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 LLVM - Low Level Virtual Machine

* Clang /kleen/ - C Language Family Frontend for
LLVM
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« GCC HJ Objective-C Frontend A~258 1]

- GCC fiaf¥. T E. IDE ¥ 5E53

« GCC ZmiFEM*8E
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Clang + LLVM A4
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github.cea/AlDantal/sclec v 1.70

Ted?72.28 s (36.4 files/s, 8470.9 Lines/s)
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Swift Frontend X348

C++ 43W

github.com/AlDanial/cloc v 1.70
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SEA1HE T Run 2f5...

) 1 & 8 < Build Test : F9:48:00

’Bulld Test &% F509:.47 v ”% Duld target Test

Project Test

wpuration Debug | Destimation iPhone 7 Piys | SOK macOS W12
© Write auxiliary tiles

@ Create product structure

© Complle ViewController.m
o Compile main.m
© Compile AppDelegate.m

© Uink JUsars/sunnyxx/LibraryDeveloper/Xcode/DerivedData/ Tost -Tkrilujcskbyzpgsemeakgy rotfo/BuldProdact

Debag -phonesimulator/ Test app)/

o Compile StoryDoard Nile Main storyboard

© Compile Storyboard file LaunchScreen. stornye
@ Compile asset catalogs

© Prec

rdo.plst

© Link Storyboards
© Touch Testapp
© Sign Test.app
0 Build succeeded 20M6/9/21 FF:48

No issues

Tost



UL T Run Z2/5...

v Compile mainm ..in JUsers/sunnyxx/test/Test/Test

CompileC sUsers/sunnyxx/Library/Developer/Xcode/DerivedData/Test-fkriiujcskbyzpgszneakgvzotfe/Build/Internmediates/
Test.build/Debug-iphonesimulator/Test.build/Objects-normal/x86_64/main.o Test/main.m normal x86_64 objective-c
com.apple.compilers. Llvm.clang.1_0.compiler

cd JUsers/sunnyxx/test/Test

export LANG=en_US.US-ASCII

export PATH="/Applications/Xcode.app/Contents/Developer/Platforms/iPhoneSimulator.platform/Developer/usr/bin:/
Applications/Xcode,app/Contents/Developer/usr/bin: /usr/local/bin: /usr/bin: /bin:/usr/sbin: /sbin®™

