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OC᧍᥺ฎӞᳪۖா᧍᥺҅տਖ਼ᑕଧጱӞԶ٬ਧૡ֢՗ᖫᦲ๗വ᬴کᬩᤈ๗̶ኧԭOC᧍᥺ᬩᤈ෸
ጱᇙ௔҅ಅզٌӧݝᵱᥝׁᩢᖫᦲ҅࢏ᬮᵱᥝׁᩢᬩᤈ෸ሾह̶

OC᧍᥺ࣁᖫᦲ๗᮷տᤩᖫᦲԅC᧍᥺ጱ	Runtime	դᎱ҅ԫᬰګಗᤈᬦᑕӾಗᤈጱ᮷ฎC᧍᥺դ
Ꮁ̶ᘒOCጱᔄ๜ᨶӤ᮷ฎᕮ຅֛҅ࣁᖫᦲ෸᮷տզᕮ຅֛ጱ୵ୗᤩᖫᦲکԫᬰګ
Ӿ̶	Runtime	ฎӞॺኧC̵C++̵࿤ᖫਫሿጱAPI҅ಅํጱොဩ᧣አ᮷ݎ؉ݞᭆၾ௳̶

໑ഝ	Apple	ਥො෈໩ጱൈᬿ҅ፓڹOCᬩᤈ෸ړԅӷӻᇇ๜҅	Modern	޾	Legacy	̶ ԫᘏጱࣁڦ܄
ԭ	Legacy	ࣁਫֺݒᰁݎኞද҅ݸݒᵱᥝ᯿ෛᖫᦲٌৼᔄ̶	Modern	ࣁਫֺݒᰁݎኞද҅ݸݒӧᵱ
ᥝ᯿ෛᖫᦲٌৼᔄ̶

RuntimeՕᕨ 

ൈᬿ 
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	Runtime	ӧݝฎӞԶC᧍᥺ጱAPIٌ҅ኧ	Class	̵ 	Meta	Class	̵ 	Instance̵Class	Instance	ᕟ

౮҅ฎӞॺਠෆጱᶎݻ੒᨝ጱහഝᕮ຅̶ಅզᎸᑪRuntimeෆ֛ጱ੒᨝ཛྷࣳ҅ྲᎸᑪAPIฎெԍ
ਫሿጱๅํ఺Ԏ̶

	Runtime	ฎӞӻوՁۖாପٌ҅ፓ୯֖ԭ	/usr/include/objc	̔ ኧӞᔮڜጱCڍහ޾ᕮ຅֛຅
౮̶޾	Runtime	ᔮᕹݎኞԻ԰ጱොୗํӣᐿ҅Ӟᛱ᮷ฎአڹӷᐿғ

1. ֵአOCრᎱ ፗളֵአӤ੶OCრᎱ҅ବ੶տ᭗ᬦ	Runtime	ԅٌ൉׀ᬩᤈඪ೮҅Ӥ੶ӧᵱᥝى
ஞ	Runtime	ᬩᤈ̶

2. 	NSObject	 ࣁOCդᎱӾᕷय़ग़හጱᔄ᮷ฎᖀಥᛔ	NSObject	ጱ҅	NSProxy	ᔄֺ
क̶़	Runtime	ࣁ	NSObject	ӾਧԎԧӞԶचᏐ඙֢҅	NSObject	ጱৼᔄԞٍ॓ᬯԶᇙ௔̶

3. 	Runtime	ۖ ாପ Ӥ੶ጱOCრᎱ᮷ฎ᭗ᬦ	Runtime	ਫሿጱ҅౯ժӞᛱӧፗളֵአ	Runtime	̔

ፗള޾OCդᎱ಑Ի᭲੪ݢզ̶

ֵአ	Runtime	ᵱᥝ୚فӥᶎӷӻ१෈կ҅ӞԶचᏐොဩ᮷ਧԎࣁᬯӷӻ෈կӾ̶

#import	<objc/runtime.h>

#import	<objc/message.h>

ӥᶎࢶӾᤒᐏԧ੒᨝ᳵ	isa	ጱىᔮ҅զ݊ᔄጱᖀಥىᔮ̶

ֵአRuntime 

੒᨝ཛྷࣳ 



՗	Runtime	რᎱݢզ፡ྯ҅ڊӻ੒᨝᮷ฎӞӻ	objc_object	ጱᕮ຅֛҅ࣁᕮ຅֛ӾํӞӻisa೰
ᰒ҅ᧆ೰ᰒ೰ݻᛔ૩ಅંጱᔄ҅ኧRuntimeᨮᨱڠୌ੒᨝̶

ᔄᤩਧԎԅ	objc_class	ᕮ຅֛҅	objc_class	ᕮ຅֛ᖀಥᛔ	objc_object	̔ ಅզᔄԞฎ੒᨝̶ࣁ
ଫአᑕଧӾ҅ᔄ੒᨝ݝտᤩڠୌӞղ̶ࣁ	objc_class	ᕮ຅֛ӾਧԎԧ੒᨝ጱ	method

list	̵ 	protocol	̵ 	ivar	list	ᒵ҅ᤒᐏ੒᨝ጱᤈԅ̶

෬ᆐᔄฎ੒᨝҅ᮎᔄ੒᨝Ԟฎٌ՜ᔄጱਫ̶ֺಅզ	Runtime	Ӿᦡᦇڊԧ	meta	class	̔ ᭗ᬦ	meta

class	๶ڠୌᔄ੒᨝҅ಅզᔄ੒᨝ጱ	isa	೰ݻ੒ଫጱ	meta	class	̶ ᘒ	meta	class	ԞฎӞӻ੒
᨝҅ಅํزᔄጱ	isa	᮷೰ٌݻ໑زᔄ҅໑ܻᔄጱ	isa	೰ᰒ೰ݻᛔ૩̶᭗ᬦᬯᐿᦡᦇ҅	isa	ጱෆ֛
ᕮ຅୵౮ԧӞӻᳮሾ̶

//	ᔜᓌᇇਧԎ
typedef	struct	objc_class	*Class;

struct	objc_class	:	objc_object	{

				//	Class	ISA;

				Class	superclass;

}

struct	objc_object	{

				Class	_Nonnull	isa		OBJC_ISA_AVAILABILITY;

};



̔	NSObject	ጱ໑ᆿᔄݶوᛔጱᖀಥ֛ᔮ҅֕ਙժ᮷ํݱᔄ᮷ํز޾੒᨝ጱᖀಥ֛ᔮӾ҅ᔄࣁ

ᘒ	NSObject	ጱᆿᔄ೰ݻ	nil	̶ ᵱᥝဳ఺ጱฎ҅ӤࢶӾ	Root	Class(Class)	ฎ	NSObject	ᔄ੒᨝҅
ᘒ	Root	Class(Meta)	ฎ	NSObject	ጱزᔄ੒᨝̶

ݢӾጱਧԎ҅	objc-723	෈կӾ҅ํӞԶᶱፓӾଉአጱचᏐਧԎ҅ᬯฎ๋ෛጱ	objc-private.h	ࣁ
զ๶፡Ӟӥ̶

typedef	struct	objc_class	*Class;

typedef	struct	objc_object	*id;

typedef	struct	method_t	*Method;

typedef	struct	ivar_t	*Ivar;

typedef	struct	category_t	*Category;

typedef	struct	property_t	*objc_property_t;

Ӿํӷӻἕᦊጱ݇	IMP	ࣁහ೰ᰒٌ҅ਧԎইӥ̶ڍ๜ᨶӤ੪ฎӞӻ	IMP	Ӿ	Runtime	ࣁ
හ	id	޾	SEL	̔ 	id	Ԟ੪ฎොဩӾጱ	self	̔ ᬯ޾	objc_msgSend()	ڍහփ᭓ጱ݇හӞ໏̶

typedef	void	(*IMP)(void	/*	id,	SEL,	...	*/	);

	Runtime	Ӿ൉׀ԧஉग़੒ԭ	IMP	඙֢ጱ	API	̔ ӥᶎ੪ฎӧړ	IMP	ፘىጱڍහਧԎ̶౯ժྲ᫾ଉᥠ
ጱฎ	method_exchangeImplementations	ڍහ҅	Method	Swizzling	੪ฎ᭗ᬦᬯӻ	API	ਫሿጱ̶

OBJC_EXPORT	void

method_exchangeImplementations(Method	_Nonnull	m1,	Method	_Nonnull	m2)	

				OBJC_AVAILABLE(10.5,	2.0,	9.0,	1.0,	2.0);

OBJC_EXPORT	IMP	_Nonnull

method_setImplementation(Method	_Nonnull	m,	IMP	_Nonnull	imp)	

				OBJC_AVAILABLE(10.5,	2.0,	9.0,	1.0,	2.0);

OBJC_EXPORT	IMP	_Nonnull

method_getImplementation(Method	_Nonnull	m)	

				OBJC_AVAILABLE(10.5,	2.0,	9.0,	1.0,	2.0);

OBJC_EXPORT	IMP	_Nullable

class_getMethodImplementation(Class	_Nullable	cls,	SEL	_Nonnull	name)	

चᏐਧԎ 

IMP 



				OBJC_AVAILABLE(10.5,	2.0,	9.0,	1.0,	2.0);

//	....

᭗ᬦਧԎࣁ	NSObject	Ӿጱӥᶎӷӻොဩ҅ݢզ໑ഝփفጱ	SEL	឴ ੒ଫکݐ
ጱ	IMP	̶ 	methodForSelector:	ොဩӧݝਫֺ੒᨝ݢզ᧣አ҅ᔄ੒᨝Ԟݢզ᧣አ̶

-	(IMP)methodForSelector:(SEL)aSelector;

+	(IMP)instanceMethodForSelector:(SEL)aSelector;

ֺইӥᶎڠୌCڍහ೰ᰒአ๶ളත	IMP	̔ ̔	IMP	զಋۖ᧣አݢݸ	IMP	کݐ឴ හӾᵱڍਧԎጱCࣁ
ᥝےӤӷӻᵌᡐ݇හ̶

void	(*function)	(id	self,	SEL	_cmd,	NSObject	object);

function	=	(id	self,	SEL	_cmd,	NSObject	object)[self	methodForSelector:@selector(ob

ject:)];

function(instance,	@selector(object:),	[NSObject	new]);

᭗ᬦᬯԶ	API	ݢզᬰᤈӞԶս۸඙̶֢ইຎ᭬کय़ᰁጱොဩಗᤈ҅ݢզ᭗ᬦ	Runtime	឴ ݐ
̔	IMP	ک ፗള᧣አ	IMP	ਫሿս۸̶

TestObject	*object	=	[[TestObject	alloc]	init];

void(*function)(id,	SEL)	=	(void(*)(id,	SEL))class_getMethodImplementation([TestObj

ect	class],	@selector(testMethod));

function(object,	@selector(testMethod));

ᵱײහ्กጱ෸ڍࣁᵱᥝဳ఺҅ྯӻොဩἕᦊ᮷ํӷӻᵌᡐ݇හ҅ಅզײጱ෸	IMP	አ᧣޾ݐ឴ࣁ
ᥝےӤᬯӷӻᵌᡐ݇හ҅᧣አጱ෸ײԞᵱᥝ಩ፘଫጱ੒᨝޾	SEL	փᬰ݄҅ݢڞވᚆտ੕
ᛘ	Crash	̶

	Runtime	ᬮඪ೮	block	ොୗጱࢧ᧣҅౯ժݢզ᭗ᬦ	Runtime	ጱ	API	̔ ਖ਼ܻ๶ጱොဩࢧ᧣ද
ԅ	block	ጱࢧ᧣̶

 IMPݐ឴

௔ᚆս۸ 

IMP for block 



//	ᔄਧԎ
@interface	TestObject	:	NSObject

-	(void)testMethod:(NSString	*)text;

@end

//	ᔄਫሿ
@implementation	TestObject

-	(void)testMethod:(NSString	*)text	{

				NSLog(@"testMethod	:	%@",	text);

}

@end

//	runtime

IMP	function	=	imp_implementationWithBlock(^(id	self,	NSString	*text)	{

				NSLog(@"callback	block	:	%@",	text);

});

const	char	*types	=	sel_getName(@selector(testMethod:));

class_replaceMethod([TestObject	class],	@selector(testMethod:),	function,	types);

				

TestObject	*object	=	[[TestObject	alloc]	init];

[object	testMethod:@"lxz"];

//	ᬌڊ
callback	block	:	lxz

	Method	አ๶ᤒᐏොဩٌ҅۱ތ	SEL	޾	IMP	̔ ӥᶎݢզ፡Ӟӥ	Method	ᕮ຅֛ጱਧԎ̶

typedef	struct	method_t	*Method;

struct	method_t	{

				SEL	name;

				const	char	*types;

				IMP	imp;

};

ᬩᤈᬦᑕӾฎᬯ໏̶ࣁ

Method 



्	.m	Ӿ	Sources	Compile	ጱ	Xcode	տਖ਼ݝ҅ײᬰᤈᖫᦲጱ෸	Xcode	ࣁ กጱොဩᖫᦲک	Method

List	̔ ᘒ	.h	෈կӾ्กጱොဩ੒	Method	List	ဌํ୽̶ߥ

ં᷶ץᒧአ๶᷶ץ	@property	ӾਧԎԧં௔ጱᕮ຅֛҅አ๶ᤒᐏ੒᨝ӾਧԎጱં௔̶	Runtime	ࣁ
௔҅ݸ᷶ץጱં௔ԅ	objc_property_t	ᔄٌࣳ҅๜ᨶฎ	property_t	ᕮ຅̶ٌ֛ᕮ຅֛ਧԎইӥ̶

typedef	struct	property_t	*objc_property_t;

struct	property_t	{

				const	char	*name;

				const	char	*attributes;

};

ᤒ̶ڜᦓጱં௔ܐ޾ᤒ҅ڜਫֺ੒᨝ጱં௔ݐ឴ڦړහ҅ڍզ᭗ᬦӥᶎӷӻݢ

objc_property_t	*	class_copyPropertyListҁClass	cls҅unsigned	int	*	outCount҂
objc_property_t	*	protocol_copyPropertyListҁProtocol	*	proto҅unsigned	int	*	outCou

nt҂

̔	propertyName	޾	Class	೰ਧጱفզ᭗ᬦӥᶎӷӻොဩ҅փݢ ં	objc_property_t	੒ଫጱݐ឴ ௔
ᕮ຅̶֛

objc_property_t	class_getPropertyҁClass	cls҅const	char	*	name҂
objc_property_t	protocol_getPropertyҁProtocol	*	proto҅const	char	*	name҅BOOL	isRe

quiredProperty҅BOOL	isInstanceProperty҂

ֺ	NSProxy	ጱ(	NSObject	OCӾᕷय़ग़හᔄ᮷ฎᖀಥᛔࣁ क़)҅ᔄӨᔄԏᳵ᮷տਂࣁᖀಥىᔮ̶᭗

Property 

 ᰁݒຉਫֺړ

੒᨝ᳵىᔮ 



ᬦৼᔄڠୌ੒᨝෸҅ᖀಥ᱾Ӿಅํ౮ާݒᰁ᮷տਂࣁ੒᨝Ӿ̶

ֺইӥࢶӾ҅ᆿᔄฎ	UIViewController	̔ ٍํӞӻ	view	ં ௔̶ৼ
ᔄ	UserCenterViewController	ᖀಥᛔ	UIViewController	̔ ଚਧԎԧӷӻෛં௔̶ᬯ෸ইຎ᭗ᬦ
ৼᔄڠୌ੒᨝҅੪տݶ෸۱ތ፳ӣӻਫֺݒᰁ̶

֕ฎᔄጱᕮ຅ࣁᖫᦲ෸᮷ฎࢴਧጱ҅ইຎమᥝץදᔄጱᕮ຅ᵱᥝ᯿ෛᖫᦲ̶ইຎӤᕚݸአಁਞᤰ
فےጱᕮ຅҅ԅٌ	UIViewController	ᦡ॓Ӥ҅ෛᇇ๜ጱiOSᔮᕹӾๅෛԧᆿᔄጱᕮ຅҅Ԟ੪ฎک
ԧෛጱਫֺݒᰁ҅ᬯ෸አಁๅෛෛጱiOSᔮᕹݸ੪տ੕ᛘᳯ̶᷌

ܻ๶	UIViewController	ጱᕮ຅Ӿीےԧ	childViewControllers	ં ௔҅ᬯ෸޾ײৼᔄጱٖਂ؇ᑏ
੪ݎኞ٫ᑱԧ̶ݝӧᬦ҅	Runtime	ํ ༄ၥٖਂ٫ᑱጱ๢ࣁ҅ګᔄኞ౮ਫֺݒᰁ෸҅տڣෙਫֺݒ
ᰁฎ٫࣎ࣈํވᑱ҅ইຎݎኞ٫ᑱڞ᧣ෆ੒᨝ጱ࣎ࣈ؇ᑏ҅ᬯ໏੪ࣁᬩᤈ෸ᥴ٬ԧ٫࣎ࣈᑱጱᳯ
̶᷌

ᔄጱ๜ᨶฎᕮ຅֛҅ࣁᕮ຅֛Ӿ۱ތӞԶ౮ާݒᰁֺ҅ই	method	list	̵ 	ivar	list	ᒵ҅ᬯԶ᮷
ฎᕮ຅֛ጱӞ᮱̶ړ	method̵protocol	̵ 	property	ጱਫሿᬯԶ᮷ݢզනکᔄӾ҅ಅํ੒᨝᧣አ

ጱ̶ݶᰁ꧊᮷ฎӧݒԅྯӻ੒᨝ጱ౮ާࢩӞ᩸҅ࣁզනݢᰁӧݒ੒᨝ጱ౮ާ֕҅ݢܨӞղݶ

ݝᰁӧݒᯈٖਂٖ҅ਂ຅౮ฎivars+isa_t̶ଚӬਫֺړୌਫֺ੒᨝෸҅տ໑ഝٌ੒ଫጱClassڠ
̔	ivars	ጱ	Class	ڹ୮ތ۱ Ԟտ۱ٌތᖀಥ᱾Ӿጱ	ivars	̶ 	ivars	ጱٖਂ૲ੴࣁᖫᦲ෸੪૪ᕪ٬
ਧ҅ᬩᤈ෸ᵱᥝ໑ഝ	ivars	ٖ ਂ૲ੴڠୌ੒᨝҅ಅզ	Runtime	ӧᚆۖாץද	ivars	̔ տᏈࣕ૪ํ
ٖਂ૲ੴ̶

ٖਂ૲ੴ 



(ӤࢶӾ҅“x”ᤒᐏ࣎ࣈ੒ٌݸጱᑮ֖)

զӤࢶԅֺ҅ڠୌጱ੒᨝Ӿ۱ތಅંᔄٌ݊ᖀಥᘏ᱾Ӿ҅ಅํጱ౮ާݒᰁ̶ࢩԅ੒᨝ฎᕮ຅֛҅
ಅզᵱᥝᬰᤈ࣎ࣈ੒ٌ҅ӞᛱOC੒᨝ጱय़ੜ᮷ฎ8ጱ׭හ̶

Ԟӧฎಅํ੒᨝᮷ӧᚆۖாץදivars҅ইຎฎ᭗ᬦruntimeۖாڠୌጱᔄ҅ฎݢզץදivarsጱ̶
ᬯӻݸࣁᶎտํᦖ̶ک

ਫֺݒᰁጱ	isa_t	೰ᰒտ೰ٌݻಅંጱᔄ҅੒᨝Ӿଚӧտ۱
̵	method	ތ 	protocol	̵ 	property	̵ 	ivar	ᒵמ௳҅ᬯԶࣁ௳מᖫᦲ෸᮷ݝࣁਂכ᧛ᕮ຅
֛	class_ro_t	Ӿ̶ࣁ	class_ro_t	Ӿ	ivars	ฎ	const	ݝ᧛ጱ҅ࣁ	image

load	෸	copy	ک	class_rw_t	Ӿ෸҅ฎӧտ	copy	ivars	ጱ҅ଚӬ	class_rw_t	Ӿଚဌํਧ
Ԏ	ivars	ጱਁྦྷ̶

̔	objc_class	੒ଫጱکತ	isa_t	ᰁ෸҅ፗള᭗ᬦݒᦢᳯ຤ӻ౮ާࣁ ଚ᭗ᬦٌ	class_ro_t	ጱ	ivar

ivar᧛ٟ 



list	؉࣎ࣈ؇ᑏ҅ັತ੒ଫጱ੒᨝ٖਂ̶ྋฎኧԭᬯᐿොୗ҅ಅզ੒᨝ጱٖਂ࣎ࣈฎࢴਧӧݢද
ጱ̶ݒ

୮᧣አਫֺݒᰁጱොဩ෸҅տ᭗ᬦ	objc_msgSend()	᩸ݎ᧣አ҅᧣አ෸տփف	self	޾	SEL	̶ හڍ
ٖ᮱᭗ᬦ	isa	ࣁᔄጱٖ᮱ັತොဩڜᤒ੒ଫጱ	IMP	̔ փف੒ଫጱ݇හଚ᩸ݎ᧣አ̶ইຎ᧣አጱො
ဩ෸ၿ݊ک୮ڹ੒᨝ጱ౮ާݒᰁጱᦢᳯ҅ᬯ෸ײ੪ฎࣁ	objc_msgSend()	ٖ ᮱҅᭗ᬦᔄጱ	ivar

list	ڣෙ࣎ࣈ؇ᑏ҅ڊݐ	ivar	ଚփف᧣አጱ	IMP	Ӿጱ̶

᧣አ	super	ጱොୗ෸ڞ᧣አ	objc_msgSendSuper()	ڍහਫሿ҅᧣አ෸ਖ਼ਫֺݒᰁጱᆿᔄփᬰ̶݄
֕ฎᵱᥝဳ఺ጱฎ҅᧣አ	objc_msgSendSuper	ڍහ෸փفጱ੒᨝҅Ԟฎ୮ڹਫֺݒᰁ҅ಅզฎࣁ
ጱᕮຎ҅ᕮຎଫᧆ᮷ฎ	[class	super]	޾	class]	[self	զ፡Ӟӥݢ̶ٍ֛௳ᭆᆿᔄጱၾݎᛔ૩ݻ
Ӟ໏ጱ̶

ਠ౮ᆿᔄጱ඙֢҅୮ᆐضԅᵱᥝࢩጱොୗ᧣አᆿᔄොဩ҅ᬯฎ	xxx]	[super	ᶱፓӾᕪଉտ᭗ᬦࣁ
Ԟݢզӧ᧣አ҅ᥤఘ٭ᘒਧ̶զᕪଉᥠکጱᛔਧԎ	init	ොဩӾ҅ᕪଉտڊሿ	if	(self	=	[super

init])	ጱ᧣አ҅ᬯฎࣁਠ౮ᛔ૩ጱڡত۸ԏضڹ੒ᆿᔄᬰᤈڡত۸҅ڡݝڞވত۸ᛔ᫝ݢᚆտਂ
̔	nil	ࢧ෸ইຎᬬ	init]	[super	አ᧣ࣁᳯ̶᷌ࣁ ত۸ৼᔄᙗڡײত۸०ᨳ҅ᬯ෸ڡᤒᐏᆿᔄڞ
ਧտڊሿᳯ᷌҅ಅզᵱᥝ؉ڣෙ̶

Apple Runtime Program Guild
ᖌचጯᑀ-Objective-C
ᖌचጯᑀ-Clang
ᖌचጯᑀ-GCC(GNU)

᝘ຎ୏რդᎱӧୌᦓ݄Github҅Ӥᶎጱᇇ๜Ӟᛱๅෛӧ݊෸҅ୌᦓ݄᝘ຎጱ୏რਥᗑ̶
Apple Opensource

ොဩփ݇ 

݇ᘍᩒා 

https://developer.apple.com/library/content/documentation/Cocoa/Conceptual/ObjCRuntimeGuide/Introduction/Introduction.html
https://zh.wikipedia.org/zh-cn/Objective-C
https://zh.wikipedia.org/zh-cn/Clang
https://zh.wikipedia.org/wiki/GCC
https://opensource.apple.com/


ݢ਍ݶጱ	Runtime	Ꮈᑪᬦڹ෈կӾ҅ইຎԏ	NSObject.h	ࣁஉग़ਧԎ᮷ٟ	Runtime	Ӿ҅	OC1.0	ࣁ
զଫᧆᥠᬦӥᶎጱਧԎ҅ਧԎԧӞԶचᏐጱמ௳̶

//	्กClass޾id

typedef	struct	objc_class	*Class;

typedef	struct	objc_object	*id;

//	्กଉአݒᰁ
typedef	struct	objc_method	*Method;

typedef	struct	objc_ivar	*Ivar;

typedef	struct	objc_category	*Category;

typedef	struct	objc_property	*objc_property_t;

//	objc_object޾objc_class

struct	objc_object	{

				Class	_Nonnull	isa		OBJC_ISA_AVAILABILITY;

};

struct	objc_class	{		

				Class	isa		OBJC_ISA_AVAILABILITY;

				

#if	!__OBJC2__

				Class	super_class																																								OBJC2_UNAVAILABLE;

				const	char	*name																																									OBJC2_UNAVAILABLE;

				long	version																																													OBJC2_UNAVAILABLE;

				long	info																																																OBJC2_UNAVAILABLE;

				long	instance_size																																							OBJC2_UNAVAILABLE;

				struct	objc_ivar_list	*ivars																													OBJC2_UNAVAILABLE;

				struct	objc_method_list	**methodLists																				OBJC2_UNAVAILABLE;

				struct	objc_cache	*cache																																	OBJC2_UNAVAILABLE;

				struct	objc_protocol_list	*protocols																					OBJC2_UNAVAILABLE;

#endif

				

}	OBJC2_UNAVAILABLE;

ԏڹጱ	Runtime	ᕮ຅Ԟྲ᫾ᓌ҅ܔ᮷ฎӞԶஉፗളጱᕮ຅֛ਧԎ҅ሿࣁෛᇇጱ	Runtime	ࣁ඙֢ጱ

 ຉRuntimeᕮ຅֛ڽ

NSObject 

ԏڹጱਧԎ 



෸ݱ҅ײᐿ࣎ࣈ؇ᑏ඙֢֖޾ᬩᓒ̶

ٖ	Runtime	ᘏᎣ᭲ݎᚆ᝘ຎԞӧॡమᦏ୏ݢ๶ݸ ᮱ጱਫሿ҅ಅզ੪಩რᎱਧԎ՗	NSObject	Ӿ൪
ʐ	OBJC_TYPES_DEFINED	ጱਧԎԞӧአԧ҅᭗ᬦڹӾԧ̶ᘒӬԏ	Runtime	ک ᖫᦲ೰ե҅ਖ਼ԏڹጱդ
Ꮁଳ୒᧣ԧ̶

ሿࣁ	NSObject	ӾጱਧԎᶋଉᓌ҅ܔፗള੪ฎӞӻ	Class	ᔄࣳጱ	isa	ݒᰁٌ҅՜מ௳᮷ᵌᡐ᩸๶
ԧ̶

@interface	NSObject	<NSObject>	{

#pragma	clang	diagnostic	push

#pragma	clang	diagnostic	ignored	"-Wobjc-interface-ivars"

				Class	isa		OBJC_ISA_AVAILABILITY;

#pragma	clang	diagnostic	pop

}

ᬯฎ๋ෛጱӞԶଉአ	Runtime	ਧԎ҅޾ԏڹጱਧԎԞӧॡӞ໏ԧ҅አԧ๋ෛጱᕮ຅֛੒᨝҅ԏڹ
ጱᕮ຅֛Ԟ᮷ଳ୒ԧ̶

typedef	struct	objc_class	*Class;

typedef	struct	objc_object	*id;

typedef	struct	method_t	*Method;

typedef	struct	ivar_t	*Ivar;

typedef	struct	category_t	*Category;

typedef	struct	property_t	*objc_property_t;

ᰁጱᒫӞݒᰁٌ֖҅ԭ౮ާݒӞӻisaጱ౮ާތOCӾྯӻ੒᨝᮷ฎӞӻᕮ຅֛҅ᕮ຅֛Ӿ᮷۱ࣁ
̶֖	isa	ጱ౮ާݒᰁԏڹ᮷ฎ	Class	ᔄࣳጱ҅ݸ๶᝘ຎਖ਼ٌදԅ	isa_t	̶

struct	objc_object	{

private:

				isa_t	isa;

};

ԏݸጱਧԎ 

੒᨝ᕮ຅֛ 

objc_objectਧԎ 



OCӾጱᔄز޾ᔄԞฎӞ໏҅᮷ฎᕮ຅֛຅౮ጱ̶ኧԭᔄጱᕮ຅֛ਧԎᖀಥᛔ	objc_object	̔ ಅ
զٌԞฎӞӻ੒᨝҅ଚӬٍํ੒᨝ጱ	isa	ᇙ஄̶

ಅզݢզ᭗ᬦ	isa_t	๶ັತ੒ଫጱᔄ౲زᔄ҅ັತොဩଫᧆฎ᭗ᬦ	uintptr_t	ᔄࣳጱ	bits	̔ ᭗
ᬦೲ֖඙֢๶ັತ	isa_t	೰ݻጱᔄጱ̶࣎ࣈ

ਫֺ੒᨝౲ᔄ੒᨝ጱොဩ҅ଚӧտਧԎݱࣁӻ੒᨝Ӿ҅ᘒฎ᮷ਧԎࣁ	isa_t	೰ݻጱᔄӾ̶ັತک
੒ଫጱᔄ҅ݸ᭗ᬦᔄጱ	class_data_bits_t	ᔄࣳጱ	bits	ᕮ຅֛ັತොဩ҅੒᨝̵ᔄ̵زᔄ᮷ฎ
໏ጱັತܻቘ̶ݶ

	isa_t	ฎӞӻ	union	ጱᕮ຅੒᨝҅	union	ᔄ֒ԭ	C++	ᕮ຅ٌ֛ٖ҅᮱ݢզਧԎ౮ާݒᰁڍ޾හ̶
̵	cls	ӾਧԎԧ	isa_t	ࣁ 	bits	̵ 	isa_t	ӣ᮱҅ړӥᶎጱ	struct	ᕮ຅֛੪ฎ	isa_t	ጱᕮ຅֛຅
౮̶

ӥᶎ੒	isa_t	Ӿጱᕮ຅֛ᬰᤈԧ֖ऒ्ก҅࣎ࣈ՗	nonpointer	᩸ ṛᬰکᕮ๳҅՗֗	extra_rc	ک
ᤈഭ̶֖ڜऒԞฎ੒ᕮ຅֛ٖਂ૲ੴᬰᤈԧӞӻ्ก҅᭗ᬦӥᶎጱᕮ຅֛౮ާݒᰁݢզፗള඙֢
຤ӻ̶֖࣎ࣈऒ௛8ਁᜓ҅ܛوಅํጱ֖ऒࣁےӞ᩸ྋঅฎ64̶֖

ੜ൉ᐏғ	union	Ӿ	bits	ݢզ඙֢ෆӻٖਂ҅܄ᘒ֖ऒݝᚆ඙֢੒ଫጱ̶֖

ӥᶎጱդᎱฎӧਠෆդᎱ҅כݝኸԧ	arm64	᮱ٌ҅ړ՜᮱ړᤩ஺ኼധԧ̶

union	isa_t	

{

				isa_t()	{	}

				isa_t(uintptr_t	value)	:	bits(value)	{	}

				Class	cls;

				uintptr_t	bits;

#	if	__arm64__

#			define	ISA_MASK								0x0000000ffffffff8ULL

#			define	ISA_MAGIC_MASK		0x000003f000000001ULL

#			define	ISA_MAGIC_VALUE	0x000001a000000001ULL

isa_tਧԎ 



				struct	{

								uintptr_t	nonpointer								:	1;	//	ฎ32֖ᬮฎ64֖
								uintptr_t	has_assoc									:	1;	//	੒᨝ฎํތވ౲้ᕪىํތᘶ୚አ҅ইຎဌํى
ᘶ୚አ҅ݢզๅளጱ᯽න੒᨝
								uintptr_t	has_cxx_dtor						:	1;	//	ᤒᐏฎํވC++ຉ຅ڍහ౲OCጱຉ຅ڍහ
								uintptr_t	shiftcls										:	33;	//	੒᨝೰ݻᔄጱٖਂ҅࣎ࣈԞ੪ฎisa೰ݻጱ࣎ࣈ
								uintptr_t	magic													:	6;	//	੒᨝ฎڡވত۸ਠ౮
								uintptr_t	weakly_referenced	:	1;	//	੒᨝ฎވᤩ୧୚አ౲้ᕪᤩ୧୚አ
								uintptr_t	deallocating						:	1;	//	੒᨝ฎވᤩ᯽නӾ
								uintptr_t	has_sidetable_rc		:	1;	//	੒᨝୚አᦇහॡय़҅ฎ܄ؙਂڊ᩻ވऒ
								uintptr_t	extra_rc										:	19;	//	੒᨝୚አᦇහ
#							define	RC_ONE			(1ULL<<45)

#							define	RC_HALF		(1ULL<<18)

				};

#	elif	__x86_64__

//	····

#	else

//	····

#	endif

};

֕҅ݶຝ຅ӥ҅૲ੴොୗտํಅӧ	CPU	ጱݶӧࣁզզӥᕮ຅ᬰᤈ૲ੴ̶	isa_t	ຝ຅ӥ҅	ARM64	ࣁ
݇හ᮷ฎӞ໏ጱ̶

ጱٍ҅॓੒᨝ಅ	objc_object	ฎᖀಥᛔ	objc_class	ӾᔄԞฎӞӻ੒᨝҅ᔄጱᕮ຅֛	Runtime	ࣁ

ᔄᕮ຅֛ 

objc_classᕮ຅֛ 



ํጱᇙ஄̶ࣁ	objc_class	ӾਧԎԧӣӻ౮ާݒᰁ҅	superclass	ฎӞӻ	objc_class	ᔄࣳጱ೰ᰒ҅
೰ٌݻᆿᔄጱ	objc_class	ᕮ຅̶֛	cache	አ๶॒ቘ૪᧣አොဩጱᖨਂ̶

	bits	ฎ	objc_class	ጱԆ᥯ٌٖ҅᮱ݝਧԎԧӞӻ	uintptr_t	ᔄࣳጱ	bits	౮ާݒᰁ҅ਂؙ
ԧ	class_rw_t	ጱ̶࣎ࣈ	bits	ӾᬮਧԎԧӞԶच๜඙ֺ֢҅ই឴ݐ	class_rw_t	̵ 	raw	isa	ᇫ
ா̵ฎވ	swift	ᒵڍහ̶	objc_class	ᕮ຅֛ӾਧԎጱӞԶڍහٌٖ҅᮱᮷ฎ᭗ᬦ	bits	ਫሿጱ̶

struct	objc_class	:	objc_object	{

				//	Class	ISA;

				Class	superclass;

				cache_t	cache;													

				class_data_bits_t	bits;				

				class_rw_t	*data()	{	

								return	bits.data();

				}

				void	setData(class_rw_t	*newData)	{

								bits.setData(newData);

				}

				//	.....

