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LLVM

Low Level Virtual Machine
http://11lvm.org/

RBEDERE 7—FT7I7FvICKFULBRWVWHEEE

=:z5

» clang, llvm-gcc (C, C++, Obj-C)
» ghc (Haskell)
» MacRuby (Ruby) 7% &

—FFUF v
» X86, x86_64
» PowerPC
» ARM 73 &
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clang

http://clang.llvm.org/

C + Obj-C + C++ IV /A SHAZFDHE
LLWMZ/NXYy VT RELTWS
e TS0 EFRE (XTI TV
BSD License

Apple (Mac OS/iOS) & h* FreeBSD & H
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int fib(int n) {

if (n == 0) return 0;

if (n == 1) return 1;

return fib(n - 1) + fib(n - 2);
}

clang

LLVM Byte Code

define i32 @fib(i32 %n) nounwind ssp {
%1 = alloca i32, align 4
%2 = alloca i32, align 4
store i32 %n, i32* %2, align 4
%3 = load i32* %2, align 4
%4 = icmp eq 132 %3, O
br il %4, label %5, label %6
(¢:))

~—

LLVM
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Why?

gcc DAY AN GPLV2 » GPLV3 ICR>CTUE - 1
B#% D GPLV2 D gec h¥4.2.1
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» MacOS

» *BSD
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Why?

» REKKRBIV /A IDREL S

» Apple » XCode4 577 #J)L

» FreeBSD — R4 IC clang D R— k EHLKH
» FreeBSD 9 lc¥—Y &

» IB7E FreeBSD 9.0-RELEASE RC2
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8/37



T, ZIhBlEclang DRFE--TIEH D FEA
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libclang

» clang DNV VTV KRR SA4T Uk nicevtD
» O EDBFICHITARITY

» AINTEDD? » C++I— KDEMT
» MRESK (Abstract Syntax Tree; AST) DEXS
» clang static analyzer
» http://clang-analyzer.llvm.org/
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libclang

FIRMIER ITTER
AVIAZODA—REZFDXEXERHATES
C++11l lcHIHnLDD % 3
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Pros.

v

v

Cons. » Not user friendly
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LLVM 2.9
clang 2.9
gcc4.6.1

C++ 11

SEERIRIE
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LLVM 2.9
clang 2.9
gcc4.6.1

C++11
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» Windows (R1E TR
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Target

$ ./where in.cpp f
in.cpp:2:5

§$ ./where in.cpp ¢
in.cpp:6:6

: #include <iostream>
: int f(@int x, int y) {
return x + y;

2 5

: void g0 {
std::cout << ‘‘g()’’ << std::endl;

O NO VT WN =

:}
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VN1 IVAE

gcc -o where where.cpp \
-D__STDC_CONSTANT_MACROS \
-D__STDC_LIMIT_MACROS \

libLLVM*.a libclang*.a
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VN1 IVAE

gcc -o where where.cpp \

-D__STDC_CONSTANT_MACROS \

_.STDC_CONSTANT_-MACROS

INT8_C, INT16_C, INT32_C,
INT64.C, ...

-D__STDC_LIMIT_MACROS \

libLLVM*.a libclang*.a
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VN1 IVAE

gcc -o where where.cpp \
-D__STDC_CONSTANT_MACROS \

-D__STDC_LIMIT _MACROS \

__STDC_LIMIT_.MACROS

INT8_MAX, INT8_MIN,

1 * 1 *
IbLLVM*.a libclang*.a INT16_MAX, INT16_MIN ...
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YA

gcc -o where where.cpp \

-D__STDC_CONSTANT_MACROS \

-D__STDC_LIMIT_MACROS \

libLLVM*.a libclang*.a

VAR

libLLVMAnalysis.a,
libLLVMArchive.a
libLLVMAsmParser.a, ...
libclang.a libclangAST.a
libclangAnalysis.a
libclangBasic.a, ...
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#include
#include
#include
#include
#include
#include
#include
#include
#include

where.cpp:#include

<clang/AST/ASTContext.h>
<clang/AST/ASTConsumer.h>
<clang/AST/Decl.h>
<clang/AST/DeclGroup.h>
<clang/Basic/TargetInfo.h>
<clang/Frontend/CompilerInstance.h>
<clang/Frontend/CompilerInvocation.h>
<clang/Parse/ParseAST.h>
<clang/Lex/Preprocessor.h>
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where.cpp:main

int main(int argc, char** argv) {
clang: :CompilerInstance compiler;
compiler.createDiagnostics(argc - 1, argv);
auto& diag = compiler.getDiagnostics();
auto& invocation = compiler.getInvocation();

clang: :CompilerInvocation: :CreateFromArgs(
invocation, argv + 1, argv + argc - 1, diag);
compiler.setTarget(clang: :TargetInfo: :CreateTargetInfo(
diag, compiler.getTargetOpts()));

compiler.createFileManager();
compiler.createSourceManager(compiler.getFileManager());
compiler.createPreprocessor();
compiler.createASTContext();
compiler.setASTConsumer (new consumer(argv[argc - 1]));
compiler.createSema(false, nullptr);

