;

str = ((NSMutableString *(*)(id, SEL, NSString *))(void *)objc_
msgSend) ((id) ((NSMutableString *(*)(id, SEL))(void *)objc_msgSend)
((id)objc_getClass("NSMutableString"), sel registerName("alloc")),
sel registerName("initWithString:"), (NSString *)& NSConstantStrin



gImpl var_ folders 7 3g67htjj4816xmx71tbp2ntcoe00gn T main_ 150b21
mi 3);

NSLog( (NSString *)& NSConstantStringImpl var_folders_7_ 3g67h
tjj4816xmx71tbp2ntcoeoogn T main_ 150b21 mi 4,a,b,c,d,str);

((void (*)(__block_impl *))((__block _impl *)blk)->FuncPtr)((__b
lock_impl *)blk);

return 0;

}
4, block fEfEM NSMutableArray, 5T BASIT_ block

ANFE, K& block Nt $E T NSMutableArray $841, FRIEFREAEMIRED
FRA AR, X AR H R BN EEdE, XAFT LIS NSMutableString.

5. BAATAAE K

static void * _Block copy_internal(const void *arg, const int flags)
Flvoid Block_release(void *arg)

HEFE 10S Block JRFLER 7T L ARSI I )@ — Lo
6. block A]LLH] strong 1&g

ARC S RT BARY,  strong Al copy HIER/EHR &A% L block 5 DL EHE I,
TODO: #fiihF.

7. RO S A A A E ] __strong. _ weak f21fi

__weak L&A T 4 retainCycle, T block B _ strong NIl & 74 F 3k
retain FFE Y ETA RA— LB E, SR ESRHEE.

8. block K‘E copy HI#lL
block MAk_E#% DLRIHE b LMK :
W Block ) copy 77
#s Block 1F 4y & Hipil [A 4B N
¥ Block A 45 _strong &/ 1748 & 5L Block 287 pt 53 48 i)

] Cocoa HEZEE 4 usingBlock 17772847 GCD 1 API %3 Block 2%k
Iif

9. Block iM%} R M) auto &R, TE ARC fIl MRC A4 X )
Block JHFPEIR TG b
B G Block JRJZEURSE ), 2 J5FTA ) demos #53E T IR 2% > Fnif A


https://www.jianshu.com/p/9ff40ea1cee5

typedef NS_OPTIONS(int,PTBlockFlags) {
PTBlockFlagsHasCopyDisposeHelpers
PTBlockFlagsHasSignature

(1 << 25),
(1 << 30)

}s
typedef struct PTBlock {
__unused Class isa;
PTBlockFlags flags;
__unused int reserved;
void (__unused *invoke)(struct PTBlock *block, ...);
struct {
unsigned long int reserved;
unsigned long int size;
// requires PTBlockFlagsHasCopyDisposeHelpers
void (*copy)(void *dst, const void *src);
void (*dispose)(const void *);
// requires PTBlockFlagsHasSignature
const char *signature;
const char *layout;
} *descriptor;
// 1imported variables
// Block FHTEHISE P A H A
} *PTBlockRef;

typedef struct PTBlock_byref {
void *isa;
struct PTBlock_byref *forwarding;
volatile int flags; // contains ref count
unsigned int size;
/) PR E TG (A2 ERT R flags K
// void (*byref keep)(struct PTBLock byref *dst, struct PTBlLock byre
f *src);
// void (*byref destroy)(struct PTBlLock byref *);
// Llong shared[0];
} *PTBlock_byref_Ref;

1. 18 FH block

void (”blk)(void) = ~{
NSLog(@"hello world");
s
PTBlockRef block = (__bridge PTBlockRef)blk;
block->invoke(block);

2. block ER ¥4

void (~blk)(int, short, NSString *) = ~(int a, short b, NSString *str){
NSLog(@"a:%d b:%d str:%@",a,b,str);

}s

PTBlockRef block = (__bridge PTBlockRef)blk;

if (block->flags & PTBlockFlagsHasSignature) {
void *desc = block->descriptor;



desc += 2 * sizeof(unsigned long int);
if (block->flags & PTBlockFlagsHasCopyDisposeHelpers) {
desc += 2 * sizeof(void *);

}

const char *signature = (*(const char **)desc);

NSMethodSignature *sig = [NSMethodSignature signatureWithObjCTypes:si
gnature];

NSLog(@" /i i/ signature:%s",signature);

}

/) TTHIA LT

// v24 @20 18 s12 @"NSString"16

// HH1 ? JZ An unknown type (among other things, this code is used for
function pointers)