}

՗	objc_class	ጱრᎱݢզ፡ݢ҅ڊզ᭗ᬦ	bits	ᕮ຅֛ጱ	data()	ڍහ҅឴ݐ	class_rw_t	೰ᰒ̶
౯ժᬰفრդᎱӾ፡Ӟӥ҅ݢզ፡ڊฎ᭗ᬦ੒	uintptr_t	ᔄࣳጱ	bits	ݒᰁ҅؉֖ᬩᓒັತ੒ଫ
ጱ꧊̶

class_rw_t*	data()	{

				return	(class_rw_t	*)(bits	&	FAST_DATA_MASK);

}

	uintptr_t	๜ᨶӤฎӞӻ	unsigned	long	ጱ	typedef	̔ 	unsigned	long	64֖॒ࣁቘ࢏Ӿ8ਁܛ
ᜓ҅ྋঅฎ64֖ԫᬰ̶ګ᭗ᬦ	FAST_DATA_MASK	᫨ഘԅԫᬰ҅ݸګฎݐ	bits	Ӿጱ47-3ጱ֖ᗝ҅ྋ
অฎڊݐ	class_rw_t	೰ᰒ̶

̔	0x7faf1b580450	ฎ࣎ࣈጱ	UIViewController	ӞӻܦOCӾӞӻ೰ᰒጱᳩଶฎ47ֺ҅ই಑ࣁ ᫨ഘ
ԅԫᬰګฎ	11111111010111100011011010110000000010001010000	̔ ࣁጱ҅ಅզ֖ܛᶎӣ֖ฎݸ๋
ӣ̶֖ݸտ஺ኼ๋ײጱ෸࣎ࣈݐ

//	ັತᒫ0֖҅ᤒᐏฎވswift

#define	FAST_IS_SWIFT											(1UL<<0)

//	୮ڹᔄ౲ᆿᔄฎވਧԎԧretain̵releaseᒵොဩ
#define	FAST_HAS_DEFAULT_RR					(1UL<<1)



//	ᔄ౲ᆿᔄᵱᥝڡত۸isa

#define	FAST_REQUIRES_RAW_ISA			(1UL<<2)

//	හഝྦྷጱ೰ᰒ
#define	FAST_DATA_MASK										0x00007ffffffffff8UL

//	11111111111111111111111111111111111111111111000	௛47֖و

ᬮ	class_data_bits_t	ࣁ̶௳מզአ๶ਂؙӞԶٌ՜ݢӣ֖ฎဌአጱ҅ಅզݸӾ๋	bits	ࣁԅࢩ
ਧԎԧӣӻਡ҅አ๶੒ݸӣ֖؉֖ᬩᓒ̶

̔	class_ro_t	޾	class_rw_t	ጱํӷӻஉ᯿ᥝᕮ຅֛҅ىፘ	class_data_bits_t	޾ ٌӾ᮷ਧԎ
፳	method	list	̵ 	protocol	list	̵ 	property	list	ᒵىᲫמ௳̶

struct	class_rw_t	{

				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;

};

̶(᧛ݝ)ጱݒݢᬯӻᕮ຅֛ฎӧ҅࣎ࣈጱ	class_ro_t	ጱฎӞӻݻ೰	class_data_bits_t	ݸᖫᦲࣁ
̶	class_rw_t	ݻ೰	bits	හਖ਼ڍ	realizeClass	ᬩᤈ෸҅಍տ᭗ᬦࣁ

struct	class_ro_t	{

				uint32_t	flags;

				uint32_t	instanceStart;

				uint32_t	instanceSize;

				uint32_t	reserved;

				const	uint8_t	*	ivarLayout;

				

				const	char	*	name;

				method_list_t	*	baseMethodList;

				protocol_list_t	*	baseProtocols;

class_ro_t޾class_rw_t 



				const	ivar_list_t	*	ivars;

				const	uint8_t	*	weakIvarLayout;

				property_list_t	*baseProperties;

};

̔	Class	ত۸ڡտݸᑕଧ୏তᬩᤈࣁ ݐ	class_ro_t	Ӿጱ	bits	ࣁؙਂ࢏ᬯӻᬦᑕӾ҅տ಩ᖫᦲࣁ
̔	class_rw_t	ୌڠݸᆐ҅ڊ ଚ಩	ro	ᩙ ꧊ᕳ	rw	̔ ౮ԅ	rw	ጱӞӻ౮ާݒᰁ๋҅ݸ಩	rw	ᦡᗝ
ᕳ	bits	̔ ๊դԏڹ	bits	Ӿਂؙጱ	ro	̶ ᴻԧᬯԶ඙֢क़҅ᬮտํӞԶٌ՜ᩙ꧊ጱ඙֢҅ӥᶎฎ
ጱᔜᓌᇇդᎱ̶	Class	ত۸ڡ

static	Class	realizeClass(Class	cls)	

{

				const	class_ro_t	*ro;

				class_rw_t	*rw;

				Class	supercls;

				Class	metacls;

				bool	isMeta;

				if	(!cls)	return	nil;

				if	(cls->isRealized())	return	cls;

				ro	=	(const	class_ro_t	*)cls->data();

				rw	=	(class_rw_t	*)calloc(sizeof(class_rw_t),	1);

				rw->ro	=	ro;

				rw->flags	=	RW_REALIZED|RW_REALIZING;

				cls->setData(rw);

				isMeta	=	ro->flags	&	RO_META;

				rw->version	=	isMeta	?	7	:	0;

				supercls	=	realizeClass(remapClass(cls->superclass));

				metacls	=	realizeClass(remapClass(cls->ISA()))

				cls->superclass	=	supercls;

				cls->initClassIsa(metacls);

				cls->setInstanceSize(ro->instanceSize);

				if	(supercls)	{

								addSubclass(supercls,	cls);

				}	else	{

								addRootClass(cls);

				}

				methodizeClass(cls);

				return	cls;



}

හጱᘳᨱڍහ҅ᬯӷӻڍ	addSubclass	޾	addRootClass	හ҅ڍሿԧӷӻݎӤᶎጱդᎱӾ౯ժᬮࣁ
ฎਖ਼຤ӻᔄጱৼᔄԀ౮Ӟӻڜᤒ҅य़ᛘฎӥᶎጱ᱾ളᶲଧ̶ኧྌݢᎣ҅౯ժฎݢզ᭗
ᬦ	class_rw_t	̔ ᔄጱಅํৼᔄ̶ڹ୮کݐ឴

superClass.firstSubclass	->	subClass1.nextSiblingClass	->	subClass2.nextSiblingClas

s	->	...

̵	list	method	ጱ	rw	҅ݸԏ	ro	޾	rw	ত۸ڡ 	protocol	list	̵ 	property	list	᮷ฎᑮጱ҅ᵱᥝ
̔	rw	꧊ᕳᩙݸ๶҅ᆐڊݐ᮷	list	ጱ	ro	හӾտ಩ڍහӾᬰᤈᩙ꧊̶ڍ	methodizeClass	ӥᶎࣁ ই
ຎࣁᬩᤈ෸ۖாץද҅Ԟฎ੒	rw	؉ጱ඙̶֢ಅզ	ro	Ӿਂؙጱฎᖫᦲ෸੪૪ᕪ٬ਧጱܻහ
ഝ҅	rw	಍ฎᬩᤈ෸ۖாץදጱහഝ̶

static	void	methodizeClass(Class	cls)

{

				bool	isMeta	=	cls->isMetaClass();

				auto	rw	=	cls->data();

				auto	ro	=	rw->ro;

				method_list_t	*list	=	ro->baseMethods();

				if	(list)	{

								prepareMethodLists(cls,	&list,	1,	YES,	isBundleClass(cls));

								rw->methods.attachLists(&list,	1);

				}

				property_list_t	*proplist	=	ro->baseProperties;

				if	(proplist)	{

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

				}

				protocol_list_t	*protolist	=	ro->baseProtocols;

				if	(protolist)	{

								rw->protocols.attachLists(&protolist,	1);

				}

				if	(cls->isRootMetaclass())	{

								//	root	metaclass

								addMethod(cls,	SEL_initialize,	(IMP)&objc_noop_imp,	"",	NO);

				}

				//	Attach	categories.

				category_list	*cats	=	unattachedCategoriesForClass(cls,	true	/*realizing*/);

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



}

؃ᦡڠୌӞӻᔄ	LXZObject	̔ ᖀಥᛔ	NSObject	̔ ଚԅٌفےӞӻ	testMethod	ොဩ҅ӧ؉ٌ՜඙
Ӟӥᕮ຅֛ܦᕮ຅֛҅ಅզ౯ժ಑	class_ro_t	੒ଫጱฎ	bits	ጱ	objc_class	ݸᖫᦲࣁԅࢩ̶֢
ጱ౮ާݒᰁ҅፡Ӟӥᖫᦲݸጱ	class_ro_t	ฎՋԍ໏ጱ̶

struct	class_ro_t	{

		flags	=	128

		instanceStart	=	8

		instanceSize	=	8

		reserved	=	0

		ivarLayout	=	0x0000000000000000	<no	value	available>

		name	=	0x0000000100000f7a	"LXZObject"

		baseMethodList	=	0x00000001000010c8

		baseProtocols	=	0x0000000000000000

		ivars	=	0x0000000000000000

		weakIvarLayout	=	0x0000000000000000	<no	value	available>

		baseProperties	=	0x0000000000000000

}

ᕪᬦ಑ݢܦզ፡҅ڊӞӻᔄጱ	class_ro_t	Ӿݝտ۱ތ୮ڹᔄጱמ௳҅ӧտ۱ٌތᆿᔄጱמ௳҅
ӞํݝӾ	baseMethodList	ӷӻਁྦྷ҅ᘒ	baseMethodList	޾	name	ތտ۱ݝᔄӾ	LXZObject	ࣁ
ӻ	testMethod	ොဩ̶ኧྌݢᎣ҅	class_rw_t	ᕮ຅֛ԞฎӞ໏ጱ̶



ӥᶎฎ૪ᕪڡত۸ݸጱ	isa_t	ᕮ຅֛ጱ૲ੴ҅զ݊ݱӻᕮ຅֛౮ާࣁᕮ຅֛Ӿጱ֖ᗝ̶

 ত۸ᬦᑕڡ



	union	ᕪଉᯈݳᕮ຅ֵ֛አ҅ᒫӞֵེአ	union	੪ฎ੒ᕮ຅֛܄ऒ؉ڡত۸̶ࣁ੒᨝ڡত۸෸҅
տ੒	isa_t	ጱ	bits	ਁ ྦྷᩙ꧊ԅ	ISA_MAGIC_VALUE	̔ ᬯ੪ฎ੒	union	ᘶڡ֛ݳত۸ጱᬦᑕ̶

objc-723Ӿ૪ᕪဌํԧࣁ	//
inline	void	objc_object::initIsa(Class	cls,	bool	indexed,	bool	hasCxxDtor)	

{

				if	(!indexed)	{

								isa.cls	=	cls;

				}	else	{

								isa.bits	=	ISA_MAGIC_VALUE;

								isa.has_cxx_dtor	=	hasCxxDtor;

								isa.shiftcls	=	(uintptr_t)cls	>>	3;

				}

}

তڡᬰᤈ	isa	੒	ISA_MAGIC_VALUE	ত۸෸҅տ᭗ᬦڡහڍ	()initIsa	੒᨝᭗ᬦࣁ
۸̶	ISA_MAGIC_VALUE	ฎӞӻ16ᬰګጱ꧊҅ਖ਼ٌ᫨ഘԅԫᬰ҅ݸګտݎሿ	ISA_MAGIC_VALUE	ฎ
੒	nonpointer	޾	magic	؉ڡত۸̶

	nonpointer	ฎ੒ԏ32֖॒ڹቘ࢏ጱّ਻̶ࣁᦢᳯ੒᨝ಅંጱᔄ෸҅ইຎฎ32֖ڞᬬࢧԏڹ
ጱ	isa	೰ᰒڞވ҅࣎ࣈᤒᐏฎ64֖॒ቘڞ҅࢏ᬬࢧ	isa_t	ᕮ຅̶֛



#	define	ISA_MAGIC_VALUE	0x000001a000000001ULL

ԫᬰګғ11010000000000000000000000000000000000001

ᤑقԫᬰګғ23ӻᵭ+11010000000000000000000000000000000000001

ᵋݸտ᭗ᬦ֖ऒ҅੒	has_cxx_dtor	޾	shiftcls	؉ڡত۸҅ᬯ෸ײ੪૪ᕪํࢥӻਁྦྷᤩڡত۸
ԧ̶	has_cxx_dtor	ᤒᐏฎํވ	C++	౲OCጱຉ຅ොဩ҅ࣁ಑ܦොဩڜᤒ෸҅ᕪଉᚆ፡کӞӻݷ
ԅ	.cxx_destruct	ጱොဩ҅੪޾ᬯӻਁྦྷํىᔮ̶

෸҅տ੒ٖਂํ੒ٌݐ᧛޾فٟࣁಅզ҅׎ොݐ᧛	(Disk	or	Memory)	܄ᦇᓒ๢Ӿԅԧ੒ਂؙࣁ
඙̶֢Ӟᛱฎզਁᜓԅ֖ܔᬰᤈ੒ٌ҅ᬯ໏Ԟฎ੒᧛ٟ᭛ଶጱս۸̶ࣁ੒	shiftcls	ᬰᤈᩙ꧊
෸҅੒	Class	ጱ೰ᰒᬰᤈԧ֖ᑏ඙֢֖҅ݦݻᑏӣ̶֖ᬯฎࢩԅᔄ೰ᰒԅԧٖਂ੒ٌ҅ਖ਼๋ݸӣ
֖አ0ऴ꧌҅ಅզᬯӣ֖ฎဌํ఺Ԏጱ̶

isaᕮ຅֛
0000000001011101100000000000000100000000001110101110000011111001

0x5d8001003ae0f8

ᔄ੒᨝࣎ࣈ
100000000001110101110000011111000

0x1003ae0f8

ਖ਼ᔄ੒᨝ݦ࣎ࣈᑏӣ֖ԅ100000000001110101110000011111҅ྋঅᒧݳisa_t࣎ࣈӾshiftclsጱ᮱ړ
ᶎӧ᪃ᤑᵭ̶ڹ҅

क़ኴ឴ݐ	Class	෸҅ଫᧆ᭗ᬦ	ISA()	ڍහ҅ᘒӧฎ؟ԏڹӞ໏ፗളᦢᳯ	isa	೰ᰒ̶ࣁ	ISA()	ڍහ
Ӿ҅ฎ੒	isa_t	ጱᕮ຅֛؉Өᬩᓒ҅ฎ᭗ᬦ	ISA_MASK	ਡᬰᤈጱ҅᫨ഘԅԫᬰګጱᦾ҅ྋঅฎ
಩	shiftcls	ጱڊݐ࣎ࣈ๶̶

inline	Class	

objc_object::ISA()	

{

				return	(Class)(isa.bits	&	ISA_MASK);

}

#define	ISA_MASK	0x0000000ffffffff8ULL

111111111111111111111111111111111000

՗	iPhone5s	୏ত҅	iOS	ᦡ॓୏ত୚فԧ64֖॒ቘ҅࢏ԏڹጱ॒ቘ࢏Ӟፗ᮷ฎ32֖ጱ̶

֕ฎ64֖॒ࣁቘ࢏Ӿ҅೰ᰒᳩଶզ݊ӞԶݒᰁಅਂٖܛ᮷ݎኞԧද32֖҅ݒӞӻ೰ᰒܛአ4ਁ

Tagged Pointer 



ᜓ҅֕64֖Ӟӻ೰ᰒܛአ8ਁᜓҔ32֖Ӟӻ	long	ܛአ4ਁᜓ҅64֖Ӟӻ	long	ܛአ8ਁᜓᒵ҅ಅզ
உग̶़ڊአտग़ܛ64֖Ӥٖਂࣁ

᝘ຎԅԧս۸ᬯӻᳯ᷌҅വڊԧTagged Pointerෛᇙ௔̶ԏڹӞӻ೰ᰒ೰ݻӞӻ҅࣎ࣈᘒ
Tagged PointerӾӞӻ೰ᰒ੪դᤒӞӻ꧊҅զNSNumberԅ̶ֺ

NSNumber	*number1	=	@1;

NSNumber	*number2	=	@3;

NSNumber	*number3	=	@54;

//	ᬌڊ
(lldb)	p	number1

(__NSCFNumber	*)	$3	=	0xb000000000000012	(int)1

(lldb)	p	number2

(__NSCFNumber	*)	$4	=	0xb000000000000032	(int)3

(lldb)	p	number3

(__NSCFNumber	*)	$5	=	0xb000000000000362	(int)54

᭗ᬦӤᶎդᎱݢզ፡ֵ҅ڊአԧ	Tagged	Pointer	ෛᇙ௔҅ݸ೰ᰒӾ੪ਂؙ፳੒᨝ጱ꧊̶ֺইӞ
ӻ꧊ԅ1ጱ	NSNumber	̔ ೰ᰒ੪ฎ	0xb000000000000012	̔ ইຎಲ݄ڹᶎጱ	0xb	ݸ޾ᶎጱ2҅Ӿᳵྋ
অ੪ฎ16ᬰګጱ꧊̶

᝘ຎ᭗ᬦ	Tagged	Pointer	ጱᇙ௔҅กดጱ൉܋ԧಗᤈපሲଚᜓ፜ԧஉग़ٖਂ̶64֖॒ࣁቘ࢏
ӥٖ҅ਂܛአٺ੝ԧਖ਼ᬪӞ҅܎ಗᤈපሲԞय़य़൉̶܋ኧԭ᭗ᬦ೰ᰒ๶ፗളᤒᐏහ꧊҅ಅզဌํ
ԧ	malloc	޾	free	ጱᬦᑕ҅੒᨝ጱڠୌ޾ᲀྪ᭛ଶ൉̶׭܈پ܋

੒ԭ੒᨝೰ᰒԞฎӞ໏҅ࣁ	OC1.0	෸դ	isa	ฎӞӻ፥ጱ೰ᰒ҅೰ݻӞӻञ܄ጱ̶࣎ࣈᘒ	OC2.0	෸
դ҅Ӟӻ೰ᰒᳩଶฎᜓਁكԞ੪ฎ64֖҅64֖ࣁӾፗളਂؙ፳੒᨝ጱמ௳̶୮ັತ੒᨝ಅંጱᔄ
෸҅ፗളࣁ	isa	೰ᰒӾᬰᤈ֖ᬩᓒ҅ݢܨᘒӬኧԭฎࣁ຾܄ᬰᤈ඙֢҅ັತ᭛ଶฎᶋଉளጱ̶

struct	{

				uintptr_t	nonpointer								:	1;

				uintptr_t	has_assoc									:	1;

				uintptr_t	has_cxx_dtor						:	1;

				uintptr_t	shiftcls										:	33;

				uintptr_t	magic													:	6;

				uintptr_t	weakly_referenced	:	1;

				uintptr_t	deallocating						:	1;

				uintptr_t	has_sidetable_rc		:	1;

				uintptr_t	extra_rc										:	19;

};

isa_t 



ֺই	isa_t	๜ᨶӤฎӞӻᕮ຅֛҅ইຎڠୌᕮ຅֛ٚአ೰ᰒ೰ݻᬯӻᕮ຅֛ٖ҅ਂܛአฎஉय़
ጱ̶֕ฎ	Tagged	Pointer	ᇙ௔Ӿ҅ፗള಩ᕮ຅֛ጱ꧊᮷ਂؙک೰ᰒӾ҅ᬯ੪ፘ୮ᜓ፜ٖਂԧ̶

᝘ຎӧ꧋ᦜፗളᦢᳯ	isa	೰ᰒ҅޾	Tagged	Pointer	Ԟฎํىᔮጱ̶ࢩԅࣁ	Tagged	Pointer	ጱఘ
ᘒฎፗളᤒᐏ੒᨝ጱ꧊҅ಅզ᭗ᬦፗളᦢ҅܄ӞٖࣘਂݚݻଚӧฎӞӻ೰ᰒ೰	isa	ӥ҅٭
ᳯ	isa	឴ ฎᲙ᧏ጱ̶௳מጱکݐ



๜෈चԭ	objc-723	ᇇ๜҅ࣁApple Github޾Apple OpenSourceӤํრᎱ҅֕ฎᵱᥝᛔ૩ᖫᦲ̶

᯿ᅩ๶ԧ~҅ݢզک౯ጱ	Github	Ӥӥ᫹ᖫᦲঅጱრᎱ҅რᎱӾ૪ᕪٟԧय़ᰁጱဳ᯽҅ො׎᧛ᘏᎸ
ᑪ̶(ইຎᥧ஑ᬮӧᲙ֖҅ݱय़֬Ἃᅸᅩӻ	Star	

!

)
Runtime Analyze

ොဩᬰᤈਫֺ۸̶	new	ොဩਫֺ۸҅౲ᘏ᭗ᬦ	alloc+init	Ӟᛱ᮷տ᧣አ҅ײত۸ጱ෸ڡ੒᨝ࣁ
ӥᶎਖ਼տړຉ᭗ᬦ	alloc+init	ጱොୗਫֺ۸ጱᬦᑕ҅զӥդᎱ᮷ฎىᲫդᎱ̶

හ᧣አ̶ڍ᮷ฎፗളᬰᤈ҅ܔᶎӷྍஉᓌڹ

+	(id)alloc	{

				return	_objc_rootAlloc(self);

}

id	_objc_rootAlloc(Class	cls)

{

				return	callAlloc(cls,	false/*checkNil*/,	true/*allocWithZone*/);

}

හڍ	initInstanceIsa	᭗ᬦݸ୏ᬗٖਂ҅ᆐ	calloc	ොํӷᐿොୗ҅Ӟᐿฎ᭗ᬦࣈୌ੒᨝ጱڠࣁ
ত۸᭦ᬋ̶ڡහ҅ኧٖ᮱ਫሿڍ	class_createInstance	ত۸ᬯٖࣘਂ̶ᒫԫᐿฎፗള᧣አڡ

static	ALWAYS_INLINE	id

callAlloc(Class	cls,	bool	checkNil,	bool	allocWithZone=false)

{

				if	(fastpath(cls->canAllocFast()))	{

								bool	dtor	=	cls->hasCxxDtor();

								id	obj	=	(id)calloc(1,	cls->bits.fastInstanceSize());

								if	(slowpath(!obj))	return	callBadAllocHandler(cls);

								obj->initInstanceIsa(cls,	dtor);

								return	obj;

				}

				else	{

								id	obj	=	class_createInstance(cls,	0);

								if	(slowpath(!obj))	return	callBadAllocHandler(cls);

								return	obj;

RuntimeრᎱړຉ 

੒᨝ጱڡত۸ၞᑕ 

https://github.com/opensource-apple/objc4
https://opensource.apple.com/source/objc4/
https://github.com/DeveloperErenLiu/RuntimeAnalyze


				}

}

֕ฎ๋ࣁෛᇇጱ	objc-723	Ӿ҅᧣አ	canAllocFast	ڍහፗളᬬࢧ	false	̔ ಅզݝտಗᤈӤᶎᒫԫ
ӻ	else	դᎱ̶ࣘ

bool	canAllocFast()	{

				return	false;

}

Ძդىত۸ጱڡහฎڍහ҅ᬯӻڍ	class_createInstanceFromZone_	کত۸դᎱ๋ᕣտ᧣አڡ
Ꮁ̶ӥᶎդᎱӾտᬰف	if	᧍ٖ҅ݙ໑ഝ	instanceSize	ڍහᬬࢧጱ	size	̔ ᭗ᬦ	calloc	ڍහړᯈ
ٖਂ҅ଚڡত۸	isa_t	೰ᰒ̶

id	class_createInstance(Class	cls,	size_t	extraBytes)

{

				return	_class_createInstanceFromZone(cls,	extraBytes,	nil);

}

static	__attribute__((always_inline))

id	_class_createInstanceFromZone(Class	cls,	size_t	extraBytes,	void	*zone,	

																																	bool	cxxConstruct	=	true,	

																																	size_t	*outAllocatedSize	=	nil)

{

				bool	hasCxxCtor	=	cls->hasCxxCtor();

				bool	hasCxxDtor	=	cls->hasCxxDtor();

				bool	fast	=	cls->canAllocNonpointer();

				size_t	size	=	cls->instanceSize(extraBytes);

				id	obj;

				if	(!zone		&&		fast)	{

								obj	=	(id)calloc(1,	size);

								if	(!obj)	return	nil;

								obj->initInstanceIsa(cls,	hasCxxDtor);

				}	

				else	{

								if	(zone)	{

												obj	=	(id)malloc_zone_calloc	((malloc_zone_t	*)zone,	1,	size);

								}	else	{

												obj	=	(id)calloc(1,	size);

								}

								if	(!obj)	return	nil;

								obj->initIsa(cls);

				}



				return	obj;

}

੒᨝ܻতय़ੜ҅ݐහ឴ڍ	alignedInstanceSize	හӾ҅տ᭗ᬦڍ	()instanceSize	ࣁ
ݒᰁӾਂؙԧ੒᨝ਫֺ۸෸҅ಅํݒᰁӾਧԎ̶ᬯӻݒ	instanceSize	ᕮ຅֛Ӿጱ	class_ro_t	ࣁ
ᰁಅܛጱٖਂय़ੜ҅ᬯӻय़ੜฎࣁᖫᦲ࢏੪૪ᕪ٬ਧጱ҅ӧᚆࣁᬩᤈ෸ᬰᤈۖாද̶ݒ

໛ຝᥝ࿢ಅํ੒	CF	੒̶ٌᵱᥝဳ఺ጱฎ҅࣎ࣈᬰᤈ	size	ጱکݐ੒឴҅ݸ	instanceSize	کݐ឴
᨝य़ੜ๋੝ฎ16ਁᜓ҅ইຎӧड़ڞፗളਧԎԅ16ਁᜓ̶

size_t	instanceSize(size_t	extraBytes)	{

				size_t	size	=	alignedInstanceSize()	+	extraBytes;

				//	CF	requires	all	objects	be	at	least	16	bytes.

				if	(size	<	16)	size	=	16;

				return	size;

}

ᬯԞฎஉىᲫጱӞྍ҅ኧԭ᧣አ	initIsa	ڍහ෸҅	nonpointer	ਁ ྦྷփف	true	̔ ಅզፗളಗ
ᤈ	if	᧍҅ݙᦡᗝ	isa	ጱ	cls	ԅփفጱ	Class	̶ 	isa	ฎ	objc_object	ጱᕮ຅֛౮ާݒᰁ҅Ԟ੪
ฎ	isa_t	ጱᔄ̶ࣳ

inline	void	objc_object::initInstanceIsa(Class	cls,	bool	hasCxxDtor)

{

				initIsa(cls,	true,	hasCxxDtor);

}

inline	void	objc_object::initIsa(Class	cls,	bool	nonpointer,	bool	hasCxxDtor)	

{	

				if	(!nonpointer)	{

								isa.cls	=	cls;

				}	else	{

								isa_t	newisa(0);

								newisa.bits	=	ISA_MAGIC_VALUE;

								newisa.has_cxx_dtor	=	hasCxxDtor;

								newisa.shiftcls	=	(uintptr_t)cls	>>	3;

								isa	=	newisa;

				}

}

᭗ᬦ	new	ڍහڠୌ੒᨝ٌਫฎӞ໏ጱٖ҅᮱᭗ᬦ	callAlloc	ڍහಗᤈڠୌ඙֢҅ইຎ᧣
አ	alloc	ොဩጱᦾԞฎ᧣አጱ	callAlloc	ڍහ̶ಅզ᧣አ	new	ڍහڡত۸੒᨝෸҅ݢզᒵݶ
ԭ	alloc+init	ጱ᧣አ̶



+	(id)new	{

				return	[callAlloc(self,	false/*checkNil*/)	init];

}

̶ࢧruntimeრᎱӾ҅ಗᤈinit඙֢๜ᨶӤ੪ฎፗള಩selfᬬࣁ

-	(id)init	{

				return	_objc_rootInit(self);

}

id	_objc_rootInit(id	obj)

{

				return	obj;

}

ොဩಗᤈᲀྪդᎱ҅ଚӧᵱᥝ౯ժಋۖ	dealloc	ጱ	NSObject	੒᨝ᲀྪ෸҅ᬩᤈ෸ሾहտ᧣አࣁ
݄᧣አ̶ള፳տ᧣አک	Runtime	ٖ ᮱ጱ	objc_object::rootDealloc	(C++ݷ޸ᑮᳵ)ڍහ̶

̔	nil	ݻጱ඙ֺ֢҅ইਖ਼੒᨝ಅํጱ୚አ೰ڹහӾտಗᤈӞԶ᯽නڍ	rootDealloc	ࣁ ଚӬ᧣
አ	free	ڍහ᯽නٖਂᑮᳵᒵ̶

ӥᶎጱ	if-else	᧍ݙӾํڣෙ๵կ҅ইຎฎ	ARC	ሾह҅ଚӬ୮ڹ੒᨝ਧԎԧਫֺݒᰁ҅಍տᬰ
੒᨝ဌڹᤒᐏ୮ݙ᧍	if	Ӥᶎጱ̶ݙ᧍	if	Ӥᶎጱفᬰڞވහ҅ڍ	object_dispose	Ӿಗᤈ	else	ف
ํਫֺݒᰁ҅ڞፗളਖ਼୮ڹ੒᨝	free	̶

inline	void

objc_object::rootDealloc()

{

				if	(isTaggedPointer())	return;		//	fixme	necessary?

dealloc 



				if	(fastpath(isa.nonpointer		&&		

																	!isa.weakly_referenced		&&		

																	!isa.has_assoc		&&		

																	!isa.has_cxx_dtor		&&		

																	!isa.has_sidetable_rc))

				{

								assert(!sidetable_present());

								free(this);

				}	

				else	{

								object_dispose((id)this);

				}

}

؉හٖ᮱Ԇᥝڍࣁහਫሿጱ̶ڍ	objc_destructInstance	හӾ҅Ԇᥝฎ᭗ᬦڍ	object_dispose	ࣁ
ԧӣկԪғ

1. ੒୮ڹ੒᨝ᬰᤈຉ຅҅տ᧣አຉ຅ڍහ	.cxx_destruct	ڍහ҅ڍࣁහٖ᮱ᬮտᬰᤈ੒ଫ
ጱ	release	඙̶֢

2. ᑏᴻ୮ڹ੒᨝ጱಅํىᘶىᔮ̶
3. ᬰᤈ๋ݸጱ	clear	඙̶֢

//	deallocොဩጱ໐ஞਫሿٖ҅᮱տ؉ڣෙ޾ຉ຅඙֢
void	*objc_destructInstance(id	obj)	

{

				if	(obj)	{

හڍOC౲C++ጱຉ຅ํވෙฎڣ	//								
								bool	cxx	=	obj->hasCxxDtor();

								//	੒᨝ฎํވፘىᘶጱ୚አ
								bool	assoc	=	obj->hasAssociatedObjects();

								//	੒୮ڹ੒᨝ᬰᤈຉ຅
								if	(cxx)	object_cxxDestruct(obj);

								//	ᑏᴻಅํ੒᨝ጱىᘶֺ҅ই಩weak೰ᰒᗝnil

								if	(assoc)	_object_remove_assocations(obj);

								obj->clearDeallocating();

				}

				return	obj;

}

ӤᶎጱڍහӾտ᧣አ	object_cxxDestruct	ڍහᬰᤈຉ຅҅ᘒڍහٖ᮱ฎ᭗
ᬦ	object_cxxDestructFromClass	ڍහਫሿጱ̶



ጱᬦᑕӾ҅տӧෙಗܲ᭭ࣁ໑ᔄ֖ᗝ̶ک੒᨝ಅંጱᔄ୏ত᭭ܲ҅Ӟፗ᭭ܲڹහٖ᮱տ՗୮ڍ
ᤈ	.cxx_destruct	ڍහ҅੒փفጱ੒᨝ᬰᤈຉ຅̶

ଚ᭑ӻಗᤈຉ຅҅ف੒᨝փڹᖀಥᘏ᱾Ӿ҅ྯӻᔄ᮷տํᛔ૩ጱຉ຅դᎱ҅ಅզᵱᥝਖ਼୮ࣁԅࢩ
඙֢҅ਖ਼੒᨝ጱಅํຉ຅඙֢᮷ಗᤈਠ౮಍ݢզ̶

//	᧣አC++ጱຉ຅ڍහ
static	void	object_cxxDestructFromClass(id	obj,	Class	cls)

