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Embeddedsystemsa Difficult Target

e unusualarchitecturafeatures
- low overheadooping hardware

- specializedcaddressandarithmeticfunctions
— highly irregularinstructionsets

e stringentapplicationconstraints

- reaktime deadlines
- absolutememorylimitations

o efficient coderequiresspecificuserknowledge

- valueranges
- memorydisambiguation
— determiningloop bounds



Choicesfor Coding Embedded
SystemsApplications

* high-level language

— difficult to exploit specialpurposehardware
- lesscontrol over performance
* assemblyjanguage

— difficult to maintainandretarget
- codingis slow
— errorprone

* hybrid at the modulelevel

- too coarsegrain



InteractiveCodelmprovement

* Applicationdevelopmenin a high-level
anguage

* Low-level codeimprovementassistedy
developers

— Selectingthe orderandscopeof traditional
optimizationphases

- Userspecifiedcodeimprovements

» Userguidedcodeimprovementassistedy
the compiler



RelatedWork

 Compilerdebugging
- XVPODB: Boyd, Whalley
* High-level parallelizationof programs

- Pattoolkit: Appelbe,Smith, McDowell
- Parafrase2: Polychronopoulos(sirkar, et al.

- Pittsburghsystem:Dow, Chang,Soffa
- SUIF Explorer:Liao, Diwan, Bosch,et al.
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Featuref the Environment

* View therepresentatiof a functionat any
optimizationpoint.

» Specifythe orderandscopeof optimization
phases.

e Specifycodeimproving transformations
manually.

* Visualizeperformanceof the application.

* Reversagireviouslyappliedtransformations.
» Obtaininformationfrom the compiler.

o Specifyimprovementver multiple sessions.



Viewing the Low-Level
Representation

Naturallevel for embeddedystems
performancduning.

Supportsa variety of displayoptions.

- RTLs
- assembly
— control flow

Easegdebuggingof compilererrors.

Providesa betterunderstandin@f the code
Improvemenfprocesdo a user.



History of CompilationPhases

E%Userlnterface

Function pstr Trans Humber M
State Befare Total 418
transformations
Junp Minimization 1 =l
Instruction Jelection 5
Fegister Allocation 12
Dead Variable Elimination 1
Fegister Allocation 11
Instruction Aelection [15) 64
Fegister Allocation 1
Dead Variable Elimination B
Common Subexpr Elimination la
Instruction Jelection 15
Dead Variable Elimination p
Instruction Jelection 2d
Common Subexpr Elimination 16
Insztruction Selection 14
Dead Variable Elimination 1
Insztruction Selection 15
Fix Entry Exit 4 e
Fill Delay 3lots 7 :
' i |[RTLs =
= == = = Br =| Option Exit

1]
r[10]=r[12];
r[9]=r[11];
r[8]=c[9];
r[8]=c[8]-1;
r[13]=c[8];
r[5]=c[9];
Ic=r[8]720;
BC=IC:0,L002;

2 | L92
r[8]=r[10];
r[3]=c[8];
r[8]=c[9];
r[8]=c[8]+1;
r[10]=c[8];
r[8]=r[9];

r(8]=(B[r[B8]]{24])}24;

Ic=r[8]7?0;
PC=Ic10,L93;

r[8]=32;

1|

Message: | RTL type is going to be changed




Control Flow: A Bird's Eye View

E‘-E,%Userlnterface

Function % Trans Number w
State After Total 308
transformations
Fegister &llocation 5 sl
Inztruction Selection 30
Fegister Allocation 4
Dead Variahle Elimination 3
Common Subexpr Elimination 1z
Instruction Selection 10
Dead Variahle Elimination 2
Code Motion 1
Dead Variabhle Elimination 1
Instruction Selection 14
Common Subexpr Elimination 12
Instruction Selection 9
Dead Variahle Elimination Z
Instruction Zelection 10 :
Fix Entry Exit 1 [
Trnatruction Selectinn A2 ¥
Setup Trans Sequence Specify Trans by Hand Ctl Flow j
= == = = i = Option Exit

1]

1

2 | LODS

1

3 | L37

1

|-4|L43

| L4

m—

6 | L42

¥ | LOD4

[ 1

Message: | Mo Message




SpecifyingCompilationPhases

Givesthe usercontrol overthe code
Improvementprocess.

Helpsto addresgshe phaseorderingproblem.

Phasesanbe specifiedto be performed
repeatedlyuntil no morechangesare made.

Canlimit the scopeof the program
representationvherea phases applied.

Certainrestrictionsstill haveto be enforced.