3. block fifR L R T &
3R A AR E A S W8 IR 7 5B E PTBlock Zh /R JGTH, Uit R & N K45 /i .
Wk IRATAT PLBA S a0 R /7 I AN1E block fii 3k T WFLeAh AR & (/B ERIN)

int a = 0x11223344;
int b = 0x55667788;
NSString *str = @"pmst";
void (~blk)(void) = 7{
NSLog(@"a:%d b:%d str:%@",a,b, str);
}s
PTBlockRef block = (__bridge PTBlockRef)blk;
void *pt = (void *)block + sizeof(struct PTBlock);
long long *ppt = pt;
NSString *str_ref = (__bridge id)((void *)(*ppt));
int *a_ref = pt + sizeof(NSString *);
int *b_ref = pt + sizeof(NSString *) + sizeof(int);

NSLog(@"a:0x%x b:0x%x str:%@",*a_ref, *b_ref, str_ref);

TODO: NSString layout i Jai N[/ 55 —{ 2

4. block BE (FR L)

__block int a = ©x99887766;

__unsafe_unretained void (”blk)(void) = ~{
NSLog(@" block a :%d",a);

}s

NSLog(@"Block Z5%! %@",[blk class]);

PTBlockRef block = (__bridge PTBlockRef)blk;

void *pt = (void *)block + sizeof(struct PTBlock);

long long *ppt = pt;

void *ref = (PTBlock byref Ref)(*ppt);



void *shared = ref + sizeof(struct PTBlock_byref);

int *a_ref = (int *)shared;

NSLog(@"a +H%l: %p block a fi%l:%p block a value:0x%x",&a, a_ref,*a_ref);
NSLog(@"PTBlock byref fi%l: %p",ref);

NSLog(@"PTBlock byref forwarding fi%f: %p", ((PTBlock_byref_Ref)ref)->fo
rwarding);

/*

AT

Block 57/ _ NSStackBlock _

a 75#f: ox7ffeefbff528 block a 75#]:0x7ffeefbff528 block a value:0x99887
766

PTBLock_byref 75#f/: ox7ffeefbff510

PTBLock _byref forwarding 75%f: 0x7ffeefbff510

*/

AUER] __block int a LR 1 A4 NEIREH T, ITHBALRF S HUY, b
Z| block VA K HAt (1142 B 45 R #RAE AR L

5. _block 228, [block copy] J5 BN F22 4L

__block int a = ©x99887766;
__unsafe_unretained void (”~blk)(NSString *) = ~(NSString *flag){

NSLog(@"[%@] * a Huhl:%p",flag, &a);
}s
NSLog(@"blk Z5/Y %@",[blk class]);
blk(@"origin block");
void (~copyblk)(NSString *) = [blk copy];
copyblk(@"copy block");
blk(@"origin block —/CiH™);
/**

47T

blk Z57¢  NSStackBlock
[origin block] 7 a Hitif:0x7ffeefbff528
copyblk Z57¢/  NSMallocBlock
[copy block] ' a if:0x102212468
[origin block —XVF/H] ' a #Hilf:0x102212468
*/

TR B 2%} blk #E4T copy #:1E )5, copyblk O “R8 25" 3|k |, BEEH NKILH
__block 1&71l¥] a & & (PTBlock_byref Ref ZK#)

6. _block 22 forwarding 184t

__block int a = ©x99887766;
__unsafe_unretained void (”~blk)(NSString *,id) = ~(NSString *flag, id b
blk){

NSLog(@"[%@] a address:%p",flag, &a); // a Wi/t ~>forwarding->a /7
20

PTBlockRef block = (__bridge PTBlockRef)bblk;



void *pt = (void *)block + sizeof(struct PTBlock);

long long *ppt = pt;

void *ref = (PTBlock_byref_Ref) (*ppt);

NSLog(@"[%@] PTBlock byref Ref fi%l: %p",flag,ref);

NSLog(@"[%@] PTBlock byref Ref forwarding f5%l: %p",flag, ((PTBlock_by
ref_Ref)ref)->forwarding);

void *shared = ref + sizeof(struct PTBlock_byref);

int *a_ref = (int *)shared;

NSLog(@"[%@] a value : ©x%x a adress:%p", flag, *a_ref, a_ref);

¥

NSLog(@"blk Z57 %@",[blk class]);

blk(@"origin block", blk);

void (~copyblk)(NSString *,id) = [blk copy];

NSLog(@"copyblk 5/ %@",[copyblk class]);

copyblk(@"copy block",copyblk);

blk(@"origin block after copy", blk);