{

				void	(*dtor)(id);

				//	՗୮ڹᔄ୏ত᭭ܲ҅ፗکܲ᭭ک໑ᔄ
				for	(	;	cls;	cls	=	cls->superclass)	{

								if	(!cls->hasCxxDtor())	return;

								//	SEL_cxx_destruct੪ฎ.cxx_destructጱselector

								dtor	=	(void(*)(id))

												lookupMethodInClassAndLoadCache(cls,	SEL_cxx_destruct);

								if	(dtor	!=	(void(*)(id))_objc_msgForward_impcache)	{

හ೰ᰒଚ᧣አڍcxx_destructጱ.کݐ឴	//												
												(*dtor)(obj);

								}

				}

}

ݸහ҅ਠ౮๋ڍ	release	හٖ᮱ᬮտ᧣አӞེڍຉ຅҅ݸහڍຉ຅	.cxx_destruct	੒᨝ᤩಗᤈࣁ
ጱ᯽න඙̶֢



ӥᶎӷکտአײ౲๊ഘӞӻොဩ҅ᬯ෸ےᤒᬰᤈ඙ֺ֢҅ইۖாႲڜᶱፓӾᕪଉտۖா੒ොဩࣁ
ӻ	Runtime	ڍහ̶ࣁӥᶎӷӻڍහӾ҅๜ᨶӤ᮷ฎ᭗ᬦ	addMethod	ڍහਫሿጱ҅
҅ࣁᤒᐏොဩ૪ਂڞ	NO	ࢧහᬬڍಅզইຎྌ҅ݍݐ꧊ᬰᤈԧӞӻࢧӾ੒ᬬ	class_addMethod	ࣁ
ӧᥝ᯿॔Ⴒ̶ے

BOOL	class_addMethod(Class	cls,	SEL	name,	IMP	imp,	const	char	*types)

{

				if	(!cls)	return	NO;

				rwlock_writer_t	lock(runtimeLock);

				return	!	addMethod(cls,	name,	imp,	types	?:	"",	NO);

}

IMP	class_replaceMethod(Class	cls,	SEL	name,	IMP	imp,	const	char	*types)

{

				if	(!cls)	return	nil;

				rwlock_writer_t	lock(runtimeLock);

				return	addMethod(cls,	name,	imp,	types	?:	"",	YES);

}

addMethodਫሿ 



ӥᶎ౯ժ੪ړຉӞӥ	addMethod	ڍහጱਫሿׁ҅ᆐכݝኸ໐ஞრᎱ̶

̔	IMP	੒ଫጱࢧፗളᬬڞࣁইຎ૪ᕪਂ҅ࣁਂވጱොဩฎےෙᵱᥝႲڣضහӾտڍ	addMethod	ࣁ

ਁ	replace	හӾํӞӻڍ	class_addMethod	ࣁӞӻොဩ̶ے੪ۖாႲڞވ ྦྷ҅ᤒᐏڦ܄ฎ
̔	IMP	ࢧፗളᬬڞ	NO	ฎ	replace	හ᧣አᬦ๶ጱ̶ইຎڍ	class_replaceMethod	ވ ইຎฎ	YES	ڞ
๊ഘොဩܻํਫሿ̶

ইຎႲےጱොဩӧਂڠڞ҅ࣁୌӞӻ	method_list_t	ᕮ຅֛೰ᰒ҅ଚᦡᗝӣӻच๜݇
හ	name	̵ 	types	̵ 	imp	̔ ᆐݸ᭗ᬦ	attachLists	ڍහਖ਼ෛڠୌጱ	method_list_t	ᕮ຅֛Ⴒکے
ොဩڜᤒӾ̶

static	IMP	

addMethod(Class	cls,	SEL	name,	IMP	imp,	const	char	*types,	bool	replace)

{

				IMP	result	=	nil;

				method_t	*m;

				if	((m	=	getMethodNoSuper_nolock(cls,	name)))	{

								//	already	exists

								if	(!replace)	{

												result	=	m->imp;

								}	else	{

												result	=	_method_setImplementation(cls,	m,	imp);

								}

				}	else	{

								//	fixme	optimize

								method_list_t	*newlist;

								newlist	=	(method_list_t	*)calloc(sizeof(*newlist),	1);

								newlist->entsizeAndFlags	=	

												(uint32_t)sizeof(method_t)	|	fixed_up_method_list;

								newlist->count	=	1;

								newlist->first.name	=	name;

								newlist->first.types	=	strdupIfMutable(types);

								newlist->first.imp	=	imp;

								prepareMethodLists(cls,	&newlist,	1,	NO,	NO);

								cls->data()->methods.attachLists(&newlist,	1);

								flushCaches(cls);

								result	=	nil;

				}

				return	result;

}

ᕮ	method_list_t	ୌጱڠᑏ҅ଚਖ਼ෛ֖؉࣎ࣈ᭗ᬦ੒ܻํ҅ܔහӾਫሿྲ᫾ᓌڍ	attachLists	ࣁ



຅֛	copy	کොဩڜᤒӾ̶

void	attachLists(List*	const	*	addedLists,	uint32_t	addedCount)	{

				//	...

				memmove(array()->lists	+	addedCount,	array()->lists,	oldCount	*	sizeof(array()-

>lists[0]));

				memcpy(array()->lists,	addedLists,	addedCount	*	sizeof(array()->lists[0]));

				//	...

}

ਫֺ੒᨝̶֕ฎᵱᥝဳ఺ጱฎ҅ᬯӻےӞӻᔄႲݻහ҅ڍ	class_addIvar	զ᭗ᬦݢӾ	Runtime	ࣁ
ݒਫֺےୌጱᔄۖாႲڠ	API	Runtime	ᚆమ᭗ᬦݝᰁ҅ݒਫֺےጱᔄႲࣁӞӻ૪ᕪਂݻහӧᚆڍ
ᰁ̶

᧣զ݊҅ݸୌᔄԏڠහڍ	objc_allocateClassPair	አ᧣ࣁහଫᧆڍ
አ	objc_registerClassPair	ڍහဳٙጱᔄԏᳵႲےਫֺݒᰁ҅ڞވ੪տ०ᨳ̶ԞӧᚆݻӞӻزᔄ
Ⴒےਫֺݒᰁ҅ݝᚆమᔄႲےਫֺݒᰁ̶

ӥᶎฎۖாڠୌӞӻᔄ҅ଚݻෛڠୌጱᔄႲےਫֺݒᰁጱդᎱ̶

Class	testClass	=	objc_allocateClassPair([NSObject	class],	"TestObject",	0);

BOOL	isAdded	=	class_addIvar(testClass,	"password",	sizeof(NSString	*),	log2(sizeof

(NSString	*)),	@encode(NSString	*));

objc_registerClassPair(testClass);

if	(isAdded)	{

				id	object	=	[[testClass	alloc]	init];

				[object	setValue:@"lxz"	forKey:@"password"];

}

ᮎԍ҅ԅՋԍᵱᥝ಩ۖாႲےਫֺݒᰁጱդᎱනࣁᬯӷӻڍහӾᳵޫҘᦏ౯ժӞ᩸๶റᑪӞӥ
̶މ

Ḓض᭗ᬦ	objc_allocateClassPair	ڍහ๶ڠୌᔄ҅ڠୌ෸᭗ᬦ	getClass	ڍහڣෙᔄݷฎވ૪
አ҅ᆐݸ᭗ᬦ	verifySuperclass	ڍහڣෙ	superclass	ฎݳވᭇ҅ইຎձ఺๵կӧᒧڠڞݳୌᔄ
०ᨳ̶

ӥᶎ᭗ᬦ	alloc_class_for_subclass	ڍහڠୌᔄز޾ᔄ҅ࣁ	alloc	ڍහٖ᮱๜ᨶӤฎ᭗
ᬦ	calloc	ڍහړᯈٖਂᑮᳵ҅ဌํ؉ٌ՜඙̶֢ᆐݸ੪ಗ
ᤈ	objc_initializeClassPair_internal	ڍහ҅	initialize	ڍහٖ᮱᮷ฎڡত۸඙֢҅አ๶ڡত

ႲےIvar 



̶	metaClass	޾	Class	ୌጱڠڟڟ۸

Class	objc_allocateClassPair(Class	superclass,	const	char	*name,	

																													size_t	extraBytes)

{

				Class	cls,	meta;

				if	(getClass(name)		||		!verifySuperclass(superclass,	true/*rootOK*/))	{

								return	nil;

				}

				cls		=	alloc_class_for_subclass(superclass,	extraBytes);

				meta	=	alloc_class_for_subclass(superclass,	extraBytes);

				objc_initializeClassPair_internal(superclass,	name,	cls,	meta);

				return	cls;

}

ᬯ੪ฎ	initialize	ڍහٖ᮱ጱਫሿ҅᮷ฎݱᐿڡত۸դᎱ҅ဌํ؉ٌ՜᭦ᬋ඙̶֢ᛗྌ҅ᔄጱ
ᰁԧ̶ݒਫֺےහႲڍ	class_addIvar	क़ᶎ᭗ᬦࣁզݢত۸ਠ౮҅ڡ

static	void	objc_initializeClassPair_internal(Class	superclass,	const	char	*name,	C

lass	cls,	Class	meta)

{

				class_ro_t	*cls_ro_w,	*meta_ro_w;

				

				cls->setData((class_rw_t	*)calloc(sizeof(class_rw_t),	1));

				meta->setData((class_rw_t	*)calloc(sizeof(class_rw_t),	1));

				cls_ro_w			=	(class_ro_t	*)calloc(sizeof(class_ro_t),	1);

				meta_ro_w		=	(class_ro_t	*)calloc(sizeof(class_ro_t),	1);

				cls->data()->ro	=	cls_ro_w;

				meta->data()->ro	=	meta_ro_w;

				//	Set	basic	info

				cls->data()->flags	=	RW_CONSTRUCTING	|	RW_COPIED_RO	|	RW_REALIZED	|	RW_REALIZIN

G;

				meta->data()->flags	=	RW_CONSTRUCTING	|	RW_COPIED_RO	|	RW_REALIZED	|	RW_REALIZI

NG;

				cls->data()->version	=	0;

				meta->data()->version	=	7;

				//	....

}

ړୌෛᔄӞ໏҅ဳٙෛᔄԞڠ޾හဳٙෛᔄ̶ڍ	objc_registerClassPair	տ᭗ᬦ҅ݸୌᔄԏڠࣁ
ԅဳٙᔄزٙဳ޾ᔄ̶᭗ᬦӥᶎጱ	addNonMetaClass	ڍහဳٙزᔄ҅᭗ᬦፗള᧣



አ	NXMapInsert	ڍහဳٙᔄ̶

void	objc_registerClassPair(Class	cls)

{

				cls->ISA()->changeInfo(RW_CONSTRUCTED,	RW_CONSTRUCTING	|	RW_REALIZING);

				cls->changeInfo(RW_CONSTRUCTED,	RW_CONSTRUCTING	|	RW_REALIZING);

				addNamedClass(cls,	cls->data()->ro->name);

}

static	void	addNamedClass(Class	cls,	const	char	*name,	Class	replacing	=	nil)

{

				Class	old;

				if	((old	=	getClass(name))		&&		old	!=	replacing)	{

								inform_duplicate(name,	old,	cls);

								addNonMetaClass(cls);

				}	else	{

								NXMapInsert(gdb_objc_realized_classes,	name,	cls);

				}

}

෫ᦞฎဳٙᔄᬮฎဳٙزᔄٖ҅᮱᮷ฎ᭗ᬦ	NXMapInsert	ڍහਫሿጱ̶ࣁ	Runtime	Ӿ҅ಅํᔄ᮷
ฎਂࣁӞӻߢ૶ᤒӾጱ҅ࣁ	table	ጱ	buckets	Ӿਂ̶ؙྯེෛڠୌᔄԏ҅ݸ᮷ᵱᥝ಩ᧆᔄکفے
ጱ᭦ᬋ̶ف૶ᤒൊߢݻ૶ᤒӾ҅ӥᶎฎߢ

void	*NXMapInsert(NXMapTable	*table,	const	void	*key,	const	void	*value)	{

				MapPair	*pairs	=	(MapPair	*)table->buckets;

				//	ᦇᓒkeyࣁ୮ڹhashᤒӾጱӥຽ҅hashӥຽӧӞਧฎ๋ݸ
				unsigned				index	=	bucketOf(table,	key);

				//	ತکbucketsጱḒ҅࣎ࣈଚ᭗ᬦindexӥຽᦇᓒ੒ଫ֖ᗝ҅឴کݐindex੒ଫጱMapPair

				MapPair	*pair	=	pairs	+	index;

				//	ইຎkeyԅᑮ҅ڞᬬࢧ
				if	(key	==	NX_MAPNOTAKEY)	{

								_objc_inform("***	NXMapInsert:	invalid	key:	-1\n");

								return	NULL;

				}

				unsigned	numBuckets	=	table->nbBucketsMinusOne	+	1;

				//	ইຎ୮࣎ࣈڹ๚٫ᑱ҅ڞፗള੒pairᩙ꧊
				if	(pair->key	==	NX_MAPNOTAKEY)	{

								pair->key	=	key;	pair->value	=	value;

								table->count++;

								if	(table->count	*	4	>	numBuckets	*	3)	_NXMapRehash(table);

												return	NULL;

				}

				



/*	ᤒᐏhashᤒ٫ᑱԧڞᬯӞྍ҅ک	*/				

				

				//	ইຎڞ҅ݷݶਖ਼෯ᔄഘԅෛᔄ
				if	(isEqual(table,	pair->key,	key))	{

								const	void		*old	=	pair->value;

								if	(old	!=	value)	pair->value	=	value;

												return	(void	*)old;

				

				//	hashᤒჿԧ҅੒hashᤒ؉᯿ߢ૶҅ᆐེٚݸಗᤈᬯӻڍහ
				}	else	if	(table->count	==	numBuckets)	{

								/*	no	room:	rehash	and	retry	*/

								_NXMapRehash(table);

								return	NXMapInsert(table,	key,	value);

				//	hashᤒ٫ᑱԧ
				}	else	{

								unsigned				index2	=	index;

								//	ᥴ٬hashᤒ٫ᑱ҅ᬯ᯾᯻አጱฎᕚ௔റၥဩ҅ᥴߢ٬૶ᤒ٫ᑱ
								while	((index2	=	nextIndex(table,	index2))	!=	index)	{

												pair	=	pairs	+	index2;

												if	(pair->key	==	NX_MAPNOTAKEY)	{

																pair->key	=	key;	pair->value	=	value;

																table->count++;

૶ߢᬰᤈ᯿ڞ૶ᤒӧड़አԧ҅ߢሿݎತᬦᑕӾ҅ັࣁ	//																
																if	(table->count	*	4	>	numBuckets	*	3)	_NXMapRehash(table);

																				return	NULL;

												}

												//	ತݷݶکᔄ҅ڞአෛᔄ๊ഘ෯ᔄ҅ଚᬬࢧ
												if	(isEqual(table,	pair->key,	key))	{

																const	void		*old	=	pair->value;

																if	(old	!=	value)	pair->value	=	value;

																				return	(void	*)old;

												}

								}

				return	NULL;

				}

}

ᮎԅՋԍݝᚆݻᬩᤈ෸ۖாڠୌጱᔄႲے	ivars	̔ ӧᚆݻ૪ᕪਂࣁጱᔄႲے	ivars	ޫ Ҙ

ᬯฎࢩԅࣁᖫᦲ෸ݝ᧛ᕮ຅֛	class_ro_t	੪տᤩᏟਧ҅ࣁᬩᤈ෸ฎӧݢๅදጱ̶	ro	ᕮ຅֛Ӿํ
Ӟӻਁྦྷฎ	instanceSize	̔ ᤒᐏ୮ڹᔄڠࣁୌ੒᨝෸ᵱᥝग़੝ᑮᳵ҅ݸᶎጱڠୌ᮷໑ഝᬯ
ӻ	size	ړᯈᔄጱٖਂ̶

௏ᘍ 



ইຎ੒Ӟӻ૪ᕪਂࣁጱᔄीےӞӻ݇හ҅දݒԧ	ivars	ጱᕮ຅҅ᬯ໏ࣁᦢᳯදݒԏڠڹୌጱ੒᨝
෸҅੪տڊሿᳯ̶᷌

զӤࢶԅֺ҅ࣁᶱፓӾڠୌ	TestObject	ᔄ҅ଚӬႲےӣӻ౮ާݒᰁٌ҅	ivars	ጱٖਂᕮ຅ܛአ
20ਁᜓ̶ইຎࣁᬩᤈ෸ۖாႲےӞӻ	bool	ࣳ ݇හ҅ԏڠݸୌጱ੒᨝	ivars	᮷ܛአ21ਁᜓ̶

̔	sex	ୌጱ੒᨝ဌํڠڹԅԏࢩୌጱ੒᨝෸҅ڠڹᕮ຅֛ᦢᳯԏ	ivars	᭗ᬦࣁ ಅզᬮฎೲᆙ20ਁ
ኴ̶᩼࣎ࣈ੪տ੕ᛘ	sex	ᦢᳯײᯈጱٖਂᑮᳵ҅ᬯ෸ړᜓ

ਧԎ੒᨝෸᮷տᕳٌᦡᗝᔄࣳ҅ᔄࣳ๜ᨶӤଚӧฎӞӻ੒᨝҅ᘒฎአ๶ຽᐏ୮ڹ੒᨝ಅܛᑮᳵ
ጱ̶զC᧍᥺ԅֺ҅ᦢᳯ੒᨝᮷ฎ᭗ᬦ࣎ࣈ؉ᦢᳯጱ҅ᘒᔄࣳ੪ฎ՗Ḓ࣎ࣈ୏ত᧛ݐग़੝֖ฎ୮
੒᨝̶ڹ

int	number	=	18;

char	text	=	'i';

զӤᶎդᎱԅֺ҅ਧԎԧӞӻ	int	ᔄࣳጱ	number	̔ ݒ	text	ᔄࣳጱ	char	ਧԎӞӻ҅ᜓਁࢥአܛ
ᰁ҅ܛአӞਁᜓ̶ਂٖࣁӾᦢᳯ੒᨝෸҅੪ฎ໑ഝ೰ᰒ࣎ࣈತک੒ଫጱٖਂ҅܄ᆐݸೲᆙ೰ᰒᔄ
඙̶֢ݐጱٖਂ҅੪ਠ౮੒᨝ጱ᧛ࢱग़੝᝜ݐࣳ

හഝᦢᳯ 



ᘒࣁᶎݻ੒᨝᧍᥺Ӿ҅ڍහ౲ොဩጱݷ޸ᥢڞᬮᵱᥝכኸࣁᬩᤈ๗̶զ	C++	ԅֺ҅	C++	ӾํӞӻ
༷ஷڍ“؉ݞහ᯿᫹”҅ڍහ᯿᫹೰ጱฎ꧋ᦜํӞᕟፘڍݶහ݇֕҅ݷහڜᤒᔄࣳӧݶጱڍහ̶

c)	print(char	හғvoidڍܻ

᯿᫹ᕮຎғ_ZN4test5printEc

	C++	ڍහ᯿᫹ฎํӞਧᥢڞጱֺ҅ইӤᶎ੪ฎ੒	print	ڍහ᯿᫹ݸጱᕮຎ҅᯿᫹ᕮຎ಍ฎᬩᤈ෸
፥ྋಗᤈጱڍහ̶ڍහ᯿᫹ݎኞࣁᖫᦲ๗҅տ۱ތ	namespace	̵ 	class	name	̵ 	function	name	̵

ᬬࢧ꧊̵݇හᒵ᮱҅ړ໑ഝᬯԶ᮱ړ᯿ෛኞ౮ڍහ̶ݷ

੒ᬬےද҅ᘒฎीץ؉ݷӧᬦOCଚӧฎፗള੒ܻํොဩݝහ᯿᫹ጱ༷ஷ҅ڍࣁOCӾٌਫԞਂࣁ
ᕮ຅֛Ӿ̶	method_t	ࣁනݸᬰᤈᖫᎱ҅ᆐڞහೲᆙӞਧᥢ݇޾꧊ࢧ

	method_t	ᕮ຅֛ਂؙ፳ොဩጱמ௳ٌ҅Ӿ	types	ਁ ྦྷ੪ฎᬬࢧ꧊݇޾හጱᖫᎱ̶ᖫᎱݸጱਁᒧ
Ԁᔄ֒ԭ	"iv@:d"	̔ ਠෆጱᖫᎱᥢݢڞզັ፡ਥො෈໩̶

ӥᶎ੪ฎ	Method	ጱਧԎ҅Ԇᥝ۱ތԧӣӻىᲫמ௳̶

struct	method_t	{

				SEL	name;

				const	char	*types;

				IMP	imp;

};

Protocol 

https://developer.apple.com/library/content/documentation/Cocoa/Conceptual/ObjCRuntimeGuide/Articles/ocrtTypeEncodings.html


౯ժࣁᶱፓӾᕪଉֵአܐᦓ҅ᮎܐᦓ݈ฎெԍਫሿጱޫҘ

໑ഝ	Runtime	რᎱݢզ፡ܐ҅ڊᦓ᮷ฎ	protocol_t	ᕮ຅֛ጱ੒᨝҅ᘒ	protocol_t	ᕮ຅֛ฎᖀಥ
ᛔ	objc_object	ጱ҅ಅզٍ॓੒᨝ጱᇙ஄̶

ᴻԧ	objc_object	ӾਧԎጱӞԶᕮ຅֛݇හक़҅	protocol_t	ӾᬮਧԎԧӞԶᇿํጱ݇හֺ҅ই
ଉአጱ	name	̵ 	method	list	̵ 	property	list	̵ 	size	ᒵ̶ಅզݢզ፡҅ڊӞӻܐᦓӾݢզ्ก
੒᨝ොဩ̵ᔄොဩ҅զ݊੒᨝ં௔޾ᔄં௔̶

struct	protocol_t	:	objc_object	{

				const	char	*mangledName;

				struct	protocol_list_t	*protocols;

				method_list_t	*instanceMethods;

				method_list_t	*classMethods;

				method_list_t	*optionalInstanceMethods;

				method_list_t	*optionalClassMethods;

				property_list_t	*instanceProperties;

				uint32_t	size;			//	sizeof(protocol_t)

				uint32_t	flags;

				//	Fields	below	this	point	are	not	always	present	on	disk.

				const	char	**_extendedMethodTypes;

				const	char	*_demangledName;

				property_list_t	*_classProperties;

};

෬ᆐٍ॓ԧ੒᨝ጱᇙ஄҅ᮎԞฎํisa೰ᰒጱ̶ࣁProtocolӾಅํጱisa᮷೰ݶݻӞӻᔄ
Protocol̶ࣁ	Protocol	ᔄӾဌํ؉ॡ॔๥ጱ॒ቘ҅ݝฎਫሿԧӞԶचᏐጱොဩ̶

@implementation	Protocol	

+	(void)	load	{

}

-	(BOOL)	conformsTo:	(Protocol	*)aProtocolObj	{

				return	protocol_conformsToProtocol(self,	aProtocolObj);

}

-	(struct	objc_method_description	*)	descriptionForInstanceMethod:(SEL)aSel	{

				return	method_getDescription(protocol_getMethod((struct	protocol_t	*)self,	

																																																					aSel,	YES,	YES,	YES));

}

-	(struct	objc_method_description	*)	descriptionForClassMethod:(SEL)aSel	{

				return	method_getDescription(protocol_getMethod((struct	protocol_t	*)self,	



																																																				aSel,	YES,	NO,	YES));

}

-	(const	char	*)name	{

				return	protocol_getName(self);

}

//	Protocol᯿ٟԧisEqualොဩٖ҅᮱ӧෙັತٌᆿᔄ҅ڣෙฎވProtocolጱৼᔄ̶
-	(BOOL)isEqual:other	{

				Class	cls;

				Class	protoClass	=	objc_getClass("Protocol");

				for	(cls	=	object_getClass(other);	cls;	cls	=	cls->superclass)	{

								if	(cls	==	protoClass)	break;

				}

				if	(!cls)	return	NO;

				//	check	equality

				return	protocol_isEqual(self,	other);

}

-	(NSUInteger)hash	{

				return	23;

}

@end

ত۸ᬦᑕԆᥝฎӞӻ̶᭭ܲ᭦ᬋ੪ฎ឴ڡහӾਠ౮ጱ҅ڍ	read_images_	ࣁত۸Ԟฎڡᦓጱܐ
̔	list	Protocol	ݐ ᆐܲ᭭ݸᬯӻහᕟ҅ଚ᧣አ	readProtocol	ڍහᬰᤈڡত۸඙̶֢

//	᭭ܲಅํܐᦓڜᤒ҅ଚӬਖ਼ܐᦓڜᤒے᫹کProtocolጱߢ૶ᤒӾ
for	(EACH_HEADER)	{

				extern	objc_class	OBJC_CLASS_$_Protocol;

				//	cls	=	Protocolᔄ҅ಅํܐᦓ޾੒᨝ጱᕮ຅֛᮷ᔄ֒҅isa᮷੒ଫProtocolᔄ
				Class	cls	=	(Class)&OBJC_CLASS_$_Protocol;

				assert(cls);

૶ᤒߢprotocolݐ឴	//				
				NXMapTable	*protocol_map	=	protocols();

				bool	isPreoptimized	=	hi->isPreoptimized();

				bool	isBundle	=	hi->isBundle();

				//	՗ᖫᦲ࢏Ӿ᧛ݐଚڡত۸Protocol

				protocol_t	**protolist	=	_getObjc2ProtocolList(hi,	&count);

				for	(i	=	0;	i	<	count;	i++)	{

								readProtocol(protolist[i],	cls,	protocol_map,	

																					isPreoptimized,	isBundle);

				}

}



හ݇فփࣁত۸඙̶֢ڡᦓᬰᤈܐጱفහӾ҅տ໑ഝփڍ	readProtocol	ࣁ
Ӿ҅	protocol_class	੪ฎ	Protocol	ᔄ҅ಅํጱܐᦓᔄጱ	isa	᮷೰ݻᬯӻᔄ̶

໑ഝ	Protocol	ጱრᎱݢզ፡ٌ҅ڊ੒᨝ཛྷࣳฎྲ᫾ᓌܔጱ҅޾	Class	ጱ੒᨝ཛྷࣳᬮӧॡӞ
໏̶	Protocol	ጱ੒᨝ཛྷࣳํݝ՗	Protocol	list	Ӿے᫹ጱ੒᨝޾	isa	೰ݻጱ	Protocol	ᔄ຅౮҅
ဌํٌ՜ጱਫֺ۸ᬦᑕ҅	Protocol	ᔄଚဌํزᔄ̶

ӧ؉ձ॒֜ቘڞত۸ጱProtocol҅ڡࣁ૶ᤒӾ૪ᕪਂߢጱಅํProtocol҅ইຎفত۸փڡ	//
static	void

readProtocol(protocol_t	*newproto,	Class	protocol_class,

													NXMapTable	*protocol_map,	

													bool	headerIsPreoptimized,	bool	headerIsBundle)

{

				auto	insertFn	=	headerIsBundle	?	NXMapKeyCopyingInsert	:	NXMapInsert;

				//	໑ഝ឴ਁݷ஑੒ଫጱProtocol੒᨝
				protocol_t	*oldproto	=	(protocol_t	*)getProtocol(newproto->mangledName);

				//	ইຎProtocolӧԅNULL҅ᤒᐏ૪ᕪਂࣁፘݶጱProtocol҅ڞӧ؉ձ॒֜ቘ҅ᬰفӥᶎif᧍̶ݙ
				if	(oldproto)	{

								//	nothing

				}

				//	ইຎProtocolԅNULL҅ڞ੒ٌᬰᤈᓌܔጱڡত۸҅ଚਖ਼ProtocolጱisaᦡᗝԅProtocolᔄ
				else	if	(headerIsPreoptimized)	{

								protocol_t	*cacheproto	=	(protocol_t	*)

												getPreoptimizedProtocol(newproto->mangledName);

								protocol_t	*installedproto;

								if	(cacheproto		&&		cacheproto	!=	newproto)	{

												installedproto	=	cacheproto;

								}

								else	{

												installedproto	=	newproto;

								}

හጱ೰ᰒڍف૶ᤒൊߢ	//								
								insertFn(protocol_map,	installedproto->mangledName,	

																	installedproto);

				}

				//	ӥᶎӷӻelse᮷ฎڡত۸protocol_tጱᬦᑕ
				else	if	(newproto->size	>=	sizeof(protocol_t))	{

								newproto->initIsa(protocol_class);

								insertFn(protocol_map,	newproto->mangledName,	newproto);

				}

				else	{

								size_t	size	=	max(sizeof(protocol_t),	(size_t)newproto->size);

								protocol_t	*installedproto	=	(protocol_t	*)calloc(size,	1);

								memcpy(installedproto,	newproto,	newproto->size);

								installedproto->size	=	(__typeof__(installedproto->size))size;

								



								installedproto->initIsa(protocol_class);

								insertFn(protocol_map,	installedproto->mangledName,	installedproto);

				}

}

Protocolฎݢզࣁᬩᤈ෸ۖாڠୌႲےጱ҅ڠ޾ୌClassጱᬦᑕᔄ֒҅ړԅڠୌٙဳ޾ӷ᮱̶ړ
॒	Protocol	҅ݸԏ	Protocol	ୌڠ ԭӞӻ๚ਠ౮ጱᇫா҅ݸٙဳํݝ಍ฎݢզֵአ
ጱ	Protocol	̶

ᬮᵱᥝ᧣አӥᶎጱregisterොဩݸୌڠୌෛጱProtocol҅ڠ	//
Protocol	*

objc_allocateProtocol(const	char	*name)

{

				if	(getProtocol(name))	{

								return	nil;

				}

				protocol_t	*result	=	(protocol_t	*)calloc(sizeof(protocol_t),	1);

				//	ӥᶎጱclsฎ__IncompleteProtocolᔄ҅ᤒᐏฎ๚ਠ౮ጱProtocol

				extern	objc_class	OBJC_CLASS_$___IncompleteProtocol;

				Class	cls	=	(Class)&OBJC_CLASS_$___IncompleteProtocol;

				result->initProtocolIsa(cls);

				result->size	=	sizeof(protocol_t);

				result->mangledName	=	strdupIfMutable(name);

				

				return	(Protocol	*)result;

}

ဳٙ	Protocol	̶

ୌጱProtocol੒᨝ڠ૶ᤒӾ҅ဳٙෛߢprotocolጱݻ	//
void	objc_registerProtocol(Protocol	*proto_gen)	

{

				protocol_t	*proto	=	newprotocol(proto_gen);

				extern	objc_class	OBJC_CLASS_$___IncompleteProtocol;

				Class	oldcls	=	(Class)&OBJC_CLASS_$___IncompleteProtocol;

				extern	objc_class	OBJC_CLASS_$_Protocol;

				Class	cls	=	(Class)&OBJC_CLASS_$_Protocol;

				//	ইຎ૪ᕪᤩဳٙߢک૶ᤒӾ҅ڞፗളᬬࢧ
				if	(proto->ISA()	==	cls)	{

								return;

				}



				//	ইຎ୮ڹprotocolጱisaӧฎ__IncompleteProtocol҅ᤒᐏᬯӻprotocolฎํᳯ᷌ጱ҅ڞᬬ
ࢧ
				if	(proto->ISA()	!=	oldcls)	{

								return;

				}

				proto->changeIsa(cls);

				NXMapKeyCopyingInsert(protocols(),	proto->mangledName,	proto);

}

ԏڹ	SEL	ฎኧ	objc_selector	ᕮ຅֛ਫሿጱ҅֕ฎ՗ሿࣁጱრᎱ๶፡҅	SEL	ฎӞӻ	const

char*	ጱଉᰁਁᒧԀ҅ݝฎդᤒӞӻਁݷᘒ૪̶

typedef	struct	objc_selector	*SEL;

ԅՋԍ᧔	SEL	ݝฎӞӻଉᰁਁᒧԀޫҘ౯ժࣁ	Runtime	რᎱӾറᑪӞӥ̶

ᬯฎࣁ	_read_images	ڍහӾ	SEL	list	ጱਫሿ҅Ԇᥝ᭦ᬋฎے᫹	SEL	list	ਂٖکӾ҅ᆐݸ᭗
ᬦ	sel_registerNameNoLock	ڍහ҅ਖ਼ಅํ	SEL	᮷ဳٙંکԭ	SEL	ጱߢ૶ᤒӾ̶

֕ฎ౯ժ՗ᬯྦྷդᎱӾݢզ፡҅ڊय़᮱ړጱ	SEL	޾	const	char*	ጱ᫨ഘ҅᮷ฎፗളᬰᤈ୩ګᔄࣳ
᫨ഘጱ҅ಅզԫᘏฎݶӞٖࣘਂ̶

//	ਖ਼ಅํSEL᮷ဳٙߢک૶ᤒӾ҅ฎݚक़Ӟୟߢ૶ᤒ
static	size_t	UnfixedSelectors;

sel_lock();

for	(EACH_HEADER)	{

				if	(hi->isPreoptimized())	continue;

				bool	isBundle	=	hi->isBundle();

