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* PHP b B4t & w13kt 6938 5 45 %
« PDO = PHP Data Objects
c BPHP 4 » PHP & tmaER 53
o f£ 2000 %77 PHP4 #] » PHP & f# 4T 23K
ATAT W PHP A R
» PHP4 3] i Zend engine

» Zend engine/VM A3 B bytecode > i
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PHC (PHP Open Source Compiler)
nttp://www.phpcompiler.org/

HipHop for PHP, Facebook
nttp://wiki.github.com/facebook/hiphop-php/

Roadsend PHP

* OCC
nttp://code.roadsend.com/pcc

* Raven (A LLVM =8 )
nttp://code.roadsend.com/rphp
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CPU Shootout (by Language)

= 60.0

CPU MEAN (1=Ce+)

B Cs++ B Java (JIT)
B Erlang

B PHP (Zend 5.2)

rpedishoooutalioh, debian org/ubdgibenchmark phpfiesesallflangsall

B Python (CPython)
B Ruby (CRuby 1.8)

= 30.0

15.0

W C# (Mono)
B Perl

(EE?IET : http://terrychay.com/article/hiphop-for-faster-php.shtml/4 l

Memory Shootout (by Language)

10.0

MEMORY MEAN (1=C++)

B C++
B Erlang
B PHP (Zend 5.2)

B Java (JIT
M Fython (CPython) [
B Ruby (CRuby 1.8)

C# (Mono)
Perl
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o OSDC.tw 2009
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http://www.slideshare.net/jserv/what-can-compilers-do-for-us
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(% LLVM |, 8=
RERER &m%%ﬁ EH )
TOSSUG 2009

http://www.slideshare.net/jserv/llvm-introduction

A8 B R AL
¢ Applied Computer Science Conceprs in Android )
KEAEMNAZ 2010

h’rrp://www.slideshare.ner/jserv/appIied—compurer—science concepfs-in-android
A8 B R A2

( Build Programming Runtime with LLVM )
OSDC.tw 2011

http://www.slideshare.net/jserv/build-programming-language-runtime-with-llvm
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http://www.slideshare.net/jserv/llvm-introduction
http://www.slideshare.net/jserv/build-programming-language-runtime-with-llvm
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Compiler 48 4 3 Al7 89 BF 4X
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* Framework-driven
* SIMD/vectorization, SMP/mulfi-core
» JE AL (Virtualization) F& 4t 69 BF 4X,
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Java Virtual Machine (JVM)

NET Common Language
Runtime (CLR)

Smalltalk
Squeak

Parrot (Perl 6)
Python

YARV (Ruby 1.9)

Rubinius

B RAH VM

Tamarin (ActionScripf)
Valgrind (C++)

Lua

Truelype

Dalvik

Adobe Flash (AVM2)
p-code (USCD Pascal)
/end

RenderScript (Android) “\'
/
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LLVM

* Low-Level VM - bit-code
« TENGRFREBER
o T Z Ay ~ F VA 4 eE 5 0 AR U
* AR P E KA ITE A mTE B
* static compiler, JIT, frace-based optimizer, ...
o PR SmE BER
» ZRAEXGET LIk
o ZEMAT E g RAER X (BSD License)
» TR (Apple + Google + Qualcomm)
s BT HHFHE 1 CARM, x86, PowerPC, D







GCC vs. LLVM

GCC LLVM
C, C++, Obj-C, Fortran, Java, Ada, ... C, C++, Obj-C

x86, ARM, MIPS, PowerPC, ...
binutils (Id as) BSD-Style License

o JIT/Interpreter
Compiler pipeline Google
FrontEnd  Middle End Back End
&

by wpl B gl
| Inter RTL ‘

| Procedural Optimizer |

Optimizer |
\J
| S;A Final Code \
| Optimizer Generation | .
- o )
Al

Call Grapn rass
Manager Manager /

[ Compiler Driver | v
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-rontena L LVM IR Sackend

define i32 Radd func(i32 %a, 132 %b) {

int add_ func( _add_func:

entry:
int a, int b) F%thB = add i32 &b, %a movl B(%esp), %eax
{ ret i32 %tmp3 addl 4(%esp), %eax
return a + b; ' ret

C .
Language twmiR | Mid-Level LwmIR Code

e — Front-end Optimizer Generator

O b_i(: —

C/C++
' |
FORTRAN = GCC
Parsers

AdaJava —| Key LLVM Feature:

IR is small, simple, easy

_ to understand, and is
Python —= Retarget or write well defined
JavaScript —=» parsers for other

— languages




BitCode + Optimizer
[L1O: tink-Time Optimizaron ]

BitCode
mod.bc

BitCode
main.lto.bc

BitCode
main.opt.bc

BitCode
mod.opt.bc




L LVM Code Generation

libLLVM D
f Y N D
BifCode WIS
: Analysis
main.[fo.oc BitfCode : Machine U v
BitCode =
parser Instr
Machine Asm
Transforms | Emitter
A 7\ Y
Execution Transform : h
o Transform : Register
ngine | CodeGen Machine :
SDNode Allocation
InterPreter Instr A D

[C++]
main.cpp ‘

ARM.td
Instrinfo

Instruction X86.td

Instruction

Selection | Scheduler Instrinfo
Register %86
SDNode Subtarget CallbackUrils
Frame Transforms
Lowering
[Selecrion DAG] CallingConv_ I




Je bt Hello World B4

%% 69 Compiler Driver

S clang hello.c -0 hello
* 2% IR

S clang -03 -emit-1llvm hello.c -c -0 hello.bc
- VA Just-In-Time compiler # X, #.47 BitCode

