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Debugging with Xcode 4 and LLDB

Ken Orr
Xcode Debugger Team




Debugging Is Fundamental
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[] Sketch

Welcome to Xcode 4

;Ske(ch Controllers » \m| SKTWindowController.m

-
Document Model
Controllers
h| SKTAppDelegate.h
h| SKTWindowController.h
I
h| SKTToolPaletteController.h
m| SKTAppDelegate.m
m| SKTToolPaletteController.m
Graphic View
Utilities
Other Sources
Resources
Supporting Files
|| QuickLookSamples
Notes
External Frameworks
Products

SKTWindowController.m
Part of the Sketch Sample Code

#import "SKT

#import "SKTD
#import "SKTGr
#import "SKTGra
#import "SKTGrid
#import "SKTToolP
#import "SKTZoomingS

Controller.h
LlView.h"

// A value that's used as a context by this cl ' invoc
comment near the top of SKTGraphicView.m for a discu
S NSStrir

on of a KVO observer
on of this
*#SKTWindowControllerCanvasSizeObservationContext

@implementation SKTWindowController

- (id)init {
2qular Cocoa thing, sp i icular nib.
r initWithWindowNibNam DrawWin “1;
grid for use by graphic views whose "grid" property
id alloc] init];

the zoom factor to a reasonable default
tor = 1.0f;

(100%) .

return self;

- (void)dealloc {

bound to t

ration method.

ntro

ler
ler.

grid

See the

property




Y NG [&] Sketch
Running Sketch
) (l) [ Sketch (Intel) =

No Issues

T @ A = » B ;Ske(ch Controllers » m| SKTWindowController.m

v, Sketch /
— 1 target, Current Mac OS SKTWindowController.m
Part of the Sketch Sample Code

Document Model
Controllers
h| SKTAppDelegate.h
h| SKTWindowController.h
[m}. #import "SKTW troller.h"
h| SKTToolPaletteController.h zl:DOVZE :»gg }
m] SKTAppDelegate.m xinﬁgl-é ;wu:ji»l
m| SKTToolPaletteController.m #import "SKTGrid.h"
Graphic View #import "SKTToolPaletteController.h"
Utilities #import "SKTZoomingS LlView.h"
Other Sources
Resources // A value that's used as a context by this clas
Supporting Files
|| QuickLookSamples
Notes
External Frameworks
Products

' invocation of a KVO observer registration method. See the

near the top of SKTGraphicView.m for a discussion of this
*SKTWindowControllerCanvasSizeObservationContext m.apple.SKTWindowController.

:ntation SKTWindowController

- (id)init {

object's "grid" property




[] Sketch

£ N
— Running Sketch
) < Sketch (Intel) :I n G
. ) No Issues

.7 QO A == Sketch Controllers » m| SKTWindowController.m

+, Sketch [menultem setState:(menultemIsOn ? NSOnState : NSOffState)];
— 1 target, Current Mac OS

Document Model

} else
enabled = [super validateMenultem:menultem];

Controllers

h| SKTAppDelegate.h return enabled;

h| SKTWindowController.h

I

h| SKTToolPaletteController.h

m| SKTAppDelegate.m - (IBAction)newDocumentWindow: (id)sender {

m| SKTToolPaletteController.m /1 = same thing that ypical override of —[NSDocument makeWindowControllers] would do, but then
Graphic View the window. here 2ad of in SKTDocument, though it would work there too, with
Utilities 2 i o w-layer code.
Other Sources ng?v{ggrlmfrolter alloc] init];
Resources
Supporting Files [windowCol
|| QuickLookSamples
Notes
External Frameworks
Products - (IBAction)t

// Simple.
[ 208 [_grid setCon

- (IBAction)toggleGridShowing: (id)sender{

// Simple.
[_orid setAlwaysShown:![_grid isAlwaysShownl];

/*
IMPORTANT: This Apple software is supplied to you by Apple Computer, Inc. ("Apple") in
tion of your agreement e following terms, and your use, allation,
bution of t Apple software con e eptance of these
agree with th terms, please do not tall, modify or
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[] Sketch

