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ZEFJ IR EY

1. 48 ‘Fruntlmelél’]W?’ﬂ‘iﬁ= (isa. &R, . metaclass. &
MIENTEEERS)

2. Bt 2 Eigitmetaclass

3. class_copylvarList & class_copyPropertyList X3

class_copyIvarList SREGENZRPMEILHITZTEEE, M class ro t FIREN:

Ivar *
class copylvarList(Class cls, unsigned int *outCount)
{

const ivar_ list t *ivars;

Ivar *result = nil;

unsigned int count = 0;

if (!cls) {
if (outCount) *outCount = 0;

return nil;


https://github.com/colourful987/2020-Read-Record/tree/master/Annotated%20source%20code/objc4-750
https://opensource.apple.com/tarballs/objc4/

mutex_locker_ t lock(runtimeLock);

assert(cls->isRealized());

if ((ivars cls->data()->ro->ivars) && ivars->count) {

result (Ivar *)malloc((ivars->count+l) * sizeof(Ivar));

for (auto& ivar : *ivars) {
if (!ivar.offset) continue; // anonymous bitfield

result[count++] = &ivar;

}

result[count] = nil;

if (outCount) *outCount = count;

return result;

class_copyPropertyList ﬁm%ﬂj%qjﬂ"]}%'ﬁ{%,%, class_rw_t E'\] properties, %Eiﬁﬂj?
category / extension/ baseClass @M, MBI ZSRINENEMLER, MAREmLEER
superClass FEXHIE M,

objc_property t *
class_copyPropertyList(Class cls, unsigned int *outCount)
{
if (!ecls) {
if (outCount) *outCount = 0;

return nil;

mutex_locker_ t lock(runtimeLock);

checkIsKnownClass(cls);

assert(cls->isRealized());
auto rw = cls->data();

property t **result = nil;
unsigned int count = rw->properties.count();
if (count > 0) {

result = (property t **)malloc((count + 1) * sizeof(property t *));

count = 0;
for (auto& prop : rw->properties) {
result[count++] = &prop;

}

result[count] = nil;



if (outCount) *outCount = count;

return (objc_property t *)result;

Q1: class_ro t HHY baseProperties [fg?

Q2: class rw t HHY properties B TFIERMY, BANENHENE? FHERN S.

4. class_rw t fll class ro t HIX3!

!

objc_object
A

R Isa
IR > objc_class <~

. - name

\ [ \

"1 superClass cache_t class_data_bits t methodList

- class_ro_t [ |ivars
methods properties
class rw_t |

Hash3s - protocols

MIXZEL, class rw t AEY properties BMHRINFESDE/Y B/EELHHNEM.

struct class_ro t {
uint32_t flags;
uint32_t instanceStart;
uint32_t instanceSize;
#ifdef  LP64
uint32_t reserved;
#endif

const uint8_t * ivarLayout;

const char * name;
method list t * baseMethodList;
protocol_list_t * baseProtocols;

const ivar list t * ivars;

const uint8_t * weakIvarLayout;

property list t *baseProperties;



method list t *baseMethods() const {

return baseMethodList;
}i

struct class_rw_t {
// Be warned that Symbolication knows the layout of this structure.
uint32_t flags;

uint32 t version;
const class_ro_t *ro;

method_array t methods;
property array t properties;

protocol array t protocols;

Class firstSubclass;

Class nextSiblingClass;
char *demangledName;

#if SUPPORT_INDEXED ISA
uint32_t index;

#endif

}

5. category A{al{EINEEY, T categoryly Lload 75 iERINN IR
F, 1 categoryfiER A EIINEIGE

... —=> realizeClass -> methodizeClass(FlFAttach categories)-> attachCategories %

¥t 27 methodizeClass 5 AL A

static void methodizeClass(Class cls)

{

runtimeLock.assertLocked();

bool isMeta = cls->isMetaClass();
auto rw = cls->data();

auto ro = rw->ro;

// T CEEEEEEEEE
/] BEE.....
/] = mmmmmmmmmmmmmoooooooooo

property list t *proplist = ro->baseProperties;

if (proplist) {



rw->properties.attachLists (&proplist, 1);

// Attach categories.
category list *cats = unattachedCategoriesForClass(cls, true
/*realizing*/);

attachCategories(cls, cats, false /*don't flush caches*/);

if (cats) free(cats);

FECIEEERAE baseProperties 7£RI, category /g, {EREINFHE rw-
>properties.attachLists X AA:

property list t *proplist = ro->baseProperties;
if (proplist) {

rw->properties.attachLists (&proplist, 1);

/// category #HIINEE
void attachLists(List* const * addedLists, uint32_t addedCount) {

if (addedCount == 0) return;

if (hasArray()) {

// many lists -> many lists

uint32_t oldCount = array()->count;
oldCount + addedCount;

uint32_t newCount
setArray((array_t *)realloc(array(),
array_t::byteSize(newCount)));

array()->count = newCount;

// BIHAB#ERZE addedcount AENS addedLists copy ZEIAMIE
/*
struct array t {
uint32_t count;
List* lists[0];
}i
*/
memmove (array()->lists + addedCount, array()->lists,

oldCount * sizeof(array()->1lists[0]));



memcpy (array()->lists, addedLists,

addedCount * sizeof(array()->1lists[0]));
}
else if (!list && addedCount == 1) {
// 0 lists -> 1 list
list = addedLists[0];
}
else {
// 1 list -> many lists
List* oldList = list;
uint32_t oldCount = oldList 2 1 : 0;
uint32_t newCount = oldCount + addedCount;
setArray((array_t *)malloc(array_t::byteSize(newCount)));
array()->count = newCount;
if (oldList) array()->lists[addedCount] = oldList;
memcpy (array()->lists, addedLists,
addedCount * sizeof(array()->1lists[0]));
}

P category B M S ZERIEA, baseClassHIBMHEFRHE T .

Q1: HAZ category BIFIE? ZEREI6

2020/03/18 #h 78 TR FAT2F image SRIGMNEEIAZFES, Category BETAIETE, JEFE TEM
while(i--) XERFIFUE category MY HiE BMHEARINEIT rw = cls->data() FH
methods/properties/protocols H,

static void
attachCategories(Class cls, category list *cats, bool flush caches)
{

if (!cats) return;

if (PrintReplacedMethods) printReplacements(cls, cats);
bool isMeta = cls->isMetaClass();

// fixme rearrange to remove these intermediate allocations

method list t **mlists = (method list t *¥*)
malloc(cats->count * sizeof(*mlists));

property list t **proplists = (property list t **)
malloc(cats->count * sizeof(*proplists));

protocol list t **protolists = (protocol list t **)

malloc(cats->count * sizeof(*protolists));

// Count backwards through cats to get newest categories first
int mcount = 0;

int propcount = 0;

int protocount = 0;

int i = cats->count;



bool fromBundle
while (i--) {

NO;

auto& entry = cats->list[i];

method list_t *mlist = entry.cat->methodsForMeta(isMeta);
if (mlist) {
mlists[mcount++] = mlist;

fromBundle |= entry.hi->isBundle();

property list t *proplist =
entry.cat->propertiesForMeta(isMeta, entry.hi);

if (proplist) {

proplists[propcount++] proplist;

protocol list t *protolist = entry.cat->protocols;
if (protolist) {

protolists[protocount++] = protolist;

}

auto rw = cls->data();

/7 ERTENNE, LEXBEFERAN, PEHIEN category R7taddEIENARIRTES
prepareMethodLists(cls, mlists, mcount, NO, fromBundle);
rw->methods.attachLists(mlists, mcount);

free(mlists);

if (flush_caches && mcount > 0) flushCaches(cls);

rw->properties.attachLists(proplists, propcount);

free(proplists);

rw->protocols.attachLists(protolists, protocount);

free(protolists);

6. category & extension X3!, BEZENSObjectiZsiN
Extensionll3, 45RaN{T

category:
o GITHIARIND KBS/ FE
o DERNNNAER"BERERE BARFERNEEMNLEE, —BEREITMELT
o EBDEF/FBEMEBURT R EFNF, image ZEHEEREIMN, FIURIFHEFIETIEN
o ZFHENDERSIRRFRE;

extension:



o RIFHTIRIN

o ADFIRNEAEFE, ZEIERTMEET .m XMHH;

o TEENRGENIY R

7. HRERNS, HEEANGIMNEMESIEINSMLSHE

8. T/ HIAMMITE, FSAEE-> BAWIT-> HEER ZaIM

THa

9. IMP, SEL. Method X FIFI{ERIZ=

=ENEX:

typedef struct method t *Method;

using MethodListIMP = IMP;

struct method t {
SEL name;

const char *types;
MethodListIMP imp;

}i

Method EI#FR TR, F&RTHERMLI, KT Type Encodings.


https://developer.apple.com/library/archive/documentation/Cocoa/Conceptual/ObjCRuntimeGuide/Articles/ocrtTypeEncodings.html%23//apple_ref/doc/uid/TP40008048-CH100-SW1

Code Meaning

c A char

i An int

s A short

1 A long” "1 is treated as a 32-bit quantity on 64-bit programs.
q A long long

c AN unsigned char

I An unsigned int

S An unsigned short

i AN unsigned long

0 An unsigned long long

£ A float

d A double

B A C++ bool ora(C99 Bool

v A void

* A character string (char *)

e An object (whether statically typed or typed id)
# A class object (class)

A method selector ( SEL )
[array type] An array
{name=type...} A structure
(name=type...) A union
b num A bit field of num bits
"~ type A pointer to type

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

—(void)hello: (NSString *)name encode FFIE ve:e,



10. load. initialize FiEMIXAITA? ERFEXZFMIIE
24Xl

load AABAAINH, MERBEAHRIEARS, ~2lE@RsuperClass B +load HiA:

void
load images(const char *path _ unused, const struct mach header *mh)

{

// Return without taking locks if there are no +load methods here.

if (!hasLoadMethods((const headerType *)mh)) return;
recursive mutex locker t lock(loadMethodLock);

// Discover load methods

{
mutex_locker_ t lock2(runtimeLock);

prepare load _methods((const headerType *)mh);

// Call +load methods (without runtimelLock - re-entrant)

call load methods();

void call_load methods(void)

{
static bool loading = NO;

bool more categories;
loadMethodLock.assertLocked();

// Re-entrant calls do nothing; the outermost call will finish the job.
if (loading) return;

loading = YES;
void *pool = objc_autoreleasePoolPush();

do {
// 1. Repeatedly call class +loads until there aren't any more
while (loadable classes_used > 0) {

call class _loads();
// 2. Call category +loads ONCE
more_ categories = call category loads();

// 3. Run more +loads if there are classes OR more untried categories

} while (loadable classes used > 0 || more categories);



objc_autoreleasePoolPop(pool);

loading = NO;

+initialize SEI

void class_initialize(Class cls)

{

cls.

assert(!cls->isMetaClass());

Class supercls;

bool reallyInitialize = NO;

// Make sure super is done initializing BEFORE beginning to initialize
// See note about deadlock above.

supercls = cls->superclass;

if (supercls && !supercls->isInitialized()) {

_class_initialize(supercls);

// Try to atomically set CLS_ INITIALIZING.

{
monitor locker t lock(classInitLock);
if (!cls->isInitialized() && !cls->isInitializing()) {
cls->setInitializing();
reallyInitialize = YES;
}
}

if (reallyInitialize) {
// We successfully set the CLS INITIALIZING bit. Initialize the class.

// Record that we're initializing this class so we can message it.