S 11i hello.bc

Mid-Level LwMIR Code
Optimizer Generator

"-\-.._H
FORTRAN =

. - » Parsers
AdaJava =7 Key LLVM Feature:

IR is small, simple, easy

to understand, and is
Python — Retarget or write well defined

JavaScript —= parsers for other

5 languages >
Getting Started with the LLVM System y \
http://llvm.org/docs/GettingStarted.html




L printf() &77‘@.1]‘—‘{@ ° }ié‘ﬂ%% RitCode
58 MamTBARAML e, _
?jﬁﬁpmmo % $ llvm-dis < hello.bc

.

o ik x86 B MEIES
S 1llc hello.bc -0 hello.s
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[Xcode j { OpenCL CompllerJ

6penCL - —v(
Haskell -
Clay - ‘ ibClang } ‘ AST -
grack -
“StrengthReduction
s BitfCode Profile-gen/use
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LibLLVM /
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GPGPU
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[ Script Entry

Compile

zend_compile

Execute
zend execute

@0DpEQoe0)

-

-

include file

function call

Zend VM BT )

« IRYEIFH SDT (Syntax-
Directed Translation) &3¢ 25
Rt 7 kAR

.« HRFE byrecode

o R HRIETE 6 5 B AR LR



[ Script Entry

L

Compile

my_compile

file has not been
seen before

Compile
zend compile

[ Store Opcodes ]

v

Execute

zend execute

(@0QEQEsD)

include file function call

Zend VM BL T o

Retrieve Cached
file has been @] pCDdES

seen before

* PHP bytecode 1% H # &,
W) R ik AR a9 AR

o 34y B4 class T &
it R &4 & bytecode

A
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[ Script Entry J Zeﬂd \//\/\ 7}% /‘):L (3)
v

Compile Retrieve Cached
my_compile file has been Opcodes

seen before

file has not been 5
seen before / <z php \

Compile else
zend compile $a = 2 * 4;

filename: Jevs/pecl/11vm/ test? . php /
function name: (null)

number of ops: 0O

compiled vars: 0 = fa

line # op Fetch eXxt return operands

I5_SMALLER

JMPZ

MUL

ASSIGN

TMP 0
MUL e 7,

ASSTIGN L . 2 /

1
|_I|
=
3
4
C

¥ ]

S

ECHO LU
RETURN Iy }




s éney | Zend + LLVM

ﬂp_block:

%execute data = call @phpllvm_get_execute data(%1)
%execute result = call @ZEND_IS_SMALLER HANDLER(%execute data)
switch i32 %execute result, label %op block1 [

132 1, label %pre_vm_return

132 2, label %pre_vm_enter

_ 132 3, label %pre_vm_leave
Compile Q
zend compile o

v

1f (1 > 2)
Sa = 2 * 3;
else
Sa = 2 * 4;
s )
E xecu tE filename: Jevs/pecl/11vm/test?,
(null)
zend execute wmber of ops: 0
’ ) compiled vars: 10 = %a -
LDD D DDDJ ine # op ext return
- o 2 0 IS5_SMALLER 2
JMPZ
2 MIL
3 ASSTIGN
include file function call 5 1 JMP

5 MUL

] ASSTGN
/  ECHO

»  RETUEN




PHP + LLVM

* PECL:LLVM - Zend bytecode to LLVM
assembly compiler, unmainfained

http://pecl.php.net/package/llvm

Compiles Zend bytecode to LLVM assembly and
then info optimized machine code.

* Roadsend PHP / Raven
* Stafic analyzer which dumps (in XML)
* Tokens / AST / Generated IR
* Various analysis passes
* Port of phc optimizer passes \\
y


http://pecl.php.net/package/llvm

PHP + LLVM

HipHop for PHP {£ ag #h4T [~ 3R 1589 PHP 42
A 0w HB A7 2 & (deployment; % iE
B POSIX C++ code)

PHP 316 FR 748 JR 25 9 69 & ]

PR 45 T EL 6y B A

Z# @ LLVM 8 Polly $2 LTO (Link-Time
Optimization) » ¥ & —F &1L Zend
bytecode - LLVM bitcode #9347
memcache / MP / GPGPU



R LLVM B XEF T

* Unladen Swallow (Google): faster Python
$ /perf.py -r -b call_simple --args "-j always,” \
./q2/python ../q3/python
* Min: 1.618273 -> 0.908331: /8.10% faster

* Avg: 1.032200 -> 0.924890: /6.48% faster

http://code.google.com/p/unladen-swallow

« GHC/Haskell's LLVM codegen

e 3x faster in some cases
http://donsbot.wordpress.com/2010/02/21/

smoking-fast-haskell-code-using-ghcs-new-llvm-codegen/

* LLVM-Lua : Jl1/stafic Lua compiler

« hitp://code.google.com/p/llvm-lua/



http://code.google.com/p/unladen-swallow
http://donsbot.wordpress.com/2010/02/21/
http://code.google.com/p/llvm-lua/

Kag2t LLVM 89 X355 B o

* |cedTea Version of Sun's OpendDK (RedHaf)

* /ero: processor-independent layer that allows
OpendDK to build and run using any processor

* Shark: Zero's JIT compiler: uses LLVM to provide
nafive code generatfion without infroducing
processor-dependent code.

http://icedfea.classpath.org

* Emscripten
* LLVM-to-JavaScript compiler

* It takes LLVM bitcode and compiles that info
JavaScript, which can be run on the web (or
anywhere else JavaScript can run).

http://code.google.com/p/emscripten/ u.;}:



http://icedtea.classpath.org/

"Bxlnb

http://Oxlab.org
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