AULAS TEORICO-PRATICAS DE COMPILADORES
2° semestre de 2002/2003

Optimizacbes de codigo

AULA N° 1 (22 parte da aula: 1 hora e 30 minutos)

Esta aula tem como objectivo a utilizacdo de algumas das optimizacdes de codigo realizadas pelos
compiladores Algumas dessas optimizagfes réo dependem do processador avo para garantirem
sempre bons resultados. As optimizagdes do tipo anterior e cujo impacto sera avaliado sdo:

? Propagacéo de constantes (Constant propagation);

? Avdiagdo de expressdes com constantes (Constant folding ou ConstantExpression
evaluation);

?  Simplificagdes algébricas (Algebraic Smplifications)

?  Substituig&o de escalares (Scalar replacement)

? Reducdo do custo (Strength reduction)

? Eliminagdo de sub-expressées comuns (Common-Subexpression elimination - CSE)
? Eliminagdo de codigo e de declaracbes réo utilizadas

? Desenrolamento de ciclos (Loopunrolling)

ApGs leitura desta ficha e verificagdo das melhorias no tempo de execucdo, descreva cada uma das
optimizac Oes anteriores

1 Verificar a diferenca entre o tempo de execucao utilizando o
interpretador e utilizando o compilador JIT

O programa exemplo que vamos utilizar é formado pelas classes em bytecodes e por uma classe
para a qual é dada o ficheiro Java original. Para executar o programa deve primeiro compilar o
ficheiro Filter.java e depois executar um dos comandos seguintes:

Utilizando o interpretador:
Java —Xint Drawlmage

Utilizando o compilador J T (por omisséo):
Java Drawlmage

Verifique os tempos de execucéo de cada um dos algoritmos apresentadcs.

2 Optimizacbes

Vamos considerar a fungcdo doFIR apresentada em baixo e que € um método da classe Filter.java .
Este método, como pdde constatar anteriormente implementa um agoritmo de processamento de
imagem que reduz o rudo de uma imagem. De seguida vamos realizar manua mente um conjunto
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de optimizagtes, que integram ou constam como opgdes de compiladores e que permitem melhorar
0 desempenho.

final public static short[] doFIR(short[] IN) {

short[] K= {1, 2, 1,
2,4,2,
) 2,

1,2 1}

int DIM = 350;
short[] OUT = new short[DIM*DIM];

for (int row=0; row < DIM-3+1; row++) {
for (int col = 0; col< DIM -3+1; col++) {

int sumval = 0;

for (int wrow=0; wrow < 3; wrow++) {
for (int wcol = 0; wcol<3; wcol++) {

sumval += IN[(row +wrow)*DIM +(col+wcol)J*K[wrow*3-+wcol] ;

b

}

sumval = sumval / 16;

OUT[row * DIM + col] = (short) sumval;

}

3
return OUT;
3

2.1 Propagacéo de constantes (Constant Propagation)
final public static short[] doFIR(short[] IN) {

short[] K= {1, 2, 1,
2,4,2,
1, 2, 1};

short[] OUT = new short[350*350];

for (int row=0; row < 350-3+1; row++) {
for (int col = 0; col< 350-3+1; col++) {
int sumval = 0;
for (int wrow=0; wrow < 3; wrow++) {
for (int wcol = 0; wcol<3; wcol++) {
sumval += IN[(row +wrow)*350+(col+wcol)]*K[wrow*3+wcol];
3

}

sumval = sumval / 16;
OUT[row * 350 + col] = (short) sumval;

}

3
return OUT;
¥

2.2 Constant folding (Constant-Expression Evaluation)

final public static short[] doFIR(short[] IN) {

short[] K= {1, 2, 1,
2,4,2,
1, 2, 1};

short[] OUT = new shor{[350*350]f] — 12250
for (int row=0; row [< 350-3+1; rew-++)rf—

for (int col = 0O; eo 6=3+1; col++) {
int sumval = 0O;
for (int wrow=0; wrow < 3; wrow++) {
for (int wcol = 0; wcol<3; wcol++) {
sumval+= IN[(row +wrow)*350+ (col+wcol)]*K[wrow*3+wcol];
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3
H
sumwal = sumval / 16;
OUT[row * 350 + col] = (short) sumval;

}

¥
return OUT;
¥

Depois de aplicar constant folding:

final public static short[] doFIR(short[] IN) {

short[] K= {1, 2, 1,
2,4,2,
1,2, 1}

short[] OUT = new short[12250];

for (int row=0; row < 348; row++) {
for (int col = O; col< 348 ; col++) {
int sumval = 0;
for (int wrow=0; wrow < 3; wrow++) {
for (int wcol = 0; wcol<3; wcol++) {

sumval+= IN[(row +wrow)*350+(col+wcol)]*K[wrow*3+wcol];

3
3
sumval = sumval / 16;
OUT[row * 350 + col] = (short) sumval;