_setThisThreadIsInitializingClass(cls);

if (MultithreadedForkChild) {
// LOL JK we don't really call +initialize methods after fork().
performForkChildInitialize(cls, supercls);

return;

// Send the +initialize message.
// Note that +initialize is sent to the superclass (again) if
// this class doesn't implement +initialize. 2157218
if (PrintInitializing) {
_objc_inform("INITIALIZE: thread %p: calling +[%s initialize]",
pthread self(), cls->nameForLogging());



// Exceptions: A +initialize call that throws an exception
// is deemed to be a complete and successful +initialize.
//
// Only _ OBJC2 _ adds these handlers. ! OBJC2 _ has a
// bootstrapping problem of this versus CF's call to
// objc_exception set functions().
#if _ OBJC2
@try
#endif

callInitialize(cls);

if (PrintInitializing) {
_objc_inform("INITIALIZE: thread %p: finished +[%s
initialize]l",

pthread self(), cls->nameForLogging());

}
#if _ OBJC2_
@catch (...) {
if (PrintInitializing) {
_objc_inform("INITIALIZE: thread %p: +[%s initialize] "
"threw an exception",
pthread self(), cls->nameForLogging());
}
@throw;
}
@finally
#endif

// Done initializing.
lockAndFinishInitializing(cls, supercls);

}

return;

else if (cls->isInitializing()) {
// We couldn't set INITIALIZING because INITIALIZING was already set.
// If this thread set it earlier, continue normally.
// 1If some other thread set it, block until initialize is done.
// It's ok if INITIALIZING changes to INITIALIZED while we're here,
// because we safely check for INITIALIZED inside the lock
// before blocking.
if (_thisThreadIsInitializingClass(cls)) {
return;
} else if (!MultithreadedForkChild) {

waitForInitializeToComplete(cls);



return;
} else {
// We're on the child side of fork(), facing a class that
// was initializing by some other thread when fork() was called.
_setThisThreadIsInitializingClass(cls);

performForkChildInitialize(cls, supercls);

}
}
else if (cls->isInitialized()) {
// Set CLS_INITIALIZING failed because someone else already
// initialized the class. Continue normally.
// NOTE this check must come AFTER the ISINITIALIZING case.
// Otherwise: Another thread is initializing this class. ISINITIALIZED
// is false. Skip this clause. Then the other thread finishes
// initialization and sets INITIALIZING=no and INITIALIZED=yes.
// Skip the ISINITIALIZING clause. Die horribly.
return;
}
else {
// We shouldn't be here.
_objc_fatal("thread-safe class init in objc runtime is buggy!");
}

void callInitialize(Class cls)

{
((void(*)(Class, SEL))objc_msgSend)(cls, SEL initialize);

asm("");

ARELEERT callInitialize(cls) REXRART lockAndFinishInitializing(cls,

supercls) ,

f@BI0S AppR BTG —XH3d Dyld FEZ M ERFTISAISEIS:



https://juejin.im/post/5c0a17d6e51d4570cf60d102?utm_source=gold_browser_extension

Rt Ex Ik
DyldMEHATX HETheaderSRERZIREMBAIFMIRBIRNSES R, REEFTELE

L THAS
gﬁﬁbm 81 dylib, MR dylib XA ETEERBREIEM dylib, FRIAFREEINE
BTSSR —TIEARBINES
- RebasefElmage NS AEIEHIVIER., £ E, SIEMNSENMSINIEEMLIL, R
Rebasex] BIEHNBIENFRIBMEXN, mMIMEIEZ=EHBEEMRNL, FANEEERE
—_— KO ARIEREALRY (RIS 2 M — TELE - Bind 21E$5 5 IEfithig @ Image MBI A
B, XL [IMBAIIE T S (symbo) BIRHE, dyldBEBEEMSKREBTHK, %
Elsymbol33 B A9SCH]
Obijc - EMODbjcZE (class registration) - #EcategoryfIE XIEN 773551 (category
setup registration) - {fRIEES—" selectori— (selector uniquing)
o - ObjcH9+load() R &R - C++RUMEREUB MR AR - IFERLBNCHERSERTEN
Initializers

BIEE(RE 2XRLEN)

&g dyld 2788 main() B, main() 218 UlApplicationMain(), before main()f9id ¢ th sttt 52
o

11. 7R E B &GRS
RAFEE
1.weak FISEIFIE? SsideTable W&+ AR

FESE MM weak 555 | HAISEMA R ,

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

__weak NSObject *pl = p;

// ====> [KEEruntimefy objc_initWeak

// xcrun -sdk iphoneos clang -arch armé64 -rewrite-objc -fobjc-arc -fobjc-
runtime=ios-13.2 main.m FAZITEHNNE, ERRHISHAN,

NSObject objc_initWeak(&p, NHRIEH);

BiT runtime JERSATAE R objc_initwWeak 3LH:


https://www.desgard.com/iOS-Source-Probe/Objective-C/Runtime/weak%20%E5%BC%B1%E5%BC%95%E7%94%A8%E7%9A%84%E5%AE%9E%E7%8E%B0%E6%96%B9%E5%BC%8F.html

id
objc_initWeakOrNil(id *location, id newObj)

{
if (!newObj) {
*location = nil;
return nil;
}
return storeWeak<DontHaveOld, DoHaveNew, DontCrashIfDeallocating>
(location, (objc_object*)newObj);
}

SideTable £5#9{K7E runtime [RER T3 BTN AXER, HEIREHZXF:

struct SideTable {
// BhEst
spinlock_t slock;

// SIRITER

RefcountMap refcnts;
// weak 5|
weak_table t weak_table;

struct weak table t {
/1 REFETHREREENRE weak 5%
weak _entry t *weak entries;
/1 TFFEEE
size t num_entries;
/1 ZE5FIERS| AT RN E
uintptr_ t mask;
// hash key BA{RIZE
uintptr t max_hash displacement;

}i
RIBEXT KAV R EF BN NAY sideTable SEfl:

static SideTable *tableForPointer (const void *p)

HEM LEDRIBSF ssideTables () [newobj] ITVENE, XER newObj BXHINSRAE;EHERN
key £%| \2FHY SideTables REZEISLHIB 533 M AYARK SideTable,

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

ERHSEBISARISEISR, EAT C++ INERIRIZE AT reinterpret_cast, HRIASGIUN:



reinterpret cast <new_type> (expression)

F—1 weak XBEFEMITRE R weak entry t FEMIRFRT, FRLATESLHIFERE XA weak
RIS EIZERL, weak entry t HIAZEZ SideTable A7 weak table A

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;
}i
struct {
// out of line=0 is LSB of one of these (don't care which)
weak_referrer t inline referrers[WEAK INLINE COUNT];
bi

|BX RERFRIEMIRIE weak unregister no lock H FIXIFRAINEMIRIE weak register no lock
, BRHIAIRIME runtime JRRBFREEFEE/MIEX,

% HE

0x77889900 0x11223344 EITRA <

EANZHIIR
0x11223344 G

% B ZANR
0x11000000 isa

weak _a J




weak XKBFEMHNNREMMIEN: LML, FEFERRE id referent_id f id

*referrer id,

o UIREBIR L, referrer {EHN 0x77889900, referent 1B 0x11223344
o WRZEHW L, referrer {4 0x1100000+ offset (tBFfi= weak a FffEHE LAY
ft) , referent 1B 0x11223344,

SNLEIMTEE A IEHIN KRBT weak BEIE@ME, —MEHLE, —1TEKRL.

void
weak unregister no_ lock(weak table t *weak table, id referent_ id,

id *referrer id)

objc_object *referent = (objc_object *)referent id; // 0x11223344

objc object **referrer = (objc object **)referrer id; // 0x77889900
weak _entry t *entry;

if (!referent) return;

// M weak table H#¢Z| referent tHHlE LEEANIIHIFTSR

if ((entry = weak entry for referent(weak table, referent))) {
// TE entry ZEMMEARRY referrers EARIKENIEH referrer FREME
/! BIEAFFME referrer ERUBEEN nil, BIHTMT —TERGNRE
// AR referrer BENHMNREILXRT
remove referrer(entry, referrer);
bool empty = true;
if (entry->out of line() && entry->num refs != 0) {

empty = false;

}
else {
for (size t i = 0; 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 XBEFEMNEMRELZEN T ATEXN N ELFdealloclFEERNI, IBEENELSLHIFE
FBORTE, dealloc EMERBHISIAITEFIweakitiksideTabless, @idLHht X EIETF
E CHIERKR, KPR weak_table->weak_entries 726 T FiE entry WR——HE L 2RAIER

;WJRT%E,JZE, weak entry t MY referrers HAEFMEINMEZ =N EHINAFH
iJJ: —&AnilBNA],

2. REXWT RN A? RIS REAISRAY

RN RERERGE:

#import <objc/runtime.h>
static NSString * const kKeyOfImageProperty;
@implementation UIView (Image)

- (UIImage *)pt image {
return objc_getAssociatedObject(self, &kKeyOfImageProperty);

- (void)setPTImage: (UIImage *)image {
objc_setAssociatedObject(self, &kKeyOfImageProperty,
image,0BJC_ASSOCIATION RETAIN);

}
@end

objc_AssociationPolicy KEANRIFHREEU T/

Behavior @property Equivalent Description

@property (assign) 3 @property

OBJC_ASSOCIATION_ASSIGN )
(unsafe_unretained)

BE— TR RIEE5IA.

BE—TRENRIES A, THERERT

OBJC_ASSOCIATION_RETAIN_NONATOMIC @property (nonatomic, strong) .
OBJC_ASSOCIATION_COPY_NONATOMIC @property (nonatomic, copy) fﬁégfﬁ*ﬁ%ﬂ’ﬂcopﬂlﬁﬁ, AR
OBJC_ASSOCIATION_RETAIN @property (atomic, strong) gio—"%ﬁﬁi%ﬁ‘qﬁﬁlﬁﬁ, LR
OBJC_ASSOCIATION_COPY @property (atomic, copy) ﬁ{i;:‘?&ﬁ%ﬂ%ﬂ‘ﬂcopﬂlﬁl RERIET
OBJC_ASSOCIATION_GETTER_AUTORELEASE S s el

B Mth: OBJC_ASSOCIATION_ASSIGNZERIAKBE RF] weak BE—EEH, MEMIZAT
unsafe unretained, BIHBIrNREREREN, BHEFRSBHEST. (Bh¥HEAssociated
Objects)

[E# EAssociated Objects 1, H4E T =1 *FAssociated ObjectsFi:



https://www.desgard.com/iOS-Source-Probe/Objective-C/Runtime/%E6%B5%85%E8%B0%88Associated%20Objects.html
http://nshipster.com/associated-objects/
http://nshipster.com/associated-objects/

o AClassiiFhB G : FIAITEAFNetworkings, 7EUllmageViewE R[N T
imageRequestOperationX %, MMRIET EHMERHA.

e JClassiimHtBERG: 1§|J§ZEIT"FDTempIateLayoutCeIIEP {fFAssociated Objects3kETF
BcellNSE (REBAE1. RIBHER2) . DEAERkey, EE AcellRBTRENRTEY
i, BINAE,

o BIEKVOMZR: EiFEMcategory REEXKNRIEANMEE ., 5]JASE Objective-C
Associated ObjectsiX fea S HIBIF

IRISSLIARERIER, FRI T mBER, WrHBEhMT —ERE:

id object get associative reference(id object, void *key) {
id value = nil;
uintptr t policy = OBJC_ASSOCIATION_ ASSIGN;
{

AssociationsManager manager;

// manager.associations() R[EJE— “AssociationsHashMap™~ Y% (* map)

// FRLAIXE “~sassociations™ AT &

AssociationsHashMap &associations(manager.associations());

// intptr_t ®ATRBFH, T6e4{IMINEEL, intptr tHluintptr tHFIRlong
int. unsigned long intH9%HI%; {£32{iﬂﬁﬂl 2 F, intptr t#luintptr t#HHIEint. unsigned
intH95I&

// DISGUISE WEIMIEEHT ~ BURIRIE, “fhE-?

disguised ptr_t disguised object = DISGUISE(object);

/*

AssociationsHashMap Z4&E unordered map, f#{i# key-value BJAH

iterator find ( const key type& key ), WR key FE, NiREkey X RAIER

2,
WRkey A F7E, MEfindiR[E] unordered map::end; HULAILAUET “map.find(key)
== map.end()"
FHF key BREFETHAI map H,
*/
AssociationsHashMap::iterator i = associations.find(disguised_object);
if (i != associations.end()) {
/*

unordered map HIBEDHIZRERZZNfirstFsecondE M,
PLATE EEISSEE object MR (EFINRorENER) HEIHMARHKNR
i->second HEXZEIXZE—" ObjectAssociationMap
HRBBETHNECIRER key REHRXIMAIRRBILE, IR
“ObjcAssociation™ $ZER
*/

ObjectAssociationMap *refs = i->second;

ObjectAssociationMap::iterator j = refs->find(key);

if (j != refs->end()) {
ObjcAssociation &entry = j->second;
value = entry.value();
policy = entry.policy();
// UMRHKREE getter retain , JFEXEB M
// % OBJC_ASSOCIATION RETAIN = 01401
// OBJC_ASSOCIATION GETTER RETAIN = (1 << 8)


https://github.com/AFNetworking/AFNetworking/blob/2.1.0/UIKit+AFNetworking/UIImageView+AFNetworking.m%23L57-L63
https://github.com/mconintet/UITableView-FDTemplateLayoutCell/blob/master/Classes/UITableView+FDIndexPathHeightCache.m%23L124
https://github.com/mconintet/UITableView-FDTemplateLayoutCell/blob/master/Classes/UITableView+FDKeyedHeightCache.m%23L81
http://kingscocoa.com/tutorials/associated-objects/

if (policy & OBJC_ASSOCIATION GETTER RETAIN) {
// TODO: HXg

objc_retain(value);

}
if (value && (policy & OBJC_ASSOCIATION GETTER AUTORELEASE)) {

objc_autorelease(value);

}

return value;

SN HYsetRETIMERFER, THOE NREER, BMEREc+H+ERZ 6 :

void _object set associative reference(id object, void *key, id wvalue,
uintptr t policy) {
// retain the new value (if any) outside the lock.
ObjcAssociation old_association(0, nil);
// MRvalueNREFE, MiHiTretain or copy #IE
id new _value = value ? acquireValue(value, policy) : nil;
{

AssociationsManager manager;

// manager.associations() IR[EIFE— ~AssociationsHashMap~ X% (* map)

// FRDAXE ~sassociations™ HFHT “&°

AssociationsHashMap &associations(manager.associations());

// intptr_t @ATRBFH, T6e4{UMIEEL, intptr tHluintptr tHHIRElong
int. unsigned long intf9%I%; 7E32MURINEI L, intptr tHluintptr tHHIRint. unsigned
intB95I&

// DISGUISE WERSIHEETHMT ~ BURIRIE, “fhE~

disguised ptr_ t disguised object = DISGUISE(object);

if (new_value) {

// break any existing association.

