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HOtSpPOts

. @ Instruments2

‘ | B iPad (9.0) ) /) Graphasaurus.app Run 1 of 1 00:00:25

All Cores All Processes [/ Threads

Details = Call Tree Call Tree -[TGNViewModelV1 buildPath:intersectingViewRect:]

elementFound = [iterator getNextElement:&modelElement];
if (elementFound) {
// Calculate the bar dimensions 1in view space.
const CGFloat pathRectHeight = MIN(modelElement.value * _pointsPerValue,
_viewRect.size.height);

pathCount++;

// Move to the next point that will hit the next nano.




Time Profiler
HOtSpPOts

. Instruments2

S ——

‘ | B iPad (9.0) ) /A Graphasaurus.app Run 1 of 1 00:00:25

All Cores All Processes [ Threads

> CPU Usage

® Details = Call Tree Call Tree Wl -[TGNViewModelV1 buildPath:intersectingViewRect:]

I Ca @ %
elementFound = [iterator getNextElement:&modelElement]; ® 0.9%
if (elementFound) { O 01%
// Calculate the bar dimensions 1in view space.
const CGFloat pathRectHeight = MIN(modelElement.value * _pointsPerValue,
_viewRect.size.height);

O 0.3%
92.2%
6.3%

pathCount++;

// Move to the next point that will hit the next nano.




Time Profiler
Call Trees

il B iPad (9.0) ) ) Graphasaurus.app

All Cores All Processes [/ Threads

CPU Usage

Details = Call Tree Call Tree

Running Timev Self (ms) Symbol Name
L4II.VIIIO “4/7.970 V.V ‘

2494.0ms 47.2% 0.0 |
2493.0ms 47.2% 0.0 |
2492.0ms 47.2% 0.0 |
2492.0ms 47.2% 0.0 |
2490.0ms 47.2% 0.0 |
2490.0ms 47.2% oo
2490.0ms 47.2%
2483.0ms 470%
2302.0ms 43.6% 210 4
2206.0ms 41.8% 44.0 ;;f‘-f—,-f“-
1486.0ms 28.1% 0.0 [
967.0ms 18.3% 8.0 [
952.0ms 18.0% 116.0 [z
716.0ms 13.5% 15.0 | iy
670.0ms 12.7% 21.0 |[(i;

Instruments?2

Run 1 of 1 00:00:25

v _UIDCOoOLUICRCLUyl L Upuadle

_UlGestureRecognizerRemoveObjectsFromArrayAndApplyBlocks
___UlGestureRecognizerUpdate_block_invoke720 |
V-[UIGestureRecognizer _updateGestureWithEvent:buttonEvent:]
Vv_UlGestureRecognizerSendActions
v_UlGestureRecognizerSendTargetActions
v-[ViewController handlePanGesture:]
7 -[ViewController _updateViews] »
V-[TGNViewModelV1 buildPath: mtersectlngvlewRect] Graphasaurus @
v CGPathMoveToPoint phic
v CG::Path::Sequence::move_to_point(CGPoint const&, CGAffineTransform const*) 5ra :
7void std::_1::vector<CG::Path::Subpath, CG::Allocator<CG::Path::Subpath> >::_ push_ back slow_path<CG::Path::Subp:s
Vstd::_ 1::vector<CG::Path::Subpath, CG::Allocator<CG::Path::Subpath> >::_ swap_out_circular_buffer(std::_1::_ split_b
vstd::_ 1::list<CG::Chunk, CG::Allocator<CG::Chunk> >::list(std::_ 1::list<CG::Chunk, CG::Allocator<CG::Chunk> > cor
7Xx_malloc
Ymagazine_alloc_
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Call Trees

Instruments?2

B iPad (9.0) ) /A Graphasaurus.app Run 1 of 1 00:00:25

All Cores All Processes /| Threads

2 CPU Usage

Details = Call Tree Call Tree

Running Timev Self (ms) Symbol Name
LI I. VIO ~“4/.9/70 V.U | 7 v _UIUCD(UICT\C\;UUIIILCI Upualc INIL

