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1.

runtime@— M EISEREE, WdyldMBEHZNAFTE, XTDSEZREERS T —RTINIET
BYEES], BERNRNEXMMNE. BEAE. HEEHK. thSHERERN. REFE

BT "X EREEFMEHEREZENENEGRAL, IEFERIERAMIGERE CPU R
Te9diE

runtimefz1TRY . runtimeBSEITRIMERFRRBIAIIZI0E, AObjective-CiEFEE I TRIR Tk
REEE. XWRER, HEOREMERERE

RIR

1 RHRZBMHA?

HEGIR

1 id object = [[NSObject alloc] 1init];



e [[NSObject alloc] init]8lIE2 T — 1L, thFtE—IANSObjectlIXTRAEFEIARTFHINUE, MMobject@
—NEE, EBRX—IRENEMIAYLEE, XUMEENFMRNEFE 7 XM R5|H

* 7Ttobjective-cH, BEA _EFFEXIREPUA B ITEENSObjectHINSProxy, MXIREIZITHEX
FERE XHY

RIGIR

1  typedef struct objc_class *Class;

2

3

4  struct objc_object {

5 Class _Nonnull isa OBJC_ISA_AVAILABILITY;
6 1

-

8

9 typedef struct objc_object *id;

o PR, FREXIREBZE—Tobjc_object, Mid#iE—Tobjc_object?BpV155tT, FRLARILAEMIE
fAIXR

o FANERUL, AisaBILENR, FAETEIsal#REWAHER

superkxE=F
AREGER
1 struct objc_super {
2
3 __unsafe_unretained _Nonnull id receiver;
4
5
6 __unsafe_unretained _Nonnull Class super_class;
-
8
9 1}

o TEobjcAMIENXH, superFie— &K, FEEXFIFIEWsuperClass, JAMsuperfIBtiE, =
FE—MEZRsuper_classiiAZreceiver

objc_class

HEFIR

1 struct objc_class : objc_object {
2 objc_class(const objc_class&) = delete;
3 objc_class(objc_class&&) = delete;



4 void operator=(const objc_class&) = delete;

5 void operator=(objc_class&&) = delete;

6 // Class ISA;

7 Class superclass;

8 cache_t cache; // formerly cache pointer and vtable

9 class_data_bits_t bits; // class_rw_t * plus custom rr/alloc flags
10

11 Class getSuperclass() const {

12 #if __has_feature(ptrauth_calls)
13 # if ISA_SIGNING_AUTH_MODE == ISA_SIGNING_AUTH

14 if (superclass == Nil)

15 return Nil;

16

17 #if SUPERCLASS_SIGNING_TREAT_UNSIGNED_AS_NIL

18 void *stripped = ptrauth_strip((void x)superclass, ISA_SIGNING_KEY);
19 if ((void x)superclass == stripped) {

20 void *resigned = ptrauth_sign_unauthenticated(stripped,

ISA_SIGNING_KEY, ptrauth_blend_discriminator (&superclass,
ISA_SIGNING_DISCRIMINATOR_CLASS_SUPERCLASS));

21 if ((void *)superclass != resigned)

22 return Nil;

23 }

24  #endif

25

26 void *result = ptrauth_auth_data((void *)superclass, ISA_SIGNING_KEY,

ptrauth_blend_discriminator (&superclass,
ISA_SIGNING_DISCRIMINATOR_CLASS_SUPERCLASS));

27 return (Class)result;
28

29 # else

30 return (Class)ptrauth_strip((void *)superclass, ISA_SIGNING_KEY);
31 # endif

32 #else

33 return superclass;

34 #endif

35 }

36

37 class_rw_t *data() const {
38 return bits.data();

39 }

objc_classBy&E#I{E: 4% BHobjc_object, FrliiClasstiFisa, B— XK, SHAILUZK+E
RHR
LI RisaTtET R, MITRIRBE—Class, FRENR BTN REFMBNERS X



o EWRMTENWNREdyldZEtruntimeNFFHELisa. superclasskx%, TE# Amain()EEX =z gl
W B MEAEAM

e cache: FEREEHIINmethods(XEREH, EEERERE)Mprotocols
e bits: AIUER, ERBrw_tFiEbits.data()

class_rw_t

EGIR

struct class_rw_t {
Class firstSubclass;

