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#import <objc/runtime.h>
#import <objc/message.h>
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// FEEIRENX

typedef struct objc class *Class;
struct objc_class : objc_object {
// Class ISA;

Class superclass;

struct objc_object {

Class Nonnull isa OBJC_ISA AVAILABILITY;
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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;
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typedef void (*IMP)(void /* id, SEL, ... */);
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OBJC_EXPORT void
method_exchangeImplementations(Method _Nonnull ml, 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, 2.9, 9.0, 1.0, 2.0);

OBJC_EXPORT IMP Nullable
class getMethodImplementation(Class Nullable cls, SEL _Nonnull name)



OBJC_AVAILABLE(10.5, 2.0, 9.0, 1.0, 2.0);
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- (IMP)methodForSelector: (SEL)aSelector;
+ (IMP)instanceMethodForSelector: (SEL)aSelector;
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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]);

HEREMAE

BT IXLE ApT B DA AT — LML IRIE., MRIBEIARENHENIT, AAET Runtime SREX
Bl ve , BIZREA e SR,

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

void(*function)(id, SEL) = (void(*)(id, SEL))class_getMethodImplementation([TestObj
ect class], @selector(testMethod));

function(object, @selector(testMethod));
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// EEX

@interface TestObject : NSObject

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

// EXLIH

@implementation TestObject

- (void)testMethod: (NSString *)text {
NSLog(@"testMethod : %@", text);

}
@end

// runtime
IMP function = imp_implementationWithBlock(”~(id self, NSString *text) {
NSLog(@"callback block : %@", text);

}s
const char *types = sel getName(@selector(testMethod:));

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

TestObject *object = [[TestObject alloc] init];
[object testMethod:@"1xz"];

// Bt
callback block : 1xz

Method
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typedef struct method t *Method;

struct method_t {
SEL name;
const char *types;
IMP imp;

¥



¥ [[E] meth = (Method) 0x100001150
» name = (SEL) "testMethod"
» types = (const char *) "v16@0:8"
» imp = (IMP) (debug-objc " -[TestObject testMethod] at TestObject.m:14)
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typedef struct property_t *objc_property t;

struct property_t {
const char *name;
const char *attributes;

};
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objc_property t * class_copyPropertylList (Class cls, unsigned int * outCount)

objc_property t * protocol copyPropertylList (Protocol * proto, unsigned int * outCou
nt)
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objc_property t class_getProperty (Class cls, const char * name)

objc_property t protocol getProperty (Protocol * proto, const char * name, BOOL isRe
quiredProperty, BOOL isInstanceProperty)
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// AHHClass#id

typedef
typedef

struct
struct

// FHHEREE

typedef
typedef
typedef
typedef

struct
struct
struct
struct

objc_class *Class;
objc_object *id;

objc_method *Method;

objc_ivar *Ivar;

objc_category *Category;
objc_property *objc_property_t;

// objc_objectflobjc class
struct objc_object {
Class _Nonnull isa OBJC_ISA_AVAILABILITY;

};

struct objc_class {
Class isa

#if | _0BIC2__

OBJC_ISA_AVAILABILITY,

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 1list *protocols OBJC2_UNAVAILABLE;
#endif

} OBJC2_UNAVAILABLE;
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@interface NSObject <NSObject> {
#pragma clang diagnostic push

#pragma clang diagnostic ignored "-Wobjc-interface-ivars"
Class isa OBJC_ISA_ AVAILABILITY;
#pragma clang diagnostic pop

}

XEEMN—LEER Runtine EX, MZBIMEXMAKX—ET, BT RMOGMIANR, ZA
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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;

STREGHIA
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EOCHB MM REEZ— 1S, ZE*'@WEP%B@A—AisaE'\]EEE’EE, HUTHRATENE—
fiI, isa RNATE ZRIESZ Class KA, EFRERBERAN isa_t,

struct objc_object {
private:
isa_t isa;

)75
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PRIARTBABIY isa_t REHIINAIETTE, BEWHENIZEBT vintptr_t KB bits , B
HIRAIRVEREIK isa_t EMAYERYHELL,

EPINRFEN RN E, APZTEXESTHRAP, MEEEXE isa_t FBENER., EHE
SNAYEST, BITEM class_data_bits_t KA bits FEMMAERLHE, WR. £, TEHZ
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isa tENX

isa_t —"1 union FUZEMXTER, union EUUTF c++ EMIK, EREATUE XK AT=FRE,
£ isa t FENXT cls . bits . isa t =88%, TEM struct EMAFIE isa_t FIZEMRM
B .

TEX isa_t FRIGHRHETT T AEIFE, #bIEM nonpointer 22 extra_rc &R, MEEIS#H
1THIY, (Rt RN EMEAFERHEITT —1TFR, BY TENSHWERRAZE ] UEREE
ottt EEHG8F T, AIAREINMNAE—EIEF 64,

IMRR: union AR bits FIRMFRETREX, MANERBERIEXS AL,

TEHNABEATERDL, RIREBT armea 27, HMEISHWZAKET .

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

Class cls;
uintptr_t bits;

# if __armed4__

# define ISA_MASK 0x0000000f fffffff8ULL
# define ISA_MAGIC_MASK ©x000003f000000001ULL
# define ISA_MAGIC_VALUE 0x0000012000000001ULL



struct {

uintptr_t nonpointer 2 1; // B32{Ul 26417
uintptr_t has_assoc 2 1; /) NREDEBHNEESEXEKSIH, WRREX
X5/, BILAEIRAIFEILNT SR
uintptr_t has_cxx_dtor 1 1; /) RDREDBC+HITHIRETOCHINTHIRZL
uintptr_t shiftcls 2 33; // NIRIEEENAFHELE, tBEELsatg @A
uintptr_t magic 2 65 /) NREDSIETTH
uintptr_t weakly_referenced : 1; // XN SREZHKIF5|HEL ZEZ#5551H
uintptr_t deallocating 2 1; /) NRESHEFEE
uintptr_t has_sidetable_rc : 1; // XR5|FEITHAKX, EZEHLHIEXLE
uintptr_t extra_rc 2 19; // XRS5 Hi1EL
# define RC_ONE  (1ULL<<45)
# define RC_HALF (1ULL<<18)
};
# elif _ x86_64_
J] eeee
# else
J] eeen
# endif
s

7£ ARM64 ZRFI T, isa_t ALATEMWHATHE. EARN cru 2T, EAXSEMAR, B
ZSEE R —1ER,

nonpointer gt
has_assoc
has_cxx_dtor
shiftcls
isa_t magic
weakly_referenced
deallocating
has_sidetable_rc
extra_rc v St
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BHIMFIE, £ objc_class FENX T=1THGAT =, superclass =— objc_class REIAIFEEH,
EMEARZEM objc_class 5FIAK, cache ARAMIEE ARG ENETE.

bits ;& objc_class FVER, HABRENX T — uintptr_t LB bits AT =, FiE
T class_rw_t BUMBLE, bits ARENX T —EEKIRIE, BIGNFREN class_ rw t . raw isa JK
S BE swift FREN, objc_class FARTE NI —LERE, HEREEZET bits LTHRY,

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);

}
VAR

M objc_class BIRIBRIIAEH, —IU\ T bits ZEMIREY data() BRIZX, FRBEX class_rw_t 3%,
BITHENERBPE—T, AJUEHSE I vintptr_t KB bits TE, MALGETHITI
HIME,

class _rw_t* data() {
return (class_rw_t *)(bits & FAST_DATA MASK);
}

uintptr_t XFR EE—T unsigned long BY typedef , unsigned long 7£64\4bIEESH H8=F
T, IEFRE6AMUT#HEI, BT FAST_DATA MASK $83R g i#HlfE, ZE bits RAY47-3R9MIE, IE
92BN class_rw_t j:Ell‘E-I-o

FOCH—NMEHMKER47, HIANFTEN— ulviewController RYthiltE ox7fafibs8e4se , %53k
FTHEFIRE 11111111010111100011011010110000000010001010000 , Ex/o B == G, FRLATE
BNt M R S 2 &RE =11,

// BHFEeL, Xredswift

#define FAST_IS_ SWIFT (1UL<<0)

// HAIERHRERBENX Tretain, releaseFHiE
#define FAST HAS_DEFAULT RR (1UL<<1)



// RHEREFEMEMNMisa
#define FAST_REQUIRES_RAW_ISA  (1UL<<2)

// EEERAVIEE
#define FAST_DATA_MASK 0x00007ffFfffffFf3UL
// 11111111111111111111111111111111111111111111000 23t47(i

EANTE bits PEfa={I2%HAN, FRARTARRFME—LEMFE, 7 class_data_bits_t @B
EXT=1"%, BRNE={UMIZEE.,

class _ro tfllclass rw t

M class_data_bits t lHXMNBRNMEEELEMR, class rw t Fl class ro t, HFHENX
% method list . protocol list . property list HFXRBER.

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;

};

HEJRIRIG class_data_bits_t IEMEIIE— class_ro_t B, X NEMFRERTZTHI(RIF).,
HFiz ﬁ'H‘J 7FS18IT realizeClass RREUE bits 35[0 class_rw_t ,

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;



const ivar_list_t * ivars;

const uint8 t * weakIvarlLayout;
property list_t *baseProperties;

};

EREFFREITREEMIAN class , RXTEER, SIERIFIRFHET bits PHY class_ro_t BY
i, AECIE class_rw_t, HIE ro HIELZ rw, A rv W—THRREE, REE rwizE

48 bits , BN ZHI bits FIFERY ro . R T XLR(ESN, KB —LHMEENRE, THE
AL class BOFBTEIARTCAD,

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();

(class_rw_t *)calloc(sizeof(class_rw_t), 1);
rW->ro = ro;

rw->flags = RW_REALIZED|RW_REALIZING;
cls->setData(rw);

rw

isMeta = ro->flags & RO_META;
rw->version = isMeta ? 7 : O;

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;



£ EEOABREITELI T M TEREL, addrRootClass #l addSubclass PRIEN, X RENAVERTT
EREDNENFEER—TIIE, j(:&xE—FEE'\]@\L =
T class_rw_t , JRENZIZHBISEMFRE 7,

3

S|

superClass.firstSubclass -> subClassl.nextSiblingClass -> subClass2.nextSiblingClas
S -> ...

#FEM rw F ro Zf5, rw B9 method list . protocol list . property list #SEZHY,

£ T methodizeClass RENFHITHE. REPSIE ro AY list FENEE, AEWELS rw, ZZIZI
REGITHEMEN, BEXN rw TESIEI’\]T RE. FA ro FRERNERRIZFN M ELIRTERNIRE

1#, rw BT IS RAIEIE.

static void methodizeClass(Class cls)
{
bool isMeta = cls->isMetaClass();
auto rw = cls->data();
auto ro = rw->ro;

method_list t *1list = 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*/);



RIZBIZE—T1E Lxzobject , dhFHE Nsobject , HRHEIMA— testMethod J53E, PMMPEAMER
E. ARNEHRIFERG objc_class BY bits XN AJRE class_ro_t R, BTUAFRAIFTEN— T ZEHI{K
595253§E§§, E— NRIFEEN class_ro_t =T AN,

struct class ro t {
flags = 128
instanceStart = 8
instanceSize = 8
reserved = 0
ivarLayout = 0x0000000000000000 <no value available>
name = Ox000000010000Of7a "LXZObject"
baseMethodList = 0x00000001000010c8
baseProtocols = 0x0000000000000000
ivars = Ox0000000000000000
weakIvarLayout = 0x0000000000000000 <no value available>
baseProperties 0x0000000000VBVO

ZIFTENAIBABH, —1EM class_ro_t FREBESIHRIENER, F1oE8EXENER,
7£ Lxzobject 2K RS HEE name F baseMethodList FIPNFER, T baseMethodList R RABE—

D testMethod /3%, HLEEIEN, class rw_t Z&MERtLE—HF,



Class superclass

cache_t cache

—

class_data_bits_t bits

l

const class_ro_t *ro

method_array_t methods uint32_t flags

property_array_t properties uint32_t instanceStart

protocol_array_t protocols uint32_t instanceSize

Class firstSubclass uint32_t reserved

Class nextSiblingClass const uint8_t * ivarLayout

char *demangledName const char * name

method_list_t * baseMethodList

protocol_list_t * baseProtocols

const ivar_list_t * ivars

const uint8_t * weaklvarLayout

property_list_t *baseProperties

el
TERSEEMAEN 1sa_t HHKOHRE, URE MR AESHKPOTE,



shiftcls has_assoc

has_cxx_dtor nonpointer

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

shiftcls

weakly_referenced
has_sidetable_rc

deallocating

extra_rc magic shiftcls

extra_rc

union REESEMMER, F—X{EM union FLEXNEMIRXIEMABHL . EXNRVIBMLE,
23t isa_t BY bits FEXMK{E ISA_MAGIC_VALUE , XHiEXS union BXEARVIIAMCAVITFE,

// Trobjc-723EZREB T
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;

NSRBI initIsa() REFIAMEY, =81 ISA_MAGIC_VALUE X3 isa #H1T#IIA
£, ISA_MAGIC_VALUE =—T16HEIRIE, BHERN ZHFIE, &I ISA_MAGIC_VALUE &
3 nonpointer F magic MR

nonpointer X Z BIS2(UILIEZZMFHS . IR RAAERIZER, WREI2{UNR[E] 28]
B isa $EFHIBLE, BNRRES640IIERE, NHRE] isa_t 5K,



# define ISA_MAGIC_VALUE 0x0000012000000001ULL
“#iHl: 11010000000000000000000000000000000000001
e 2317F+11010000000000000000000000000000000000001

PEESBIIAIE, T has_cxx_dtor ] shiftcls MR, XATEMELR BN FERMVIBL
To has_cxx_dtor RineB”H c++ HOCHTMAIE, EITENAEIIRE, ZEEFR—1R
| .cxx_destruct NAE, X TEEREXR,

FEHENFRRTHIEZMEX (Memory or Disk) REXAE, FRAAEB AL, SNAFENHE
BIFE, —MENFDRNRMAATHE, XIHEEXNEEEENMML, FX shiftcls HITHME
Y, X class ROFETHHAT 7UBIRIE, RMAMNB =L, XRANEEBHATRENHE, f&E=
IA0ETE, ATAX=UEIRBEEX,

isaZE iR
00000000010111011000000000000001000000000011101011100000111116001
0x5d8001003ae0f8

ESE S Al
100000000001110101110000011111000
0x1003ae0f8

1GIS St T8 = 117100000000001110101110000011111, IEIFFRisa_tibltAshiftclsBIEHD
, BIEATEAIE,

SNFIREN class BY, NiZBIT 15A() BREL, MARBRZBI—HEREZIAG isa 185, 7E 15A() R
h, 237 isa_t IEHMRMEIZE, 2@®IT 1A MASK (TR, ##l T #EI69iE, FiF2
B shiftcls HIMBLEENH 3.,

inline Class
objc_object::ISA()

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

}

#define ISA_MASK 0x0000000ffffffff8ULL
111112111171113111213117111131111111111000

Tagged Pointer
M iPhoness FFiA, ios IRETFIASIN T 64 IERE, ZRIFALIEZE—E #2321/,
BEEMUAMNESRD, BHRKEMA—ETSMHRNFHARE TINE, 32— NMEH SR4F



T, 1B64AMI—EF SR8F; 32— long HR4FT, 64— long GRH8FTE, AT
FEAMI EREFEARZZHRE,

ERMTHMAZN AR, HEHE T Tagged PointerffidFiE, ZRI—ME5HER— bk,
Tagged Pointerdd—PMEH ISR —TE, BANSNumber i,

NSNumber *numberl = @1;
NSNumber *number2 = @3;
NSNumber *number3 = @54;

// %t

(11db) p numberl
(_NSCFNumber *) $3
(11db) p number2
(__NSCFNumber *) $4
(11db) p number3
(__NSCFNumber *) $5

0xb000000RREV12 (int)l

0xb000000VLLV32 (int)3

0xb0000V0VRLV362 (int)54

B EEREERAEY, A7 Tagged Pointer FT4FMHE, IBHAMEMEENRIVE. HlA0—
MEF 18T Nshumber , 1B TR 0xbooooooeoeoeee12 , HEINEBIERY oxb FIEEEI2, =EllE
T 216 HIRE,

SERIBIT Tagged Pointer BU4FIE, BAEMIRA THITHEHTE TREZAEFE., E64ILIERS
T, RESRBDTEOI—%F, HITRERBAKEF. ATFEIIE REERREE, FAEE
T malloc 1 free BUITFE, XTRAICIZEMESIEERHAILTE.

isa_t

SNFNRIEHEE—F, £ oci.e BN isa E—1TEHAVE, fEE—THXAUMENE, T oc2.e A
X, —THEHRKEZ/\FTRME64N, EMUPERFHENRINEER. SERNRABIZE
Y, BiRE isa it h#ATALZEERIR, MERTEERXHEITRE, EXREEZIFFEIR.

struct {
uintptr_t nonpointer i 1;
uintptr_t has_assoc i 1;
uintptr_t has_cxx_dtor : 1
uintptr_t shiftcls . 33;
uintptr_t magic : 65

uintptr_t weakly referenced : 1;
uintptr_t deallocating : 1
uintptr_t has_sidetable rc : 1;
uintptr_t extra_rc : 19;

75



BIa0 isa_t AR EZ—TEME, MREZEMEBREHERZITEWE, REFEAAZRK
Y. {872 Tagged Pointer $y{EFP, EIRIELMNIEEFMHEIIEH T, XMBSITEREFT.