/%

AssociationsHashMap #4*/&E unordered map, f#fi# key-value BJHE
iterator find ( const key type& key ), WR key FE, NREkeyWHRH

L8R,

MR key~FTE, MEfindiRE unordered map::end; EILAILAET
"map.find(key) == map.end()"

¥ key BREEFEETEHA] map .

*/

AssociationsHashMap::iterator i =
associations.find(disguised object);
// EEMgetRIEARRE, setiFENUNREWIINRIZFAEXRKENR, BARX—RIZEZESE
—R,
// FRASBIZE— 1P ObjectAssociationMap FHETEAESLHIX SRANFAE XEXE 4
if (i != associations.end()) {
// secondary table exists

/*



unordered map HIBEDHZRERZZNfirstFsecondE M,
FLATE EEIFSEIE object MR (EFINRorENER) WEIHMA KKK
i->second EXZEIXE— ObjectAssociationMap
HZIFBEIHRNECIREN key REHINMAXEKELEE, FIEM
“ObjcAssociation™ $ZR

*/

ObjectAssociationMap *refs = i->second;

ObjectAssociationMap::iterator j = refs->find(key);

// KEXBMP ObjcAssociation ZEMI{REIIE

if (j != refs->end()) {
old_association = j->second;

j->second = ObjcAssociation(policy, new value);

} else {
(*refs)[key] = ObjcAssociation(policy, new_value);
}
} else {

// create the new association (first time).
ObjectAssociationMap *refs = new ObjectAssociationMap;
associations[disguised object] = refs;

(*refs)[key] = ObjcAssociation(policy, new_value);

// FRHAZ: newisa.has _assoc = true;
object->setHasAssociatedObjects();

}
} else {

// setting the association to nil breaks the association.
AssociationsHashMap::iterator i =
associations.find(disguised object);
if (i != associations.end()) {
ObjectAssociationMap *refs = i->second;
ObjectAssociationMap::iterator j = refs->find(key);
if (j != refs->end()) {
old_association = j->second;

refs->erase(]j);

}
// release the old value (outside of the lock).

if (old_association.hasValue()) ReleaseValue()(old association);

3. REAMRMAMAHITAFTEERN? REKYRUTLMweakEE

M7 policy RERFEERE, BFERL,

4. Autoreleasepool HI[FEIE? FR{ERANNBIRGENZE(T A



5. ARCHYCI[HIE? ARC F¥fretain & release fifl ¥ FLEfELL
6. ARC LB RS ERRAFE TR
H{th

1. Method Swizzle ;FEEIN

2. BMABINTT atomic AERSEILE B AR EERILARZ L 215
3. i0S BNV AEEMLE? NESIREZE(TA

4, class. objc_getClass. object getclass REBHAKA?

— . NSNotificationtg%

INEWHE, (RATMAEXERFIZRENTE: —WPRI0SHE (2 B UKL T

SRR (5911, BAW(EfE(ERY. namesobserversSEL Z[BJIYK R L)
BANRENELSN, ERFTH

NSNotificationCenter #ZHBMRIFHRERE—TEHIZENIT? MEART RKIXHEE
NSNotificationQueue @FH EREEINF KIE? I L&IZN0N
NSNotificationQueue ] runloop xR

SNalRIEBAN UL AN LT E £ L4072

TTE TSR A E IR B A = AR5

ZIXRME—TBRERTAER? ZIRBIRERIE

TENAEERIEEAIE? T4

O o No Uk wWN =

/] RIEBA

[[NSNotificationCenter defaultCenter] addObserver:self
selector:@selector(handleNotification:) name:@"TestNotification" object:@1];
// FEWGEA

[NSNotificationCenter.defaultCenter postNotificationName:@"TestNotification"
object:nil];

SHIED

=. Runloop & KVO

runloop

runloop X F—MHRERIOSHERIZEAPEE, NIZIRFAE runloop ;EMREC, EFEESILTHE
) 3N

app Al faliZ U E fRR E{4AY

iOS Touch Event from the inside out

1 Touch Event 94 &5 EHA


https://juejin.im/post/5e5fc16df265da575155723b
https://www.jianshu.com/p/70ba981317b6

1.1 EEESHER

iPhone R FEAMIIRERZE, FRAARNERRBNTE, H—ROERESKBRFNIARANRES T
BF-ESBE, RIMEE—EWIRBRIFE. SRNFEMERNEFNRR, AMRRBIZILEFENM
BRZEER—THBERE, YEMBERRRESEEEZSNR. TRFEMEMRAURE—TR/NIIE

R, XTERDMEEFAE EBERRE, HERS X ERERNFERIN BRI R
IEEE. =23 I XX BRI AIEREITE, SHMERERRIES.

BEZXH:
e OLEDAENIFIE. FEMRZEMKROLEDXBRARE T
o JIPARIERIRIE
° SR fah e I
o FAPA T fAhiE 5 [RIP(FLASHIERhR)
[ J \tﬁ‘#

1.2i0S RERA THRMS KEH

iOS BRIERSGEBEME—TVEEREEBNRER, TRHEZEFELLBERAEERELR, BIIPC
(Inter-Process Communication), PIfE4A4E FE BB AIRERSI 4R Touch Event, BXSRH
|OKit.framework #2333 IOHIDEvent 3% ; FT—HRBEABIBESEELIZAEEHEIEL
x, BT RESE, A REE—RIINHIENEEXIZRX RIELIERIE?

ZZE SpringBoard.app, TiEUZIFE17HY IOHIDEvent &, R ZEBHIEIEHE—SHEESD
K. flal, EFIMBIaREETENARER, BNEHERIFNEMSRA mach port HlHI{EELE1ZN A
FELFE,

Port #l#I7E IPC RN AR Mach SEMEZAXNXIZ—, % Mach 1, BFP#HZEBRZRH
IPC 2%, SEERAZERARE, APHEREELENZBAE— port WIAERIFR; AEFA IPCHLHIM
X port RIFHR, SEEZRFEA, MAEZRHEHIZTTAREY,

1.3 IOHIDEvent -> UlEvent

[z 2 F E L7289 runloop B T — mach port B F¥IF 1oHIDEvent Y Sourcel FEff, EIFH
jA7& _ IOHIDEventSystemClientQueueCallback(), HESN#H—F & Sourceo FEff, MM
Source0 EHE,EETENXH, FFETFIHO port, BIFME, AR5, selectorikiFZZREMH, EMEIRALE
= ___UIApplicationHandleEventQueue() , B2 EIRY 1oHIDEvent FHITRETLMIANIZNEL
vikvent H4; ARER UIApplication SN ST sendEvent: Fi&, J§ UlEvent {&i%%e
UIWindow f{—LEiZIEFIMT T/E: LEUMAIREM~4ATMENEL, BEEZT, BXEREW T2
RIERTIE? FHFE—RIIRE., XBHRIZTAK,

1.4 Hit-Testing S RIENIN &

source0 [BIFFIFEHRIFAIAIESMH UlEvent (EEABZ MUITouch BIFER/ENR) , EBLUE
UIwindow , HEMAETHIIREMNE, X MIEIRZN Hit-Testing, FEILIEFR: hit BIARRL T
FEERXE, XTXEREES M MESMMA, BAXTMEHEEINNER ST, BPAE
E"XZANEFH? XEZEFTL TN

1. BHEEB8 TmLES, Bl uiapplication -> UIWindow -> FME -> ...->FMESRHFMN
& ;

2. ENNNERNEEES, BNESEIARNINAE;

3. IRENMIEARENN, MWESLLEEmNZEMR—RONE, B, RESHREFTE


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

B, HERTUEEmN T, E2REFIE EMERENNE,
4. FHEEMNENNERES, UlEvent FRY UlTouch ZAMRFT EAREE: LEAN HitTest view EMHf

1, superview @M 1? XELT{t/A Gesture Recognizer?

BLAATFIEME NN ZE? BT OC PRSEHYAEE Nsobject , FEILEBIAFIBTZIEESR
£ hitTest:withEvent AL, BAMMNMEA: 1.9 HRItLEZ S 88N FH 2. FHEER
HiR. HHRIMETAEBNSG, RO nil . KET:

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

/7 2. IR BEEMERE XEHRIEHBAY note point FEHBIMNELITANRMUE

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

// 3. MTEECISRERAE HRTlEREB RN E & X\ FAE
int count = (int)self.subviews.count;
for (int i = count - 1; i >= 0; i--)
{
/] FHOE

UIView *childvView = self.subviews[i];

/] REBEBFHEIRLITR

CGPoint childP = [self convertPoint:point toView:childvView];
// FHREFEEIE
UIView *fitView = [childView hitTest:childP withEvent:event];

if (fitvView)
{

return fitView;

return self;

1. BEHRI I T EIESH, PIRXH userInteractionEnabled=YES ; ;% HF2iE self.hidden ==

NO ; JEiERR self.alpha <= 0.01 ——— FR—BRNHFRELA=1NFM, HaBELREFN
EEABEERINN Z, Hit-Testing #IEHIES T I
2. BEFHMESERESEMERRNS ——— XTERER, TAEIERHIERN

3. WINEZEERIRHRIMENNNE, EETERELAETEL, HLEEH—TEHBL FUEF
E; R pointInside W2 ENASTHAY,

1.5 UIResponder Chain [fg[z %



Hit-Testing IREPENITEMESAMNERT N RETINE, LR BEAERTELESHE, Eibat
BB ZER BB E U R aEmNE (B TiL), BE(MsT —&FImNE: EEBEMHE
M5t E EMTEETE —RINiEARKENNE, SHRTHIINEERE, TeEHFEIRAIZEI
i& target-action RIIHAHEFE. AR, REMNEFENNIE Event "EXLHE", ENIFS
&EE touchBegan touchesMove .FMNAE; BASRIMEAFE; BUNRZE control (24) b
g0 UIButton , BRASEH TR SWIEFERN,

1.6 UlTouch . UlEvent . UIResponder

|IOHIDEvent BIE R EIZE |OKit.framwork RAERRIARE T %wm A EIARIENA, ARENA
IiﬂﬁzrunloopiﬂsourcaIEIlJ'J':PRLﬁsource0$f¢ YR, XBENEZEUIEventhiZiE, B4
UlTouch IE? ZRAZHEIRRMREIE? B —1FE—R m?%):' B EEE—| UlTouch 3%, AIER
RBOZFFE#HTIRA T, ERFTEERZ D Touch, FHAMERENTEIMF AR, XHEFIRB LKA UlEvent
ARG, AT UlEvent RAEE THURIZSHIIMENRINES, B allTouches EI43REN.