Class nextSiblingClass;

1

2

3

4

5 private:
6 const class_ro_t *ro() const {

7 auto v = get_ro_or_rwe();

8 if (slowpath(v.is<class_rw_ext_t *>())) {
9

return v.get<class_rw_ext_t *>(&ro_or_rw_ext)->ro;

10 }

11 return v.get<const class_ro_t *>(&ro_or_rw_ext);

12 }

13

14 const method_array_t methods() const {

15 auto alternates = methodAlternates();

16 if (auto xarray = alternates.array)

17 return *array;

18 if (auto *list = alternates.list)

19 return method_array_t{list};

20 if (auto *relativelList = alternates.relativelList)

21 return method_array_t{relativelList};

22 return method_array_t{};

23 }

24

25 const property_array_t properties() const {

26 auto v = get_ro_or_rwe();

27 if (v.is<class_rw_ext_t *>()) {

28 return v.get<class_rw_ext_t *>(&ro_or_rw_ext)->properties;

29 } else {

30 auto &baseProperties = v.get<const class_ro_t *>(&ro_or_rw_ext)-
>baseProperties;

31 return property_array_t{baseProperties};

32 }

33 }

34

35 const protocol_array_t protocols() const {

36 auto v = get_ro_or_rwe();

37 if (v.is<class_rw_ext_t *>()) {



38 return v.get<class_rw_ext_t *>(&ro_or_rw_ext)->protocols;
39 } else {

40 auto &baseProtocols = v.get<const class_ro_t *>(&ro_or_rw_ext)-
>baseProtocols;

41 return protocol_array_t{baseProtocols};

42 }

43 }

44  };

class_rw_t: Wt Rclass_readwrite_t, FEEEITREIARMBAE, i, BM, TTgEXRBEF

Categorysl&iz1TRI 7%

XL+ ACategory REERIMEFITENRRE, ENivarEmiFHAMELHE, WARM#H Tro_t

setAssociatedObjectHR7Erw_tH, XEXXWHRHNEFENIRLF, associatedObjectEi@iE—
£Rmapiifzl, BT EHMobjc_objectxEx

class_ro_t

ARG ER

1 struct class_ro_t {

2 uint32_t flags;

3 uint32_t dinstanceStart;

4 uint32_t instanceSize;

5 #ifdef __LP64__

6 uint32_t reserved;

7  #endif

8

9 union {

10 const uint8_t * ivarLayout;

11 Class nonMetaclass;

12 +s

13

14 explicit_atomic<const char *> name;

15 objc::PointerUnion<method_list_t, relative_list_list_t<method_Tlist_t>,
method_list_t::Ptrauth, method_list_t::Ptrauth> baseMethods;

16 objc::PointerUnion<protocol_Tlist_t, relative_list_list_t<protocol_list_t>,
PtrauthRaw, PtrauthRaw> baseProtocols;

17 const 1dvar_list_t * dvars;

18

19 const uint8_t * weakIvarlLayout;

20 objc::PointerUnion<property_list_t, relative_list_list_t<property_list_t>,
PtrauthRaw, PtrauthRaw> baseProperties;

21

22 // This field exists only when RO_HAS_SWIFT_INITIALIZER 1is set.

/\



23 _objc_swiftMetadatalnitializer __ptrauth_objc_method_1list_imp
_swiftMetadataInitializer_NEVER_USE[O];

24

25 _objc_swiftMetadatalnitializer swiftMetadataInitializer() const {
26 if (flags & RO_HAS_SWIFT_INITIALIZER) {

27 return _swiftMetadataInitializer_NEVER_USE[Q];

28 } else {

29 return nil;

