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Workflow Improvements
From recording to data mining
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Record Options

Refining recording behavior
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Refining recording behavior
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Record Options

Refining recording behavior
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Record Options

Refining recording behavior

Instruments Preferences

Display = Quick Start  DTrace Dock Profiling Search Paths

Tracing behavior: i i
Deferred Mode l Always use deferred mode

Set deferred mode

as the defaults for Startup preferences:

all new recordlngs Saving: @1 Save current run only
@1 Compress run data

Suppress template chooser

Default document location: | [ ] Default Temporary Directory 3

Toggle Front Document Trace: ~D

Active Processor Cores ( 8): @T Hardware Multi-Threading
8

Modifications to the 'Active Processor Cores' preferences will persist until the
system is rebooted, or until the preferences are changed again.




Record Options

Refining recording behavior

Instruments Preferences

Display = Quick Start  DTrace Dock Profiling Search Paths

Tracing behavior: Monitor all spins
Always use deferred mode

Startup preferences: Suppress template chooser

Saving: @1 Save current run only
@1 Compress run data

Default document location: | [ ] Default Temporary Directory 3

Toggle Recording Toggle Front Document Trace: ~D )
Start/Stop recording of
front-most trace document Active Processor Cores ( 8): (¥ Hardware Multi-Threading

8

Instruments may be Modifications to the 'Active Processor Cores' preferences will persist until the
in baCkg round system is rebooted, or until the preferences are changed again.




Record Options

Refining recording behavior

Instruments Preferences

Display = Quick Start  DTrace Dock Profiling Search Paths

Tracing behavior: Monitor all spins
Always use deferred mode

Startup preferences: Suppress template chooser

Saving: @1 Save current run only
@1 Compress run data

Default document location: | [ ] Default Temporary Directory 3

Toggle Front Document Trace: ~D

Toggle Hardware Threading Active Processor Cores ( 8): (¥ Hardware Multi-Threading )
Turns hyper-threading on or ~r
off for supported systems

Modifications to the 'Active Processor Cores' preferences will persist until the
system is rebooted, or until the preferences are changed again.




Record Options

Refining recording behavior

Instruments Preferences

Active Processor Cores

Display = Quick Start  DTrace Dock Profiling Search Paths

Tracing behavior: Monitor all spins

Always use deferred mode
Startup preferences: Suppress template chooser

Saving: @1 Save current run only
@1 Compress run data

Default document location: | [ ] Default Temporary Directory 3

Toggle Front Document Trace: ~D

Active Processor Cores ( 8): @T Hardware Multi-Threading

Reduce the number of
active cores on the
Mac OS X system

( ot

Modifications to the 'Active Processor Cores' preferences will persist until the
system is rebooted, or until the preferences are changed again.
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Track Gestures
Working with high-resolution traces
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Track Gestures

Working with high-resolution traces
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Sample Perspective

Call Tree
Separate by Thread

Running (Self)w
3484.0ms 51.4%
2045.0ms 30.1%

660.0ms 9.7%

367.0ms 5.4%

<4 Time Profiler $ ) = Call Tree $ ) Call Tree

Symbol Name
Terminal (774)
find (29064)
WindowServer (106)
mach_kernel (0)

# Invert Call Tree 51.0ms 0.7% Instruments (28958)
Hide Missing Symbols 42.0ms 0.6% hidd (82)
Hide System Libraries 32.0ms 0.4% Preview (28813)
Show Obj-C Only 19.0ms 0.2% iCal (633)
Flatten Recursion 18.0ms 0.2% Dock (148)
10 N oo 174 m. Le £12°N
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Zoom In

Shift + Mouse Drag
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4 Time Profiler $ )= Call Tree $ ) Call Tree =
Sample Perspective Running (Self)w Symbol Name
3484.0ms 51.4% Terminal (774)
2045.0ms 30.1% find (29064)
Call Tree 660.0ms 9.7% WindowServer (106)
Separate by Thread 367.0ms 5.4% mach_kernel (0)
# Invert Call Tree 51.0ms 0.7% Instruments (28958)
Hide Missing Symbols 42.0ms  0.6% hidd (82)
Hide System Libraries 32.0ms 0.4% Preview (28813)
Show Obj-C Only 19.0ms 0.2% iCal (633)

= e e 18.0ms 0.2% Dock (148)
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Zoom In

Shift + Mouse Drag
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4 Time Profiler $ )= Call Tree $ ) Call Tree =
Sample Perspective Running (Self)w Symbol Name
3484.0ms 51.4% Terminal (774)
2045.0ms 30.1% find (29064)
Call Tree 660.0ms 9.7% WindowServer (106)
Separate by Thread 367.0ms 5.4% mach_kernel (0)
# Invert Call Tree 51.0ms 0.7% Instruments (28958)
Hide Missing Symbols 42.0ms  0.6% hidd (82)
Hide System Libraries 32.0ms 0.4% Preview (28813)
Show Obj-C Only 19.0ms 0.2% iCal (633)
Flatten Recursion 18.0ms 0.2% Dock (148)
100 oo 174 . Le £12°N
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Zoom Out

Control + Mouse Drag

® O 0 Instruments
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Zoom Out : 4.83 ms/pixel
Duration : 1.00 sec
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<4 Time Profiler
Sample Perspective

Call Tree
Separate by Thread

= Call Tree % ) Call Tree

Running (Self)w
3484.0ms 51.4%
2045.0ms 30.1%

660.0ms 9.7%

367.0ms 5.4%

Symbol Name
Terminal (774)
find (29064)
WindowServer (106)
mach_kernel (0)