BN E#IKER UlResponder £, AEEBHENSMHAIEESN, MMAEFIAZI touchesBegin

touchesMove touchesEnded touchesCancelled U P™NAE,

SHERBINER MAENNEESLRENMNE, HCBMT:

[AView touchesBegan:withEvent

[UIWindow _sendTouchesForEvent]

[UIWindow sendEvent]

[UIApplication sendEvent]

0
1
2
3
4 _ dispatchPreprocessEventFromEventQueue
5 _ handleEventQueuelInternal

6 CFRUNLOOP_ IS CALLING OUT TO A SOURCEO_ PERFORM FUNCTION
7 _CFRunLOOPDoSource0

8 _CFRunLOOPDoSources0

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];



HTLREFEEEN runloop B EH

X EBETE, ERENEMEEM%ZH KB AA NSRunLoop *runloop = [NSRunLoop
currentRunLoop] , HhRBEIRIZIE? B 2R I 23z,

CFRunLoopRef CFRunLoopGetCurrent(void) {
CHECK_FOR _FORK();
CFRunLoopRef rl = (CFRunLoopRef) CFGetTSD(__ CFTSDKeyRunLoop) ;
if (rl) return rl;

return _CFRunLoopGetO (pthread self());

At REEXEIERIFIVI

UIKIHF T2 —1 SRR E 192X, UREDSRENERNEEMViewIRNEY, MRSSHEETRFE
EE R, MAEMBNESERRERZRAEIRETEE, Z—HHENBTEFER
UIApplication RIEELEHITIIAN, FIENAFPEHHEEELELHITEE (MRE. 1
&) , FDA view RBEFEELAE LT RENI BHHATION , MBS HH T EIRRERFE LA
MERERSL BN £, AIFELERSAER TTERERX TR TIZEE LINEL B,

PerformSelector ] runloop B9k F

perforn1%§IL$¢75£ﬁ, U [self performSelector:@selector(perform) withObject:nil] Eika7
HATHY, Z[ETF objc_msgSend FiEHATIABAIE.

M [self performSelector:@selector(perform) withObject:nil afterDelay:0] NZeES
B runloop AEE— timer, MR HAFILIERBErunloop(thifiE L EIZAZEIEA [NSRunLoop
currentRunLoop] ﬁ/fﬂ'\]lﬁ), )“IJT\%ﬁiﬁdj

(IBAction)test0l: (id)sender {
dispatch_async(self.concurrencyQueue2, *{
NSLog(@"[1] %kFE: %@", [NSThread currentThread]);
// HEI%IEEBEFHE runloop FRAAEREMERITHY
[self performSelector:@selector(perform) withObject:nil afterDelay:0];
NSLog(@"[3]");
})i

(void)perform {

NSLog(@"[2] #kF2: %@", [NSThread currentThread]);


https://juejin.im/post/5c406d97e51d4552475fe178

This method sets up a timer to perform the aselector message on the current thread's
run loop. The timer is configured to run in the default mode ( NSDefaultRunLoopMode ).
When the timer fires, the thread attempts to dequeue the message from the run loop and
perform the selector. It succeeds if the run loop is running and in the default mode;
otherwise, the timer waits until the run loop is in the default mode.

If you want the message to be dequeued when the run loop is in a mode other than the
default mode, use the performSelector:withObject:afterDelay:inModes:method instead. If
you are not sure whether the current thread is the main thread, you can use the
performSelectorOnMainThread:withObject:waitUntilDone: or
performSelectorOnMainThread:withObject:waitUntilDone:modes: method to guarantee
that your selector executes on the main thread. To cancel a queued message, use the
cancelPreviousPerformRequestsWithTarget: or
cancelPreviousPerformRequestsWithTarget:selector:object: method.

(LR TE

- (IBAction)test0l: (id)sender {
dispatch_async(self.concurrencyQueue2, *{
NSLog(@"[1] %kFE: %@", [NSThread currentThread]);
// HEIEREREHRE runloop FRARAERIZIMNERITHY
NSRunLoop *runloop = [NSRunLoop currentRunLoop];
[self performSelector:@selector(perform) withObject:nil
afterDelay:0];// XEFTHi=, po runloop , EEHITXFKIBEG Srunloopinil T &
[runloop run];
NSLog(@"[3]");
})i

REIMTAS, EE (3] #BET, FIAR runloop FBHIER, EFTREARLT.

2020-04-07 00:16:43.146357+0800 04-06-performSelector-RunLoop[15486:585028]
[1] Z%E: <NSThread: 0x6000000cdd00>{number = 6, name = (null)}

2020-04-07 00:16:43.146722+0800 04-06-performSelector-RunLoop[15486:585028]
[2] %FE: <NSThread: 0x6000000cdd00>{number = 6, name = (null)}

2020-04-07 00:16:43.146932+0800 04-06-performSelector-RunLoop[15486:585028]
[31]

FRIAA TRIERT AN ERT 2SS, repeat=YES BYBEFH, (ps: repeat=NO FIFBHME )T timer K7EIRS| A
ZEMITH! )

- (IBAction)test0l:(id)sender {
dispatch_async(self.concurrencyQueue2, *{
NSLog(@"[1] %kFE: %@", [NSThread currentThread]);
NSTimer *timer = [NSTimer timerWithTimeInterval:1l repeats:YES
block: " (NSTimer * Nonnull timer) ({
NSLog(@"timer ERES");
1


apple-reference-documentation://hcVXEPtYGA
apple-reference-documentation://hcChQUeJuZ
apple-reference-documentation://hcNxrNoLOP
apple-reference-documentation://hcVCAfekYt
apple-reference-documentation://hc3jvcW4n6

// HEI%FEEBHE runloop FIAAERIZRIMEMITHY

NSRunLoop *runloop = [NSRunLoop currentRunLoop];

[runloop addTimer:timer forMode:NSDefaultRunLoopMode];

[self performSelector:@selector(perform) withObject:nil afterDelay:0];
[runloop run];

NSLog(@"[3]");

RunLoop AR E RS-

/*

kCFRunLoopEntry = (1UL << 0),1
kCFRunLoopBeforeTimers = (1lUL << 1),2
kCFRunLoopBeforeSources = (1lUL << 2), 4
kCFRunLoopBeforeWaiting = (1lUL << 5), 32
kCFRunLoopAfterWaiting = (1lUL << 6), 64
kKCFRunLoopExit = (1lUL << 7),128

kCFRunLoopAllActivities = O0xOFFFFFFFU
*/
static void addRunLoopObserver() {

CFRunLoopObserverRef observer =
CFRunLoopObserverCreateWithHandler (CFAllocatorGetDefault(),
kCFRunLoopAllActivities, YES, 0, " (CFRunLoopObserverRef observer,
CFRunLoopActivity activity) {

switch (activity) {
case kCFRunLoopEntry: {
NSLog (@ "Bli§# AN\ runloop");

break;
case kCFRunLoopBeforeTimers: {

NSLog(@"EMfEE timers ZBEI");

break;
case kCFRunLoopBeforeSources: {
NSLog(@"Sources HH4REI");

break;
case kCFRunLoopBeforeWaiting: {
NSLog (@"RunLoop BIEHANIRER");

break;
case kCFRunLoopAfterWaiting: {
NSLog (@ "RunLoop MREE/E");

break;
case kCFRunLoopExit: {
NSLog(@"IBH");



break;
default:

break;

})i

// XEB CFRunLoopGetCurrent BIZE 7T HEIZTEMN runloop WH

CFRunLoopAddObserver (CFRunLoopGetCurrent (), observer,
kCFRunLoopCommonModes) ;

CFRelease(observer);

- (IBAction)test0l:(id)sender {
dispatch _async(self.concurrencyQueue2, ~{
NSLog(@"[1] %4FE: %@", [NSThread currentThread]);

NSTimer *timer = [NSTimer timerWithTimeInterval:1l repeats:NO

block:” (NSTimer * _Nonnull timer) {
NSLog (@"timer ERES");

1

addRunLoopObserver () ;

// HEIETEREFE runloop FIMANTGIERZIMNENITH

NSRunLoop *runloop = [NSRunLoop currentRunLoop];

[runloop addTimer:timer forMode:NSDefaultRunLoopMode];

[self performSelector:@selector(perform) withObject:nil afterDelay:0];
[runloop run];

NSLog(@"[3]");
)i

SEGL:

e Runloop5performSelector
AEl{EL IR IRIE

SRFREMENLERERE, MMNERSIRMERT "while(1)’ BESZM—ELERE, 4K
AFEILAT 5 {Bi0S B4 runloop, FIMBATMIEMAZEEZE. TODO: CiESERANANCSEIM
LRRMMIRE.

runloop LR ERIIRMEE SIRELIE, XEIE timer, source0, sourcel E,
FRABU ™M AER, BA—:

NSTimer *timer = [NSTimer timerWithTimeInterval:1l repeats:YES block:" (NSTimer
* Nonnull timer) {

NSLog(@"timer EMRES");
1
NSRunLoop *runloop = [NSRunLoop currentRunLoop];

[runloop addTimer:timer forMode:NSDefaultRunLoopMode];
[runloop run];


https://juejin.im/post/5c70b391e51d451646267db1

AR

NSRunLoop *runLoop = [NSRunLoop currentRunLoop];
[runLoop addPort:[NSMachPort port] forMode:NSDefaultRunLoopMode];

[runLoop run];

AR=:

- (IBAction)testRunLoopKeepAlive: (id)sender ({
self.myThread = [[NSThread alloc] initWithTarget:self
selector:@selector(start) object:nil];

[self.myThread start];

- (void)start {
self.finished = NO;
do {
// Runs the loop until the specified date, during which time it
processes data from all attached input sources.
[NSRunLoop.currentRunLoop runMode:NSDefaultRunLoopMode beforeDate:
[NSDate dateWithTimeIntervalSinceNow:0.1]];
} while (!self.finished);
}
- (IBAction)closeRunloop: (id)sender {

self.finished = YES;

- (IBAction)executeTask: (id)sender {

[self performSelector:@selector(doTask) onThread:self.myThread
withObject:nil waitUntilDone:NO];
}

- (void)doTask {
NSLog (@"H{TESELTE: 2@", [NSThread currentThread]);

If no input sources or timers are attached to the run loop, this method exits immediately
and returns No; otherwise, it returns after either the first input source is processed or
limitDate is reached. Manually removing all known input sources and timers from the run
loop does not guarantee that the run loop will exit immediately. macOS may install and
remove additional input sources as needed to process requests targeted at the receiver’s
thread. Those sources could therefore prevent the run loop from exiting.

FRA EEM AR FHIERE, RERER, runloop HIEFMKIEE T, BEERAE T —while
(Iself.finished), FRLAEEFIRH->#E->EH-> i,



Note: 2R runloopHi&ELIEEH, XE—BRREHAGKErunloop, MERET

[ [NSRunLoop currentRunLoop] runMode:NSDefaultRunLoopMode beforeDate: [NSDate
distantFuture]]; tﬂ,xﬁﬁ BENITE—IX [self performSelector:@selector (doTask)
onThread:self.myThread withObject:nil waitUntilDone:No], HBAREFMEE
[NSRunLoop.currentRunLoop runMode:NSDefaultRunLoopMode beforeDate:[NSDate

dateWithTimeIntervalSinceNow:0.1]] X—177,

KVO (Finished)
[@ runloop —#f, XEIFECHIENRS T, B L NERE G-

1. L FEE

KVO &R EZEobserved I RENSBIE— A-.T-?'é, X NSKVONotlfy:Lng BREE, REBNRN isa
IBEHIEMMNTFE, BENES class A%, RERTENSR, XEFEIINPMERI T ERXESMEEN
ZEMsetter 535, R—=E—1THE, AERASESREA willchangevalueForKey
didChangevlueForKey /5%, HE—THMEREMHLENEZZHI, willChangevValueForKey: —i&
WA, XM SicxIBE, MERTRLES, didchangevValueForkey: S#EIEAH, 4

observeValueForKey:ofObject:change:context: WA,

AN
=

Person
Class¥ &

isa
NSKVONOotifying_Person
Classii & superclass -[Person setAge:]

setAge:

Person 154 ;
instance¥ & superclass
-[Person age:]

setAge:

class Foundation

NSSetIntValueAndNotif
dealloc = y

_isKkVOA
return
class_getSuperclass(object_getClass(self))

ABLANEINE EEAYARE? REE, EBruntime BIA], MXABEREXE:

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

self.teacher.numberOfStudent = 10;


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

NSKeyValueObservingOptions options = NSKeyValueObservingOptionNew |

NSKeyValueObservingOptionOld;

RuntimeUtil *utils = [RuntimeUtil new];

[utils logClassInfo:self.person.class];

[self.person addObserver:self forKeyPath:Q@"age" options:options

context:nil];

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

[utils logClassInfo:self.teacher.class];