ERARDFEIAIN) isa 185, # Tagged Pointer th@ B K FRH], ENTE Tagged Pointer HYIE
ME, isa ARE—T1EfHEmBE—HNEFEX, MeEERRINRIVE, FrUBEEREIH
o) isa JRENZEIEVE B2 IR,



Runtime;E18 o 1H

ANSETF objc-723 hiA, TEApple GithubflApple OpenSource - BERE, BEEFEEHHIF.

BRRT~, AIEIFRY cithub E TR ERIFITRVRIS, RIBPELE 7T RERNIRE, HEIZEW
Ro MRREFENTHE, FUARMOIRT star &)
Runtime Analyze

X REINIBILTRIE

EYT?R%MAT’CE’]HTTI%, —MREF VIR alloc+init 73ASEHIME, SERE new HIEHEITERIMNL.
TEHEZOMEY allocrinit A EHIRIERE, T URBEZERBA,

RIEMBRER, HEEZHITREER,

+ (id)alloc {
return objc_rootAlloc(self);

}
id _objc_rootAlloc(Class cls)
{
return callAlloc(cls, false/*checkNil*/, true/*allocWithZone*/);
}

AN B AEERM A, —FMMEET calloc FEFNTE, REET initInstancelsa FRIEL
B XIRAFE, E_MMESEEAR class_createInstance KE, HWIBLI IR IZEE,

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->initInstancelIsa(cls, dtor);
return obj;
¥
else {
id obj = class_createlInstance(cls, 0);
if (slowpath(!obj)) return callBadAllocHandler(cls);
return obj;


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

B R TERFThRAY objc-723 H1, AP canAllocFast RENEZIR[D] false , FIARSHIT EEEZ
T else fUIBIR,

bool canAllocFast() {
return false;

e AERZSTRE] _class_createInstanceFromzone FREY, XM RENZMIBHHIKER
B, TERBHPSHENAN if IBEA, RIE instanceSize RKEVREIRY size , BT calloc KREIDEC
ATE, HIR isa_t 385,

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(1l, size);
if (!obj) return nil;
obj->initInstancelIsa(cls, hasCxxDtor);

¥
else {
if (zone) {
obj = (id)malloc_zone_calloc ((malloc_zone_t *)zone, 1, size);
} else {

obj = (id)calloc(1l, size);
}
if (!obj) return nil;
obj->initIsa(cls);



return obj;

1£ instanceSize() REF, =@ 1'a11gnedInstance51ze BREGRENT RIEIR AN,
£ class_ro_t ZEM{AHRY instancesize TEARTEN , XN TEPFME T W REIFIMMHE, FIEE
EMHENRERD, ITNNBERFEMNCEREN, TEESITHHITHSHE

SRENE instancesize f5, XIRENZEIEY size HITHIUNH, FEIFEMNZ, cF EREKRAEX
FANNFDE16FT, NRABNEREN N16FT,

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;

ERXEIN—F, AT EA initisa BREEY, nonpointer FEZEAN true , FIAEER
17 if 1%’@ IRE isa B cls NIEANRI Class , isa 5= objc_object WEMAKATE, il

7= isa_t RYREHY

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(@);
newisa.bits = ISA MAGIC VALUE;
newisa.has cxx_dtor = hasCxxDtor;
newisa.shiftcls = (uintptr_t)cls >> 3;
isa = newisa;

BT new REBIBINRESTZ—1#/Y, RERET callAlloc REIITEIRIRIE, WRIA
FA alloc AiERNEH 2EAM callalloc KE, FTLAER new REWIIBH I RS, FILAZE[E
T alloc+init FIEA,



+ (id)new {
return [callAlloc(self, false/*checkNilL*/) init];

EruntimelZIBH, HITINHRIEARR 2B EEselfiR[E,

- (id)init {
return _objc_rootInit(self);

}
id objc_rootInit(id obj)
{
return obj;
}
dealloc

ERERAT, BITIIMES VIR Nsobject B dealloc FiEHITHERAE, HABEHKNIFE)
ERR., ZESEBE Runtime IERAY objc_object: :rootbDealloc (C++apH3 = [B))REN,

£ rootbealloc REARZHUT—LEREIMBINIRIE, BIANSHRAAAERISIMAER nil, FHE
A free BERBAFZEF,

@ histucik zeroKB/s | o gimport <Foundation/Foundation.h>
v (ﬂﬂ) Thread 1 Queue: com.a...-thread (serial) 10 #import <objc/runtime.h>

0 ::_objc_rootDealloc(id) 11 #import <objc/message.h>

[Y 1 ::-[NSObject dealloc]() 12 #import "objc-internal.h"

2 -[TestObject dealloc] 13 #import "TestObject.h"

14
15 int main(int argc, const char * argv[]) {
16 Qautoreleasepool {

3 objc_object::rootRelease(bool, boo...
[FY 4 objc_object::rootRelease() [inlined]

5 objc_object::release() . s . ..
TestObject *xobject = TestObject alloc] initl;
6 _objc_release } J J (e J ] 1i
[FY 7 ::objc_storeStrong(id *, id) 1; TEtuEn 0
2! 8 main
20 }
9 start 2
10 start
» () Thread 2

& » > & L 2|01 S0 </ | M debug-objc) () Thread 1) ] 8 main

THEH if-else IBOPBHIBTEME, NRE Arc M5, HEYUBINREX TLHTE, F4#
N else HIH1T object_dispose PRI, T[NHFNLEY if 150, LEM if IBORTIHINRE
BxpTE, NEERBISBINR free,

inline void
objc_object::rootDealloc()
{

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



if (fastpath(isa.nonpointer &&
lisa.weakly referenced &&
lisa.has_assoc &&
lisa.has_cxx_dtor &&
lisa.has_sidetable rc))

{
assert(!sidetable_present());
free(this);

¥

else {
object_dispose((id)this);

¥

= object_dispose PR X, FEZE ObjC destructInstance PRENSCINAY, £

T=%:

. STHBIXNSFETHE, REATIEREL . cxx_destruct K&, TERBAEES
B release 121E,

2. BERERINRIFIARIKKX R,

3. HITHE clear 1R1E,

// dealloc F;EB92/0 L], AIESS BB FIT IR 1E

void *objc_destructInstance(id obj)

{
if (obj) {
/7 FIBTE T BOCTC+HINTHIREL

bool cxx = obj->hasCxxDtor();

/] MRELBHEKEASIH

bool assoc = obj->hasAssociatedObjects();

// X SIS AT

if (cxx) object_cxxDestruct(obj);

// BEErEXIRIXE, BIiEweakIgE Enil

if (assoc) _object remove assocations(obj);
obj->clearDeallocating();

}

return obj;

T HEMREH SR object_cxxDestruct RREAITHTM, MREASEE

ﬁi object_cxxDestructFromClass @Qiﬁggﬂﬂﬂgo

BAREEEM

AT X I



REANER = MERIN RAABNEHR GRS, —EEDHEIREMNE, HREHNEER, SR
1T .cxx_destruct FREY, SHENRINRBEITITM,

RAERERERETR, STREZEECHTBRE, MAFEEIRNRIEN, FETHITIE
BRIE, BXIREFIETWRIEERRITRT A,

// VBREC++BIHT IR E
static void object cxxDestructFromClass(id obj, Class cls)

{
void (*dtor)(id);

// MERIEFFE D, BHE D ZITRE
for ( ; cls; cls = cls->superclass) {
if (!cls->hasCxxDtor()) return;
// SEL_cxx_destructili&.cxx_destructfiselector
dtor = (void(*)(id))
lookupMethodInClassAndLoadCache(cls, SEL_cxx_destruct);
if (dtor != (void(*)(id))_objc_msgForward_impcache) {
// IFBYZ. cxx_destruct RIS 1B H
(*dtor)(obj);

A RMEIIT . cxx_destruct FTHREG, THERBAEIESTERE—IR release K, THRE
BORE IR



@ Network Zero KB/s

v () Thread 1 Queue: com....thread (serial)
2 0 objc_object::rootDealloc()
1 ::_objc_rootDealloc(id)
2 ::-[NSObject dealloc]()
3 objc_object::rootRelease(bool,...
4 objc_object::rootRelease() [inlin...
5 objc_object::release()
6 _objc_release
7 ::objc_storeStrong(id *, id)
8 -[TestObject .cxx_destruct]
9 object_cxxDestructFromClass(o...
10 ::object_cxxDestruct(id)
11 ::objc_destructinstance(id)
12 ::object_dispose(id)
13 objc_object::rootDealloc()
14 ::_objc_rootDealloc(id)
15 ::-[NSObject dealloc]()
16 -[BaseTestObject dealloc]
17 -[TestObject dealloc]

||I

addMethod3EI

EMBHRESSKERBITIRE, HINESHRNEER—1A%, XHRESAZEITEH
D Runtime REN, £ FEM DRI, AR EEEBET addmethod PREXSCILAY,

£ class_addMethod ISIREIEHTT T —1TEUR, FRIAMNRIELREURE No NRRAEEFTE,
REEERM.

BOOL class_addMethod(Class cls, SEL name, IMP imp, const char *types)
{
if (!cls) return NO;
rwlock writer t lock(runtimelLock);
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(runtimelLock);
return addMethod(cls, name, imp, types ?: "", YES);



TEEAIMDT—T addMethod BRENHISEIRL, RARREBIZOIRIG.,

£ addMethod RE R REHIMMBEERNING EZ2EFE, NRELFAENEZIREIXNNA] P,
BN ISRIN—1 5. T£ class_addMethod BREXHE —" replace FEx, RRXFE

& class_replaceMethod FREUERIIRAY, AR replace & No NNIEEZIRE] vp , TR ZE YES NI
B 7 ERBSE,

WRARINNTETFE, U‘U@JL—/\ method_list_t £M{figt, FRE=TEFXS

M name . types . imp , #AEIBIY attachLists RECGFTEIZER method list t TR INE
FiESIERA,

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;

£ attachLists BREPLIMLERE R, BINREHURMS, FIEFHEIEN method_list_t 45



K copy BIFFIETIERA,

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

/) ..

memmove(array()->lists + addedCount, array()->lists, oldCount * sizeof(array()-
>lists[@]));

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

// ...
}
IIJ\\}J["Var
1£ Runtime EF‘_JLXLL class_addIvar R, @—7"ERRBINZHNR, E2EEFENZE, XT
PRI BED— T E R FENERNINERITE, KREEMREIT Runtime APT SlIFEAYSE E)J/wd\\ﬂ[lpkfﬁum
%O

BREN N 1Z7E BB objc_allocateClassPair PRENBIEERZE, UK
Fd objc_registerClassPair RREUVEMAVK ZBIRINEHFITZE, BUMESEM, HAGED— Tk

WINEGIRE, REBERIMNEFEE.

TEHEMDNSEIE—TE, FRFEIZENERINLHZENI,

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:@"1xz" forKey:@"password"];

BA, ATLABEIENSHINEFZENRBREXHTREFEE? LA —ERRRT—TF
ME,

BE5TIBId objc_allocateClassPair PRIECRBIZEZE, GIZEME T getclass REFIEERZE
F3, #AIR1@1d verifysuperclass PREIFIHT superclass 2B EE, ?ZD%EEM,T\#Z:H%JHUQJE;"@
'

TE@E alloc _class_for_subclass [ ﬁﬁ]ﬁﬁ;ﬁ*ﬂjnéﬁ, 1£ alloc REAE AR LEEE
I calloc R HDEAFZIE, REMEMRE, REHMHR
1T objc_initializeClassPair_internal PRZY, initialize REXAERESEVIBICIRIE, FARME



MINIEIZERY class F1 metaClass ,

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;
}

XFE initialize REAFPRISTI, HMEZMPRANRE, RBEMEMSERE. ZiL, X0
VI SERL, PIATESMENRE class_addIvar REURIISEGIZEET .

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 row = (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

meta->data()->flags = RW_CONSTRUCTING | RW_COPIED RO | RW_REALIZED | RW_REALIZI
NG;

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

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

V/AETTs

ABIEE G, SBId objc_registerClassPair REVEMFE, FEIEFHE—1F, FHFHELD
FSEMEFFMTsE, B3 FEAY addNonMetaClass I‘_ZI%UEHHJTE;%, B EEE



F

7
E1F

[]A

NXMapInsert PRECEMZE,

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)) && o0ld != replacing) {
inform_duplicate(name, old, cls);
addNonMetaClass(cls);

} else {
NXMapInsert(gdb_objc_realized classes, name, cls);

WM EEMTIE, NERERZET NxMapInsert RELSCHIAY, 7£ Runtime H, FRHZEER
EFE—TIRFERPH, 7 table BY buckets FTEE, BXFEIEEZE, HEELIZEMAE
#RTP, TEZEBERBEANIZIE,

void *NXMapInsert(NXMapTable *table, const void *key, const void *value) {
MapPair *pairs = (MapPair *)table->buckets;
// 1tERreyfESEihashZ&FHI 5, hash Fint—EE &G
unsigned index = bucketOf(table, key);
// HElbuckets HIEHELL, FHiEiTindex FimitEXTN7E, FKEXEindex 3T/ MapPair
MapPair *pair = pairs + index;
// HRkey HE, JUR[E]
if (key == NX_MAPNOTAKEY) {
_objc_inform("*** NXMapInsert: invalid key: -1\n");
return NULL;

unsigned numBuckets = table->nbBucketsMinusOne + 1;
// RIRSFHALARFR, N EFESpairliE
if (pair->key == NX_MAPNOTAKEY) {
pair->key = key; pair->value = value;
table->count++;
if (table->count * 4 > numBuckets * 3) _NXMapRehash(table);
return NULL;



/* FX—4, JZFEThashFHET */

// HIRES, TFIHZERSFTE
if (isEqual(table, pair->key, key)) {
const void *old = pair->value;
if (old != value) pair->value = value;
return (void *)old;

// hashZ# 7T, XthashZMEIEH, AEHERAITXTEREL
} else if (table->count == numBuckets) {
/* no room: rehash and retry */
_NXMapRehash(table);

return NXMapInsert(table, key, value);

// hashZHET
} else {
unsigned index2 = index;
// BERhashZ /PR, XERBIIELZMERNE, BRIE KPR
while ((index2 = nextIndex(table, index2)) != index) {
pair = pairs + index2;
if (pair->key == NX_MAPNOTAKEY) {
pair->key = key; pair->value = value;
table->count++;
// BEEHEREF, RIEHFXRIEHET, WHTERE
if (table->count * 4 > numBuckets * 3) _NXMapRehash(table);
return NULL;
}
// HEEEE, NFHEERIAE, HiRE
if (isEqual(table, pa1r—>key, key)) {
const void *old = pair->value;
if (old != value) pair->value = value;
return (void *)old;

}
return NULL;

}

I@\%
BRI A REERIBITHRISEIZERIZERNI ivars , AEEMBERFERIZEARI ivars IE?

X2 EANERIFN RIEEE class_ro_t MESHERE, EEITRNEATERN, ro GHEHE
TFERZ instanceSize , RNHAIRELIENRNEEZ/DTE, FEAVCIZEEIRIEX
M size PECEMATZE.