30 }

31 }

32 1}

e k5. baseMethods. baseProtocols. ivars. baseProperties

o ERIFHIFEBLEHE

1.1.1 AEMYEIRFER R
HES—TAENDNEN, FiRELisafifilil B HELZNE RN

e objc_objecti@idisatkFIEH IR, LEcache_t, BErw_t, BEro_t, AU LRisa
8, T MEFHCcache tAFIRE

TAIERFDE, CategorysBEREMG A

o REWIRER, CategoryFHItHiY, B, HEATSWruntimeZEFHrw_th, HAZTHIRFNER
A, &&Erw_t, IEIFLRE, FIUMHAREHFEEE, RBEEMHE, HERMEET

XES5|H—NERE, protocol At AREN, BESASFIN?

o MYAIEIM: conformsToProtocol&EHREIEFIRE], FAIUASZ®M, REEHMT, RIES—
R

 BMMES:

REGIR

1 struct property_t {

2 const char *name;

3 const char *attributes;
4 1}

BHEEARE—nameflattributes, attributesASFIGFRFBERTX BN getterFlsetterE
AZM1selector

o FKfCategoryXI T B EnameEMRIFB A IR

o runtimeTHRBULMNARELMEE @A A, FINNRERGEY, HEEMNgetteralsetter
FEEMER, heEmAsEER, EEMEHAE



1.1.2 selectorEIE2Ht4?
fEclang -rewrite-objc LabObject. mz f5, BIEEI75 AR

HEGIR

1 ((LabObject *(x)(id, SEL))(void x)objc_msgSend) ((id) ((LabObject *(x)(id, SEL))
(void x)objc_msgSend) ((id)objc_getClass("LabObject"),

sel_registerName("alloc")), sel_registerName("init"))

e sel_registerName¥f=iR[E|—"SEL, SELE—objc_selector&#{k, mMobjc_selectortIzx e
— N FRF RIS

o MHERSELEIERRA—RMUL, FRAXHERN, B—FRENMEZWITR, msgSend=IRIESELH]
objectk EIZE3xFTRBImethod, HAImp

o XTLESELMYARZIILLFRTE8IEE, MHEMNSELEZIEmE—Hithil, XEruntimeXtZE G —F (L
&, JTEEIEFHHERE B IRIREY

XEBEFEHIZODbjective-CHAXLESERE, BMESHLERRE, REZNT—F, MSWIAANZEE

—NSEL

AR
1 - (void)someMethod: (NSObject *)object;
2 - (void)someMethod: (NSProxy *)proxy;

Objective-CR=XROLBHEE, BEFZKOLBHERB, XMIMAESHINNZR—SEL, FEHEX
Mmethod=BERIERN, XFLEObjective-CRZFEHMIRE

2. Method Swizzlingf&FR 2t 4

AREGIR

1 SEL originalSelector = NSSelectorFromString(selectors[i]);

2 SEL swizzledSelector = NSSelectorFromString(swizzleds[i]);

3

4 Method originalMethod = class_getInstanceMethod(class, originalSelector);
5 Method swizzledMethod = class_getInstanceMethod(class, swizzledSelector);
6

7 1if (loriginalMethod || !swizzledMethod) continue;

8

9 BOOL didAddMethod =

10 class_addMethod(class,

11 originalSelector,

12 method_getImplementation(swizzledMethod),

13 method_getTypeEncoding(swizzledMethod));



14  1if (didAddMethod) {

15 class_replaceMethod(class,
16 swizzledSelector,
17 method_getImplementation(originalMethod),
18 method_getTypeEncoding(originalMethod));
19 } else {
20 method_exchangeImplementations(originalMethod, swizzledMethod);
21}
BRZEREDHINT

1. @I SELEIMethod

2. ZiiEswizzlingMethod I LI A IRl originalSelector &
3. NRABMLET, B#sizzledMethodRYSLIR

4. MPEH, BFANFERIEI

FrlE < m 757 2class_addMethod. class_replaceMethod.
method_exchangelmplementations

AREGIR

1  BOOL

2  class_addMethod(Class cls, SEL name, IMP imp, const char x*types)
3 {

4 if (!cls) return NO;

5

6 mutex_locker_t lock(runtimelLock) ;