}

b
return OUT;
¥

2.3 Loop Unrolling do ciclo

for (int wcol = 0; wcol<3; wcol++) {
sumval+= IN[(row +wrow)*350+ (col+wcol)]*K[wrow*3+wcol];
3

Obtém:se:
final public static short[] doFIR(short[] IN) {

short[] K= {1, 2, 1,
2,4,2,
1, 2, 1};

short[] OUT = new short[12250];

for (int row=0; row < 348; row++) {
for (int col = 0; col< 348 ; col++) {

int sumval = 0;

for (int wrow=0; wrow < 3; wrow++) {
sumval+= IN[(row +wrow)*350+(col+0)]*K[wrow*3+0];
sumval+= IN[(row +wrow)*350+(col+1)]*K[wrow*3+1];
sumval+= IN[(row +wrow)*350+(col+2)]*K[wrow*3+2];

¥

sumval = sumval / 16;

OUT[row * 350 + col] = (short) sumval;

}

¥
return OUT;
¥

2.4 Simplificacao algébrica (Algebraic simplification)
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final public static short[] doFIR(short[] IN) {

short[] K= {1, 2, 1,
2,4, 2,
1,2, 1}

short[] OUT = new short[12250];

for (int row=0; row < 348; row++) {
for (int col = O; col< 348 ; col++) {
int sumval = 0;
for (int wrow=0; wrow < 3; wrow++) {

sumval+= IN[(row +wrow)*350-+col])*K[wrow*3];
sumval+= IN[(row +wrow)*350+(col+1)])*K[wrow*3+1];
sumval+= IN[(row +wrow)*350+(col+2)])*K[wrow*3+2];

}

sumval = sumval / 16;
OUT[row * 350 + col] = (short) sumval;
3

h
return OUT;
¥

2.5 Loop Unrolling do ciclo

for (int wrow=0; wrow < 3; wrow++) {
sumval+= IN[(row +wrow)*350+col] *K[wrow*3] ;
sumval+= IN[(row +wrow)*350-+(col+1)]*K[wrow*3+1];
sumval+= IN[(row +wrow)*350+(col+2)]*K[wrow*3+2];

3
Obtémse:
final public static short[] doFIR(short[] IN) {

short[] K= {1, 2, 1,
2,4,2,
1,2, 1}

short[] OUT = new short[12250];

for (int row=0; row < 348; row++) {
for (int col = O; col< 348 ; col++) {
int sumval = 0;
sumval+= IN[(row +0)*350+ col]*K[0*3];
sumval+= IN[(row +0)*350+ (col+1)]*K[0*3+1];
sumval+= IN[(row +0)*350+ (col+2)]*K[0*3+2];
sumval+= IN[(row +1)*350+ col]*K[1*3];
sumval+= IN[(row +1)*350+ (col+1)]*K[1*3+1];
sumval+= IN[(row +1)*350+ (col+2)]*K[1*3+2];
sumval+= IN[(row +2)*350+ col]*K[2*3];
sumval+= IN[(row +2)*350+ (col+1)]*K[2*3+1];
sumval+= IN[(row +2)*350+ (col+2)]*K[2*3+2];
sumval = sumwal / 16;
OUT[row * 350 + col] = (short) sumval;
¥

h
return OUT;
¥

2.6 Simplificacdes algébricas + constant folding

final public static short[] doFIR(short[] IN) {
short[] K= {1, 2, 1,
2,4,2,
1,2, 1};

short[] OUT = new short[12250];
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for (int row=0; row < 348; row++) {
for (int col = O; col< 348; col++) {
int sumvak IN[row350+col]*K[0];
sumval+= IN[row350+(col+1)]*K[1];
sumval+= IN[row350+(col+2)]*K[2];
sumval+= IN[(row +1)*350+col]*K[3];
sumval+= IN[(row +1)*350+(col+1)]*K[4];
sumval+= IN[(row +1)*350+(col+2)]*K[5];
sumval+= IN[(row +2)*350+col]*K[6];
sumval+= IN[(row +2)*350+(col+1)]*K[7];
sumval+= IN[(row +2)*350+(col+2)]*K[8];
sumval = sumval / 16;
OUT[row * 350 + col] = (short) sumval;
b