2494.0ms 47.2% 0.0 v _UlGestureRecognizerRemoveObjectsFromArrayAndApplyBlocks
2493.0ms 47.2% 0.0 [0} v__UlGestureRecognizerUpdate_block_invoke720 UIKit
2492.0ms 47.2% 0.0 [} V-[UlGestureRecognizer _updateGestureWithEvent:buttonEvent:]
2492.0ms 47.2% 0.0 [ V¥_UlGestureRecognizerSendActions

2490.0ms 47.2% 0.0 v_UlGestureRecognizerSendTargetActions UlKit

2490.0ms 47.2% 0.0 v -[ViewController handlePanGesture:] Graphasaurus
2490.0ms 47.2% 0.0 V-[ViewController _updateViews] Graphasaurus

2302.0ms 43.6% 21.0 CGPathMoveToPoint

2206.0ms 41.8% 44.0 | CG::Path::Sequence::move_to_point(CGPoint const&, CGAffineTransform const*)

1486.0ms 28.1% 0.0 5 Vvoid std::_ 1::vector<CG::Path::Subpath, CG::Allocator<CG::Path::Subpath> >::_ _push_back_slow_path<CG::Path::Subps
967.0ms 18.3% 8.0 |'s Vstd::_1::vector<CG::Path::Subpath, CG::Allocator<CG::Path::Subpath> >::__swap_out_circular_buffer(std::_1::__split_b
952.0ms 18.0% ¢ Vstd::_1:list<CG::Chunk, CG::Allocator<CG::Chunk> >:list(std::_1:list<CG::Chunk, CG::Allocator<CG::Chunk> > cor
716.0ms 13.5% (e vx_malloc
670.0ms 12.7% ¢ ¥magazine_alloc_
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Time profiling in depth

Motivation
Demonstrations/Insights

Final tips
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Creating Instruments /

Look and feel
New graphing styles

Faster rendering




Creating Instruments /
Track View

. @ Instruments2

. il B iPad (9.0) ) ) Graphasaurus.app Run 1 of 1 00:00:25

All Cores All Processes [/ Threads

Details = Call Tree Call Tree -[TGNViewModelV1 buildPath:intersectingViewRect:]

elementFound = [iterator getNextElement:&modelElement];
if (elementFound) {
// Calculate the bar dimensions 1n view space.
const CGFloat pathRectHeight = MIN(modelElement.value *x _pointsPerValue,
_viewRect.size.height);

pathCount++;

// Move to the next point that will hit the next nano.




Creating Instruments /
Track View

® @ Instruments?2
. il B iPad (9.0) ) /A Graphasaurus.app Run 1 of 1 00:00:25

All Cores All Processes /| Threads

Details = Call Tree Call Tree -[TGNViewModelV1 buildPath:intersectingViewRect:]
I Cm & %
elementFound = [iterator getNextElement:&modelElement]; © 0.9%
if (elementFound) { O 01%
// Calculate the bar dimensions in view space.
const CGFloat pathRectHeight = MIN(modelElement.value * _pointsPerValue,
_viewRect.size.height);

O 0.3%

0 92.2%

O 63%
pathCount++;

// Move to the next point that will hit the next nano.




Creating Instruments /
geivelsYiellale

Z Group Plane

i] Test Interval Events 2

Test Interval Stacked

Test Interval States |

l Test Interval Bars

Test Controls

Scale

Start Plane Dance




Creating Instruments /
Integration

nstruments3

i iPhone (60) (9.0) » [ Weather.app Run 1of1 00:00:09

All Events

PP pthread_start 0x20ed7

| Weather (399)

P Main Thread 0x20e74

Weather (399)

PP _pthread_wagthread 0x20ed8

Weather (399)

P pthread_start 0x20eda

Weather (399)

PPN __thread_selfid 0x20ea2

| Weather (399)

P __thread_selfid 0x20ead

Weather (399)

P __thread_selfid 0x20ea3

| Weather (399)

P _ thread_selfid 0x20ea5

Weather (399)

P __thread_selfid 0x20ea6

| Weather (399)