MR —NELFENERIEN—1SE, HET ivars NEN, XIFEILBNEZE ZAIRIZINR
i, MisdhIlEE,

( before ) ( after )

M EERF, FEINMEFEIE Testobject 2, HERM="THAT=E, H ivars WAEFEREMS5H
205, WRIETHHEFIN— bool WBM, ZFEOHRNNR tvars MEAH21FT.

FBY ivars SGMEAAEZAIBIZNNRE, RAZBBIZRXNRIZE sex , FILAEZIZIR20F
TOERREZE, XERIAE sex s SHEEIIHR

£EAID)

EXNRNMLHIRERE, RBEAREATZE—THER, MERRNRIRIXNRAGZE
B9, LACIESAB, A REZ @I L EIAE]RY, TMEREMEME T IR RIS IMIE =
CIRSE

int number = 18;
char text = 'i’;

M EERBAG, EXT—T int KEIH number , HAMFET, EX— char EEH text T
2, OA—FT., EAERIFONRE, HEREEHMERAINNAAREFEX, ARKEBIETHE
BENZ/NERENAE, SR RIVIEEURIE.



MERNRIESH, RHHHENGZANEFZREEEITH, X BB, o+ FET
S REER”, RBEHENERTE—HBEERAR, BESHTIREERERIRE,

[BRRER: void print(char c)
BEER: ZNatestSprintEc

c++ REH2E —EANAY, MWLEﬁmﬂpmw REBEHENER, BERERT2ETN
BIFHITHIXREL, *ﬁiﬁ?ﬂiiréﬁ ¥HA, = B& namespace . class name . function name .
REHE., SEESD, RIBXLESRDERERREE.

FOCHESXMZFERMEDNM S, ATTIOCHAREENRERABMIENR, MISILMITIR
EMEMZ LRI —E RN HITIRED, ASFE method_t LHHIRA,

method_t ZMRTFREEHENER, HF types FERMEREENSERIRIE, HIDENF
BT "ive:d" , TENRFEMUATUEEE T XHE,

THEHMZE Method IEX, EFEEBET=TXBER.

struct method_t {
SEL name;
const char *types;
IMP imp;

¥

Protocol


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

BANEDE L EERMN, BB EALMNE?

FRIE Runtime JERSRIDABH, 1MNXERRE protocol t ZEHIRRIXTSR, T protocol t ZEF{AE 4k
H objc_object Y, FRLARFITRAVIFILE,

BRT objc_object ATE X MI—LELEFIAS LSS, protocol_t RRENX T —LEMBNSE, Bl
HFAR) name . method list . property list . size &, FRARIABRH, — MY AA AFEHRR
NRAEE. ERHE, UENREMNERMN.

struct protocol_t : objc_object {
const char *mangledName;
struct protocol list t *protocols;
method_list t *instanceMethods;
method_list_t *classMethods;
method list t *optionallnstanceMethods;
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;

75

EEPAA & 7T WRIVIFIE, BthERisaigtthy, EProtocolRATHEMisadfigm@E—1"%
Protocol, #£ Protocol RFRBMAEZRRILIE, REXI 7 —EEAMTIE,

@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 EEL TisEqual 75;%, EBABTEIHEIZE, HlBTEZProtocol BIFE,
- (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

MINEIIR LR ZTE _read_images BREXFTERA, IR EREER—TIEH. BEMEIR

BY protocol list , SAFIEAIXTEE, HIER readprotocol REUHITHIIAMLIRIE.

// BHATEXGIZ, HALRZWXSIZ#EZIProtocol AYIE 7 2k
for (EACH_HEADER) {
extern objc_class OBJC_CLASS $ Protocol;
// cls = ProtocolZE, ATBEIMXFINRAGLEHAEEBZEN, isadBiTfProtocol £
Class cls = (Class)&0BJC_CLASS_$ Protocol;
assert(cls);
// iFBXprotocol 57 %
NXMapTable *protocol map = protocols();
bool isPreoptimized = hi->isPreoptimized();
bool isBundle = hi->isBundle();

// MGgiEegs FIZENAHJ4E HProtocol
protocol_t **protolist = _getObjc2ProtocolList(hi, &count);
for (i = 0; i < count; i++) {
readProtocol(protolist[i], cls, protocol map,
isPreoptimized, isBundle);



£ readProtocol REH, SIRBENNIMNHEITIBHIRIE, EEANSE
1, protocol_class Wiz Protocol 2, FRBERIMINIER isa FFEEXTE,

IRHE Protocol BORRBRI AR L, EXNRIERZILEEAY, F class N RIER AR K—
¥, Protocol FUXIRIERIIHF M Protocol 1list HHNFAIXZRF] isa $8[MIAY Protocol ZEFIRL,
2B EMAYSEHIIIFE, Protocol EHHIGHTE,

// HHBTEIEABIATBProtocol, ZIRIEHZRFELZFEAIALHIProtocol, T EIEITLLFE
static void
readProtocol(protocol_t *newproto, Class protocol class,

NXMapTable *protocol map,

bool headerIsPreoptimized, bool headerIsBundle)

auto insertFn = headerIsBundle ? NXMapKeyCopyingInsert : NXMapInsert;
// RIEEFIRIFXAIProtocol 3T 5
protocol_t *oldproto = (protocol t *)getProtocol(newproto->mangledName);

// ZEProtocol A ANULL, ZHTEZFHEMEERIProtocol, JABIELILEE, HA FELfIEE,
if (oldproto) {

// nothing
¥
// ZRProtocol ANULL, JUXTEAITEIEAITIEN, HiIFProtocol Kisaig& Protocol &
else if (headerIsPreoptimized) {

protocol_t *cacheproto = (protocol_t *)

getPreoptimizedProtocol (newproto->mangledName);
protocol t *installedproto;

if (cacheproto && cacheproto != newproto) {
installedproto = cacheproto;

}

else {
installedproto = newproto;

}

// IG5 RN REAIIEET
insertFn(protocol map, installedproto->mangledName,
installedproto);

¥

// TEATelseélE#iGEprotocol tAIIFE

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);

Protocol @ Pl ATEIGZ1TRT S eI NaY, FleliEClasshUidiESEM, o ReIBFEMARERD .
B3 Protocol ZfF, Protocol LbF—PAREMIVIRE, RBEEMEA 2R MER

B Protocol ,

// BlEEFrAIProtocol, BIEE T EZEFHE FEHAIregister 5%
Protocol *
objc_allocateProtocol(const char *name)
{
if (getProtocol(name)) {
return nil;

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

// TFEHIcLsZ  IncompleteProtocol 38, ZF2AkAAIProtocol
extern objc_class OBJC_CLASS $  IncompleteProtocol;
Class cls = (Class)&0BJIC_CLASS_$  IncompleteProtocol;
result->initProtocolIsa(cls);

result->size = sizeof(protocol t);

result->mangledName = strdupIfMutable(name);

return (Protocol *)result;

s T Protocol .

// [Eprotocol IRZ K, FMATEIZERIProtocol 15

void objc_registerProtocol(Protocol *proto_gen)

{

protocol_t *proto = newprotocol(proto_gen);

extern objc_class OBJC_CLASS_$  IncompleteProtocol;
Class oldcls = (Class)&0BJC_CLASS $  IncompleteProtocol;
extern objc_class OBJC_CLASS_$ Protocol;

Class cls = (Class)&0BJIC_CLASS_$ Protocol;

// HREZBTMEAIE7HZRF, NEFEEREE
if (proto->ISA() == cls) {
return;



// ZEZFprotocol fJisaf 2 IncompleteProtocol, ZFEiXTprotocol EF/J&iHT, MR

[e]
if (proto->ISA() != oldcls) {
return;
}
proto->changeIsa(cls);
NXMapKeyCopyingInsert(protocols(), proto->mangledName, proto);
}
SEL

ZHI SEL = objc_selector ALY, BEMIMERVELERE, SEL 28— const
charx WEEFHH, REAR—TBFME.

typedef struct objc_selector *SEL;

R AR seL AR—IMEEFRBIE? HAE Runtime JRIBHRA—T,

XEFE _read_images PRIEIH SEL list RYSEIN, EZFIHEME sEL list BIREFHR, REHE
1d sel registerNameNoLock BR%X, MGFTAE SeL #EMEIRE T seL WIRFB R,

BRBEMMXBAEHETUEL, KEBDH seL F const char* FI5EIR, EBEEIZHITIBHILE
MW, MU ZEZR—RAF,

// FRTBESELE MG HRF, EFI —KIGHZEK
static size_t UnfixedSelectors;
sel lock();
for (EACH_HEADER) {
if (hi->isPreoptimized()) continue;

bool isBundle = hi->isBundle();
/! BB FrFEHA, FIEUE " class”
SEL *sels = _getObjc2SelectorRefs(hi, &count);
UnfixedSelectors += count;
for (i = 0; i < count; i++) {
// sel_cname FRENAEBHEAFSEL SB35/ HEF15E
const char *name = sel_cname(sels[i]);
// JERSELHIIRIE

sels[i] = sel _registerNameNoLock(name, isBundle);

Bi# N sel_registerNameNoLock REIFRIAE L, sEL WEFEREBFRHEIMAIBERT,



HARZZHI objc_selector LMK, PRUARIIAE LI SEL FZRLERY const char* BEF
%O

static SEL sel alloc(const char *name, bool copy)

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

}

3T F RN

TR Apple BIREASAY, ERIDAEIT GNustep FZ, GNUStep BERHI—ENFRIRIFELD, I§OC
RBUERTI T —iE, REPSCINAFIERAVZEML,
GNUStep


http://www.gnustep.org/

Runtimell &I 1E

EFRNEdE

FIOSTEFFERARSAGNNSE, XENSELZNSMERN, MBIOSEFHAA—ERSR
SE, ERFTIRETHZT 2 REENSE,

Vv Linked Frameworks and Libraries

Name Status
libAFNetworking.a Required {

{4 SystemConfiguration.framework Required {
libz.tbd Required {
libc++.tbd Required {

i3 CoreTelephony.framework Required {

pRT7T RN B iREE S XHINEEI, ReF—LERAFENNSE, 5
4 objc F1 Runtime FT/EAY libobjc.dyld F 1ibSystem.dyld , £ libSystem HEIEFE
Y 1ibdispatch(GCD) . libsystem_c (CIESEHE). libsystem blocks(Block) 3,

1EJEH Ej] IL.\EE"] 1j|:-r ,'fﬂ\_\ :

1. BLEEE, IOSRAFFIE aApp 2AR—ERANTE, HIEEENREFLA.

2. BOEAT, RARFDSERNERIOSRAT, FIMTERNAFTREXE D AETTH
=, FBNERRA,

3. IS, RNRADSERNSIMER, FIAREEMRARSE, BohSERBFRINES
.

msdiE

FENAEFERMG, B dyld(the dynamic link editor) FITIZEFRMIFIANHIRIE, ABREMER
TEIENTE, HRZE3, 4. 5SESMITZIR, £ Imageloader NIEFTHY image HEAZFEMS
WIT—IR,

1. TS| AREFEIE, B dyld BNRAREFNEE ZHEIP, HTMR—EXHTBRHTERE.
2. Runtime [0 dyld F;E AR E1E XK E,

3. 1B ImageLoader YGFTH image MEEIAFEH,

4. dyld 1£ image KACRZRY, FohiEBEIEREL,

5. Runtime ¥ZUEI dyld BORRERENRE, FFIAHIT map_images . load_images Fi%fE, F[E



& +1oad 7%,
6. A main() REL, FEHFITIW SR,

ImageLoader & image AUNNENES, image RIDUIBRENRIZRNZ#HE,

TEREE Runtime BY map_images B "*&TTLﬁ,m, MR EHFE R CRE, AIUAEY, HRZ
B dyld K#H, H ImageLoader B dyld #H{1TIRA,

0x100009c40 <+1034>: addg  $0x18, %rilb

v [l debug-objc PID 74280
i 0®| . 0Xx100009c44 <+1038>: decq %rl4
c2Y 0% | 285 0x100009c47 <+1041>: jne  ©x100009cOe i <+984>
{9 Memory 3.9MB | 286 0x100009c49 <+1043>: testl %rl3d, %ri3d
1 . 0x100009c4c <+1046>: je 0x100009c77 ; <+1089>
¢ Energy Impact Zero | 9g 0x100009c4e <+1048>: callg ©x10003560d ; mach_absolute_time
[ pisk Zero KB/fs | 28 0x100009c53 <+1053>: movg  %rax, %r14.
290 0x100009c56 <+1056>: movl  %ri3d, %edi
@ Network ZeroKB/s | 991 0x100009c59 <+1059>: movq  %rbx, %rsi
v () Thread 1 Queue: com.a...-thread (serial) 0x160009c5c <+1062>: movq %rl2, %rdx . 3 .
| e s i G 0x100009c5f <+1065>: callg *@x492b3(%rip) - dyld::sNotlfyObJ.CMapped
0x100009c65 <+1071>: callqg ©x10003560d ; mach_absolute_time = Thread 1: bri
B 1 dyia: notlfyBatchPartlaI(dyld imag...
W e s 2 0x100009cba <+1076>: subq %rl4, %rax
y‘ "_ IRACE 0x100009c6d <+1079>: leaq  ©x7d88c(%rip), %rcx ; Imageloader::fgTotalObjCSetupTime
@Az:jbjc,lumt()“ 0x100009c74 <+1086>: addq  %rax, (%rcx)
5 _os_object.init 0x100009c77 <+1089>: movq —Ox68(%rbp), %rsp
17 _dyld_start 0x100009c7b <+1093>: movl  -0x50(%rbp), %ris5d

%F ayld BIEGERNHR, BMBORZETNFIGIhub  FHRBHA—T.

TSN

— M OCIEF Al ATEIZ1 T 2 SIS ANHE IR AL Category , HZREL category RN EITE
Frh, HAEABNNEMEKZRE, hiSIBRI TS AENE, shiSMmE R rNRER
1TEEXAIE,

OC?ET/\T Och loadModules JGITAIERIERL, 4T Mach-o FIRIRAIGHSINEL, TE£L/Z NSBundle X§

map images

1£ Runtime jJ[I:'E:f,ETJ, S1EA _objc_init *5{ HEANSTM="TRE3E5HH. HEF map_images PR|
HEVBMIXE, AEPEM T KE Runtime IMERIFIIATLIRIE.

7£ map_images HEH, AEtLE2M T —MREAAREE, SAETEEZEI map_images_nolock K%L, MWER
MINF = read_images PREN,

void _objc_init(void)
{
/... BEffinit
_dyld objc_notify_ register(&map_images, load_images, unmap_image);


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 > @) {
_read_images(hList, hCount, totalClasses, unoptimizedTotalClasses);

£ _read_images PREPTEAL T AERWIRMIRIE, RBAMRPELRK, TEHERERTE
RAPRCHE,

SCEANIE—IE read_images PREXAERAYIZEE

1. INEMBEXRRIZEN gdb_objc_realized classes xR,
2. SYPRBEEMEMET,

3. J8AHE seL E7EAMAE! namedSelectors TH,

4. (EEREIEHIEE.

5. J8FRH\ protocol #F/NINZE! protocol map FTH,

6. X Protocol fEEBREY,

7. AHFRBEIEIEINERRIZE, #HIT rw . ro FiRE,

8. wHEMICHEIEIZE, FHEIBHERE.

