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• O(n) containsObject:
indexOfObject* removeObject:


• O(1) objectAtIndex: firstObject:
lastObject: addObject: removeLastObject:


• O(log n) 
indexOfObject:inSortedRange:options:usingComp
arator:



Dictionary  Set

•  hash table 



•  O(1) 



containsObject  



containsObject in 
- (BOOL) containsObject: (id)anObject 
{ 
  return ([self indexOfObject: anObject] != NSNotFound); 
}

- (NSUInteger) indexOfObject: (id)anObject 
{ 
  unsigned c = [self count]; 

  if (c > 0 && anObject != nil) 
    { 
      unsigned i; 
      IMP get = [self methodForSelector: oaiSel]; 
      BOOL (*eq)(id, SEL, id) 
 = (BOOL (*)(id, SEL, id))[anObject methodForSelector: eqSel]; 

      for (i = 0; i < c; i++) 
 if ((*eq)(anObject, eqSel, (*get)(self, oaiSel, i)) == YES) 
   return i; 
    } 
  return NSNotFound; 
}



containsObject in Set
- (BOOL) containsObject: (id)anObject 
{ 
  return (([self member: anObject]) ? YES : NO); 
}

- (id) member: (id)anObject 
{ 
  if (anObject != nil) 
    { 
      GSIMapNode node = GSIMapNodeForKey(&map, (GSIMapKey)anObject); 

      if (node != 0) 
 { 
   return node->key.obj; 
 } 
    } 
  return nil; 
} 



GCD



•  dispatch_block_create_with_qos_class  
QoS  QOS_CLASS_UTILITY >= iOS 8  QoS 

I/O





//  
for (int i = 0; i < 999; i++) { 
    dispatch_async(q, ^{...}); 
} 
//  
dispatch_barrier_sync(q, 
^{});





NSOperationQueues  
NSOperationQueue.maxConcurrentOperationCount



dispatch_apply(999, q, ^(size_t i){...});



#define CONCURRENT_TASKS 4 
sema = dispatch_semaphore_create(CONCURRENT_TASKS); 
for (int i = 0; i < 999; i++){ 
    dispatch_async(q, ^{ 
        dispatch_semaphore_signal(sema); 
    }); 
    dispatch_semaphore_wait(sema, DISPATCH_TIME_FOREVER); 
}



I/O



• 


•  I/O  API


• 


•  NSCache  I/O



NSCache







• 


•NSCache 


• - (void)cache:(NSCache *)cache 
willEvictObject:(id)obj;   

 


• evictsObjectsWithDiscardedContent 



NSCache 
NSMutableDictionary

@implementation NSCache 
- (id) init 
{ 
  if (nil == (self = [super init])) 
    { 
      return nil; 
    } 
  _objects = [NSMutableDictionary new]; 
  _accesses = [NSMutableArray new]; 
  return self; 
}



@interface _GSCachedObject : NSObject 
{ 
  @public 
  id object; //cache  
  NSString *key; //  cache  key 
  int accessCount; //  
  NSUInteger cost; //setObject:forKey:cost: 
  BOOL isEvictable; //  
} 
@end



Cache 
- (id) objectForKey: (id)key 
{ 
  _GSCachedObject *obj = [_objects objectForKey: key]; 

  if (nil == obj) 
    { 
      return nil; 
    } 
  if (obj->isEvictable) //  
    { 
      //  obj  access list  
      [_accesses removeObjectIdenticalTo: obj]; 
      [_accesses addObject: obj]; 
    } 
  obj->accessCount++; 
  _totalAccesses++; 
  return obj->object; 
}



Cache 



- (void) setObject: (id)obj forKey: (id)key cost: (NSUInteger)num 
{ 
  _GSCachedObject *oldObject = [_objects objectForKey: key]; 
  _GSCachedObject *newObject; 

  if (nil != oldObject) 
    { 
      [self removeObjectForKey: oldObject->key]; 
    } 
  [self _evictObjectsToMakeSpaceForObjectWithCost: num]; 
  newObject = [_GSCachedObject new]; 
  // Retained here, released when obj is dealloc'd 
  newObject->object = RETAIN(obj); 
  newObject->key = RETAIN(key); 
  newObject->cost = num; 
  if ([obj conformsToProtocol: @protocol(NSDiscardableContent)]) 
    { 
      newObject->isEvictable = YES; 
      [_accesses addObject: newObject]; 
    } 
  [_objects setObject: newObject forKey: key]; 
  RELEASE(newObject); 
  _totalCost += num; 
}