/Applications/Xcode.app/Contents/Developer/Toolchains/XcodeDefault. xctoolchain/usr/bin/clang -x objective-c -arch
x86_64 -fmessage-length=0 -fdiagnostics-show-note-include-stack -fmacro-backtrace-limit=@ -std=gnu99 -fobjc-arc -fmodules
~gnodules ~fmodules-cache-pathe/Users/sunnyxx/Library/Developer/Xcode/DerivedData/ModuleCache ~fmodules-prune-
interval=86400 ~fmodules-prune-after=345600 -fbuild-session-files/Users/sunnyxx/Library/Developer/Xcode/DerivedData/
ModuleCache/Session.modulevalidation -fmodules-validate-once-per-build-session =-Wnon-modular-include-in-framework-module
~Werrorsnon-nodular-include~in-framework-module -Wno-trigraphs ~fpascal-strings -08 ~fno-common -Wno-missing-field-
initializers -Wno-missing-prototypes -Werrorsreturn-type ~wWdocumentation ~Wunreachable-code -Wno-implicit-atomic-
properties -Werror=sdeprecated-objc-isa-usage -Werror=objc-root-class -Wno-arc-repeated-use-of-weak ~Wduplicate-method~
match -Wno-missing-braces -Wparentheses -Wswitch -Wunused-function -Wno-unused-label -Wno-unused-parameter -Wunused-
variable -Wunused-value -Wempty-body -Wconditional-uninitialized -Wno-unknown-pragmas -Wno-shadow -Wno-four-char-
constants -Wno-conversion -wWeonstant-conversion -Wint-conversion -Wbool-conversion -Wenum-conversion -wWshorten-64-to-32 -
Wpointer-sign -Wno-newline-eof -Wno-selector -Wno-strict-selector-match -Wundeclared-selector -Wno-deprecated-
implementations -DDEBUG=1 -DOBIC_OLD_DISPATCH_PROTOTYPES=0 -isysroot /Applications/Xcode.app/Contents/Developer/
Platforms/iPhoneSimulator.platform/Developer/SDKs/iPhoneSinulatorld.8.sdk -fasm-blocks -fstrict-aliasing -Wprotocol -
Wdeprecated-declarations -mios-simulator-version-min=10.0 -9 -Wno-sign-conversion -Winfinite-recursion -fobjc-abi-
version=2 -fobjc-legacy-dispatch -iquote /Users/sunnyxx/Library/Developer/Xcode/DerivedData/Test-
fkrifujcskbyzpgszmeakgvzotfe/Build/Intermediates/Test,.build/Debug-iphonesinmulator/Test.build/Test-generated-files, . hmap -
I/Users/sunnyxx/Library/Developer/Xcode/DerivedData/Test-Tkrijujcskbyzpgszmeakgvzotfe/Build/Intermediates/Test,. buile/
Debug-iphonesinulator/Test.build/Test-own-target-headers.hmap ~I/Users/sunnyxx/Library/Developer/Xcode/DerivedData/Test-
fkritlujcskbyzpgszmeakgvzotfe/Build/Intermediates/Test,. build/Dedbug-iphonesimulator/Test.build/Test-all-target-headers.hmap
~iquote /Users/sunnyxx/Library/Developer/Xcode/DerivedData/Test-fkriiujcskbyzpgszneakgvzotfe/Build/Intermediates/
Test.build/Debug-iphonesimulator/Test.build/Test-project-headers.hmap ~I/Users/sunnyxx/Library/Developer/Xcode/
DerivedData/Test-fkriiujcskbyzpgszmeakgvzot fe/Build/Products/Oebug-iphonesimulator/include ~I/Users/sunnyxx/Library/
Developer/Xcode/DerivedData/Test-fkriiujcskbyzpgszmeakgvzotfe/Build/Internediates/Test. . build/Oebug-iphonesinulator/
Test.build/DerivedSources/xB6_64 ~1/Users/sunnyxx/Library/Developer/Xcode/DerivedData/Test~fkriiujcskbyzpgszancakgvzotfe/
Build/Intermediates/Test.build/Debug-iphonesimulator/Test.build/DerivedSources ~F/Users/sunnyxx/Library/Developer/Xcode/
DerivedData/Test-fkriiujcskbyzpgszmeakgvzot fe/Build/Products/Debug-iphonesimulator -MMD -MT dependencies -MF /Users/
sunnyxx/Library/Developer/Xcode/DerivedData/Test-fkriiujcskbyzpgszmeakgvzotfe/Build/Intermediates/Test . build/Debug-
iphonesinulator/Test.build/Objects-normal/xB6_64/main.d —serialize-diagnostics sUsers/sunnyxx/Library/Developer/Xcode/
DerivedData/Test-fkriiujcskbyzpgsameakgvzotfe/Build/Internediates/Test, build/Debug-iphonesinulator/Test . build/Objects-
normal/xB6_64/main.dia -c JUsers/sunnyxx/test/Test/Test/main.m -0 /Users/sunnyxx/Library/Developer/Xcode/DerivedData/
Test-fkrifujcskbyzpgszmeakgvzotfe/Build/Intermediates/Test.build/Debug-iphonesimulator/Test.build/Objects-normal/x86_64/
main.o




SEA1HE T Run 2f5...

/Applications/Xcode.app/Contents/Developer/
Toolchains/XcodeDefault.xctoolchain/usr/bin/
clang -x objective-c -fobjc-arc ...... main.m
—0 main.o
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main.m

#import <Foundation/Foundation.h>

int main() {

@autoreleasepool {
id obj = [NSObject newl];
NSLog(@"Hello world: %@", obj);

}

return 0;




1. Preprocess - Fi4b I

« import k34

« macro BFF

QMR W FTSKROTNALIETES, W #if




1. Preprocess - Figb g

Sclang -E main.m

# 181 "/Applications/Xcode.app/Contents/Developer/Platforms/Mac0SX.platform/Developer/
SDKs/Mac05SX10.12.sdk/System/Library/Frameworks/Foundation. framework/Headers/
Foundation.h" 2 3