9. AMEBFRTA category , B3FE class ] Meta Class ,
10. ¥R B RWIBMHAIZE,

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;
// O TFIEERIIE 7R, HARESFIEHEHNETYT B
int namedClassesSize =
(isPreoptimized() ? unoptimizedTotalClasses : totalClasses) * 4 / 3;
gdb_objc_realized classes =
NXCreateMapTable(NXStrValueMapPrototype, namedClassesSize);

// BGEELENESIZR, HIGATBERINFZEHIE 7R, HAImCHINEEIEH G 77 5
for (EACH_HEADER) {
if (! mustReadClasses(hi)) {
continue;

bool headerIsBundle = hi->isBundle();
bool headerIsPreoptimized = hi->isPreoptimized();

/¥* IR AIANEF R */

/! MEFEHIRIIRFPENLATEE, KEXFIRIE— T classref tZXZAVIEEf
classref_t *classlist = getObjc2ClassList(hi, &count);
for (i = 0; i < count; i++) {
// AR ENHOS dispatch _queue concurrent, 0S_xpc_object. NSRunloopZ%Z&
72E, BIZICF. Fundation, libdispatch Ry, UK ECEIERIE
Class cls = (Class)classlist[i];
// IBidreadClass REFENLNEESH95TE, AEBFEELRIErofrwEH1%

Class newCls = readClass(cls, headePIsBundle, headerIsPreoptimized);

// FHEETE RN £ AL F 2RI A 7 55 E]
if (newCls != cls && newCls) {
VIR 11D E I e Ll
resolvedFutureClasses = (Class *)
realloc(resolvedFutureClasses,
(resolvedFutureClassCount+1l) * sizeof(Class));
resolvedFutureClasses|[resolvedFutureClassCount++] = newCls;

// JEFKBEICLass Hsuper ClassZEREST, #BremapH92EE5EFEMIINIEAGE
if (!noClassesRemapped()) {
for (EACH_HEADER) {
// BEHEEClass, EEZM_getObjc2ClassRefs KB ZER95 | FH



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

for (i = 9; 1 < count; i++) {
remapClassRef(&classrefs[i]);

}

// ERRGIAE

classrefs = _getObjc2SuperRefs(hi, &count);

for (i = 9; i < count; i++) {
remapClassRef(&classrefs[i]);

// R BSELESEMEIIGFZRF, S5 —KIEH K
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]);
// JEMISELBIERIE

sels[i] = sel registerNameNoLock(name, isBundle);

// 1EEIRRYERZ IS £ e
for (EACH_HEADER) {
message_ref_t *refs = _getObjc2MessageRefs(hi, &count);
if (count == @) continue;
for (i = 0; i < count; i++) {
// RIEBIFEBRIalLloc, objc_msgSend FIREIEFHATTIEAF, HFix MHFTHIREIE
fixupMessageRef(refs+i);

// BHATEIXSIZR, HEALRHIXZIZIN#EZIProtocol AIIEH ZH
for (EACH_HEADER) {
extern objc_class OBJC_CLASS $ Protocol;
// cls = ProtocolZE, ATBEIMXFINRAGLEHEEEN, isadBXTfProtocol &
Class cls = (Class)&0BJC_CLASS_$ Protocol;
assert(cls);
// FFB{protocol I87 %
NXMapTable *protocol_map = protocols();
bool isPreoptimized = hi->isPreoptimized();
bool isBundle = hi->isBundle();



// M%giEes FIZEXA 4G 1t Protocol
protocol t **protolist = getObjc2ProtocolList(hi, &count);
for (i = 0; i < count; i++) {
readProtocol(protolist[i], cls, protocol_map,
isPreoptimized, isBundle);

// BEWXSIFSIFE, hit/aHimages AIEEEIERHAYG, 1B@HTHHE
for (EACH_HEADER) {
// BETEDNE, THEHAIEEHZ getObjc2ProtocolRefs, HI_EEHA] getObjc2Protocolli
sth—F
protocol_t **protolist = _getObjc2ProtocolRefs(hi, &count);
for (i = 0; i < count; i++) {
remapProtocolRef(&protolist[i]);

// LHIFERINZAIE, X Fload FiAMIEFELAIEE
for (EACH_HEADER) {
classref_t *classlist =
_getObjc2NonlazyClassList(hi, &count);
for (i = 0; i < count; i++) {
Class cls = remapClass(classlist[i]);
if (!cls) continue;
// SLHFTBEIEMIIEATZE (LRI EIT R —LEAES, BlZlirw)

realizeClass(cls);

// WE[HresolvedFutureClasses#{ZH, SLHIATH IHIIEAIZE
if (resolvedFutureClasses) {
for (i = 0; i < resolvedFutureClassCount; i++) {
// SEIRINEAIZE
realizeClass(resolvedFutureClasses[i]);
resolvedFutureClasses[i]->setInstancesRequireRawIsa(false/*inherited*/)

}

free(resolvedFutureClasses);

// RYIFILEEFTBCategory
for (EACH_HEADER) {
// FIEBTBER AR SRS, BHENSAICategory 280
category_ t **catlist =
_getObjc2CategoryList(hi, &count);
bool hasClassProperties = hi->info()->hasCategoryClassProperties();



// PIEBTEEF S S BIZEAIFT B Category

for (i = 0; i < count; i++) {
category t *cat = catlist[i];
Class cls = remapClass(cat->cls);

// Bt BURAEIIXE EMCategory, MRXTEELZRLY, TWEMIIEZLIFZE

FlZ,
bool classExists = NO;
if (cat->instanceMethods || cat->protocols
|| cat->instanceProperties)
{
// J&cCateqgory FIZIXTICLass fvalue F, valueZCLlass AT Bcategory
#A
addUnattachedCategoryForClass(cat, cls, hi);
// J#Categoryfimethod, protocol. property7siIZ|CLass
if (cls->isRealized()) {
remethodizeClass(cls);
classExists = YES;
}
¥
// X LEEREE—1E, XFIETFXRESMeta ClassBitRlE, m_LENZSICLass Bl
KRIE
// 1RIE FEAERE, MAMBRIBENRIL &aUXTREZERCategoryy
if (cat->classMethods || cat->protocols
|| (hasClassProperties && cat->_classProperties))
{
addUnattachedCategoryForClass(cat, cls->ISA(), hi);
if (cls->ISA()->isRealized()) {
remethodizeClass(cls->ISA());
}
}
¥
¥

// TR FINERIFTER, &KPiCategory i i=/GHITHI
// Mruntime objc4-532 RAEFEHE, DebugNonFragileIvars FEE—EE-1, ATUATEHN
XTI ER
if (DebugNonFragileIvars) {
realizeAllClasses();

}
#undef EACH_HEADER



load images

EINBRZFEHE load £HE, load £ ERIEARBIHEL main BREIAESERI, load Hih=H
RERARN, HEEE N IERETHIE, R|EBR—IR, FRARIBATE load AiEAHIT—LR
AT —IRBVIRE,

—Flﬁ Method Swizzling #3EIFE load AT, XEFEEHIT main REEI, MeIAXEFGE
BT, AJBERENNITRIBE, AEEESMImTH,

MWRM—1 KRN Categoryfa, #FHEBHFRRE, XFETH Category P A EBEERE
W75, BERload7EHI2HIS, FiE CategoryflFEKMload T iZHMSHHAT.

RS 5 th

load /3AH Runtime H1TIEA, TEIH(IDHT—T load FIARISEH], load RYSEILRRDED
T:E objc-loadmethod.mm |:|:|°

FE—THIRESR, BAIEIE— Testobject X, HEH load HIEFIT—THIR, E—TREA
HOVE A

FY 0 +[TestObject load]

FY 1 call_class_loads()

FY 2 ::call_load_methods()

@ 3 ::load_images(const char *, const mach_header *)

4 dyld::notifySingle(dyld_image_states, ImageLoader const*, ImageLoader::InitializerTimingList*)

11 _dyld_start

MIEBZATNEY, 28dARSNNSHERSS dyld FIRIER, 2A5RE
Zl Runtime HY load_images FRZEXH ., 1load_images FRZENEIEIY dyld objc_notify register &

£, FECHRBIETHEMS dyld B9,

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();



exception_init();

_dyld objc_notify register(&map_images, load_images, unmap_image);

£ load_images BRENFEEM T MHEE, BB prepare_load_methods FREVESR Class load
list #] category load list, NGB call_load_methods FREARAE R ER TN HIES
o

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();

B A1E—T prepare_load_methods REIAILH], BE—THAZPE EAEIX load FiEM, A
MEZ, ERNSEED NMERD, B class B load FIEFIRFIEHK category HiEIIR.

ERENFRTIR, BiBid _getobjc2NonlazyClassList FREFREXATE IFIBINEKAVFIER,
ﬂﬁqﬂ%ﬁ:ﬁyﬁﬁ"]%—ﬁ\ classref_t %ﬂﬁ"]i&?ﬂ, %Eﬁﬁ%&éﬂﬁﬁﬂﬂ load 7‘5%5”%0

Category IIFEE LM, BT getobjc2NonlazyCategoryList PRIENIKENFRA AEH NN

Z} category B9FIR, 1FFI— category t RENENAE, EEITSNEXE—MEMOIEHYIE
ft. RENEFHITIEDHFHANIME load 7EFIFR, class ] category B load HIEFIREM T
=,

void prepare load methods(const headerType *mhdr)

{

size_t count, i;

// REREIFFIGINZAIEAGZl 2
classref_t *classlist =
_getObjc2NonlazyClassList(mhdr, &count);
for (i = 0; i < count; i++) {
// REClassHIEMESIZE

schedule class_load(remapClass(classlist[i]));

// FERFIFEMI DNz A9Category 3l/Z
category t **categorylist = _getObjc2NonlazyCategorylList(mhdr, &count);
for (i = 0; i < count; i++) {

category t *cat = categorylist[i];



Class cls = remapClass(cat->cls);
i ﬂjzjifé?ﬂ'ﬂj 5_/
1f (!cls) continue;

/7 EBIEHTEAYZE

realizeClass(cls);
// i8ECategoryiEHSZ%
add_category to loadable list(cat);

TERINZER load FiETIRE, RS JEILI_?Eﬁﬁﬁ QLM load HEEIAINAS, IMEARFEE
IR RIN, SEIERXERNMERE. ASSER add_class_to_loadable_list R, JGBE2
B load FAIAERNINEIRT N AIELLAR,

static void schedule class load(Class cls)

{

if (!cls) return;
// BERMICLassHLoad A EEBSZ%H
if (cls->data()->flags & RW_LOADED) return;

// ttRsuper EZHRIE Load SR T, EXINEE T L EE BIINGF

schedule class load(cls->superclass);

// FFIMPHICLass FInZIEHESZ%
add class_to loadable list(cls);

// IREClasshyflags, ZF"mELRNICLass 2 EESZTF
cls->setInfo(RW_LOADED);

M Category MAEEZRRELMNCIF, FRLAEIZTE prepare_load_methods RREXHIE
5 category #84H, ZAIS1AFE add_category to_loadable list PRIZEXENF],

1£ add_category to_loadable list PREIH, =FIBTZE] category BB LM load AL, WR
SENEE return , WNRSZI TNIERINEI 1loadable categories EZHA,

Z£HY add_class_to_loadable list PRENAESEZIMERM, XFIETFTEOEAEN
it loadable_classes ,

void add category to loadable list(Category cat)

{
IMP method;

// 3FBXCategoryH#iload /5 ;EAIIMP
method = _category getlLoadMethod(cat);



// #EcCategory ZHLoad L lreturn
if (!method) return;
// UREEFAXNEFTFEAKX, IEAFTHEY B
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++;

Bt 1E, loadable classes # loadable categories FITEVHBE R ERIFT, load_images &
& A call_load_methods R ENHITIXLE 1oad FiE, Tj_:ﬁ/l\ﬁlfq:', call class loads PRENZ T
RIBAAEF LR, call category loads TATRIEF category B IEFIR,

void call load methods(void)

{
bool more_categories;
void *pool = objc_autoreleasePoolPush();
do {
// REHITcall class_loads K], BEZAFREIHITEILoad 5%
while (loadable classes used > 9) {
call_class_loads();
}
more_categories = call_category_loads();
} while (loadable classes used > @ || more_categories);
objc_autoreleasePoolPop(pool);
loading = NO;
}

TERBBLSFIIRONL, NBEELBIN loadable_classes MAHITES, FHIRW
Zl loadable_class RIS, ZEMAARIZETE class l vp , ARG EEZERAENT],

Category ROAR AL —4F, MAE FTEWMKET ., FEEITENZE, load HEHEEHIEE
B8y, HEBEITITHTAY objc_msgsend BREN,



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 = ©;
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;

};

RIE LEEBRERE D, FHANIAEY load 73 Z " RE > FE > Pk
. EARITINE class BIRTHZTE Category ZHUE’J ﬁ'ﬁﬂ load FE Z RIS load 5&%, ﬁﬁ
AR IX

initialize

1 load AL MAIEE initialize /535, initialize A2 Runtime HITIEEM, B2
TEIMEEAR. 5 load HETEMNE, initialize AERES—/NARAEMBENS AN, 7
=IAA initialize /3)K, MM load HiARTE main REZBIMEEREA T . FAMIEIL 3K

W initialize AIBESKIZEPASIIT, WRIBIEMNFG FKIEAHKIBARIE,

TEFE(IAZR—TF initialize 7E Runtime FAYJFERG,

FEENRRIEHEEN, lookUpImporForward EENHSFIRT HRIZE B EBWAIAN, WRIKBHRIA
£, WAEHITHIREBBERERNTGIE,

IMP lookUpImpOrForward(Class cls, SEL sel, id inst, bool initialize, bool cache, bo
ol resolver);



/... BEEIFZA

// B RBEESHRIZRAE, AfTinitializeAYLHT
if (initialize && !cls->isInitialized()) {
_class_initialize (_class_getNonMetaClass(cls, inst));

/... BEEIFEAIE

EFHITYIAHRIEE, 1 load HAMIARINE —1F, RILRAFAERTVBMHEX
K, _class_initialize RENHXRBIIMITHIS
7= callInitialize #] lockAndFinishInitializing AYIEFH,

/! E—RBEERE, THIETEEITSR
void class initialize(Class cls)
{

Class supercls;

bool reallyInitialize = NO;

// BB E, initizlize FHEZCATIFHsuper, E runtime ELEERESEE T

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 (reallylInitialize) {
_setThisThreadIsInitializingClass(cls);

if (MultithreadedForkChild) {
performForkChildInitialize(cls, supercls);

return;

¥

@try {
// 1Eidobjc_msgSend() KRZLFHinitialize 5%
callInitialize(cls);

¥

@catch (...) {
@throw;



}
@finally {

// HiTinitialize B)E/E, H#HITRZAVinitialized 72
lockAndFinishInitializing(cls, supercls);

}

return;

else if (cls->isInitializing()) {

if (_thisThreadIsInitializingClass(cls)) {
return;

} else if (!MultithreadedForkChild) {
waitForInitializeToComplete(cls);
return;

} else {
_setThisThreadIsInitializingClass(cls);
performForkChildInitialize(cls, supercls);

181d objc_msgsend FRENER initialize 75,

void calllInitialize(Class cls)

{
((void(*)(Class, SEL))objc_msgSend)(cls, SEL _initialize);
asm("");

lockAndFinishInitializing PX| R STR— R ERE, ERESSAE

FA finishInitializing BREN, ZERINAZBS VA class B setInitialized PREN,

B setInitialized RRZENSTH.

static void lockAndFinishInitializing(Class cls, Class supercls)

{

monitor_ locker_ t lock(classInitLock);

if (!supercls || supercls->isInitialized()) {
_finishInitializing(cls, supercls);
} else {

_finishInitializingAfter(cls, supercls);

-

AT RN TTE, RBANTEEREXRHRIENTERRSEX TREERE,

IO LIEER

REREEK



ZRIRERXNITRN—EREIL,

void
objc_class::setInitialized()
{

Class metacls;

Class cls;

// REREFITTENZR
cls = (Class)this;
metacls = cls->ISA();

bool inherited;
bool metaCustomAWZ = NO;
if (MetaclassNSObjectAWzSwizzled) {
metaCustomAWZ = YES;
inherited = NO;
}
else if (metacls == classNSObject()->ISA()) {
// BHELDILH TallocfallocWithZone 5%
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.beginlLists(),
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;
}
// BT EELZLHMRCTE, WREMHENLfIEGH
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 {
/) BHEEELELIMRCTE, UREIHALSfIECGH
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);

TEFEMNE, initialize A load FIEAK—HE, category FENXM initialize AR

10N

BEFRFEMARIE load FiE—HE AT LUAMA,



Runtime’l B &=L #!