P pthread_wagthread 0x20ed9

Weather (399)

PP __thread_selfid Ox20eac

| Weather (399)

© Details BEH Summary Thread Summary

Thread Interval Juration Time Division Ratios Running CPU Avag CPU Min CPI Aax CPl

* All Threads * 107,052 g 134 s 15.57 us 4.42 ms
Main Thread 0x20e74 41,239 02s 726.16 ms 2213 uys 4.42 ms
__thread_selfid 0x20ea2 4197 ; 1418 ms 5.54 uys 60.29 ys
__thread_selfid 0x20ea3 3,456 ; 19.36 ms 7.74 us 615.17 us
__thread_selfid 0x20eab 12,117 ; 96.897 ms 9.47 us 356.00 ys
__thread_selfid 0x20ea6b 15,374 ; 125.00 ms 955 us 557.62 uys
__thread_selfid 0x20eac 23,540 79s 28597 ms 14.43 uys 978.83 us
__thread_selfid 0x20ead 951 76 s 6.53 ms 9.86 us 322.83 uys
_pthread_start 0x20ed?7 2,378 : 25.72 ms 15.67 uys 347.88 us
_pthread_start 0x20eda 910 i 3.39 ms 6.05 uys 53.92 ys
_pthread_wagtnread 0x20ed8 2,854 : 31.63 ms 17.41 uys 200.67 us
_pthread_wgthread 0x20ed8 36 : 206.42 ys 7.64 us 28.75 ys




Grapnasaurus
All the other cool names were taken




Grapnasaurus
Requirements

100,000 data points
60 fps

iIPad Mini 1st Generation




Demo
Getting starteo



Time Profiler
Missing stack frames

. @ Instruments4
‘ il B iPad (9.0) ) /\ Graphasaurus.app Run 1 of 1 00:00:36

All Cores All Processes /| Threads

CPU Usage

Details = Call Tree Call Tree [_—[Cﬂ] -[TGNGraphView drawRect:]

— (void)dealloc {
CFRelease(_path);
¥

— (void)drawRect: (CGRect)rect {
CGContextRef context = UIGraphicsGetCurrentContext();
CGContextSetStrokeColorWithColor(context, [[UIColor purpleColor] CGColorl]);

CGContextDrawPath(context, kCGPathStroke);
}

#pragma mark — Properties




Backtrace Example
Normal case

— (void) drawRect: (NSRect) rect {
// draw stuff

CGContextDrawPath(_path, kCGStroke);

Return Address Frame Ptr

Return Address Frame Ptr




Backtrace Example
Normal case

— — (void) drawRect: (NSRect) rect {
// draw stuff

CGContextDrawPath(_path, kCGStroke);

Return Address Frame Ptr

Return Address Frame Ptr




Backtrace Example
N OlNnMa ‘ Cadse Return Address Frame Ptr

—— — (void) drawRect: (NSRect) rect { fp Return Address Frame Ptr

// draw stuff

Return Address Frame Ptr

CGContextDrawPath(_path, kCGStroke);

+0x00 push {r4, r5, r6, fp, Llr}



Backtrace Example
N OlNnMa ‘ Cadse Return Address Frame Ptr

——— (void) drawRect: (NSRect) rect { Return Address Frame Ptr

// draw stuff

Return Address Frame Ptr

CGContextDrawPath(_path, kCGStroke);

+0x00 push {r4, r5, r6, fp, Llr}
+0x02 add fp, sp, #12



Backtrace Example
Normal case

| Return Address Frame Ptr
—— — (void) drawRect: (NSRect) rect {

// draw stuff

. Return Address Frame Ptr
CGContextDrawPath(_path, kCGStroke);