# 1 "/Applications/Xcode.app/Contents/Developer/Platforms/Mac0OSX.platform/Developer/
SDKs/Mac0SX10.12.sdk/System/Library/Frameworks/Foundation. framework/Headers/
FoundationLegacySwiftCompatibility.h" 1 3

# 185 "/Applications/Xcode.app/Contents/Developer/Platforms/Mac0SX.platform/Developer/

SDKs/Mac05SX10.12.sdk/System/Library/Frameworks/Foundation. framework/Headers/
Foundation.h" 2 3

# 6 "main.m" 2

int main() {
@autoreleasepool {
id obj = [NSObject newl;
NSLog(@"Hello world: %@", obj);

return 0;




1. Preprocess - Figb g

Sclang -E -fmodules main.m

@import Foundation;
int main() {
@autoreleasepool {
id obj = [NSObject new];
NSLog(@"'Hello world: %@", obj);

return 0;




2. Lexical Analysis - 13359

e 18501, {E Lex 3& Tokenization
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2. Lexical Analysis - 13359

Sclang -fmodules -fsyntax-only -Xclang -dump-tokens main.m

int '"int' [StartOfLine] Loc=<main.m:7:1>

identifier 'main' [LeadingSpace] Loc=<main.m:7:5>
1_paren '(' Loc=<main.m:7:9>
r_paren ') Loc=<main.m:7:10>

1_brace '{' [LeadingSpace] Loc=<main.m:7:12>

at '@" [StartOfLine] [LeadingSpace] Loc=<main.m:8:5>
identifier 'autoreleasepool' Loc=<main.m:8:6>

1_brace '{' [LeadingSpace] Loc=<main.m:8:22>

identifier 'id' [StartOfLine] [LeadingSpace] Loc=<main.m:9:9>

identifier 'obj' [LeadingSpace] Loc=<main.m:9:12>
equal '=' [LeadingSpace] Loc=<main.m:9:16>

1_square '[' [LeadingSpace] Loc=<main.m:9:18>
identifier 'NSObject' Loc=<main.m:9:19>
identifier 'new' [LeadingSpace] Loc=<main.m:9:28>
r_square ']" Loc=<main.m:9:31>

semi ';' Loc=<main.m:9:32>



3. Semantic Analysis - 1IBE DT

« 1BIADHM, 1E Clang A
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1l Parser #1 Sema FiMEREE S 5=

main.m:8:32: error: expected ';' at end of declaration
id obj = [NSObject newl

EHANESINEE, E&ﬁawm,‘hmﬁwmfA&
SIBER (AST)




3. Semantic Analysis - 1IBE DT

Sclang -fmodules -fsyntax-only -Xclang -ast-dump main.m

| -FunctionDecl < , > main 'int ()'
| *—-CompoundStmt < , >
| | -ObjCAutoreleasePoolStmt < , >
| | ~—CompoundStmt < ) >
| | | -DeclStmt < , >
| | | “-VarDecl < , > used obj "id':'id' cinit
| | | "—ImplicitCastExpr < , > 'id':'id"' <BitCast>
| | | "—0bjCMessageExpr < , > 'NSObject x'
selector=new class='NSObject"’
| | "—CallExpr < , > 'void'
| | |-ImplicitCastExpr < > 'void (x)(id, ...)'
<FunctionToPointerDecay>
| | | *-DeclRefExpr < > 'void (id, ...)' Function
‘NSLog*' 'void (id, ...)'
| | | -ImplicitCastExpr < , > 'id':'id"' <BitCast>
| | | "—-0bjCStringLiteral < , > 'NSString x'
| | | "—StringLiteral < > 'char [16]' lvalue "Hello world:
%@"
| | "—ImplicitCastExpr < > 'id':'id' <LValueToRValue>
| | "-DeclRefExpr < > 'id':'id"' lvalue Var
'obj' 'id':'id'
| "—ReturnStmt < , >
|