RiEEA

AOCH HZAERAAET Runtime SEIAY, Runtime HITHABAARLERIZER, B
= objc_msgSend() REGHITIHBE &%

FHIa0 FERIOCHRI S EEIRST Runtime {UHE,

[R5 [object testMethod]
EHRERIER . objc_msgSend(object, @selector(testMethod));

RIFEHENE_TSHE—1 sEL REWNZSE, EUHEZRESEN, AENEXEEX THEBNA
5, XEMSEBEER sEL . ABARIBEME T, WERSABEELOIHN—1 0, RE:Z%E
B9 sEL 2E— 1587

A, BXE2@EIEAKIIE, SIEMINARNE, HEXRMERNAGE, &
Ul @selector() SREX seL HFTEN, FA1AE SEL %BTEE—/I\N%, it ER 2 HEEIAY, E‘ﬂlttiIEEH,
REIZERHEE seL EE— PN &,

@interface TestObject : NSObject
- (void)testMethod;
@end

@interface TestObject2 : NSObject
- (void)testMethod;
@end

// TestObject2 LI 14 —FF
@implementation TestObject
- (void)testMethod {
NSLog(@"TestObject testMethod %p", @selector(testMethod));

}
@end

/] ER:

TestObject testMethod 0x100000f81
TestObject2 testMethod 0x100000f81

£ Runtime R T — SEL KUK, XDREFME seL MR ME, REHEER seL MERKE



=1, FEERIRSB, ZIENEN, FAEHEHBMEBRXTRSP, MISERNTED
SRINEFRRA,

[RBSHR
AW EREETLOET self KEFILAINS, B2 self XEMBIRAIE?

HEEINAFNECERE, CREMRTHERANSEIN, EZEMTRINSE, XMTSH
BT objc_msgsend() AR EN, XM TSEIE Runtine RHIZBFEH, MEERIFN
BEERMH,

M objc_msgSend AR R AR H XA IRES M EE.

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

o self, ARHAIAENNR,
e cmd, HEIHIARAIER SEL,

BAXAN SR EBMI A AR E S B RAERE, EEFRMNPATMUMERE. M SR
= self , IFAAAIER selector & _cmd ,

- (void)method {
id target = getTheReceiver();
SEL method = getTheMethod();

if ( target == self || method == _cmd )
return nil;
return [target performSelector:method];

BRI £E R

— IRRECEE, BENERERXE—EE nsobject KRERD, HEBERENRNAEF,
BIENEA KA HIZE . HB [super class] A VERERENEN, FEIE—1TEH
(U

struct objc_super { id receiver; Class class; };

P9 super AR S®ETN objc_msgSendSuper() E@ﬂﬁﬁﬁ, HEERERERB objc_msgSend() K|
M, B—REETE, REZE [super class] AR IARK, BEAR receiver SRR



& self, REIERMBZE self B class . EEJHSEIﬂI, %Eﬁiﬂ%%iﬁﬂﬁﬁi&ﬂ?‘iiﬁ, receiver&f &
AR,

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

£ objc_msg.s , FEZTHRAKY objc_msgsend PREN, AIERSLHLZEAM—2, MR BT
SRy, RERBREARERNERETARNEA,

objc_msgSend
objc_msgSend_fpret
objc_msgSend_fp2ret
objc_msgSend _stret
objc_msgSendSuper
objc_msgSendSuper_stret
objc_msgSendSuper2
objc_msgSendSuper2_ stret

ELEREBFR, T8 super WEEIIFEN—T objc_super IEMAIR, stret RNIR[EIAY
7= struct 2B,  super2 2 objc_msgSendSuper() B—FMLIMA T, FTININRE,

struct objc_super {
id receiver;
Class class;

};

fp JHU%Z".I_'L —™ long double BYZ AL, M fp2 MREI— complex long double BIE ZiZ
=B, Hfth float . double RUEBZEMBLIAF objc_msgSend . [R 7T _EEINXLEIFE RN, HALERE

A==

1T objc_msgSend() A,

HBRIERE

H—TNREKEIEN, RAZTAHESERE, HTHEANDGEATIE, FIAIXISEHIZE % %)J
Iatt. MRBE |§§%}aﬁﬂﬁlxiﬂ‘%ﬂ’9?aﬁ- isa, isa IEHTAIMUIBEIEENR, FEB
XN RIFF L EA S REEPRIR,



superclass

The root class (NSObject) selector...address
selector...address

selector...address

superclass —

The object's superclass selector...address
selector...address

selector...address

NN

superclass -

The object’s class selector...address
selector...address

selector...address

\

isa
instance variable

instance variable

isa }E$+Z:x%i§§ﬂ’9_§ﬂﬁ, FEH Runtime HlFIRHIRS,

UNRIFWE—EHER, JHEXRPEENR isa I8 RIENEMAER, 7 method list PEH
Fi% selector ., MIRERERIKAZIINAY selector , M objc_msgSend =ME AR SR method
list PE selector , MRIENEHRIINEER EXZ—EE LT, EEIE Nsobject 3K,

Runtime 7E selector B AIIFZM T A, NENEMEFIEINT cache FER, B REEM
78 cache , TE— selector IAAEMESIMANE cache A, EEXIERELEIIRZEI, #S
B cache PAEIRE, WREETERAEIIR, IHESRESHENERNE,

QD%LLOCftE%E,]lﬂ}Eﬁ% EM:/ﬁ/u\ELE’]BﬂEX, gu%;ﬁlu\g ﬁlu\ELE,]LtE, __I-L/(QXHRZEtUEli
AR EBIEH EIZAR. @ﬂ NSObject HY methodForSelector: F3 AR ASRENZEREIE, FREXZ
B EEENIEHHTREEMR, i AMIERREBEFIREIE T, AEKERBENR,

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);

SCHRIE

£ Runtime A, objc_msgsend RENLE IR, (BERBETCHRAIBIINN, armes ZEHAT
B]BATE objc-msg-arme4.s 3K E, TE Runtime 1, RZHITINRLLIRSHIRE, HE2ALHES
B9,

objc_msgSend A ETEIFER, £ class_lookupMethodAndLoadCache3 PR H 2 23KEX
Z| class 287, FIAETHFE—TETEEXNRPIRE isa_t B2, MAEWRFDERER
&, NIZE GetIsaFast (LS. WRIXHFIE, MoIUMERRIZZEARREEEERT.

ENTRY _objc_msgSend
MESSENGER_START

NilTest NORMAL

GetIsaFast NORMAL // rll = self->isa
CachelLookup NORMAL // calls IMP on success

NilTestSupport NORMAL
GetIsaSupport NORMAL

// cache miss: go search the method Lists
LCacheMiss:
// 1sa still in ri1l
MethodTableLookup %al, %a2 // ril = IMP
cmp %rll, %rill // set eq (nonstret) for forwarding
jmp *%rill // goto *imp

END_ENTRY _objc_msgSend

e MESSENGER_START : SHEFFIAHIIT.

NilTest : FIBTIRWBOEBRIINRESH nil , WRF nil MEEIRE], XMEX nil &XHE
BIMREA,

® GetIsafFast : [RIEIRENZ isa AN R, B— TENRIFITENR,

® CachelLookup : M ache list FIFRENZETF selector , ANREBZFINEAREININAY IvP |

* Lcachemiss : EfFiwAmGmH, MHITHEFTCHE FENAE,

® MethodTableLookup : WREFHEZEXE], MM method 1list FEH,

cache_t



WMREXHITHEEBR, FIRBYREBEESRIAITHEIIRNE, XFERBEFENE
B9, Runtime A THAERERKIE], £ objc_class FRINT — cache_t EREIA cache FER, B
T EFRMNAARRTE),

AT objc_msgsend BRERRTE B &K IZTTEHR, E—1THEFEXNERZRBEFN, BERZ
EMaFEETF, ZENEBMERERER. MAAENRA, AMSAEEFNEEFM
M, XFMER TRRRBRERER,

BEEMEFPEHK vp , BREHET cache3 18 lookUpImporForward RS, BEEEH
id cache 7, FALAMEANRIZ NO, TNHNEK cahce BIIBIRA,

struct cache_t {
[/ TFHER R ARG 7 2%
struct bucket_t * buckets;
// RS A
mask_t mask;
// BEFAX
mask_t _occupied;

}

struct bucket_t {
cache_key t _key;
IMP imp;

¥

HE—TNREIFEHER, Runtime BIGE isa I EIFNAVENR, BEHASIZE
¥ method_list , MELEH cache list , MRBEFMNEMAETIRER, SBEBERHET
=

X Runtime Y& method FILIL, IBIL LSRIRTE cache A method 1A DAYSIERSE
5. cache_list =5 cache_t ENX, REPBE— bucket_t HEER, EBEAARRTFE vP Fl key , 1@
T key $EIXIRNAY vp FHIEA, BIARIBEIUAEE objc-cache.mm |

WRENSGHRIBMN, HE lookUpImporForward BREXAY initialize SN YES , MRTRE
EBIMZEHITEE, RBALETES —LEEMBNBMAERE, MASBEANERSE, MRREXR
a1, MRt EREN R,

STATIC_ENTRY _cache_getImp

mov r9, ro

CachelLookup NORMAL

// cache hit, IMP 1in ri2
mov ro, ril2



bx 1r // return imp

CachelLookup2 GETIMP

// cache miss, return nil
mov ro, #0

bx 1r

END_ENTRY _cache_getImp

THEE#HN cache_getimp BINIBH, AMXTRBALEHEN, BEE2E—H2REEUER,
B CRER, ENEREAR T cacheLookup # CacheLookup2 M NERER, XM ERETER YR
5,

ZEFERERRE, MESFEEEE. #HA objc_msgsend [FRIAA CacheLookup 7%, MNRILEIE
T?')_'UE?szlﬂﬁﬁ {BZ Runtime HABREFIREN, WEEZIIMBIUKAEFTAR
Zl, cacheLookup L AEItE—1E, REEBFIARATZHLEMABRITENINGIET .

CacheLookup NORMAL, CALL

REE o

£ objc_msgSend CZREIA, TFE—" MethodTableLookup KRR, EXEKILRIEA
R, BARTEXAEIIRNCKRE., THEEERTEE,

.macro MethodTablelLookup

// EMethodTablelookup H7EAIEBH 1Tcache3 {1 ( CLERZL)
blx _ class_lookupMethodAndLoadCache3
mov rl2, ro // rl2 = IMP

.endmacro

7£ MethodTableLookup HIIEITE A _class_lookupMethodAndLoadCache3 (REX, REIL HIEIIZE,
PR ENAER 28T lookUpImporForward BRENSCHIAY, EIRARS cache FERIEA N0, RINABEE
WEFT, BN caches R LEHEZBEILHEHRT T .

IMP class_lookupMethodAndLoadCache3(id obj, SEL sel, Class cls)

{
// Bidcache3AEBIEHLookUpImpOrForward K2
return lookUpImpOrForward(cls, sel, obj,
YES/*initialize*/, NO/*cache*/, YES/*resolver*/);



lookUpImpOrForward RN EZIFZ &M, AN BRZBiIRE. ERNEE—
D rwlock_t ZEEYAY runtimeLock TE, B runtimeLock THIEE B, HRNEHRZBHENAME, X
BIERINAERLINM TAEE, BRORENEEI T E,

BT KIS ZRAY isRealized PREN, FIBTHBIKEREHEI, WMRISBEWHII, NE
I realizeClass PRIEXSCINIZE, 7£ realizeClass REIH, 21X

3 ~, -
B version . rw . superClass &F—LE(58,

// RITEH imp FIELEIEHE
IMP lookUpImpOrForward(Class cls, SEL sel, id inst,
bool initialize, bool cache, bool resolver)

IMP imp = nil;
bool triedResolver = NO;

runtimelLock.assertUnlocked();

// #RcacheBYES, NMEFHFEHIMP, UREMcache3FEH#FK, NF=HTTcache_getImp
() EEZL
if (cache) {
// Bicache_getImp R ELCIMNP, BH FNIRICIIMP H 45 1EH
imp = cache_getImp(cls, sel);
if (imp) return imp;

runtimelLock.read();

// FIBTEE T ELROIZE, WRLEHRCNE, NFELHIT
if (!cls->isRealized()) {
/! SIEAITEBIIRIE

realizeClass(cls);

// E—RFE SRS, FiTinitializeAIUH5
if (initialize && !cls->isInitialized()) {
/) XIEBITHE, HITFRFAFEE

_class_initialize (_class_getNonMetaClass(cls, inst));

retry:
runtimelLock.assertReading();

// FEIREX TN ERIE T
imp = cache getImp(cls, sel);
if (imp) goto done;



// HRREMcache FEFE, T FIEZIZRPIAEMethod
Method meth = getMethodNoSuper_nolock(cls, sel);
if (meth) {
// ZIRIREXEIST 76 Method, TUMIN & iZH MMethod FXEXIMP
log and fill cache(cls, meth->imp, sel, inst, cls);
imp = meth->imp;
goto done;

unsigned attempts = unreasonableClassCount();
// TEEFIRBNIX TNERIETZIMP BE 5,251 ZRHIIMP

for (Class curClass = cls->superclass;

curClass != nil;
curClass = curClass->superclass)
{
if (--attempts == 0) {
_objc_fatal("Memory corruption in class list.");
}
// KRB R LEZHIIMP
imp = cache_getImp(curClass, sel);
if (imp) {
if (imp != (IMP)_objc_msgForward_impcache) {
/) UREIPLRER )5, HATBEFH, & FEIRHFEZE
log and_fill cache(cls, imp, sel, inst, curClass);
goto done;
}
else {
break;
}
}
/) TERERGFESZE, FBmethod t315, HIEHZNEZELEZHIIMP
Method meth = getMethodNoSuper_nolock(curClass, sel);
if (meth) {
log and_fill cache(cls, meth->imp, sel, inst, curClass);
imp = meth->imp;
goto done;
}
¥

// HFRREHE, TEA 03755

if (resolver && !triedResolver) {



runtimelLock.unlockRead();
_class_resolveMethod(cls, sel, inst);
runtimelLock.read();

triedResolver = YES;

goto retry;

}
// HFREIMPHRIT, HANSHEBETRELAE, HENESIERNER

imp = (IMP)_objc_msgForward_impcache;
cache fill(cls, sel, imp, inst);

done:
runtimelLock.unlockRead();

return imp;

FEREEIRERI, ATLAUEIE cache_getImp RENEIKEIZEFH vp , (BUIREE—IXEHR,
MEARRNEF vP s MEHNER getMethodNoSuper_nolock X7, TEHRZ getMethod PR|
P S AT

getMethodNoSuper_nolock(Class cls, SEL sel) {
// 1RIEfForfBEF, MmethodListFlzRA, IMXFFIGME, BXED/EE/EE—Ht,
for (auto mlists = cls->data()->methods.beginLists(),
end = cls->data()->methods.endLists();

mlists != end;
++mlists)
{
// Xfsel Z#FImethod_tMITED, TRITH_LIR[E],
method_t *m = search_method list(*mlists, sel);
if (m) return m;
}

return nil;

HEA—TNRNGEN, ERNRNGE, FREMBEHIR isa FAIEEENTEIIR, H
R ER seL MEHY method_t Z5AA1RAY name FERMINILL, WIRBEEZENIE e REFEFIR
[a],

// TRIEIEARISEL, BHXT/HImethod t Z5H1K
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) {
// SELATLRIEFHE, BERAIEFEMEHITFIGEXLL

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;

7£ getMethod REH, FEEXS class B methods FIEFIRFBITERFILE, K FETIRED
1£ Class B class_data_bits_t H7, JB1d data() PREYM bits FIRENZE! class_rw_t AIZEHIIK,
AREIRENR 7 ETIER methods , FIEHHIETIEK.

MRMERIZRFIREA RIS A e, NENBIAR, BIAZRMERIERL R, BEREREHEIX
7, —HEREXEN, EEFBISIMNAY M LI,

BT BA EE—F, @ cache_getImp RENEINREMNER, WRILBINEAXTNAISE
I, QD% ?ﬁﬂéﬁﬁ, %%_M— yj’\lﬂﬁﬁ 7"@5’]7‘5/5 )r”hﬂﬁq getMethodNoSuper_nolock Z*&}\AF
BIIRPIRENEI

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;

MR ZBEHREFESEM, NEFEFANSHHERINOPTE, 7£ if BEFPSHEEANR resolver &
RSN ves , HEARHIMESELBIMNSIRIN, BN THEHE goto retry , FILAUXERIEH]
BESHITZIR,

if (resolver && !triedResolver) {
_class_resolveMethod(cls, sel, inst);
triedResolver = YES;
goto retry;

MRFBEFHHARE RTINS HERIN, MFEN if IBE)FIER _class_resolveMethod B
o, oS 7£/5‘%1X7§I_ﬁ*¢, _class_resolveClassMethod LR RN
1 class_resolveInstanceMethod L5/ 7E /RN,

BOOL (*msg)(Class, SEL, SEL) = (__typeof__(msg))objc_msgSend;
bool resolved = msg(cls, SEL resolveInstanceMethod, sel);

ERXR T ENES T ERIAVRENSEE A, A EEEET objc_msgSend BREN, M Nsobject HITE
Y B resolveInstanceMethod: Fll resolveClassMethod: PN E.