Running Sketch

No Issues

> ) () (Steishioen 0 (=) [

B Sketch Controllers

m| SKTWindowController.m » No Selection

m O Al =

WALy Y. weue -

Thread 1
com.apple.main-thread

— =

(IBAction)newDocumentWindow: (id)sender {

1 -[NSApplication sendAction:to:from:] // Do the same thing that a typ
23 NSApplicationMain als d
24 main

Thread 2
com.apple.libdispatch-manager

one
[[- ‘

Ll alteration,

[windowController releasel];
¥ Thread 4

BAction)toggleGridConstraining:

// Simple.
d setConstraining:![_grid

[ 20853
}

ical ov

because it's really vi

Co er *windowController = [[SKTWindo
cument] addWindowController:windowContro
[windowController showWindow:se

e of -[NSDocument makeWindowControllers] would do, but then
d of in SKTDocument, though it would work there too, with
e a code.
- alloc] init];

here ir
layer

Lf];

(id)sender {

isConstrainingl]; Thread 1: Stopped at breakpoint 1

- (IBAction)toggleGridShowing: (id)sender{

// Simple.

[_grid setAlwaysShown:![_grid isAlwaysShown]];

Q
_ = (SEL) 0x249b8 toggleGridConstraining:
self = (NSKVONotifying_SKTWindowController *) 0x416b7()

sender = (id) 0x212910
SKTWindowControllerCanvasSizeObservationContext...

-

Clear

CUIlTU E C Ui

- .
Type

All Output
I)r‘\- ARASA L) \-U’Jl.hllv

[here is absolutely no warranty for GDB.
'show warranty" for details.

[his GDB was configured as "x86_64-apple-
Jarwin".tty /dev/ttys0ol

sharedlibrary apply-load-rules all
[Switching to process 49082]
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Y NG [&] Sketch
Running Sketch

No Issues

;Ske(ch Controllers » \m| SKTWindowController.m

B -init

: NSOffState)];

ot [menultem setState:(menultemIsOn ? NSOnState

1 Breakpoint

m| SKTWindowController.m }e {
== enabled =
|5 -toggleGridCo...ning: - Line 208 @ }

super validateMenuItem:menuItem];

rn enabled;

e of -[NSDocument makew
ead of in SKTDocument,
Lly view-layer code.

in #windowController = [[SKTWindowController alloc] init];
Lf document] addWindowController:windowController];

[windowController showWindow:self];

[windowController releasel];

ndowControllers] would do, but then

though it would work there too, with
re

- (IBAction)toggleGridConstraining:(id)sender {
Simple.

[_grid setConstraining:![_grid isConstrainingl]; Thread 1: Stopped at breakpoint
}

Y7

(208

- (IB )toggleGridShowing: (id)sender{

// Simple.

[_orid setAlwaysShown:![_grid isAlwaysShownl];
[} 3 2. % Sketch.app » ¥ Thread 1 0 -[SKTWindowController toggleGridConstraining:]

H Q H

_cmd = (SEL) 0x249b8 toggleCridConstraining: ::é;t"‘:e;ta::dzgsdi;l;:ljl°'

self = (NSKVONotifying_SKTWindowController *) 0x119eb0 Type "show copying" to see the conditions.

sender = (id) 0x206870

There is absolutely no warranty for GDB. Type "show
SKTWindowControllerCanvasSizeObservationContext = (NS... | warranty" for details.

All Qutput A Clear ) (IO il
UISTrIOUTE COPLEs O Lt

This GDB was configured as "x86_64-apple-darwin".tty /
dev/ttyseol

sharedlibrary apply-load-rules all
[Switching to process 49238]




Debug Navigator

m.T. O A=
Scope Bar By Thread || By G
Group by thread X e
or by queue.

