LLVM & LLVM Bitcode
Introduction
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What is LLVM ? (1/2)

* LLVM (Low Level Virtual Machine) is a compiler infrastructure
* Written by C++ & STL

* History
* The LLVM project started in 2000 at the University of lllinois
» BSD-style license (Berkeley Software Distribution License)

* LLVM: A compilation framework for lifelong program analysis &
transformation (a published paper by Chris Lattner, Vikram Adve)(CGO 04)

e 2005, Apple hired Chris Lattner
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What is LLVM? (2/2)

* Targets of LLVM

* Lifelong optimization

* |ntegration

* AOT (ahead-of-time) compiler, JIT (just-in-time) compiler, interpreter

e Compare with GCC

* More advanced architecture
Better optimizations
Faster compilation
GCC currently support more targets than LLVM

X86 PPC (CBE «clang GCC LTO

Code

DWARF Target gen

JIT  Optzn linker IPO

BCIO LLIO System Core Support xforms analysis GC

http://llvm.org




LLVM retargetablity design

Traditional Three-Phase Compiler design

Source Machine
Code

Cade Frontend Optimizer Backend

LLVM retargetablity

Clang C/C4++/0bjC LLWM
C > Frontend X86 Backend > X86
— A
LLWRA LLWIA
Fortran —=| llvm-gee Frontend Optimizer PawerPC Backend | ™ PowerPC
— A
Haskell | GHC Frontend ARMLE"Mk 4 | ARM
LLVM 1B LLYM IR acken




LLVM tools

* llvm-as: assemble a human-readable .Il file into bitcode

* llvm-dis: disassemble a bitcode file into a human-readable .1l file

* opt: run a series of LLVM-to-LLVM optimizations on a bitcode file

* llc: generate native machine code for a bitcode file

* |li: directly run a program compiled to bitcode using a JIT compiler or interpreter
* llvm-link: link several bitcode files into one

e clang: C, C++, Object C front-end for LLVM

* llvm-gcc: GCC-based C front-end for LLVM

* llvm-g++: GCC-based C++ front-end for LLVM

LLVM Code
Generator

GCC4.2
Front-end

=% LLVM Optimizer —>

LLVM GCC 4.2

GCC4.2 o GCC Code
Front-end —» GCCOptimizer —» Generator

GCC4.2




Looking into events at compile-time

C file —

/

llvmgce | — .o file C++file —| llvmg++ [ .ofile

Dead Global Elimination, IP Constant Propagation, Dead Argument

Elimination, Inlining, Reassociation, LICM, Loop Opts, Memory
Promotion, Dead Store Elimination, ADCE, ...

hitp://llvm.cs.uiuc.edu/ Chris Lattner — laftner@cs.uviuc.edu



Looking into events at link-time

.0 file \
A

llvm linker | — executable

A/Ofile

.o file \

.o file

» .bc file for LLVM JIT

Native executable

20 LLVM Analysis &

IIIICII
Optimization Passes

Native

Optionally “internalizes”: executable

marks most functions as

gcc

“llc =march=c”

internal, to improve IPO \_ -
~
Link in native .o files
Perfect place for argument : .
_ o and libraries here
promotion optimization!

http://llvm.cs.uivc.edu/ Chris Lattner — lattner@cs.uiuc.edu



LLVM framework

c Ilvm-gec / clang “ww

Legend

native

LLVM tools

-

llc

libc.a / libc.so

libstdc++.a / libstdc++.so
[lvm-mc

executable



Source code to LLVM IR

.C llvm-gcc / clang -

Legend

.~ blitcoge
native

LLVM tools

native tools

[lvm-mc

-

llc

libc.a / libc.so

libstdc++.a / libstdc++.so

executable



LLVM IR

* LLVM code representation

* In memory compiler IR (Intermediate Representation)
 Human readable assembly language — LLVM IR (*.11)
* On-disk bitcode representation (*.bc)

* LLVM IR is SSA form (Static single assignment form)
* Each variable is assigned exactly once
» Use-def chains are explicit and each contains a single element



Global variable & Array representation

long long =[3][3]

long long Y[3][3]
long long z[3][3]:

int main{)}

{

int sum = @;

for{int i = B8;)i € 3; ++i}) {
for(inf j = 8; j < 3; ++j) {
z[1][]] = ©;

for{int Kk = B8; k < 3; ++k) {

, 2[1][3]1 += =[i1[k] = w[KIL[i1;

global [3 x [3 x i64]]
[[3 x i64] [i64 1, i64 2, i6n 3],
[3 % i64] [i64 4, i64 5, i6k 6],
[3 x i64] [i64 7, i64 8, ish 9]
]. align 8
global [3 % [3 = i64]]
[[3 x i64] [i64 9, i64 8, i6u 7],
[3 = i64] [i64 6, 164 5, iéh 4],
[3 x i64] [i64 3, i6k4 2, ien 1]
], align 8
common global [3 x [3 x i64]] zeroinitializer, align 8