# Invert Call Tree 51.0ms 0.7% Instruments (28958)
Hide Missing Symbols 42.0ms 0.6% hidd (82)
Hide System Libraries 32.0ms 0.4% Preview (28813)
Show Obj-C Only 19.0ms 0.2% iCal (633)
Flatten Recursion 18.0ms 0.2% Dock (148)
100 oo 174 m. Le £12°N
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Zoom Out

Control + Mouse Drag
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Sample Perspective

Call Tree
Separate by Thread

Running (Self)w
3484.0ms 51.4%
2045.0ms 30.1%

660.0ms 9.7%

367.0ms 5.4%

<4 Time Profiler $ ) = Call Tree $ ) Call Tree

Symbol Name
Terminal (774)
find (29064)
WindowServer (106)
mach_kernel (0)

# Invert Call Tree 51.0ms 0.7% Instruments (28958)
Hide Missing Symbols 42.0ms 0.6% hidd (82)
Hide System Libraries 32.0ms 0.4% Preview (28813)
Show Obj-C Only 19.0ms 0.2% iCal (633)
Flatten Recursion 18.0ms 0.2% Dock (148)
10 N oo 174 m. Le £12°N
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Snap Track to Fit

Control + Command + Z
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4 Time Profiler $ )= Call Tree $ ) Call Tree =
Sample Perspective Running (Self)w Symbol Name
3484.0ms 51.4% Terminal (774)
2045.0ms 30.1% find (29064)
Call Tree 660.0ms 9.7% WindowServer (106)
Separate by Thread 367.0ms 5.4% mach_kernel (0)
# Invert Call Tree 51.0ms 0.7% Instruments (28958)
Hide Missing Symbols 42.0ms  0.6% hidd (82)
Hide System Libraries 32.0ms 0.4% Preview (28813)
Show Obj-C Only 19.0ms 0.2% iCal (633)
Flatten Recursion 18.0ms 0.2% Dock (148)
100 oo 174 . Le £12°N
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Snap Track to Fit

Control + Command + Z
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<4 Time Profiler
Sample Perspective

Call Tree
Separate by Thread

= Call Tree %
Running (Self)w

3484.0ms 51.4%

2045.0ms 30.1%
660.0ms 9.7%
367.0ms 5.4%

Call Tree
Symbol Name
Terminal (774)
find (29064)
WindowServer (106)
mach_kernel (0)

# Invert Call Tree 51.0ms 0.7% Instruments (28958)
Hide Missing Symbols 42.0ms 0.6% hidd (82)
Hide System Libraries 32.0ms 0.4% Preview (28813)
Show Obj-C Only 19.0ms 0.2% iCal (633)
Flatten Recursion 18.0ms 0.2% Dock (148)
10 N oo 174 m. Le £12°N
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Select Time Range

Option + Mouse Drag

® O 0 Instruments
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<4 Time Profiler
Sample Perspective

Call Tree
Separate by Thread

IOC 0

= Call Tree %
Running (Self)w

3484.0ms 51.4%

2045.0ms 30.1%
660.0ms 9.7%
367.0ms 5.4%

Call Tree
Symbol Name
Terminal (774)
find (29064)
WindowServer (106)
mach_kernel (0)

# Invert Call Tree 51.0ms 0.7% Instruments (28958)
Hide Missing Symbols 42.0ms 0.6% hidd (82)
Hide System Libraries 32.0ms 0.4% Preview (28813)
Show Obj-C Only 19.0ms 0.2% iCal (633)
Flatten Recursion 18.0ms 0.2% Dock (148)
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Select Time Range

Option + Mouse Drag

Instruments
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4 Time Profiler $ )= Call Tree $ ) Call Tree =
Sample Perspective Running (Self)w Symbol Name
656.0ms 54.5% Terminal (774)
372.0ms 30.9% find (29064)
Call Tree 88.0ms 7.3% WindowServer (106)
Separate by Thread 61.0ms 5.0% mach_kernel (0)
# Invert Call Tree 8.0ms 0.6% hidd (82)
Hide Missing Symbols 5.0ms 0.4% Finder (28750)
Hide System Libraries 4.0ms 0.3% Preview (28813)
Show Obj-C Only 3.0ms 0.2% iCal (633)
Flatten Recursion 2.0ms 0.1% Dock (148)
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Call Tree Data Mining




Data Focusing
Focus call tree to isolate factors

Instruments

\ MIPMap.app DIOILE oo:oo:ig e ‘l:l\\

Target InspectionRange \_______~— ~ ~ = = Run 1of 1 View Library Search

All Cores & All Processes = Jil All Threads v | ||
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& Time Profiler $ )= Call Tree $ ) Call Tree
Sample Perspective Running (Self)w Symbol Name
13446.0ms 35.3% |4 resample_byte_h_4cpp_vector
13446.0ms 35.3% [ resample_band
Call Tree 13446.0ms 35.3% |4 img_interpolate_read
Separate by Thread 13446.0ms 35.3% |* img_data_lock
™ Invert Call Tree 13446.0ms 35.3% [} CGSImageDatalock
Hide Missing Symbols 13446.0ms 35.3% ‘}' ripc_Acquirelmage
Hide System Libraries 13446.0ms 35.3% [} ripc_Drawlmage