A AL AT

@ com.apple:mam-tnread- (serial)
1 Thread

11 Thread 1

1 -[NSCustomView niblnstantiate]
25 NSApplicati
26 main
B com.apple.libdispatch-manager (serial)
1 Thread

11 Thread 2

Thread Filter v ] Stack Frame Filter
Filters out threads that Hide stack frames that
only have symbol-less aren't relevant to what
stack frames. your debugging.




Breakpoint Navigator

m I QO A

Workspace
11 Breakpoints (1 disabled)

.m SKTGraphicView.m
—1| —initWithFrame: - Line 55
— -selectionIindexes - Line 121
.m SKTRenderingView.m
— +pdfDataWithGraphics: - Line 18 |
—| +tiffDataWithG...:error: - Line 46 ()

—| —-drawRect: - Line 98 (

.m SKTToolPaletteController.m
— -selectArrowTool - Line 76
.m SKTWindowController.m

=

—1| -windowDidLoad - Line 136

iy

- —toggIeGrldCo .ining: - Line 208 {
dd EXx oak Di... (

Add Symbolic Breakpomt

- »

e, §
/
.
4

)
y

D
—

)
S—

Exception Breakpoint Pop-Up Editor
Wi Bacastion Bepskooint
@ Symboiic Breakpoint

Symbol

N T ey

@ SKTWindowControIler.m:98.,

Condition |

P—

Ignore ‘0 ,L:,I time(s) before stopping D)

Action Click to add an action

Options [ | Automatically continue after evaluating actions

Add Breakpoints
Click the plus button to add
symbolic or exception breakpoints.




Demo

Debug and Breakpoint Navigator




Variables View

View Mode ——— o (I
The Variables View can Al
automatically figure
out what variables are
most relevant.

S

Q

_cmd = (SEL) 0x943dc298 bind:toObj
bindingName = (NSCFString *) 0x243
observableKeyPath = (NSCFString *)
observableObject = (id) 0x10e180

options = (NSDictionary *) 0x0 0 key/
self = (SKTGraphicView *) 0x4180e0
SKTGraphicViewAnyGridPropertyOh
SKTGraphicViewDefaultPasteCascade
SKTGraphicViewGraphicsObservatic
SKTGraphicViewlIndividualGraphicO
SKTGraphicViewPasteboardType = (

) e——— Filter

, = d specific variables
Print Description values.

v Enable Data Formatters
v Show Types

Edit Value...
Edit Summary Format...

SKTGraphicViewSelectionindexesOh

Debug Area Help




Variables View

m: | <€ > | Memory ) [ 0x00414930

0x00414930 |BC 02 00 50 29 41 00
0x0041494a |00 00 00 00 00 00 0O
0x00414964 |00 00 00 V0 00 00 00
0x0041497e |00 60 CD 60 00 BO CB
0x00414998 |00 00 00 Vo 00 00 00
0x004149b2 |00 00 00 00 00 00 VO
0x004149cc |00 00 00 Vo 00 00 00
0x00414%6 |20 00 00 20 41 00 00
0x00414000 |00 00 00 00 00 00 00
0x00414ala |00 00 00 00 00 00 0O
0x00414a34 |10 00 00 V0 00 00 00
0x00414a4e |00 00 00 00 00 00 0O
0x00414a68 |00 00 00 Vo 00 00 00
0x00414a82 |00 00 00 00 0O 00 VO
0x0041409c |00 00 00 V0 00 00 00
0x00414ab6 |60 00 00 V0 00 FF FF
0x00414ado |F8 86 AQ 86 12 00 01
0x00414a0ea |00 00 00 00 00 06 0O
0x00414b04 |30 29 22 20 53 74 61
0x00414ble |00 28 34 86 A0 80 11

0x00414930 (<] » ] (& ) (512 ¢ [None %]

Address Memory Page Lock  Number of Bytes  Byte Grouping




Demo

Variables View




Floating Debugger

d¢kliledd Window Help

Run “Sketch”
Run “Sketch” Without Building
Test “Sketch”

Analyze “Sketch”
Build “Sketch”
Clean “Sketch”

Attach to Process

Edit “Sketch”...
New Scheme...
Manage Schemes...