/**

MRC FEC Mttt

bLk 57 _ NSStackBlock

[origin block] a address:0x7ffeefbff528

[origin block] PTBLock_byref Ref 75#]: @x7ffeefbff510

[origin block] PTBlLock_byref Ref forwarding 75%/: @x7ffeefbff510
[origin block] a value : 0x99887766 a adress:0x7ffeefbff528
copyblk 257/  NSMallocBlock

[copy block] a address:0x1032041d8

[copy block] PTBlLock _byref Ref 75#/: 0x1032041co

[copy block] PTBlLock _byref Ref forwarding 75%/: ©x1032041c0
[copy block] a value : 6x99887766 a adress:0x1032041d8

[origin block after copy] a address:0x1032041d8

[origin block after copy] PTBLock byref Ref 75%#/: Ox7ffeefbff510
[origin block after copy] PTBLock _byref Ref forwarding 75%}: ©x1032041c
(7]

[origin block after copy] a value : 6x99887766 a adress:Ox7ffeefbff528

ARC FECTFHIH (XTI HHHEE -

bLk 57 _ NSStackBlock

[origin block] a address:0x100604cc8

[origin block] PTBLock_byref Ref 75#]: 0x100604cbo

[origin block] PTBlLock_byref Ref forwarding 75%/: ©x100604cbo
[origin block] a value : 6x99887766 a adress:0x100604cc8
copyblk 57/ NSMallocBlock _

[copy block] a address:0x100604cc8

[copy block] PTBLock _byref Ref 75%]: 0x100604cbo

[copy block] PTBLock_byref Ref forwarding 75%/: 0x100604cbo
[copy block] a value : 6x99887766 a adress:0x100604cc8

*/
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HCETE A A A https BIEFE

1. & umdEas TLS A, M SEE. RAaFEMBENLEL T C Kk 4 k55 im s

2. WSS LA R TLS iiAS . DN FIE M2 iE 1D, SR )5 2 AL 27
S, DL TN RIUEBSE M b, MRS umriE 18, HhaEiE B s. &
1777 M BUHAEE B

3. B unISuE RS N &K WIUETS, AFNetworking F st /2 il kIR T, 0L
[ C /S BENLE 7 S AR P % 4H  (Pre Master Secret) , [A]i tH/E
BT U E S GBI  BE %0 v 70 32 %5 A IR S5 I B R IR
B A HBAT AR BRI, SR8 5 A% i 4 Ik 55 v

4. JRSSu HAVHREAS BRI EEH, RERASIEEH, TR XT7 #H47 X

PRINEE R 7, X B 3 T Change Cipher Spec ¥4 &;
47 Draveness ¥ HTTPS 1 7 U4 T DL J2 9 %510 4L

b R -

SR BRI A 2 HSUEAF/E— A Master Secret , IXNM A RAR?
ERTFR AN B RRAS A4 5

TLS 1.2 TLS 1.3 22 5 84 H4A[F? RTT TR

HTTPS 3.0 &5 T fi#? QUIC il it AfefRiE w4, nl&EdE?

AT R PG R AL ] B AR, 1) B A .

WA E R CHe e

ELEBLE A I RYE B R LR N B e B

OC VLRI, Ywifa P i 4R 2 3% il objc_msgSend(id , SEL, ...) 5
EHATHRA, EANTTEE—DNSHE—MEEEEEE NS, runtime BT X XS
(1) isa FREHRBIX MR RIEIT R, WX R H 1 cache &L (IBAEIR,
bucket #FSEI) & 5 /7A1E SEL Xt R[] IMP, #AAFLE, N£7E method_list H £ $k

(ZABEREFE T EH) , WRIERERILE], W22 supper_class FEFL, 194
WALRN3E, 548 F_objc_msgForward(id, SEL, ..)i#H T B4 K .

BN


https://mp.weixin.qq.com/s/7rgovxQWJlE4hlzDTdhWGQ

resolvelnstanceMethod:

IREINO
Y
forwardingTargetForSelector: 1
1R 3] nil
— @il
; methodSignatureForSelector:
IREIYES
W | EEEE ‘
1x aQ
forwardInvocation: 2 HERTTEAIE
Y Y b 4
i e
.