Show Obj-C Only 13446.0ms 35.3% [ CGContersnemet
¥ Flatten Recursion mﬂﬂ Charge scalelmage’to callers
Call Tree Constraints 11992.0ms 31.4% __-[lf Prune‘scalelmage’ and subtrees
Specific Data Mining 11992.0ms 31.4% -[P1 Charge ‘MiPMap’ to callers
11992.0ms 31.4%
11992.0ms 31.4%
11992.0ms 31.4% Focus on subtree
11992.0ms 31.4%
1454.0ms  3.8%
1454.0ms 3.8% P§
1454.0ms 3.8% [FY
1454.0ms  3.8%
1454.0ms 3.8% _ _
1454.0ms 3.8% thread_start
4263.0ms 11.1% ‘j' alphaProviderGetBytes

Flatten ‘MiPMap’ to boundary frames pck_invoke_1

Focus on calls made by ‘scaleimage’
Focus on callers of ‘scalelmage’

Focus on callers of ‘MiPMap’ lock invoke 1

Reveal in Xcode




Data Focusing
Focus call tree to isolate relevant subtrees

Charge ‘scalelmage’ to callers

Prune ‘scalelmage’ and subtrees
Charge ‘MiPMap’ to callers

Flatten ‘MiPMap’ to boundary frames

Focus on subtree <«—— Focus on entire tree beneath selected symbol
Focus on calls made by ‘scalelmage’ Used to eliminate noise in call tree

Focus on callers of ‘scalelmage’
Focus on callers of ‘MiPMap’

Reveal in Xcode




Data Focusing
Focus call tree to isolate relevant subtrees

Charge ‘scalelmage’ to callers

Prune ‘scalelmage’ and subtrees
Charge ‘MiPMap’ to callers

Flatten ‘MiPMap’ to boundary frames

Focus on subtree
Focus on calls made by ‘scalelmage’ <«—— Focus on all calls made by symbol
Focus on callers of ‘scalelmage’ Used to identify all calls made by symbol

Focus on callers of ‘MiPMap’

Reveal in Xcode




Data Focusing
Focus call tree to isolate relevant subtrees

Charge ‘scalelmage’ to callers

Prune ‘scalelmage’ and subtrees
Charge ‘MiPMap’ to callers

Flatten ‘MiPMap’ to boundary frames

Focus on subtree
Focus on calls made by ‘scaleimage’

Focus on callers of ‘scalelmage’ <«—— Focus on all callers of selected symbol
Focus on callers of ‘MiPMap’ Useful to identify who all calls the selected symbol

Reveal in Xcode




Data Focusing
Focus call tree to isolate relevant subtrees

Charge ‘scalelmage’ to callers

Prune ‘scalelmage’ and subtrees
Charge ‘MiPMap’ to callers

Flatten ‘MiPMap’ to boundary frames

Focus on subtree
Focus on calls made by ‘scaleimage’
Focus on callers of ‘scalelmage’

Focus on callers of ‘MiPMap’ <«—— Focus on all callers into the selected library
Useful to see who all uses a given library

Reveal in Xcode




Find in Detail Views
Find data without filter out surrounding context

Find
Perform find in all table
and outline detail views
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Instruments
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View Library
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All Processes All Threads v |
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<& Time Profiler

Call Tree
Separate by Thread

™ Invert Call Tree
Hide Missing Symbols
Hide System Libraries
Show Obj-C Only

[ Flatten Recursion
Call Tree Constraints
Specific Data Mining

Y

A L= CallTroo &

Call Treo

# Ignore Case (¥ Auto Expand P ) Q- drawRect

RerrmgSetre

1.0ms
1.0ms
1.0ms
1.0ms
1.0ms
1.0ms
1.0ms
1.0ms
1.0ms
1.0ms
1.0ms
1.0ms
1.0ms
1.0ms
1.0ms
1.0ms
1.0ms
1.0ms
380.0ms

0.U%
0.0% |
0.0% [
0.0% |
0.0% [
0.0% |
0.0% |
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

0.0%

yrTooaTT

ripl_CreateMask
RIPLayerSymmetricConvolve
RIPLayerGaussianBlur
rips_s_Bltimage
ripc_Renderimage
ripc_Drawlmage
CGContextDrawlmage

__-[NSIimageRep drawInRect:fromRect:operation:fraction:respe

-[NSImageRep drawlInRect:fromRect:operation:fraction:respe:

__-[NSImage drawlnRect:fromRect:operation:fraction:respe

-[NSImage _usingBestRepresentationForRect:context:hint

-[NSImage drawInRect:fromRect:operation:fraction:resp

-[NSImage drawlnRect:fromRect:operation:fraction:]
-[NSImage drawAtPoint:fromRect:operation:fraction:
-[ThumbnailView drawRect:]
-[NSView _drawRect:clip:]
xrgh_ycc_convert_sse2
forward_DCT
rgba32_sample_rgba32
s5eCGSConvertXXXX8888MaskPermute

Extended Detail

1 1.0
1.0

1.0

] 1.0

1.0
1.0
1.0
1.0
1.0
1.0
1.0

1.0
1.0
1.0
1.0
1.0
1.0

1.0 _handle

Heaviest Stack Trace
0 ser_trap

gment_split

1.0 __NSFireTimer

1.0 _CFRun

1.0 _CFRun

pDoTimer

1.0 CFRunlLoo

1.0
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Stack Copy

Discontinuous selection with shallow or deep copy

Instruments

WO (Hrmss ] (600 00:00:10 0, | CHNENED ()

Run1lofl

Record Target Inspection Range \ View Library

All Cores All Processes |

Extended Detail
Heaviest Stack Trace Tk~

) resample_byte_h_4cpp_v

mg_data_lock
) CGSIma
pc_Acquirelr
pc_Drawimage
& 446.0 CCContextDrawlmage
E 13446.0 scalelmage
o > [ n 11992.0 _ -[ImageProcessor start...