"—-IntegerLiteral < > 'int' 0




AST FunctionDecl

main

CompoundStmt | {...}

@autoreleasepool | ObjCAutoreleasePoolStmt ReturnStmt return
{...} | CompoundStmt IntegerLiteral 0
]
I |
DeclStmt CallExpr
id obj VarDecl DeclRefExpr | NSLog
|I 1
ObjCMessageExpr ObjCStringLiteral | | DeclRefExpr

[NSObject new] @"Hello world: %@" obj



Static Analysis - 5T

o BEIEANFITRESESONT, HEIREEHEIR
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4. CodeGen - IR X34 X

« CodeGen TATTIIBAENMINZE FiERS, #NFER LLVM IR

« LLVM IR & Frontend B9%i 1, 12 LLVM Backend AY%a)
AN, BIEImRNEIES

5 Objective-C Runtime 1%




4. CodeGen - IR X34 R 5 Objective-C Runtime #71

» Class / Meta Class / Protocol / Category N5 4 X,

H1ZIIEIEE section & (40 Class: _DATA,
_objc_classrefs)

« Method / Ivar / Property RTZ&E 4 Y
« ZHAY method_list / ivar_list / property_list FiEA Class




4. CodeGen - IR X34 R 5 Objective-C Runtime #71

« Non-Fragile ABI: A8 Ivar &% OBJC_IVAR_$_ 1®%
ERE=

« 7ZEX Ivar B9IED (Livar = 123;int a = _ivar;) $5 i base
+ OBJC_IVAR_$_ B9fe=t




4. CodeGen - IR X34 R 5 Objective-C Runtime #71

o JEIEEMIPAY ObjCMessageExpr El1i%F A E N AR ZSHY

objc_msgSend, X super XEFAIIE,
objc_msgSendSuper

JEIFE R




4. CodeGen - IR X34 R 5 Objective-C Runtime #71

- RIB(EIHFF strong / weak / copy / atomic & @property
B &SRS setter / getter

- LB @synthesize




4. CodeGen - IR X34 R 5 Objective-C Runtime #71

« 4R block_layout BIEIEZEHY

« TERY capture (__block / _ weak)
« 4Rk _block_invoke & %K




4. CodeGen - IR X34 R 5 Objective-C Runtime #71

« ARC: DN R5IAXZAR, F objc_storeStrong/
objc_storeWeak 3 ARC {igiE A

« J% ObjCAutoreleasePoolStmt ¥51% A,
objc_autoreleasePoolPush/Pop

- LB ENIAR [super dealloc]

o RNETIHA ivar B9 Class &% .cxx_destructor FiEF B
BN RTE, (& MRC IR "self.xxx = nil"




4. CodeGen - IR {ChE-

namespace {
struct FinishARCDealloc final : EHScopeStack::Cleanup {

e
-

void Emit(CodeGenFunction &CGF, Flags flags) override {

const ObjCMethodDecl *method = cast<ObjCMethodDecl>(CGF.CurCodeDecl);

const ObjCImplDecl *impl = cast<0bjiCImplDecl>(method->getDeclContext());
const ObjCInterfaceDecl xiface = impl->getClassInterface();
if (!iface->getSuperClass()) return;

bool isCategory = isa<ObjCCategoryImplDecl>(impl);

// Call [super dealloc) if we have a superclass.
1lvm::Value =*self = CGF.LoadObjCSelf();

CallArglList args;

CGF.CGM.getObjCRuntime() .GenerateMessageSendSuper(CGF, ReturnValueSlot(),
CGF.getContext().VoidTy,
method->getSelector(),
iface,
isCategory,
self,

/*is class msgx/ false,
args,
method);

&R [super dealloc]

- fiX 5 Objective-C Runtime #1



CodeGen - IR fCRE4ERK

Sclang -S -fobjc-arc -emit-llvm main.m -o main.ll

define i32 @main() #0 {

%1l = alloca 132, align 4

%2 = alloca i8%, align 8

store i32 0, 1i32% %1, align 4
call i8* @objc_autoreleasePoolPush() #3
load %struct._class_t*, %struct._class_txx

o)
-5

o
)