D)
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where.cpp:main

(#e)

auto& pp = compiler.getPreprocessor();

pp.getBuiltinInfo().InitializeBuiltins(
pp.getIdentifierTable(), pp.getLangOptions());

auto& inputs = compiler.getFrontendOpts() .Inputs;
if (inputs.size() > 0) {
compiler.InitializeSourceManager (inputs[0].second);
clang: :ParseAST(
pp,
&compiler.getASTConsumer(),
compiler.getASTContext()
D
}

return 0;
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clang::Compilerinstance

int main(int argc, char** argv) {
clang: :CompilerInstance compiler;

compiler.

createDiagnostics(argc - 1, argv);

auto& diag = compil Neem T

auto& invocation = compi| clang AV /N1 TEREHFZWRE D

clang: :CompilerInvocation: :CreateFromArgs(
invocation, argv + 1, argv + argc - 1, diag);

compiler.

setTarget(clang: :TargetInfo: :CreateTargetInfo(

diag, compiler.getTargetOpts()));

compiler.
compiler.
compiler.
compiler.
compiler.
compiler.

(e)

createFileManager();

createSourceManager (compiler.getFileManager());
createPreprocessor();

createASTContext();

setASTConsumer (new consumer (argv[argc - 1]));
createSema(false, nullptr);

21/37



Compilerinvocation::CreateFromArgs

int main(int argc, char** argv) {
clang: :CompilerInstance compiler;
compiler.createDiagnostics(argc - 1, argv);
auto& diag = compiler.getDiagnostics();
auto& invocation = compiler.getInvocation();

clang: :CompilerInvocation: :CreateFromArgs(

invocation, argv + 1, v + argc - 1, diag);
compiler. setTarlang IR D B | BT IC ~getInfo(
diag, compil },.Hﬁw_g_%
EENNMETHH 5.

compiler.creat

compiler.creat (—D I -UEWSTETSY nager());
compiler.creat| % n:ungjiét"5)

compiler.creat
compiler.setASI <’ ~ 11));
compiler.createSema(false, nullptr);

()
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Compilerinvocation::CreateFromArgs

clang: :CompilerInvocation: :CreateFromArgs(
invocation, argv + 1, argv + argc - 1, diag);

¥ argc == 1 DRFFITVWHASHIIRICLABEWARET,
» B HZ2A T a Vv ENRITTES
» -I$HOME/boost

» -DNDEBUG
» -UFOOBAR ...

» P7VMB DT 7% ET DHFME (see: argv + arge - 1)
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Compilerinvocation::CreateFromArgs

clang: :CompilerInstance compiler;

compiler.

createDiagnostics(argc - 1, argv);

auto& diag = compiler.getDiagnostics();
auto& invocation = compiler.getInvocation();

clang: :CompilerInvocation: :CreateFromArgs(
invocation, argv + 1, argv + argc - 1, diag);

compiler.

setTarget(clang: :TargetInfo: :CreateTargetInfo(

diag, compiler.getTargetOpts()));

compiler.
compiler.
compiler.
compiler.
compiler.
compiler.

€7

createFileManager();
createSourceManager(compiler.getFileManager());
createPreprocessor();

createASTContext();

setASTConsumer (new consumer (argv[argc - 1]));

createSema(false, nullptr);
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InitializeBuiltins

€D)

auto& pp = compiler.getPreprocessor();

pp.getBuiltinInfo().InitializeBuiltins(
pp.getIdentifierTable(), pp.getLangOptions());

* __builtin_strcmp

auto& inputs = - _builtin.sin .Inputs;
if (inputs.siz - _builtin_cos
compiler.Ini °__builtin_sqrt... [0].second);
clang: :Parse
pp,