1. Aspect SZIJR B

2. KCEEHCH TIREEE nil BOE B S, X B R R T IR R, DR TR R
ISR AL

GCD KR BE&RIE R R#H
4 hash SR
hash 597 7 3P

=m|

— X B RITEI I E AR

ZHE R

. leetcode - X FT B[ & @

o hash BEJEH KN &R UnEhi ]

IR — DI R, FHMERFEEZERN R

2. HE

1. FIWi— A FREEE AR ipve Hilk (BESRRAENHERITE 7% BN

2. AR E RGO LT DAL A

M CPU M1 GPU P75 1t & A 1), R JLAMICAL i

1. 247 Cell M %, Wb —2E %M layout, SCFEIFHSE, nIRHATRAFALEE;


https://www.jianshu.com/p/f9239c9377c5
https://leetcode-cn.com/problemset/lcof/?search=%E6%89%93%E5%8D%B0
https://www.cnblogs.com/sunsky303/p/11865321.html

BRI A E K ), {37 SDWeblmage + YYText %

BRI P 5T

S| AR ] TR F2 AL B, 3K H Fastimage il SDWeblImage 43 £

W S VS Yy, A LLJT S shouldRasterize &1, {H2SHAMNTRE 2 MREFN
1 PAMEAE— TR [ 5 R

3. /4 UIResponder 14k A 4% . 2R )5 Ui 40 BL 5%
Ik

S-S

3. Bigo
—IH

(BRI —A R IR 2 mAREKRKRE, Earosis LENmRE
R, SAREEREHER.

BHR RSN INE LA F SN, HUER
R CoreAnimation Fll CoreGraphic KX

i @synchronized B FISKILR IR, FFU A AT geFAERHE. FARAAT ios I
R LEIH .

JRZ4ET T — AN, FFEEEEK, @synchronized 75 B — NS48, BEES =
SEH .

WOLIBE, IOk BIEBE, pthread_mutex_t LS8, BIABL, WIHbH R
I8t GEMBOE attribute SREBIMLHRD , %8 BEEL B 5E%S,

FLR 10S FH 3 At 4.

@synchronized

0SSpinLock

os_unfair_lock

NSLock

pthread_mutex_t H. /58 128 V5480 A Pl 5% i) 8t
NSRecursiveLock

dispatch_semaphore_t

NSCodition

NSCoditionLock

dispatch_barrier_async / dispatch_barrier_sync
atomic(property) set / get

gcd dispatch_once



B RIS FE AN 2
T 2

WES AT
LMY

B o (a7 4)
Hr AR AR K IR
Hr e ARG Ak
14
HAMRAG A Co S/
R

10. AIHAT SR

BT bitcode RIERMERIIEH .

I E T Hitps KT E.

BTN

it}

BB B, 4 assign A weak 22 [ HIIX Bl IXBREFE(H B A 7245 HAR
X, Hansl HERE .

W FME1£F: atomic . nonatomic. assign. weak. strong. copy. retain. getter.
setter. readonly %555

assign 1 H TGRSR, weak BUEXT %, SIHFE#EAIN—, HE#
SAERN RBEINE B3I E A nilo SEHLE

1.weak [RJSCPLJFE I ? sideTable HIZEHRAT A RN

NSObject *p = [[NSObject alloc] init];
__weak NSObject *pl = p;

© 0Nk W

/) ====> JE/Z4Z runtime /9 objc_initWeak
// xcrun -sdkR iphoneos clang -arch armé64 —Pewrlte objc -fobjc-arc -fobj
c-runtime=ios-13.2 main.m 7P TFIHHIICHY, HA42 b i SZHAXT

NSObject objc_initWeak(&p, Xf%i&4t);
3t runtime JERS A LLE F objc_initWeak SZH:

id
objc_initWeakOrNil(id *location, id newObj)
{
if (!newObj) {
*location = nil;
return nil;



}

return storeWeak<DontHaveOld, DoHaveNew, DontCrashIfDeallocating>
(location, (objc_object*)newObj);
}

SideTable &5 # AL runtime Ji& /2 T 5] FITH &N 89 5] IR, HAWEA 21X
-

struct SideTable {
//  EIER
spinlock _t slock;
// G
RefcountMap refcnts;

// weak 5/
weak_table t weak_table;

}

struct weak_table_t {
/! RIF T B 7510715 EXT R ) weak 75%
weak_entry_ t *weak_entries;
/] AFEEE]
size_t num_entries;
VR okl b e,
uintptr_t mask;
// hash key mA it
uintptr_t max_hash_displacement;

}s
MR AT G P bk 72 22 47 P HUH X B2 ) SideTable S5

static SideTable *tableForPointer(const void *p)

B i YRS &SideTables () [newobi] /7 IR, X E K newObj 2 SLH)%F
% H ABEHMEN key 3] N4 51 SideTables FH &3 s24] 5 & X} B AR 7K
SideTable.