@"OBJC_CLASSLIST_REFERENCES_$_", align 8
%5 = load 18%, 18k @OBJC_SELECTOR_REFERENCES_, align 8, !'invariant.load !'7
%6 = bitcast %struct._class_t*x %4 to i8x
%7 = call i8% bitcast (i8% (i8%, i8%, ...)* @objc_msgSend to i8x (i8x,
i8%)x) (i8% %6, i8% %5)
%8 = bitcast 1i8x %7 to %0x
%9 = bitcast %0x %8 to 18x

store i8x %9, i8x* %2, align 8

%10 = load 1i8%, 1i8*x %2, align 8

notail call void (i8%, ...) @\NSLog(i8% bitcast
(%struct.__NSConstantString_tag* @_unnamed_cfstring_ to i8x), i8x %10)

call void @objc_storeStrong(i8xx %2, i8% null) #3

call void @objc_autoreleasePoolPop(i8% %3)

ret i32 0
b



Optimize - i1t IR

Sclang -03 -S -fobjc-arc -emit-llvm main.m -o main.ll

define 132 @main() #0 {
%1 = tail call i8x @objc _autoreleasePoolPush() #3
2 = load 1i8%, 18k bitcast (%struct._class_txx
@"OBJC_CLASSLIST_REFERENCES_$_" to i8%x), align 8
3 = load i8%, 18%* @OBJC_SELECTOR_REFERENCES_, align 8, !invariant. load

o)
-

17

%4 = tail call i8k bitcast (i8x (i8%, 18%, ...)x @objc_msgSend to i8x
(i8%, 18%)x)(i8* %2, i8% %3), !clang.arc.no_objc_arc_exceptions !7

%5 = bitcast i8% %4 to %0x

%6 = bitcast %0*x %5 to i8x

notail call void (i8%, ...) @SLog(i8% bitcast
%struct.__NSConstantString_tagx @ _unnamed_cfstring_ to i8x), i8x %4), !
clang.arc.no_objc_arc_exceptions !7

tail call void @objc_release(i8* %6) #3, !clang.imprecise_release !7

tail call void @objc_autoreleasePoolPop(i8% %1) #3, !
clang.arc.no_objc_arc_exceptions !7

ret i32 0
}



LLVM Bitcode - £ T8

Sclang -emit-llvm -c main.m -0 main.bc

@ ® « main.bc

0| DECO1708 00000000 14000000 G0120000 07000001 4243CODE 35140000 26000000 || . . BC..S

32 | 620C3024 9206AGAS F7D73F4F D33EEDOF FC4FOBS1 $04C0100 21000000 75040000 | b 03...... 20.>...0Q.L | wu

64 | OBS22000 02000000 13000000 07812391 41C$0449 06103239 9201840C 25050819 || o WA I 29. . %

06 | 1E048862 $01C4502 42920842 E4103214 33081848 OA327288 48901420 434683A5 .b. EB. B. 28 K 2r.H. CF..
128 | 90193242 E4480E90 9123C450 4151818C E1S3ESSA 04394606 51130000 F3000000 2B.H ..0.PAQS..... 9F Q
160 | 1B4325F8 FFFFFFFF 01008030 20C32110 E6211CC4 811DCAAL @OES211C D281100A | | HX. ____ BT | ST [N GRS R
192 | 601CC281 1DDS611E @O730807 76988772 0OO87628 87799887 36300779 28877148 $.a ¢ v..r vi.y..6. y(.qH

224 | 87792887 36300778 68377020 97C01CC2 $11DEGAL 1C2@C21D DEA1ROCC 411EC2A1| | .y(.60 xh.p . .8 .. . .. .A ..
256 | 1DCAALOD EOELIDDZ CLIDESAL 1CESALRD CASL1DDZ ALl1DOA7A 9Q377A28 07607087 es ss ss ss oo o8 .0 Z..20 P,
288 | 77680373 90877068 87726303 78738774 T0Q77A28 07796883 72608774 63873679 | Iwh s..ph.rh xx.tp z( yh.r .th.6p
320 | 87777087 36608772 Q8077300 Q8777887 36480777 30877968 ©3738087 36638770 | .wp.6 .r 5 wx.6H wO.yh s..6h.p
352 | ARQ77400 CC211C08 611ECAR1 200CELLD DACRIDCZ Cl1DEGAL @OCCRL11E DAARLDCZ L S -
384 | $11E0201 30877060 87792807 8098077A 08877158 87368007 7978077A 288771A0 | 16 . 0.p .y( .. z .qX.6. yx 2(.q
416 | 87779087 3610877A 30077328 Q7796883 79480770 2807000F @OS21EC2 411ECEAL | | .w..6 .29 s yh.yH }( m.A ..
445 | 1CESAL00 COOL1EEA Q1308772 700779C8 07770008 7AQBO779 38877200 87363087 vhor x o aaMp Y. w 2z y8.r .60,
450 | 7208077A ASQ77928 87790006 GO1CFO21 OEECERQ0 DGCOICFO GL1EE481 @0OGARLD | |r 2z, y(.¥y .~ .! .. .. .0 .8