[self.teacher addObserver:self forKeyPath:Q@"age" options:options

context:nil];

[self.teacher addObserver:self forKeyPath:@"name" options:options

context:nil];

[self.teacher addObserver:self forKeyPath:Q@"work" options:options

context:nil];

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

XE object getClass() H,i;EI)”bmWE—"F, MRERER .class ﬁB/AjU%EZEEﬂ, IR[E]8Y
BRANRMENR, MEEA runtime 7ENEIEIRET isa 18,

Class object getClass(id obj)

{

if (obj) return obj->getIsal();

else return Nil;

B AEHLrINER FERES T NE M setter/5iA:

2020-03-25 23:11:00.607820+0800 02-25-KV0O[28370:1005147]
(NSKVONotifying Teacher) INFO
2020-03-25 23:11:00.608190+0800 02-25-KV0[28370:1005147]

OUTPUT:NSKVONotifying Teacher properties ====
2020-03-25 23:11:00.608529+0800 02-25-KVO[28370:1005147]
OUTPUT:NSKVONotifying Teacher Method ====

2020-03-25
2020-03-25
2020-03-25
2020-03-25
2020-03-25
2020-03-25
2020-03-25

23:11:00.608876+0800
23:11:00.609219+0800
23:11:00.646713+0800
23:11:00.646858+0800
23:11:00.646971+0800
23:11:00.647088+0800
23:11:00.647207+0800

02-25-KVO[28370:1005147]
02-25-KVO[28370:1005147]
02-25-KVO[28370:1005147]
02-25-KVO[28370:1005147]
02-25-KVO[28370:1005147]
02-25-KVO[28370:1005147]
02-25-KVO[28370:1005147]

method
method
method
method
method
method

name:setWork:
name:setName:
name:setAge:
name:class
name:dealloc

name: isKVOA

SN



REm: BRAAXERE KVO Z2E, setXXX FiAEMIEAA NssetBoolValueAndNotify.
_NSSetCharValueAndNotify, NSSetFloatValueAndNotify., NSSetLongValueAndNotify
EFHE, BE@ runtime $TE0 method 277, JEM SEL 22—/, {BRZ IMP #IRE T,
KT IRIBRYSEIEARLE], TODOF,

2. WN{aFEhxHkvo

KVO #l KVC BXZOXKZ, XEFRFRPEREEROXMEENR,

+(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"];
_name=name;

[self didChangeValueForKey:@"name"];

3. BEKVCENEEESHMAKVOA
SRlA KVO #B1E, KVCIMESFEIIINAY getter § setter A, WRARRIXE, AR

+ (BOOL)accessInstanceVariablesDirectly {

return NO;

GNSRIR[E YES, HBARTUEERENLHEE,

e KVC ifFH getter jifE: getKEY, KEY, isKEY, KEY, IZERXHITE KEY, isKEY, KEY,

iSKEY;
e KVC M setter fif2: setkEY #fl setkEy, LHIT=Z|N/F KEY, isKEY, KEY, isKEY, ;&

WEIFMIEAA setvalue: forUndefinedKey:



setKEY —1

YES

T

Ne }—’ AR 7% DONE
YES

ceVariablesDirectly

NO
YES
EHEGIER: _KEY
T
NO
Y YES
setValue:forUndefinedKey: EHEHITR: _isKEY 4]
YES
[y [ RELI AL 6| E DONE
NO
* YHS

HHHITE: KEY —Ves

T
NO
Y

EHEGIZR: isSKEY

! ]
:

r— getKEY
iablesDirectly
YES
T 5 (
VAL /5% DONE 44 No LS
v YES
YES
L KEY
ENREHTR: _KEY —
NO r
NO
¥ YES
ISKEY |
valueForUndefinedKey EREHIER: _isKEY ~
No YES
T ps i DONE
KEY NO
- ¥ vds

4. LS R TERkvoR AR, BABBIFEER

1. dealloc ;'xBEBkF kvo MEE, BRAR: BIB—THENR, BEEAETERENURE, AE
deallocIHMEAMBHRMNESE, MERERHETENRN, BARERKT, FENREENR



T, dealloc BN E T ;

2. ZREERRE—TREM, BIRTRIMOURE

3. WUIRERAIWEN, WUREE dealloc RHDAEME KVO, SHERGE. HlWl: HURERS
ELERIER (I0S 10 RZEI=AR5R) il weak ;

4, W7 MERZE, {BRLH observevValueForKeyPath:ofObject:change:context: /1%, S
ARG

5. RIS EFEPRAY keypath == nil, S EE&R;

DATFERAREB IOSHKL: [Crash BAiFERZ (Z) KVO B —X,

BRHE—:

FBKVOController 3 KVO #l#li#1T 7T E/MI—BE1%E, ERTERIUEMERNBHENESE, TR
7 block & selector AN AFATHITMERLIE, AJEIANE, FBKVOController AFAIRIF &1
HTRRVEFNME, BERENTS, ZMAANIERBIENMLERA, DK ERIBISERESIZY
REIAARERXM AR,

BRAR—:

1. B5%7 NSObject EBII—"19 2, FJA Method Swizzling, SIIEENXK

BMP_addObserver:forKeyPath:options:context: . BMP_removeObserver:forKeyPath:

. BMP_removeObserver:forKeyPath:context: . BMPKVO dealloc /)%, FARBIRRRIRE
RIS R SR E T3 IEMISEI

2. REENREBNRUESE ZBEEIL— KvoDelegate WK, MELZ[AREI KvoDelegate XK
BIUBAR. REERINFBERIRIER, 1§ KVO BBXEEHI20
observer . keyPath . options . context {R{FN KvOoInfo XH , FHRINZE KvoDelegate
HH PN B XRBHR F, YUFEENRIMEE., RRAREROEIELEN: (keypath :
[KVOInfo X1, KvOoInfo &2, ... ]}

3. E/ﬂﬁﬂﬂ*ﬂ@ﬂ%ﬁ%{’ﬁﬂ"]ﬁﬂi, *Uﬁﬁ KVODelegate PUES ﬁﬁgt, TEEIEE"]WJ%%Q% KVODelegate
Mg, MAFEMBEFNFERBMAETHNE, BH Kvobelegate WH D AIFEENINRE L,

4, WMMTEN: BEXAREXRFAMEZEERM, RRM—RK.

5. BRRMREN: BIXRARERELELHTIBMRERE, BRZIREMR,

6. MERENEN: FEFBIXRBRHRRAMT, FATREIRIFEHNRE L,

BRAR=:

XXShield £ 5 EH BayMax ZEEEM, BEFIA—1 Proxy WRAXMEEL, BENIRER
Proxy, #WISRELITEEEE, H Proxy o &k. AEARESAZ Proxy EHEREFHNATIRERE
%, RRET _observed (HEMEH) HXARBHER, XTXRBERPRYUIFT keypath
observer X R,

KARIEHRBIELEN {keypath : [observerl, observer2 , ...](NSHashTable)} ,

XXShield 7£ dealloc B 7 R LUG S RURERBIRIZNERE, SEIXABUIELEMN _observed ,
RERRREBHFURERIEZIN,

5. kvol9{iER=
s
1. EATRIHER: NEEER


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

2. XEZTURENEE—EYE, FEF-TAEEERTEEL.

3. FAARAZEXUEMEZH T REZBHNAR, RACEHREFT, AKXBDALIES;

4. BERSRIIEFRAICIZMN SR, EINESRARSHEELNILN, MEATERTATLIIER (SDKIT
R) WY

5. BEBRENENEMNSHEMNKRICHIE;

6. Fikey paths>3 kM REH, ELtH I MUMRBRENR;

7. TR THURNRIHSR, BANEEZGIMINEBERADITFINREEBHEME

R

1. NMRPEMRERRDE (FFHE) , BESNIAaENEBESUREE;
2. HFAFR—TWRFTARBENER, FAINEHE—ENASES, ST if-else if -
else DXAEBIER;

References:

IOSEEERIB LRS- SRANIBEZ KVC\KVO SCIRATLH
iOS FFA&: [Crash BAEIFZEZL (Z) KVO B3P
ValiantCat / XXShield (55=74E%2)
JackLee18 / JKCrashProtect (5 =7/51E42)

# 25 -- i0S APPI{THY Crash B&hig s

7. Block(#JhR)

1. block RIAERSEIL, FEMIRZE AR

block B 2— 1%, £EDHN Imp (K 1 Desc K, B clang -rewrite-objc < E
oc KIZEE R c++:

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

}i

struct _ main block impl 0 {
struct _ block impl impl;
struct _ main block _desc 0* Desc;
__main block_impl 0(void *fp, struct _ main block desc_0 *desc, int
flags=0) {
impl.isa = &_NSConcreteStackBlock;
impl.Flags = flags;
impl.FuncPtr = fp;
Desc = desc;
}
}i

ESc++RERBPBAER, IMIMERBREN, ¥ IR EAEELFIE?


https://juejin.im/post/5c2189dee51d454517589c8b
https://juejin.im/post/5d67b720f265da039a289bb4
https://github.com/ValiantCat
https://github.com/ValiantCat/XXShield
https://github.com/JackLee18
https://github.com/JackLee18/JKCrashProtect
https://neyoufan.github.io/2017/01/13/ios/BayMax_HTSafetyGuard

2. block2ENG, HIHfLER

—fi%, blockB=%: NSConcreteGlobalBlock, NSConcreteStackBlock.
_NSConcreteMallocBlock, 1R#EBlock3 TSR ENIERFTAMEIBEX AR MmEHITXS,

1. #% L Block, 5IATH# LETE, £GAMHBARREGN, —EMBEEREER, MEATEHR
7,
2. #EF Block, {8 copy 5% strong (ARC) THiMi%Block # MEI# k.
3. 2/§ Block, F5|BEEAt#k LZERHEERBlock;
3. =T int WEW _ block BISTAIXFI? blockRIZEEEIR

1B copy M3#E%+ copy, _ block EMAYIERIFE block REMEREZE, ERNEANE intZEM
it
SMBEERMNMEL: BT E. HILTE. BSERTE. 2REE.
ERESNFHSEF/LER block FE2EES AN, THEEBIEMEENIEH;

R E/ 755 static FESTER BIEEblock{R7E THEE, WMTMHAE:

int a = 1;
static int b = 2;

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

int ¢ = 3;
static int d = 4;
NSMutableString *str = [[NSMutableString
alloc]linitWithString:@"hello"];
void ("blk)(void) = "{
a++;
b++;
d++;
[str appendString:@"world"];
NSLog(@"l-—————————= a = %d,b = %d,c = %d,d = %d,str =
%@e",a,b,c,d,str);
}i

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

NSLog(@"2——————————— a = %d,b = %d,c = 3d,d = %d,str =
%@",a,b,c,d,str);

blk();

return 0;

BERY o+ {URD:



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

void *FuncPtr;

}i
int a = 1; // < NOTE
static int b = 2; // <c————mmmmm———— NOTE

struct _ main block_impl 0 {
struct _ block impl impl;

struct _ main block _desc_0* Desc;

int *d; [/ <mmmmm e NOTE
NSMutableString *str; 1l femocooocoooonomooos NOTE
int ¢; // <———mmmmmmmm - NOTE

__main block_impl 0(void *fp, struct _ main block desc_0 *desc, int *_d,
NSMutableString * str, int ¢, int flags=0) : d(_d), str(_str), c(_c) {
impl.isa = &_NSConcreteStackBlock;
impl.Flags = flags;
impl.FuncPtr = fp;
Desc = desc;
}
}i

static void _ main_block func_O(struct _ main block_impl 0 *_cself) ({

int *d = _ cself->d; // bound by copy
NSMutableString *str = _ cself->str; // bound by copy
int ¢ = _ _cself->c; // bound by copy

at+;

b++;

(*d)++;

((void (*)(id, SEL, NSString *))(void *)objc_msgSend) ((id)str,
sel registerName("appendString:"), (NSString
*)& NSConstantStringImpl var folders 7 3g67htjj481l6xmx71tbp2ntc0000gn_T
_main_150b21 mi_1);

NSLog( (NSString
*)& NSConstantStringImpl var_ folders_ 7 3g67htjj481l6xmx71tbp2ntc0000gn_T
_main 150b21 mi 2,a,b,c,(*d),str);

}

static void _ main_block copy O(struct _ main block impl 0*dst, struct
__main block_impl O*src) { Block object assign((void*)&dst->str,

(void*)src->str, 3/*BLOCK_FIELD IS OBJECT*/);}

static void _ main_block dispose 0(struct _ main block impl_ O*src)

