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Agenda

What is Phoenix?
Demo : "ILdasm"
Why Phoenix?
Demo : IR-Viewer
Phoenix Inside
Demo : Tiger Compiler
Status; Phoenix-Academic
Links

What is Phoenix?

Next-Generation Framework for
building Compilers
building Software Analysis Tools

Mainline Microsoft compilers for 10+ years

Framework for Academic Research & 
Teaching

Build a Compiler?

Retarget a Compiler?

Improve a Compiler?

x86 x64 ia64 arm ppc etc

JIT Ngen C++ Backend

RegAlloc

OO

FP

Profile-Guided

"Tiger"

For Compilers

MultiCore

Analyze Code? ILdasm Dumpbin Lint FxCop PREfast

Transform Code? Instrument

tracing
profiling
callouts
Aspects

Morph

Strip CAs
Obfuscate
1-bit bools

support SSE5
Merge assems
Compress IL

For Software Tools

Delphi Cobol
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Phoenix Core

AST      IR      Syms Types    CFG      SSA
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Browser

Phx APIs

Profiler
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Visualizer

Security
Checker

Refactor
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VB

C++ IRassembly

C++

C++AST

PREfast
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Demo

"ILdasm" using Phoenix

Let Phoenix do the heavy lifting

ILdasm
< 1 kloc

C2 (optimizing backend for C++)
4 kloc

Phoenix code base
total : 500 kloc

samples :   20 kloc
doc :   9 MB   .chm

x86 34ktypes 27ksyms 14kmetadata 19k

ir 38kgraphs 23keh 27kalias 15k

Front-end : Language-specific

Scan Parse CSA

CSE

Instr Selection ScheduleRegAlloc

for (row = 0; row <  
sum += a[i];

}

for ( row

= 0

Middle-end : Optimizations

Back-end : Codegen

AST
Decorated 

AST

Linear IR
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Dead
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The Phoenix Building Blocks

Core  Structures
And Utilities

High Level 
Optimizations

Low Level
Optimizations

Machine
Abstractions

Dynamic Tools
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Why Phoenix (Microsoft)?

Avoid duplicated effort
Faster re-targetting
Research ����product xfer
Academic

Why use Phoenix (Third Parties)?

Robust, stable, documented, supported, 
long-lived, extensible
Wide API
JIT, Ngen ("PreJIT"), 'batch'
Dual Mode  - .NET / native
Rapid Retargetting
Extensible IR (intermediate representation)
Plug-ins; mix&match components
Testbed for algorithm comparison
Real-world Apps
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Compilation and analysis framework for 10+ years

Phoenix
Building Blocks

.Net CodeGen
JITs
PreJITs
OO and .Net 
optimizations

Native CodeGen
Advanced C++/OO 
Optimizations
FP optimizations
OpenMP

Retargetable
“Machine Models”
~3 months: -Od
~3 months: -O2

Chip Vendor DevKit
~6 month ports
Sample port + docs
Key ports (Arm) done 
at msft

Academic DevKit
Full sources 
Managed API’s
IP as DLLs
Docs

MSR Tools
Built on Phoenix API’s
Both HL and LL API’s
Managed API’s
Program Analysis

MSR Adv. Lang
Language Research
Direct xfer to Phoenix
Research Insulated 
from code generation

Polynomial.cpp

C++ 
FrontEnd

Analyze each function 
after each phase

Phoenix 
BackEndXML-Plug-In.dll

Demo : IR-Viewer

Polynomial.obj

XML

IR-Viewer

XML-Plug-in.cs

C#

using System;
using Phx;

public class FuncNames : PlugIn {
public void RegisterObjects() { }
public void BuildPhases (PhasesContainer container) {

Phase phase = container.PhaseList.FindByName("Encoding") as Phase;
FuncNamesPhase.New(container, phase);

}
}

public class FuncNamesPhase : Phase {
public static void New(PhasesContainer container, Phase laterPhase) {

FuncNamesPhase phase = new FuncNamesPhase();
phase.Init(container, "FuncNamesPhase");
laterPhase.InsertBefore(phase);