512 | DAQL1IFDS GORDEGGL 1ECAS120 DOGOLEES AL11CE4S0 QDDGGOLE EGALLCEG 30000660 ||. . .o .8 .° .. .. . ..

5441 1EEGALLIC ESCOODEZ S0ODDGEO 1EEGGL1E CAGIOEQ® AZI1EDCE1 1EC2C1IC CAALRODCC es se ss s 2@ @ o« @ se o5
576 | 011E0AAD 1DC2811E DOO13087 70008779 28078048 87792887 36988777 20077A68 . .8 . 0.p .y( ...¥9(.6..%0 zh
G085 | 03736087 7708077A @QCC211C DSG1IECA O1DS4ROS FFFFFFFF 2FOOCFO6 62088065 S Wz na s R =t o bDe
640 | $34108C0 O2541B8C E2FFFFFF FFO7AQQD OQGOQ3AS LEFFFFFF FFIF1OE4 92QEF312 | LA . T ... .. Y o momet e e
672 | OEE2CRQE ESDROGF4 100EEQCO OEGD3IQOE E1COAEEC 300F5239 84033BCC 43392004 e se s so WO .. .0 .9, ;.09
704 | 3B04C33C CCA31BC0 83309403 38A4C33C 94431898 033(B443 38900300 OEEL1COQE | |;..<.C ..«..8..«<.C . «.C8. " ..
736 | F3SO0EQD E1QEEFDO OGEC200F ELDOREES DOOGFOFO OEEOEORE FASOQEF2 DRQGESCO | |.P . .. . .. v oo o0 P L. L.
768 | OEE9DROE 0O30C343 30940330 BSC33BB4 3139C343 33B44339 B4DO13CBC 433AB803 o w. Cm, 0..;.49.C8.09. <.C:.
200 | 3D94333C B44130BD 433AB443 1BB3(33E B3431BBO 43393483 39008438 BC431BA4 | |=..<.A9.C:.C ..;.C .C9..9 .;.C .
832 | 833B98C3 3CB43139 (O431BE4 43330003 3ACQEGLD OEECI2OF ESOQLOEE FOOEGDED || .;..<.49.C .C8. : . .@0 . .. m.

Signed Int big (select some data) -+
0O out of 4640 bytes



Assemble - & f% Target 1BX;C%H

Sclang -S -fobjc-arc main.m -o main.s

—main: ## Gmain
.cfi_startproc
#% BB#O:
pushq ¥rbp
LtmpB:
.cfi_def_cfa_offset 16
Ltmpl:
.cfi_offset %rbp, -16
movq ¥rsp, %rbp
Ltmp2:
.cfi_def_cfa_register %rbp
subq $32, %rsp
movl $0, -4(%rbp)
callq _objc_autoreleasePoolPush
novQ L_OBIC_CLASSLIST_REFERENCES_$_(%rip), ¥rcx
novq L_OBJC_SELECTOR_REFERENCES_(%rip), %rsi
novQq %¥rex, %rdi
movq ¥rax, —-24(%rbp) #% 8-byte Spill
callg _objc_msgSend
leaq L__unnamed_cfstring_(%rip), %rcx
movQ ¥rax, -16(%rbp)
movq -16(%rbp), %rsi
movQq %rcx, ¥rdi
movb $0, %al
callg _NSLog
leaq ~16(%rbp), %rdi
xorl %edx, %edx
movl %edx, %esi
callq _objc_storeStrong
novQq ~24(%rbp), %rdi #¥ 8-byte Reload
callqg _objc_autoreleasePoolPop
xorl ¥eax, %eax
addq $32, %rsp
popq ¥rbp
retq




