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W HAT DO I WANT TO DO WIT H GPU?

NDP (Nested Data Parallelism) on GPU.

W hy ?

• G PUs c a n n o t h a n d l e n e st e d or irr e g u l a r d a t a stru c t ur e
su c h a s s p a rs e m a tri c e s a n d n e st e d a rr a ys.
Th e ir d a t a stru c t ur e is t e xt ur e - b a s e d .

• Th e r e a r e a l g orit h ms t h a t c a n b e e ffi c i e n tly i m p l e m e n t e d
o n ly w it h n e st e d d a t a stru c t ur e .

• M a n u a l tr a nsfor m a ti o n o f n e st e d d a t a stru c t ur e is
e rror- p ro n e a n d a t e d i o us t a sk.
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W HAT DO I WANT TO DO WIT H GPU?

NDP (Nested Data Parallelism) on GPU.

In o t h e r w or d s:

• En h a n c e t h e p ro g r a m m a b ility o f g r a p h i c s h a r d w a r e t o
t h e st a t e w h e r e :
! t h e irr e g u l a r d a t a p ro c e ssin g is su p p ort e d ,
! t h e c o m p il e r d istin g u ish e s t h e c o d e t o ru n o n G PUs a n d t h e

c o d e t o ru n o n C PUs (u n ifor m a p p ro a c h), a n d
! t h e h a r d w a r e v irt u a lis a ti o n is e n a b l e d .

• Sm o o t h in t e g r a ti o n o f t h e e n h a n c e d p ro g r a m m a b ility
in t o t h e g r a p h i c a l a p p li c a ti o ns a s w e ll a s
g e n e r a l- p ur p os e c o m p u t a ti o ns.

• A c h i e v e h i g h- p e rfor m a n c e str e a m p ro c e ssin g in l o w c ost.
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W HAT DO I WANT TO DO WIT H GPU?

O t h e r Pro g r a m m in g Syst e ms o n G PU:

Bro o k C g G LSL Sh

N e st e d D a t a P a r a ll e lism " " " "

C / C + +-lik e sy n t a x # # # #

L e v e l o f A b str a c ti o n h i g h Lo w Lo w Hi g h

St a n d a l o n e C o m p il e r # # " #

Un ifor m A p p ro a c h " " " "

H a r d w a r e V irt u a lis a ti o n # " " "

Irr e g u l a r D a t a Pro c e ssin g Su p p ort " " " "

W H A T D O I W A N T T O D O W IT H G P U ? 5



THE APPR OACH

Cg C

NDP on GPU

NDP Framework

GHC

T H E A P PR O A C H 6



THE APPR OACH

• Im p l e m e n t a C li b r a r y for N D P o n G PU.
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THE APPR OACH

• Im p l e m e n t a C li b r a r y for N D P o n G PU.
Th e li b r a r y w ill in c lu d e a ll t h e p ri m itiv e s r e -
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• D e v e l o p t e c h n i q u e s t o t a c kl e t h e issu e s
su c h a s h a r d w a r e v irt u a lis a ti o n a n d u n i-
for m a p p ro a c h .

• Th e li b r a r y w ill b e h o o k e d u p t o N D P
fr a m e w ork, w h i c h is b e in g i m p l e m e n t e d
in G H C .
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THE APPR OACH

Cg C

NDP on GPU

NDP Framework

GHC O n H a sk e ll:
filter ( \x->x ‘mod‘ 2 == 1 ) input

O n C :
filter (

! \x->x ‘mod‘ 2 == 1 ",
input, inputsize, output

);
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THE APPR OACH

Cg C

NDP on GPU

NDP Framework

GHC

O n C g :

float4 main ( ... data from the host CPU ... ) : COLOR {
... local data declaration ...
result.a = 0;
index[0] = ( lW * floor ( coord.y ) + floor ( coord.x )) * s;
for ( i = 0; i < s ; i++, index[0]++ ) {

if ( index[0] < numElems ) {
index[1] = index[0];
index[2] = 0;
while ( index[1] >= fbWidth ) {
index[1] -= fbWidth;
index[2]++;

}
V1 = ( texRECT ( elements, float2 ( index[1], index[2] ))).r;
if ( int ( V1 ) % 2 == 1 ) {
if ( result.a == 0 ) result.r = V1;
else if ( result.a == 1 ) result.g = V1;
else if ( result.a == 2 ) result.b = V1;
result.a++;

}
}

}
return result;

}
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W HERE AM I?

libndpgpu:
Im p l e m e n t e d o p e r a ti o ns:

• scanl, scanlS, scanr, scanrS

• foldl, foldlS, foldr, foldrS

• map

• filter
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W HERE AM I?

B e n c h m a rks:

• In t e l C or e D u o 2.0 G Hz, 1 G B D DR2 R A M

• N V IDI A G e F or c e G o 7400 Tur b o C a c h e 256 MB
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CHALLENGES AND F U T U RE WORKS (S HOR T TERM)

Pr e p ro c e ssor:

• Pro fil e b a s e d d y n a m i c C g a ss e m b ly g e n e r a ti o n .

• A ss e m b ly l e v e l o p ti m is a ti o n .

• Tr a nsl a ti o n o f fu n c ti o ns p a ss e d fro m H a sk e ll l e v e l t o l o w e r
l e v e l a s in p u ts t o h i g h e r-or d e r fu n c ti o ns.
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CHALLENGES AND F U T U RE WORKS (S HOR T TERM)

Pr e p ro c e ssor:

• Pro fil e b a s e d d y n a m i c C g a ss e m b ly g e n e r a ti o n .

• A ss e m b ly l e v e l o p ti m is a ti o n .

• Tr a nsl a ti o n o f fu n c ti o ns p a ss e d fro m H a sk e ll l e v e l t o l o w e r
l e v e l a s in p u ts t o h i g h e r-or d e r fu n c ti o ns.

D a t a org a n is a ti o n a n d tr a nsf e r:

• R e d u c e t h e d a t a tr a n f e r c ost.

• H a n d l e a rr a ys w h os e n u m b e r o f e l e m e n ts a r e g r e a t e r
t h a n t h e m a xi m u m siz e o f t e xt ur e s usin g m u lti- p a ss
str a t e g y.
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CHALLENGES AND F U T U RE WORKS (S HOR T TERM)

M or e b u lk a rr a y o p e r a ti o ns:

• p e r m u t e , zi p a n d its v a ri a ti o ns, zi p W i d t h a n d its v a ri a ti o ns
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CHALLENGES AND F U T U RE WORKS (S HOR T TERM)

M or e b u lk a rr a y o p e r a ti o ns:

• p e r m u t e , zi p a n d its v a ri a ti o ns, zi p W i d t h a n d its v a ri a ti o ns

R e l e a s e :

• R e l e a s e it a s a c o m p l e t e li b r a r y b y Ju ly 2007.
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