AINEXA D AERISRINAIE, //J\\bﬂﬁlfykf)u}: SETENIT goto retry , AREHE R
)\75_ BB FIER, M triedResolver S AINEH, BIEABZRNNESRE—R, IR
BRERE, NHENEBRELEREZ.

imp = (IMP)_objc_msgForward_impcache;
cache_fill(cls, sel, imp, inst);

MRZY LEXLESE, ERREHEFELIMANE, WHAANSERELRS, AISHERER
B, BRI AXRA LMY A —EEsRiMEE .

THEHZ®EE objc_msgsend REKRIZ—FHEE, METERERE, BERINFZEM LB TR,

CacheLookup NORMAL, CALL



__objc_msgSend_uncached
MethodTablelLookup NORMAL
_class_lookupMethodAndLoadCache3
lookUpImpOrForward

R R
£ objc_msgsend REE, 2B —RIIEZRMNFIENIZEE, BEUNT,

1. FIBTSENEABN seL ESFERE, 20 mac os PRIBIRAIENGIERIRIE, WA
B& retain . release H A, #JEIEI— _objc_ignored_method B9 vp , FASRARICZBE

2. FIMTRBOE RN RES N nil , EATFEOCHI nil & BT, xe.jj?_lﬂﬁﬁlﬁ
MBI FIRT RS IEE T .

3. MAENEFIIRPE, BT cache_getImp REHITEH, MRIHIEFNEHIZR
[E] 1P

4. B ZRIZER method list , BEHRETHXMNAY seL , WMRBMIRENEZ] Method IR, FH
M Method STERFIFREX IMp , FHIR[E] IMP (XL B LR E Method W K),

5. MMREIREFRBHE seL , MEREREK, BRENK cache list , WREFFIZE
MUZE$ method list , FLALLZEEEZFIEHE Nsobject FLE,

6. WMRFEEXNPRIERTR, BERLBEWEINN seL, WHANDESHEBTH, AU
1£ resolveInstanceMethod I resolveClassMethod PN ERREHASAINSEIN .

7. SIHEBTANRIZAEMEImN, MWHASERERME. I ESERERM R
—Leabi®, /NS crash ,

EMDH
SREES =59

. WIS objc_msgsend RE G, WEIRI—LELMIEIZEE,
2. EZNE e B9ETE, £ K E cache list Fl method list &5,
3. ﬁ)\ ﬁlu\igklzﬂ\EXo

£ cache list FIAEGENITRT, 2B MethodTableLookup T EX MEM A IETIRF, &
BNV G TMethodTableLookup ARt EER _class_lookupMethodAndLoadCache3 [
£, RAREESH cache FERIE N0, RIRAFM cache list PFE,

£ cache3 REH, Z2EHIZFFAA lookupImporForward BREN, XM EREIAELIEEZ:, AIUE
— FRuntime Analyze, TEXTEHEEEE lookUpImporForward RENZENR], FILAIFMAE —TKH
ERsCIZEE,


https://github.com/DeveloperErenLiu/RuntimeAnalyze

# A\ HltfrCategory

Category

BT ZHI Runtime R, —LEREPLMFRBIFIERE T, EOCHRILAET category RN M.
A5, 1Y, 7E£ Runtime AR class [l category &2 BIT ZEMASLINAY,

1 category IBIERIBIUIAIIEE Extension , “HBIXAITET, Extension ERIFEAMEIZFRE
KIIFE—HC, M category REIBTTHENSRINEIRER,

ETZAIBNRIB O, BAIRDHT—T category RISLINRIE,

f£ _read_images REHPSHIT—TEUNIRE, IINFEINEHFIBZE, HELHRIEY
P/ category #X4H, AEPBU=EHENLAY category #(4H, EE category_t MRENH, mA
#1947 addUnattachedCategoryForClass REURNINZE] category IEFH R,

// {Fcategory_ tZPIZEIList A, HiBINXMapInsert R, FEFTAT/EZEAICategorylz&
static void addUnattachedCategoryForClass(category t *cat, Class cls,

);

header_info *catHeader)

// IEEREZ FhIAICategory 67 7%
NXMapTable *cats = unattachedCategories();
category list *1ist;

// FERZbuckets FiGvalue, HEvalueXThA9E02HF 7 lcategory t
list = (category list *)NXMapGet(cats, cls);
if (!1list) {
list = (category_list *)
calloc(sizeof(*1ist) + sizeof(list->list[@]), 1);
} else {
list = (category list *)
realloc(list, sizeof(*list) + sizeof(list->1ist[@]) * (list->count + 1)

}

// EBRZEIRIList FE

list->1ist[list->count++] = (locstamped_category t){cat, catHeader};
NXMapInsert(cats, cls, list);

Category 3P T — 18 category_map HIIEH R, WBHRFMITE category_t KR,



// FEFRIFC Lass FHJcategory I8 7 7
static NXMapTable *unattachedCategories(void)

{
// FRPIEICLass FHJcategory I65 Z&
static NXMapTable *category map = nil;

if (category_map) return category map;

// fixme initial map size
category _map = NXCreateMapTable(NXPtrValueMapPrototype, 16);

return category map;

FERZSM T A category IeHRAININANIRIE, XIMREEFHRPFM TFIB category_t X
R, AEEEH remethodizeClass ’ﬁ&, XN AT class 7NN Category HNEE.,

1£ remethodizeClass FREIFEREIEANR class SEINHY category #X4H, SASIGEAHE
28 attachCategories PREL, HITEABIRNINIRIE,

// J&Category 915 MZICLass, BIEmethod. property. protocol
static void remethodizeClass(Class cls)

{
category list *cats;
bool isMeta;
isMeta = cls->isMetaClass();

// MCategorylig % FHE Hcategory tI15R, HIGFEHTIRITIRIMIE 7 LM

if ((cats = unattachedCategoriesForClass(cls, false/*not realizing*/))) {
attachCategories(cls, cats, true /*flush caches*/);
free(cats);

£ attachCategories FREIH, B E category AAETIFR. BMFIR. MIIRK, AREITX
N attachLists PRER, FRHINZE class IIRNZAY class rw_t ZEFRHE,

// FFERFcategory#yProtocol List, Property List, Method List, /G dattachlistsKE
//J\\Z]H _//Eﬁ/:/g /¢
static void attachCategories(Class cls, category list *cats, bool flush_caches)

{
if (!cats) return;
if (PrintReplacedMethods) printReplacements(cls, cats);



bool isMeta = cls->isMetaClass();

// #EHECategory 12, ZECXTIIAIAITZESIE]

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 = ©;

int propcount = 0;
int protocount = 0;
int i = cats->count;
bool fromBundle = NO;

// TEHEH HProtocol List, Property List, Method List
while (i--) {
auto& entry = cats->list[i];

method list t *mlist
if (mlist) {
mlists[mcount++] = mlist;

entry.cat->methodsForMeta(isMeta);

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

property list t *proplist =
entry.cat->propertiesForMeta(isMeta, entry.hi);
if (proplist) {
proplists[propcount++] = proplist;

protocol 1list t *protolist = entry.cat->protocols;
if (protolist) {
protolists[protocount++] = protolist;

auto rw = cls->data();

/! BRITIRIIERIE

prepareMethodLists(cls, mlists, mcount, NO, fromBundle);
rw->methods.attachLists(mlists, mcount);

free(mlists);

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

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



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

XN EIIEFENE category FRIER, ANINZUNTNZAY class HH, —NERY category FIEERNREBE—
T, EXTIRERPSEREAE category BEEEEHE class H,

hiEES

AEBZ category MRENHEEEEXTR, REMMEB category HEHEEFE, HA
SWEENES. BIZRE— 1A AWM method , category FREM A BRI IETIR
B, RRFENIFEARE.

Vv Compile Sources (5 items)
Name Compiler Flags

m Mmain.m ...in debug-objc

m TestObject.m ...in debug-objc

m TestObject+Category1.m ...in debug-objc
m TestObject+Category2.m ...in debug-objc
m TestObject+Category3.m ...in debug-objc

+

ERTRERRNIE, RMTIER category B3R, HERBEMBIRINEITEER category ,
SWMTRAR. LENGIFEBINFRE category3 -> Category2 -> Categoryl ->
Testobject , MRMAEIRFIKELEGE, MASHKRERFEK, XMEXHLE

& category "BE"NIERRA,

&)

EBZ category HIREFFZERWNIBRT, EBHEE— category NAERIARG, A
FE category F[REMFIE?

A AfE— category HiEWIARE, BHGEIIRABREMERSE, BEFEIE—R
=, BHYEFAEBBRECHAE SWESEETER. A T7TERZXTEE, AJUERA
AIFIBTRRIERIRY 7505 IMp B8 HET/7EM IvP

B — category NAERKERRGE, RIBARERER?

RIE LEXAEERNDNT, Runtime LIRS EARNZRMTATA category A, FRUARILARIFR
BHFZEIR, REHE—THIERIR, XTHEMERENTGIE,



Category Associate

FEMBHEESHE category , BRMEZIERZS category RINBMMNEXR, XIEINE
%l associated BY Runtime API T, BIZI FEBMIGIFH, TEEREMHT set . get EEEP/:}JM;,J“
HNsEE,

// BB

@interface TestObject (Category)

@property (nonatomic, strong) NSObject *object;
@end

// SEFXF

#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

£ category HIRNIIEMEE, FIANSRBXLMAER, WRBERRENZERR, MEERRRT

HRTMESER.

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

TEILFK(TE—T associated BUJERS, & Runtime 2/ EABIE Runtime TS
il set . get B, TEZR objc_getAssociatedobject PRENAISLINAY,
f8, objc_setAssociatedObject M EEMYU, XETEMAMANGEET,

id _object _get _associative_reference(id object, void *key) {



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 & OBJIC_ASSOCIATION GETTER_AUTORELEASE)) {
objc_autorelease(value);

}

return value;

MWEBRIIAEH, FABEE associated HIMENM, #FFEEE—TBEMMIESE
xR AssociationsHashMap == objc_setAssociatedObject A objc_getAssociatedObject PR N7 R
FHREREXTERR, BEINERRHFITHMIRFERNR,

1£ associated BY API HEIRE—ERNEFEIEXEEF, 54 0BIC_ASSOCIATION_ASSIGN , X2
FKIEENRNAGFERRN, XLXBEFE Runtime JEBHHE XN AILMIE,



Message Forward

S—TNREGERERN, BRENRMBRERFERG AR, WRIREEFKBMNEARE
B, —MHRIIRE Nsobject , WMRIDLIIBHINGIAEZM, MWHNHEBHELRTERR,

o I‘E I[N mtl: *ﬁ

H—PHEEEEXLUR, MHETE cache 1sit FIE A E K ZRA] method list 1, RBEIKEIXTN
HWHEE,. INESENEEEAME, BEREHANEEEAMERI, Runtime RE—XHBSN
N ESE,

AIBAJEITEE resolveInstanceMethod: [l resolveClassMethod: /3%, BISRNIIAREMANGIE,
HAFE—TEARINXEGEE, FETBRNERE, XM AEEHE— sooL REE, 1R
[ No MENGE B3 &AL,

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 resolvelInstanceMethod:sel];

7B class_addMethod BREXGIARIOSEIRAY, FEBE—1 "ve:" IR seL N AR ERSE,
BRI NS ZE 5 Y,

Message Forwarding


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

GC on + retain/release/

yes

autorelease/retainCount

repeat on
superclass

'

yes

nil receiver

l “fast path"

found

cache look-up

l “slow path"

>

found

class look-up

'

root class?

:

resolvelnstanceMethod: or
resolveClassMethod:

>

yes

return self

return nil, 0, {0}

call it

cache and call

A

repeat on

'

object

forwardingTargetForSelector:

'

methodSignatureForSelector:

EHITIHBI R ZR], BIBATE forwardingTargetForSelector: J3iAFIGRTHIAY

object

forwardInvocation:

HEXR, AIMETEGES, RENMNASSISENEMITR,

- (id)forwardingTargetForSelector: (SEL)aSelector {

NSString *selectorName

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

return object;

}

NSStringFromSelector(aSelector);

return [super forwardingTargetForSelector:aSelector];

HE, BRE

3 forwardingTargetForSelector: A AENRMIEBEMNNIE, SXREVEREKARIZE. HEK AN
SBESIEA methodSignatureForsSelector: /3%, EHERNERA AL NSMethodSignature REIH
EEBNR, EERBZZXNRES, FILAIEE target #l seL , FILUE XTSRS E MM SR,

BHBRERAHEMYR,



[otherObject methodSignatureForSelector:otherSelector];

4 Y, NSMethodSignature RN RG, Mi=IEA forwardInvocation: A%, XaEBER AP &HGE
—&7, MIREXTELENEEHFTHIE, NESHER,

75/£EPA{§)\ ™ NSInvocation MH, X PNRIMEBBEINA ERZANNTREIERN, 7]
L,{ 1d invocation ﬂﬁﬁﬁﬁ'ﬂﬁ%ﬂ’]ﬁf ﬂﬁﬁﬁ invokeWithTarget: ElA],

- (void)forwardInvocation: (NSInvocation *)anInvocation {
if ([object respondsToSelector:[anInvocation selector]]) {
[anInvocation invokeWithTarget:object];
} else {
[super forwardInvocation:anInvocation];

HERAR

B—REERELA— AL ENNRESIEHR, BRERRZAI, RFLHLMNITR—IREE
FENINE

HERE—FZNRANBELIBAIPEE, 4% crash 281, RASFARIINER forwardInvocation: /5
5, FHEAN—" NsInvocation I, NSInvocation WRABERIDEERSE., XTHER
Hlifﬁpkﬂﬂ’lﬂﬂlﬂ' R,

{RAIASEIR forwardInvocation: 3%, SEHBRALIE—1TXNR, forwardInvocation: FiLe
— NN ISHE, N E AN AR, SR forwardInvocation: 57E, AIMEE XM A
%I)h/ﬁlu\g;gt

JHEEF &A™ forwardInvocation: BEMANE, MWINERBARIZIIME, ULBRIGSEHRIXHE
B, fJLUEIT invokeWithTarget: /3%, &RIZFFEAIVER ., R invoke FiERE, RAIEAIRE]
BB HOREIZLER T,

- (void)forwardInvocation: (NSInvocation *)anInvocation {
if ([someOtherObject respondsToSelector:[anInvocation selector]]) {
[anInvocation invokeWithTarget:someOtherObject];
} else {
[super forwardInvocation:anInvocation];



forwardInvocation: FEAR B UL E— 1%, AIDUET selector MITHIRT, FAMEZNE
B ERNAE,

TS AR

T_OC':F'ﬁHTﬂ%—JL/(EjJ:L.\E’HzEI'z{%H%;Im, BN B MR DA @dynamlc propertyName; E’]ﬁzﬁ
KB EETIRFSHRERMER A

RS /fﬁﬂﬁ EFELI resolveInstanceMethod: ¥ resolveClassMethod: H,ﬁ =
yl-ﬂ]/\jj_liI:Pﬁblu\ﬂljld\\j]ujj_liffjuo JEJI class addMethOd Hli—_l-lf/{ﬁj]lu\//]\\j]ujj_li, //J\\b”jj_lﬁﬁj-
FEXRBINAREIET, RIS EEFEM T RESE self #l _cnd

void dynamicMethodIMP(id self, SEL _cmd) {
// implementation ....