Assemble - -

4 Ak Target 18 Object (Mach-O)

Sclang -fmodules -c main.m -o main.o

@
SERLLUAN & RvA

¥ Object (X86_64)

MachG4 Header
» Load Commands
» SectionB4 (_TEXT, text)
» SectionB64 (__DATA,__objc_classrefs)
» SectionB4 (_TEXT, _objc_methname)
» Section64 (__DATA,__objc_selrefs)
> Section64 (_TEXT,__cstring)
> Section64 (__DATA_cfstring)
» Section64 (__DATA,_objc_imageinfo)
Section64 (LD, _compact_unwind)
» SectionB4 (_TEXT,_eh_frame)
» Relocations
» Symbol Table
String Table

Offset
20000000

00000004
@oeoe0es

2000000C
00000010
00000014
00000018

0000001C

Data
FEEDFACF

21000007
Q0000003

00000001
Q000000F
20000530
00002000

Q0000000

main.o

Description

Magic Number

CPU Type

CPU SubType

20000003

File Type

Number of Load Commands
Size of Load Commands
Flags

20002000

Reserved

Value

MH_MAGIC_64
CPU_TYPE_X86_64

CPU_SUBTYPE_XB6_64_ALL
MH_OBJECT

15

1328

MH_SUBSECTIONS_VIA_S.
0




Link &£ 5} Executable

Sclang main.m -0 main

S./main

main[13595:2214602] Hello world: <NSObject: 0x7f9b01506700>




R45: Clang-LLVM T, — RSN RmIFITE

Lexical Semantic
Preprocess |—> Analysis —>C Tokens )—) Analysis
L e o Abstract
Code : E Static iE
/ Generation . Analysis S}II.P;:X
4
4
LLVM
Intermediate |—>| Optimize |—>| Assemble |—> Link —1
Representation
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B 18ETE Clang 472

 LibClang
* LibTooling
* ClangPlugin




LibClang

« © CAPI 3iA(a] Clang U EEBES), WN3IKEX Tokens. &
iEER. KiBsh2. IRENZHER

- @ APIF2ZE, A% Clang JRrEEHT=200
- @ RELEMIEBENIAL, EERENZEIESRER




LibClang - #1al{E

- {1 C API

« BIZIES: (ERE S EMAY python binding ST

node-|s / ruby binding
 Objective-C: FFJEE ClangKit

IREY




LibClang - Demo

@interface Sark : NSObject
@property (nonatomic, strong) id passWord; - s o
@property (nonatomic, strong) id nickName; %§‘§¥§$3'ﬁ
@property (nonatomic, strong) id netWorking; 58&*]-
@property (nonatomic, strong) id suuny;
@property (nonatomic, strong) id backgrond; :':

“
@end e

A3 LibClang B9 Python Binding SC¥]—

1> Property Name Linter



LibClang - Demo

import enchant, difflib

g

rom clang.cindex import Index
== ' main_':
index = clang.cindex.Index.create()
tu = index.parse(sys.argv(1])
d = enchant.Dict("en_US")
for ¢ in tu.cursor.walk preorder():
[ ¢ and c.spelling:
if (c.kind == clang.cindex.CursorKind.OBJC_PROPERTY_DECL):
if (not d.check(c.spelling)):
best = None
best_ratio = 0
suggestions = set(d.suggest(c.spelling))
sug in suggestions:
tmp = difflib.SequenceMatcher(None, c.spelling.lower(), sug).ratio()
if tmp > best_ratio:
best = sug
best_ratio = tmp
print “typo:

+ c.spelling + ", do you mean:

- best + Il?ll;



LibClang - Demo

Spython property-linter.py main.m

typo:
typo:
typo:
typo:
typo:

passWord, do you mean: password?
nickName, do you mean: nickname?
netWorking, do you mean: networking?
suuny, do you mean: sunny?
backgrond, do you mean: background?