Cache 



// cost  cache  cost 
// _costLimit  totalCostLimit  
if (_costLimit > 0 && _totalCost + cost > _costLimit){ 
 spaceNeeded = _totalCost + cost - _costLimit; 
} 
//  cost  
//  cost 0  
if (count > 0 && (spaceNeeded > 0 || count >= _countLimit))



  
 objects

//_totalAccesses  +1 
NSUInteger averageAccesses = (_totalAccesses / count * 0.2) + 1; 
//accessCount  obj  +1 
if (obj->accessCount < averageAccesses && obj->isEvictable)



NSUInteger cost = obj->cost; 
obj->cost = 0; 
//  
obj->isEvictable = NO; 
//  remove list  
if (_evictsObjectsWithDiscardedContent) 
{ 
    [evictedKeys addObject: obj->key]; 
} 
_totalCost -= cost; 
//  
if (cost > spaceNeeded) 
{ 
    break; 
} 
spaceNeeded -= cost;



- (void) removeObjectForKey: (id)key 
{ 
    _GSCachedObject *obj = [_objects objectForKey: key]; 
     
    if (nil != obj) 
    { 
        [_delegate cache: self willEvictObject: obj->object]; 
        _totalAccesses -= obj->accessCount; 
        [_objects removeObjectForKey: key]; 
        [_accesses removeObjectIdenticalTo: obj]; 
    } 
}



NSCache  SDWebImage 
- (UIImage *)imageFromMemoryCacheForKey:(NSString *)key { 
    return [self.memCache objectForKey:key]; 
} 

- (UIImage *)imageFromDiskCacheForKey:(NSString *)key { 

    //  NSCache  
    UIImage *image = [self imageFromMemoryCacheForKey:key]; 
    if (image) { 
        return image; 
    } 

    //  
    UIImage *diskImage = [self diskImageForKey:key]; 
    if (diskImage && self.shouldCacheImagesInMemory) { 
        NSUInteger cost = SDCacheCostForImage(diskImage); 
        [self.memCache setObject:diskImage forKey:key cost:cost]; 
    } 

    return diskImage; 
}



 App  Wake 



• 


• VoIP  Standby 



• startUpdatingLocation


•
allowDeferredLocationUpdatesUntilTraveled: timeout:


•
startMonitoringSignificantLocationChanges


• startMonitoringForRegion:(CLRegion *)





•  CPU 


• 


•  QoS


•  CPU  idle 



?





•  CFRunLoopObserverCreate 


•  CFRunLoopActivity 


•  CFRunLoopAddObserver  
CFRunLoopGetMain()  Runloop  
kCFRunLoopCommonModes 


• 


•  Runloop  BeforeSources  AfterWaiting 



 





task_threads 

thread_act_array_t threads; //int  thread[1] = 5635 
mach_msg_type_number_t thread_count = 0; //mach_msg_type_number_t  int  
const task_t this_task = mach_task_self(); //int 
//  task  
kern_return_t kr = task_threads(this_task, &threads, &thread_count);



thread_info  

if (thread_info((thread_act_t)thread, THREAD_BASIC_INFO, (thread_info_t)threadInfo, 
&threadInfoCount) == KERN_SUCCESS) { 
    threadBasicInfo = (thread_basic_info_t)threadInfo; 
    if (!(threadBasicInfo->flags & TH_FLAGS_IDLE)) { 
        threadInfoSt.cpuUsage = threadBasicInfo->cpu_usage / 10; 
        threadInfoSt.userTime = threadBasicInfo->system_time.microseconds; 
    } 
}



thread_get_state 

_STRUCT_MCONTEXT machineContext; //  
//  thread_get_state  machineContext  thread  
mach_msg_type_number_t state_count = smThreadStateCountByCPU(); 
kern_return_t kr = thread_get_state(thread, smThreadStateByCPU(), 
(thread_state_t)&machineContext.__ss, &state_count);