static StripedMap<SideTable>& SideTables() {
return *reinterpret _cast<StripedMap<SideTable>*>(SideTableBuf);

}

B SEB TSI, A T C+ ARUER IS AT reinterpret_cast , HARIATT
EAWSE

reinterpret_cast <new_type> (expression)

FRMFEANXTZR A BT weak JSBEFEN 5] F# append £ weak_entry_t 45t
K] referrers, [AF] weak _entry t ] referent B2 X% A, ZJ57E dealloc



T 3 [T weak_table i JJ ) 2 AT referent & 5 N3 % A L] weak_entry_t,
N\ %% SideTable ' weak_table H:

weak JEEJZ LI HLLAME, AFZEH T SideTable KR WMZ AR (8 M1 64) B LLAIXS SAREHE N
Key, fFEBAEAPRAGIER, DISLAE BT b E R gz e, P Aa A3

typedef objc object ** weak referrer_t;

struct weak_entry_t {
DisguisedPtr<objc_object> referent;

union {

struct {
weak referrer_t *referrers;
uintptr_t out_of line : 1;
uintptr_t num_refs : PTR_MINUS 1;
uintptr_t mask;
uintptr_t max_hash_displacement;

}s

struct {

// out_of Line=0 1is LSB of one of these (don't care which)
weak_referrer_t inline_referrers[WEAK_INLINE_COUNT];
}s
}

|H X5 5 ff R TE MHEAE weak_unregister_no_lock 5 GRS Iy i AE
weak_register_no_lock , HARSZELAIHI{E runtime YRS R 2 F BLE A T L,

% HE

0x77889900 0x11223344 ESSETY —
EANZRTIR
0x11223344 -
* B MEARR
0x11000000 isa

weak _a ———ons—




weak K PRI A WFHHI: & LA L. FERFEE@FR id referent_id

F1 id *referrer_id,

o  WIHEREMK L, referrer (i’ 0x77889900, referent {H N 0x11223344
o WIEREHE L, referrer BN 0x1100000+ offset (it & weak a FrfEHE F 1)
Hihik) , referent {E N 0x11223344.,
WILILAE SR A HISEBI BB A weak BEIERE, —NMEH L, —/NEHK L.
void
weak_unregister _no_lock(weak_table t *weak_table, id referent_id,
id *referrer_id)

{

objc_object *referent = (objc_object *)referent_id; // 6x1122334
4

objc_object **referrer = (objc_object **)referrer_id; // 0x7788996
(7]

weak_entry t *entry;

if (!referent) return;

// M weak_table H#F] referent tHEL/E [iHIFEA HISEHINT 5
if ((entry = weak _entry for referent(weak table, referent))) {
// 7 entry ZEHIETH referrers A H1FHEFITE( referrer A7 E
/! IR referrer [HINEE N nil, H25TMH 57— T HEHEEE
// B referrer ZEFIHMXIRETKF I
remove_referrer(entry, referrer);
bool empty = true;
if (entry->out_of line() && entry->num refs != 0) {
empty = false;

}
else {
for (size t i = ©9; i < WEAK_INLINE COUNT; i++) {
if (entry->inline_referrers[i]) {
empty = false;
break;
}
}
}

if (empty) {
weak _entry remove(weak table, entry);
}

}

// Do not set *referrer = nil. objc _storeWeak() requires that the
// value not change.



weak JEE S I & M B AR B AT A FEXT R SEH dealloc a2 BN nil, A2 PR A AE 28 SR ik
(IR, dealloc 23 4 & 1951 F 140 weak THEK sideTables H, i st 242 B T H A
MIARTKR, FRH 1) weak_table->weak_entries £7-fifi I BT entry X 5 —— S E B A 8 ) ax 4> s 4]
YRR, weak_entry_t H1(1 referrers A A2 TR BB N bl BB
N nil BIA],

Bist+ Gep WEAME, 1 GeD KERWHTRIZERER . B 6eD 1 W74
H (group, 85 &, barrier %)

FEHINE T Kve Fl Kvo HETE,

KVO
[ runloop —#f, XMAMECAIFNIRA T, FIFEFH JUAS MR e
1. SLP R

KVO 2 N7 % observed WX REN&CIHE —13, Ll NSKVONotifying  # NHTEK,
SRIE RN R isa FREMRIHT T35, [N ES class 7775, REIFELIIS S, X
FEAMES LI 7 HIRE S A MR N setter 7%, G—aE— M,
RGN EB A& 2> H willchangevalueForKey fll didChangevlueForKey /7, fE—
NS M R A AR 2 BT, willChangeValueForKey: — &8 H, Xt &id
FIHFME. T4 k)5, didChangeValueForKey: x4 A, 4k
observeValueForKey:ofObject:change:context: W24 i .