&compiler.getASTConsumer(),
compiler.getASTContext ()
);
}

return 0;
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clang::ParseAST

€D)

auto& pp = compiler.getPreprocessor();

pp.getBuiltinInfo().InitializeBuiltins(
pp.getldentifierTable(), pp.getLangOptions());

auto& inputs = compiler.getFrontendOpts() .Inputs;
if (inputs.size() > 0) {
compiler.InitializeSourceManager (inputs[0].second);
clang: :ParseAST(
pp,
&compiler.getASTConsumer(),
compiler.getASTContext()
Js
}
retur A —»PP— AT (AST)—AST Consumer
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consumer

struct consumer : clang::ASTConsumer {
explicit
consumer (std: :string const& target);
virtual
void Initialize(clang::ASTContext& ctx) /*override*/;
virtual
void HandleTopLevelDecl(clang: :DeclGroupRef decls) /*override*/;

private:
void handle_functiondecl(clang: :FunctionDecl const* fd) const;
std::string target_;
clang: :ASTContext* ctx_;

b

boost: :optional<T& DA —/\ N\ RAUNZ i AR
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consumer::consumer, Initialize

struct consumer : clang::ASTConsumer {

explicit

consumer (std::string const& target)

: target_(target), ctx_(nullptr) {

}

virtual

void Initialize(clang::ASTContext& ctx) /*override*/ {

ctx_ = &cCtx;

}

virtual

void HandleTopLevelDecl(clang: :DeclGroupRef decls) /*override*/;
private:

std::string target_;

clang: :ASTContext® ctx_;
3
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consumer::HandleTopLevelDecl

struct consumer : clang::ASTConsumer {
explicit
consumer (std: :string const& target);
virtual
void Initialize(clang::ASTContext& ctx) /*override*/;
virtual
void HandleTopLevelDecl(clang: :DeclGroupRef decls) {
for (auto& decl : decls)
if (auto const* fd =
1lvm: :dyn_cast<clang: :FunctionDecl>(decl))
handle_functiondecl(fd);
}
private:
void handle_functiondecl(clang: :FunctionDecl const* fd) const;

std::string target_;
clang: :ASTContext® ctx_;
};
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» EnumDecl

» FunctionDecl
» TempladeDecl
» TypeDecl

X, clang/AST/Stmt*
» Stmt

[fStmt
DoStmt
ForStmt
ReturnStmt ...

| A

v v v

v

h
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=X, clang/AST/Expr*.h

» Expr

» IntegerLiteralExpr
» BinaryOperator

» CallExpr

» InitListExpr ...
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consumer::handle_functiondecl

struct consumer : clang::ASTConsumer {
explicit
consumer (std: :string const& target);
virtual
void Initialize(clang::ASTContext& ctx) /*override*/;
virtual
void HandleTopLevelDecl(clang: :DeclGroupRef decls) /*override*/;
private:
void handle_functiondecl(clang: :FunctionDecl const* fd) const {
if (fd->getDeclName() .getAsString() == target_) {
auto const& range = fd->getSourceRange();
range.getBegin() .print(
1lvm::outs(), ctx_->getSourceManager());
1lvm::outs() << '¥n’;
}
}
std::string target_;
clang: :ASTContext® ctx_;
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Eratta

ABY—RCTS—HHBDEEEET.

in.cpp:8:3: error: use of undeclared identifier ’a’
Stack dump:
0. in.cpp:8:4: current parser token ’;’
1. in.cpp:6:10: parsing function body ’g’
2. in.cpp:6:10: in compound statement (’’)
zsh: segmentation fault ./where in.cpp f
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Eratta

ZHIZEEZEIRTEX A,
in2.cpp

namespace ns {
void £ {}

shell

$ ./where in2.cpp f
$ ./where in2.cpp ns::f

—
A

<

— clang::NamespaceDecl Z B IFHIIC IR U 7R WL & WIF R,
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#HiA A AST Consumer

» clang/Frontent/ASTConsumers.h
» CreateASTPrinter

v

CreateASTDumper

v

CreateASTDumperXML

CreateASTViewer

v

CreateDeclContextPrinter

v

FITDERETZ & CreateASTDumperXML H I g h - fz- -
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clang::CreateASTDumper()

int £(int x, int y) (CompoundStmt 0x7£f87e4917b00
<in.cpp:2:21, line:4:1>
(ReturnStmt 0x7£f87e4917ae® <line:3:3, col:14>
(BinaryOperator 0x7£87e4917ab8 <col:10, col:14> ’int’ '+’
(ImplicitCastExpr 0x7£87e4917a88 <col: 10>
’int’ <LValueToRValue>
(DeclRefExpr 0x7£87e4917a38 <col:10> ’int’
lvalue ParmVar 0x7£87e49178c® ’x’ ’'int’))
(ImplicitCastExpr 0x7f87e4917aa0 <col:14>
’int’ <LValueToRValue>
(DeclRefExpr 0x7£f87e4917a60 <col:14> ’int’
lvalue ParmVar 0x7£87e4917920 'y’ ’int’)))))
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Any Questions?
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