PhaseOrder Control

Egj UserInterface
Transformation Selection

Rewerse Branches

Basicz Block Recordering

kerge Basic Blocks

Instruction Selection

Fiz Cortrol Flow

Jurnp Mini rization

Dead “Wariable Eliminztion

Reqgister Allocation

Carmon Subexpr Eli minstion

Code Motion

Loop Strength Reduction

Recurrences

Strength Reduction

Fix Ertry Exit

if changes goto

Transformation Sequence

1.0ead Code Elimination
2 Register Assignment
3.Register Allocation

A.lnstruction Selection
G.ifchanges goto 3

4. Commaon Subexpr Elimination

| »

-
Ll

Loops Undo Last Change Done Cancel

¥ri0, .1 arge, $rid
[#r32], %x33
Z,%r3d

rid, frid

L0

thi(.L3l), %r3d

%hi(printf), %r33

grii, #rd

#rid

Bgl, $rad
thifexit), %r33

Brid, %ri
rii

3 | L29
add $r30, .1 arge, $r3d

_|o x|
8r3Z, %¥lo(.L31), $r3
3r3d, %lo(printf), %33
grid, $lolexit), %ri3

1d [3r32], %r33

Message: | Mo Message




Restrictingthe Scopeof Phases

» setof basicblocksby clicking on eachblock

» setof loopsby clicking onloopsin theloop
report

o

Nesting Header 0Other
Lewel BEBElocks Elocksz

2 23 24

2 20 21

1 19 26 25 [23] 22 [20]
1 12 13

1 all blocks




User Specifiedimprovements

Oftendifficult to exploitembeddedeatures.
Usercantunecompilergeneratecatode.

Usercanmakequeriesto the compiler.

- Whatregistersarelive at a givenpoint?
— Which blocksdominatea specifiedblock?
- Whatloopsexistin the function?

Useful for prototypingcodeimprovements.



Function

State

Manually Specifyinga
Transformation

Eg,'% UserInterface

main | Transhumber [+ |
] Total  [2¢ |

Changes in transformation

1. Move RETL 36 in block £ to block =2
2. Modified RTL 65 in block =2

Query | Undo Last Change Done | Cancel 8& Back

=131 x|

2]
r[B]=HI[L31];
r[8]=HI[printf]:
r(81=r[3]+L[L31];
r[9]=r[]+LO[printf];
r[8]=c[a];

ST=r[9]:

rl817  Move aRIL

E Eg %: Insert RTL after specified RTL.
r[2]= Delete specified HTL.
ST=cr[] Modifyspecified RTL.

List registers live hefore RTL

3 | L29
c[28]=e[30]+.1 argo;
r[8]=R[c[B]];
r[9]=2;

Ic=r[B]*r[9];
PC=IC!I0, L33}

L TR, s W

| b

1]

Message:

Flease selectinstruction operations




Visualizing Performance

» Canobtainperformancaneasurementand
canview themon blocksor loops.

f2iUserinterface -0l x|
_ - prin i
Function main Trans Number 1840 s
Q 4 1dr 0, [rd4,#36]
State Total 1840 ldr 9, [rd,#12]
transformations bl printf
Branch Chaining a4 ldr rll, [r4,#40]
Eliminate Empty Blocks 1
Tzelezs Jump Elimination 3
Dead Code Elimination 4 18 | L22  |[freq: 0.053%
Rewverse Branches a mow rlz,#0
Basic Elock Reorderineg 4 rov rl, #0
Merge Basic BElocks 5 mov_rl,rl0
Other Transform 1
Instruction Jelection 610
) ) 19 | L24 | fredq: 98.656%
Ewal Order Determination 3
Instruction Selection 97 strb £, [rl,rlZ] =
ey P N . add rlZ,rlZ, #1 i
egis er. smgnmen. cwp rl2, #432
Instruction Jelection 97 hlt .T24
Junp Minimization 4
Merge Easic Elocks 4
Instruction Selection g 20 | LOD2 | freq: 0.013%
Fegizter Allocation 46
? — ldr 1, [£2,r5, 1=l #2]
Dead WVariabhle Elimination 17 -
mov r0,rll
El[nssembly ¢ mov rE, #0
’ - —— = — — wov £8,r10 ||
ption ! hl nrintf il

Message: | The program representation is Assemibly
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TraversingApplied
Transformations

« Canapplyor undotransformations.

» Allows auserto experimentwith different
compilationphaseorderings.

» All changesarestored.

 Changesbothcompileranduserspecified,
aresavedo afile.



TransformatiorHistory Is Saved

History of

Transtormations

C Assembly
Source Compiler
File File
User

Intecface




Implementatiorissues

UsedJavafor the userinterfaceto enhance
its portability.

Communicatiorbetweenthe compilerand
userinterfacewasaccomplishedisingUNIX
sockets.

Analysisneededor or invalidatedby each
optimizationphasehadto beidentified.

Translatorswvererequiredto converta human
specifiedRTL or assemblynstructioninto an
encodedRTL.



FutureWork

Patterndor detectingcodeimprovement
opportunities.

Showperformancamprovement.

Supportiterative compilationto meet
specifiedconstrainton speedsize,and
power.

Includea mappingbetweensourceand
assembly.



Conclusions

« Usefulfor effectiveembeddedystems
development.

- Benefitsof codingin a high-level language.

— Flexibility of codingin assembly.

- Compilercanexploit userknowledge.

- Usercanusecompilersuppliedinformation.

e Usefu
e Usefu

for debuggingcompilererrors.
for prototyping.