Return Address Frame Ptr

+0x00 push {r4, r5, r6, fp, Llr}
+0x02 add fp, sp, #12
+0x04 sub sp, #1380



Backtrace Example
Normal case

— — (void) drawRect: (NSRect) rect {
// draw stuff

CGContextDrawPath(_path, kCGStroke);

fo—

Return Address Frame Ptr

Return Address Frame Ptr

Return Address Frame Ptr

Return Address Frame Ptr




Backtrace Example
Normal case

— (void) drawRect: (NSRect) rect {
// draw stuff

CGContextDrawPath(_path, kCGStroke);

fo—

Return Address Frame Ptr

Return Address Frame Ptr

Return Address Frame Ptr

Return Address Frame Ptr




Backtrace Example
Normal case

— (void) drawRect: (NSRect) rect {
// draw stuff

CGContextDrawPath(_path, kCGStroke);

fp—

Return Address Frame Ptr

Return Address Frame Ptr

Return Address Frame Ptr

Return Address Frame Ptr

Return Address Frame Ptr




Backtrace Example
Normal case

— (void) drawRect: (NSRect) rect {
// draw stuff

CGContextDrawPath(_path, kCGStroke);

fp—

Return Address Frame Ptr

Return Address Frame Ptr

Return Address Frame Ptr

Return Address Frame Ptr

Return Address Frame Ptr




Backtrace Example
Normal case

— (void) drawRect: (NSRect) rect {
// draw stuff

CGContextDrawPath(_path, kCGStroke);

-fomit-frame-pointer

fp—

Return Address Frame Ptr

Return Address Frame Ptr

Return Address Frame Ptr

Return Address Frame Ptr

Return Address Frame Ptr




Backtrace Example
Normal case

— (void) drawRect: (NSRect) rect {
// draw stuff

CGContextDrawPath(_path, kCGStroke);

@ -fomit-frame-pointer

fp—

Return Address Frame Ptr

Return Address Frame Ptr

Return Address Frame Ptr

Return Address Frame Ptr

Return Address Frame Ptr




—

Backtrace Example
Optimized case

— (void) drawRect: (NSRect) rect {
// draw stuff

CGContextDrawPath(_path, kCGStroke);

Return Address Frame Ptr

fo —

Return Address Frame Ptr

Return Address Frame Ptr

Return Address Frame Ptr




Backtrace Example
Optimized case

— (void) drawRect: (NSRect) rect {
// draw stuff

CGContextDrawPath(_path, kCGStroke);
pop stack frame

restore fp

jump back to caller

Return Address Frame Ptr

fo —

Return Address Frame Ptr

Return Address Frame Ptr

Return Address Frame Ptr




Backtrace Example
Optimized case

— (void) drawRect: (NSRect) rect {
// draw stuff

pop stack frame

restore fp

CGContextDrawPath(_path, kCGStroke);
jump back to caller

Return Address Frame Ptr

fo —

Return Address Frame Ptr

Return Address Frame Ptr

Return Address Frame Ptr




Backtrace Example
Optimized case

— (void) drawRect: (NSRect) rect {
// draw stuff

pop stack frame
restore fp
CGContextDrawPath(_path, kCGStroke);

Return Address Frame Ptr

fo —

Return Address Frame Ptr

Return Address Frame Ptr

Return Address Frame Ptr




—

Backtrace Example
Optimized case

— (void) drawRect: (NSRect) rect {
// draw stuff

pop stack frame
restore fp
CGContextDrawPath(_path, kCGStroke);

Return Address Frame Ptr

fo —

Return Address Frame Ptr

Return Address Frame Ptr

Return Address Frame Ptr

+0x68 add sp, #1860



—

Backtrace Example
Optimized case

— (void) drawRect: (NSRect) rect {
// draw stuff

pop stack frame
restore fp
CGContextDrawPath(_path, kCGStroke);

Return Address Frame Ptr
fo —

Return Address Frame Ptr

Return Address Frame Ptr

+0x68 add sp, #1860
+@x72 pop.w {r4, r5, r6, fp, lr}



—

Backtrace Example
Optimized case

— (void) drawRect: (NSRect) rect {
// draw stuff

pop stack frame
restore fp
CGContextDrawPath(_path, kCGStroke);

Return Address Frame Ptr

fo —

Return Address Frame Ptr

Return Address Frame Ptr

Return Address Frame Ptr

+0x68 add sp, #1860
+0x72 pop.w 1r4, r5, r6, fp, Llr}
+0x76 b.w "CGContextDrawPath$shim"