{_Block object dispose((void*)src->str, 3/*BLOCK FIELD IS OBJECT*/);}

static struct _ main block desc 0 {

size t reserved;



size t Block_size;
void (*copy)(struct _ main block impl 0*, struct _ main block impl 0%*);
void (*dispose) (struct _ main block_impl 0%*);

} _ _main block desc_0 DATA = { 0, sizeof(struct _ main block impl 0),

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 registerName("alloc")), sel registerName("initWithString:"), (NSString
*)& NSConstantStringImpl var_ folders 7 3g67htjj4816xmx71tbp2ntc0000gn_T
_main_150b21 mi 0);

void (*blk)(void) = ((void (*)())&_ main block impl 0((void
*) main block func 0, & main block desc 0 DATA, &d, str, c, 570425344));

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
*)& NSConstantStringImpl var_ folders 7 3g67htjj4816xmx71tbp2ntc0000gn_T
_main_ 150b21 mi_3);

NSLog ( (NSString
*)& NSConstantStringImpl var folders 7 3g67htjj481l6xmx71tbp2ntc0000gn_T
_main_ 150b21 mi 4,a,b,c,d,str);

((void (*)(__block impl *))((__block impl #*)blk)->FuncPtr)
((_block impl *)blk);

return 0;

4. block EfEE4 NsMutableArray , EABERIM _ block

REE, K5 block BEFFL#EIAT NSMutableArray $85t, BRIERESHUEHERNNS, MiX
BIREREERAFEIE, XM AAZELE NSMutableString,

5. BABITREFEERN
static void * Block copy internal(const void *arg, const int flags) M void

_Block release(void *arg)

#EFFIOS Block[RIBIRF AR EIA 5| FHAY[E)RR —3Z,

6. block A]LAH strong {&1H15


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

ARC SR {lL2R] BARY, strong I copy RUIRIEER @54k Lblock #E1ZE E, TODO: AT,
7. BRREIAS| BTN AER _ strong. _ weak 181fi
__weak FiEN T retainCycle, fMblock A& _ strong M EEERAE retain 58 HAIN R
H—LEIRME, BREERIEE.
8. block KR4 copy Ff#l
block M#% L8 IZ# L FIER :

T FBlockicopy /5%

$EBlockfE R EUREERT

¥8BlockIR{ELA_strongfB it 25 BlockE B Y A T 20T
mCocoatEZe & B usingBlockiY /5 A8 E GCDRIAPIE % Block S 21 B
9. Block JFIEFTHREEIA autoTE BF, 7E ARCHIMRC THHAXF!

h. 3%z

O O O

o

ios FRFEZIRENLIE? DHlXILE

e NSThread, 81 NSThreadW&RIN—"1 %2, EARE, BEKNFE— runloop fRi&E, A
BEEERINEE XsourceOiFa & perform onThread R#HITIAM, MRRER, FAEE, ##
R RTEECEELENEGRER, K&, BINESLIZED, el ERMRE,

e GCD: Grand Central Dispatch (k&) RETFCESHIEZL, JURLFIRAZ%, BRERIEEE
R ZEERA

o fim: GCDEIZIAEKE, MNSOperationQueuellEEZRIMER, FTLAGCDTEEXRMEHENEKE
BRIERR, BERERIRE, BEHIA
o fRR: BREZEINESME, IiFT, KR, GCDREHCEESNIBREII
® NSOperation

o fim: {EREMXEREMIET operation £, MARELEENE,

" SSERENRZEMKERR, HEEHEIRATIE.
» XEFPNENTERIR, ERERENERESTHENT.
" SEERKVOBAE AR ERITIRSRIZELL.
" SFIRERENMER, MR ENRENRATIRE.
» TEFBUBRIE, AWGERERITREEERE,

o RR: SRR, MEBEHEER GCD KifE—L;

GCD BIFLERATY, ERIAIRAEMHPLERAS

Grand Central Dispatch(GCD) R &


https://www.jianshu.com/p/8cb4f395d2c4

oz

BAB .
ﬂ
051 (main queue) 2 (RIIENISDETIAENT, MEsEes—RBTF U
. 7 ISR, RTINS ANED AR,
eI EIEIN . .
%&%%£:§?bw % Apple MIECHRERARENT, FMRRNGEAES
20 O £ RS XEEASIRE— S
background)
T 1 SMESNETARIT, BXEETEER; 2.3
B % A MESIUFTHRINGT, (BFEEGIhE R R RE

ST

R H S

Gep FIFfLE 75 i%kapi

// #OIZ, ZIJLTKERN
// 1. dispatch sync
// %32 A AF someMethod AJA
- (void)someMethod {
// B
dispatch_sync(<#dispatch queue t Nonnull queue#>, <#" (void)block#>)

/] BTERY, LEASHWEE
[self doOtherThing];

// 2. dispatch async
// %32 A AF someMethod AJA
- (void)someMethod {
/] B
dispatch_async(<#dispatch queue t _Nonnull queue#>, <#"(void)block#>)

/] BTFEFY, SEATSWEE
[self doOtherThing];

// 3. dispatch after

// %% A 1HH someMethod Fik

- (void)someMethod {
dispatch_after(dispatch_time(DISPATCH _TIME NOW, (int64_t)

(<#delayInSeconds#> * NSEC_PER _SEC)), dispatch get main queue(), "{

<#code to be executed after a specified delay#>

}):



// 4. dispatch once
static dispatch once t onceToken;
dispatch_once(&onceToken, *({

<#code to be executed once#>

)i

// 5. dispatch barrier sync # dispatch barrier async
/7 EAETIASEIIE S
// %72 A R someMethod /%
- (void)someMethod {
// BE
dispatch barrier sync(<#dispatch queue t Nonnull queue#>,
<#" (void)block#>)

// BTREY, AREAREEE
[self doOtherThing];

// 6. dispatch apply
/1 BITHAHES
- (void)serialDoSomething {
for(int idx=0; idx < 3; idx++) {
// REBRIULEEE L THE R

downloadPic(idx);

/! HRAERMES
- (void)concurrencyDoSomething {
dispatch apply(3, dispatch get global queue(DISPATCH QUEUE PRIORITY HIGH,
0), “(size_t idx) {
// BFTFHEEARZERBEGRR, RAFHKNETH
downloadPic (idx);

})

7. Dispatch Groups &&

XES|IN"A(group)E, SRAFIARE, EEAMMAZIEFIES(task), AUZHTHRITHAHITH
17, FARBEEEMEAGI, HAFRBEESTRZE, FBAMRXNER. TEZ/LTERZO:

® dispatch group t group name = dispatch group create(); S —4E

® dispatch group enter(<#dispatch group t Nonnull group#>) #
dispatch group leave(<#dispatch group t Nonnull group#>) , “MIN'FI"BHF"=Z—
X, FiiFtbObjective-C NTEEIE—F, HIHFH(retain )IEREM(release)

® dispatch group wait(<#dispatch group t Nonnull
group#>,DISPATCH_TIME FOREVER) PHEZRI%FE, FHFESHPNAABESHITRE.



® dispatch group notify(<#dispatch group t Nonnull group#>, <#dispatch queue t
_Nonnull queue#>, <#"(void)block#>) FI3A[E, HAFNEIHITTE, ¥ block FH
DOIANEIBAT queue H1T,

=

8. Semaphores 5 &

dispatch group t group = dispatch group create(); /71
dispatch_semaphore_t semaphore = dispatch_ semaphore create(10); // 2
dispatch queue t queue =

dispatch _get_global queue(DISPATCH_QUEUE_PRIORITY DEFAULT, 0); // 3
for (int i = 0; i < 100; i++)

{
dispatch_semaphore_wait (semaphore, DISPATCH_ TIME_FOREVER); // 4
dispatch group async(group, queue, ~{
NSLog(@"%i",i); // 5
sleep(2);
dispatch semaphore signal (semaphore); // 6
)i
}

dispatch group wait(group, DISPATCH TIME FOREVER);// 7
NSLog (@ "FiB1ESTR") ;

GeD 4512 & ERATIIX R

PAFIELSERA R — T RGN, ERAFIHTZEHTTBAY, FRIANBAZIFRY task =&
AT (EREMAIIt AT RERIRR B ELTZNT

AfEsEEY, BSPAAMIRSD

1. dispatch_sync
2. dispatch_group,
3. dispatch_semaphore

KR ELA2H

dispatch once IR

void
dispatch once(dispatch once t *val, dispatch block t block)
{
dispatch _once_ f(val, block, _dispatch Block invoke(block));

void
dispatch _once_ f(dispatch once t *val, void *ctxt, dispatch function_t func)
{
#if |DISPATCH ONCE_INLINE FASTPATH
if (likely(os_atomic_load(val, acquire) == DLOCK_ONCE_DONE)) {
return;



}
#endif // !DISPATCH ONCE INLINE FASTPATH

return dispatch once f slow(val, ctxt, func);

static void
dispatch _once f slow(dispatch once t *val, void *ctxt, dispatch_ function_t
func)
{
_dispatch _once waiter t volatile *vval = (_dispatch_once_waiter_ t*)val;
struct _dispatch _once waiter s dow = { };
_dispatch_once _waiter t tail = &dow, next, tmp;

dispatch_thread event_t event;

if (os_atomic_cmpxchg(vval, NULL, tail, acquire)) {
dow.dow_thread = _dispatch_tid self();

_dispatch client callout(ctxt, func);

next = (_dispatch _once waiter t) dispatch once_xchg done(val);
while (next != tail) {
tmp = (_dispatch once waiter t) dispatch wait until(next->dow_next);

event = &next->dow_event;
next = tmp;
_dispatch_thread event signal(event);
}
} else {
_dispatch thread event init(&dow.dow event);
next = *vval;
for (;;) |
if (next == DISPATCH_ONCE DONE) {
break;
}
if (os_atomic_cmpxchgv(vval, next, tail, &next, release)) {
dow.dow_thread = next->dow_thread;
dow.dow_next = next;
if (dow.dow_thread) {
pthread priority t pp = _dispatch get priority();
_dispatch_thread override_ start(dow.dow_thread, pp, val);
}
_dispatch_thread event wait(&dow.dow_event);
if (dow.dow_thread) {
_dispatch thread override end(dow.dow thread, val);
}

break;

}

_dispatch_thread event destroy(&dow.dow_event);



LR libdispatch-913.60.2 fYSLH, HE R, FAARK T FIRARAMEMAERFEZEED T

void dispatch_once f(dispatch once t *val, void *ctxt, void (*func)(void *)){

volatile long *vval = val;
if (dispatch_atomic_cmpxchg(val, 01, 11)) {
func(ctxt); // blockBEIEHIT

dispatch_atomic_barrier();

*val = ~01;
}
else
{
do
{
_dispatch_hardware pause();
} while (*vval != ~01);
dispatch_atomic_barrier();
}

\

1. AFRPER T dispatch atomic cmpxchg, E%—/I\?EEX, [REY

N __sync_bool compare and swap((p), (o), (n)) , XieLockFreeZ8¥CASHI—FM[RFi%
ENLE, RIEME tRp==0, BAIEPpIREAN, ABEREtrue;FN, FHEELIEREIfalse
2, EZSEBEWHED, URE—EEAEREN dispatch_once £, val==0, XTHMREZIEHE
IR FHRIEIR N1, BEHITIEA dispatch once f Hblock, /=18

JH dispatch atomic barrier, &m/5iFvalByEIERN~0,

3. dispatch_atomic_barrier E—MARRERE, MBANTFHERE, MULERAERR, SRAXE
ITOEE RN, MNBREBERM, MEARBARINFE—EEEEN, FESRIAEESITELABRT
IGizS, HBBRAEREIFNTIE, MEBEA—TRNERRE, MESTEHRREZES, FEIENES
A geanfEl, HiFatiEsE, REZFREERNESHITRT, REGNEISTEEFENIT. FIX
B dispatch_atomic barrier BEfRIER BTEblockiiTREEG 7 BEIE X *valiE .