/"\ f’.\

AN N

Console Input
Keybgarddnpeit
Prevemhnawdnteithout
keyboirid inpauthe full Ul.

3| Debugger - Sketch

All Output

v Normal
Xcode Behind

= R

ode




FYGG) [&] Sketch

<>> u lSketch (Intel) :J n @

- IO A == B |'"' « ;Sketch Controllers » [m| SKTWindowController.m » [& -toggleGridConstraining:

Welcome to Xcode 4

Workspace
11 Breakpoints —
Sketch ¥ [ Intel BT :

m| SKTGraphicView.m <) - = leGridShowing:)) {
— ) Destination Breakpoints
];\ -initWithFrame: - Line 55 rol it are disabled.
|5 -selectionindexes - Line 121  Build

m| SKTRenderingView.m “ 1 target
|5 +pdfDatawithGraphics: - Lin . Test rainingl : [_grid
& +tiffDataWithG...:error: - Lin (No testing defined) Executable | @& Sketch.app
& -drawRect: - Line 98

Debugger e i i : Arguments

& -selectArrowTool - Line 76 vy Ad d a rg u ments tO

USe the neW LLDB m| SKTWindowController.m t
& -selectedToolD...ange: - Lin ass to vour a .
debUgger' & -windowDidLoad - Line 136 p y pp
&) -toggleGridCo...ning: - Line
[3) ~(SKTWindowController window
All Exceptions

Info Arguments Logging

ers] would do, but then
ld work there too, with

Environment
Variables

Add environment
variables to pass to

your app.

Duplicate ) ( Manage...

Clear




Other Good

®no [] Sketch

/i\. [ Sketch (intel) ™ = ‘ g sketen  E == O [ii=]

- —
- n @ A mmm pllers » |m| SKTWindowController.m » No Selection
—

Ce TOr @ W1NAOw cCONtrotler tnat may someday De aDLe LO SNOW one OT several
By Queue a3 its window. If we instead bound the graphic view to [self document] then we
Thread 1 would have to redo the binding in -setDocument:

m.apple.main-thread [_graphicView bin KTGraph.lcvlewcraph1c581ndmgName to H withKeyPath: [NSString
stringWithFormat: s » SKTDocumentGraphicsKey] options:nill;

// Bind the graphlc view's grid to this window controller s gri
[_graphicView bind:SKTGraphicViewGridBindingName to0bj ithKe th:@"gr options:

// Bind the -|M Fonts & Colors

[_zoomingScro 1 \
options: \\J d i | \r | — ’\ ®

VIS IR Tl Alerts Documentation 'Fonts & Colors  Text Editing Key Bindings Building Source Trees

name : SK ESRLEA Source Editor Console
sharedToo Basic Debugger Console Prompt
Debugger Console Input
Charcoal
Debugger Console Output
#pragma mark sckk Default Executable Console Input
Executable Console Output

// Conformance tc
GtB0R validareHy

IntoTheDee
= P

All Output

GNU gdb 6.3.50-200508

Copyright 2004 Free S

GDB is free software, Midnight
welcome to change it

Type "show copying" t

There is absolutely n Presentation
This GDB was configur
sharedlibrary apply-1 :
[Switching to process SimpleBits — _
(gdb)

Low Key

+ | - Background Selection Cursor Instruction Pointer

DebuggbPeBdépt Bosferences




®no ] Sketch

Running Sketch
) (l) [ Sketch (Intel)

No Issues

-0 A= [ sketch
By Thread By Queue
Wi Thread 1

com.apple.main-thread

Controllers » |m| SKTWindowController.m » No Selection

- (IBAction)newDocumentWindow: (id)sender {

1 -[NSApplication dAction:to:from:] // Do the same thing that a typical override of -[NSDocument makeWindowControllers]
23 NSApplicationMain also show the window. ead of in SKTDocument, though it
- - one all alteration, becat t's really view-layer code.
24 main SKTWindowController *windowController = [[SKTWindowController alloc] initl;
_ Thread 2 [ Lf document] addWindowController:windowController];
com.apple.libdispatch-manager [windowController showWindow:self];