}
protected override void Execute(Unit unit) {

FuncUnit func = unit as FuncUnit;
Console.WriteLine("Function: {0}", func.NameString);

}
}

Minimal C2 Plug-In (Funcnames sample)

IR Instruction Stream

Pre- and post-lowered : *p += 1

[p] [p]

ADD

1 p

[p(eax)] [p(eax)]

x86add

1 p(eax)cc

HIR

LIR

int32 int32 ptr-int32int32

int32 int32 ptr-int32int32condCode

EH handler

EH handler

IR Functions

Enter

IF

LOOP

Exit

Enter

IF

LOOP

Exit

Instruction Stream Flow Graph Regions
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Demo : Tiger Compiler

Tiger = small imperative language
Modern Compiler Implementation, Appel †

Builds AST and emits into Phoenix

†
Object-Tiger, Fun-Tiger, PureFun-Tiger, Lazy-Tiger,  Poly-Tiger

Example Tiger Program (8 queens)
let

var N := 8

type intArray = array of int

var row := intArray [N] of 0; var col := intArray [N] of 0;

var diag1 := intArray [N+N-1] of 0; var diag2 := intArray [N+N-1] of 0

function printboard() = (

for i := 0 to N-1 do (

for j := 0 to N-1 do print(if col[i]=j then " O" else " .");

print("\n") ) )

function try(c : int) =

if c = N then printboard()

else for r := 0 to N-1 do 

if row[r]=0 & diag1[r+c]=0 & diag2[r+7-c]=0 then (

row[r]:=1; diag1[r+c]:=1; diag2[r+7-c]:=1;

col[c]:=r; try(c+1);

row[r]:=0; diag1[r+c]:=0; diag2[r+7-c]:=0

)

in 

try(0)

end

tiger-yacc.h

tiger.lex

tiger.yacc

Lex

Yacc

tiger-lex.c

tiger.cpp

C++

Phoenix.dll

tiger.exequeens.tig

Phoenix Status

Builds Longhorn (NT)
JITs .Net version of PowerPoint
Basic optimizations coming online now
Several tools plug-ed in

Code analysis; obfuscation, AOP, etc
Academic program initiated

Phoenix Academic Program

Research and/or teaching
Early access to Phoenix  - ~100 copies so far
Q&A Website; Updates

Robust, stable, documented, supported, long-
lived
Dual-mode (unmanaged / managed)

RFPs : 40+ submissions; 12 awards
DevLab in June 05

Links

http://research.microsoft.com/phoenix
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Backup Slides . . .
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Phoenix + Tools : 10kft View

Native
Image

VB

C++

C#

Phx Core Lib
Core structures, Utils;  AST, CodeGen Srvcs

I/O
Sync
Trans
mgr

Master
Program DB

+
Profiles

Lint

Designer

Visualizer

Modeler

Editor+

Browser

Xlator

Formatter

R
eaders: C

IL, M
S

IL, H
IR

, x86

Core
Program

Representation
[ AST+]

Custom
Extended
Pgm Rep
[AST++]

Phx APIs

Profiler

Obfuscator

Security
Checker

Refactor

Phx APIs

EXEJ#

Current BackEnd Phases

Reader

TypeChecker

LIR PhaseList

Finalize

MIR Lower

Simple RVD

SSA Construct

Unit’d Locals

SSA Destruct

X86 Scalar SSE

Canon

Addr Mode Build

Lower

Linear Scan Regalloc

x87 Stack Alloc

Native EH Lower

Stack Alloc

Frame Generation

Switch Lower

Dead Stores

Block Layout

Flow Optims

Encoding

Emit Ref’d Syms

Assembly Listing
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Front

End

Back

End
Linker Runtime

Static Analysis Instrumentation Optimization Testing

• Correctness

• Simulation*

• Perf Monitoring

• Workload study

• Runtime Check

• Code Obfuscation

• Patch / HotFix

(*) Profile Information

• Code Coverage

• Fault Injection

• Test selection

• Code Quality*

• Code Layout*

• Specialization*

• CPU specific opt*

• Binary slicing

Tools : Opportunities