Person
Class315:

T
Class¥t &R superclass
setAge:
instanceXy & superclass

setAge:

...... -[Person age:]

class Foundation

_NSSetIntValueAndNotify
dealloc

_iskVOA

return
class_getSuperclass(object_getClass(self))

K/ Hi 4 https://juejin.im/post/5adab70cf265da0b736d37a8
I a3 AIE BT U iENE 2 AR BT E, A B runtime RAAT,  JURARRS IS sl 1X 1L


https://github.com/colourful987/2020-Read-Record/tree/master/samples/02-25-KVO

- (void)viewDidLoad {
[super viewDidLoad];
self.person = [[Person alloc] initWithName:@"pmst" age:18];
self.teacher = [[Teacher alloc] initWithName:@"ppp" age:28];
self.teacher.work = @"%(%%";
self.teacher.numberOfStudent = 10;

NSKeyValueObservingOptions options = NSKeyValueObservingOptionNew |
NSKeyValueObservingOptionOld;

RuntimeUtil *utils = [RuntimeUtil new];

[utils logClassInfo:self.person.class];

[self.person addObserver:self forKeyPath:@"age" options:options con
text:nil];

[utils logClassInfo:object getClass(self.person)];

[utils logClassInfo:self.teacher.class];

[self.teacher addObserver:self forKeyPath:@"age" options:options co
ntext:nil];

[self.teacher addObserver:self forKeyPath:@"name" options:options c
ontext:nil];

[self.teacher addObserver:self forKeyPath:@"work" options:options c
ontext:nil];

[utils logClassInfo:object_getClass(self.teacher)];

}

X H object_getClass() VAL —T, WREEMH .class IBA R N E
Bk, IREIAGE R R SEXT RN SR, 1 EH runtime J7EF BEHEIR B T isa 48
&t

Class object_getClass(id obj)

{
if (obj) return obj->getIsa();
else return Nil;

}
W H AL LU B T 2RES XN B LR setter J7iE:

2020-03-25 23:11:00.607820+0800 ©2-25-KV0[28370:1005147] LOG: (NSKVONoti
fying Teacher) INFO

2020-03-25 23:11:00.608190+0800 02-25-KV0[28370:1005147] ==== OUTPUT:NS
KVONotifying Teacher properties ====
2020-03-25 23:11:00.608529+0800 02-25-KV0[28370:1005147] ==== OUTPUT:NS

KVONotifying Teacher Method ====

2020-03-25 23:11:00.608876+0800 02-25-KV0[28370:1005147] method name:se
tWork:

2020-03-25 23:11:00.609219+0800 02-25-KV0[28370:1005147] method name:se
tName:

2020-03-25 23:11:00.646713+0800 02-25-KV0[28370:1005147] method name:se



tAge:

2020-03-25 23:11:00.646858+0800 02-25-KV0[28370:1005147] method name:cl
ass

2020-03-25 23:11:00.646971+0800 02-25-KV0[28370:1005147] method name:de
alloc

2020-03-25 23:11:00.647088+0800 02-25-KV0[28370:1005147] method name:_i
SKVOA

2020-03-25 23:11:00.647207+0800 02-25-KV0[28370:1005147] ==============

SR BB SCERH KVO 25, setXXX ik _NSSetBoolValueAndNotify.
_NSSetCharValueAndNotify. _NSSetFloatValueAndNotify.
_NSSetLongValueAndNotify %77v%, {HZEiT runtime $1E method A7 1ER, &5l SEL A& —
FER, AHSZ IMP B fiet 1, SCTURAS I S BLIE AR F]. TODO k.

2. e F-F)3= A kvo
KVO Fl KVC MHRFZE AR Z, SEhrA kP EEEEH O SCREI ],

+(BOOL)automaticallyNotifiesObserversForKey: (NSString *)key{
if ([key isEqualToString:@"name"]) {
return NO;
}else{
return [super automaticallyNotifiesObserversForKey:key];
}

}

-(void)setName: (NSString *)name{
if (_name!=name) {

[self willChangeValueForKey:@"name"];
_hame=name;
[self didChangeValueForKey:@"name"];

}
3. @it KvC BHURESfL R KVO 4

2k KVO #:AE, KVC BHxe LB WX R getter F1 setter ik, WIERARE KA,
il

+ (BOOL)accessInstanceVariablesDirectly {
return NO;

}
IR A YES, B4 0] DA E S L AR & .