& Time Profiler $ ) = Call Tree $  Call Tree 11992.0 -[PThreadQueue workLoop]
Sample Perspective Running (Self)w Symbol Name 11992.0 __+[PThreadQueue runLi...
13446.0ms 35.3% [5] wresample_byte_h_4cpp_vector E 11992.0 trampoline
13446.0ms 35.3% | resample_band 0 _pthread_start
Call Tree 13446.0ms 35.3% | vimg_interpolate_read 992.0 Eierart
Separate by Thread 13446.0ms 35.3% [ img_data_lock
™ Invert Call Tree 13446.0ms 35.3% [ CGSImageDataLock
Hide Missing Symbols 13446.0ms 35. . ripc_Acquirelmage
Hide System Libraries 13446.0ms 35.3% [ rripc_Drawlmage

Show Obj-C Only OIS oTEwiTTRY \

P
W Flatten Recursion
Call Tree Constraints ﬂ
Specific Data Mining ¥-[PThreadQueue workLoop] MIPMap
w__+[PThreadQueue runList:atConcurrency:]_block_invoke @

Copy Discontinuous Selection \Si03-meni it : /

. . 11992.0ms 31.4% _pthread_start
Select any combination of rrrveomm—ary \
lines in detail view o B A

'w__+[PThreadQueue runList:atConcurrency:]_block_invoke_1

NEEVIVE.™N R% Ztramnoline J

1454.0ms 3.8% _pthread_start
1454.0ms 3.8% thread_start
4263.0ms 11.1% |1 alphaProviderGetBytes




Stack Copy User Interface

Discontinuous selection with shallow or deep copy

Instruments

(n Q'@' | .1 MIPMap.app : | { oo:00:14o @.J Wil

Run1lofl

4
Record Target Inspection Range \ View Library

All Cores All Processes All Threads

Extended.Detall

Heaviact Stark Traca

Running (Self) Symbol Name

13446.0ms 35.3% scalelmage

11992.0ms 31.4% __-[ImageProcessor startPThreads:]_block_invoke_5
11992.0ms 31.4% ~[PThreadQueue workLoop]

11992.0ms 31.4% __+[PThreadQueue runList:atConcurrency:]_block_invoke_1
Pa Ste 1454.0ms 3.8% __~[ImageProcessor startPThreads:]_block_invoke_2

1454.0ms 3.8% ~[PThreadQueue workLoop]
TeXt Cop|ed |nc|udes 1454.0ms  3.8% __+[PThreadQueue runList:atConcurrency:]_block_invoke_1
all columns and
outline indentation

[ « - (1] D, stazs
& Time Profiler $ ) = Call Tree $  Call Tree 11992.0 -[PThreadQueue workLoop]
Sample Perspective Running (Self)w Symbol Name E 11992.0 __+[PThreadQueue runLi...
13446.0ms 35.3% | rresample_byte_h_4cpp_vector E 11992.0 trampoline
13446.0ms 35.3% |4 resample_band 11992.0 _pthread_start
Call Tree 13446.0ms 35.3% [ img_interpolate_read 11992.0 thread start
Separate by Thread 13446.0ms 35.3% | img_data_lock
™ Invert Call Tree 13446.0ms 35.3% [ CGSIimageDataLock
Hide Missing Symbols 13446.0ms 35.3% L ‘»» ripc_Acquirelmage
Hide System Libraries 13446.0ms 35.3% | ripc_Drawlmage

Show Obj-C Only 13446.0ms 35.3% '7 CGContextDrawlmage
@ latten Recursion
Call Tree Constraints
Specific Data Mining [PThreadQueue workLoop] MIPMap
w__+[PThreadQueue runList:atConcurrency:]_block_invoke @
11992.0ms 31.4% trampoline
11992.0ms 31.4% _pthread_start
11992.0ms 31.4% thread_start
|_14540ms 38%[1] _v_+[PThreadQueue runListatConcurrency:L block invoke_1 |

1454.0ms 3.8% trampoline
1454.0ms 3.8% _pthread_start
1454.0ms 3.8% thread_start
4263.0ms 11.1% [ alphaProviderGetBytes




Navigation of Source Annotations
Navigate by hottest to coolest hits

Instruments

1 MIPMap.app D) ¢ { ago:oo:lgoe | G
<

>
Target Inspection Range Run 1 of 1 J View Library

All Cores v | All Processes v | All Threads v

O T T T
loc:ooc® PP

Extended Detail
Annotations

v source
.21% CGImageRef scaledimage

e

0.77% NSURL* url = [outputURL URLBy...
0.58% CGImageRelease(scaledimage);
0.04% 1.0);
0.03% dispatch_async(dispatch_get_m...
0.02% });
ok @ 0.00% for (ImageWorkitem* item in [m..

(4 Time Profiler = Call Tree % ) Call Tree __-[ImageProcessor startPThreads:]_block_invoke_5
Sample Perspective

e

1T (ISTopRequesten) 1
CGImageRef scaledImage = scalelmage(item. « 68.2%
mipmap.masterImage,.
Call Tree iten mipman
Separate by Thread ) masterImageMIPMapRect,
# Invert Call Tree CGRectMake(®, @, item.

width, item.height),
Hide Missing Symbols item.isThumbnail,

Hide System Libraries 4 1.0);
Show Obj-C Only ,
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Navigation of Source Annotations

Navigate by hottest to coolest hits
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0.03% dispatch_async(dispatch_get_m...
0.02% });

0.00% for (ImageWorkitem* item in [m..