4. TETEREARITblockiIfFEH, MREEMNLIZHFH A dispatch_once_£, BBAXTEHMEIf
MR T —E R Elfalse, FEEEI Telsen, FREMNIT T do~whilefgF, EFFHET
_dispatch_hardware pause, XBETIRSMEENTECPURERE, pauseRiffnop, THIEE
MEEEEENER., BERETEEELEblockiiTRER S *vallgih~0,

F dispatch_atomic_barrier [FiBH, XABRHEENLIEETTENITblockry, XFMARIET
£ dispatch_once_f MIblockBUMITRIME—14, E AR FIHZEM—RY,

dispatch_onceZE i

FEHIAT: 1. EEETI0RARGA, BAINREGEBRNEREA, TE2EA
dispatch_once(&token, block()#J#aft 8 fl, 2. EiRblock()FAIENTREGER T
dispatch_sync_safe, EIFET2LIEHITRES 3. T2EREEMTNENRAEEZRAARRFIA,
BaERIAAdispatch_once, 4. XEFT14IZTESEblockITREE, BEREFST2EENITRE,
M2 R H 15T 142 dispatch_oncel{T585E, &M TIHE SR, MLl

FEHiIARN2: 1. REETI0RBREGIA, BRNBEGEBERNERRR, SEEH
dispatch_once(&token, block()#IiatEHl; 2. blockaJsEIEFZI T BifE, BRFEX AR TC
iz, CRETEEART RAIA, BEBRiAAdispatch_once; 3. XHEXER THEE S,


http://lingyuncxb.com/2018/02/01/GCD%E6%BA%90%E7%A0%81%E5%88%86%E6%9E%902%20%E2%80%94%E2%80%94%20dispatch-once%E7%AF%87/

FRATE(E RS B HREER:

o 1. MIAKEREHR, TEXER;

o 2 REBFRITELRER, BMOXAIEIREE KAV

o 3, BUIREZREMGR, TEREXMEL, SNXEBFH—BEMGEME—ESERRTEE
%#BSZ, ERAENRFRE.

AW GCD 7 dispatch_once
A Y A s
24157 TS5
SR IERATRIRE S TNEEOREENAMEENTR, SRXLELEFEATEFRRT, TiER

AT, SSEREERSAXNGMBENEIRN, SERFENARNER, WREEHAIHRBMAS
BRER, RBrrEsel,

AWML RBINZIES, DANABATEFRIERER

[I0S] KR0S Z AAZRI T — N E R IZIERTB L,

NSOperationQueue FHY
maxConcurrentOperationCount EIAE

BIMER -1, BOAMNSRKIRIEEHENSOperationQueueST RIRYE HEI R K4 EISHAE

NSTimer, CADisplayLink, dispatch_ source t

BIfiss

NSTimer

HR—:

O H: Creates a timer and schedules it on the current run loop in the default mode.

self.timer = [NSTimer scheduledTimerWithTimeInterval:2
target:self
selector:@selector(timerTest)
userInfo:nil
repeats:YES];

// FATRIAEE A0 T ORI ElcommonMode H

[ [NSRunLoop currentRunLoop] addTimer:self.timer forMode:NSRunLoopCommonModes];

AR


https://xiaozhuanlan.com/topic/7916538240
https://juejin.im/post/5a0a92996fb9a0451f307479

You must add the new timer to a run loop, using addTimer:forMode:. Then, after ti
seconds have elapsed, the timer fires, sending the message aselector to target. (If the

timer is configured to repeat, there is no need to subsequently re-add the timer to the run
loop.)

self.timer = [NSTimer timerWithTimeInterval:2
target:self
selector:@selector(timerTest)
userInfo:nil
repeats:YES];

[ [NSRunLoop currentRunLoop] addTimer:self.timer forMode:NSRunLoopCommonModes];

KT NSTimer B retainCycle [AFBMIBRARAISEHMNE., BRHER:

1. NSTimer ji—" category, #AELA block B9A EANER 28t & RTRIIMITIESS, Timer
target WALZE R Timer £ %R, MERREARZFFH, FTMUvc->timer->TimerZEN R i%H
R, (BREFEAEHRER weakSelf;

2. FR—THEITR WeakProxy, REMER—T weak BHZEIFH self, FIIIERFEX
Z3I{ ve->timer->weakProxy ---->vc, BFLAtIEBHZEL retainCycle,

NSTimer repeats &F NO BIRS{E, H1T5ESS, EAF2IEE) invalidated FISTEKT self 1Y
strong reference ,

THERRORRER -

/// NXH4#EO%AA: The timer maintains a strong reference to this object until it
(the timer) is invalidated.
[self.timer invalidate];

self.timer = nil;

TR NER—RMAE 2 E BRI timerfY TRl A E4A9RTE, S S5FIMANRunLoopil
RunLoop ModeBEx, fIRItRunLoop EEMIT—TELMEGE, timerfiSHERN AR, EEM
ItimeriBEXMIER, NMRIERBI T —1TER, WSELENSREILZNIT, HIREBZEIEENE
HAYR T,

CADisplayLink

Apple BIRMHI—1K, TENMBETHRRITRRERERZFESORFARFITERN,
B R 8] B PR AN E Y28 . FIVEM NSTimer Z4%, HAMEFTE retainCycle [a)&#, fFR
BREEL,

EE4REE:

- (void)displayLinkStart {
self.displayLink.paused = !self.displayLink.paused;


apple-reference-documentation://hcocJkO-uk

LER =
o ffirf: MITTRERERFINRMASMHE, FAEMERE ERERN, UERESMUIAET
RFTEHS, TEEXN RS, T REUk.
o fFhea:

1. BFRIETFRERFINER, ZERCPUNEERMZN T BEERIF, BABEMNNMEEHGHHES
SEIMERRZM,
2. selectorfifi & H9RY 8] 8] /8 R aER durationAIER (=44

3. selectorBMHMRATHARR BB ZIEMIEMILR

dispatch_source_t

- (void)createGCDTimer ({

/1] BIRTERSZS

self.timer = dispatch source create(DISPATCH SOURCE_ TYPE TIMER, 0, O,
dispatch_get main queue());

/77 RERK )RR E]

dispatch_source set timer(self.timer, dispatch walltime(NULL,0 *
NSEC_PER_SEC), 1 * NSEC_PER SEC, 0);

/// REEE
dispatch_source_set event handler(self.timer, ~{

NSLog(@"triggered");
})i

S

dispatch_source_create(){8x 5

S BX

type dispatchiR ] 2B A9 H 4

handle AR N BAR, R5IE0d, RNERITHE, FEENHENID
mask AJDAIRER AR, RMEIFEIER, itEMBERAZETA
queue BERFEN—TRA, FRGEFRENIMA DR (block)

dispatch_source_set_timer()tHxS %



S BEX
source dispatch_source_t
start BHER A RIEIRRET 8]
interval At 8] (8] &
leeway IREEE
g &5
//FiE
dispatch resume(self.disTimer);
/ /&2

dispatch_suspend(self.disTimer);
HER
dispatch_source cancel(self.disTimer);
F&E: dispatch_source_t —EEWIRENMATE, BNIESILEMEREI.

RER=

o i AZHFIrunloopModelIF5Nm;
o fRe: @AAZrunloopModetIgn, (BEREITIUNNARED Z B /EREY;

7. MEIEGHEX
1. AutoLayouth[RIE, (EEEUN(

SEYE: Autolayout HFRIBHEE
2. UlView & CALayerfJX 3l

e UlView Jy CALayer IREAE, MRASZGEMEZESZEMY, S50
e CAlayer AT ERAZA contents

o H—HERTREN

3. E1{4-Mm Kz 5k


https://www.dazhuanlan.com/2019/10/05/5d97e8f15427d/

| SR

UlApplication

UIWindow

hitTest:withEvent:

v

Subviews
1

UlView UIView EHibREZHAUIView
T

pointinside:withEvent:

B/ =E®

RIERER S EE

[

EFEh

hit = [ sub hitTest: p withEvent: e ];

. <hit=ni>

YES

ER



v.hidden &&
v.userinteractionEnabled &&
v.alpha > 0.01

[v pointinside:point

withEvent:event];

for(int i = v.subviews.count - 1;i >=0; i-)

sv = [v.subviews(i] hitTest:point withEvent:event);

retum sv;

I return v,

Stop

ret

nil;




x
V

UIView

YV

submit m—> UIViewController
|
|
\

Text:

Next

responder
me= Delegate UIApplication UIApplicationDelegate
4 s

drawrect & layoutsubviewsif 4

[ [UIView setNeedsDisplay] ]

[view.layer setNeedsDisplay]

v

[CALayer display]

layer.delegate respondsTo
@selector(displayLayer:

YES NO
v v
SERFIAL \ ROtz
| |
v




[ CALayer creates backing J
store(CGContextRef)

ayer has a delegate ?
YES

NO v

J [layer.delegate
drawLayer:inContext:]

[CALayer drawInContext:]

[UIView drawRect:]

[y
. CALayer uploads backing
store to GPU

ra

layoutSubviews

SEYE: layoutSubviewsHdrawRectiF AR

initylIA Tt A=kt &layoutSubviews,
addSubviews & layoutSubviews,

R— T UIScrollViews| ZUIViewl I E i fr B Sl & layoutSubviews,
hEk&Screen&fifl & R UIView_E#JlayoutSubviews S 14,
HiZAHF setNeedsLayout & layoutlfNeeded,

A L T o

® setNeedsLayout *ﬁlﬂﬁ%%i%ﬁﬁﬁ SHEAR layoutIfNeededFJEﬁ'—r*ﬁ}Ej ;f::ZE\[]FJEJEﬁ T:l_:

T—#runloopZERETRIFT, X FIX—% runloop ZAMIFIE BV LHNEHRESRIF—
VR, layoutSubviews —E=KIEH,

® layoutIfNeeded WRBEZERIFAIINC, IENEAME layoutsubviews #H1THE (MRILEIR

12, A=A layoutSubviews ) ,

4. RINENE & BRE)E X5

A% B I0SEE-CALayerfE R E &

RRIlzhE, FEREATFIMENMRIETANERENERT, XXZCALayertI— 1 AIMERIERES,

BESCILENER o

1. 5%

KE—PUIViewtIFrame& Rl & layoutSubviews, HEARREframefIEIRBRIERE T T,

G


https://blog.csdn.net/wangyanchang21/article/details/50774522
https://cloud.tencent.com/developer/article/1418000

£55, HXRECore Animation AR BE—RIIBEEESHNE, BIIEEESKAZRENAE
B, JREZHHAZUZNREZMR, MEESSHIRRNIHET BEe)— B EEIFE. EEq]
M= ERE R RIS = HRINEE TR ES.

//1.EERERIAN

+ (void)begin;

/72 . EE R

+ (void)commit;

//3 B HR1E SHEERT 8]

+ (void)setAnimationDuration: (CFTimeInterval)dur;

/74 ZRERH RIS SSHIRNE T [8]

+ (CFTimeInterval)animationDuration;

/75 . FESBIERISRH—T T AIENE
+ (void)setCompletionBlock: (nullable void (") (void))block;

MEBXREZRERAsNE, HXZECore AnimationFEE MRunLoop AR SEMAR—/RFINES, HN
BIRAEXAIER[CATranscation begin] FFIa—/RE 55, FAIFE—/RRunLoopiafTHY BB MR
M EPRER, MITERIN0.25FRIENE,

BEESKIEERE:

[CATransaction begin]; //Ai%

/ /1R ENERATHE]

[CATransaction setAnimationDuration:3];

/72 REMEHATREEIRIE: BBHEZEBIREIE

[CATransaction setCompletionBlock:"{
CGAffineTransform transform = self.colorLayer.affineTransform;
transform = CGAffineTransformRotate(transform, M PI 2);

self.colorLayer.affineTransform = transform;

Y1

CGFloat red = arcd4random() % 255 / 255.0;

CGFloat green = arcé4random() % 255 / 255.0;

CGFloat blue = arc4random() % 255 / 255.0;

UIColor *randomColor = [UIColor colorWithRed:red green:green blue:blue
alpha:17];

_colorLayer.backgroundColor = randomColor.CGColor;

[CATransaction commit]; //H#%

2. BIB1TH



BN LRI RE— MR EE, NREETUIViews & CALayer < BB ElayeriiEmE R4,
X2 ERIAENRN, ﬁﬁﬁimwmAmmmmﬁ%ﬁEMMwmﬂuFﬁm%TﬁTﬂu,
BUIViewiEEXBHEBHNX MFHLE XA T, A TEFNERY—=, RNEEMNERIHE U
ALY FANUERZ B MRS CALayer BEIHITHIGIEFRIEIT A, éCALayerE’JEIE%}S’i1IiESZEJ‘ EEE
Fi-actionForKey: 5iABIERBIHEBRTR, HATAIIKEIXN A AN AR T

/* Returns the action object associated with the event named by the
* string 'event'. The default implementation searches for an action