"ฎ"class࣎ࣈጱฎਁᒧԀහᕟֺ҅ইḒڊݐ	//				

				SEL	*sels	=	_getObjc2SelectorRefs(hi,	&count);

				UnfixedSelectors	+=	count;

				for	(i	=	0;	i	<	count;	i++)	{

								//	sel_cnameڍහٖ᮱੪ฎਖ਼SEL୩᫨ԅଉᰁਁᒧԀ
								const	char	*name	=	sel_cname(sels[i]);

								//	ဳٙSELጱ඙֢
								sels[i]	=	sel_registerNameNoLock(name,	isBundle);

				}

}

ٚᬰف	sel_registerNameNoLock	ڍහӾݢզ፡҅ڊ	SEL	ጱߢ૶ᤒԞฎਖ਼ਁᒧԀဳٙߢک૶ᤒӾ҅

SEL 



ଚӧฎԏڹጱ	objc_selector	ᕮ຅֛҅ಅզݢզ፡ڊሿࣁ	SEL	੪ฎܔᕍጱ	const	char*	ଉᰁਁᒧ
Ԁ̶

static	SEL	sel_alloc(const	char	*name,	bool	copy)

{

				return	(SEL)(copy	?	strdupIfMutable(name)	:	name);				

}

Ꮈᑪ	Apple	ጱრᎱ෸҅ᬮݢզ᭗ᬦ	GNUStep	Ꮈᑪ҅	GNUStep	ฎ᝘ຎጱӞॺ੒ᒵԻഘრᎱ҅ਖ਼OC
դᎱզ᯿ෛਫሿԧӞٖ᭭҅᮱ਫሿय़ᛘ޾᝘ຎጱᔄ̶֒
GNUStep

੒ᒵԻഘܐᦓ 

http://www.gnustep.org/


አӞॺᔮᕹو᫹ጱ̶ಅํiOSᑕଧےஉग़ᔮᕹጱۖாପ҅ᬯԶۖாପ᮷ฎۖாکiOSᑕଧӾտአࣁ
ۖாପ҅ࣁᑕଧ୏তᬩᤈ෸಍տ୏ত᱾ളۖாପ̶

ᴻԧࣁᶱፓᦡᗝ᯾ดୗڊሿጱۖாପक़҅ᬮտํӞԶᵌୗਂࣁጱۖாପ̶ֺ
ই	objc	޾	Runtime	ಅંጱ	libobjc.dyld	޾	libSystem.dyld	̔ ଉአތӾ۱	libSystem	ࣁ
ጱ	libdispatch(GCD)	̵ 	libsystem_c	(C᧍᥺चᏐପ)̵	libsystem_blocks(Block)	ᒵ̶

ֵአۖாପጱսᅩғ

1. ᴠྊ᯿̶॔iOSᔮᕹӾಅํ	App	لአӞॺᔮᕹۖாପ҅ᴠྊ᯿॔ጱٖਂܛአ̶
դᎱ಑ᬰړiOSᔮᕹӾ҅ಅզ಑۱෸ӧᵱᥝ಩ᬯ᮱کԅᔮᕹۖாପᤩٖᗝࢩ੝۱֛ᑌ̶ٺ .2
ੜ۱֛ᑌ̶ٺզݢ݄҅

3. ۖா௔̶ࢩԅᔮᕹۖாପฎۖாے᫹ጱ҅ಅզݢզࣁๅෛᔮᕹ҅ݸਖ਼ۖாପഘ౮ෛጱۖா
ପ̶

؟ত۸඙̶֢य़༷ၞᑕ੪ڡᬰᤈᑕଧጱ	editor)	link	dynamic	dyld(the	ኧ҅ݸۖސଫአᑕଧࣁ
ӥᶎڊڜጱྍṈٌ҅Ӿᒫ3̵4̵5ྍտಗᤈग़ེ҅ࣁ	ImageLoader	ے᫹ෛጱ	image	ᬰٖਂݸ੪տ
ಗᤈӞ̶ེ

ত۸඙̶֢ڡӾ҅ଚਠ౮ӞԶ෈կጱګԫᬰک᫹ےਖ਼ଫአᑕଧ	dyld	ኧ҅ݸۖސ୚አᑕଧࣁ .1
2. 	Runtime	ݻ	dyld	Ӿဳٙڍ᧣ࢧහ̶
3. ᭗ᬦ	ImageLoader	ਖ਼ಅํ	image	ے᫹ਂٖکӾ̶
4. 	dyld	ࣁ	image	ݎኞදݒ෸҅Ԇۖ᧣አڍ᧣ࢧහ̶
5. 	Runtime	ളතک	dyld	ጱڍහࢧ᧣҅୏তಗᤈ	map_images	̵ 	load_images	ᒵ඙֢҅ଚࢧ

Runtimeے᫹ᬦᑕ 

ᑕଧے᫹ᬦᑕ 

 ᫹ᬦᑕے



᧣	+load	ොဩ̶
6. ᧣አ	main()	ڍහ҅୏তಗᤈӱۓդᎱ̶

	ImageLoader	ฎ	image	ጱے᫹҅࢏	image	ݢզቘᥴԅᖫᦲݸጱԫᬰ̶ګ

ӥᶎฎࣁ	Runtime	ጱ	map_images	ڍහ಑ෙᅩ҅ᥡ੊ࢧ᧣ఘ٭ጱ࿤ᖫդᎱ̶ݢզ፡҅ڊ᧣አฎ
ኧ	dyld	᩸ݎጱ҅ኧ	ImageLoader	᭗Ꭳ	dyld	ᬰᤈ᧣አ̶

GithubӤӥ᫹რᎱᎸᑪӞӥ̶کզݢ਍ݶ᪁ጱيᎸᑪ҅ํف౯ଚဌํႮ	dyld	ԭى

ӞӻOCᑕଧݢզࣁᬩᤈᬦᑕӾۖாے᫹޾᱾ളෛᔄ౲	Category	̔ ෛᔄ౲	Category	տے᫹کᑕ
ଧӾٌ॒҅ቘොୗٌ޾՜ᔄฎፘݶጱ̶ۖாے᫹ᬮݢզ؉ᦜग़ӧݶጱԪ҅ۖாے᫹꧋ᦜଫአᑕଧ
ᬰᤈᛔਧԎ॒ቘ̶

OC൉׀ԧ	objc_loadModules	ᬩᤈ෸ڍහ҅ಗᤈ	Mach-O	Ӿཛྷࣘጱۖாے᫹҅ࣁӤ੶	NSBundle	੒
᨝൉׀ԧๅᓌܔጱᦢᳯ	API	̶

ڍ	map_images	හ೰ᰒ̶ٌӾڍ᮱ဳٙӣӻٖࣁහ҅ଚڍ	_objc_init	᫹෸҅տ᧣አے	Runtime	ࣁ
හฎڡত۸ጱىᲫٖ҅᮱ਠ౮ԧय़ᰁ	Runtime	ሾहጱڡত۸඙̶֢

හٖ҅᮱ڍ	map_images_nolock	کአ᧣ݸහӾٖ҅᮱Ԟฎ؉ԧӞӻ᧣አӾ᫨̶ᆐڍ	map_images	ࣁ
໐ஞ੪ฎ	_read_images	ڍහ̶

void	_objc_init(void)

{

ᐿinitݱ	....	//				

				_dyld_objc_notify_register(&map_images,	load_images,	unmap_image);

}

ۖாے᫹ 

map images 

https://github.com/opensource-apple/dyld


void	map_images(unsigned	count,	const	char	*	const	paths[],

											const	struct	mach_header	*	const	mhdrs[])

{

				rwlock_writer_t	lock(runtimeLock);

				return	map_images_nolock(count,	paths,	mhdrs);

}

void	map_images_nolock(unsigned	mhCount,	const	char	*	const	mhPaths[],

																		const	struct	mach_header	*	const	mhdrs[])

{

				if	(hCount	>	0)	{

								_read_images(hList,	hCount,	totalClasses,	unoptimizedTotalClasses);

				}

}

හٖ᮱դᎱᰁྲ᫾य़҅ӥᶎฎᔜᓌᇇଃဳڍত۸඙֢҅ڡහӾਠ౮ԧय़ᰁጱڍ	read_images_	ࣁ
᯽ጱრդᎱ̶

හٖ᮱ጱ᭦ᬋғڍ	_read_images	ෆ֛༂ቘӞ᭭ض

ᤒӾ̶	gdb_objc_realized_classes	ᔄጱک᫹ಅํᔄے .1
2. ੒ಅํᔄ؉᯿ฉ੘̶
3. ਖ਼ಅํ	SEL	᮷ဳٙک	namedSelectors	ᤒӾ̶
හ೰ᰒ᭳ኸ̶ڍ॔ץ .4
5. ਖ਼ಅํ	Protocol	᮷Ⴒکے	protocol_map	ᤒӾ̶
6. ੒ಅํ	Protocol	؉᯿ฉ੘̶
̵	rw	᫹ጱᔄ҅ᬰᤈےত۸ಅํᶋౡڡ .7 	ro	ᒵ඙̶֢
8. ᭭ܲ૪ຽᦕጱౡے᫹ጱᔄ҅ଚ؉ڡত۸඙̶֢
9. ॒ቘಅํ	Category	̔ ۱ೡ	Class	޾	Meta	Class	̶

ত۸ጱᔄ̶ڡত۸ಅํ๚ڡ .10

void	_read_images(header_info	**hList,	uint32_t	hCount,	int	totalClasses,	int	unopt

imizedTotalClasses)

{

				header_info	*hi;

				uint32_t	hIndex;

				size_t	count;

				size_t	i;

				Class	*resolvedFutureClasses	=	nil;

				size_t	resolvedFutureClassCount	=	0;

				static	bool	doneOnce;

				TimeLogger	ts(PrintImageTimes);

#define	EACH_HEADER	\



				hIndex	=	0;									\

				hIndex	<	hCount	&&	(hi	=	hList[hIndex]);	\

				hIndex++

				if	(!doneOnce)	{

								doneOnce	=	YES;

								//	ਫֺ۸ਂؙᔄጱߢ૶ᤒ҅ଚӬ໑ഝ୮ڹᔄහᰁ؉ۖாಘ਻
								int	namedClassesSize	=	

												(isPreoptimized()	?	unoptimizedTotalClasses	:	totalClasses)	*	4	/	3;

								gdb_objc_realized_classes	=

												NXCreateMapTable(NXStrValueMapPrototype,	namedClassesSize);

				}

				//	ኧᖫᦲ࢏᧛ݐᔄڜᤒ҅ଚਖ਼ಅํᔄႲکےᔄጱߢ૶ᤒӾ҅ଚӬຽᦕౡے᫹ጱᔄଚڡত۸ٖਂᑮᳵ
				for	(EACH_HEADER)	{

								if	(!	mustReadClasses(hi))	{

												continue;

								}

								bool	headerIsBundle	=	hi->isBundle();

								bool	headerIsPreoptimized	=	hi->isPreoptimized();

								/**	ਖ਼ෛᔄႲߢکے૶ᤒӾ	*/

								

								//	՗ᖫᦲݸጱᔄڜᤒӾڊݐಅํᔄ҅឴کݐጱฎӞӻclassref_tᔄࣳጱ೰ᰒ
								classref_t	*classlist	=	_getObjc2ClassList(hi,	&count);

								for	(i	=	0;	i	<	count;	i++)	{

												//	හᕟӾտڊݐOS_dispatch_queue_concurrent̵OS_xpc_object̵NSRunloopᒵᔮ
ᕹᔄֺ҅ইCF̵Fundation̵libdispatchӾጱᔄ̶զ݊ᛔ૩ڠୌጱᔄ
												Class	cls	=	(Class)classlist[i];

												//	᭗ᬦreadClassڍහ឴॒ݐቘݸጱෛᔄٖ҅᮱Ԇᥝ඙֢ro޾rwᕮ຅֛
												Class	newCls	=	readClass(cls,	headerIsBundle,	headerIsPreoptimized);

᫹ጱᔄᵱᥝጱٖਂᑮᳵےত۸ಅํౡڡ	//												
												if	(newCls	!=	cls		&&		newCls)	{

																//	ਖ਼ౡے᫹ጱᔄႲکےහᕟӾ
																resolvedFutureClasses	=	(Class	*)

																				realloc(resolvedFutureClasses,	

																												(resolvedFutureClassCount+1)	*	sizeof(Class));

																resolvedFutureClasses[resolvedFutureClassCount++]	=	newCls;

												}

								}

				}

				

				//	ਖ਼๚ฉ੘Class޾Super	Class᯿ฉ੘҅ᤩremapጱᔄ᮷ฎᶋౡے᫹ጱᔄ
				if	(!noClassesRemapped())	{

								for	(EACH_HEADER)	{

												//	᯿ฉ੘Class҅ဳ఺ฎ՗_getObjc2ClassRefsڍහӾڊݐᔄጱ୚አ



												Class	*classrefs	=	_getObjc2ClassRefs(hi,	&count);

												for	(i	=	0;	i	<	count;	i++)	{

																remapClassRef(&classrefs[i]);

												}

												//	᯿ฉ੘ᆿᔄ
												classrefs	=	_getObjc2SuperRefs(hi,	&count);

												for	(i	=	0;	i	<	count;	i++)	{

																remapClassRef(&classrefs[i]);

												}

								}

				}

				//	ਖ਼ಅํSEL᮷ဳٙߢک૶ᤒӾ҅ฎݚक़Ӟୟߢ૶ᤒ
				static	size_t	UnfixedSelectors;

				sel_lock();

				for	(EACH_HEADER)	{

								if	(hi->isPreoptimized())	continue;

								bool	isBundle	=	hi->isBundle();

								SEL	*sels	=	_getObjc2SelectorRefs(hi,	&count);

								UnfixedSelectors	+=	count;

								for	(i	=	0;	i	<	count;	i++)	{

												const	char	*name	=	sel_cname(sels[i]);

												//	ဳٙSELጱ඙֢
												sels[i]	=	sel_registerNameNoLock(name,	isBundle);

								}

				}

හ೰ᰒ᧣አ᭳ኸڍ෯ጱ॔ץ	//				
				for	(EACH_HEADER)	{

								message_ref_t	*refs	=	_getObjc2MessageRefs(hi,	&count);

								if	(count	==	0)	continue;

								for	(i	=	0;	i	<	count;	i++)	{

												//	ٖ᮱ਖ਼ଉአጱalloc̵objc_msgSendᒵڍහ೰ᰒᬰᤈဳٙ҅ଚfixԅෛጱڍහ೰ᰒ
												fixupMessageRef(refs+i);

								}

				}

				//	᭭ܲಅํܐᦓڜᤒ҅ଚӬਖ਼ܐᦓڜᤒے᫹کProtocolጱߢ૶ᤒӾ
				for	(EACH_HEADER)	{

								extern	objc_class	OBJC_CLASS_$_Protocol;

								//	cls	=	Protocolᔄ҅ಅํܐᦓ޾੒᨝ጱᕮ຅֛᮷ᔄ֒҅isa᮷੒ଫProtocolᔄ
								Class	cls	=	(Class)&OBJC_CLASS_$_Protocol;

								assert(cls);

૶ᤒߢprotocolݐ឴	//								
								NXMapTable	*protocol_map	=	protocols();

								bool	isPreoptimized	=	hi->isPreoptimized();

								bool	isBundle	=	hi->isBundle();



								//	՗ᖫᦲ࢏Ӿ᧛ݐଚڡত۸Protocol

								protocol_t	**protolist	=	_getObjc2ProtocolList(hi,	&count);

								for	(i	=	0;	i	<	count;	i++)	{

												readProtocol(protolist[i],	cls,	protocol_map,	

																									isPreoptimized,	isBundle);

								}

				}

				

ᚆฎྋᏟጱ҅֕ฎଚӧᏟਧݢጱimagesݸᤒ୚አ҅ս۸ڜᦓܐ॔ץ	//				
				for	(EACH_HEADER)	{

								//	ᵱᥝဳ఺کฎ҅ӥᶎጱڍහฎ_getObjc2ProtocolRefs҅޾Ӥᶎጱ_getObjc2ProtocolLi

stӧӞ໏
								protocol_t	**protolist	=	_getObjc2ProtocolRefs(hi,	&count);

								for	(i	=	0;	i	<	count;	i++)	{

												remapProtocolRef(&protolist[i]);

								}

				}

				//	ਫሿᶋౡے᫹ጱᔄ҅੒ԭloadොဩ޾ᶉாਫֺݒᰁ
				for	(EACH_HEADER)	{

								classref_t	*classlist	=	

												_getObjc2NonlazyClassList(hi,	&count);

								for	(i	=	0;	i	<	count;	i++)	{

												Class	cls	=	remapClass(classlist[i]);

												if	(!cls)	continue;

												//	ਫሿಅํᶋౡے᫹ጱᔄ(ਫֺ۸ᔄ੒᨝ጱӞԶמ௳ֺ҅ইrw)

												realizeClass(cls);

								}

				}

				//	᭭ܲresolvedFutureClassesහᕟ҅ਫሿಅํౡے᫹ጱᔄ
				if	(resolvedFutureClasses)	{

								for	(i	=	0;	i	<	resolvedFutureClassCount;	i++)	{

												//	ਫሿౡے᫹ጱᔄ
												realizeClass(resolvedFutureClasses[i]);

												resolvedFutureClasses[i]->setInstancesRequireRawIsa(false/*inherited*/)

;

								}

								free(resolvedFutureClasses);

				}

ቘಅํCategory॒޾ሿݎ	//				

				for	(EACH_HEADER)	{

								//	क़᮱஗ሾ᭭ܲತک୮ڹᔄ҅ັತᔄ੒ଫጱCategoryහᕟ
								category_t	**catlist	=	

												_getObjc2CategoryList(hi,	&count);

								bool	hasClassProperties	=	hi->info()->hasCategoryClassProperties();



								//	ٖ᮱஗ሾ᭭ܲ୮ڹᔄጱಅํCategory

								for	(i	=	0;	i	<	count;	i++)	{

												category_t	*cat	=	catlist[i];

												Class	cls	=	remapClass(cat->cls);

												//	Ḓ҅ض᭗ᬦٌಅંጱᔄဳٙCategory̶ইຎᬯӻᔄ૪ᕪᤩਫሿ҅ڞ᯿ෛ຅᭜ᔄጱොဩ
ᤒ̶ڜ
												bool	classExists	=	NO;

												if	(cat->instanceMethods	||		cat->protocols		

																||		cat->instanceProperties)	

												{

																//	ਖ਼CategoryႲکے੒ଫClassጱvalueӾ҅valueฎClass੒ଫጱಅํcategory

හᕟ
																addUnattachedCategoryForClass(cat,	cls,	hi);

																//	ਖ਼Categoryጱmethod̵protocol̵propertyႲکےClass

																if	(cls->isRealized())	{

																				remethodizeClass(cls);

																				classExists	=	YES;

																}

												}

												//	ᬯࣘ޾Ӥᶎ᭦ᬋӞ໏҅ࣁڦ܄ԭᬯࣘฎ੒Meta	Class؉඙֢҅ᘒӤᶎڞฎ੒Class؉
඙֢
												//	໑ഝӥᶎጱ᭦ᬋ҅՗դᎱጱ᥯ଶ๶᧔҅ฎݢզ੒ܻᔄႲےCategoryጱ
												if	(cat->classMethods		||		cat->protocols		

																||		(hasClassProperties	&&	cat->_classProperties))	

												{

																addUnattachedCategoryForClass(cat,	cls->ISA(),	hi);

																if	(cls->ISA()->isRealized())	{

																				remethodizeClass(cls->ISA());

																}

												}

								}

				}

ಗᤈጱݸሿCategory஠ᶳฎ๋ݎ᫹ጱಅํᔄ҅ےত۸՗ᏺፏӾڡ	//				
				//	՗runtime	objc4-532ᇇ๜რᎱ๶፡҅DebugNonFragileIvarsਁྦྷӞፗฎ-1҅ಅզӧտᬰف
ᬯӻොဩӾ
				if	(DebugNonFragileIvars)	{

								realizeAllClasses();

				}

#undef	EACH_HEADER

}

ٌٖ᮱ᬮ᧣አԧஉग़ٌ՜ڍහ҅ݸᶎտᧇᕡՕᕨڍහٖ᮱ਫሿ̶



ොဩฎኧ	load	̶ڹහᬮᥝᶌڍ	main	ᔄොဩጱ᧣አ෸๢ྲ	load	ᔄොဩ҅	load	کᶱፓӾᕪଉአࣁ
ᔮᕹ๶᧣አጱ҅ଚӬࣁෆӻᑕଧᬩᤈ๗ᳵ҅ݝտ᧣አӞེ҅ಅզݢզࣁ	load	ොဩӾಗᤈӞԶݝ
ಗᤈӞེጱ඙̶֢

Ӟᛱ	Method	Swizzling	᮷տනࣁ	load	ොဩӾಗᤈ҅ᬯ໏ࣁಗᤈ	main	ڍහ҅ڹ੪ݢզ੒ᔄොဩ
ᬰᤈԻഘ̶ݢզᏟכྋୗಗᤈդᎱ෸҅ොဩᙗਧฎᤩԻഘᬦጱ̶

ইຎ੒ӞӻᔄႲےCategory҅ݸଚӬ᯿ٌٟܻํොဩ҅ᬯ໏տ੕ᛘCategoryӾጱොဩᥟፍܻᔄ
ጱොဩ̶֕ฎloadොဩܩฎֺक़҅ಅํCategoryܻ޾ᔄጱloadොဩ᮷տᤩಗᤈ̶

	load	ොဩኧ	Runtime	ᬰᤈ᧣አ҅ӥᶎ౯ժړຉӞӥ	load	ොဩጱਫሿ҅	load	ጱਫሿრᎱ᮷
Ӿ̶	objc-loadmethod.mm	ࣁ

ොဩӾ಑Ӟӻෙᅩ҅፡Ӟӥᔮᕹ	load	ٌࣁᔄ҅ଚ	TestObject	ୌӞӻڠӞӻෛጱૡᑕӾ҅౯ժࣁ
ጱ᧣አञ຾̶

՗᧣አ຾ݢզ፡҅ڊฎ᭗ᬦᔮᕹጱۖா᱾ള࢏	dyld	୏তጱ᧣አ҅ᆐݸ᧣
ڍ	_dyld_objc_notify_register	හฎ᭗ᬦڍ	load_images	හӾ̶ڍ	load_images	ጱ	Runtime	ک
හ҅ਖ਼ᛔ૩ጱڍහ೰ᰒဳٙᕳ	dyld	ጱ̶

void	_objc_init(void)

{

				static	bool	initialized	=	false;

				if	(initialized)	return;

				initialized	=	true;

				

				//	fixme	defer	initialization	until	an	objc-using	image	is	found?

				environ_init();

				tls_init();

				static_init();

				lock_init();

load images 

რᎱړຉ 



				exception_init();

				_dyld_objc_notify_register(&map_images,	load_images,	unmap_image);

}

load	Class	॓ٵහڍ	prepare_load_methods	᭗ᬦضහӾԆᥝ؉ԧӷկԪ҅Ḓڍ	load_images	ࣁ

list	޾	Category	load	list	̔ ᆐݸ᭗ᬦ	call_load_methods	ڍහ᧣አ૪ᕪ॓ٵঅጱӷӻොဩڜ
ᤒ̶

void

load_images(const	char	*path	__unused,	const	struct	mach_header	*mh)

{

				if	(!hasLoadMethods((const	headerType	*)mh))	return;

				prepare_load_methods((const	headerType	*)mh);

				call_load_methods();

}

Ḓض౯ժ፡Ӟӥ	prepare_load_methods	ڍහጱਫሿ҅፡Ӟӥٌٖ᮱ฎெԍັತ	load	ොဩጱ̶ݢ
զ፡ٌٖ҅ک᮱Ԇᥝړԅӷ᮱ັ҅ړತ	Class	ጱ	load	ොဩڜᤒັ޾ತ	Category	ොဩڜᤒ̶

ᤒ҅ڜ᫹ᔄጱےಅํᶋౡݐහ឴ڍ	_getObjc2NonlazyClassList	᭗ᬦضᤒ෸҅Ḓڜᔄጱොဩ॓ٵ
ᬯ෸کݐ឴ײጱฎӞӻ	classref_t	ᔄࣳጱහᕟ҅ᆐܲ᭭ݸහᕟႲے	load	ොဩڜᤒ̶

	Category	ᬦᑕԞฎᔄ֒҅᭗ᬦ	_getObjc2NonlazyCategoryList	ڍහ឴ݐಅํᶋౡے
᫹	Category	ጱڜᤒ҅஑کӞӻ	category_t	ᔄࣳጱහᕟ҅ᵱᥝဳ఺ጱฎᬯฎӞӻ೰ݻ೰ᰒጱ೰
ᰒ̶ᆐݸ੒ٌᬰᤈ᭭ܲଚႲکے	load	ොဩڜᤒ҅	Class	޾	Category	ጱ	load	ොဩڜᤒฎӷӻڜ
ᤒ̶

void	prepare_load_methods(const	headerType	*mhdr)

{

				size_t	count,	i;

ᤒڜ᫹ጱᔄጱےᶋౡکݐ឴	//				
				classref_t	*classlist	=	

								_getObjc2NonlazyClassList(mhdr,	&count);

				for	(i	=	0;	i	<	count;	i++)	{

								//	ᦡᗝClassጱ᧣አڜᤒ
								schedule_class_load(remapClass(classlist[i]));

				}

				

ᤒڜ᫹ጱCategoryےᶋౡکݐ឴	//				
				category_t	**categorylist	=	_getObjc2NonlazyCategoryList(mhdr,	&count);

				for	(i	=	0;	i	<	count;	i++)	{

								category_t	*cat	=	categorylist[i];



								Class	cls	=	remapClass(cat->cls);

								//	஺ኼ୧᱾ളጱᔄڦ
								if	(!cls)	continue;

								//	ਫֺ۸ಅંጱᔄ
								realizeClass(cls);

								//	ᦡᗝCategoryጱ᧣አڜᤒ
								add_category_to_loadable_list(cat);

				}

}

ᬰ݄҅ᶲ፳ᖀಥᘏےොဩ᮷Ⴒ	load	ᤒ෸ٖ҅᮱տ᭓୭᭭ܲ಩ಅํᆿᔄጱڜොဩ	load	ᔄጱےႲࣁ
᱾ጱᶲଧႲ҅ےտض಩ᆿᔄႲڹࣁےᶎ̶ᆐݸտ᧣አ	add_class_to_loadable_list	ڍහ҅ਖ਼ᛔ૩
ጱ	load	ොဩႲکے੒ଫጱහᕟӾ̶

static	void	schedule_class_load(Class	cls)

{

				if	(!cls)	return;

				//	૪ᕪႲےClassጱloadොဩک᧣አڜᤒӾ
				if	(cls->data()->flags	&	RW_LOADED)	return;

				//	Ꮯכsuper૪ᕪᤩႲکےloadڜᤒӾ҅ἕᦊฎෆӻᖀಥᘏ᱾ጱᶲଧ
				schedule_class_load(cls->superclass);

				

				//	ਖ਼IMP޾ClassႲکے᧣አڜᤒ
				add_class_to_loadable_list(cls);

				//	ᦡᗝClassጱflags҅ᤒᐏ૪ᕪႲےClassک᧣አڜᤒӾ
				cls->setInfo(RW_LOADED);	

}

ᘒ	Category	ڞӧᵱᥝᘍᡤᆿᔄጱᳯ᷌҅ಅզፗളࣁ	prepare_load_methods	ڍහӾ᭭
ܲ	Category	හᕟ҅ᆐݸ᧣አ	add_category_to_loadable_list	ڍහ̶ݢܨ

ํ	Category	ڹෙ୮ڣහӾ҅տڍ	add_category_to_loadable_list	ࣁ ဌํਫሿ	load	ොဩ҅ইຎ
ဌํڞፗള	return	̔ ইຎਫሿԧڞႲکے	loadable_categories	හᕟӾ̶

ᔄጱ	add_class_to_loadable_list	ڍහٖ᮱ਫሿԞฎᔄ֒҅ࣁڦ܄ԭᔄጱහᕟݞ
؉	loadable_classes	̶

void	add_category_to_loadable_list(Category	cat)

{

				IMP	method;

CategoryጱloadොဩጱIMPݐ឴	//				

				method	=	_category_getLoadMethod(cat);



				//	ইຎCategoryဌํloadොဩڞreturn

				if	(!method)	return;

				//	ইຎ૪ֵአय़ੜᒵԭහᕟय़ੜ҅੒හᕟᬰᤈۖாಘ਻
				if	(loadable_categories_used	==	loadable_categories_allocated)	{

								loadable_categories_allocated	=	loadable_categories_allocated*2	+	16;

								loadable_categories	=	(struct	loadable_category	*)

												realloc(loadable_categories,

																														loadable_categories_allocated	*

																														sizeof(struct	loadable_category));

				}

				loadable_categories[loadable_categories_used].cat	=	cat;

				loadable_categories[loadable_categories_used].method	=	method;

				loadable_categories_used++;

}

տ	load_images	অԧ҅॓ٵӷӻහᕟ૪ᕪ	loadable_categories	޾	loadable_classes	ྌԅྊ҅ک
᧣አ	call_load_methods	ڍහಗᤈᬯԶ	load	ොဩ̶ࣁᬯӻොဩӾ҅	call_class_loads	ڍහฎᨮ
ᨱ᧣አᔄොဩڜᤒጱ҅	call_category_loads	ᨮᨱ᧣አ	Category	ጱොဩڜᤒ̶

void	call_load_methods(void)

{

				bool	more_categories;

				void	*pool	=	objc_autoreleasePoolPush();

				do	{

ಗᤈጱloadොဩݢහᕟӾဌํکහ҅ፗڍಗᤈcall_class_loads॔ݍ	//								
								while	(loadable_classes_used	>	0)	{

												call_class_loads();

								}

								more_categories	=	call_category_loads();

				}	while	(loadable_classes_used	>	0		||		more_categories);

				objc_autoreleasePoolPop(pool);

				loading	=	NO;

}

ӥᶎฎ᧣አᔄොဩڜᤒጱդᎱٖ҅᮱Ԇᥝฎ᭗ᬦ੒	loadable_classes	හᕟᬰᤈ᭭ܲ҅ଚ឴ݐ
̔	IMP	޾	Class	ࣁጱᕮ຅֛҅ᕮ຅֛Ӿਂ	loadable_class	ک ᆐݸፗള᧣አ̶ݢܨ

	Category	ጱ᧣አොୗ޾ᔄጱӞ໏҅੪ӧࣁӥᶎᩂդᎱԧ̶ᵱᥝဳ఺ጱฎ҅	load	ොဩ᮷ฎፗള᧣
አጱ҅ଚဌํᩳᬩᤈ෸ጱ	objc_msgSend	ڍහ̶



static	void	call_class_loads(void)

{

				int	i;

				struct	loadable_class	*classes	=	loadable_classes;

				int	used	=	loadable_classes_used;

				loadable_classes	=	nil;

				loadable_classes_allocated	=	0;

				loadable_classes_used	=	0;

				

				for	(i	=	0;	i	<	used;	i++)	{

								Class	cls	=	classes[i].cls;

								load_method_t	load_method	=	(load_method_t)classes[i].method;

								if	(!cls)	continue;	

								(*load_method)(cls,	SEL_load);

				}

				

				if	(classes)	free(classes);

}

struct	loadable_class	{

				Class	cls;		//	may	be	nil

				IMP	method;

};

໑ഝӤᶎጱრᎱړຉ҅౯ժݢզ፡ڊ	load	ොဩጱ᧣አᶲଧଫᧆฎ“ᆿᔄ -> ৼᔄ -> ړᔄ”ጱᶲ
ଧ̶ࢩԅಗᤈے᫹	Class	ጱ෸๢ฎࣁ	Category	ԏڹጱ҅ᘒӬ	load	ৼᔄԏڹտض	load	ᆿᔄ҅ಅ
զฎᬯᐿᶲଧ̶

ᬰᤈ᧣አጱ҅ᛔ૩	Runtime	ොဩԞฎኧ	initialize	ොဩ҅	initialize	ොဩᔄ֒ጱԞํ	load	޾
ӧݢզፗള᧣አ̶Ө	load	ොဩӧݶጱฎ҅	initialize	ොဩฎࣁᒫӞེ᧣አᔄಅંጱොဩ෸҅಍
տ᧣አ	initialize	ොဩ҅ᘒ	load	ොဩฎࣁ	main	ڍහԏڹ੪ق᮱᧣አԧ̶ಅզቘᦞӤ๶
᧔	initialize	ݢᚆ࿞ᬱ᮷ӧտಗᤈ҅ইຎ୮ڹᔄጱොဩ࿞ᬱӧᤩ᧣አጱᦾ̶

ӥᶎ౯ժᎸᑪӞӥ	initialize	ࣁ	Runtime	ӾጱრᎱ̶

তڡত۸҅ইຎဌํᤩڡᤩވᔄฎڹෙ୮ڣහӾտڍ	lookUpImpOrForward	ᭆၾ௳෸҅ݎ੒᨝ݻࣁ
ত۸ٚ᧣አᔄጱොဩ̶ڡᬰᤈضڞ۸҅

IMP	lookUpImpOrForward(Class	cls,	SEL	sel,	id	inst,	bool	initialize,	bool	cache,	bo

ol	resolver);

initialize 



//	....፜ኼঅग़դᎱ

//	ᒫӞེ᧣አ୮ڹᔄጱᦾ҅ಗᤈinitializeጱդᎱ
if	(initialize		&&		!cls->isInitialized())	{

				_class_initialize	(_class_getNonMetaClass(cls,	inst));