KVC [ getter JitfE: getKEY, KEY, isKEY, _KEY, %24
_KEY, _isKEY, KEY, isKEY;

KVC I setter iif2: setKEY Fl _setKEY, SZf|ZZE)IFF KEY, isKEY, KEY,
isKEY, V& EHLAH setvalue: forUndefinedKey:

setKEY

J

YES

T
Ng 5—’ ARMRL % DONE

YES

_setkEY —)

T
NO
v

wceVariablesDirectly

NO
YES
EHEHIER: _KEY
1
NO
: ¥ YES
setValue:forUndefinedKey: EHEHTR: _isKEY _J
YES
h [ WL RT L6 2@ DONE
NO
'1’ YHS
EHAHITR: KEY —vEs
T
NO
¥
EREHTE: SKEY

NO J
“




r— POIKEY
¥ES [ <O
T d
WA EFK DONE ‘4 NO NO o
* YES
YES
t— KEY

BATMER: KEY

vakseForUndefinediey ERRHTE- _BKEY

h{
= | OEHEEMEE DONE
NO

KEY Y s
| TATHTE: KEY |

T

NO

Y
RHRHER: KEY

.

4. WRELIE AL T kvo ARER, BARY IR

1. dealloc KA#ER kvo WEE, MEkTTZ: Q@ —NhEXT S, HHAEAFEA
JEVERIEESE, S8)E dealloc MR R BR M E2E, A & 2 e a Ay
ZI, WABFERBCT, FEXSZWER T, dealloc LB RN EEE T ;

2. ZREEBER—ANEME, BT REMUWEE

3. W EPERIHIR, BMELATE dealloc BHPREM & KVO, S8 #
. HEWEE 2R RERNEN (0S 10 K2 Bie i) il weak ;

4. ISINTMERE, (HRSZHL
observeValueForKeyPath:ofObject:change:context: /715, SFEUIIR;

5. ININEEFEERE keypath == nil, SEUHR;

PAFRR TR E i0S JF . [Crash [ A48 () KvO [lif —3C

FBKVOController Xf KVO WLl 4T 7MY — Z %, HEZAER] LLA S FHFA 12
PrALEEE, et 7 block 5 selector ()77 AMEIRA THEAT G AL FE . A AT SN
&, FBKVOController AFRATIIHF A& TR KPMER] M. (HRAAXTE, XM
ORI H ARG RN LEEER, Db 200K S5 G i R 91 55 1) 240 SR AN 523 A FH 3 7
o

fERTTR—

1. H5E NSObject #372—/M412K, FH Method Swizzling, SEILH & X
BMP_addObserver:forKeyPath:options:context:.
BMP_removeObserver:forKeyPath: .
BMP_removeObserver:forKeyPath:context:. BMPKVO dealloc /v, FR#E
e RGBSR B WL 8% 35 J7 1R K SE I



https://juejin.im/post/5d67b720f265da039a289bb4

2. RJETEMEE3E I W 835 2 ] i 37—~ KVODelegate X%, Wi Z[ald T
KVODelegate X% A VHKR. SR/GIEUSIMARERERIERS, K KVO MM E &
%l observer. keyPath. options. context {RfFN KVOInfo %%, Finin
Fl KvoDelegate X% XTI K] = R#MGHE B, XNFEARRINUEE. KRR
W75 R EHE L5 {keypath : [KVOInfo %% 1, KVOInfo %% 2, ... ]}

3. TERNINAIFEERERAE AR, I KvoDelegate X% fiids Kk, fEEIERIWEEE
AFN KVODelegate XF%, M4 EH € @M R AE T, Hil
KvODelegate X% 73 &2 EA KIMEEE L.

4. BIMEER:: WK RSALFIWR S ERSM, REam—X.

5. BERMEER: W KRR REE CRITIE BRI, B %2 KB,

6. MEBAENCRN: [AFEEE SRR R AT, R SR B R B R A L
# L.

fRITR=:
XXShield 528 7 ZF1 BayMax RS54, tHAZF]H— Proxy X % H KM %,
FIEMMLEEE & Proxy, #MEEHE HIL TIEAEE, H Proxy 7K. AidAE A

#& Proxy HLE RN BT AR E Z . RIRMF T _observed (HiMlgE) FIKRIG
W, XPNRAGARF R4 T keyPath fll observer HKE R

KABA RN BIEEEH: {keypath : [observeril,
observer2 , ...](NSHashTable)} .