* object in the following places:

. if defined, call the delegate method -actionForLayer:forKey:
look in the layer's “actions' dictionary

look in any “actions' dictionaries in the “style' hierarchy

*
=W N

. call +defaultActionForKey: on the layer's class

* If any of these steps results in a non-nil action object, the
* following steps are ignored. If the final result is an instance of

* NSNull, it is converted to "nil'. */

- (nullable id<CAAction>)actionForKey: (NSString *)event;

EIIESVE YN (7 gt

1. BERSERMNERESEZE, HEHREXHUCALayerDelegatethiIEERY-
actionForLayer:forkey75iA; WMRE, MEZERHREER.

2. MREEEEHEZITRE LW -actionForLayer:forkey 5%, BIRBERNERSRBHRBIMXINIT
FBEf)actionsFEL

3. MRactionsFHGHEETNNHNEY, BEEREEEENstyleFHEBHEREMR.

4. Rfa, WREstyletb I ARIXNIVITH, BLABBBREREREX T8 EBMNIRETIN
+defaultActionForKey: /5%

MR EDITRE, B —REBNERME 25, -actionForKey:BEAREIZE(XMIBERAFRBENE R
), E/L\L@LﬁCAActlonﬂJ‘lXE’JiT% (CALayerEXNEREXN LA HBIAEREIE), MERNE
FEZEUIKItZIIZAERAER: 87 UIViewsIEXEXIE ZEREE T CALayerDelegateti¥,
B3I 7-actionForLayer:forkKey 5 i%, SAE—TaIERPERNER LR, UViewSFRiBEIEITH
#IRE T nil, BREMDEBloCKEEMIRE TIETE, THEHIEE —ERAIERIAIE:

@interface TestLayerAnimationVC ()
@property (nonatomic,weak)IBOutlet UIView *layerView;
@end

- (void)viewDidLoad {
[super viewDidLoad];
//MREREITR: vIkitEBIAXRA T B S XRKEERNRIEE
NSLog(@"OutSide:%@", [self.layerView actionForLayer:self.layerView.layer
forKey:@"backgroundColor"]);



[UIView beginAnimations:nil context:nil];
NSLog(@"InSide:%@",[self.layerView actionForLayer:self.layerView.layer
forKey:@"backgroundColor"]);

[UIView commitAnimations];

//¥TEN:
OutSide:<null>
InSide:<CABasicAnimation: 0x600001703100>

HILBEES: YEMESBRZINEETH, UViewEEREBDREINIRZBRAE., BIMNRERD
EFREEA, UViewllSRIEE R REELREIRNAEE,

3. XAHMABRIE

SR, RENIHTZZERABRAMNENE—T)E, CATransactiontt HEA1RM T EMAAGE, PTUA%R
MR RMEITASERARIE, HENT:

+ (void)setDisableActions: (BOOL)flag;

UlViewkBEXRIBIEZ A TRIEE, BANXMERMENGERER TUT/IMAI:

1. {ERUIViewRIThiE R (MA A EICATransaction)
2. #EUIView, FEE-actionforLayer:forkey:75i%
3. EECIEERME

H, WTFeMEFEeEnBEE, HItbebl@Ed LI EEN-actionforLayer:forkey:/5i%, Si&ERMHE—
actions=FELIZHIFR X ohiE

4. HEXEERTRH

BENESNERITRNTE, BMTUXEEE, BRITRHESLERKCCore Animationf3VAANER
MEXNR, FATATNRMLZRANENZMERTAERMAIN: 1.4layerigE B E X Mactions=
B 2 SCIERFEAIE, IRENERECAActionthIXMIEN R ME, HMNEMERE—MAHEREBEXEE
Th, RERZINE—THETENE(thZEME T CAActionfIZhE), BFAICRBMT:

@interface TestLayerAnimationVC ()
@property (nonatomic,strong) CALayer *colorLayer;
@end

- (void)viewDidLoad {

[super viewDidLoad];

_colorLayer = [[CALayer alloc] init];
_colorLayer.frame = CGRectMake (30, 30, kDeviceWidth - 60, 60);

_colorlLayer.backgroundColor = [UIColor orangeColor].CGColor;
// BEXEEN R
CATransition *transition = [CATransition animation];

transition.type = kCATransitionPush;



transition.subtype = kCATransitionFromLeft;
_colorLayer.actions = @{@"backgroundColor":transition};

[self.view.layer addSublayer: colorLayer];

- (IBAction)changeColor: (UIButton *)sender{

CGFloat red = arcé4random() % 255 / 255.0;

CGFloat green = arcdrandom() % 255 / 255.0;

CGFloat blue = arc4random() % 255 / 255.0;

UIColor *randomColor = [UIColor colorWithRed:red green:green blue:blue
alpha:1];

_colorLayer.backgroundColor = randomColor.CGColor;

5. TAa=BRER

=T t%‘ S Em

6. imageNamed & imageWithContentsOfFileX 3

iIOSHEAME FBEMf AL imageNamed 1 imageWithContentOfFile FFd:
imageNamed

BIEAppleE A XHEEWRE:

This method looks in the system caches for an image object with the specified name and
returns that object if it exists. If a matching image object is not already in the cache, this
method locates and loads the image data from disk or asset catelog, and then returns the
resulting object. You can not assume that this method is thread safe.

BAMARREFPREERBMIHE SR, NREITHRE, ARREEEEFPHIIER, ZHER
MEENXHRINBE R EE, FIEEEFER, AEBEERRER, TXRBEMZBME IR
BETMEEFMBEEFEE. STHEERZRNE R, RARARLECacheEIAE—X, WRIENAEY
B R EiEAFE, BENI,

XFINE: imageNamed FIEFILANNEL Assets.xcassets # bundle FRIE .

XTEF: NBFAFHPE—EFEREFEF, (BR) TEENRNERMESR: MHEAEER
&, SRNAFRERGERE, BIELEEEN; HRANEREASEEMEN, MBERAFHSIEN
AFRK.

UIImage *img = [UIImage imageNamed:Q@"pic"];

imageWithContentsOfFile

imageWithContentsOfFile AR BB BMMBE S, ATZRKEREFENR, BEIERFUL
EAIUINEZIRER.


https://github.com/colourful987/2020-Read-Record/tree/master/topics/%E7%A6%BB%E5%B1%8F%E6%B8%B2%E6%9F%93%E4%B8%93%E9%A2%98

X*FhNE;: imageWithContentsOfFile HEENNEL mainBundle FEH .

RXTEF MHEFIAFEFLENRFR), BENEFZREENHZIAFSEHR, NHNEAFZHEEX
SEVHERMHER;

MENMRBSR

o WMRE R/, HEMFBIMEMEFF{ER imageName: FHiARIMNE

o MRER®A, HAMFHAKRYD, {FAHimageWithContentOfFile:3EhNE,

o HIEAFEERZER, HEMEEBEGUEIES XN FMAIERE, XERERIME TH—
MERIIEGEE, £ imageWithContentsOfFile ;

o NRERFHEAFTZTEEAMES, tbiIATFUITableViewlIEF, BARF2i%EIZimageNamed
BB, XA AT S B SR &ML 0 HE F ROed(E];

o (iOSZEENIED
o |OSUNfEEEEIENNE AR :

o[58 4% & 5 N & imageNamed#limageWithContentsOfFilef][X 3|
7. ZTHEHEINE R, SESMSIE

BERLE

8. BlR BT 4R xAFMERY, WMEMA

e OSEFHFRT (decode) ZEiL
o IRIYIOS HEFBEREMRERERITIE

0. ENEREAGLK
H B swift.gg XE E{RIE2

9.1 IR R~TBAE AT ulimageview ERR~THIIF=

1. %1% UlGraphicslmageRenderer |

import UIKit

// =I5 #1
func resizedImage(at url: URL, for size: CGSize) -> UIImage? {
guard let image = UIImage(contentsOfFile: url.path) else {
return nil

}

let renderer = UIGraphicsImageRenderer(size: size)
return renderer.image { (context) in
image.draw(in: CGRect(origin: .zero, size: size))

}


https://www.jianshu.com/p/ea2a2ba3cd97
https://blog.csdn.net/wzzvictory/article/details/9053813
https://www.jianshu.com/p/4da6981a746c
https://www.jianshu.com/p/72dd074728d8
https://swift.gg/2019/11/01/image-resizing/
https://swift.gg/2019/11/01/image-resizing/%23technique-1-drawing-to-a-uigraphicsimagerenderer

=

UIGraphicsImageRenderer —WUHEXERFAIRIAR, £ i0S 10 H#5IN, BB IHRAEY

UIGraphicsBeginImageContextWithOptions / UIGraphicsEndImageContext APl, {R@1d

IBEL point ITTEM size BI#E T —" UIGraphicsImageRenderer , image FHiEmH—TH
B2, RENE—TE2IFASLEENME., &2, RIEEGERTS /N EETERNLGE,

EARZEERIGELL (aspect ratio) HIIERT, 4/ N\EGRREBIRTRETBERE
FH. AvMakeRect (aspectRatio:insideRect:) =1t AVFoundation {EZEHREHF{ER—
PREN, AREIRMUTRTE:

import func AVFoundation.AVMakeRect

let rect = AVMakeRect (aspectRatio: image.size, insideRect:
imageView.bounds)

2. %3l Core Graphics Context F

import UIKit

import CoreGraphics

/1 ¥XI5 #2
func resizedImage(at url: URL, for size: CGSize) -> UIImage? {
guard let imageSource = CGImageSourceCreateWithURL(url as NSURL, nil),

let image = CGImageSourceCreateImageAtIndex(imageSource, 0, nil)
else {

return nil

let context = CGContext(data: nil,
width: Int(size.width),
height: Int(size.height),
bitsPerComponent: image.bitsPerComponent,
bytesPerRow: image.bytesPerRow,

space: image.colorSpace ?? CGColorSpace(name:
CGColorSpace.sRGB) !,

bitmapInfo: image.bitmapInfo.rawValue)
context?.interpolationQuality = .high

context?.draw(image, in: CGRect(origin: .zero, size: size))
guard let scaledImage = context?.makeImage() else { return nil }

return UIImage(cgImage: scaledImage)

3. {#H Image I/0

Image I/0 B—1 &K (ANEEAX) HEGLLIEIELZR, HFF Core Graphics Aijt, ERLAIESHF
SAEERGEIN, ThREGNTEE, TEHRITEMNEBIGRGERE, XMERBI FHNEF
#ll, RET Ve LRIROERRDSENEDSE, EERTUEEMEELR.



https://developer.apple.com/documentation/uikit/uigraphicsimagerenderer
https://developer.apple.com/documentation/avfoundation/1390116-avmakerect
https://swift.gg/2019/11/01/image-resizing/%23technique-2-drawing-to-a-core-graphics-context
https://swift.gg/2019/11/01/image-resizing/%23technique-3-creating-a-thumbnail-with-image-io

XNMNEERM cGImageSourceCreateThumbnailAtIndex T — 1 FAFZAEE EIZINN
API, LEFETE Core Graphics HEMAMBRIEEEEES:

4. {FF Core Image #1T Lanczos EXHE

Core Image AE Y Lanczos EXRHE (resampling) IfRE, ERLPA cILanczosScaleTransform
HERBIERDEN, BARTULLRERE UIKit Bz L8 API, {BFAARTER key-value BRE A
SHEFEREREBAAE,

EMEuLt, ENAEEXEE N,

BB HRIER, RRHTERE, REERMILER, XFENSEMEAMERD Core Image BT
MR ARE.

import UIKit

import CoreImage

let sharedContext = CIContext(options: [.useSoftwareRenderer : false])
/1 KI5 #4

func resizedImage(at url: URL, scale: CGFloat, aspectRatio: CGFloat) ->
UIImage? {

guard let image = CIImage(contentsOf: url) else {

return nil

let filter = CIFilter(name: "CILanczosScaleTransform")
filter?.setValue(image, forKey: kCIInputImageKey)
filter?.setValue(scale, forKey: kCIInputScaleKey)
filter?.setValue(aspectRatio, forKey: kCIInputAspectRatioKey)

guard let outputCIImage = filter?.outputImage,
let outputCGImage = sharedContext.createCGImage(outputCIImage,
from:
outputCIImage.extent)
else {

return nil

return UIImage(cgImage: outputCGImage)

5. {BH vimage {ALE BB
BE—1T, BEHEM Accelerate 1E2%2 —— BEMKSRN, B2 vinage WEGLIETIE

pals)
Ko
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