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 LLVM - Low Level Virtual Machine

* Clang /'kleen/ - C Language Family Frontend for
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& Clang-LLVM JRIBRY RS
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LHEATET Run Z2/5...




LHEATET Run Z2/5...

/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;
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« import k34
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1. Preprocess - FRAME

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 - FRAME

Sclang -E -fmodules main.m

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

return 0;
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2. Lexical Analysis - @& D

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 - 1BE DT

« 187A77%, 1E Clang FFH Parser 1 Sema R MEIREL & 5
X

AXTIXRF B ] T main.m:8:32: error: expected ';' at end of declaration
* BL‘LTJ-.E'LnlfTEm | ﬁ% id obj = [NSObject new]

- RIEHINESHINEE, E&ﬁawm,‘hmﬁwmfA&
FIHER (AST)




3. Semantic Analysis - 1BE 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 - FE: SO
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4. CodeGen - IR X34 BX

« CodeGen AATTIIBEMMINZE FEH, #FER LLVM IR

« LLVM IR 2 Frontend 9%, t=2 LLVM Backend AY%
AN, BIRIRINSIEIES

« 5 Objective-C Runtime #f#&




4. CodeGen - IR 1’%65_’;55}32 5 Obijective-C Runtime &

Class / Meta Class / Protocol / Category N{Z&5H4 A,

HZIEISE section B (A Class: _DATA,
objc_classrefs)

Method / Ivar / Property R{Z45F4 A%

2HRY, method_list / ivar_list / property_list #iEA Class




4. CodeGen - IR 1’%65_’;55}5\2 5 Obijective-C Runtime &
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4. CodeGen - IR 1’%65_’;55}5\2 5 Obijective-C Runtime &

o JEIEFEMIPAY ObjCMessageExpr E1i% A E N AR ZSHY
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4. CodeGen - IR 1’%65_’;55}5\2 5 Obijective-C Runtime &

- TRIBMBIHTF strong / weak / copy / atomic &R @property
B SSCHRY setter / getter

- AME @synthesize




4. CodeGen - IR 1’%65_’;55}5\2 5 Obijective-C Runtime &

« 4% block layout BOEIE LR
« IS5 capture (__block / _ weak)
« 4 RL block_invoke %X




4. CodeGen - IR 1’%65_’;55}5\2 5 Obijective-C Runtime &

« ARC: DN RSIAXZAR, 4§ objc_storeStrong/
objc_storeWeak ZF ARC {tIgiH A

« J& ObjCAutoreleasePoolStmt #51% i
objc_autoreleasePoolPush/Pop

- LI EBHIER [super dealloc]

o NETIHA ivar B9 Class &R .cxx_destructor AR B 5/
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4. CodeGen - IR 1’%65_’;55}5\2 5 Obijective-C Runtime &

&R [super dealloc]



CodeGen - IR XRB4E Rk

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 - 1t 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)
-
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%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 - 4 F T3

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




Assemble - &£ F¥ Target tHx;C 7R

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




Assemble - &} Target 8% Object (Mach-O)

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




Link A g Executable

Sclang main.m -0 main

S./main

main[13595:2214602] Hello world: <NSObject: 0x7f9b01506700>
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FATBETE Clang £t A2

* LibClang
* LibTooling
* ClangPlugin




LibClang
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LibClang - #{al{E R

- {1 C API

- HIZES: ERESHRME python binding (7

node-js / ruby binding
« Objective-C: FFjRE ClangKit

IREY



LibClang - Demo

@interface Sark : NSObject

@property (nonatomic, strong) id passWord;
@property (nonatomic, strong) id nickName;
@property (nonatomic, strong) id netWorking;
@property (nonatomic, strong) id suuny;
@property (nonatomic, strong) id backgrond;

@end

FA LibClang B9 Python Binding SLE!—1™ Property Name Linter



LibClang - Demo




LibClang - Demo

Spython property-linter.py main.m




LibTooling
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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




ClangPlugin
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ClangPlugin - Demo

@interface Sark : NSObject
@end

@imp lementation Sark
@end

o] A#R N\ Xcode Y Linter, IR{Hu[iRBIRIIZHEE



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;




ClangPlugin - Demo




ClangPlugin - Demo
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Clang-LLVM fHx & #

* 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})
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