}

//	....፜ኼঅग़դᎱ

ত۸ᆿڡضොဩጱ᧣አᶲଧӞ໏҅տೲᆙᖀಥᘏ᱾	load	޾҅ײত۸ጱ෸ڡᬰᤈࣁ
ᔄ̶	_class_initialize	ڍහӾىᲫጱӷᤈդᎱ
ฎ	callInitialize	޾	lockAndFinishInitializing	ጱ᧣አ̶

//	ᒫӞེ᧣አᔄጱොဩ҅ڡত۸ᔄ੒᨝
void	_class_initialize(Class	cls)

{

				Class	supercls;

				bool	reallyInitialize	=	NO;

				//	᭓୭ڡত۸ᆿᔄ̶initizlizeӧአดୗጱ᧣አsuper҅ࢩԅruntime૪ᕪٖࣁ᮱᧣አԧ
				supercls	=	cls->superclass;

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

								_class_initialize(supercls);

				}

				

				{

								monitor_locker_t	lock(classInitLock);

								if	(!cls->isInitialized()	&&	!cls->isInitializing())	{

												cls->setInitializing();

												reallyInitialize	=	YES;

								}

				}

				

				if	(reallyInitialize)	{

								_setThisThreadIsInitializingClass(cls);

								if	(MultithreadedForkChild)	{

												performForkChildInitialize(cls,	supercls);

												return;

								}

								@try	{

												//	᭗ᬦobjc_msgSend()ڍහ᧣አinitializeොဩ
												callInitialize(cls);

								}

								@catch	(...)	{

												@throw;



								}

								@finally	{

												//	ಗᤈinitializeොဩ҅ݸᬰᤈᔮᕹጱinitializeᬦᑕ
												lockAndFinishInitializing(cls,	supercls);

								}

								return;

				}

				

				else	if	(cls->isInitializing())	{

								if	(_thisThreadIsInitializingClass(cls))	{

												return;

								}	else	if	(!MultithreadedForkChild)	{

												waitForInitializeToComplete(cls);

												return;

								}	else	{

												_setThisThreadIsInitializingClass(cls);

												performForkChildInitialize(cls,	supercls);

								}

				}

}

᭗ᬦ	objc_msgSend	ڍහ᧣አ	initialize	ොဩ̶

void	callInitialize(Class	cls)

{

				((void(*)(Class,	SEL))objc_msgSend)(cls,	SEL_initialize);

				asm("");

}

	lockAndFinishInitializing	ڍහӾտਠ౮ӞԶڡত۸඙ٌ֢ٖ҅᮱տ᧣
አ	_finishInitializing	ڍහ҅ڍࣁහٖ᮱տ᧣አ	class	ጱ	setInitialized	ڍහ҅໐ஞૡ֢᮷
ኧ	setInitialized	ڍහਠ౮̶

static	void	lockAndFinishInitializing(Class	cls,	Class	supercls)

{

				monitor_locker_t	lock(classInitLock);

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

								_finishInitializing(cls,	supercls);

				}	else	{

								_finishInitializingAfter(cls,	supercls);

				}

}

ᨮᨱڡত۸ᔄز޾ᔄ҅ڍහٖ᮱Ԇᥝฎັತ୮ڹᔄز޾ᔄӾฎވਧԎԧ຤Զොဩ҅ᆐݸ໑ഝັತ



ᕮຎᦡᗝᔄز޾ᔄጱӞԶຽப̶֖

void	

objc_class::setInitialized()

{

				Class	metacls;

				Class	cls;

ᔄ੒᨝ز޾ᔄݐ឴	//				
				cls	=	(Class)this;

				metacls	=	cls->ISA();

				bool	inherited;

				bool	metaCustomAWZ	=	NO;

				if	(MetaclassNSObjectAWZSwizzled)	{

								metaCustomAWZ	=	YES;

								inherited	=	NO;

				}

				else	if	(metacls	==	classNSObject()->ISA())	{

								//	ັತฎވਫሿԧalloc޾allocWithZoneොဩ
								auto&	methods	=	metacls->data()->methods;

								for	(auto	mlists	=	methods.beginCategoryMethodLists(),	

																		end	=	methods.endCategoryMethodLists(metacls);	

													mlists	!=	end;

													++mlists)

								{

												if	(methodListImplementsAWZ(*mlists))	{

																metaCustomAWZ	=	YES;

																inherited	=	NO;

																break;

												}

								}

				}

				else	if	(metacls->superclass->hasCustomAWZ())	{

								metaCustomAWZ	=	YES;

								inherited	=	YES;

				}	

				else	{

								auto&	methods	=	metacls->data()->methods;

								for	(auto	mlists	=	methods.beginLists(),

																		end	=	methods.endLists();	

													mlists	!=	end;

													++mlists)

								{

												if	(methodListImplementsAWZ(*mlists))	{

																metaCustomAWZ	=	YES;

																inherited	=	NO;



																break;

												}

								}

				}

				if	(!metaCustomAWZ)	metacls->setHasDefaultAWZ();

				if	(PrintCustomAWZ		&&		metaCustomAWZ)	metacls->printCustomAWZ(inherited);

				bool	clsCustomRR	=	NO;

				if	(ClassNSObjectRRSwizzled)	{

								clsCustomRR	=	YES;

								inherited	=	NO;

				}

				//	ັತزᔄฎވਫሿMRCොဩ҅ইຎฎڞᬰفif᧍ݙӾ
				if	(cls	==	classNSObject())	{

								auto&	methods	=	cls->data()->methods;

								for	(auto	mlists	=	methods.beginCategoryMethodLists(),	

																		end	=	methods.endCategoryMethodLists(cls);	

													mlists	!=	end;

													++mlists)

								{

												if	(methodListImplementsRR(*mlists))	{

																clsCustomRR	=	YES;

																inherited	=	NO;

																break;

												}

								}

				}

				else	if	(!cls->superclass)	{

								clsCustomRR	=	YES;

								inherited	=	NO;

				}	

				else	if	(cls->superclass->hasCustomRR())	{

								clsCustomRR	=	YES;

								inherited	=	YES;

				}	

				else	{

								//	ັತᔄฎވਫሿMRCොဩ҅ইຎฎڞᬰفif᧍ݙӾ
								auto&	methods	=	cls->data()->methods;

								for	(auto	mlists	=	methods.beginLists(),	

																		end	=	methods.endLists();	

													mlists	!=	end;

													++mlists)

								{

												if	(methodListImplementsRR(*mlists))	{

																clsCustomRR	=	YES;

																inherited	=	NO;

																break;

												}



								}

				}

				if	(!clsCustomRR)	cls->setHasDefaultRR();

				if	(PrintCustomRR		&&		clsCustomRR)	cls->printCustomRR(inherited);

				metacls->changeInfo(RW_INITIALIZED,	RW_INITIALIZING);

}

ᵱᥝဳ఺ጱฎ҅	initialize	ොဩ޾	load	ොဩӧॡӞ໏҅	Category	ӾਧԎጱ	initialize	ොဩտ
ᥟፍܻොဩᘒӧฎ؟	load	ොဩӞ໏᮷ݢզ᧣አ̶



ᭆၾ௳҅᭗ݎᬰᤈොဩ᧣አ๜ᨶӤฎ	Runtime	ਫሿጱ҅	Runtime	OCӾොဩ᧣አฎ᭗ᬦࣁ
ᬦ	objc_msgSend()	ڍහᬰᤈၾ௳ݎᭆ̶

ֺইӥᶎጱOCդᎱտᤩ᫨ഘԅ	Runtime	դᎱ̶

ܻොဩғ[object	testMethod]

᫨ഘݸጱ᧣አғobjc_msgSend(object,	@selector(testMethod));

ጱොݶጱᔄਧԎԧፘݶሿ҅ӧڊᶱፓ᯾ᕪଉտࣁᔄࣳጱ݇හ҅	SEL	ᭆၾ௳ጱᒫԫӻ݇හฎӞӻݎ
ဩ҅ᬯ໏੪տํፘݶጱ	SEL	̶ ᮎԍᳯ᷌੪๶ԧ҅Ԟฎஉग़Ոܗਮ᯾᮷ᳯᬦጱӞӻᳯ᷌҅ӧݶᔄ
ጱ	SEL	ฎݶӞӻހҘ

ᆐᘒ҅Ԫਫฎ᭗ᬦ౯ժጱḵᦤ҅ڠୌӷӻӧݶጱᔄ҅ଚਧԎӷӻፘݶጱොဩ҅᭗
ᬦ	@selector()	឴ ጱ̶ኧྌᦤก҅ݶ᮷ฎፘ࣎ࣈӞӻ੒᨝҅ݶ᮷ฎ	SEL	ሿݎ౯ժ̶ܦଚ಑	SEL	ݐ
ӧݶᔄጱፘݶ	SEL	ฎݶӞӻ੒᨝̶

@interface	TestObject	:	NSObject

-	(void)testMethod;

@end

@interface	TestObject2	:	NSObject

-	(void)testMethod;

@end

//	TestObject2ਫሿ෈կԞӞ໏
@implementation	TestObject

-	(void)testMethod	{

				NSLog(@"TestObject	testMethod	%p",	@selector(testMethod));

}

@end

//	ᕮຎғ
TestObject	testMethod	0x100000f81

TestObject2	testMethod	0x100000f81

੪տᤩ፡	SEL	ጱݶᥝፘݝӧೲᆙᔄ๶ਂؙ҅	SEL	ጱᤒ҅ᬯӻᤒਂؙ	SEL	ӾᖌಷԧӞӻ	Runtime	ࣁ

Runtimeၾ௳ݎᭆ๢ګ 

ොဩ᧣አ 



؉Ӟӻ҅ଚਂؙکᤒӾ̶ࣁᶱፓے᫹෸҅տਖ਼ಅํොဩ᮷ے᫹کᬯӻᤒӾ҅ᘒۖாኞ౮ጱොဩԞ
տᤩے᫹کᤒӾ̶

౯ժࣁොဩٖ᮱ݢզ᭗ᬦ	self	឴ ݈	self	੒᨝҅֕ฎڹ୮کݐ ฎ՗ߺ๶ጱޫҘ

ොဩਫሿጱ๜ᨶԞฎCڍහ҅Cڍහᴻԧොဩփفጱ݇හक़҅ᬮտํӷӻἕᦊ݇හ҅ᬯӷӻ݇හ
ᖫᦲ෸ࣁӾଚဌํ्ก҅ᘒฎ	Runtime	ࣁᬯӷӻ݇හ̶ف᧣አ෸Ԟտփ	objc_msgSend()	᭗ᬦࣁ
ᛔۖኞ౮ጱ̶

՗	objc_msgSend	ጱ्กӾݢզ፡ڊᬯӷӻᵌᡐ݇හጱਂ̶ࣁ

objc_msgSend(void	/*	id	self,	SEL	op,	...	*/	)

	self	̔ ᧣አ୮ڹොဩጱ੒᨝̶
	_cmd	̔ ୮ڹᤩ᧣አොဩጱ	SEL	̶

ᡱᆐᬯӷӻ݇හࣁ᧣አ޾ਫሿොဩӾ᮷ဌํกᏟ्ก҅֕ฎ౯ժՖᆐݢզֵአਙ̶ߥଫ੒᨝੪
ฎ	self	̔ ᤩ᧣አොဩጱ	selector	ฎ	_cmd	̶

-	(void)method	{

				id		target	=	getTheReceiver();

				SEL	method	=	getTheMethod();

	

				if	(	target	==	self	||	method	==	_cmd	)

								return	nil;

				return	[target	performSelector:method];

}

Ӟӻ੒᨝ᤩڠୌ҅ݸᛔ᫝ጱᔄٌ݊ᆿᔄӞፗک	NSObject	ᔄጱ᮱҅ړ᮷տ۱ࣁތ੒᨝ጱٖਂӾ҅
ֺইٌᆿᔄጱਫֺݒᰁ̶୮᭗ᬦ	[super	class]	ጱොୗ᧣አٌᆿᔄጱොဩ෸҅տڠୌӞӻᕮ຅
̶֛

struct	objc_super	{	id	receiver;	Class	class;	};

੒	super	ጱ᧣አտᤩ᫨۸ԅ	objc_msgSendSuper()	ጱ᧣አ҅ଚٌٖࣁ᮱᧣አ	objc_msgSend()	ڍ
හ̶ํӞᅩᵱᥝဳ఺҅ੱᓕฎ᭗ᬦ	[super	class]	ጱොୗ᧣አጱ҅֕փفጱ	receiver	੒᨝Ֆᆐ

ᵌᡐ݇හ 

 හ᧣አڍ



ฎ	self	̔ ᬬࢧᕮຎԞฎ	self	ጱ	class	̶ ኧྌݢᎣ҅୮ڹ੒᨝෫ᦞ᧣አձ֜ොဩ҅receiver᮷ฎ
୮ڹ੒᨝̶

objc_msgSend(objc_super->receiver,	@selector(class))

හ̶ٖ᮱ਫሿ᭦ᬋय़֛Ӟᛘ҅᮷ฎ᭗ᬦ࿤ᖫڍ	objc_msgSend	ग़ӻᇇ๜ጱࣁӾ҅ਂ	objc_msg.s	ࣁ
ਫሿጱ҅ݝฎ໑ഝӧݶጱఘํ٭ӧݶጱ᧣አ̶

objc_msgSend

objc_msgSend_fpret

objc_msgSend_fp2ret

objc_msgSend_stret

objc_msgSendSuper

objc_msgSendSuper_stret

objc_msgSendSuper2

objc_msgSendSuper2_stret

ጱࢧᤒᐏᬬ	stret	ጱᕮ຅֛੒᨝̶	objc_super	Ӟӻفक़ኴփࣁጱտ	super	ӤᶎრᎱӾ҅ଃํࣁ
ฎ	struct	ᔄࣳ҅	super2	ฎ	objc_msgSendSuper()	ጱӞᐿਫሿොୗ҅ӧ੒क़ูᶂ̶

struct	objc_super	{

				id		receiver;

				Class			class;

};

	fp	ڞᤒᐏᬬࢧӞӻ	long	double	ጱၶᅩࣳ҅ᘒ	fp2	ڞᬬࢧӞӻ	complex	long	double	ጱ॔๥ၶ
ᅩٌࣳ҅՜	float	̵ 	double	ጱฦ᭗ၶᅩࣳ᮷አ	objc_msgSend	̶ ᴻԧӤᶎᬯԶఘ٭क़ٌ҅՜᮷᭗
ᬦ	objc_msgSend()	᧣አ̶

୮Ӟӻ੒᨝ᤩڠୌ෸҅ᔮᕹտԅٌړᯈٖਂ҅ଚਠ౮ἕᦊጱڡত۸ૡֺ֢҅ই੒ਫֺݒᰁᬰᤈڡ
ত۸̶੒᨝ᒫӞӻݒᰁฎ೰ٌݻᔄ੒᨝ጱ೰ᰒ-	isa	̔ 	isa	೰ᰒݢզᦢᳯٌᔄ੒᨝҅ଚӬ᭗ᬦٌ
ᔄ੒᨝೜ํᦢᳯٌಅํᖀಥᘏ᱾Ӿጱᔄ̶

ၾ௳ݎᭆၞᑕ 



	isa	೰ᰒӧฎ᧍᥺ጱӞ᮱҅ړԆᥝԅ	Runtime	๢ګ൉׀๐̶ۓ

୮੒᨝ളතکӞ๵ၾ௳෸҅ၾ௳ڍහᵋ፳੒᨝	isa	೰ᰒکᔄጱᕮ຅֛Ӿ҅ࣁ	method	list	Ӿັತ
ොဩ	selector	̶ ইຎࣁ๜ᔄӾತӧک੒ଫጱ	selector	̔ method	ᆿᔄጱٌݻտ	objc_msgSend	ڞ

list	Ӿັತ	selector	̔ ইຎᬮӧᚆತڞکဠ፳ᖀಥىᔮӞፗݻӤັತ҅ፗکತک	NSObject	ᔄ̶

	Runtime	ࣁ	selector	ັ ತጱᬦᑕ؉ԧս۸҅ԅᔄጱᕮ຅֛Ӿीےԧ	cache	ਁ ྦྷ҅ྯӻᔄ᮷ํᇿ
ᒈጱ	cache	̔ ᮷տ҅ڹᤒԏڜ൤ᔱොဩེྯࣁӾ̶	cache	کفے੪տݸᤩ᧣አ	selector	Ӟӻࣁ
ᤒ҅ᬯ໏տ൉ṛොဩጱັತපሲ̶ڜӾํဌํ҅ইຎဌํ಍᧣አොဩ	cache	༄ັض

ইຎ᭗ᬦOCդᎱጱ᧣አ᮷տᩳၾ௳ݎᭆጱᴤྦྷ҅ইຎӧమᥝၾ௳ݎᭆጱᬦᑕ҅ݢզ឴کݐොဩ
ጱڍහ೰ᰒፗള᧣አ̶᭗ᬦ	NSObject	ጱ	methodForSelector:	ොဩݢզ឴ڍکݐහ೰ᰒ҅឴کݐ
೰ᰒݸᵱᥝ੒೰ᰒᬰᤈᔄࣳ᫨ഘ҅᫨ഘԅ޾᧣አڍහፘᒧጱڍහ೰ᰒ҅ᆐ᩸ݎݸ᧣አ̶ݢܨ

void	(*setter)(id,	SEL,	BOOL);

int	i;

	

setter	=	(void	(*)(id,	SEL,	BOOL))[target

				methodForSelector:@selector(setFilled:)];

for	(	i	=	0	;	i	<	1000	;	i++	)



				setter(targetList[i],	@selector(setFilled:),	YES);

ຝ຅դᎱ	arm64	හԞฎ୏რጱٌ҅֕ฎ᭗ᬦ࿤ᖫդᎱਫሿጱ҅ڍ	objc_msgSend	Ӿ҅	Runtime	ࣁ
හ҅᮷ฎአ࿤ᖫٟڍӾ҅உग़ಗᤈ᷇ሲྲ᫾ṛጱ	Runtime	ࣁ̶کӾತ	objc-msg-arm64.s	ࣁզݢ
ጱ̶

	objc_msgSend	ଚӧฎਠق୏რጱ҅ࣁ	_class_lookupMethodAndLoadCache3	ڍහӾ૪ᕪ឴ݐ
݇	Class	ک හԧ̶ಅզࣁӥᶎӾํӞӻᙗਧฎ੒᨝Ӿ឴ݐ	isa_t	ጱᬦᑕ҅՗ොဩဳ޾ݷ޸᯽๶
፡҅ଫᧆฎ	GetIsaFast	࿤ᖫ޸ե̶ইຎᬯ໏ጱᦾ҅੪ݢզ՗ၾ௳ݎᭆک᧣አၞᑕᤊള᩸๶ԧ̶

ENTRY			_objc_msgSend

				MESSENGER_START

				NilTest	NORMAL

				GetIsaFast	NORMAL							//	r11	=	self->isa

				CacheLookup	NORMAL						//	calls	IMP	on	success

				NilTestSupport		NORMAL

				GetIsaSupport						NORMAL

//	cache	miss:	go	search	the	method	lists

LCacheMiss:

				//	isa	still	in	r11

				MethodTableLookup	%a1,	%a2		//	r11	=	IMP

				cmp	%r11,	%r11						//	set	eq	(nonstret)	for	forwarding

				jmp	*%r11											//	goto	*imp

				END_ENTRY			_objc_msgSend

	MESSENGER_START	ғၾ௳୏তಗᤈ̶
	NilTest	ғڣෙളතၾ௳ጱ੒᨝ฎވԅ	nil	̔ ইຎԅ	nil	ڞፗളᬬ҅ࢧᬯ੪ฎ੒	nil	ݎᭆၾ
௳෫පጱ̶ܻࢩ
	GetIsaFast	ғள᭛឴کݐ	isa	೰ݻጱ੒᨝҅ฎӞӻᔄ੒᨝౲زᔄ੒᨝̶
	CacheLookup	ғ՗	ache	list	Ӿ឴ݐᖨਂ	selector	̔ ইຎັڞک᧣አٌ੒ଫጱ	IMP	̶

	LCacheMiss	ғᖨਂဌํ޸Ӿ҅ڞಗᤈྌ๵࿤ᖫӥᶎጱොဩ̶
	MethodTableLookup	ғইຎᖨਂӾဌํತڞ҅ک՗	method	list	Ӿັತ̶

ਫሿܻቘ 

cache_t 



ইຎྯེᬰᤈොဩ᧣አ෸҅᮷ೲᆙ੒᨝ཛྷࣳ๶ᬰᤈොဩڜᤒጱັತ҅ᬯ໏ฎஉၾᘙ෸ᳵ
ጱ̶	Runtime	ԅԧս۸᧣አ෸ᳵ҅ࣁ	objc_class	ӾႲےԧӞӻ	cache_t	ᔄࣳጱ	cache	ਁ ྦྷ҅᭗
ᬦᖨਂ๶ս۸᧣አ෸ᳵ̶

ӞӻොဩᒫӞེ᧣አฎဌํᖨਂጱ҅֕᧣አԏݶᭆᬦᑕӾ҅ݎ௳හጱၾڍ	objc_msgSend	ಗᤈࣁ

෫ᖨਂӷ޾ԅํᖨਂړզݢጱ᧣አ੪ፗള᧣አᖨਂ̶ಅզොဩጱ᧣አ҅ݸᖨਂ҅ԏࣁ੪տਂݸ

ᐿ҅ᬯӷᐿఘ٭ӥጱ᧣አञ຾ฎӧݶጱ̶

Ḓضฎ՗ᖨਂӾັತ	IMP	̔ ֕ฎኧԭ	cache3	᧣አ	lookUpImpOrForward	ڍහ෸҅૪ᕪັತ
ᬦ	cache	ԧ҅ಅզփفጱฎ	NO	̔ ӧᬰັفತ	cahce	ጱդᎱࣘӾ̶

struct	cache_t	{

				//	ਂؙᤩᖨਂොဩጱߢ૶ᤒ
				struct	bucket_t	*_buckets;

አጱ௛य़ੜܛ	//				
				mask_t	_mask;

				//	૪ֵአय़ੜ
				mask_t	_occupied;

}

struct	bucket_t	{

				cache_key_t	_key;

				IMP	_imp;

};

୮ᕳӞӻ੒᨝ݎᭆၾ௳෸҅	Runtime	տဠ፳	isa	ತک੒ଫጱᔄ੒᨝҅֕ଚӧտᒈັڰ
ತ	method_list	̔ ᘒฎັضತ	cache_list	̔ ইຎํᖨਂጱᦾսັضತᖨਂ҅ဌํٚັತොဩڜ
ᤒ̶

ᬯฎ	Runtime	੒ັತ	method	ጱս۸҅ቘᦞӤ๶᧔ࣁ	cache	Ӿጱ	method	ᤩᦢᳯጱ᷇ሲտๅ
ṛ̶	cache_list	ኧ	cache_t	ਧԎٖ҅᮱ํӞӻ	bucket_t	ጱහᕟ҅හᕟӾਂכ	IMP	޾	key	̔ ᭗
ᬦ	key	ತک੒ଫጱ	IMP	ଚ᧣አ̶ٍ֛რᎱݢզັ፡	objc-cache.mm	̶

ইຎᔄ੒᨝ဌํᤩڡত۸҅ଚӬ	lookUpImpOrForward	ڍහጱ	initialize	݇ හԅ	YES	̔ ᤒᐏᵱڞ
ᥝ੒ᧆᔄᬰᤈڠୌ̶ڍහٖ᮱ԆᥝฎӞԶचᏐጱڡত۸඙֢҅ᘒӬտ᭓୭༄ັᆿᔄ҅ইຎᆿᔄ๚
ত۸ٌᆿᔄ੒᨝̶ڡضڞত۸҅ڡ

				STATIC_ENTRY	_cache_getImp

				mov	r9,	r0

				CacheLookup	NORMAL

				//	cache	hit,	IMP	in	r12

				mov	r0,	r12



				bx		lr										//	return	imp

				

				CacheLookup2	GETIMP

				//	cache	miss,	return	nil

				mov	r0,	#0

				bx		lr

				END_ENTRY	_cache_getImp

ӥᶎտᬰف	cache_getImp	ጱդᎱӾ҅ᆐᘒᬯӻڍහӧฎ୏რጱ҅֕ฎํӞ᮱ړრᎱݢզ፡҅ک
ฎ᭗ᬦ࿤ᖫٟጱ̶ٌٖ᮱᧣አԧ	CacheLookup	޾	CacheLookup2	ӷӻڍහ҅ᬯӷӻڍහԞ᮷ฎ࿤ᖫ
ٟጱ̶

ᕪᬦᒫӞེ᧣አ҅ݸ੪տਂࣁᖨਂ̶ᬰف	objc_msgSend	ݸտ᧣አ	CacheLookup	޸ե҅ইຎತکᖨ
୏რጱٖ҅᮱உग़ਫሿ౯ժׁᆐ፡ӧقଚӧฎਠ	Runtime	ፗള᧣አ̶֕ฎڞਂ
੪୏তಗᤈ౯ժጱොဩԧ̶ݸե޸አਠ᧣کᚆ፡ݝեٖ᮱ԞӞ໏҅޸	CacheLookup	҅ک

CacheLookup	NORMAL,	CALL

ᬯ๵࿤ᖫ᧣አࣁጱ࿤ᖫ᧣አ̶	MethodTableLookup	Ӟӻࣁ࿤ᖫਫሿӾ҅ਂ	objc_msgSend	Ӥᶎࣁ
Ӿ҅᧣አԧັತොဩڜᤒጱCڍහ̶ӥᶎฎᔜᓌᇇդᎱ̶

.macro	MethodTableLookup

				

		//	᧣አMethodTableLookupଚٖࣁ᮱ಗᤈcache3ڍහ(Cڍහ)

				blx	__class_lookupMethodAndLoadCache3

				mov	r12,	r0									//	r12	=	IMP

.endmacro

ᤒ̶ڜහ҅๶ັತොဩڍ	_class_lookupMethodAndLoadCache3	Ӿ᭗ᬦ᧣አ	MethodTableLookup	ࣁ
ਁ	cache	አ෸᧣ࣁහਫሿጱ҅ڍ	lookUpImpOrForward	හٖ᮱ฎ᭗ᬦڍ ྦྷփف	NO	̔ ᤒᐏӧᵱᥝັ
ತᖨਂԧ҅ࢩԅࣁ	cache3	ڍහӤᶎ૪ᕪ᭗ᬦ࿤ᖫັತᬦԧ̶

IMP	_class_lookupMethodAndLoadCache3(id	obj,	SEL	sel,	Class	cls)

{

				//	᭗ᬦcache3ٖ᮱᧣አlookUpImpOrForwardڍහ
				return	lookUpImpOrForward(cls,	sel,	obj,	

																														YES/*initialize*/,	NO/*cache*/,	YES/*resolver*/);

}

რᎱړຉ 



	lookUpImpOrForward	ڍහฎඪ೮ग़ᕚᑕጱ҅ಅզٖ᮱տํஉग़ᲁ඙̶ٌ֢ٖ᮱ํӞ
ӻ	rwlock_t	ᔄࣳጱ	runtimeLock	ݒᰁ҅ํ	runtimeLock	ഴګ᧛ٟᲁ̶ٌٖ᮱ํஉग़᭦ᬋդᎱ҅ᬯ
᯾಩ڍහٖ᮱ਫሿ؉ԧᔜᓌ҅಩໐ஞդᎱᩂکӥᶎ̶

᭗ᬦᔄ੒᨝ጱ	isRealized	ڍහ҅ڣෙ୮ڹᔄฎވᤩਫሿ҅ইຎဌํᤩਫሿ҅ڞ᭗
ᬦ	realizeClass	ڍහਫሿᧆᔄ̶ࣁ	realizeClass	ڍහӾ҅տᦡ
ᗝ	version	̵ 	rw	̵ 	superClass	ᒵӞԶמ௳̶

//	ಗᤈັತimp޾᫨ݎጱդᎱ
IMP	lookUpImpOrForward(Class	cls,	SEL	sel,	id	inst,	

																							bool	initialize,	bool	cache,	bool	resolver)

{

				IMP	imp	=	nil;

				bool	triedResolver	=	NO;

				runtimeLock.assertUnlocked();

				//	ইຎcacheฎYES҅ڞ՗ᖨਂӾັತIMP̶ইຎฎ՗cache3ڍහᬰ๶҅ڞӧտಗᤈcache_getImp

හڍ()
				if	(cache)	{

								//	᭗ᬦcache_getImpڍහັತIMP҅ັತڞکᬬࢧIMPଚᕮ๳᧣አ
								imp	=	cache_getImp(cls,	sel);

								if	(imp)	return	imp;

				}

				runtimeLock.read();

ਖ਼ᔄਫֺ۸ڞୌ҅ڠୌ҅ইຎဌํᤩڠ૪ᕪᤩވෙᔄฎڣ	//				
				if	(!cls->isRealized())	{

								//	੒ᔄᬰᤈਫֺ۸඙֢
								realizeClass(cls);

				}

				//	ᒫӞེ᧣አ୮ڹᔄጱᦾ҅ಗᤈinitializeጱդᎱ
				if	(initialize		&&		!cls->isInitialized())	{

								//	੒ᔄᬰᤈڡত۸҅ଚ୏ᬗٖਂᑮᳵ
								_class_initialize	(_class_getNonMetaClass(cls,	inst));

				}

				

	retry:				

				runtimeLock.assertReading();

				//	੤ᦶ឴ݐᬯӻᔄጱᖨਂ
				imp	=	cache_getImp(cls,	sel);

				if	(imp)	goto	done;



				

				{

								//	ইຎဌํ՗cacheӾັತڞ҅ک՗ොဩڜᤒӾ឴ݐMethod

								Method	meth	=	getMethodNoSuper_nolock(cls,	sel);

								if	(meth)	{

												//	ইຎ឴کݐ੒ଫጱMethod҅فےڞᖨਂଚ՗Method឴ݐIMP

												log_and_fill_cache(cls,	meth->imp,	sel,	inst,	cls);

												imp	=	meth->imp;

												goto	done;

								}

				}

				{

								unsigned	attempts	=	unreasonableClassCount();

								//	஗ሾ឴ݐᬯӻᔄጱᖨਂIMP	౲	ොဩڜᤒጱIMP

								for	(Class	curClass	=	cls->superclass;

													curClass	!=	nil;

													curClass	=	curClass->superclass)

								{

												if	(--attempts	==	0)	{

																_objc_fatal("Memory	corruption	in	class	list.");

												}

												

ᆿᔄᖨਂጱIMPݐ឴	//												

												imp	=	cache_getImp(curClass,	sel);

												if	(imp)	{

																if	(imp	!=	(IMP)_objc_msgForward_impcache)	{

																				//	ইຎݎሿᆿᔄጱොဩ҅ଚӬӧٚᖨਂӾ҅ࣁӥᶎጱڍහӾᖨਂොဩ
																				log_and_fill_cache(cls,	imp,	sel,	inst,	curClass);

																				goto	done;

																}

																else	{

																				break;

																}

												}

												

ጱIMPکᖨਂັತڞکmethod_t੒᨝̶ইຎತݐᤒӾ҅឴ڜᆿᔄጱොဩࣁ	//												

												Method	meth	=	getMethodNoSuper_nolock(curClass,	sel);

												if	(meth)	{

																log_and_fill_cache(cls,	meth->imp,	sel,	inst,	curClass);

																imp	=	meth->imp;

																goto	done;

												}

								}

				}

				//	ইຎဌํತڞ҅ک੤ᦶۖாොဩᥴຉ
				if	(resolver		&&		!triedResolver)	{



								runtimeLock.unlockRead();

								_class_resolveMethod(cls,	sel,	inst);

								runtimeLock.read();

								triedResolver	=	YES;

								goto	retry;

				}

				//	ইຎဌํIMPᤩݎሿ҅ଚӬۖாොဩᥴຉԞဌํ॒ቘ҅ڞᬰفၾ௳᫨ݎᴤྦྷ
				imp	=	(IMP)_objc_msgForward_impcache;

				cache_fill(cls,	sel,	imp,	inst);

	done:

				runtimeLock.unlockRead();

				return	imp;

}

̶	IMP	ᖨਂጱکහັತڍ	cache_getImp	զ᭗ᬦݢොဩᒫӞེ᧣አ෸҅ࣁ ֕ইຎฎᒫӞེ᧣አ҅
੪ັӧکᖨਂጱ	IMP	̔ ੪տᬰکف	getMethodNoSuper_nolock	ڍහӾಗᤈ̶ӥᶎฎ	getMethod	ڍ
හጱىᲫդᎱ̶

getMethodNoSuper_nolock(Class	cls,	SEL	sel)	{

				//	໑ഝfor஗ሾ҅՗methodListڜᤒӾ҅՗१୏ত᭭ܲ҅ྯེ᭭ܲݸݻݸᑏۖӞ̶֖࣎ࣈ
				for	(auto	mlists	=	cls->data()->methods.beginLists(),	

														end	=	cls->data()->methods.endLists();	

									mlists	!=	end;

									++mlists)

				{

								//	੒sel݇හ޾method_t؉܃ᯈ҅ইຎ܃ᯈӤڞᬬ̶ࢧ
								method_t	*m	=	search_method_list(*mlists,	sel);

								if	(m)	return	m;

				}

				return	nil;