}

+ (BOOL) resolvelInstanceMethod: (SEL)aSEL {
if (aSEL == @selector(resolveThisMethodDynamically)) {
class_addMethod([self class], aSEL, (IMP) dynamicMethodIMP, "v@:");
return YES;

}

return [super resolvelnstanceMethod:aSel];

HBER RS H AR RS D Z2HEN, TERERRZA—TRENSHSHETXTAE, W
REZRER respondsToSelector: g instancesRespondToSelector: FiE, ISAEBITEIS
L5 selector NhN IMP , AIRIRSEIL T resolveInstanceMethod: /3i%, {BREAE4GE

i selector FEJH B &MIE, MNSLLEAIRE No BIF],

Y N

CIIYSESu /ﬁluﬁzz?‘iﬁl’r&ﬁ”%ﬁ}u g, GBI TEXKER, MPEFRRANEZEREXR, B2
MBS —1ENET warrior FNEH,



Warrior Diplomat

— forwardinvocation: — negotiate

negotiate

B EENFFIIMEL, 2ER TR EDZRE, BIDE R &NHISEI T 4 Fa9X
A, Warrior BY negotiate JHEHE“ARZE” Diplomat LI,

B HE RTINS EREEN TS BUREARIRER ﬁti&, HRE KA HEREREZ TN
R, XEMAIERABEAEREHRATEANSR, ABEDERERANENRAE,

FEFENRE, warrior RABEERE AN ANNA negotiate JHE., {BARE
1d respondsToSelector: ] iskindofClass: /3 AHITHIKTAYTE, MKFAEIRE No By, GNRMELLE
N ER CATEFIRT negotiate /3 ARTIR[E] YES , EEEE XM N AEHEEFIMAFIRNE t—FHo

- (BOOL)respondsToSelector: (SEL)aSelector {
if ([super respondsToSelector:aSelector]) {
return YES;
} else {
//
}

return NO;

FEHAT forwardInvocation: ZBI, FEEIEIT methodSignatureForselector: 7 iAIREIFAEER,
MRAZHNBEOANTT AR

EREERNERER, ISR G AR RAENE,

- (NSMethodSignature*)methodSignatureForSelector: (SEL)selector {
NSMethodSignature* signature = [super methodSignatureForSelector:selector];
if (!signature) {

signature = [surrogate methodSignatureForSelector:selector];

}

return signature;



runtimezE B4R 15

{EAIS

AT HRLEZEMERNEARIINGE, SEREFHERNERL. EFSHEBERE, MAIMN
BT H B R R AR e,

PRARIZRAVEEERZ NSobject ZE( NSProxy FRFY), AILARE Nsobject RAVHBFE A IMIZIZEL, A
R —LE5—rIIE, XFEM AT AR RTINS ERVART. RIE category EﬂMvJ?;’é?’i
EBERITR, FILAE category RSCIMBNAII=ZE 5 A,

// BEXZE

#import <Foundation/Foundation.h>
@interface TestObject : NSObject
- (void)testMethod;

@end

// FECEEAIIMP
void dynamicResolveMethod(id self, SEL _cmd) {
NSLog(@"method forward");

// XINSObject Bl#ZHICategory
@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

HATAVIZE 5 RZ2TE resolveInstanceMethod 757ER, ENSBIRARIINAE, HI§ e 5i—i%
& dynamicResolveMethod PREHITANE, XFFRERZIMAV G EZHSH

1T dynamicResolveMethod BRE{, T AARIR, 7£ dynamicResolveMethod PREXAA] DAMNAR R ITSE
®R1E,


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

Ly

HOCHEAXIFZHEN, BERFAINETHERRENSHE, £FEPIOACSTRE, 3
HERFI RN R, EHERELRNGER, BEREERRIRENLASIRA, USTH S
HIRR .

THERERZPENGF, BIERTRE cat fl pog , HBEEBEFRWFENGIEEENX
Bl Protocol H1, £ cat F pog LI Protocol HAYGIE,

@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

FREZBIETRENMY, KRTECSDBRMLE, AERLLZFAMIMARENR, &
SMRIERTMNG AN, FREXZRAIIRXLEREZNGEN, MNBERREREEELS
MR AT AR ZE

@interface TestObject : NSObject <CatProtocol, DogProtocol>
@end

@interface TestObject()
@property (nonatomic, strong) Cat *cat;



@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;

// ZRECat FIDog HITIE T FE
@end



Method Swizzling

MEHNTATIMBEFIRE, FINATESMEME, MEIMBIRLLERK, &1 EHIZSINEEHESR
S, RABF—REBERIR, RBNEEFMEIEAINSITINGE, MR EAX T TIEMS
=R, BB TEN—LAE:

FhARN

BiEERMEZENESMNIEFIZSPIMAST, S, #0h. S§). #h04...

FEXMMAERLowT, JHFEN EIMAENGIEEM UL, SitEENAAARZIEN,

o

BATRIDA(ERS oop RUSSIEZ—, AEMIADIVREBRI e, SIE—TEEK, EXTERFRM
ST R, HEftSRESMEREXTESE,

A, XMANBRERRA, MEEFMERE, MEEMANMAZE, HEBHES RS XD
HE, FRBAZMA AN,

Category

AT A ulviewController #£— category , ARTERTBIEHIZZHS| NIX category , =H%A
BATRRI BARIN—1 pcH XM, AEIEIX category RINE] PcH XA,

HATBIB—1 category RBEERL LA, RAZMITIEA category FRIUEE, ARERARSE
PRIED,

BT LB FTENXERAEBRE—T:

#import "UIViewController+EventGather.h"
@implementation UIViewController (EventGather)

- (void)viewDidLoad {
NSLog(@"TiE%StiT: %@", self);

}

@end



Method Swizzling
BT AMERFERA“EEE” Method Swizzling , Method Swizzling AN EFi=2

3t 1mMp 0 SEL (TR,

Method Swizzling[RE

Method Swizzing @ KAEEITITIIM, FERTFEBITRIEM Method FH1TRMR, FATATLA
1% Method swizzling NABEZE A S, (EERBEXER Method swilzzling (NIBHITREZE
BitAElER,

MH Method swizzling 2 _ i0S__H aop (HBYIEI )N —MZI AR, BHIIATAFIFEESR
X—4FMHESRSCIN Aop FRiE,

[RIED T
B, 1IEBERNBIEMEKERE THE—T Method Swizzling BYSCIIHEIE

selector 1

selector 2




selector 1

selector 2

selector 3

FEE—H selector2 [RANNE M2 , BRATEABHIIZIRFEWSER, BIEER_-H
WINT selector3 F1 iMp3 , FHHiL selector2 $§[@ 7T IMP3, 1M selector3 N3EM@ T MP2 , X
MRS T RERR,

£ oC IBEHY runtime 45MH, AA—INRMNAEMRAXTNRLIZEHE, 2BITEKIEK
SHENRWAESIR, MAEIIRPERLIIN seL, XD SEL WNE— 1MP (— 1MP BJ LA
IR ZAS SEL), BITIXS Mp R EIXI N RS 5 5B,

EENEREE— pispatch Table , X/ Dispatch Table ZAFIEIGEAAY sEL 1 Mp (FTLATE
RN R EGEH)HITIIN, MEATAY Method Swizzling FLEXTIX table 1T TIR1E, ik seL X
R Fm— IMP

Method Swizzling{$&F3

FESLI Method Swizzling BY, #ZOVUCIBEZERE—T runtime BICIESAPI:

OBJC_EXPORT void method_exchangeImplementations(Method ml1, Method m2) _ OSX_AVAILAB
LE_STARTING(__MAC_10 5, _ IPHONE_2 0);



(A RN

MELEFRMNZOTESITIERRIZIE, XTEKREEZASIFESN, F(1TERIDemoR|
181T Method Swizzling EEAIZTINXTEK,

A5 vIviewController NAN— Category , #ARTE Category HHY +(void)load 5 AR
7][] Method Swizzling Tj_%, ﬁﬂ\]ﬁaﬂgiﬁﬂ’\]EEmEEﬁ/P Category ':F'o EE:_F load 7’§E/£ZEE
RFEITHXTEFENSBIAFFHERN—TAE, PUTHERE, HEAEER(FHEA.
MEXTNHEEEE—M, tMERSWAR—X, TRELERFEEFNEE,

EX Method swizzling REATEEXMNTTEN, TEITREMRISR, UABGLEFE fhith5das
MR, Method Swizzling FIBRG E R —EESlE—RY, EDAERBRIIEPLIZEH—
E,\]O

#import "UIViewController+swizzling.h"
#import <objc/runtime.h>

@implementation UIViewController (swizzling)

+ (void)load {
// i#idclass_getInstanceMethod() EREZLM S BIXT S FHImethod ListiXEXmethod 1414, IR
BEFEERHclass_getClassMethod () ER#LFEX,
Method fromMethod = class_getInstanceMethod([self class], @selector(viewDidLoad
))s
Method toMethod = class_getInstanceMethod([self class], @selector(swizzlingView
DidLoad));
/* *
BN IEXEEHclass_addMethod () K#{xMethod Swizzling il 7—/E935E, WEsel Fi8HEL
HRRRAI 5, =FHEM.,
M Asel fIREXIEAI ALY, BEXEBXTTE, XEMSEHBXENTZE ERETEEHN]
BENERT .,
FTABAN X E 1T cLass_addMethod () BYIE, ZRself LT 7iXTNF)%, class_addMethod
() BEF=REINO, el I7E Al IAXTEATRAR T o
*/
if (!class_addMethod([self class], @selector(swizzlingViewDidLoad), method_getI
mplementation(toMethod), method_getTypeEncoding(toMethod))) {
method_exchangeImplementations(fromMethod, toMethod);

}

// BNIECELHEI S, titEMselfAIviewDdidLoad FriE A1 TRARZHT /%

- (void)swizzlingViewDidLoad {
NSString *str = [NSString stringWithFormat:@"%@", self.class];
/) BNIEXE—TFIBf, 14FZEAIUIViewControl Ler IS SR Gk 1E



if(![str containsString:@"UI"]){
NSLog(@"4iItT =R : %@", self.class);
}

[self swizzlingViewDidLoad];

}
@end

B LEORE, BEEARNE): #E, (RAHEDT, {RTE swizzlingviewdidload J57EH XiEF
T [self swizzlingViewDidlLoad]; , XMBEA A4 1EFEAENIG?
%‘ %ﬁﬁ#xﬁyo

W EEAI LENE—FEZ03? Method Swizzling RUSLINRIBR]AIBRE N AIEE R, RixE
ITEANIBR T A EFITER, mAREAEEENHITHEIZBAE, RBAEAEEENNIT
HEAR L,

BlanFA] _ EEAIAS, RS ulviewController BY viewdidLoad J5ARY, SEFR EHMITRIE T
SCHNAY swizzlingViewDidLoad A%, MIKAIFE swizzlingviewDidLoad FiERERIFA [self
swizzlingViewDidLoad]; BY, $1THYRE ulviewController HY viewDidLoad Fi%.

Method SwizzlingZ£5%

ZEIEMIRE, ERNmMBEAAIREFR, KFEN NsArray AT
& NSDictionary HY key B E value {EAH nil FH[OASHAVARR, W TFXLEQFERHALSIR—
TNEE, MeBEERERE, BRRERXHFmIERNIRET”,

FLE, FATRIMRYE EEATE,

X NSArray . NSMutableArray . NSDictionary . NSMutableDictionary L H1T Method
swizzling , SEMANERILIE FEAVEFRM, BE....R&M Method Swizzling IRAFAECIE
A, Bt <EEMN, ZRET4LR?

XEE Method Swizzling X NSArray IXLEAYRFERNEERN, ENXLRFESE, HIZ—M
WMBRI HER, MR ASERSEECHRBHARNTE, MRI XMRIELEE
5, BIERARRMR SRHAITER. HIAFHRITER NsArray BY objectAtIndex: Fih, X
REREATEIET, AEBEIETRMREHITRE.

FRIAtBF 2 IR I3 NsArray SEFITIREFEHSL R 22X AR EHIT TIRIE, 1E NsArray REISEIEREAD
FEEHITIRIE, BEIERITIRENHAZ Nsarray BE, BFTAENIN 1ZNE“BES " #1T71217E,

(TR
TEBNISZI T FHIE Nsarray EIFIEMA objectatIndex: 753%, X TR ERLAMSR SERAAHIS:



#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)1xz_objectAtIndex: (NSUInteger)index {
if (self.count-1 < index) {
/) XEM—TZRELIE, TAENAELHET
@try {
return [self 1xz_objectAtIndex:index];

}

@catch (NSException *exception) {
// TR G RES, F1EENTEIL,
NSLog(@"---------- %s Crash Because Method %s ---------- \n", class_get
Name(self.class), _ func_ );

NSLog(@"%@", [exception callStackSymbols]);
return nil;
@finally {}

} else {
return [self 1xz_objectAtIndex:index];

¥
@end

AREUTID, _ Nsarrayl 72 Nsarray EIERIZE, i NsmutableArray XA—HEES, BATATMA
BT runtime REGREXEIERIZE:

objc_getClass("__NSArrayI");
4451
TEBMIE—LEERNERENES”:

;Is uEE,u

NSArray __NSArrayl



NSMutableArray __NSArrayM
NSDictionary __NSDictionaryl

NSMutableDictionary = __NSDictionaryM

HhB1TGoogle....

JRSwizzle

FEIMEHYHINEEaERZM A AR Method swizzling , MBEFEAXMFENERZSEEF
SR, BATETLAYE Method swizzling ¥YERiEEsR, e DMER—LELERMAMNE =7,
EXEFIHE_ Github_ FERZH—1E =7 —jrswizzle

BEEZOMATE, KBERERIFEFER.

#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

// MethodSwizzlezZE

#import <objc/objc.h>

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

Method Swizzling 5=l

£ EERBIF, MRAZEMXS Nsarray B NSMutableArray FREYER ST Method
swizzling , ' AIMEBFERHBLRSAEREN., WRHIT Method swizzling BIZEH, BT
KBWEKXRN, FH swizzling TEI—1FHE. BIGNEEIXS NSArray F] NSMutableArray FH

1 objectAtIndex: iR HITT Swizzling , XEFARERSHMARE Swizzling SR HY [a) R,

MNFEXMOBEEZEMNRESH, BREAER + (void)load F7EF M [super load] 7
%5, RRSHRERN swizzling HEBEWATRR, XHERER swizzling MR, B0 TER
MkE F, IRe&IET NsMutableArray VAP T [super load] SR

2 NSArray BY swizzling XIBHEHIT THRIX,

iR


https://github.com/rentzsch/jrswizzle

#import "NSMutableArray+LXZArrayM.h"
@implementation NSMutableArray (LXZArrayM)
+ (void)load {
// Bz Hsuper, SSEHKERELSSwizzling
[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);

}

XEBEBRFAEFEFSIER T super, SENSMutableArrayH 478, RENSArraytb #E#HIT T —

v M Thread 1 Queue: com.a...in-thread (serial)
0 +[NSArray(LXZArray) load]
1 +[NSMutableArray(LXZArrayM) load]

o) 2 call_load_methods

o3 10 _dyld_start

ey
X

ENSArrayH1T 7 5 Z/XSwizzling, XEEM=LMEE, FEZHEMNRERERE.

v M Thread 1 Queue: com.a...in-thread (serial)
. 0 +[NSArray(LXZArray) load]

o)l 1 call_load_methods

o) 9 _dyld_start

RIEFEMESNEREITERER, FERER swizzling WAERRARAN, XERFRAR—TAE
MEAM swizzling K7 ... AARERF(IEEIH!

EE—TRAMERAIEIZESTH swizzling UREBHINIT T 2R, XMEFH swizzling 5K
M, HEREM EENEBREE 0, BN TERANTAZEIX N E-,



|a) [

A LERENT Method Swizzling RISLINRIEFEXTZERY Dispatch Table HITIRIE, B#HIT—
IR Swizzling RiAX#R—IR seL A 1vp (BT DAZRAR DR ERIEE), TR swizzling YT T 2R, i
ST seL F Mp MR T ZIR, BEMESBE XTI T . FURRITXREET .
FBZRPAT... XFRRIRENG R, BEFEERIIMBEER 7@, XtWEIFZ AR Method
Swizzling TFANERZ—.