//  
typedef struct SMStackFrame { 
    const struct SMStackFrame *const previous; 
    const uintptr_t return_address; 
} SMStackFrame; 

SMStackFrame stackFrame = {0}; 
//  
const uintptr_t framePointer = smMachStackBasePointerByCPU(&machineContext); 
if (framePointer == 0 || smMemCopySafely((void *)framePointer, &stackFrame, 
sizeof(stackFrame)) != KERN_SUCCESS) { 
    return @"Fail frame pointer"; 
} 
for (; i < 32; i++) { 
    buffer[i] = stackFrame.return_address; 
    if (buffer[i] == 0 || stackFrame.previous == 0 || smMemCopySafely(stackFrame.previous, 
&stackFrame, sizeof(stackFrame)) != KERN_SUCCESS) { 
        break; 
    } 
}





 mach_header  slide 
 ASLR 

//  image  mach_header 
const struct mach_header* machHeader = _dyld_get_image_header(idx); 
//  image_index  image  slide  image_index 

0 
//  image image 

 image  slide  
const uintptr_t imageVMAddressSlide = (uintptr_t)_dyld_get_image_vmaddr_slide(idx); 
//https://en.wikipedia.org/wiki/Address_space_layout_randomization 
const uintptr_t addressWithSlide = address - imageVMAddressSlide;



//LC_SYMTAB  __LINKEDIT segment  
if (loadCmd->cmd == LC_SYMTAB) { 
    //  
    const struct symtab_command* symtabCmd = (struct symtab_command*)cmdPointer; 
    const nlistByCPU* symbolTable = (nlistByCPU*)(segmentBase + symtabCmd->symoff); 
    const uintptr_t stringTable = segmentBase + symtabCmd->stroff;



//  __LINKEDIT segment 
 

uintptr_t symbolBase = symbolTable[iSym].n_value; 
uintptr_t currentDistance = addressWithSlide - symbolBase; 
//  bestDistance  addressWithSlide 

 
//  addressWithSlide  
if ((addressWithSlide >= symbolBase) && (currentDistance <= bestDistance)) { 
    bestMatch = symbolTable + iSym; 
    bestDistance = currentDistance; 
}





• 


•  100ms 







• hook objc_msgSend 
facebook  fishhook https://github.com/facebook/
fishhook


• InspectiveC 
https://github.com/DavidGoldman/InspectiveC


•







CallRecord
typedef struct CallRecord_ { 
  id obj;   //object_getClass  Class 
NSStringFromClass  
  SEL _cmd; //  NSStringFromSelector 

 
  uintptr_t lr; 
  int prevHitIndex; 
  char isWatchHit; 
} CallRecord;



ThreadCallStack

typedef struct ThreadCallStack_ { 
  CallRecord *stack; 
  int allocatedLength; 
  int index; //index  
… 

} ThreadCallStack;



 
ThreadCallStack



static inline ThreadCallStack * 
getThreadCallStack() { 
  ThreadCallStack *cs = (ThreadCallStack 
*)pthread_getspecific(threadKey); //  
  if (cs == NULL) { 
    cs = (ThreadCallStack 
*)malloc(sizeof(ThreadCallStack)); 
    ... 
    cs->stack = (CallRecord 
*)calloc(DEFAULT_CALLSTACK_DEPTH, 
sizeof(CallRecord)); //  CallRecord  
    ... 
    pthread_setspecific(threadKey, cs); //  
  } 
  return cs; 
}



//  
static inline void pushCallRecord(id obj, uintptr_t lr, SEL _cmd, ThreadCallStack *cs) { 
  int nextIndex = (++cs->index); //  
  if (nextIndex >= cs->allocatedLength) { 
    cs->allocatedLength += CALLSTACK_DEPTH_INCREMENT; 
    cs->stack = (CallRecord *)realloc(cs->stack, cs->allocatedLength * sizeof(CallRecord)); 
    cs->spacesStr = (char *)realloc(cs->spacesStr, cs->allocatedLength + 1); 
    memset(cs->spacesStr, ' ', cs->allocatedLength); 
    cs->spacesStr[cs->allocatedLength] = '\0'; 
  } 
  CallRecord *newRecord = &cs->stack[nextIndex]; 
  newRecord->obj = obj; 
  newRecord->_cmd = _cmd; 
  newRecord->lr = lr; 
  newRecord->isWatchHit = 0; 
} 
//  
static inline CallRecord * popCallRecord(ThreadCallStack *cs) { 
  return &cs->stack[cs->index--]; //  
}