}

୮᧣አӞӻ੒᨝ጱොဩ෸҅ັತ੒᨝ጱොဩ҅๜ᨶӤ੪ฎ᭭ܲ੒᨝	isa	ಅ೰ݻᔄጱොဩڜᤒ҅ଚ
አ᧣አොဩጱ	SEL	ܲ᭭޾ጱ	method_t	ᕮ຅֛ጱ	name	ਁ ྦྷ؉੒ྲ҅ইຎፘᒵڞਖ਼	IMP	ڍහ೰ᰒᬬ
̶ࢧ

//	໑ഝփفጱSEL҅ັತ੒ଫጱmethod_tᕮ຅֛
static	method_t	*search_method_list(const	method_list_t	*mlist,	SEL	sel)

{

				int	methodListIsFixedUp	=	mlist->isFixedUp();



				int	methodListHasExpectedSize	=	mlist->entsize()	==	sizeof(method_t);

				

				if	(__builtin_expect(methodListIsFixedUp	&&	methodListHasExpectedSize,	1))	{

								return	findMethodInSortedMethodList(sel,	mlist);

				}	else	{

								for	(auto&	meth	:	*mlist)	{

												//	SEL๜ᨶӤ੪ฎਁᒧԀ҅ັತጱᬦᑕ੪ฎᬰᤈਁᒧԀ੒ྲ
												if	(meth.name	==	sel)	return	&meth;

								}

				}

				if	(mlist->isFixedUp())	{

								for	(auto&	meth	:	*mlist)	{

												if	(meth.name	==	sel)	{

																_objc_fatal("linear	search	worked	when	binary	search	did	not");

												}

								}

				}

				return	nil;

}

ᤒ᮷ڜᯈ̶ᔄጱොဩ܃޾ᤒᬰᤈັತڜොဩ	methods	ጱ	Class	හӾ҅Ԇᥝฎ੒ڍ	getMethod	ࣁ
ጱᕮ຅֛҅	class_rw_t	کݐӾ឴	bits	හ՗ڍ	()data	Ӿ҅᭗ᬦ	class_data_bits_t	ጱ	Class	ࣁ
ᆐکݐ឴ݸොဩڜᤒ	methods	̔ ଚ᭭ܲොဩڜᤒ̶

ইຎ՗୮ڹᔄӾ឴ݐӧک੒ଫጱ	IMP	̔ ىဠ፳ᖀಥᘏ᱾ጱ҅ݎڊᔄڹ஗ሾӾ̶஗ሾฎ՗୮فᬰڞ
ᔮ҅Ӟፗݻ໑ᔄັತ҅ፗکತک੒ଫጱ	IMP	ਫሿ̶

ັತྍṈ޾ӤᶎԞӞ໏҅ض᭗ᬦ	cache_getImp	ڍහັತᆿᔄጱᖨਂ҅ইຎತڞک᧣አ੒ଫጱਫ
ሿ̶ইຎဌತکᖨਂ҅ᤒᐏᒫӞེ᧣አᆿᔄጱොဩ҅ڞ᧣አ	getMethodNoSuper_nolock	ڍහ՗ො
ဩڜᤒӾ឴ݐਫሿ̶

for	(Class	curClass	=	cls->superclass;

													curClass	!=	nil;

													curClass	=	curClass->superclass)

{

				imp	=	cache_getImp(curClass,	sel);

				if	(imp)	{

								if	(imp	!=	(IMP)_objc_msgForward_impcache)	{

												log_and_fill_cache(cls,	imp,	sel,	inst,	curClass);

												goto	done;

								}

				}

				

				Method	meth	=	getMethodNoSuper_nolock(curClass,	sel);



				if	(meth)	{

								log_and_fill_cache(cls,	meth->imp,	sel,	inst,	curClass);

								imp	=	meth->imp;

								goto	done;

				}

}

ইຎဌํತکොဩਫሿ҅ڞտᬰۖفாොဩ٬ᦓጱྍṈ̶ࣁ	if	᧍ݙӾտڣෙփفጱ	resolver	݇

හฎވԅ	YES	̔ ଚӬտڣෙฎވ૪ᕪํᬦۖா٬ᦓ҅ࢩԅӥᶎฎ	goto	retry	̔ ಅզᬯྦྷդᎱݢ
ᚆտಗᤈग̶़ེ

if	(resolver		&&		!triedResolver)	{

				_class_resolveMethod(cls,	sel,	inst);

				triedResolver	=	YES;

				goto	retry;

}

ইຎჿ᪃๵կଚӬฎᒫӞེᬰᤈۖாොဩ٬ᦓ҅ڞᬰف	if	᧍ݙӾ᧣አ	_class_resolveMethod	ڍ
හ̶ۖாොဩ٬ᦓํӷᐿ҅	_class_resolveClassMethod	ᔄොဩ٬ᦓ
ਫֺොဩ٬ᦓ̶	class_resolveInstanceMethod_	޾

BOOL	(*msg)(Class,	SEL,	SEL)	=	(__typeof__(msg))objc_msgSend;

bool	resolved	=	msg(cls,	SEL_resolveInstanceMethod,	sel);

Ӿਧ	NSObject	හ҅᧣አڍ	objc_msgSend	හਫሿӾ҅๜ᨶӤ᮷ฎ᭗ᬦڍᬯӷӻۖாොဩ٬ᦓጱࣁ
Ԏጱ	resolveInstanceMethod:	޾	resolveClassMethod:	ӷӻොဩ̶

̔	retry	goto	ӥᶎಗᤈࣁտ҅ݸොဩਫሿےොဩ҅ႲےᬯӷӻොဩӾۖாႲࣁզݢ ᆐེٚݸᬰ
݇	triedResolver	ොဩັತጱᬦᑕӾ̶՗ف හݢզ፡ۖ҅ڊாොဩ٬ᦓጱ๢տํݝӞེ҅ইຎᬯ
ེٚဌํತڞ҅کᬰفၾ௳᫨ၞݎᑕ̶

imp	=	(IMP)_objc_msgForward_impcache;

cache_fill(cls,	sel,	imp,	inst);

ইຎᕪᬦӤᶎᬯԶྍṈ҅ᬮฎဌํತکොဩਫሿጱᦾ҅ڞᬰۖفாၾ௳᫨ݎӾ̶ۖࣁாၾ௳᫨ݎ
Ӿ҅ᬮݢզ੒ဌํਫሿጱොဩ؉ӞԶୠᤑഷෞ̶

ӥᶎฎ᭗ᬦ	objc_msgSend	ڍහݎᭆӞ๵ၾ௳҅ݸಅᕪᬦጱ᧣አञ຾҅᧣አᶲଧฎ՗Ӥکӥጱ̶

CacheLookup	NORMAL,	CALL



__objc_msgSend_uncached

MethodTableLookup	NORMAL

_class_lookupMethodAndLoadCache3

lookUpImpOrForward

ෙ᭦ᬋ҅௛ᕮইӥ̶ڣ๥ጱ॔ڜտํӞᔮ҅ݸහڍ	objc_msgSend	አ᧣ࣁ

஺ڞጱᦾ҅ۖސګӾጱ࣯॒࣍ቘ๢	OS	Mac	ᵱᥝ஺ኼֺ҅ইވฎ	SEL	አጱ᧣ڹෙ୮ڣ .1
ኼ	retain	̵ 	release	ᒵොဩ҅ଚᬬࢧӞӻ	_objc_ignored_method	ጱ	IMP	̔ አ๶ຽᦕ஺ኼ̶

̔	nil	ԅވෙളතၾ௳ጱ੒᨝ฎڣ .2 አ෸᧣ࣁԅࢩၾ௳ฎ෫පጱ҅ᬯฎݎ	nil	OCӾ੒ࣁԅࢩ
੪᭗ᬦڣෙ๵կᬦᄁധԧ̶

3. ՗ොဩጱᖨਂڜᤒӾັತ҅᭗ᬦ	cache_getImp	ڍහᬰᤈັತ҅ইຎತکᖨਂڞፗളᬬ
̶	IMP	ࢧ

4. ັತ୮ڹᔄጱ	method	list	̔ ັತฎํވ੒ଫጱ	SEL	̔ ইຎํکݐ឴ڞ	Method	੒᨝҅ଚ
՗	Method	੒᨝Ӿ឴ݐ	IMP	̔ ଚᬬࢧ	IMP	(ᬯྍັತᕮຎฎ	Method	੒᨝)̶

5. ইຎࣁ୮ڹᔄӾဌํತک	SEL	̔ ̔	list	cache	ತັضᆿᔄӾັತ̶Ḓ݄ڞ ইຎᖨਂӾဌํ
̔	list	method	ತັڞ ଚզྌᔄവፗັکತک	NSObject	ԅྊ̶

6. ইຎࣁᔄጱᖀಥ֛ᔮӾ҅তᕣဌํັತک੒ଫጱ	SEL	̔ զݢாොဩᥴຉӾ̶ۖفᬰڞ
ਫሿ̶ےӷӻොဩӾۖாႲ	resolveClassMethod	޾	resolveInstanceMethod	ࣁ

7. ۖாၾ௳ᥴຉইຎဌํ؉ߥڊଫ҅ڞᬰۖفாၾ௳᫨ݎᴤྦྷ̶ྌ෸ݢզۖࣁாၾ௳᫨ݎᴤྦྷ
؉ӞԶ॒ቘ҅ڞވ੪տ	Crash	̶

௛֛ݢզᤩړԅӣ᮱ړғ

᮱ጱӞԶ॒ቘ᭦ᬋ̶ٖ҅ݸහڍ	objc_msgSend	አ᧣ڟ .1
2. ॔๥ጱັತ	IMP	ጱᬦᑕ҅տၿ݊ک	cache	list	޾	method	list	ᒵ̶
3. ᬰفၾ௳᫨ݎᴤྦྷ̶

ᤒӾ҅ັڜਡਧԎ՗ᔄጱොဩ	MethodTableLookup	ӥ҅տ᭗ᬦ٭ොဩጱఘکӾತӧ	list	cache	ࣁ
ತ੒ଫጱොဩ̶ࣁ	MethodTableLookup	Ӿ๜ᨶӤԞฎ᧣አ	_class_lookupMethodAndLoadCache3	ڍ
හ҅ݝฎࣁփ݇෸	cache	ਁ ྦྷփ	NO	̔ ᤒᐏӧ՗	cache	list	Ӿັತ̶

զ፡ݢහٖ᮱ਫሿஉ॔๥҅ڍහ҅ᬯӻڍ	lookUpImpOrForward	හӾ҅ฎፗള᧣አጱڍ	cache3	ࣁ
ӞӥRuntime Analyze̶ࣁᬯӻ᯾ᶎፗള൤	lookUpImpOrForward	ڍහݢ҅ݢܨݷզᧇᕡ፡Ӟӥٖ
᮱ਫሿ᭦ᬋ̶

᧣አ௛ᕮ 

ෆ֛ړຉ 

https://github.com/DeveloperErenLiu/RuntimeAnalyze


ํԧԏڹ	Runtime	ጱचᏐ҅ӞԶٖ᮱ਫሿ੪உঅቘᥴԧ̶ࣁOCӾݢզ᭗ᬦ	Category	Ⴒંے௔̵
ොဩ̵ܐᦓ҅ࣁ	Runtime	Ӿ	Class	޾	Category	᮷ฎ᭗ᬦᕮ຅֛ਫሿጱ̶

̔	Extension	᧍ဩஉፘ֒ጱᬮํ	Category	޾ ԫᘏጱࣁڦ܄ԭ҅	Extension	ࣁᖫᦲ๗੪ፗളܻ޾
ᔄᖫᦲࣁӞ᩸҅ᘒ	Category	ฎࣁᬩᤈ෸ۖாႲܻکےᔄӾጱ̶

चԭԏڹጱრᎱړຉ҅౯ժ๶ړຉӞӥ	Category	ጱਫሿܻቘ̶

ᔄ੒ڹ୮ڊݐහӾտಗᤈӞӻ஗ሾ્ॺ҅क़᮱஗ሾ᭭ܲಅํᔄ҅ଚڍ	read_images_	ࣁ
ଫ	Category	හᕟ̶ٖ᮱஗ሾտ᭭ܲڊݐጱ	Category	හᕟ҅ਖ਼ྯӻ	category_t	੒᨝๋҅ڊݐᕣ
ಗᤈ	addUnattachedCategoryForClass	ڍහႲکے	Category	ߢ૶ᤒӾ̶

//	ਖ਼category_tႲکےlistӾ҅ଚ᭗ᬦNXMapInsertڍහ҅ๅෛಅંᔄጱCategoryڜᤒ
static	void	addUnattachedCategoryForClass(category_t	*cat,	Class	cls,	

																																										header_info	*catHeader)

{

૶ᤒߢጱCategoryے๚Ⴒکݐ឴	//				
				NXMapTable	*cats	=	unattachedCategories();

				category_list	*list;

category_tےvalue੒ଫጱහᕟӾႲݻbucketsӾጱvalue҅ଚکݐ឴	//				

				list	=	(category_list	*)NXMapGet(cats,	cls);

				if	(!list)	{

								list	=	(category_list	*)

												calloc(sizeof(*list)	+	sizeof(list->list[0]),	1);

				}	else	{

								list	=	(category_list	*)

												realloc(list,	sizeof(*list)	+	sizeof(list->list[0])	*	(list->count	+	1)

);

				}

				//	๊ഘԏڹጱlistਁྦྷ
				list->list[list->count++]	=	(locstamped_category_t){cat,	catHeader};

				NXMapInsert(cats,	cls,	list);

}

	Category	ᖌಷԧӞӻݷԅ	category_map	ጱߢ૶ᤒ҅ߢ૶ᤒਂؙಅํ	category_t	੒᨝̶

ႮڽفຉCategory 

Category 



૶ᤒߢClassӾጱcategoryکے๚Ⴒݐ឴	//
static	NXMapTable	*unattachedCategories(void)

{

				//	๚ႲکےClassӾጱcategoryߢ૶ᤒ
				static	NXMapTable	*category_map	=	nil;

				if	(category_map)	return	category_map;

				//	fixme	initial	map	size

				category_map	=	NXCreateMapTable(NXPtrValueMapPrototype,	16);

				return	category_map;

}

Ӥᶎݝฎਠ౮ԧݻ	Category	ߢ૶ᤒӾႲےጱ඙֢҅ᬯ෸ߢײ૶ᤒӾਂؙԧಅํ	category_t	੒
᨝̶ᆐݸᵱᥝ᧣አ	remethodizeClass	ڍහ҅ݻ੒ଫጱ	Class	ӾႲے	Category	ጱמ௳̶

݇	Class	ጱفහӾտັತփڍ	remethodizeClass	ࣁ හ੒ଫጱ	Category	හᕟ҅ᆐݸਖ਼හᕟփ
ᕳ	attachCategories	ڍහ҅ಗᤈٍ֛ጱႲے඙̶֢

//	ਖ਼Categoryጱמ௳ႲکےClass҅۱ތmethod̵property̵protocol

static	void	remethodizeClass(Class	cls)

{

				category_list	*cats;

				bool	isMeta;

				isMeta	=	cls->isMetaClass();

				//	՗Categoryߢ૶ᤒӾັತcategory_t੒᨝҅ଚਖ਼૪ತکጱ੒᨝՗ߢ૶ᤒӾڢᴻ
				if	((cats	=	unattachedCategoriesForClass(cls,	false/*not	realizing*/)))	{

								attachCategories(cls,	cats,	true	/*flush	caches*/);								

								free(cats);

				}

}

᭗ᬦ੒ݸᤒ҅ᆐڜᦓܐᤒ̵ڜᤒ̵ં௔ڜጱොဩ	Category	کහӾ҅ັತڍ	attachCategories	ࣁ
ଫጱ	attachLists	ڍහ҅Ⴒکے	Class	੒ଫጱ	class_rw_t	ᕮ຅֛Ӿ̶

හڍ᭗ᬦattachListsݸlist҅ᆐ	list̵Method	list̵Property	CategoryጱProtocolکݐ឴	//
ႲکےಅંጱᔄӾ
static	void	attachCategories(Class	cls,	category_list	*cats,	bool	flush_caches)

{

				if	(!cats)	return;

				if	(PrintReplacedMethods)	printReplacements(cls,	cats);



				bool	isMeta	=	cls->isMetaClass();

				//	ೲᆙCategoryӻහ҅ړᯈ੒ଫጱٖਂᑮᳵ
				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));

				int	mcount	=	0;

				int	propcount	=	0;

				int	protocount	=	0;

				int	i	=	cats->count;

				bool	fromBundle	=	NO;

				

				//	஗ሾັತڊProtocol	list̵Property	list̵Method	list

				while	(i--)	{

								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();

				//	ಗᤈႲے඙֢
				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);

}

ᬯӻᬦᑕ੪ฎਖ਼	Category	Ӿጱמ௳҅Ⴒکے੒ଫጱ	Class	Ӿ҅Ӟӻᔄጱ	Category	ݢᚆӧํݝӞ
ӻ҅ࣁᬯӻᬦᑕӾտਖ਼ಅํ	Category	ጱמ௳᮷ݳଚک	Class	Ӿ̶

ଚӧ҅ࣁጱොဩ᮷տਂ	Category	ಅํ޾ᔄܻ҅ײᔄጱොဩ᯿॔ਧԎጱ෸ܻ޾	Category	ग़ӻํࣁ
տᤩݸᶎጱᥟፍ̶؃ᦡํӞӻොဩݞ؉	method	̔ 	Category	ܻ޾ᔄጱොဩ᮷տᤩႲکےොဩڜᤒ
Ӿ҅ݝฎਂࣁጱᶲଧӧ̶ݶ

̔	Category	ᶱፓ᯾ጱکےᶎᤩႲݸጱොဩ҅ଚӬ	Category	ܲ᭭ضտս҅ײᬰᤈොဩ᧣አጱ෸ࣁ

տᤩսض᧣አ̶Ӥᶎጱֺৼ᧣አᶲଧ੪ฎ	Category3	->	Category2	->	Category1	->

TestObject	̶ ইຎ՗ොဩڜᤒӾತکොဩ҅ݸ੪ӧտᖀᖅັݸݻತ҅ᬯ੪ฎᔄොဩ
ᤩ	Category	”ᥟፍ”ጱ̶ܻࢩ

አ᧣҅ݸጱොဩᤩ᧣አ	Category	Ӟӻࣁӥ҅ெ໏٭ጱఘݷᔄොဩ᯿ܻ޾	Category	ग़ӻํࣁ
ಅํ	Category	ܻ޾ᔄጱොဩҘ

ොဩ̶֕ฎᵱᥝဳ఺Ӟᅩݷݶᤒଚ᧣አٌ՜ڜොဩܲ᭭҅ݸොဩᤩ᧣አ	Category	Ӟӻࣁզݢ
ฎ҅᭭ܲᬦᑕӾӧᚆٚ᧣አᛔ૩ጱොဩ҅ڞވտ੕ᛘ᭓୭᧣አ̶ԅԧ᭿عᬯӻᳯ᷌҅ݢզࣁ᧣አ
̶	IMP	ොဩጱڹ୮ވฎ	IMP	ෙᤩ᧣ۖጱොဩڣڹ

ᮎெ໏ࣁձ֜Ӟӻ	Category	ጱොဩᤩ᧣አݝ҅ݸ᧣አܻᔄොဩޫҘ

໑ഝӤᶎ੒ොဩ᧣አጱړຉ҅	Runtime	ࣁ᧣አොဩ෸տսضಅํ	Category	᧣አ҅ಅզݢզݓׯ
᭭ܲොဩڜᤒ҅ܲ᭭ݝᒫӞӻොဩ҅ݢܨᬯӻොဩ੪ฎܻᔄጱොဩ̶

ොဩᥟፍ 

ᳯ᷌ 



̔	Category	کᶱፓӾᕪଉտአࣁ ํ෸ײտ᭬کᕳ	Category	Ⴒંے௔ጱᵱ࿢҅ᬯ෸ײ੪ᵱᥝአ
̵	set	௔ጱંࣁԧ̶ֺইӥᶎጱֺৼӾ҅ᵱᥝ	API	Runtime	ጱ	associated	ک 	get	ොဩӾۖாႲ
ਫሿ̶ے

//	्ก෈կ
@interface	TestObject	(Category)

@property	(nonatomic,	strong)	NSObject	*object;

@end

//	ਫሿ෈կ
#import	<objc/runtime.h>

#import	<objc/message.h>

static	void	*const	kAssociatedObjectKey	=	(void	*)&kAssociatedObjectKey;

@implementation	TestObject	(Category)

-	(NSObject	*)object	{

				return	objc_getAssociatedObject(self,	kAssociatedObjectKey);

}

-	(void)setObject:(NSObject	*)object	{

				objc_setAssociatedObject(self,	kAssociatedObjectKey,	object,	OBJC_ASSOCIATION_R

ETAIN_NONATOMIC);

}

@end

տૄმ҅ᘒӬᬮտ൉ᐏӥڞἕᦊฎဌํਫሿොဩጱ҅ইຎ᧣አં௔҅ݸ௔ંےӾႲ	Category	ࣁ
ᶎӷӻᦄמޞ௳̶

Property	'object'	requires	method	'object'	to	be	defined	-	use	@dynamic	or	provide	

a	method	implementation	in	this	category

Property	'object'	requires	method	'setObject:'	to	be	defined	-	use	@dynamic	or	prov

ide	a	method	implementation	in	this	category

ӥᶎᦏ౯ժ፡Ӟӥ	associated	ጱრᎱ҅፡	Runtime	ฎெԍ᭗ᬦ	Runtime	ۖ ாႲ
̵	set	ے 	get	ጱ̶ӥᶎฎ	objc_getAssociatedObject	ڍහጱਫሿդ
Ꮁ҅	objc_setAssociatedObject	ਫሿԞฎᔄ֒҅ᬯ᯾ᜓ፜ࣈො੪ӧᩂڊ๶ԧ̶

id	_object_get_associative_reference(id	object,	void	*key)	{

Category Associate 



				id	value	=	nil;

				uintptr_t	policy	=	OBJC_ASSOCIATION_ASSIGN;

				{

								AssociationsManager	manager;

								AssociationsHashMap	&associations(manager.associations());

								disguised_ptr_t	disguised_object	=	DISGUISE(object);

								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())	{

																ObjcAssociation	&entry	=	j->second;

																value	=	entry.value();

																policy	=	entry.policy();

																if	(policy	&	OBJC_ASSOCIATION_GETTER_RETAIN)	{

																				objc_retain(value);

																}

												}

								}

				}

				if	(value	&&	(policy	&	OBJC_ASSOCIATION_GETTER_AUTORELEASE))	{

								objc_autorelease(value);

				}

				return	value;

}

՗რᎱݢզ፡҅ڊಅํ᭗ᬦ	associated	Ⴒےጱં௔҅᮷ᤩਂࣁӞӻܔᇿጱߢ૶
ᤒ	AssociationsHashMap	Ӿ̶	objc_setAssociatedObject	޾	objc_getAssociatedObject	ڍහ๜ᨶ
Ӥ᮷ฎࣁ඙֢ᬯӻߢ૶ᤒ҅᭗ᬦ੒ߢ૶ᤒᬰᤈฉ੘๶ਂݐ੒᨝̶

̔	OBJC_ASSOCIATION_ASSIGN	Ძਁֺ҅ইىӾտᦡᗝӞԶٖਂᓕቘጱ	API	ጱ	associated	ࣁ ᬯฎአ
๶೰ਧ੒᨝ጱٖਂᓕቘጱ҅ᬯԶىᲫਁࣁ	Runtime	რᎱӾԞํ੒ଫጱ॒ቘ̶



୮Ӟӻ੒᨝ጱොဩᤩ᧣አ෸҅Ḓࣁض੒᨝ಅંጱᔄӾັತොဩڜᤒ҅ইຎ୮ڹᔄӾဌํݻڞᆿᔄ
ັತ҅Ӟᐿತک໑ᔄ	NSObject	̶ ইຎতᕣဌํತکොဩਫሿ҅ڞᬰفၾ௳᫨ྍݎṈӾ̶

୮Ӟӻොဩဌํਫሿ෸҅Ԟ੪ฎࣁ	cache	lsit	ٌ޾ᖀಥىᔮጱ	method	list	Ӿ҅ဌํತک੒ଫ
ጱොဩ̶ᬯ෸տᬰفၾ௳᫨ݎᴤྦྷ҅֕ฎࣁᬰفၾ௳᫨ݎᴤྦྷ҅ڹ	Runtime	տᕳӞེ๢տۖாႲ
ොဩਫሿ̶ے

๚ਫሿጱොဩ̶ےොဩ҅ۖாႲ	resolveClassMethod:	޾	:resolveInstanceMethod	զ᭗ᬦ᯿ٟݢ
ٌӾᒫӞӻฎႲےਫֺොဩ҅ᒫԫӻฎႲےᔄොဩ̶ᬯӷӻොဩ᮷ํӞӻ	BOOL	ᬬࢧ꧊҅ᬬ
̶ګ๢ݎၾ௳᫨فᬰڞ	NO	ࢧ

void	dynamicMethodIMP(id	self,	SEL	_cmd)	{

				//	implementation	....

}

+	(BOOL)resolveInstanceMethod:(SEL)sel	{

				if	(sel	==	@selector(resolveThisMethodDynamically))	{

										class_addMethod([self	class],	sel,	(IMP)	dynamicMethodIMP,	"v@:");

										return	YES;

				}

				return	[super	resolveInstanceMethod:sel];

}

හਫሿ҅ڍ੒ଫጱ	SEL	๶ൈᬿ	"v@:"	ᶎํӞӻݸਫሿ෸҅ےහۖாႲڍ	class_addMethod	᭗ᬦࣁ
ٍ֛ጱൈᬿݢզ݇ᘍਥො෈໩̶

Message Forward 

ۖாၾ௳ᥴຉ 

Message Forwarding 

https://developer.apple.com/library/content/documentation/Cocoa/Conceptual/ObjCRuntimeGuide/Articles/ocrtTypeEncodings.html


ᕳݎොဩӾਖ਼๚ਫሿጱၾ௳҅᫨	forwardingTargetForSelector:	ࣁզݢᬮ҅ڹԏݎᬰᤈၾ௳᫨ࣁ
ٌ՜੒᨝̶ݢզࣁӥᶎොဩӾ҅ᬬߥࢧଫ๚ਫሿොဩጱٌ՜੒᨝̶

-	(id)forwardingTargetForSelector:(SEL)aSelector	{

				NSString	*selectorName	=	NSStringFromSelector(aSelector);

				if	([selectorName	isEqualToString:@"selector"])	{

								return	object;

				}

				return	[super	forwardingTargetForSelector:aSelector];

}

୮	forwardingTargetForSelector:	ොဩ๚؉ڊձ֜ߥଫጱᦾ҅տ๶کၾ௳᫨ၞݎᑕ̶ၾ௳᫨ݎ෸
տḒض᧣አ	methodSignatureForSelector:	ොဩ҅ࣁොဩٖ᮱ኞ౮	NSMethodSignature	ᔄࣳጱො
ဩᓋݷ੒᨝̶ࣁኞ౮ᓋݷ੒᨝෸҅ݢզ೰ਧ	target	޾	SEL	̔ զਖ਼ᬯӷӻ݇හഘ౮ٌ՜݇හ҅ݢ
ਖ਼ၾ௳᫨ݎᕳٌ՜੒᨝̶



[otherObject	methodSignatureForSelector:otherSelector];

ኞ౮	NSMethodSignature	ᓋݷ੒᨝҅ݸ੪տ᧣አ	forwardInvocation:	ොဩ҅ᬯฎၾ௳᫨ݎӾ๋ݸ
Ӟྍԧ҅ইຎࣁᬯྍᬮဌํ੒ၾ௳ᬰᤈ॒ቘ҅ڞտ੕ᛘૄმ̶

ᬯӻොဩӾտփفӞӻ	NSInvocation	੒᨝҅ᬯӻ੒᨝੪ฎ᭗ᬦڟ಍ኞ౮ጱᓋݷ੒᨝ڠୌጱ҅ݢ
զ᭗ᬦ	invocation	᧣አٌ՜੒᨝ጱොဩ҅᧣አٌ	invokeWithTarget:	̶ݢܨ

-	(void)forwardInvocation:(NSInvocation	*)anInvocation	{

				if	([object	respondsToSelector:[anInvocation	selector]])	{

								[anInvocation	invokeWithTarget:object];

				}	else	{

								[super	forwardInvocation:anInvocation];

				}

}

ਖ਼Ӟ๵ၾ௳ݎᭆᕳӞӻӧᚆ॒ቘጱ੒᨝տ୚᩸ૄმ҅֕ฎૄࣁმԏ҅ڹᔮᕹᕳߥଫ੒᨝Ӟེ॒ቘ
୑ଉጱ๢տ̶

୮ݎᭆӞ๵੒᨝ӧᚆ॒ቘጱၾ௳҅Ծኞ	Crash	ԏ҅ڹᔮᕹտ᧣አߥଫᘏጱ	forwardInvocation:	ො
ဩ҅ଚփفӞӻ	NSInvocation	੒᨝҅	NSInvocation	੒᨝Ӿ۱ܻތতၾ௳݊݇හ̶ᬯӻොဩํݝ
ොဩ๚ਫሿጱ෸ײ಍տ᧣አ̶

ොဩฎ	forwardInvocation:	Ӟӻ੒᨝̶ݚᕳݎොဩ҅ਖ਼ၾ௳᫨	forwardInvocation:	զਫሿݢ֦
Ӟӻۖாොဩ҅ߥࣁଫᘏ෫ဩߥଫොဩ෸҅տ᧣አ	forwardInvocation:	ොဩ҅ݢզ᯿ٟᬯӻොဩ
ਫሿၾ௳᫨̶ݎ

ၾ௳᫨ݎӾ	forwardInvocation:	ᵱᥝ؉ጱฎ҅Ꮯᦊၾ௳ਖ਼ݎᭆߺک᯾҅զ݊አܻত݇හݎᭆၾ
ࢧොဩጱᬬܻ҅ݸොဩ	invoke	ጱၾ௳̶᧣አݎᭆᤩ᫨ݎොဩ҅	invokeWithTarget:	զ᭗ᬦݢ̶௳
꧊ਖ਼ᤩᬬࢧᕳ᧣አො̶

-	(void)forwardInvocation:(NSInvocation	*)anInvocation	{

				if	([someOtherObject	respondsToSelector:[anInvocation	selector]])	{

								[anInvocation	invokeWithTarget:someOtherObject];

				}	else	{

								[super	forwardInvocation:anInvocation];

				}

}

ၾ௳᫨ݎ 



	forwardInvocation:	ොဩӧݢݝզ॒ቘӞӻොဩ҅ݢզ᭗ᬦ	Selector	ᬰᤈڣෙ҅๶॒ቘग़ӻᵱ
ᥝ᫨ݎጱොဩ̶

ጱ୵ୗ҅	propertyName;	@dynamic	զ᭗ᬦݢොဩਫሿֺ҅ইં௔׀զۖாጱ൉ݢײOCӾํ෸ࣁ
ᤒᐏਖ਼ࣁᬩᤈᬦᑕӾۖாጱ൉ં׀௔ොဩ̶

ইຎమਫሿۖாොဩᥴຉ҅ᵱᥝਫሿ	resolveInstanceMethod:	౲	resolveClassMethod:	ොဩ҅ࣁ
ᬯӷӻොဩӾۖாጱႲےොဩਫሿ̶᭗ᬦ	class_addMethod	ොဩݢզۖாႲےොဩ҅Ⴒےොဩ෸
ᵱᥝىᘶ੒ଫጱڍහ೰ᰒ҅ڍහ೰ᰒᵱᥝ्กӷӻᵌᡐ݇හ	self	޾	_cmd	̶

void	dynamicMethodIMP(id	self,	SEL	_cmd)	{

				//	implementation	....

