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Application Specific Computing (ASC)
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Why is Everything so Slow?

* Data:al[i]l= b[7j]
— Number representation
— Data ordering and layout
* Loops: for (..)
— Tilings
— Hierarchies
— Fusion
e Branches: if (...)
— Extraction
— Pre-evaluation
— Predication






Loops, single access



Foreach and Tiling

for (1i=0; 1i<N; ++1) {  Thread parallelism in outer loop
S(i); e SIMD parallelism in inner loop

* Many different tiling choices

foreach( i€[0,N) ) { foreach( 1€[0,N/T) ) {
S(1i); foreach( ke [0, T) ) {
} S(k+1*T);



Tiling with Dependencies

for (1=0; 1<N; ++1){ foreach( 1¢[0,N/T) ) {
S(1i); for (k=0; k<T; ++k){
} S(k+1*T);
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for (k=0; k<T; ++k) {
foreach( ie[0,N/T) ) {
S(k+1*T);

foreach (1...) >
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Segments

foreach( 1€[0,M) ) { for(lev..) {
for (k=0; k<L (1); ++k)/{ foreach (k...) {
S(i,k); P(lev, k) ;
} }
} } foreach (k...) >
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foreach (1...) >
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for (k..
for (lev..
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Hierarchies and Communication

for (lev..){  Reduction, scan, barrier
foreach (k...) {  Mipmaps, wavelets, multigrid
P(lev, k),
} » Data distribution important
}




Loops, multiple accesses
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Fusion of Two

foreach( ieI, ) { foreach( ieI \I; ) {
So (1) So (1)

} }

foreach( 1el, ) { foreach( 1€ NI,) {
S, (1) So(1); S{(1);

} }

foreach( ieI;\I, ) {
% S, (1) 7

T,
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Fusion of Many

for (n=0; n<N; ++n) { .
foreach( 1eI N.NI,_, ){

foreach( 1eI_ ) {
S, (1) for (n=0; n<N; ++n) {
} S, (1)
} }
}
foreach (1...) > foreach (
M G
O o
U 4 v

13



Fusion with Neighbor Dependencies

for (n=0; n<N; ++n) { foreach (tile...) {

foreach( 1e€I ) { for (n...) {
S, (1) foreach( ictile ) {

} S, (1)
} }
}
foreach (1...) } foreach (1...)
)y )y
- aLily -
s £
Y M
3 A 3




Fusion with Reductions

} foreach( 1271 ) {..}
foreach( 121 ) {..}
for( I2o ){..}

foreach( 121 ) {..
for( I2a ){..}

foreach( 1271 ){.. o ..}
. O

foreach (1...) >

o~

foreach (1...) >
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)

for (n..

for (n..




Branches
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Extraction

foreach( ieI ) { foreach( 1ieI,(cond,) ) {
if ( cond, (i) ){ S (1) 7
So (1) 7 }
} else if ( cond, (i) ) { foreach( 1ieI, (cond,) ){
S1(1); S1(1) s
} else { J

foreach( ieI, (cond,) ) {
Ss (1)

S (1)
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Pre-Evaluation

foreach( 1e€I ) {
if( cond, (1) ){
So (1) 7
} else 1f( cond, (1)
S, (1) 7
} else {
S, (1) 7

) {

compute (cond,[],

foreach( i1eI ) {
if( cond,[i] ){
So (1) 7

cond, []);

} else 1f( cond,[1] ){

S, (1) 7
} else {
Ss (1)
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Predication

foreach( 1e€I ) {
if( cond, (1) ){
v= S,(1);
} else 1f( cond, (1)
v= S,(1);
} else {

v= S,(1);

) {

foreach( i1eI ) {
Vo= Sy(1);
v,= S;(1);

v,= S,(1);

v= selector (i,vy,Vvi{,V,);
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Simple Rules



Golden Rules for
High Performance Code

DO not use branches if(...) {3
Do not use loops for(...) {}

Do not copy data A= B;
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Rules of Thumb for
High Performance Code

Avoid branches in loops if(...) {}
Avoid general loops for(...) {}
Avoid data copies A= B;

Employ clever algorithms
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Conclusions

 Hardware(HW) — Software(SW)

— Hardware designs highly specialized
— Language constructs too general
— Mismatch of SW to HW
e Algorithms
— Important to avoid obvious donts
— Some very efficient patterns exist
— General cases execute poorly

 Many things to be discovered !
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