LibTooling

-+ © WIEEWE STTERYIEHIN

- © A[{EN— standalone S < HRIMAI(EM, 2 clang-
format

TEFRA C++ BXt Clang JRIZEE




LibTooling - Demo

@interface Sark : NSObject

@property (nonatomic, copy) NSString xname;
— (void)becomeGay;

@end

SLIN—NE % Objective-C -> Swift JRAZEE1RES



LibTooling - Demo

|-ObjCInterfaceDecl < , > Sark

| |-super ObjCInterface 'NSObject'

| |-ObjCPropertyDecl < , > name 'NSString
*' readwrite copy nonatomic

| |-ObjCMethodDecl < ) > — becomeGay
'void'

| |-ObjCMethodDecl < > implicit - name
'‘NSString x'

| ~-ObjCMethodDecl < > implicit - setName: 'void'
| "—ParmVarDecl < > name ‘NSString *'

6132 RecursiveASTVisitor, 7£ AST FRE S RNMERT S/ Visit A&




LibTooling - Demo

Sobjc2swift test.m -- -fsyntax-only -fmodules

class Sark: NSObject {
var name: NSString?
func becomeGay() {

}




ClangPlugin

-+ © WIEEWE STTERYIEHIN

- © ER:

FIE

G EANFRIFRIET, IBAZZ00 build FlRESR

E

w EEFEA C++ X Clang JRIEEE




ClangPlugin - Demo

15 @interface AppDelegate : UIResponder <UIApplicationDelegate>
16 20 Objective-C 2= A4
17 @property (strong, nonatomic) UIWindow *window;

10
)

19 @end

2V

] A #R N\ Xcode R Linter, 1Z2{HBIRBIAGIZHI{ER



ClangPlugin - Demo

bool VisitObjCInterfaceDecl(clang::0bjCInterfaceDecl xD) {
const clang::SourceManager &M = Context->getSourceManager();
clang::FullSourceLoc loc = Context->getFullLoc(D—>getLocStart());
if (!SM.isInSystemHeader(loc)) {
std::string name = D->getName();
clang::DiagnosticsEngine &DE = *Diagnostics;
if (std::islower(name[@]) || std::islower(name[1])) {
unsigned int id =
DE.getCustomDiagID(clang::DiagnosticsEngine::Warning, "f#/» Objective-C
RKRZBER");

¥

DE.Report(loc.getLocWithOffset(11), id);

}

return true;




- Fa

} = (void)didReceiveMemoryWarning {
[super didReceiveMemorvWarninal:

ClangPlugin - Demo

@implementation ViewController

26 = (void)viewDidLoad {

[super viewDidLoad];
sunny:

29 goto sunny;

}

O Ritig, HRNABRIFSAIMENR




ClangPlugin - Demo

+ @implementation ViewController

26 = (void)viewDidLoad {

[super viewDidLoad];
sunny:
Lo P wal HR AHEEERFLE sunny;
30}
O RS, HROKBAFSLASMEN

Fix-it Replace “goto” with “i&F HR...
I 93 = (voio)aiareceiveMemoryWarning {
34 [super didReceiveMemoryWarningl;

O Rias, HORBRESADNEN

// Dispose of any resources that can be recreated.

Like a BOS®
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Clang-LLVM 1B & %l

* http://clang.llvm.org/docs/index.html

* http://blog.llvm.org/

 https://www.objc.io/issues/6-build-tools/compiler/

* http://llvm.org/docs/tutorial/index.html

 https://github.com/loarabia/Clang-tutorial

* http://lowlevelbits.org/getting-started-with-llvm/clang-on-os-x/
 https://kevinaboos.wordpress.com/2013/07/23/clang-tutorial-part-i-introduction/

» http://szelei.me/code-generator/

{Getting Started with LLVM Core Libraries)
{LLVM Cookbook)



http://clang.llvm.org/docs/index.html
http://blog.llvm.org/
https://www.objc.io/issues/6-build-tools/compiler/
http://llvm.org/docs/tutorial/index.html
https://github.com/loarabia/Clang-tutorial
http://lowlevelbits.org/getting-started-with-llvm/clang-on-os-x/
https://kevinaboos.wordpress.com/2013/07/23/clang-tutorial-part-i-introduction/
http://szelei.me/code-generator/
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