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

8 1}

9
10
11 IMP
12 class_replaceMethod(Class cls, SEL name, IMP +imp, const char xtypes)
13 {
14 if (!cls) return nil;
15
16 mutex_locker_t lock(runtimelLock) ;
17 return addMethod(cls, name, imp, types ?: "'", YES);
18 }

] L & EladdMethod#replaceMethodiBB T E—1 A%, RERREENNSHAE
SAM1Lobjc-runtime-new.mmX %A, UFHEZBEaddMethod XN HERVERIIM, RBENX



1 static IMP addMethod(Class cls, SEL name, IMP imp, const char xtypes, bool

replace);

method_exchangelmplementations

RIGIR

1 void method_exchangeImplementations(Method ml1Signed, Method m2Signed)
2 {

3 if (!mlSigned || !m2Signed) return;

4

5 method_t *ml = _method_auth(mlSigned);

6 method_t *m2 = _method_auth(m2Signed);

2

8 mutex_locker_t lock(runtimelLock) ;

9

10 IMP impl = ml->imp(false);

11 IMP imp2 = m2->imp(false);

12 SEL sell = ml->name();

13 SEL sel2 = m2->name();

14

15 ml->setImp(imp2);

16 m2->setImp(impl);

17

18 flushCaches(nil, __func__, [sell, sel2, impl, imp2](Class c){
19 return c->cache.shouldFlush(sell, impl) || c->cache.shouldFlush(sel2,

imp2) ;

20 1)
21
22 adjustCustomFlagsForMethodChange(nil, ml);
23 adjustCustomFlagsForMethodChange(nil, m2);
24}

o AJUBEGERAZAFIRLZIMPAZ

o RESEMERE, AANREFENSELAIGEEREMAEFNImp

o FRLAELLRIA], objc_classFRMcache_tSEfr E&RFHIZSELEIMPRYBRSY, MfEMethod
o EEEEMAEN lag, flaga&RnizmethodISEILZARE W runtimeE i

3. AssociatedObjecttyzs R+ 4?
KENRELHAE R

(AGEEZS



1 Aid

2 objc_getAssociatedObject(id object, const void xkey)

3 {

4 return _object_get_associative_reference(object, key);

5 1}

6

7 void

8 objc_setAssociatedObject(id object, const void *key, 1id value,

objc_AssociationPolicy policy)

9 |
10 _object_set_associative_reference(object, key, value, policy);
11}

o FRLLESRFMEXMN77%_object_get_associative_referencefll
_object_set_associative_reference

_object_get_associative_reference

ARG ER

1 Aid

2 _object_get_associative_reference(id object, const void xkey)
SR

4 ObjcAssociation association{};

5

6 {

7 AssociationsManager manager;

8 AssociationsHashMap &associations(manager.get());

9 AssociationsHashMap::iterator i = associations.find((objc_object

*)object);

10 if (i !'= associations.end()) {

11 ObjectAssociationMap &refs = +i->second;

12 ObjectAssociationMap::iterator j = refs.find(key);
13 if (§ != refs.end()) {

14 association = j->second;

15 association.retainReturnedValue();

16 }

17 }

18 }

19
20 return association.autoreleaseReturnedValue();
21}

57— T EARBBERE R E X



class ObjcAssociation {
uintptr_t _policy;
id _value;

typedef DenseMap<const void x, ObjcAssociation> ObjectAssociationMap;

0 N oo 0~ W N K

typedef DenseMap<DisguisedPtr<objc_object>, ObjectAssociationMap>
AssociationsHashMap;

e ObjcAssociation: {R—FXEXNKRIIER, B&policyMvalue

e AssociationsHashMap: objectZ]ObjectAssociationMapZ [B]f9RET, B— M =FEmap

e ObjectAssociationMap: keyZ|ObjectAssociation [&]fYBRET

B TR IREN

o FEBA—1=HI0bjcAssociationZE &

e AssociationsManager ®—1 RAlIl (BhZRFERE) XWR, HENEREFEFMMB, HNE5H
RO, RREIERSR,