—

Backtrace Example
Optimized case

— (void) drawRect: (NSRect) rect {
// draw stuff

pop stack frame
restore fp
CGContextDrawPath(_path, kCGStroke);

Return Address Frame Ptr

fo —

Return Address Frame Ptr

Return Address Frame Ptr

Return Address Frame Ptr

+0x68 add sp, #1860
+0x72 pop.w 1r4, r5, r6, fp, Llr}
+0x76 b.w "CGContextDrawPath$shim"
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Tail Call Elimination
Benefits

Saves stack memory

Keeps caches hot



Tail Call Elimination
Benefits

Saves stack memory
Keeps caches hot

Best for recursive function tail calls



Tail Call Elimination
Disapling

CFLAGS="-fno—-optimize-sibling—calls"



Call Semantics

ARM (32-Dit)
- Branch and Link instruction (b 1)
| Caller:
- Sets"Lr”"to next address and jJumps +0x174 blx  "CGContextDrawPath $shim”
- Tail Calls use simple branches (b)
Caller:

+0x174 b.w "CGContextDrawPath $shim”



Demo
Going further
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objc_msgSend
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objc_msgSend

NSString xstring = @"Hello";
NSUInteger len = [string length]; // or string.length
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NSUInteger len = [string length]; // or string.length
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Invokes the method

Fast and highly optimized



Opjective-C Runtime
objc_msgSend

NSString xstring = @"Hello";
NSUInteger len = [string length]; // or string.length

Looks up the method implementation for a selector
Invokes the method
Fast and highly optimized

Does not push a stack frame
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Required when
- Invoking methods on classes and objects

» Accessing properties
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Method caching not as fast as inlining



Opjective-C Runtime
objc_msgSend

Required when

- Invoking methods on classes and objects
» Accessing properties

Method caching not as fast as inlining
Alternatives

- Cfunctions

+ Objective-C++ (including STL)
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Performance

Only dynamic when it needs to be

Classes can be internal



Swift

Performance

Only dynamic when it needs to be
Classes can be internal

Whole module optimization



Demo
Going further



Time Profiler
Going further



Time Profiler
Going further

10

Q & ®

Time Profiling

I\/\Ore Opt|ons tO exp‘Ore Record Waiting Threads
Callstacks
+ Record Waiting Threads O User

Kernel
User & Kernel




Time Profiler
Going further

More options to explore
» Record Waiting Threads

- |nvert Call Tree

© & ©®

Track Display
Style CPU Usage

Sample Perspective

© All Sample Counts
Running Sample Times

Call Tree
Separate by Thread

Invert Call Tree
Hide System Libraries
Flatten Recursion

Top Functions



Time Profiler
Going further

I\/\Ore OptIOﬂS tO exp‘ore Charge '-[TGNGraphView drawRect:]' to callers

Prune '-[TGNGraphView drawRect:]' and subtrees
Charge 'Graphasaurus' to callers

° RGCOrd Wa|t| ﬂg Th readS Flatten '‘Graphasaurus' to boundary frames

- Invert Call Tree o s

Focus on calls made by '-[TGNGraphView drawRect:]'

Focus on callers of '-[TGNGraphView drawRect:]'

* Data I\/\ 181 ﬂg Focus on calls made by '‘Graphasaurus’

Focus on callers of '‘Graphasaurus'

Reveal in Xcode
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Time Profiling in Depth

| essons learned

Incorporate performance targets early
Always measure

Keep digging



More Information

Swift Language Documentation
http://developerapple.com/swift

Apple Developer Forums

http://developerapple.com/forums

Stefan Lesser
Developer Tools Evangelist
slesser@apple.com



mailto:slesser@apple.com

Related Sessions

Debugging Energy Issues Nob Hill Wednesday10:00AM

Performance on iOS and watchOS Presidio Friday11:00AM



Related Laps

Instruments and Debugging Lab Developer Tools Lab B Friday 9:00AM
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