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ViaRyaViispraRtsiiRrthe Paper

~ .
m Viany symbolsilest O 1 O OX ZFFFFFfe

> Lost symbols are like:

— = in many cases
0 Oi O ox7fffffff — 0 S | S Ox71ffffff

— & in some cases (“for loops"” in algorithms)
for(J Oall.. — for (Je&all...



B Vietivation

Our appreacn

> Maximize the chance to place sign extensions at the
right peints

» Eliminate sign extensions for array indices

= ExXperiments
» | BYTEmark and SPECjvm98 measurements on IA64

m Conclusion




S52-0It applications; on 64-pIt architecture

I Sl

Java SPECIINES, "[NL™ as a 52-pit data type

» |_oad or calculation reguires sign extension

00..00 |0 31bit |
1.1 |1 3|




CalculaeniisAViieng W/erSIgnRr EXtension

t=1+1;

s=t/2;

lncorrect!!



CalculaeniisViieng W/erSIgnRr EXtension

t=1+1;

Correct!!



Simplednsertion Siiaeay,

m Defi approach : Insert a sign
extension after each definition point

m Use approach : Insert a sign
extension before each use point



BaS|C ConcepiS el ENmInanen

m A Sjgn extension can e eliminated, If
» Upper 32 bits of the output variable de not
affect any use ofi the variable, or

> Input variable Is already sign-extended

First case Second case

i=extend(); // eliminated  i=j & OxFF;

al0] =1i; /] 32-bit store r=extend(); // eliminated



@UT Elrst Ellminatientldeas

= Def appreach

» Using a backward dataflow analysis

» Upper 32 bits of t

ne output variable do not

affect any use ofi the variable

m Use approach

» Using a forward dataflow analysis

» Input variable is already sign-extended



Exampleris DefnitienrPelnts: ¢ Backiward

= Original program m After insertion
Intt=0; Intt = 0;
Inti=]+Kk; Inti=]+Kk;
do { | = extend (1);
=1+ 1; do {
t+=all]; =i+ 1
} while(i < end); | = extend(1);
d = (double) t; t+=alil;

t = extend(t);
} while(i < end);
d = (double) t;



ExanplesENDemiien Peinis s Backiware

m After Inserntion s After backward elimination
Intt=0; Intt=0;
Inti=]+Kk; Inti =] +k;
| = extend(1);
do { do {
=1+ 1; =i+ 1;
| = extend(1); | = extend(1);
t+=ali]; ’[+:M;4\
t = extend(t); t=extend(t);, Rrequire
} while(i < end); } while(i < end); sign extension

d = (double) t; d = (double) t;



=Exaimplier 2 USENEOIILS &z EeVeard

& Original program ATtEr Insertion

Inti=j+Kk; Inti=j+Kk;
do { do {
| =1+ 1; =1+ 1;
t+=alil]; i = extend(i);
} while(i < end); t+=a[i];
d = (double) t; } while(i < end);
t = extend(t);
d = (double) t;




Exampler2: UserPeimis s Eevard

m After Inserntion s After fonward elimrmation

Intt=0; Intt=0;

Inti=]+k; Inti=]+Kk;

do { do {
=1+ 1; 1=1+1, @
i = extend (i ); G s e

_ _ Slgn-extended

t+=all]; t+=all],=—

} while(i < end); } while(i < end);

t = extend(t); t = extend(t);

d = (double) t; d = (double) t;



Elher @pumizanenis Possikle!

m Del & Backward
intt=0;:
Inti =] +Kk;

do {
1=1+ 1;

| = extend( 1 );

t+=alil;

t = extend(t);

} while(i < end);

d = (double) t;

= Use & Forward

Intt=0;
Inti=j+Kk;

do {
=1+ 1;
| = extend(1);
t+=all];

} while(i < end);
t = extend(1t);
d = (double) t;

= Optimization Goal

Intt=0;
Inti=j+Kk;
| = extend(1);
do {

=1+ 1;

t+=alil;
} while(i < end):

t = extend(1t);
d = (double) t;