XXShield 7£ dealloc 48 T 20K 2 R R B Br i O #AE, J2idid o¢ R EdE 45
FJF1 _observed , #AJE IR AR B L 225 B SL LAY .

5. kvo AL HR
5

1. BH TR WEEER

. XFRBAMEENZR BT, SEHE —IREE R AR

3. HARANRATESLUEMEEDR T RIEBH TR, RECEHEL T, KK
PRk D I R TAE

4, BEMEXTAEFRATEVERMORT G, RIS GRS o 1 g 5, g HOAS 75 2 s
WERXT R (SDK X4 [HIseHl;

5. REBSIRHUENEI JE M ) SR (E LA S e HTE s

. M key paths KM@, KW rT DA HRE T 4 ;

7. SERL T RTMEEXT R R, BONAS T R AR >R o 1 W8 {H RE 0% 4 W 5%

R



1. SR EMERESE RIS (FREH) , WESAS IS S DR,

2. HT RV DX REATAFEIEWEE, Fre EME— BTk, IR
A if-else if - else 7 CACFRTE M

References:

o i0S JiKJZ R AL R - IR AT KVC SR

o iOSJFA: [cCrash i &4t] () Kvo ¥

. ValiantCat / XXShield (55 =J7#E%%)

. JackLeel18 / JKCrashProtect (35 =77HEZ2)
o [KEfEE RS —i0S APP iZ1TI Crash HBNEHE R4)(

N AE B RT
i WL L

A% T Runloop FHA-AMIEHINHHR. BRGHRFLSHFIEN.
s b

X TS MBS E KR

Ql: FASFEMENEE R A AL W RN R RS, 2P RN 2B &5

B ANESCAE N TR, AT SR LY S A OB B — A Utility SCHRJe, ARG AE—A 3k
SCAFH, SERRVEANITE RO JT I A AR AL s DB R, X A ] e BRSO R, R
AV S5 TE e, A R BATTAT LA BT 3% LY SC At 38 pR — BE AT RAT ST, 2 TR RE 2 B g
TGN TR @b ) SO BVRT, 1 AR S AR i 3 280 4 Sk S R b s B R R BORE AT R, B
AN TAEAEH PRI, BT IRATTRE O gl B H5Cr 1, BRI Teaig ¥, EJRAE link A
0k 5 EERE A SCPEAT H AR SCPF(EL I < o, . obj)link FI—ik2.

Q2: “HEHISCAFRAT AT A2: TR R IEIE A o .m SR UE S S IR A ik s — R4k
BOPER (PUALBE->T5 7 Hr->15 1570 Hr->T8 T ->H RE S IR 4> BRI E s S A (AR

K EARAISSE asm JLG0) > FebLasih s, tatkd cPu 482)) » RAVCKR ARSI T o,
1B, KRR CPU INfTREXLE 0, 1, R4RLWRILZHE.

Q3: ATy Link? A3: & 1847 (1 — 30 SO fieJa 2 ANELA F AR SCAF link BEREEE S IR —A> kIS A
FRYE, K — DA T BERISCHZ IR — B RS TCE Rk, A TSR E H C 2 E
FEARAS AL, (H R b AR SR AR R B E 1, BRI ERATT & B E — A BRIA AR 0x0000000, 1T A
HRAZ AR L, 2 link (R BATT 2 HE TR 1 BRI bk SO A ) ML

Q4: FFASPERIZNAFERIX A ? Ad: TRE #RARE T PR UF 1K), FEGR R TR, A0 A
AN AS AT link Bl P AT, S P AR B IO 5 2 copy — 0 iR 1 H An — ik
HIPAT A, TSN A%, TR AR 3 A 5

Q5: S ENSFELES S A EH 42 AS: window Fi#A . 1ib, 1A% d11; unix f
Kounix ARG NEAE .a, 1A .s0; mac 2% FE & . a fil .framework, Zha
F .dylib/.tbd

Q6: i0S i framework &AM ? A6: framework 52 i0S/mac P& BH B —Fg =, Hxt —ikH
B, SCHER R YREEAT T EEE, T RAE L. RS framework #RZISE, M H IR
framework TLILEFNBILEFRE, AREEHB HRETR, WEXR, ST O RNHEZ §S
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/**
* Definition for a binary tree node.

* struct TreeNode {

* int val;

* struct TreeNode *left;
* struct TreeNode *right;
* b

*/

struct TreeNode* invertTree(struct TreeNode* root){
if(root == NULL)return NULL;

struct TreeNode *left = invertTree(root->left);
struct TreeNode *right = invertTree(root->right);
root->left = right;

root->right = left;

return root;

}
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