Navigation of Source Annotations
Navigate by hottest to coolest hits

Instruments

oo:oo:ig e

: Run1of 1 >
Inspection Range

(EENE) (@

/ View

1+ MIPMap.app D G | {
<

Target Library

All Cores v | All Processes v | All Threads v

O T T T
loc:ooc® PP

@«

<4 Time Profiler

= Call Tree % ) Call Tree

__-[ImageProcessor startPThreads:]_block_invoke_5
Sample Perspective

m .
1T (ISTOpRequested) {

CGImageRef scaledImage = scalelmage(item. «) 68.2%
mipmap.masterImage,
item.mipmap.
masterImageMIPMapRect,
CGRectMake(®, @, item.
Hide Missing Symbols

width, item.height),
item.isThumbnail,
Hide System Libraries 4 1.0);
Show Obj-C Only ,
¥ Flatten Recursion o i (.;topRequested) {
- 4 if (fileType) {
Call Tree Constraints // Output url is partially transformed
Specific Data Mining I

e

Call Tree
Separate by Thread
™ Invert Call Tree

/7 "/Iv‘vE\utPa:}’n/‘Y;Le. filetype" becomes

T

v
NSURL* url = [outputURL

savelmagelucl scal

Extended Detail
Annotations

v Source
60.21% CGImageRef scaledimage = sca...

D.58%.Cc0l

0.04% 1.0);

0.03% dispatch_async(dispatch_get_m...
0.02% });

0.00% for (ImageWorkitem* item in [m..




Strategies

Workflow Strategie

Profiling
API

System
Trace

Network
Analysis

ARC




What Is a “Strategy?”

A method to categorize, display, and highlight data gathered
from multiple instruments along a common axis




Strategies

The “Instruments” strategy
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Strategies
The “Instruments” strategy
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Strategies

The “Instruments” strategy

® 00

- l/.\ -~ Al
) () Pr
\) C’/ ocesses

Record

Target

Instruments2

D C 00:00:11 ¢ |[EN=N) (G
Inspection Range \< Run1of1 > J View Library

Search

All Processes All Threads

(%]
=)
2%
> >
g5
£

I L
00:00

Time on X axis




Strategies
The “CPU" strategy
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Strategies
The “Threads” st
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What Are the Elements

of a Strateqgy?




Elements of a Strategy
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Elements of a Strategy

Instruments2

All Processes ao:oo:ll e |

Target Inspection Range > Run1of 1 » View Search
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13.0ms 0.1% Dock (147)
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Elements of a Strategy
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ements of a Strateqy
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CPU Strategy In-Depth




Why Use the CPU Strategy?

* Determine frequency and duration that your code is on CPU
* Identify what keeps your threads off CPU

- Poor concurrency
- Lock contention
- Busy system
- Multiple processes contending for CPU




Poor Concurrency
Lock contention
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Lock contention
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Poor Concurrency
Lock contention
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|dealized Concurrency
Lock contention eliminated with full CPU utilization
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Concurrency in the Real World
Lock contention eliminated with shared CPU utilization
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Concurrency in the Real World
Lock contention eliminated with shared CPU utilization
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CPU Strategy Demo

Detecting concurrency with time profiler

Daniel Delwood
Performance Tools Engineer




Performance Analysis API
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DTPerformanceSession Framework ‘ orly on \

* Target self or other processes (existing or launched)

* Time Profiler, System Trace, Leaks, Allocations (with zombies support),
Activity Monitor, flags support

*View result in Instruments

- ‘DTPS’ file has limited lifespan
- Symbol data will be out of date once binary is rebuilt
- Opening in Instruments converts to Trace Document and saves symbol data

* Location
/Library/Developer/4.0/Instruments/Frameworks/DTPerformanceSession. framework




Why Use DTPerformanceSession?

* Profile specific operations in your own code
» Automatically flag important events
* Profile your own performance regression tests




Using DTPerformanceSession API
Setup session

DTPerformanceSessionCreate (NULL,
CFStringCreateWithFormat (NULL, NULL, CFSTR("%d"), getpid()),
NULL, NULL);

DTPerformanceSessionAddInstrument(session,
CFSTR(DTPerformanceSession _TimeProfiler), NULL, NULL, NULL);




Using DTPerformanceSession API
Add calls to start/stop profilers

DTPerformanceSessionStart(session, NULL, NULL);

DTPerformanceSessionStop(session, NULL, NULL);




Using DTPerformanceSession API
Insert sign posts

DTSendSignalFlag("All masterImages updated", DT_POINT_SIGNAL, true);

or...

DTSendSignalFlag("Master Images Update", DT_START_SIGNAL, true);
DTSendSignalFlag("Master Images Update", DT_END_SIGNAL, true);




Using DTPerformanceSession API
Save session

DTPerformanceSessionSave(session, CFSTR("/tmp/WWDC2011"), NULL);

CFRelease(session);




Viewing Results
Open DTPS file in Instruments
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iProfiler

Built with DTPerformanceSession framework

iprofiler(1) BSD General Commands Manual iprofiler(1)

NAME

iprofiler, version 1.0

USAGE

iprofiler [-1] [-L] [-legacy] [-T duration]
[-activitymonitor] [-allocations] [-leaks]
| -userandkernelstacks] [-allthreadstates]

[-I sampling interval] [-d path] [-o0 basename]
[-systemtrace] [-timeprofiler] [-kernelstacks
[-a process/pid | executable [args...]]