[windowController releasel];
¥ Thread 4

would do, but then
would work there too, with

on)toggleGridConstraining: (id)sender {

Simple.
setConstraining:![_g isConstraining]l]; Thread 1: Stopped at breakpoint 1

- (IBAction)toggleGridShowing: (id)sender{

// Simple.
[_grid setAlwaysShown:![_grid isAlwaysShown]];

/*
IMPORTANT: This Apple software is supplied to you by Apple Computer,

Inc. ("Apple") in
& m 2 % % | @sketch.app ) ¥ Thread 1

0 -[SKTWindowController toggleGridConstraining:]

Local + Q All Output = Clear ) (IO

- - oy - o

_cmd = (SEL) 0x249b8 toggleGridConstraining: There is absolutely no warranty for GDB. Type "show

self = (NSKVONotifying_SKTWindowController *) 0x122af0 warranty" for details.
sender = (id) 0x50elc0

T Ry ETy e wee coresc

This GDB was configured as "x86_64-apple-darwin".tty / O
SKTWindowControllerCanvasSizeObservationContext = (NS... dev/ttys00l

sharedlibrary apply-load-rules all .
[Switching to process 98534] X

ttps://developer.appleXacardéMwvdc/news/monday.html
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LLDB

Modular Debugging Infrastructure

Greg Clayton
Senior LLDB Engineer




LLDB Session Overview

whny?
VWhat?
Demo

Conclusion




Why LLDB?
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Process

Mac OS X

GDB Remote

LLDB Architecture

==

Xcode 4

I

¥ LLDB.framework
LLDB Core

Dynamic Object Flles Object
Loader Containers

dyld Mach-O Universal

ELF BSD Archive

Disassembly

LLVM




Performance
Speed

* Information management
* Take advantage of multiple cores

Efficiency

* Memory footprint
* Smarter object file and symbol parsing

- Don't ask, don't parse
- Fine granularity

125 150




Multithreaded Debugging

Better at showing multiple threads

* Per-thread state
 Per-thread runtime control

- Suspend and resume
= Control actions
= Control actions are stackable




Compiler Integration

* Most debuggers invent data structures

- Functions

- Types

- Variables
* Most debuggers have their own expression parser
* Compilers are better at expression parsing




LLVM Integration

* LLDB uses Clang types

* Improved expression fidelity

* Better language support

* Accurate error reporting

» Get new compiler features for free
* Just In Time (JIT) compilation




Scriptability
Python support

* Full access to the LLDB API

Python access

* Command line
* Debugger console
* Breakpoint commands

t1éddbodb4RHEBONBATHedKecodahé Lihbrary/PrivateFrameworks/
LLDEbfrbmewkpkiReésoummasdPgtidorn-script 1

Enpgthygour Python command(s). Type 'DONE’' to end.

>>> import 1lldb




Breakpoint Resolution

* Breakpoints are specified symbolically

- File and line
- Function by name or reqular expression

* Breakpoint can resolve to multiple locations

- Resolution never stops
- Locations can individually be enable/disabled

* Breakpoint scopes can be controlled
* Limit breakpoint to one or more shared libraries




Consistent Command Syntax
Easy to learn

* Noun + Verb
* Options
* Autocomplete

Comprehensive help

* help
* apropos

(11db) mptphbéEAkpeetit sdirjexmaifiN8Stxingd 12




LLDB Command Line Tool

$ /Xcode4d4/usr/bin/lldb --file /tmp/a.out

(11db) breakpoint set --name main

Breakpoint created: 1 Breakpoint by name:
with 1 location;

(11ldb) run

Launching '/tmp/a.out' (x86 64)
Process 29428 Stopped

'main'’




Sean Callanan




Conclusion

* Developer preview available with Xcode 4
* lldb comand line debugger

*lldb python module in LLDB.framework

* Open source now

e http://lldb.llvm.org/




More Information

Documentation
Mac OS X Human Interface Guidelines
http://developer.apple.com/ue

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