° MmanagerfIRENEBHXREKN RIaH R, XEFMENE XEKITRAVIRST

EGIR

1 AssociationsHashMap::iterator i = associations.find((objc_object *)object);

o BHXEMNREARTEmMapE, il=end{XRKEIT, FEMI->secondi8XAVIRIFEREc++ERIE

value

ARG ER

1 class ObjcAssociation {

2 uintptr_t _policy;

3 id _value;

4  public:

5 inline void retainReturnedvValue() {

6 if (_value && (_policy & OBJC_ASSOCIATION_GETTER_RETAIN)) {

7 objc_retain(_value);

8 }

<) +

10

11 inline id autoreleaseReturnedValue() {

12 if (slowpath(_value && (_policy &
OBJC_ASSOCIATION_GETTER_AUTORELEASE))) {

13 return objc_autorelease(_value);



14 }

15 return _value;

16 }

17 3}

18

19 typedef OBJC_ENUM(uintptr_t, objc_AssociationPolicy) {
20 OBJC_ASSOCIATION_ASSIGN = 0,

21 OBJC_ASSOCIATION_RETAIN_NONATOMIC = 1,
22

23 OBJC_ASSOCIATION_COPY_NONATOMIC = 3,
24

25 OBJC_ASSOCIATION_RETAIN = 01401,

26

27 OBJC_ASSOCIATION_COPY = 01403

28

29 1}y

o RNEEEIEN, MRsethIFHRIETE Tretain, HEIFHIEMSIAITE, FHLIEREIFIXNRFEFR
e slowpath(...) : X2 clang/gcc B9 branch prediction 7=, BREZBXNMEEREE (4
REfLfL, FARimZiE)

o atomiciBIFRIEME B IAR[ElautoreleaseXt R, PRLUTEFEAsetEEIWTRAVEHE, policymiBELSR
E T get XKW REAFEIR[IautoreleaseXt R

St

e getAssociatedObjectASFR@MEBE—1 2/ mapHiRIEobjectik EiXNobject X EXBIFRHE X
R, AREIREkeyIREIXPMXREEITRIE, MNREatomiciBifrHEIRIISiR[Elautoreleased TR

_object_set_associative_reference

AREGER
1 void
2 _object_set_associative_reference(id object, const void xkey, 1id value,

uintptr_t policy)
3 {
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// probably relies on that to not crash. Check and handle it explicitly.
// rdar://problem/44094390
if (lobject && !value) return;

Class objectClass = object->getIsa();
objectClass—>realizeIfNeeded();

if (objectClass->forbidsAssociatedObjects())
_objc_fatal("objc_setAssociatedObject called on instance (%p) of class
%s which does not allow associated objects", object,
object_getClassName(object));

DisguisedPtr<objc_object> disguised{(objc_object *)object};
ObjcAssociation association{policy, value};

// retain the new value (if any) outside the lock.

association.acquireValue();

bool isFirstAssociation = false;
{
AssociationsManager manager;

AssociationsHashMap &associations(manager.get());

if (value) {
auto refs_result = associations.try_emplace(disguised,
ObjectAssociationMap{});
if (refs_result.second) {
/* 1t's the first association we make x*/

isFirstAssociation = true;

/* establish or replace the association */
auto &refs = refs_result.first->second;
auto result = refs.try_emplace(key, std::move(association));
if (!result.second) {
association.swap(result.first->second);
}
} else {
auto refs_it = associations.find(disguised);
if (refs_it != associations.end()) {
auto &refs = refs_it->second;
auto it = refs.find(key);
if (it !'= refs.end()) {
association.swap(it->second) ;
refs.erase(it);
if (refs.size() == 0) {

associations.erase(refs_it);



49

50 }

51 }

52 }

53 }

54 }

55

56

57

58

59

60 if (isFirstAssociation)

61 object->setHasAssociatedObjects();
62

63

64 association.releaseHeldValue();
65 }

fffREEZrealize: FKENIRIIFLFFE, HAR class BELH runtime realize (Eb4 lazy-load
%) . Trealize AJgES K class FITT#IE (W associated flag. property table) R#ia1L
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