DESCRIPTION

Measure an application's performance without launching Instruments.app and then visualize

the measurements at a later time in Instruments.app. The performance data gets saved in a

.dtps bundle that can be opened in Instruments.app via "Open existing file...".
supports these instruments: Time Profiler,
and Leaks.

iprofiler
System Trace, Activity Monitor, Allocations,
Any combination of these instruments can be run simultaneously. iprofiler

supports attaching to a currently-running process, launching a process that will only run

during the measurement, or profiling all currently-running processes (by not specifying
process/pid or executable).

Options are :

Lists all supported instruments

Lists all supported instruments, with a description




System Trace
Comprehensive system analysis

ofiling ystem Network

Workflow Strategies API Trace Analysis ARC




What Is System Trace?

* NEW in iOS 5!

* Comprehensive analysis of system behavior
- Thread scheduling
= Virtual memory
- System calls

* Available in Mac OS X since Instruments 4.0




System Trace
“Instruments” strategy
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configd 10.35us 5.17us 1.40us 8.96 us
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System Trace
“Instruments” strategy
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Records system calls o
and their duration

Instruments I'J{) 5"3

= VM Operations i ||||Il||
% JUNPIOE < ek .l}_,__l_:_.cvn Iis. bl I bosb di b i bl b

=

@ ¢ (]

“w Scheduling % ) BH Summary % ) Process Summary

Graph Process Live Thre... Intervals ... Time Division Ratios Runni... AvgCPU Min CPU Max...
l?[ * All Processes * 178 1476581 t 29.78 sec 24.97 us 2ns 988.17...

AppleConnectAgent 31 159.58... 8.87us 1.66us 65.81yus
AppleSpell 13 e 38.97us 3.90us 1l.44yus 10.54 us
DTInstrumentsDaemon 91 459.31... 7.53 us 1.88 us 40.01 ps
Finder 5724 27.14ms 551lus 1.13us 141.57..
Grab 441 .99... 245ms 6.72uys 137 us 91.80 us
Instruments 448 3. 1298 ms 33.54us 1.08us 2.43ms
Keynote 905 00 6.37ms 8.00us 1.09us 107.53...
MIPMap 1042061 X 17.17 sec 21.09 us 2ns 345.18...
Mail 384 .00... 6.36ms 20.63us 1.29us 2.15ms
PluginProcess 6542 39.37 ms 7.09 ys 55ns 53.85us
QuickLookUIHelper 16 30.21uys 5.04pus 163 uys 7.61lpus
Radar 87 . 641.98... 9.73us 1.19us 42.22us
SystemUIServer 588 4. 3.16ms 7.15pus 1.21lus 31.03 us
TMLaunchAgent 59 .29... 380.37... 8.27 us 1.80 uys 52.97 s
Terminal 448 .58... 10.07ms 26.16 ys 1.19us 4.07ms
TextEdit 12 21.75us  S5.44yus 1.71lps 10.10 s
UserEventAgent 5 Koo, 15.92uys 7.96us 1.37us 14.55us
WindowServer 356.61... 31.32us 957 ns 2.33ms
Xcode 9403 ms 21.19us 1.19us 7.45ms
aosnotifyd 209.45... 5.11us 1.65us 20.36us
configd 10.35us 5.17us 1.40us 8.96 us
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System Trace
“Instruments” strategy
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Finder
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Mail
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TMLaunchAgent
Terminal

TextEdit
UserEventAgent
WindowServer
Xcode

aosnotifyd

configd

Live Thre...
178
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Intervals
1476581
31

13

91

5724
441

448

905
1042061
384
6542

16

87

588

59

448

12

5

Time Division Ratios Runni...
29.78 sec
159.58...
38.97 us
459.31...
27.14 ms
2.45 ms
12.98 ms
6.37 ms
17.17 sec
6.36 ms
39.37 ms
30.21 s
641.98...
3.16 ms
380.37...
10.07 ms
21.75 ps
15.92 us
356.61...
94.03 ms
209.45...
10.35 us

+++

Avg CPU
24.97 us
8.87 us
3.90 us
7.53 us
5.5l us
6.72 us
33.54 us
8.00 us
21.09 us
20.63 us
7.09 ys
5.04 us
9.73 us
7.15 us
8.27 us
26.16 ps
5.44 s
7.96 us
31.32us
21.19 us
5.11us
5.17 us

Min CPU

2ns
1.66 us
1.44 ys
1.88 us
1.13 us
137 ps
1.08 us
1.09 us

2ns
1.29 ps

55ns
1.63 us
1.19us
1.21 us
1.80 us
1.19 s
1.71 us
137 us
957 ns
1.19 ys
1.65 us
1.40 us

Max...
988.17...
65.81 us
10.54 ps
40.01 ps
141.57...
91.80 ys
2.43 ms
107530
345.18...
2.15ms
53.85 us

7.61 s
42.22 us
31.03 ps
52.97 us
4.07 ms
10.10 us
14.55 ys
2.33ms
7.45 ms
20.36 us

8.96 us




System Trace
“Threads” strategy

Instruments2

All Processes D) oo:oo:o4 e 1 | G0

>
Target Inspection Range \ = Run 1of 1 J View Library
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EWindowServer (105)

Main Thread

Threads
System calls, VM faults, \ MIPMap (18171)

/\\' _dispatch_worker_thread2
and thread states :

\ MIPMap (18171)