}

+	(BOOL)	resolveInstanceMethod:(SEL)aSEL	{

				if	(aSEL	==	@selector(resolveThisMethodDynamically))	{

								class_addMethod([self	class],	aSEL,	(IMP)	dynamicMethodIMP,	"v@:");

								return	YES;

				}

				return	[super	resolveInstanceMethod:aSel];

}

ၾ௳᫨ۖ޾ݎாොဩᥴຉय़᮱ړฎፘݶጱ҅ࣁၾ௳᫨ݎԏڹӞӻᔄํ๢տۖாᥴຉᬯӻොဩ̶ই
ຎ૪ᕪ᧣አ	respondsToSelector:	౲	instancesRespondToSelector:	ොဩ҅ۖாොဩᥴຉํ๢տ
սضԅ	Selector	Ⴒے	IMP	̶ ইຎ֦ਫሿԧ	resolveInstanceMethod:	ොဩ҅֕మᥝᇙਧ
ጱ	Selector	ᩳ ၾ௳᫨ၞݎᑕ҅ڞਖ਼ྌොဩᬬࢧ	NO	̶ݢܨ

ᔮ҅֕ฎىᖀಥࣁӾ҅ӷӻᔄӾᡱᆐӧਂࢶ๶ཛྷ೙ग़ᖀಥֺ҅ইӥᶎᬯୟګ๢ݎզ᭗ᬦၾ௳᫨ݢ
ጱԪկ̶	Warrior	Ӟӻᔄ॒ቘԧݚኧܩ

ۖாොဩᥴຉ 

᫨޾ݎग़ᖀಥ 



ኧӤᶎጱֺৼݢզ፡ંړ҅ڊӷӻᖀಥړඪጱᔄ҅᭗ᬦၾ௳᫨ݎ๢ګਫሿԧᖀಥጱى
ᔮ̶	Warrior	ጱ	negotiate	ၾ௳ኧٌ“ᆿᔄ”	Diplomat	๶ਫሿ̶

᭗ᬦၾ௳᫨ݎਫሿጱग़᯿ᖀಥፘ੒ԭฦ᭗ᖀಥ๶᧔ๅํս۠҅ၾ௳᫨ݢݎզਖ਼ၾ௳᫨ݎᕳग़ӻ੒
᨝҅ᬯ໏੪ݢզਖ਼դᎱೲӧݶᘳᨱ੗ᤰԅӧݶ੒᨝҅ଚ᭗ᬦၾ௳᫨ݎᕳӧݶ੒᨝॒ቘ̶

ᵱᥝဳ఺ጱฎ҅	Warrior	ᡱᆐ᭗ᬦၾ௳᫨ݎ๢ݢګզߥଫ	negotiate	ၾ௳҅֕ইຎ᭗
ᬦ	respondsToSelector:	޾	isKindOfClass:	ොဩᬰᤈڣෙጱᦾׁ҅ᆐฎᬬࢧ	NO	ጱ̶ইຎమᦏᬯ
ӷӻොဩݢզڣࣁෙ	negotiate	ොဩ෸ᬬࢧ	YES	̔ ᵱᥝ᯿ٟᬯӷӻොဩଚٌࣁӾڣفےෙ᭦ᬋ̶

-	(BOOL)respondsToSelector:(SEL)aSelector	{

				if	([super	respondsToSelector:aSelector])	{

								return	YES;

				}	else	{

								//	

				}

				return	NO;

}

҅ݷොဩᓋࢧොဩᬬ	methodSignatureForSelector:	ᵱᥝ᭗ᬦ҅ڹԏ	forwardInvocation:	ಗᤈࣁ
ইຎӧਫሿڞአἕᦊጱොဩᓋ̶ݷ

ᕳٌդቘ̶ݎզਖ਼๚ਫሿጱොဩ᫨ݢጱᬦᑕӾ҅ݷොဩᓋࣁ

-	(NSMethodSignature*)methodSignatureForSelector:(SEL)selector	{

				NSMethodSignature*	signature	=	[super	methodSignatureForSelector:selector];

				if	(!signature)	{

							signature	=	[surrogate	methodSignatureForSelector:selector];

				}

				return	signature;

}



runtimeᔄࣳᖫᎱ

զݢ੪҅ݸݎ਍ԟၾ௳᫨ࣁ̶٭ԅ᧣አ๚ਫሿጱොဩ҅੕ᛘᑕଧૄმጱఘࢩሿڊᶱፓӾᕪଉտࣁ
᭗ᬦၾ௳᫨ݎ๶ᥴ٬ᬯӻᳯ̶᷌

ಅํጱᔄጱचᔄ᮷ฎ	NSObject	ᔄ(	NSProxy	ᴻ क़)҅ݢզਖ਼	NSObject	ᔄጱၾ௳᫨ၞݎᑕೝ౼҅ᆐ
զਖ਼ܻᔄොݢ	Category	զᥴ٬ොဩ๚ਫሿ੕ᛘጱૄმ̶໑ഝݢӞԶᕹӞጱ॒ቘ҅ᬯ໏੪؉ݸ
ဩ“ᥟፍ”ጱᇙᅩ҅ݢզࣁ	Category	Ӿਫሿፘଫጱೝ౼ොဩ̶

//	ᛔਧԎᔄ
#import	<Foundation/Foundation.h>

@interface	TestObject	:	NSObject

-	(void)testMethod;

@end

//	ളතၾ௳ጱIMP

void	dynamicResolveMethod(id	self,	SEL	_cmd)	{

				NSLog(@"method	forward");

}

//	੒NSObjectڠୌጱCategory

@implementation	NSObject	(ExceptionForward)

#pragma	clang	diagnostic	push

#pragma	clang	diagnostic	ignored	"-Wobjc-protocol-method-implementation"

+	(BOOL)resolveInstanceMethod:(SEL)sel	{

				const	char	*types	=	sel_getName(sel);

				class_addMethod([self	class],	sel,	(IMP)dynamicResolveMethod,	types);

				return	YES;

}

#pragma	clang	diagnostic	pop

@end

౯ժጱೝ౼ොໜฎࣁ	resolveInstanceMethod	ොဩӾ҅ۖாڠୌ๚ਫሿጱොဩ҅ଚਖ਼	IMP	ᕹӞᦡ
ᗝԅ	dynamicResolveMethod	ڍහᬰᤈ॒ቘ̶ᬯ໏ಅํ๚ਫሿጱොဩ᮷տಗ
ᤈ	dynamicResolveMethod	ڍහ҅ᘒӧૄმ҅ࣁ	dynamicResolveMethod	ڍහӾݢզ؉ૄმᕹᦇᒵ
඙̶֢

ֵአದૣ 

https://developer.apple.com/library/content/documentation/Cocoa/Conceptual/ObjCRuntimeGuide/Articles/ocrtTypeEncodings.html


ৼᔄӾਫֺ۸ग़ӻᆿᔄ҅୮ࣁཛྷ೙ग़ᖀಥ̶ݎզ᭗ᬦၾ௳᫨ݢOCӾฎӧඪ೮ग़ᖀಥጱ҅֕ฎࣁ
ၾ௳ݎᭆᬦ๶ጱ෸ࣁ҅ײၾ௳᫨ݎጱොဩӾ҅ਖ਼᧣አ᯿ਧکݻᆿᔄጱਫֺ੒᨝Ӿ҅զਫሿग़ᖀಥ
ጱපຎ̶

ӥᶎฎग़ᖀಥጱֺৼ҅ڠୌӷӻᆿᔄ	Cat	޾	Dog	̔ ଚਖ਼ᵱᥝৼᔄᖀಥጱොဩ᮷ਧԎ
Ӿጱොဩ̶	Protocol	Ӿਫሿ	Dog	޾	Cat	ࣁӾ҅	Protocol	ک

@protocol	CatProtocol	<NSObject>

-	(void)eatFish;

@end

@interface	Cat	:	NSObject	<CatProtocol>

@end

@implementation	Cat

-	(void)eatFish	{

				NSLog(@"Cat	Eat	Fish");

}

@end

@protocol	DogProtocol	<NSObject>

-	(void)eatBone;

@end

@interface	Dog	:	NSObject

@end

@implementation	Dog

-	(void)eatBone	{

				NSLog(@"Dog	Eat	Bone");

}

@end

ৼᔄፗള᭗ᬦ᭽ਝᆿᔄጱܐᦓ҅๶ᤒᐏᛔ૩“ᖀಥ”ߺԶᔄ҅ଚٖࣁ᮱ਫֺ۸੒ଫጱᆿᔄ੒᨝̶ࣁ
क़ኴ᧣አܐᦓොဩ෸҅ৼᔄٌਫฎဌํਫሿᬯԶᆿᔄጱොဩጱ҅ಅզ᭗ᬦ᫨ݎොဩਖ਼ၾ௳᫨ݎᕳ
ଫጱᆿᔄ̶ߥ

@interface	TestObject	:	NSObject	<CatProtocol,	DogProtocol>

@end

@interface	TestObject()

@property	(nonatomic,	strong)	Cat	*cat;

ग़ᖀಥ 



@property	(nonatomic,	strong)	Dog	*dog;

@end

@implementation	TestObject

-	(id)forwardingTargetForSelector:(SEL)aSelector	{

				if	([self.cat	respondsToSelector:aSelector])	{

								return	self.cat;

				}	else	if	([self.dog	respondsToSelector:aSelector])	{

								return	self.dog;

				}	else	{

								return	self;

				}

}

//	஺ኼCat޾Dogጱڡত۸ᬦᑕ
@end



੪೭౯ժݪلᶱፓ๶᧔҅މ౯ժݪلฎ؉੕ᛯጱ҅ᘒӬᶱፓᥢཛྷྲ᫾य़҅ݱӻഴۑ࢏ګᚆ᮷૪ᕪ
ਫሿ̶ᑱᆐํӞॠᘌय़ᬦ๶҅᧔౯ժᥝࣁಅํᶭᶎႲےᕹᦇۑᚆ҅Ԟ੪ฎአಁᬰفᬯӻᶭᶎ੪ᕹ
ᦇӞ̶ེ౯ժտమکӥᶎጱӞԶොဩғ

ፗളᓌܔᔋูጱྯࣁӻഴ࢏ګӾفےᕹᦇ̵҅॔ګᔌᩂ̵̵॔ګᔌᩂ...
ӤᶎᬯᐿොဩॡLowԧ҅ၾᘙ෸ᳵᘒӬզݸᶋଉᵙզᖌಷ҅տᦏݸᶎጱ୏ݎՈާḭྒጱ̶

౯ժݢզֵአ	OOP	ጱᇙ௔ԏӞ҅ᖀಥጱොୗ๶ᥴ٬ᬯӻᳯ̶᷌ڠୌӞӻचᔄ҅ࣁᬯӻचᔄӾႲے
ᕹᦇොဩٌ҅՜ᔄ᮷ᖀಥᛔᬯӻचᔄ̶

ᆐᘒ҅ᬯᐿොୗץදᬮฎஉय़҅ᘒӬਧګ௔உ૧̶զํݸෛՈفےԏ҅ݸ᮷ᥝٌ߁ࡾᖀಥᛔᬯӻ
चᔄ҅ಅզᬯᐿොୗଚӧ̶ݐݢ

౯ժݢզԅ	UIViewController	ୌӞӻ	Category	̔ ᆐࣁݸಅํഴ࢏ګӾ୚فᬯӻ	Category	̶ ୮ᆐ
౯ժԞݢզႲےӞӻ	PCH	෈կ҅ᆐݸਖ਼ᬯӻ	Category	Ⴒکے	PCH	෈կӾ̶

౯ժڠୌӞӻ	Category	๶ᥟፍᔮᕹොဩ҅ᔮᕹտսض᧣አ	Category	ӾጱդᎱ҅ᆐࣁݸ᧣አܻᔄ
ӾጱդᎱ̶

౯ժݢզ᭗ᬦӥᶎጱᬯྦྷ։դᎱ๶፡Ӟӥғ

#import	"UIViewController+EventGather.h"

@implementation	UIViewController	(EventGather)

-	(void)viewDidLoad	{

			NSLog(@"ᶭᶎᕹᦇ:%@",	self);

}

@end

Method Swizzling 

ᵱ࿢ 

ಋۖႲے 

ᖀಥ 

Category 



౯ժݢզֵአ᝘ຎጱ“ἓṹဩ”	Method	Swizzling	̔ 	Method	Swizzling	๜ᨶӤ੪ฎ
੒	IMP	޾	SEL	ᬰᤈԻഘ̶

	Method	Swizzing	ฎݎኞࣁᬩᤈ෸ጱ҅Ԇᥝአԭࣁᬩᤈ෸ਖ਼ӷӻ	Method	ᬰᤈԻഘ҅౯ժݢզ
ਖ਼	Method	Swizzling	դᎱٟکձ֜ࣈො҅֕ฎࣁํݝᬯྦྷ	Method	Swilzzling	դᎱಗᤈਠླԏݸ
԰ഘ಍֢᩸አ̶

ᘒӬ	Method	Swizzling	Ԟฎ__iOS__Ӿ	AOP	(ᶎፘڔᶎᖫᑕ)ጱӞᐿਫሿොୗ҅౯ժݢզڥአ᝘ຎ
ᬯӞᇙ௔๶ਫሿ	AOP	ᖫᑕ̶

Ḓ҅ضᦏ౯ժ᭗ᬦӷୟࢶᇆ๶ԧᥴӞӥ	Method	Swizzling	ጱਫሿܻቘ

Method Swizzling 

Method Swizzlingܻቘ 

ܻቘړຉ 



ӤᶎࢶӞӾ	selector2	ܻ ๜੒ଫ፳	IMP2	̔ ֕ฎԅԧๅො׎ጱਫሿᇙਧӱۓᵱ࿢҅౯ժࢶࣁԫӾ
Ⴒےԧ	selector3	޾	IMP3	̔ ଚӬᦏ	selector2	೰ݻԧ	IMP3	̔ ᘒ	selector3	ڞ೰ݻԧ	IMP2	̔ ᬯ
໏੪ਫሿԧ“ොဩ԰ഘ”̶

ᭆၾ௳̶ฎ᭗ᬦັತളතݎᇙ௔Ӿ҅᧣አӞӻ੒᨝ጱොဩ੪ฎᕳᬯӻ੒᨝	runtime	᧍᥺ጱ	OC	ࣁ
ၾ௳੒᨝ጱොဩڜᤒ҅՗ොဩڜᤒӾັತ੒ଫጱ	SEL	̔ ᬯӻ	SEL	੒ଫ፳Ӟӻ	IMP	(Ӟӻ	IMP	ݢզ
੒ଫग़ӻ	SEL	)҅᭗ᬦᬯӻ	IMP	ತک੒ଫጱොဩ᧣አ̶

̔	Table	Dispatch	ӻᔄӾ᮷ํӞӻྯࣁ ᬯӻ	Dispatch	Table	๜ᨶฎਖ਼ᔄӾጱ	SEL	޾	IMP	(ݢզቘ
ᥴԅڍහ೰ᰒ)ᬰᤈ੒ଫ̶ᘒ౯ժጱ	Method	Swizzling	੪ฎ੒ᬯӻ	table	ᬰᤈԧ඙֢҅ᦏ	SEL	੒
ଫݚӞӻ	IMP	̶

ጱC᧍᥺APIғ	runtime	෸҅໐ஞդᎱԆᥝ੪ฎӞӻ	Swizzling	Method	ਫሿࣁ

OBJC_EXPORT	void	method_exchangeImplementations(Method	m1,	Method	m2)	__OSX_AVAILAB

LE_STARTING(__MAC_10_5,	__IPHONE_2_0);

Method Swizzlingֵአ 



੪೭Ӥᶎ౯ժ᧔ጱᶭᶎᕹᦇጱᵱ࿢๶᧔҅މᬯӻᵱ࿢ࣁஉग़ݪل᮷உଉᥠ҅౯ժӥᶎጱDemo੪
᭗ᬦ	Method	Swizzling	ᓌܔጱਫሿᬯӻᵱ࿢̶

౯ժضᕳ	UIViewController	ႲےӞӻ	Category	̔ ᆐࣁݸ	Category	Ӿጱ	+(void)load	ොဩӾႲ
ᔄොဩฎ	load	Ӿ̶ኧԭ	Category	ᬯӻࣁොဩ҅౯ժአ๶๊ഘጱොဩԞٟ	Swizzling	Method	ے
ᑕଧᬩᤈ෸ᬯӻᔄᤩے᫹ਂٖکӾ੪᧣አጱӞӻොဩ҅ಗᤈྲ᫾෱҅ଚӬӧᵱᥝ౯ժಋۖ᧣አ̶
ᘒӬᬯӻොဩٍํࠔӞ௔҅Ԟ੪ฎݝտᤩ᧣አӞེ҅ӧአ೅ஞᩒრಶ५ጱᳯ̶᷌

ਧԎ	Method	Swizzling	Ӿ౯ժᛔਧԎጱොဩ෸҅ᵱᥝဳ఺ੱᰁڹےᖗ҅զᴠྊٌ޾՜ࣈොݷ޸
٫ᑱ҅	Method	Swizzling	ጱ๊ഘොဩݷ޸ӞਧᥝฎࠔӞጱ҅ᛗ੝ࣁᤩ๊ഘጱᔄӾ஠ᶳฎࠔӞ
ጱ̶

#import	"UIViewController+swizzling.h"

#import	<objc/runtime.h>

@implementation	UIViewController	(swizzling)

+	(void)load	{

				//	᭗ᬦclass_getInstanceMethod()ڍහ՗୮ڹ੒᨝Ӿጱmethod	list឴ݐmethodᕮ຅֛҅ইຎ
ฎᔄොဩ੪ֵአclass_getClassMethod()ڍහ឴̶ݐ
				Method	fromMethod	=	class_getInstanceMethod([self	class],	@selector(viewDidLoad

));

				Method	toMethod	=	class_getInstanceMethod([self	class],	@selector(swizzlingView

DidLoad));

				/**

					౯ժࣁᬯ᯾ֵአclass_addMethod()ڍහ੒Method	Swizzling؉ԧӞ੶ḵᦤ҅ইຎselfဌํਫ
ሿᤩԻഘጱොဩ҅տ੕ᛘ०ᨳ̶
					ᘒӬselfဌํԻഘጱොဩਫሿ҅֕ฎᆿᔄํᬯӻොဩ҅ᬯ໏੪տ᧣አᆿᔄጱොဩ҅ᕮຎ੪ӧฎ౯ժ
మᥝጱᕮຎԧ̶
					ಅզ౯ժࣁᬯ᯾᭗ᬦclass_addMethod()ጱḵᦤ҅ইຎselfਫሿԧᬯӻොဩ҅class_addMethod

զ੒ٌᬰᤈԻഘԧ̶ݢNO҅౯ժ੪ࢧහਖ਼տᬬڍ()
					*/

				if	(!class_addMethod([self	class],	@selector(swizzlingViewDidLoad),	method_getI

mplementation(toMethod),	method_getTypeEncoding(toMethod)))	{

								method_exchangeImplementations(fromMethod,	toMethod);

				}

}

//	౯ժᛔ૩ਫሿጱොဩ҅Ԟ੪ฎ޾selfጱviewDidLoadොဩᬰᤈԻഘጱොဩ̶
-	(void)swizzlingViewDidLoad	{

				NSString	*str	=	[NSString	stringWithFormat:@"%@",	self.class];

				//	౯ժࣁᬯ᯾ےӞӻڣෙ҅ਖ਼ᔮᕹጱUIViewControllerጱ੒᨝ڼᴻധ

դᎱᐏֺ 



				if(![str	containsString:@"UI"]){

								NSLog(@"ᕹᦇ಑ᅩ	:	%@",	self.class);

				}

				[self	swizzlingViewDidLoad];

}

@end

፡کӤᶎጱդᎱ҅ᙗਧํՈտᳯғ༵Ԇ֦҅ॡᔋஞԧ֦҅ࣁ	swizzlingViewDidLoad	ොဩӾ݈᧣አ
ԧ	[self	swizzlingViewDidLoad];	̔ ᬯᵙ᭲ӧտԾኞ᭓୭᧣አހҘ
ᒼғᆐᘒ....ଚӧտ

"

̶

ᬮᦕ஑౯ժӤᶎጱࢶӞࢶ޾ԫހҘ	Method	Swizzling	ጱਫሿܻቘݢզቘᥴԅ”ොဩ԰ഘ“̶؃ᦡ౯
ժਖ਼A޾Bӷӻොဩᬰᤈ԰ഘ҅ݻAොဩݎᭆၾ௳෸ಗᤈጱܩฎBොဩ҅ݻBොဩݎᭆၾ௳෸ಗᤈ
ጱฎAොဩ̶

ֺই౯ժӤᶎጱդᎱ҅ᔮᕹ᧣አ	UIViewController	ጱ	viewDidLoad	ොဩ෸҅ਫᴬӤಗᤈጱฎ౯ժ
ਫሿጱ	swizzlingViewDidLoad	ොဩ̶ᘒ౯ժࣁ	swizzlingViewDidLoad	ොဩٖ᮱᧣አ	[self

swizzlingViewDidLoad];	෸҅ಗᤈጱฎ	UIViewController	ጱ	viewDidLoad	ොဩ̶

ԏڹ౯Ԟ᧔ࣁ҅ک౯ժᶱፓ୏ݎᬦᑕӾ҅ᕪଉࢩԅ	NSArray	හᕟ᩼ኴ౲
ᘏ	NSDictionary	ጱ	key	౲ᘏ	value	꧊ԅ	nil	ᒵᳯ᷌੕ᛘጱૄმ҅੒ԭᬯԶᳯ᷌᝘ຎଚӧտಸӞ
ӻᦄ҅ޞᘒฎፗളૄმ҅ఽᥧ᝘ຎᬯ໏Ꮯਫํᅩ“ॡᇻԧ”̶

ኧྌ҅౯ժݢզ໑ഝӤᶎಅ਍҅
੒	NSArray	̵ 	NSMutableArray	̵ 	NSDictionary	̵ 	NSMutableDictionary	ᒵᔄᬰᤈ	Method

Swizzling	̔ ਫሿොୗᬮฎೲᆙӤᶎጱֺৼ๶؉̶֕ฎ....֦ݎሿ	Method	Swizzling	໑๜੪ӧ֢᩸
አ҅դᎱԞဌٟᲙࠡ҅کବฎՋԍṭҘ

ᬯฎࢩԅ	Method	Swizzling	੒	NSArray	ᬯԶጱᔄᓴฎӧ֢᩸አጱ̶ࢩԅᬯԶᔄᓴᔄٌ҅ਫฎӞᐿ
ು᨝ૡܯጱᦡᦇཛྷୗ̶ು᨝ૡٖܯ᮱ํஉग़ٌਙᖀಥᛔ୮ڹᔄጱৼᔄ҅ು᨝ૡܯᔄտ໑ഝӧݶఘ
ොဩ҅ᬯӻᔄ	objectAtIndex:	ጱ	NSArray	ጱು᨝੒᨝๶ᬰᤈֵአ̶ֺই౯ժ᧣አݶୌӧڠ҅٭
տࣁොဩٖ᮱ڣෙٖ҅᮱ڠୌӧݶು᨝ᔄᬰᤈ඙̶֢

ಅզԞ੪ฎ౯ժ੒	NSArray	ᔄᬰᤈ඙ٌ֢ਫݝฎ੒ᆿᔄᬰᤈԧ඙֢҅ࣁ	NSArray	ٖ ᮱տڠୌٌ՜
ৼᔄ๶ಗᤈ඙֢҅፥ྋಗᤈ඙֢ጱଚӧฎ	NSArray	ᛔ᫝҅ಅզ౯ժଫᧆ੒ٌ“፥᫝”ᬰᤈ඙̶֢

ӥᶎ౯ժਫሿԧᴠྊ	NSArray	ࢩԅ᧣አ	objectAtIndex:	ොဩ҅ݐӥຽ෸හᕟ᩼ኴ੕ᛘጱૄმғ

Method Swizzlingᔄᓴ 

դᎱᐏֺ 



#import	"NSArray+LXZArray.h"

#import	"objc/runtime.h"

@implementation	NSArray	(LXZArray)

+	(void)load	{

				Method	fromMethod	=	class_getInstanceMethod(objc_getClass("__NSArrayI"),	@selec

tor(objectAtIndex:));

				Method	toMethod	=	class_getInstanceMethod(objc_getClass("__NSArrayI"),	@selecto

r(lxz_objectAtIndex:));

				method_exchangeImplementations(fromMethod,	toMethod);

}

-	(id)lxz_objectAtIndex:(NSUInteger)index	{

				if	(self.count-1	<	index)	{

								//	ᬯ᯾؉Ӟӥ୑ଉ॒ቘ҅ӧᆐ᮷ӧᎣ᭲ڊᲙԧ̶
								@try	{

												return	[self	lxz_objectAtIndex:index];

								}

								@catch	(NSException	*exception)	{

౯ժ᧣ᦶ̶׎ො҅௳מმૄܦտ಑ݸმૄࣁ	//												
												NSLog(@"----------	%s	Crash	Because	Method	%s		----------\n",	class_get

Name(self.class),	__func__);

												NSLog(@"%@",	[exception	callStackSymbols]);

												return	nil;

				}

								@finally	{}

				}	else	{

								return	[self	lxz_objectAtIndex:index];

				}

}

@end

य़ਹݎሿԧ҅ހ	__NSArrayI	಍ฎ	NSArray	፥ྋጱᔄ҅ᘒ	NSMutableArray	݈ ӧӞ໏

#

̶౯ժݢզ
᭗ᬦ	runtime	ڍහ឴ݐ፥ྋጱᔄғ

objc_getClass("__NSArrayI");

ӥᶎ౯ժڜԈӞԶଉአጱᔄᓴጱ“፥᫝”ғ

ᔄ “፥᫝”

NSArray __NSArrayI

Ԉֺ 



NSMutableArray __NSArrayM

NSDictionary __NSDictionaryI

NSMutableDictionary __NSDictionaryM

ٌ՜ᛔᤈGoogle....

̔	Swizzling	Method	کොአࣈஉग़ࣁᶱፓӾ౯ժᙗਧտࣁ ᘒӬֵࣁአᬯӻᇙ௔෸ํஉग़ᵱᥝဳ
఺ጱࣈො̶౯ժݢզਖ਼	Method	Swizzling	੗ᤰ᩸๶҅ԞݢզֵአӞԶྲ᫾౮ᆧጱᒫӣො̶
ᬯ᯾౯വគ__Github__Ӥจ๋ग़ጱӞӻᒫӣො҆jrswizzleࣁ

᯾ᶎ໐ஞ੪ӷӻᔄ҅դᎱ፡᩸๶ᶋଉႴᇄ̶

#import	<Foundation/Foundation.h>

@interface	NSObject	(JRSwizzle)

+	(BOOL)jr_swizzleMethod:(SEL)origSel_	withMethod:(SEL)altSel_	error:(NSError**)err

or_;

+	(BOOL)jr_swizzleClassMethod:(SEL)origSel_	withClassMethod:(SEL)altSel_	error:(NSE

rror**)error_;

@end

//	MethodSwizzleᔄ
#import	<objc/objc.h>

BOOL	ClassMethodSwizzle(Class	klass,	SEL	origSel,	SEL	altSel);

BOOL	MethodSwizzle(Class	klass,	SEL	origSel,	SEL	altSel);

Method	ӻᔄᬰᤈܔӾጱ	NSMutableArray	౲	NSArray	ᇿ੒ܔฎݝӤᶎጱֺৼӾ҅ইຎࣁ

Swizzling	̔ ฎݢզྋଉֵአଚӬӧտݎኞ୑ଉጱ̶ইຎᬰᤈ	Method	Swizzling	ጱᔄӾ҅ํӷӻ
ᔄํᖀಥىᔮጱ҅ଚӬ	Swizzling	ԧݶӞӻොဩ̶ֺইݶ෸੒	NSArray	޾	NSMutableArray	Ӿ
ጱ	objectAtIndex:	ොဩ᮷ᬰᤈԧ	Swizzling	̔ ᬯ໏ݢᚆտ੕ᛘᆿᔄ	Swizzling	०පጱᳯ̶᷌

੒ԭᬯᐿᳯ᷌Ԇᥝฎӷӻܻࢩ੕ᛘጱ҅Ḓضฎӧᥝࣁ	+	(void)load	ොဩӾ᧣አ	[super	load]	ො
ဩ҅ᬯտ੕ᛘᆿᔄጱ	Swizzling	ᤩ᯿॔ಗᤈӷེ҅ᬯ໏ᆿᔄጱ	Swizzling	੪տ०ප̶ֺইӥᶎጱ
ӷୟࢶᇆ֦҅տݎሿኧԭ	NSMutableArray	᧣አԧ	[super	load]	੕ᛘᆿ
ᔄ	NSArray	ጱ	Swizzling	դᎱᤩಗᤈԧӷ̶ེ

Კ᧏դᎱғ

JRSwizzle 

Method Swizzling Კ᧏ڽຉ 

https://github.com/rentzsch/jrswizzle


#import	"NSMutableArray+LXZArrayM.h"

@implementation	NSMutableArray	(LXZArrayM)

+	(void)load	{

				//	ᬯ᯾ӧଫᧆ᧣አsuper҅տ੕ᛘᆿᔄᤩ᯿॔Swizzling

				[super	load];

				

				Method	fromMethod	=	class_getInstanceMethod(objc_getClass("__NSArrayM"),	@selec

tor(objectAtIndex:));

				Method	toMethod	=	class_getInstanceMethod(objc_getClass("__NSArrayM"),	@selecto

r(lxz_objectAtIndexM:));

				method_exchangeImplementations(fromMethod,	toMethod);

}

ᬯ᯾ኧԭࣁৼᔄӾ᧣አԧsuper҅੕ᛘNSMutableArrayಗᤈ෸҅ᆿᔄNSArrayԞᤩಗᤈԧӞ̶ེ

ᆿᔄNSArrayಗᤈԧᒫԫེSwizzling҅ᬯ෸ײ੪տڊሿᳯ᷌҅ݸᶎտᦖ̶ٍ֛ܻࢩ

ᬯ໏੪տ੕ᛘᑕଧᬩᤈᬦᑕӾ҅ৼᔄ᧣አ	Swizzling	ጱොဩฎဌํᳯ᷌ጱ҅ᆿᔄ᧣አݶӞӻොဩ
੪տݎሿ	Swizzling	०පԧ.....ٍ֛ܻࢩ౯ժݸᶎᦖѺ

ᬮํӞӻܻࢩ੪ฎࢩԅդᎱ᭦ᬋ੕ᛘ	Swizzling	դᎱᤩಗᤈԧग़ེ҅ᬯԞտ੕ᛘ	Swizzling	०
පٌ҅ਫܻቘ޾Ӥᶎጱᳯ᷌ฎӞ໏ጱ҅౯ժӥᶎᦖᦖԅՋԍտڊሿᬯӻᳯ̶᷌



౯ժӤᶎ൉کᬦ	Method	Swizzling	ጱਫሿܻቘ੪ฎ੒ᔄጱ	Dispatch	Table	ᬰᤈ඙֢҅ྯᬰᤈӞ
ེ	Swizzling	੪ԻഘӞེ	SEL	޾	IMP	(ݢզቘᥴԅڍහ೰ᰒ)҅ইຎ	Swizzling	ᤩಗᤈԧग़ེ҅੪
ፘ୮ԭ	SEL	޾	IMP	ᤩԻഘԧग̶़ེᬯ੪տ੕ᛘᒫӞེಗᤈ౮ۑԻഘԧ̵ᒫԫེಗᤈ݈ഘ݄ࢧԧ̵
ᒫӣེಗᤈ.....ᬯ໏ഘ๶ഘ݄ጱᕮຎ҅ᚆӧᚆ౮ۑ੪፡ᬩ࿈ԧ

$

҅ᬯԞฎঅग़Ո᧔	Method

Swizzling	ӧঅአጱܻࢩԏӞ̶

ᳯܻ᷌ࢩ 

Ӟࢶᙯ܉᥺ғ 





՗ᬯୟࢶӾ౯ժԞݢզ፡ڊᳯ᷌Ծኞጱܻࢩԧ҅੪ฎ	Swizzling	ጱդᎱᤩ᯿॔ಗᤈ҅ԅԧ᭿عᬯ
໏ጱܻڊࢩሿ҅౯ժݢզ᭗ᬦ__GCD__ጱ	dispatch_once	ڍහ๶ᥴڥ٬҅አ	dispatch_once	ڍහ
ٖդᎱݝտಗᤈӞེጱᇙ௔̶

ਫᴬࣁᤩಗᤈӞ̶ེ୮ᆐݝᦤդᎱכහڍ	dispatch_once	Ӥےො҅ࣈጱ	Swizzling	Method	ӻྯࣁ
ֵአӾԞݢզ੒ӥᶎդᎱᬰᤈ੗ᤰ҅ᬯ᯾ݝฎᕳӞӻᐏֺդᎱ̶

#import	"NSMutableArray+LXZArrayM.h"

@implementation	NSMutableArray	(LXZArrayM)

+	(void)load	{

				static	dispatch_once_t	onceToken;

				dispatch_once(&onceToken,	^{

								Method	fromMethod	=	class_getInstanceMethod(objc_getClass("__NSArrayM"),	@s

elector(objectAtIndex:));

								Method	toMethod	=	class_getInstanceMethod(objc_getClass("__NSArrayM"),	@sel

ector(lxz_objectAtIndexM:));

								method_exchangeImplementations(fromMethod,	toMethod);

				});

}

ᬯ᯾ᬮᥝޞᦫय़ਹӞӻ᧣ᦶੜದૣ҅૪ᕪᎣ᭲ጱݢզኼᬦ

%

̶౯ժԏڹ᧔ᬦ	IMP	๜ᨶӤ੪ฎڍ
හ೰ᰒ҅ಅզ౯ժݢզ᭗ᬦ಑ڍܦහ೰ᰒጱොୗ҅ັ፡	SEL	޾	IMP	ጱԻഘၞᑕ̶

Method	fromMethod	=	class_getInstanceMethod(objc_getClass("__NSArrayI"),	@selector(

objectAtIndex:));

Method	toMethod	=	class_getInstanceMethod(objc_getClass("__NSArrayI"),	@selector(lx

z_objectAtIndex:));

				

NSLog(@"%p",	method_getImplementation(fromMethod));

NSLog(@"%p",	method_getImplementation(toMethod));

method_exchangeImplementations(fromMethod,	toMethod);

				

NSLog(@"%p",	method_getImplementation(fromMethod));

NSLog(@"%p",	method_getImplementation(toMethod));

method_exchangeImplementations(fromMethod,	toMethod);

				

NSLog(@"%p",	method_getImplementation(fromMethod));

NSLog(@"%p",	method_getImplementation(toMethod));

method_exchangeImplementations(fromMethod,	toMethod);

				

NSLog(@"%p",	method_getImplementation(fromMethod));

 ๶ӞྦྷၥᦶդᎱض



NSLog(@"%p",	method_getImplementation(toMethod));