@UIFAPPIEACH

m Vaximize the chance to place sign
extensions at the right peints

> [nsert sign extensions at both defi and use points

> Sort the basic blocks in the execution frequency

= Eliminate sign extensions for array Indices
by using Java semantics

» Array bounds checking excludes a negative index



IRSERSIgRFEXIENSIeNS Ao
Pelrand Use Poinits

= 0 InSert sign extensions at either def or tuse

poInts makes; fewel candidates

(Def Points Only)
Intt=0;
Inti=|+Kk;
| = extend(1);
do {
1=i+1;
| = extend(1);
t+=ali];
t = extend(t);

} while(i < end)} ><

d = (double) t;

(Use Points Only)

Intt=0;
Inti=j+Kk;

© L )X

| = extend(1):
t+=afi];

} while(i < end);
t = extend(t);
d = (double) t;

(Optimization Goal)

Intt=0;
Inti=j+Kk;
| = extend(1);
do {

=1+ 1

t+=ali];
} while(i < end);

t = extend(t);
d = (double) t;



EXAMPIESINSEMINONSIGRFEXIERSIONS

Alter insention B[O INSENL SIgn EXTENSIONS
At DO denniten and use
NDOINtS INCrease

nti=)+Kk candidates ofi elimination

| = extend (1);
do { @Re o them

I=1+1; can be eliminated
| = extend(1);
t+=a[i];
t = extend(1t);
} while(i < end): > “ne of therr
t = extend (t): can be eliminated

d = (double) t;




S Basic BlocKksSHRrthe Execuion
ErEqUERCY

s Eliminate sign extensions frem the most
iregquently executed region

» Estimate freguency. for each basic block by:
— |oop nest level
— probability of each conditional branch
(enhanced with the runtime profile information)
» Use UD/DU-chain to selectively eliminate sign extensions

— Dataflow analysis cannot selectively eliminate them



mples @reeFBDEIErminalen

& | thiE |00P! TIST, OLNENS SEcOond

do {
=1+ 1;
| = extend( 1),
t+=afi];
t = extend(t);
} while(i < end);
t = extend(t);
d = (double) t;




ReEsUit-oir Erequency-nased Elnmnaien

B S|gn extension for the array idex: still remainms in
the leop

(Before Elimination) (After Elimination)
Inti=j+Kk; Inti=j+Kk;
| = extend(1);
do { do {
=i+ 1; =i+ 1;
| = extend( 1 ); | = extend( 1 );
t+=afi] tv=ali], T~ Still
t =extend(t); Remains!!
} while(i < end); } while(i < end);
t = extend(t); t = extend(t);

d = (double) t; d = (double) t;



UseJava SEmaniics oAy lnaiIces
(Blrst semaniic)

m | |S considered sign-extended afteral 1’|
> \We insernt a dummy: sign extension after

each array access

t+=all];
//'11s considered sign-extended here



IRSER DUy SIgRFEXTENSIENS

s [Asert a dummy: sign extension: alter each arnray
ACCess to tell that anrarray Index Is; sign-extended

Inti=j+Kk;
| = extend( I );
do {
1=1+1;
| = extend( 1);
t+=all|;
| =dummy_extend(1); //11Is considered sign-extended here
t=extend(t),
} while(i < end);
t =extend(t),
d = (double) t;



IRSER DUy SIgRFEXTENSIENS

s [Asert a dummy: sign extension: alter each arnray
ACCess to tell that anrarray Index Is; sign-extended

Inti=j+k;

| = extend( 1);

do {
I=1+1;
| = extend(1); ==— Our goal Is to eliminate this!
t+=ali];
| =dummy_extend(1); //1is considered sign-extended here
t =extend(t);

} while(i < end);

t =extend(t),

d = (double) t;



Usediavar SEmaniiecS e ARy ARNGICES
(Second semaniic)