Function entry & Local variables

long long =[3][3
long long y[3][3
long long z[3][3]:

int main{)}

{

int sum = @;

for{int i = B8; )i < 3; ++i) {
for{in{l j = @; j € 3; ++j) ¢
z[1][]] = ©;

for{int Kk = B8; k < 3; ++k) {

, 2[1][3]1 += =[i1[k] = w[KIL[i1;

define i3? Emain{) nounwind {
entry:
sretval = alloca i32
%k = alloca i32
%j = alloca i32
%1 = alloca i32
sum = alloca i32
“alloca point™ = bitcast i32 8 to i32

{i32=> [#uses=2]
{i32=> [Huses=6]
{i32=> [Huses=8]
{i32=> [Huses=8]
{i32=> [Huses=4]
132> [#uses=0]

%
%




long long x[3][3]
long long y[3][3]

long long z[3][3]:

int main()}

{

int sum = @;

for{int i = B; i € 3; ++1i) {
for{int j = B8; j < 3; ++j) {
z[i][]] = ®;

for{int kK = B8; k < 3; ++k) {

, 2[1][3] += =[1][k] = y[k1[i]:

%10
%11
%12
%13
14
%15
%16
w17
w18
19
%28
221
%22
%23
224
%25
ctore
26 =
%27 =
store
br 1la

; preds = %bb3
load i32=+ %i, align ; <132> [Huses=1]
load i32=+ %j, align ; <132> [H#uses=1]
load i32=* %i, align ; €132> [Huses=1]
load i32=* %j, align ; €132> [Huses=1]
getelementptr inbounds [3 x [3 x i64]]= @z, i32 B, i32 %7 ; <{[3 x i64]=*> [H#uses=1]
getelementptr inbounds [3 x i64]= %9, i32 8, i32 %8 ; <iékx> [Huses=1]
load i64= 318, align 8 ; <i64> [Huses=1]
load i32= %i, align &4 ; €i32> [Huses=1]
load i32=* %k, align 4 ; €i32> [Huses=1]
getelementptr inbounds [3 x [3 x i64]]= @x, 132 8, i32 %12 ; <[3 x i64]=> [Huses=1]
getelementptr inbounds [3 x i64]= %14, 132 8, 132 %13 ; <io4=> [Huses=1]
load i64* 315, align 8 ; {i64> [Huses=1]
load i32= %k, align &4 ; €132 [Huses=1]
load i32= %j, align &4 ; €132> [Huses=1]
getelementptr inbounds [3 x [3 x i64]]= @y, 132 8, i32 %17 ; <{[3 x i64]=> [Huses=1]
getelementptr inbounds [3 x i64]= %19, i32 8, 132 %18 ; <i64=> [Huses=1]
load i6h= %20, align 8 ; <i64> [Huses=1]
mul iéh4 %16, %21 ; <i64> [Huses=1]
add nsw ia4 %11, %22 ; <i64> [Huses=1]
getelementptr inbounds [3 x [3 x i64]]= @z, 132 @, 132 %5 ; {[3 x i64]=> [Huses=1]
getelementptr inbounds [3 x i64]= %24, i32 B8, 132 %6 ; <{i6ux> [Huses=1]
i6h %23, iak= %25, align 8
load i32= %k, align &4 ; €132 [Huses=1]
add nsw i32 %26, 1 ; <i32> [Huses=1]
i32 %27, i32= %k, align 4
bel %bh3

Inner-most
loop




LLVM command

* Generate the *.bc
S clang -c —emit-llvm a.c —o
S llvm-dis -0

* Generate the *.Il (human-readable)
* S clang =S —emit-llvm a.c —o

* Using interpreter to run bitcode
* S |li test.bc



How to build the LLVM

* http://llvm.org/docs/GettingStarted.html#getting-started

* Download llvm 3.2, clang., Compiler-RT from
http://llvm.org/releases/download.htmI#3.2

S tar zxf llvm-3.2.src.tar.gz

S cd llvm-3.2.src/tool

S tar zxf clang-3.2.src.tar.gz

S mv clang-3.2.src.tar.gz clang

S cd llvm-3.2.src/projects

S tar zxf compiler-rt-3.2.src.tar.gz

S mv compiler-rt-3.2.src compiler-rt
S cd where-you-want-to-build-llvm
S ../llvm/configure

S make



http://llvm.org/docs/GettingStarted.html
http://llvm.org/releases/download.html

LLVM conclusion

* Integration
* Ex: clang for static compiler and for JIT compiler

* Low level IR
e SSA-based
* Language-independent
* Machine-independent
* Allow libraries and portions written by different language

* More and more languages and targets support



Reference

e LLVM official website
* http://llvm.org/
* http://llvm.org/docs/GettingStarted.html

* LLVM IR
* http://llvm.org/docs/LangRef.html



http://llvm.org/docs/GettingStarted.html
http://llvm.org/docs/GettingStarted.html
http://llvm.org/docs/LangRef.html