፡کᬯӻ಑ܦᕮຎ҅य़ਹଫᧆกጮՋԍᳯ᷌ԧމғ

2016-04-13	14:16:33.477	[16314:4979302]						0x1851b7020

2016-04-13	14:16:33.479	[16314:4979302]						0x1000fb3c8

2016-04-13	14:16:33.479	[16314:4979302]						0x1000fb3c8

2016-04-13	14:16:33.480	[16314:4979302]						0x1851b7020

2016-04-13	14:16:33.480	[16314:4979302]						0x1851b7020

2016-04-13	14:16:33.480	[16314:4979302]						0x1000fb3c8

2016-04-13	14:16:33.481	[16314:4979302]						0x1000fb3c8

2016-04-13	14:16:33.481	[16314:4979302]						0x1851b7020

ӥᶎฎ	Method	Swizzling	ጱਫሿრᎱ҅՗რᎱ๶፡ٌ҅ਫٖ᮱ਫሿஉᓌ̶ܔ໐ஞդᎱ੪ฎԻഘ
ӷӻ	Method	ጱ	imp	ڍහ೰ᰒ҅ᬯԞ੪ฎොဩᤩ	swizzling	ग़ེ҅ݢᚆտᤩഘ݄ࢧጱܻࢩ҅ࢩԅ
ྯེ᧣አ᮷տಗᤈӞེԻഘ඙̶֢

void	method_exchangeImplementations(Method	m1,	Method	m2)

{

				if	(!m1		||		!m2)	return;

				rwlock_writer_t	lock(runtimeLock);

				IMP	m1_imp	=	m1->imp;

				m1->imp	=	m2->imp;

				m2->imp	=	m1_imp;

				flushCaches(nil);

				updateCustomRR_AWZ(nil,	m1);

				updateCustomRR_AWZ(nil,	m2);

}

෬ᆐ	Method	Swizzling	ݢզ੒ᬯӻᔄጱ	Dispatch	Table	ᬰᤈ඙֢҅඙֢ݸጱᕮຎ੒ಅํ୮ڹᔄ
݊ৼᔄ᮷տԾኞ୽҅ߥಅզํՈᦊԅ	Method	Swizzling	ฎӞᐿܧᴾጱದ๞҅አӧঅஉ਻ฃ੕ᛘ
ӞԶӧݢᶼᥠጱ__bug__҅ᬯԶ__bug__Ӟᛱ᮷ฎᶋଉᵙݎሿ޾᧣ᦶጱ̶

Method SwizzlingრᎱړຉ 

Method SwizzlingܧᴾހҘ 



ᬯӻᳯ᷌ݢզ୚አஷᝬय़ᐟጱӞݙᦾғ	ֵ አ	Method	Swizzling	ᖫᑕ੪অྲڔោ෸ֵአ᲋ڥጱ҅ڏӞ

ԶՈࢩԅ೅ஞکڔᛔ૩ಅզਸ਼ொ᲋ڥጱݢٍ҅ڏฎԪਫӤֵ҅አᰤڏஃஃๅ਻ฃڊԪ҅ᘒڏڥๅԅਞ̶ق	

̔	Swizzling	Method	Ӿ᭗ᬦ	Demo	ᬯӻࣁ ᓌܔਫሿԧӞӻૄმೝ౼ۑᚆ̶ਫሿොୗ੪ฎਖ਼ܻො
ဩ	Swizzling	ԅᛔ૩ਧԎጱොဩ҅ࣁಗᤈ෸ࣁضᛔ૩ොဩӾ؉ڣෙ҅໑ഝฎވ୑ଉٚ؉ӥӞྍ॒
ቘ̶

	Demo	ݝฎ๶ᬀۗ᧛ᘏๅঅጱቘᥴ෈ᒍӾጱٖ਻҅ଫᧆܗਮᕮݳ	Demo	Ӟ᩸਍ԟ҅ݝ፡	Demo	ᬮฎ

ӧᚆቘᥴๅႮ੶ጱܻቘ̶	Demo	ӾդᎱ᮷տํဳ᯽҅ݢ֖ݱզ಑ෙᅩ᪙፳	Demo	ಗᤈၞᑕᩳӞ᭭҅
፡፡ݱӻᴤྦྷݒᰁጱ꧊̶

Demo࣎ࣈғڝੜौጱGithub

http://blog.csdn.net/yiyaaixuexi
https://github.com/DeveloperErenLiu/BlogDemo-Swizzling


	__attribute__	ฎӞॺᖫᦲ࢏೰ե҅ᤩ	GNU	޾	LLVM	ᖫᦲ࢏ಅඪ೮҅꧋ᦜ੒ԭ	__attribute__	ी
ս۸̶޾ӞԶ݇හ҅؉ӞԶṛᕆ༄ັے

	__attribute__	ጱ᧍ဩฎ҅ݸࣁᶎےӷӻೡ҅ݩᆐંٟݸ௔ڜᤒ҅ં௔ڜᤒզ᭖ړݩᵍ̶ࣁiOS
Ӿ҅உग़ֺই	NS_CLASS_AVAILABLE_IOS	ጱਡਧԎٖ҅᮱Ԟฎ᭗ᬦ	__attribute__	ਫሿጱ̶

__attribute__((attribute1,	attribute2));

ӥᶎฎӞԶ	__attribute__	ጱଉአં௔҅ๅਠෆጱં௔ڜᤒݢզکllvmጱਥᗑັ፡̶

	objc_subclassing_restricted	ં ௔ᤒᐏᤩ᷶ץጱᔄӧᚆᤩٌ՜ᔄᖀಥ҅ڞވտಸӥᶎጱᲙ᧏̶

__attribute__((objc_subclassing_restricted))

@interface	TestObject	:	NSObject

@property	(nonatomic,	strong)	NSObject	*object;

@property	(nonatomic,	assign)	NSInteger	age;

@end

@interface	Child	:	TestObject

@end

Კ᧏מ௳ғ
Cannot	subclass	a	class	that	was	declared	with	the	'objc_subclassing_restricted'	at

tribute

Runtimeጱଫአ 

	__attribute__	 

objc_subclassing_restricted 

https://clang.llvm.org/docs/AttributeReference.html


	objc_requires_super	ં ௔ᤒᐏৼᔄ஠ᶳ᧣አᤩ᷶ץጱොဩ	super	̔ ̶ޞಸἎᜋᦄڞވ

@interface	TestObject	:	NSObject

-	(void)testMethod	__attribute__((objc_requires_super));

@end

@interface	Child	:	TestObject

@end

ᦄמޞ௳ғ(ӧಸᲙ)

Method	possibly	missing	a	[super	testMethod]	call

	constructor	ં ௔ᤒᐏࣁ	main	ڍහಗᤈԏݢ҅ڹզಗᤈӞԶ඙̶֢	destructor	ં ௔ᤒᐏ
҅ݸොဩ᮷ಗᤈਠԏ	load	ಅํࣁጱಗᤈ෸๢ฎ	constructor	ӞԶ඙̶֢؉ݸහಗᤈԏڍ	main	ࣁ
಍տಗᤈಅํ	constructor	ં ௔᷶ץጱڍහ̶

__attribute__((constructor))	static	void	beforeMain()	{

				NSLog(@"before	main");

}

__attribute__((destructor))	static	void	afterMain()	{

				NSLog(@"after	main");

}

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

				@autoreleasepool	{

								NSLog(@"execute	main");

				}

				return	0;

}

ಗᤈᕮຎғ
debug-objc[23391:1143291]	before	main

debug-objc[23391:1143291]	execute	main

debug-objc[23391:1143291]	after	main

ં	destructor	౲	constructor	ग़ӻํࣁ ௔᷶ץጱڍහ෸҅ݢզ᭗ᬦᦡᗝսضᕆ๶೰ਧಗᤈᶲ
ଧ̶໒ୗฎ	__attribute__((constructor(101)))	ጱොୗ҅ંࣁ௔ݸᶎፗള᪙սضᕆ̶

objc_requires_super 

constructor / destructor 



__attribute__((constructor(103)))	static	void	beforeMain3()	{

				NSLog(@"after	main	3");

}

__attribute__((constructor(101)))	static	void	beforeMain1()	{

				NSLog(@"after	main	1");

}

__attribute__((constructor(102)))	static	void	beforeMain2()	{

				NSLog(@"after	main	2");

}

ಗᤈڞᕆ᩼ṛضս҅ݍፘڞ	destructor	ᕆ᩼֗҅ಗᤈᶲଧ᩼ṛ̶ᘒضӾ໑ഝս	constructor	ࣁ
ᶲଧ᩼ṛ̶

	overloadable	ં ௔꧋ᦜਧԎग़ӻ֕ݷݶӧ݇ݶහᔄࣳጱڍහ҅ࣁ᧣አ෸ᖫᦲ࢏տ໑ഝփ݇فහ
ᔄࣳᛔۖ܃ᯈڍහ̶ᬯӻํᅩᔄ֒ԭ	C++	ጱڍහ᯿᫹҅ᘒӬ᮷ฎݎኞࣁᖫᦲ๗ጱᤈԅ̶

__attribute__((overloadable))	void	testMethod(int	age)	{}

__attribute__((overloadable))	void	testMethod(NSString	*name)	{}

__attribute__((overloadable))	void	testMethod(BOOL	gender)	{}

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

				@autoreleasepool	{

								testMethod(18);

								testMethod(@"lxz");

								testMethod(YES);

				}

				return	0;

}

	objc_runtime_name	ં ௔ݢզࣁᖫᦲ෸҅ਖ਼	Class	౲	Protocol	೰ਧԅݚӞӻ҅ਁݷଚӬෛਁݷӧ
զզහਁ୏१̶ݢᕅ҅ګᥢ᝜ݷ޸ݑ

__attribute__((objc_runtime_name("TestObject")))

@interface	Object	:	NSObject

@end

NSLog(@"%@",	NSStringFromClass([TestObject	class]));

overloadable 

objc_runtime_name 



ಗᤈᕮຎғ
TestObject

ᬯӻં௔ݢզአ๶؉դᎱႰႝֺ҅ইٟӞӻਡਧԎ҅ਡਧԎٖ᮱ਫሿႰႝ᭦ᬋ̶ֺই᭗
ᬦ	MD5	੒	Object	؉Ⴐႝ҅32֖ጱႰႝᕮຎ੪ฎ	497031794414a552435f90151ac3b54b	̔ ᧡ᚆ፡ڊ
๶ᬯฎՋԍᔄ̶ইຎொ୸ᡭᤒ܃ᯈڊ๶҅ٚीےےፉ᭦ᬋ̶

᭗ᬦ	cleanup	ં ௔҅ݢզ೰ਧᕳӞӻݒᰁ҅୮ݒᰁ᯽නԏڹಗᤈӞӻڍහ̶೰ਧጱڍහಗᤈጱ෸
ᳵ҅ฎࣁ	dealloc	ԏڹጱ̶ࣁ೰ਧጱڍහӾ҅ݢզփفӞӻ୵݇҅݇හ੪ฎ	cleanup	᷶ץጱݒ
ᰁ҅୵݇ฎӞӻ̶࣎ࣈ

static	void	releaseBefore(NSObject	**object)	{

				NSLog(@"%@",	*object);

}

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

				@autoreleasepool	{

								TestObject	*object	__attribute__((cleanup(releaseBefore)))	=	[[TestObject	a

lloc]	init];

				}

				return	0;

}

ইຎ᭬ݶکӞӻդᎱࣘӾ҅ݶ෸ڊሿग़ӻ	cleanup	ં ௔෸҅ࣁդᎱ֢ࣘአऒᕮ๳෸҅տզႲےጱ
ᶲଧᬰᤈ᧣አ̶

ᬮํӞӻં௔உਫአ҅ࣁᶱፓ᯾ᕪଉտํ๚ֵአጱݒᰁ҅տಸӞӻἎᜋᦄํ̶ޞ෸ݢײᚆտ᭗ᬦ
ٌ՜ොୗ឴ݐᬯӻ੒᨝҅ಅզӧమڊሿᬯӻᦄݢ҅ޞզ᭗ᬦ	unused	ં ௔ၾᴻᬯӻᦄ̶ޞ

NSObject	*object	__attribute__((unused))	=	[[NSObject	alloc]	init];

क़᮱ֵࣁӧᬦᔮᕹӧտፗളݝᲫਁ҅ى	____attribute	ᔮᕹ᯾Ԟय़ᰁֵአԧࣁ
አ	__attribute__	̔ Ӟᛱ᮷ฎਖ਼ٌਧԎԅਡਧԎ҅զਡਧԎጱ୵ୗڊሿࣁक़ᶎ̶

cleanup 

unused 

ᔮᕹਧԎ 



//	NSLog

FOUNDATION_EXPORT	void	NSLog(NSString	*format,	...)	NS_FORMAT_FUNCTION(1,2)	NS_NO_T

AIL_CALL;

#define	NS_FORMAT_FUNCTION(F,A)	__attribute__((format(__NSString__,	F,	A)))

//	஠ᶳ᧣አᆿᔄጱොဩ
#define	NS_REQUIRES_SUPER	__attribute__((objc_requires_super))

//	೰ਧڡত۸ොဩ҅஠ᶳፗള౲ᳵള᧣አ᷶ץጱොဩ
#define	NS_DESIGNATED_INITIALIZER	__attribute__((objc_designated_initializer))

੒᨝ىᔮฉ੘	(Object	Relational	Mapping)	̔ ᓌᑍ	ORM	̔ አԭᶎݻ੒᨝᧍᥺Ӿӧݶᔮᕹහഝԏ
ᳵጱ᫨ഘ̶
᫨ཛྷֵࣳ҅አྲ᫾ग़ጱ	JSON	ᔮฉ੘๶ਫሿىզ᭗ᬦ੒᨝ݢ
ฎ	Mantle	̵ 	MJExtension	̵ 	YYKit	̵ 	JSONModel	ᒵ໛ຝ҅ᬯԶ໛ຝࣁᬰᤈ᫨ഘጱ෸҅ײ᮷ฎֵ
አ	Runtime	ጱොୗਫሿጱ̶

	Mantle	ֵ አ޾	MJExtension	ํ Զᔄ֒҅ݝӧᬦ	MJExtension	ֵ አ᩸๶ๅےො̶׎	Mantle	ֵࣁአ
෸Ԇᥝฎ᭗ᬦᖀಥጱොୗ॒ቘ҅ᘒ	MJExtension	ฎ᭗ᬦ	Category	॒ ቘ҅դᎱׁᩢ௔ๅੜ҅෫׍
௔̶ف

ᬯԶᒫӣොӾ	Mantle	ۑᚆ๋୩य़҅֕ฎॡᛎᙠֵ҅አ᩸๶௔ᚆྲٌ՜ᒫӣො᮷૧Ӟ
Զ̶	JSONModel	̵ 	MJExtension	ᬯԶᒫӣොپԒ᮷ࣁӞӻ࿜ଘᕆ҅	YYKit	ፘ੒๶᧔௔ᚆݢզྲᙒ
ಋٟᩙ꧊դᎱ҅௔հྲ๋ṛ̶

੒ԭཛྷࣳ᫨ഘᵱ࿢ӧฎॡय़ጱૡᑕ๶᧔҅ੱᰁአ	YYKit	๶ᬰᤈ᫨ഘ௔ᚆտๅঅӞԶ̶ۑᚆݢᚆኼ
᭍ԭ	MJExtension	̔ ౯ӻՈᬮฎྲ᫾ԟబአ	MJExtension	̶

YYKit֢ᘏᦧၥ

Ԟݢզᛔ૩ਫሿཛྷࣳ᫨ഘጱ᭦ᬋ҅զਁَ᫨ཛྷࣳԅֺ҅य़֛᭦ᬋইӥғ

੒᨝̶َਁفොဩଚփ׀አ๶؉ཛྷࣳ᫨ഘ҅੒क़൉	Category	ୌӞӻڠ .1
2. ᭗ᬦ	Runtime	੒ଫጱڍහ҅឴ંݐ௔ڜᤒଚ᭭ܲ҅໑ഝં௔ݷ՗ਁَӾڊݐ੒ଫጱ੒᨝̶
3. ᭗ᬦ	KVC	ਖ਼՗ਁَӾڊݐጱ꧊҅ᩙ꧊ᕳ੒᨝̶
4. ํ෸ײտ᭬کग़੶્ॺጱఘֺ҅٭ইਁَ۱ތහᕟ҅හᕟӾᬮฎӞӻਁ̶َᬯᐿఘ٭੪ݢզ

ORM 

௔ᚆᦧၥ 

ਫሿ௏᪠ 

http://blog.ibireme.com/2015/10/23/ios_model_framework_benchmark/


හᕟٚ᧣አਁَᩙ꧊ጱܲ᭭ݸ੒ଫਁྦྷጱහᕟ҅ᆐَਁڊݐڞෙ҅ইຎཛྷࣳ੒᨝ฎහᕟڣ؉
ොဩ̶

ӥᶎᓌܔਫሿԧӞӻਁَ᫨ཛྷࣳጱդᎱ҅᭗ᬦ	Runtime	᭭ ܲં௔ڜᤒ҅ଚ໑ഝં௔َਁڊݐݷӾ
ጱ੒᨝҅ᆐݸ᭗ᬦ	KVC	ᬰᤈᩙ꧊඙̶֢᧣አොୗ޾	MJExtension	̵ 	YYModel	ᔄ֒҅ፗള᭗ᬦཛྷࣳ
ᔄ᧣አᔄොဩ̶ݢܨইຎమٌࣁ՜ᔄӾԞֵአጱᦾ҅ଫᧆ಩ӥᶎጱਫሿٟ
զ᧣አ̶ݢӾ҅ᬯ໏ಅํᔄ᮷	Category	ጱ	NSObject	ࣁ

//	᧣አ᮱ړ
NSDictionary	*dict	=	@{@"name"	:	@"lxz",

																							@"age"	:	@18,

																							@"gender"	:	@YES};

TestObject	*object	=	[TestObject	objectWithDict:dict];

//	ਫሿդᎱ
@interface	TestObject	:	NSObject

@property	(nonatomic,	copy		)	NSString	*name;

@property	(nonatomic,	assign)	NSInteger	age;

@property	(nonatomic,	assign)	BOOL	gender;

+	(instancetype)objectWithDict:(NSDictionary	*)dict;

@end

@implementation	TestObject

+	(instancetype)objectWithDict:(NSDictionary	*)dict	{

				return	[[TestObject	alloc]	initWithDict:dict];

}

-	(instancetype)initWithDict:(NSDictionary	*)dict	{

				self	=	[super	init];

				if	(self)	{

								unsigned	int	count	=	0;

								objc_property_t	*propertys	=	class_copyPropertyList([self	class],	&count);

								for	(int	i	=	0;	i	<	count;	i++)	{

												objc_property_t	property	=	propertys[i];

												const	char	*name	=	property_getName(property);

												NSString	*nameStr	=	[[NSString	alloc]	initWithUTF8String:name];

												id	value	=	[dict	objectForKey:nameStr];

												[self	setValue:value	forKey:nameStr];

								}

								free(propertys);

				}

				return	self;

}



@end

᭗ᬦ	Runtime	ݢզ឴کݐ੒᨝ጱ	Method	List	̵ 	Property	List	ᒵ҅ӧݢݝզአ๶؉ਁَཛྷࣳ᫨
ഘ҅ᬮݢզ؉உग़ૡ̶ֺ֢ইᬮݢզ᭗ᬦ	Runtime	ਫሿᛔۖ୭໩ݍ޾୭໩҅ӥᶎฎᛔۖᬰᤈ୭໩
඙̶֢

ಅํጱં௔ݐ឴.1	//
unsigned	int	count	=	0;

Ivar	*ivars	=	class_copyIvarList([NJPerson	class],	&count);

//	᭭ܲಅํጱં௔ᬰᤈ୭໩
for	(int	i	=	0;	i	<	count;	i++)	{

੒ଫጱં௔ڊݐ	//				
				Ivar	ivar	=	ivars[i];

				const	char	*	name	=	ivar_getName(ivar);

				//	ਖ਼੒ଫጱં௔ݷᑍ᫨ഘԅOCਁᒧԀ
				NSString	*key	=	[[NSString	alloc]	initWithUTF8String:name];

				//	໑ഝં௔ݷᑍڥአKVC឴ݐහഝ
				id	value	=	[self	valueForKeyPath:key];

				[encoder	encodeObject:value	forKey:key];

}

free(ivars);

౯ٟԧӞӻᓌܔጱ	Category	̔ ̵	NSCoding	զᛔۖਫሿݢ 	NSCopying	ܐᦓ̶ᬯฎ୏რ࣎ࣈғEasy
NSCoding

ӥᶎጱդᎱᬌڊՋԍҘ

@implementation	Son	:	Father

-	(id)init	{

				self	=	[super	init];

				if	(self)	{

								NSLog(@"%@",	NSStringFromClass([self	class]));

								NSLog(@"%@",	NSStringFromClass([super	class]));

				}

				return	self;

}

@end

Runtimeᶎᦶ᷌ 

᷌1 

https://github.com/DeveloperErenLiu/EasyNSCoding.git


ᒼໜғ᮷ᬌڊ	Son	̶

ᒫӞӻ	NSLog	ᬌڊ	Son	ᙗਧฎӧአ᧔ጱ̶

ᒫԫӻᬌڊӾ҅	[super	class]	տᤩ᫨ഘԅӥᶎդᎱ̶

struct	objc_super	objcSuper	=	{

				self,

				class_getSuperclass([self	class]),

};

id	(*sendSuper)(struct	objc_super*,	SEL)	=	(void	*)objc_msgSendSuper;

sendSuper(&objcSuper,	@selector(class));

	super	ጱ᧣አտᤩ᫨ഘԅ	objc_msgSendSuper	ጱ᧣አ҅ଚփفӞӻ	objc_super	ᔄࣳጱᕮ຅̶֛ᕮ
຅֛ํӷӻ݇හ҅ᒫӞӻ੪ฎളݑၾ௳ጱ੒᨝҅ᒫԫӻฎ	[super	class]	੒ଫጱᆿᔄ̶

struct	objc_super	{

				__unsafe_unretained	_Nonnull	id	receiver;

				__unsafe_unretained	_Nonnull	Class	super_class;

};

ኧྌݢᎣ҅ᡱᆐ᧣አጱฎ	[super	class]	̔ ֕ฎളݑၾ௳ጱ੒᨝ᬮฎ	self	̶ ᆐݸ๶کᆿ
ᔄ	Father	ጱ	class	ොဩӾ҅ᬌڊ	self	੒ଫጱᔄ	Son	̶

ӥᶎդᎱጱᕮຎҘ

BOOL	res1	=	[(id)[NSObject	class]	isKindOfClass:[NSObject	class]];

BOOL	res2	=	[(id)[NSObject	class]	isMemberOfClass:[NSObject	class]];

BOOL	res3	=	[(id)[Sark	class]	isKindOfClass:[Sark	class]];

BOOL	res4	=	[(id)[Sark	class]	isMemberOfClass:[Sark	class]];

ᒼໜғ
ᴻԧᒫӞӻฎ	YES	̔ ٌ՜ӣӻ᮷ฎ	NO	̶

ฎՋԍҘڦ܄ጱ	isMemberOfClass	޾	isKindOfClass	ᥝกጮӷӻᳯ̶᷌ضḒ҅ڹവၥᕮຎԏࣁ
	isKindOfClass:class	̔ ᧣አᧆොဩጱ੒᨝ಅંጱᔄ҅ᖀಥᘏ᱾Ӿ۱ތփفጱ	class	ڞᬬ
̶	YES	ࢧ

	isMemberOfClass:class	̔ ᧣አදොဩጱ੒᨝ಅંጱᔄ҅஠ᶳฎփفጱ	class	ڞᬬࢧ	YES	̶

౯ժ՗	Runtime	რᎱጱ᥯ଶ๶ړຉӞӥᕮຎ̶

᷌2 



+	(BOOL)isMemberOfClass:(Class)cls	{

				return	object_getClass((id)self)	==	cls;

}

-	(BOOL)isMemberOfClass:(Class)cls	{

				return	[self	class]	==	cls;

}

+	(BOOL)isKindOfClass:(Class)cls	{

				for	(Class	tcls	=	object_getClass((id)self);	tcls;	tcls	=	tcls->superclass)	{

								if	(tcls	==	cls)	return	YES;

				}

				return	NO;

}

-	(BOOL)isKindOfClass:(Class)cls	{

				for	(Class	tcls	=	[self	class];	tcls;	tcls	=	tcls->superclass)	{

								if	(tcls	==	cls)	return	YES;

				}

				return	NO;

}

ଘ෸୏ݎᬦᑕӾݝտള᥶ک੒᨝ොဩጱ	isKindOfClass	޾	isMemberOfClass	̔ ֕ฎࣁ	NSObject	ᔄ
Ӿᬮᵌୗጱਫሿԧᔄොဩᇇ๜̶ӧݝᬯӷӻොဩٌ҅՜	NSObject	Ӿጱ੒᨝ොဩ҅᮷ํٌ੒ଫጱ
ᔄොဩᇇ๜̶ࢩԅࣁOCӾ҅ᔄز޾ᔄԞ᮷ฎ੒᨝̶ᬯࢥӻ᧣አኧԭ᮷ฎᔄ੒᨝᩸ݎ᧣አጱ҅ಅ
զ๋ᕣಗᤈጱ᮷ฎᔄොဩᇇ๜̶

ຉ̶ړᶎጱݸ׎๶҅ොڊጱ੒᨝ཛྷࣳ೭	Runtime	಩ض



ᒫӞེ᧣አොฎ	NSObject	ᔄ੒᨝҅᧣አ	isKindOfClass	ොဩփفጱԞฎᔄ੒᨝̶ࢩԅ᧣አᔄ
ጱ	class	ොဩ҅տ಩ᔄᛔ᫝ፗളᬬ҅ࢧಅզᬮฎᔄ੒᨝ᛔ૩̶

ᆐݸᬰکف	for	஗ሾӾ҅տ՗	NSObject	ጱزᔄ୏ত᭭ܲ҅ಅզᒫӞེ	NSObject	meta	class	Ѻ=

NSObject	class	̔ NSObject	ጱ	superclass	ᦡᗝԅ	tcls	ᯈ०ᨳ̶ᒫԫེ஗ሾਖ਼܃

class	̔ 	NSObject	class	==	NSObject	class	̔ ̶ۑᯈ౮܃

	NSObject	ᚆ܃ᯈ౮҅ۑฎࢩԅᬯӻᔄྲ᫾ᇙྛ҅ࣁᒫԫེ឴ݐ	superclass	ጱ෸
܃ᘒٌ՜ӣᐿ̶ۑᯈ౮܃ጱᔄ੒᨝҅ಅզտ	NSObject	੪ฎ	superclass	ᔄጱز	NSObject	҅ײ
ᯈ҅ڞ᮷տ०ᨳ҅ݶ֖ݱ਍ݢզ݄ᛔ૩ړຉӞӥۃӥӣᐿ̶

ӥᶎጱդᎱտҘ	Compile	Error	 / 	Runtime	Crash	 / 	NSLog…	?

@interface	NSObject	(Sark)

+	(void)foo;

@end

@implementation	NSObject	(Sark)

-	(void)foo	{

				NSLog(@"IMP:	-[NSObject	(Sark)	foo]");

}

@end
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//	ၥᦶդᎱ
[NSObject	foo];

[[NSObject	new]	performSelector:@selector(foo)];

ᒼໜғ
ᬩᤈ᮷ဌํᳯ̶᷌޾ᖫᦲ҅ڊ᮷ྋଉᬌق

ᬯ᭲᷌޾ӤӞ᭲᷌உፘ֒҅ᒫԫӻ᧣አᙗਧဌํᳯ᷌҅ᒫӞӻ᧣አݸտ՗زᔄӾັತොဩ҅ᆐᘒ
ොဩଚӧزࣁᔄӾ҅ಅզತزᔄጱ	superclass	̶ ොဩਧԎࣁฎ	NSObject	ጱ	Category	̔ ኧ
ԭ	NSObject	ጱ੒᨝ཛྷࣳྲ᫾ᇙྛ҅زᔄጱ	superclass	ฎᔄ੒᨝҅ಅզ՗ᔄ੒᨝Ӿತکԧොဩଚ
᧣አ̶

ӥᶎጱդᎱտҘ	Compile	Error	 / 	Runtime	Crash	 / 	NSLog…	?

@interface	Sark	:	NSObject

@property	(nonatomic,	copy)	NSString	*name;

@end

@implementation	Sark

-	(void)speak	{

				NSLog(@"my	name's	%@",	self.name);

}

@end

//	ၥᦶդᎱ
@implementation	ViewController

-	(void)viewDidLoad	{

				[super	viewDidLoad];

				id	cls	=	[Sark	class];

				void	*obj	=	&cls;

				[(__bridge	id)obj	speak];

}

@end

ᒼໜғ
ྋଉಗᤈ҅ӧտ੕ᛘ	Crash	̶

ಗᤈ	[Sark	class]	کݐ឴ݸᔄ੒᨝҅ᆐݸ᭗ᬦ	obj	೰ᰒ೰کݐ឴ݻጱᔄ੒᨝Ḓ҅࣎ࣈᬯ੪຅౮
ԧ੒᨝ጱच๜ᕮ຅҅ݢզᬰᤈྋଉ᧣አ̶
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ԅՋԍ	MRC	ӥဌํ	weak	Ҙ

ٌਫ	MRC	ӥଚӧฎဌํ	weak	̔ რᎱ	weak	რᎱ᧣አ	Runtime	զ᭗ᬦݢሾहӥԞ	MRC	ࣁ
ጱ̶	weak	რᎱਧԎࣁ	Private	Headers	ᐺํ෈կ४ӥ҅ᵱᥝ୚ف	#import	"objc-internal.h"	෈
կ̶

զզӥ	ARC	ጱრᎱԅֺ҅ਧԎԧӞӻ	TestObject	ᔄࣳጱ੒᨝҅ଚአӞӻ	weak	೰ᰒ೰ݻ૪ڠୌ੒
᨝̶

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

				@autoreleasepool	{

								TestObject	*object	=	[[TestObject	alloc]	init];

								__weak	TestObject	*newObject	=	object;

				}

				return	0;

}

ᬯྦྷդᎱտᤩᖫᦲ࢏᫨ᑏԅӥᶎդᎱ҅ᬯྦྷդᎱӾጱӷӻڍහ੪ฎ	weak	ጱਫሿڍහ҅ࣁ	MRC	ӥ
Ԟݢզ᧣አᬯӷӻڍහ̶

objc_initWeak(&newObject,	object);

objc_destroyWeak(&newObject);

ፘݶጱӞӻᔄ҅ڠୌӧݶጱ੒᨝҅ெ໏ਫሿ೰ਧጱ຤ӻ੒᨝ࣁ	dealloc	෸಑ܦӞྦྷ෈ਁҘ

ᬯӻᳯ๋᷌ᓌܔጱොဩ੪ฎࣁᔄጱ	.h	෈կ᯾҅ਧԎӞӻຽᦕં௔҅ইຎં௔ᤩᩙ꧊ԅ	YES	̔ ڞ
~෈ਁ̶֕ฎ҅ᬯᐿਫሿොୗดᆐӧฎᶎᦶਥమᥝጱ҅տᤩፗളpassܦӾ಑	dealloc	ࣁ

ୌᔄڠୌӞӻᔄ҅ᬯӻᔄฎ੒᨝ጱৼᔄ҅ਖ਼ෛڠᬩᤈ෸ۖாࣁጱਫሿොໜ҅	KVO	զ݇ᘍݢ
ጱ	dealloc	ਫሿ೰ݻᛔਧԎጱ	IMP	̔ ଚࣁ	IMP	Ӿ಑ܦӞྦྷ෈ਁ̶ਖ਼੒᨝ጱ	isa	ᦡᗝԅෛڠୌጱ
ᔄ҅୮ಗᤈ	dealloc	ොဩ෸੪տಗᤈ	isa	ಅ೰ݻጱෛᔄ̶
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Ջԍݞ؉ದ๞य़ᇍ҅ெ໏੪ᤒᐏದ๞୩Ҙ

౯ྦྷڹ෸ᳵ፡ᬦӞݙᦾ҅౯ఽᥧݢզᥴ᯽Ӥᶎጱᳯ᷌ғ“૱ᶎӤಅํଫአጱۑᚆ҅Ծߝ൉ڊ๶౯
᮷ᚆ؉”̶
ᬯݙᦾଚӧड़قᶎ҅ଫᧆӧݝฎ؉ڊ๶҅ᘒฎๅঅጱ؉ڊ๶̶ᬯӻঅᥝ՗உग़ොᶎ݄ᦧ֌҅௔
ᚆ̵ݢᖌಷ௔̵ਠ౮෸ᳵ̵Ծߝපຎᒵ҅ইຎᬯԶ᮷؉ጱஉঅ҅ᮎ᪃զᦤกᬯӻՈದ๞உ୩य̶़

	Runtime	ฎྲ᫾؇ବ੶ጱ҅֕ฎᎸᑪᬯԍႮํՋԍአํ҅ހՋԍਫᴬ఺ԎހҘ

	Runtime	୮ᆐฎኧਫᴬአ॒ጱ҅ضӧ᧔ෆӻOC᮷ฎ᭗ᬦ	Runtime	ਫሿጱ̶ֺইሿࣁᵱᥝਫሿၾ
௳᫨ݎጱۑᚆ҅ᬯ෸ײ੪ᵱᥝአک	Runtime	̔ ౲ᘏฎೝ౼ොဩ҅Ԟᵱᥝአک	Method	Swizzling	̔

ᴻԧᬯԶ҅ᬮํๅग़ጱአဩஇ౯ժ݄ݎയ̶

ӧݝฎֵአٌ҅ਫ๋᯿ᥝጱฎ҅᭗ᬦRuntimeԧᥴӞӻ᧍᥺ጱᦡᦇ̶RuntimeӾӧݝฎݱᐿڍහ
᧣አ҅՗ෆ֛๶፡҅ݢզกጮOCጱ੒᨝ཛྷࣳฎՋԍ໏ጱ̶
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