objc_msgSend  



•  pushCallRecord  
popCallRecord


•  c 



• x0 x1 
 _cmd


•  lr  x1  
pushCallRecord  objc_msgSend

 popCallRecord 



Hook msgsend 



• dyld  Mach-O  __DATA segment 
 lazy  non-lazy 


•  rebind_symbol 



 dyld
//  dyld  image  image header  slide

 callback  
if (!_rebindings_head->next) { 
    _dyld_register_func_for_add_image(_rebind_symbols_for_image); 
} else { 
    uint32_t c = _dyld_image_count(); 
    for (uint32_t i = 0; i < c; i++) { 
        _rebind_symbols_for_image(_dyld_get_image_header(i), 
_dyld_get_image_vmaddr_slide(i)); 
    } 
}



 Command
segment_command_t *cur_seg_cmd; 
segment_command_t *linkedit_segment = NULL; 
struct symtab_command* symtab_cmd = NULL; 
struct dysymtab_command* dysymtab_cmd = NULL; 

uintptr_t cur = (uintptr_t)header + sizeof(mach_header_t); 
for (uint i = 0; i < header->ncmds; i++, cur += cur_seg_cmd->cmdsize) { 
    cur_seg_cmd = (segment_command_t *)cur; 
    if (cur_seg_cmd->cmd == LC_SEGMENT_ARCH_DEPENDENT) { 
        if (strcmp(cur_seg_cmd->segname, SEG_LINKEDIT) == 0) { 
            linkedit_segment = cur_seg_cmd; 
        } 
    } else if (cur_seg_cmd->cmd == LC_SYMTAB) { 
        symtab_cmd = (struct symtab_command*)cur_seg_cmd; 
    } else if (cur_seg_cmd->cmd == LC_DYSYMTAB) { 
        dysymtab_cmd = (struct dysymtab_command*)cur_seg_cmd; 
    } 
}



 base  indirect 

//  base  
uintptr_t linkedit_base = (uintptr_t)slide + linkedit_segment->vmaddr - 
linkedit_segment->fileoff; 
nlist_t *symtab = (nlist_t *)(linkedit_base + symtab_cmd->symoff); 
char *strtab = (char *)(linkedit_base + symtab_cmd->stroff); 

//  indirect (array of uint32_t indices into symbol table) 
uint32_t *indirect_symtab = (uint32_t *)(linkedit_base + dysymtab_cmd-
>indirectsymoff);





uint32_t *indirect_symbol_indices = indirect_symtab + section-
>reserved1; 
void **indirect_symbol_bindings = (void **)((uintptr_t)slide + section-
>addr); 
for (uint i = 0; i < section->size / sizeof(void *); i++) { 
    uint32_t symtab_index = indirect_symbol_indices[i]; 
    ... 
    uint32_t strtab_offset = symtab[symtab_index].n_un.n_strx; 
    char *symbol_name = strtab + strtab_offset; 
    ... 
    struct rebindings_entry *cur = rebindings; 
    while (cur) { 
        for (uint j = 0; j < cur->rebindings_nel; j++) { 
            if (strcmp(&symbol_name[1], cur->rebindings[j].name) == 0) { 
                if (cur->rebindings[j].replaced != NULL && 
                    indirect_symbol_bindings[i] != cur-
>rebindings[j].replacement) { 
                    *(cur->rebindings[j].replaced) = indirect_symbol_bindings[i]; 
                } 
                indirect_symbol_bindings[i] = cur->rebindings[j].replacement; 
                goto symbol_loop; 
            } 
        } 
        cur = cur->next; 
    } 
symbol_loop:;



• 


• GCD 


• I/O 


•  Wake 


•



Thanks

• Slides demo https://github.com/ming1016/DecoupleDemo


• Slides https://ming1016.github.io/2017/06/20/deeply-
ios-performance-optimization/


• @ 


• https://ming1016.github.io

https://github.com/ming1016/DecoupleDemo
https://ming1016.github.io