—ERFE:



Dispatch Table

SEL IMP
5 — IR IR 1
selector1 IMP1
selector?2 IMP2
B IR X RN Bz M) BIR S
selector2 IMP2
selector1 IMP1
B = IR B — IR ZE R E[E
selector1 IMP1
selector2 IMP2




MIXKEFFE(IBEAIUNE LR OB =ENERT, e swizzling WABKREEHNIT, N7 ERX
MHRRESI, FAIT MA@ T GCD__AY dispatch_once RRENKEARAR, FIF dispatch_once FRIZEX
ARIBRESHIT RN,

8 Method Swizzling FOHME7S, H0_E dispatch_once EREURIEIE REHIT—R, HARTELFR
FERAPHITUNTEAEHITHE, XERELE— 16K,

#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);

1)

XEREHZRAR—NEIVIKIG, BERMERNFIMERE@ ., (120 v 2S5 ERZ R
e, ARAFATRT OB TENR IS, EF seL Ml v ROSIRIATE,

FeR—EMRACHS

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));



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

BEXMTEEGR, RRNIXBBET 4R TIE:

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] 0x10001tb3c8
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

Method Swizzling R85 1

FHERZ Method Swizzling BUSLHURES, MIRIBHRE, HEXAMZMRER, 2ONBMERR
M Method BY imp BREUFEET, XERMET AR swizzling ZIR, FIRESHRIREIENERE, EX
BIRERE AT —IRSTHRIRIE,

void method_exchangeImplementations(Method ml1, Method m2)
{

if (!Im1 || !m2) return;
rwlock writer t lock(runtimelLock);
IMP ml_imp = ml->imp;

ml->imp = m2->imp;
m2->imp

ml_imp;
flushCaches(nil);

updateCustomRR_AWZ(nil, ml);
updateCustomRR_AWZ(nil, m2);

Method SwizzlingfEf&15?

BEZX Method Swizzling BJIARTIXNZERY Dispatch Table #1THRE, IREENERXIFIE HAIE
RFE#BEEZN, FRAB AIAA Method swizzling @ —MERIFEAR, BAFEREZSH
—EARAFLA_bug_, X£_ bug  —AREBRIEE XA IMAEIRAY.



XN EIRAET AS | RS 7 KA —8)1E:  {#/ Method Swizzling FRIZFIFLLIRAMERENMNT, —
EARBEOIEIECHNUSHENNTDE, AIRSEXE, EFRAMNEREESZEE, MANEARE.

FEIX Demo FRIEIT Method Swizzling , EIESCHLT —MERRLEINAE, STHARMEBES
% swizzling NEDEXME, ERTREEES RN, BESSREEMT 52
IEO

Demo RZRIMENEEBHFRIEBNETNAR, MIZIEELE Demo —i2F ], RE pDemo BZ
THEEFERENFE, pemo PABHEH TR, FNUAUITHIRIRE Demo ITRIZE—IE,
BESTMEREENE.

Demoitttit: X/ vi+E9Github


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

Runtimel B

__attribute

__attribute E—ERIFRIES, Honu F LLwm RIFRATE, AWXTF  attribute 1
—LsE, M—LasReEMNML.

__attribute_ WIE/ERE, HREEMMTES, RESEMEIIR, BREIIRNESDR, ZiOS

1, 1RSI0 NS_CLASS_AVAILABLE_I0S FIEEN, NEEEET  attribute  SCIRAY,

__attribute  ((attributel, attribute2));

THEHRE—L _attribute_ WERABEMYE, EXENEMIIRTUEIVNHENESE.

Supported Syntaxes
Pragma clang
GNU C++11 C2x __declspec Keyword Pragma attribute
X X X X

By default, the Objective-C interface or protocol identifier is used in the metadata name for that object. The objc_runtime_name attribute allows annotated
interfaces or protocols to use the specified string argument in the object’'s metadata name instead of the default name.

Usage: _ attribute ((objc_runtime name("MyLocalName"))). This attribute can only be placed before an @protocol or @interface declaration:

__attribute ((objc_runtime name("MyLocalName")))
@interface Message
@end

objc_subclassing_restricted

objc_subclassing_restricted BMRNBIEIHRIE R BEREMELYF, TSR TEHNEIR.

__attribute_ ((objc_subclassing restricted))
@interface TestObject : NSObject

@property (nonatomic, strong) NSObject *object;
@property (nonatomic, assign) NSInteger age;
@end

@interface Child : TestObject

@end

HIRER:

Cannot subclass a class that was declared with the 'objc subclassing restricted' at
tribute


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

objc_requires_super

objc_requires_super BRI FEDIEABBIEMAVTTIE super , BNIREBRZES,

@interface TestObject : NSObject
- (void)testMethod _ attribute_ ((objc_requires_super));
@end

@interface Child : TestObject
@end

EEER (PIREE)
Method possibly missing a [super testMethod] call

constructor / destructor

constructor BIHRITE main BREAIT 2RI, PIAIT—LEIR(E, destructor BMRT
7£ main REBITZIEM—LE3RIE, constructor BIRITIIHLEERTE load AiEHHITRZIE,
ZTEMITEIE constructor BMHEIHAIREN,

__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;
}
PATER

debug-objc[23391:1143291] before main
debug-0objc[23391:1143291] execute main
debug-objc[23391:1143291] after main

B S constructor T destructor BIHEIMAIRENRY, AILABITIRBEMN TR FKIEERITIN
. &2 _ attribute_ ((constructor(1e1))) AT, EREMHEEHEZEMSLR.



__attribute_ ((constructor(103))) static void beforeMain3() {
NSLog(@"after main 3");

__attribute_ ((constructor(101l))) static void beforeMaini() {
NSLog(@"after main 1");

__attribute_ ((constructor(102))) static void beforeMain2() {
NSLog(@"after main 2");

£ constructor FFIRIEM FoPELAE, 1T
s F 2=

F#S. M destructor MIHE/R, ML SNIT

overloadable

overloadable BERTFEX ST EREBARESHEENRE, HRHANRERZRIBEASH
KB BGHLERE, XM AEREMT c++ NREES, MEHZREERFHNITNA,

__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(@"1xz");
testMethod(YES);

¥

return 0;

objc_runtime_name
objc_runtime_name BRI ATEZRIERT, 45 class T Protocol IEEN I —TRF, HEHRAFA A
Zan R MCHIA, FTAMEEFEF X,

__attribute__ ((objc_runtime_name("TestObject")))
@interface Object : NSObject
@end

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



PATER:
TestObject

XM ARRMAEERE, fIE—1THREX, LEXAEIIEEZIE, HluE
1T MD5 X object HMURE, 32(MIAVREIEERTE 497031794414a552435F90151ac3b54b , TEAEEE L

REXZ AR, MRBFALRICE LR, BIBMMNEEE,

cleanup

B cleanup B1E, AIMEEL—1RE, SEERMZAHIT—TRE, EENRBTHITRR
8], ZTE dealloc ZHIM, FEIEERRETR, AMUEA—TES, SHME cleanup BIFEVE
£, ST,

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;

NFRBEIE—MUIERA, EITEIMZ T cleanup BN, FEARBRIERELERN, SLARIAY
W 3247 A

unused

EE—TRERIERIA, ENEBELKEZEREANEE, SR—HEEES, AERAIEZED
Htn A TVIRRX TR, PAIARBEMXTES, BT unused BEHFXTES.

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

RREEX

ERHABHREMFRAT _attribute XPF, RAIRATLSEHIZTIINBE
A _attribute_ , —MREBRHEHEXNREX, UREXNFENLHIEINE.



// NSLog

FOUNDATION_EXPORT void NSLog(NSString *format, ...) NS_FORMAT_FUNCTION(1,2) NS _NO_T
ATL_CALL;

#define NS_FORMAT_FUNCTION(F,A) __ attribute__((format(__NSString__, F, A)))

/) TR LRI A
#define NS_REQUIRES_SUPER __ attribute__((objc_requires_super))

// EEEMTE, T EIZS BV FIE R )%
#define NS _DESIGNATED INITIALIZER _ attribute__ ((objc_designated_initializer))

ORM

WWRKZAMET (0Object Relational Mapping) , @FR OrRM , BT HIRMNRIESHFARIRSEIIE
[B]HV3EIR,

A BB XY 5k 2R BRET SR SCH] Json 3EAREY, {ERLERZM

f& Mantle . MJExtension . YYKit . JSONModel ZHEZE, XULHEZE7EHITHRHOET IR, #PZ(E
F3 Runtime B9/ TUEEINAY,

Mantle {EFF] MIExtension BLEE, HAIT MIExtension ERFEKENFH{E, Mantle IE{EH
NEZEE BT HRER S LIE, M MIExtension BB Category AME, ABIKEIEE /N, T2
N,

1ERETE

XLEZE =75 Mantle INEEERIB K, 1EE AWM, (ERAEFMEEILEME=HEE—
LE_  JSONModel . MIExtension XYEE=FJLFHE—TKEL, vvkit tHIIRIZEBERIALL/E
FERENLE, EMttES.

X F BRI E R AR AR IIER N, REM vvkit RFTERMEEES B IF—LE, ITHEERIRERS
HF MIExtension , FEPARELLE )R MIEXtension ,

YYKit{EE N

LI

] A B SR EEIRAVIZE, DA EERE oA, KIEEZEUT:

BIZ—" category RISRMMIRELRHR, MIMEHRGEARAFHIR,

BT Runtime SIMAYERES, FRENEIEIIRFAEH, RIFEMERMFHPEEMATR,

B kve FMFHEPERENE, RELTR.
BERZBEIZEHRENIER, AINFHESHA, HEAPEE—1TFH, XMERMAT

H 0~


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

T, AREBERZ AN FHEIIN FERRVEAE, ARfFiEHIARERFERERN
ik,

HEEX 7T — " FHFERIE, B runtine IBABMIIER, HIRIEBRMRZE L AP
E’\JN% AIEEE kve HITIRERIE, AA A RH MIExtension . YYModel 2|, EIFEIEE
KIFAEF AR, WRBEEMEPBERNE, MiZIETENZIE
£ NSobject B category FR, XIFFRBE A AR,

// VFEESD
NSDictionary *dict

@{@"name" : @"1xz",
@"age" : @18,
@"gender" : @YES};
TestObject *object = [TestObject objectWithDict:dict];

// LTS

@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_copyPropertylList([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

181 Runtime AJLASKRENZIXSZRAD Method List . Property List &, ARAJUAFEMFHERGE
#, A MBIRZITIE. HIREA LU Runtime LI EE1ARFIRYIY, TEEBEHHTARY
1BRIE,

// 1. XX BRIEE
unsigned int count = 0;
Ivar *ivars = class_copyIvarList([NJPerson class], &count);
// BHATERE A T
for (int i = 9; i < count; i++) {
// BRUXTfza9/E 1%
Ivar ivar = ivars[i];
const char * name = ivar_getName(ivar);
// XTI S FREEIRII0C F 7 B
NSString *key = [[NSString alloc] initWithUTF8String:name];
// 1RIEE S FRFKVCIKERZLHE
id value = [self valueForKeyPath:key];
[encoder encodeObject:value forKey:key];

}

free(ivars);

BE T —NEEA category , BILABTHSLIN NSCoding . NSCopying MY, XEFFRhi: Easy
NSCoding

Runtime i
1
TERAEH ST A?

@implementation Son : Father
- (id)init {
self = [super init];
if (self) {
NSLog(@"%@", NSStringFromClass([self class]));
NSLog(@"%@", NSStringFromClass([super class]));
}

return self;

}
@end


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

EER: #%L son,
5E—" NsLog Hitl son BEE=THIRA,

E_PHILEAP, [super class] SWERAN TENARE,

struct objc_super objcSuper = {
self,
class_getSuperclass([self class]),
}s
id (*sendSuper)(struct objc_super*, SEL) = (void *)objc_msgSendSuper;
sendSuper (&objcSuper, @selector(class));

super A S#EEHN objc_msgsendsuper BYIEHE, HEAN—" objc_super KEIFGZEFIIK, 25
MEEM NS, F—1TMEESHENNSR, E-1E [super class] SN,

struct objc_super {
__unsafe_unretained _Nonnull id receiver;
__unsafe_unretained _Nonnull Class super_class;

};

IR, RAEREE [super class] , BERIEZHENIIRIAE self , ABEKIIR
3& Father BY class TEEEqJ, ﬁ@tﬂ self 3?5EE@§§ Son ,

72

TEBNER?
BOOL resl = [(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]];

BR:

BRTE—1T= Yes , Ef=72#=2 no ,

AEHRNER A, BRBEFEAMNEA, iskindofClass Fl isMemberofclass FIXHIZ(TA?
isKindOfClass:class , iﬁﬁﬁiﬁ?‘iiﬁﬂ’m‘%ﬁﬁ}%m%ﬁ, PEEEPEEEAD class R

[5] YES ,

isMemberofClass:class , ARG AN RFTEIZE, DIAZEAR class MIRE] YES ,

BAIM Runtime JREBRVAERDIT—TER,



+

(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;

FERAFARIRERRSEMEIN R ER iskindofclass 1 isMemberofClass , {EZ7E NSObject 3£
RIRRINAIEIN T E R ERA., FREFMINAE, H Nsobject FRINRGIE, #BEIINAY
KRHERA, AANFEOCH, XHEBHAENR., XA MIABETFHEENRLEEAN, Fi
ML RITHEB R LT AR,

FoIE Runtime RN RIZRIZ SR, HERENDN.



Tsuperclass nil
A
! .
| isa

1

Rootclass | .-~
-¥|  (meta)

Rootclass | .-~

_-¥] (class) yy -
Instanceof | .-~ \
Root class 7y Root class N
\
\\ \\
LERY
/I i
\
/
Superclass |- !
_.-¥|  (meta) '
Superclass | .-~ .
_-7 (class) yy /]
Instanceof | .-~ S /]
Superclass A pe /
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/
Subclass |/

_-¥|  (meta)

Subclass | .-~
e d (class)

Instanceof | .-~

Subclass Subclass

FE—RIAASE Nsobject KR, A iskindofclass AIAEANNELRN SR, ENERZE
B9 class /5, RIEEXBBEZIRE, FAIUMERENREC.,

REHENE for B, S M Nsobject BITTERFIBIES, FTLAZE—)R Nsobject meta class ! =
NSObject class , PLECKIN, 2B R{IEIRIG tcls IRE N superclass Eﬁ NSObject
class , NSObject class == NSObject class , PCECRYIN.

NSobject BEPCECEYTN, RENXTELEBUSTR, 1E£58 _I/KIAEX superclass BYAT
&, NsoObject JGZERY superclass iz NSObject FIZEXI R, PRASITECAIN, MEMM =T
fic, MEASEW, BURFEAUEBSOT— TR T=,

”A3

TEHNAABS? compile Error / Runtime Crash / NSLog. ?

@interface NSObject (Sark)
+ (void)foo;
@end

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

}
@end



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

===
=R

EHER@E, mFNETEHREE,

BT E—EFREN, FIPARAEEREERA, F—TMRARAEEMTERERAGE, AM
FEFHATETER, FILAIKITTER superclass . FIAENTER Nsobject B Category , H

F Nsobject FIXTRIEBULL ISR, TR superclass BENER, FRAMENRFHKENT HiEH
.

4

THEMNARIES? 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

// TR
@implementation ViewController
- (void)viewDidLoad {
[super viewDidLoad];
id cls = [Sark class];
void *obj = &cls;
[(__bridge id)obj speak];

':J%J'};Lﬁ', T\%—Eﬂé& Crash .
1T [sark class] EIREXFIRNTR, RGBT obj IEFHIEMIRENFIANRIREHINE, XML
THRNERLGEH, FIAHTIEERERM.
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’15
N4 MRC TI%E weak ?

H3E MRC THAEIZHE weak , £ MRC PR T AIAEE Runtime JRISIEA weak JRIG
B9, weak JRIZE X7 Private Headers A NHHKT, FTES| A #import "objc-internal.h" X
%,

BAAT Arc BURIEABI, EX T —1 Testobject KEFINIER, HA— weak I5HHIEMEAIEN
%O

int main(int argc, const char * argv[]) {
@autoreleasepool {
TestObject *object = [[TestObject alloc] init];
__weak TestObject *newObject = object;

}

return 0;

XERAESRRmIFREZ N TERS, XERABPRNMITEAE weak FISEIRER, £ MRC T
A AR R IX T R A

objc_initWeak(&newObject, object);
objc_destroyWeak(&newObject);
il
HEN—1%, SIEARENNSR, BFEIIEENE TN RAE dealloc FFTEI—ERNF?

X BRI EMEERN .0 XHE, EX—TIRCEE, WREERRERN ves, N
£ dealloc FITEIXF, B, XMIMAAEATEHILNEBEN, FWEZpass~

IS E kvo NXIH R, EBITHRHSEIE—TE, XTEBNRNFE, RKtlE=%
B dealloc SLEUFEMBEXH P , FH7E P PITEN—ERXF ., KRR isa IRENFHEIEAY
X, HINAT dealloc FIERMEHAT isa FRIEMAIFNZR.

E%
AN}
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