_dispatch_worker_thread2 (GGG (O

@«
“w Scheduling % ) BH Summary % ) Process Summary
Graph Process Live Thre... Intervals ... Time Division Ratios Runni... AvgCPU Min CPU Max...
|ZT * All Processes * 178 1476581 - 29.78 sec 24.97 us 2ns 988.17...
AppleConnectAgent 31 159.58... 8.87us 1.66us 65.81yus
AppleSpell 13 e 3897 us 3.90us 1.44yuys 10.54 us
DTInstrumentsDaemon 91 459.31... 7.53us 1.88us 40.01 ps
Finder 5724 . 27.14ms 551lus 1.13us 141.57..
Grab 441 .99... 245ms 6.72uys 137 us 91.80 us
Instruments 448 3. 1298 ms 33.54us 1.08us 2.43ms
Keynote 905 00 6.37ms 8.00us 1.09us 107.53...
MIPMap 1042061 X 17.17 sec 21.09 us 2ns 345.18...
Mail 384 .00... 6.36ms 20.63us 1.29us 2.15ms
PluginProcess 6542 39.37 ms 7.09 ys 55ns 53.85us
QuickLookUIHelper 16 30.21uys 5.04pus 163 uys 7.61lpus
Radar 87 . 641.98... 9.73us 1.19us 42.22us
SystemUIServer 588 4. 3.16ms 7.15pus 1.21lus 31.03 us
TMLaunchAgent 59 .29... 380.37... 8.27 us 1.80 uys 52.97 s
Terminal 448 .58... 10.07ms 26.16 ys 1.19us 4.07ms
TextEdit 12 21.75us  S5.44yus 1.71lps 10.10 s
UserEventAgent 5 Koo, 15.92uys 7.96us 1.37us 14.55us
WindowServer 356.61... 31.32us 957 ns 2.33ms
Xcode 9403 ms 21.19us 1.19us 7.45ms
aosnotifyd 209.45... 5.11us 1.65us 20.36us
configd 10.35us 5.17us 1.40us 8.96 us
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System Trace
“Threads” strategy

® 00 Instruments2

] t@u@‘ All Processes [P) ¢ oo:00:04 o r@n[] 1) |

- < >
Record Target Inspection Range \ Run 1 of 1 J View Library Search

ﬁ | All Processes | All Threads y All Events
Threads ———
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scheduled onto cores (5] vain Threae

i\ MIPMap (18171)
\ /‘!r _dispatch_worker_thread2

\ MIPMap (18171)
/! _dispatch_worker_thread2
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\ A\ Main Thread =
Za

\ MIPMap (18171)
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\ A\ _dispatch_worker_thread2
\ 2

\ MIPMap (18171)
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\ MIPMap (18171)

—~ —~
\ A\ _dispatch_worker_thread2 - ARG AR A AR AP CACAR AR A AR A AT AR s =
=

| MIPMap (18171)

A

\\ _dispatch_worker_thread2
.l

i\ PluginProcess (18150)

\ A\ Main Thread
\

s}

5/ Schedulina FH Summary $ ) Process Summary




System Trace
Thread context switches

Context Switch

Thread Tenure ‘ Thread Tenure ‘ Thread Tenure

Context Switch T Context Switch T

Context Switch Context Switch

Thread Tenure Thread Tenure

Single Core




System Trace
“Threads” strategy
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Main Thread

i\ MIPMap (18171)
\ /‘!r _dispatch_worker_thread2

\ MIPMap (18171)
/! _dispatch_worker_thread2
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\ A\ Main Thread =
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\ MIPMap (18171)
\ A\ 0x35919
'l
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\ A\ _dispatch_worker_thread2
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System Trace
Virtual memory events

& Copy On Write E) Guard Page

) Zero Fill Ei File Backed Page-in

b Page-in Ei Anonymous Memory Page-in
Page Cache Hit P\ Page-out

Non-Zero Fill




Virtual Memory Events Explained
Memory is managed in segments called “Pages”

I

Virtual Memory

Virtual Memory




Virtual Memory Events Explained
Virtual Pages become real Pages by “Page faults”

I

Virtual Memory

Virtual Memory




Virtual Memory Events Explained
Pages can be shared

I

I

Virtual Memory

Virtual Memory




Virtual Memory Events Explained
What happens when someone writes to a shared page?

=

Virtual Memory

Virtual Memory




Virtual Memory Events Explained
A copy is made of the shared page

I

Virtual Memory

Virtual Memory




Virtual Memory Events Explained
The write completes, thus a “Copy On Write” page fault

I

Virtual Memory

Virtual Memory




Virtual Memory Events Explained
Pages no longer used are returned to the VM system

=

Virtual Memory

Virtual Memory




Virtual Memory Events Explained
What happens when that memory is reused?

oy -Hl; :

Virtual Memory




Virtual Memory Events Explained
The system performs a “Zero Fill” page fault

A -M; f’

0000000000000
0000000000000
0000000000000

Virtual Memory




System Trace
“Threads” strategy
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System Trace
System calls

X T X

System Call | [ System Call




System Trace
“Threads” strategy
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System Trace
Thread states

Context Switch

Thread Runnable Supervisor Running Supervisor !