3
return OUT;
3

2.7 Scalar replacement

final public static short[] doFIR(short[] IN) {

short[] K= {1, 2, 1,
2,4, 2,
1,2, 1};

short[] OUT = new short[12250];

for (int row=0; row < 348; row++) {
for (int col = O; col< 348 ; col++) {
int sumval= IN[row350+col]*1;
sumval+= IN[row350+(col+1)]*2;
sumval+=IN[row350+(col+2)]*1;

sumval+= IN[(row +1)*350+col]*2;
sumval+= IN[(row +1)*350+(col+1)]*4;
sumval+= IN[(row+1)*350+(col+2)]*2;
sumval+= IN[(row +2)*350+col]*1;
sumval+= IN[(row +2)*350+(col+1)]*2;
sumval+= IN[(row +2)*350+(col+2)]*1;

sumval = sumval / 16;
OUT[row * 350 + col] = (short) sumval;
3

b
return OUT;
}

2.8 Simplificacdo algébrica
final public static short[] doFIR(short[] IN) {
short[] K= {1, 2, 1,

2,4, 2,
1,2,1};

short[] OUT = new short[12250];
for (int row=0; row < 348; row++) {

for (int col = O; col< 348; col++) {
int sumval= IN[ro w*350+col];

sumval+= IN[row350+col+1]*2;
sumval+= IN[row350+col+2];
sumval+= IN[(row +1)*350+col]*2;
sumval+= IN[(row +1)*350+col+1]*4;
sumval+= IN[(row +1)*350+col+2]*2;
sumval+= IN[(row +2)*350+col];
sumval+= IN[(row +2)*350+col+1]*2;
sumval+= IN[(row +2)*350+col+2];

sumval = sumval / 16;
OUT[row * 350 + col] = (short) sumval;
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h
return OUT;

2.9 Eliminacé&o de coédigo ou de declaragdes néo utilizadas

final public static short[] doFIR(short[] IN) {
short[] OUT = new short[12250];

for (int row=0; row < 348; row++) {
for (int col = O; col< 348; col++) {
int sumval= IN[row350+col];

sumval+=
sumval+=
sumval+=
sumval+=
sumval+=
sumval+=
sumval+=
sumval+=

IN[roww350+col+1]*2;
IN[row350+col+2];
IN[(row +1)*350+col]*2;
IN[(row +1)*350+col+1]*4;
IN[(row +1)*350+col+2]*2;
IN[(row +2)*350+col];
IN[(row +2)*350+col+1]*2;
IN[(row +2)*350+col+2];

sumval = sumval / 16;
OUT[row * 350 + col] = (short) sumval;

}

b
return OUT;

2.10Strength reduction

final public static short[] doFIR(short[] IN) {
short[] OUT = new short[12250];

for (int row=0; row < 348; row++) {
for (int col = O; col< 348; col++) {
int sumval= IN[row350+col];

sumval+=
sumval+=
sumval+=
sumval+=
sumval+=
sumval+=
sumval+=
sumva l+=

IN[row350+col+1]<<1;
IN[row350+col+2];

IN[(row +1)*350+coll<<1;
IN[(row +1)*350+col+1]<<2;
IN[(row +1)*350+col+2]<<1;
IN[(row +2)*350+col];
IN[(row +2)*350+col+1]<<1;
IN[(row +2)*350+col+2];

sumval = sumval >> 4;
OUT[row * 350 + col] = (short) sumval;

}

h
return OUT;

2.11Depois de simplificacdes algébricas e reassociacao

final public static short[] doFIR(short[] IN) {
short[] OUT = new short[12250];

for (introw=0; row < 348; row++) {
for (int col = O; col< 348; col++) {

int sumval=IN[row*350+col] ;
sumval+=IN[row350+ col+1]<<1;
sumval+=IN[row350+col+2];
sumval+=IN[350*row +350+col]<<1;
sumval+=IN[350*row +351+col]<<2;
sumval+=IN[350*row +352+col]<<1;
sumval+=IN[350*row +700+col];
sumval+=IN[350*row +701+col]<<1;
sumval+=IN[350*row +702+col];
sumval = sumval >=> 4;
OUT[row * 350 + col] = (short) sumval;
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h
return OUT;
}

2.12Depois de CSE (eliminacéo de sub-expressd es comuns):

final public static short[] doFIR(short[] IN) {
short[] OUT = new short[12250];

for (int row=0; row < 348; row++) {
for (int col = O; col< 348 ; col++) {

int row_350_col = row350 + col;

int sumval= IN[row_350_col];

sumval+= IN[row_350_col + 1]<<1;
sumval+= IN[row_350_col + 2];
sumval+= IN[row_350_col + 350]<<1;
sumval+=IN[row_350_col + 351]<<2;
sumval+= IN[row_350_col + 352]<<1;
sumval+= IN[row_350_col + 700];
sumval+= IN[row_350_col + 701]<<1;
sumval+= IN[row_350_col + 702];

sumval = sumval >> 4;
OUT[row_350_col] = (short) sumval;
}

b
return OUT;
}

3 Sumario
A Uutilizacdo das optimizag Ges consideradas nesta ficha permitem, sempre que hagja potencia para a
sua aplicagdo, melhorar o desempenho do @digo. No exemplo indicado foi necessirio aplicar

algumas das optimizagfes mais do que uma vez, em virtude da aplicagdo de certas optimizagdes
potenciar a aplicacdo de outras (ver por exemplo ¢ cascs dos desenrolamentos dos doisciclos).
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