B S|gn extension fer the array index “I+=1* 1S  not
necessary I irs sign-extended, because:

> Signi extension IS necessary enly When I = 7t

> Array bounds checking using a 32-bit compare
Instruction excludes a negative index

(FFFFFFF i+1 80000000
00.....00 joam ek my 00..... ooN 1 00....00

-1(FFFFFFFFFFFFFFFF) 0




Usediavar SEmManieS e ARV ARNEICES
(Second semaniic)

B S|gn extension fer the array index “I+=1* 1S  not
necessary Ifii's sign-extended, because:

> Signi extension IS necessary enly When I = 7t

> Array bounds checking using a 32-bit compare
Instruction excludes a negative index

UREEEEEENEF S Array bounds checking
00.....00 [0 5 S ki excludes this case

-1(FFFFFFFFFFFFFFFF) 0




Examples Eliminauenior Ay IndICes

B S|gn extension fer the array index “I+=4* 1S  not
necessary I Irs sign-extended

inti=j+k:
| = extend(1); - (1) i=extend(i)
dO{ \
I=1+1; - (2) i+ 1
. )
t+=alli];
| =dummy_extend(i); -(3) i=dummy_extend(i)

t =extend(t);
} while(i < end);
t =extend(t);
d = (double) t;



EXAmpies ©UiF ©puimization

B Elpal resuilt

} while(i < end);

t = extend(t):

d = (double) t;

Elimmatedrusing
Java semantics for array Indices
and frequency-based elimination

Eliminated’ using
frequency-based elimination




EXpermentalrReslt

a Vleasure |BYTEmark anad
SPEC|jvm98 on IA64 (ltanium)

m Our baseline:

Insert a sign extension before each
use point whenever necessary



PyRamic Cotnts ol SIRNEXCERNSIGIS
Execuied Py aiwerinsertion: Strategiess (W/er Ellminauen)
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PyRamic Counts Ol SIgRNEXIENSICNS
EXEecUed Py @uiINew, Algorithm
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KEGWRFeIFINFCompPaUenINmE

Average for | Average for
|JBYTEmark | SPECjvm98
Sign Extension 0.10% 0.13%

Optimizations

UD/DU chalin
creations

3.18% 2.55%

Others 96.73% 97.32%




Conclusion

= Our appreach eliminates many: sigh
extensions (86%) with little additional
compilation time overhead (0.11%)

> Maximize the chance to place sign

extensions at the right points

» Eliminate sign extensions for array indices

by using Java semantics






Aly BoundiChecKIng EXCIUdEs)a
Negativerlndex

s Bound checking excludes “If = Ox7fffffff™ case
> e use a 32-bit compare instruction fior the check

— TThis instruction allows us te Implement array bounds

checking witheut sign extension

i=i+1 // result = 0x80000000 Exception
=extend{-+); P handler

boundcheck I, a[ |; // 32-bit compare instruction
L.=a[l]; /[ 1is always sign-extended here



PyRamic Counts Ol SIgRNEXIENSICNS

EXecuied Py SemerAlgerbims
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0%, Taller bars are better)
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Sign Extension Insertion at Definition Points

General Optimizations

v

Optimizing Sign Extensions
1. Sign Extension Insertion at Use Points
2. Order Determination of Elimination
3. Sign Extension Elimination




NSEeN ACEItRIME FEBIEVS

Sign Extension Insertion at Definition Points

General Optimizations algorithm of partial
* dead code elimination

Optimizing Sign Extensions /

1. Signh Extension Insertion at Use Points
2. Order Determination of Elimination
3. Signh Extension Elimination
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Slimitatenreira 21D

& PDE appreacn Oulf appreacn

t+= ... t+=...
t = extend(t) t = extend(t)

\M/ : \M/
| ;

!
/
/
4
7
s
-

d = (double) t t = extend(t)
d = (double) t

It does not move the One of sign extensions Is
sign extension out of the loop eliminated (frequency based)