l

Context Switch




System Trace Demo

Daniel Delwood
Performance Tools Engineer




Network Instrumentation
Track data flow and radio usage

Profiling ystem Network

API Trace Analysi AEC

Workflow Strategies




Network Connections

Data flow statistics




Network Connections Instrument

* Measures data volume

= TCP/IP and UDP/IP
= Performance metrics

* Debug latency

* Identify lost packets and
re-transmission of data




Network Connections Instrument

New in i0S 5

Instruments4

‘ lrl @(é;) All Processes = D) ® A 0000406 ’ E]'L_'lE]\ Wil Q-

" I
Target Inspection Range \< Run 1of1 J View Library Search

00:00

— II II I I I
I___.II = Il.. qpllll I-. - I P — _I__ -

@ II]—

-

! Network Connections Connection Summary =

Process Local Remote Data In v |Packets In 'Data Out Packets... Duplicat... Out-o

kernel(0) tcp4 localhost:12994 tcp4 localhost:12738 105.79 KB 324 0 Bytes 0 0 Bytes 0 Bytq
LazyTable(9755) tcp4 17.244.68.249:14274 tcp4 205.180.175.173:20480 21.14KB 17 494 Bytes 2 0 Bytes 3.77.
LazyTable(9755) tcp4 17.244.68.249:13762 tcp4 205.180.175.173:20480 20.20KB 16 494 Bytes 2 0 Bytes 2.02
LazyTable(9755) tcp4 17.244.68.249:14530 tcp4 205.180.175.172:20480 18.48KB 15 494 Bytes 2 0 Bytes 3.41
LazyTable(9755) tcp4 17.244.68.249:16578 tcp4 205.180.175.172:20480 1450KB 11 247 Bytes 1 0 Bytes 0 Bytq
LazyTable(9755) tcp4 17.244.68.249:16834 tcp4 205.180.175.172:20480 11.95KB 10 247 Bytes 1 0 Bytes 0 Bytq
LazyTable(9755) tcp4 17.244.68.249:17090 tcp4 205.180.175.172:20480 8.56 KB 7 247 Bytes 1 0 Bytes 3.22
LazyTable(9755) tcp4 17.244.68.249:17602 tcp4 205.180.175.173:20480 8.50 KB 7 247 Bytes 1 0 Bytes 3.16
LazyTable(9755) tcp4 17.244.68.249:14018 tcp4 205.180.175.173:20480 7.36 KB 6 247 Bytes 1 1.34 KB 3.35
LazyTable(9755) tcp4 17.244.68.249:17346 tcp4 205.180.175.173:20480 6.20 KB 5 247 Bytes 1 0 Bytes 0 Bytg
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Network Activity Instrument

* Identify radio traffic in and out
- Wi-Fi
- Cellular

' Y ' T * Correlate power use with radio use




Network Activity

New in i0S 5

B TransferTrace

oo:02:12e |[EN=IO) (G <%
- Run 2 of 2 >

Reéord Target Inspection Range |\ ! View Library Search

%ol‘b‘lslIlI|||IIIlIIIllIIlIIIlII||IIIllII||IIlIIIlI|||IIIlIIIlIIIlIIIlll||IIIlIIIlIIIllIIlIII|IIIlIIIlI

™ =
1Bl I(@) | All Processes % ¥ ¥ Y
, & © ©

TITT I I T T T r T T T rrrrrry

Instruments 01:00

> ___- . Energy Usage i
=" il

== i CPU Activity

) ‘i Display Brightness 0.
- il’@ e U _

@ [1] cssssssss——

v

=y Network Activity $ ) B3 Network Activity =
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ARC Instrumentation

Workflow Strategies

ystem
Irace

Network
Analysi

ARC




ARC Instrumentation

Leak cycle detection




Automatic Reference Counting (ARC)
What's automatic about it?

* No more Writing ~retain/-release/-autorelease
* Enforces previous “convention”
* Eliminates many simple bugs

* Allows you to think about object relationships




Automatic Reference Counting (ARC)
What's not automatic about it?

*It's not a garbage collector

* Runs alongside manual reference counting (MRC) code
 Cannot break retain cycles

» Cannot prevent leaks




Automatic Reference Counting (ARC)
But Instruments can help!

* L eaks instrument identifies

- “Allocated memory that can no longer be reached”
- No more pointers to it from the active heap




Automatic Reference Counting (ARC)
But Instruments can help!

* Leaks instrument identifies
- “Allocated memory that can no longer be reached”
- No more pointers to it from the active heap
- Cycle detection

Stacks Active Heap

° > L€
[ >|_ 1

Global Data l




Fixing Leaks with ARC

Starting at the right spot

Using Automatic Reference Counting

Using Manual Reference Counting




Fixing Leaks with ARC

Starting at the right spot

Strong references ,\Manual references




Fixing Leaks with ARC

Starting at the right spot

Leak Cycle
Leak Cycle




Fixing Leaks with ARC

Starting at the right spot

1. Fix the cycles

Leak Cycle
Leak Cycle

-
< \

4
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Fixing Leaks with ARC

Starting at the right spot

1. Fix the cycles
2. Fix remaining manual reference counting leaks

_—

Release ivar properly




ARC Demo

Daniel Delwood
Performance Tools Engineer




In Conclusion

* Tackle concurrency issues with the CPU strategy

* Examine the efficiency of your application via System Trace

* Leverage the new DTPerformanceSession framework

* Eliminate your leaked reference cycles with ARC instrumentation




More Information

Michael Jurewitz
Developer Tools & Performance Evangelist
jurewitz@apple.com

Instruments Documentation
Instruments User Guide (Xcode documentation)
Instruments New Features User Guide

Apple Developer Forums
http://devforums.apple.com




Related Sessions

Presidio

iOS Performance and Power Optimization with Instruments Wednesday 4:30PM

Presidio

iOS Performance in Depth Thursday 4:30PM

Mission

Objective-C Advancements In-Depth Friday 11:30AM




Labs

Mac OS X Performance Lab

Developer Tools Lab B
Thursday 9:00AM

iOS App Performance Lab

Developer Tools Lab A
Thursday 9:00AM

Objective-C and Automatic Reference Counting Lab

Developer Tools Lab B
Thursday 2:00PM
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