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Vectorisation is soooo cool! § 2%

* vectorisation is orthogonal to all other
parallelisation efforts!

— multithreaded SMP gains

— distributed machines gain
— GPUs gain

* register width tends to increase rather than
decrease

=> a true must have !!!! .
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Auto-Vectorisation exists! K 2%

* many techniques have been developed

e polyhedral model gives rather extensive
coverage

e we cross-compile to C

=> smells like a free lunch!!!
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sad verse: "’

1 2 3
11 |12 |13
21 22 23
31 |32 |33
41 |42 |43
51 |52 |53
61 |62 |63
71 |72 |73
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res = with {

([0]<=[i]<[N]) :ali]*ali];
}: fold( +, [0,0,0]);
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31 32 33
41 42 43
51 52 53
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res =[0,0,0];
for(i=0; i<N; i++) {
for( j=0; j<3; j++) {

res[j] += ali,j] * ali,jl;




a new memory layout to the [EiEea
rescue:
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res’ = genarray([3,4], 0);

res’ = with {
([0]<=[i]<[N/4]:ali] * ali];
}: fold( +, res’);
res = with {
([0]<=[i]<[3]) : sum(res’[i]);
}: genarray( [3]);

T




a new memory layout to the [EiEea
rescue:
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res’ = genarray([3,4], 0);
for(i=0; i<N/4; i++) {
for( j=0; j<3; j++) {
for( k=0; k<4; k++) {
res’[j,k] += ali,j,k] * ali,j,kl;
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Layout-Types
shape ______|layout types | ayout candidates _

[m]

o
E

[m,n]
[m/4,n,4]
[m,n/4,4]

[m,n,0]

[m/4,n,0,4]
[m,n/4,0,4]
[m,n,0/4,4]

A

[m,n]

[m,n,0]
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Layout Typing

variable |
layout type variants

environment

F,E-expr:(T1,...,Tm)
A

function
environment
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Example

res =with{

([O]<=[(i::idx(1))]<[N]) :
(a::1)[i]  * (a::1)[i]

}: fold(+, [0,0,0] );

A
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Example E M

res  =with {
([O]<=[(i::idx(2))]<[%]) :

((a:1)[i]:A)*((a::2)[i]::)
}:fold(+, [0,0,0] );

A m=ide(k) Aoy =kAkeZ,
pPi =14 =0AN0; = A
0 TiZOAO‘iEN
SEL[A]:

F,Ersel (7,a):{(p1,..., On)

4_‘
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Example

res  =with {
([0]<=[(i::idx(1))]<[NZ; -
(((2::2)[i::)¥((a::2) [i]:0)::0);
}:fold(+, [0,0,0] );

F,(€|—€1:<Tl """ Tn)
F,Erex:(Ti,..., Tn)
Vi<i<n

0 (ri=0)A(7;=0)
A (ri=0)A (1 =2)

A (1i=D) (1 =0)
| A (=) A (1= 4)
PRELA ) = e T er, e0) =&‘
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Example

(res::0) = with {

([O]<=[(i::idx(1))]<[N]) :
(((@::1)[i]::A)*((@::1)[i]::A)::0);

} : fold( +, ([0,0,0]::1));

o™ = (oK, 0%) = O

F.F()rfefor™, .. on™)
F,. €& (4,{(m1,..., ™)) Fe:{o1,..., on)
Vli<i<n

7 =idxr(k) Aoy = A

0
pi:{A Ti=0A0; = A
o T7i=0A0; €N
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N-Body: the core

effect of pos2 on pos 1

double[3] accelaration( double[3] posl, double[3] pos2, double mass2)
{

distance = nonzerol2norm( pos2 - posl);
return( ( pos2 - posl) * ( mass2 / ( distance * distance * distance)) );

}

planets in pos2s on pos 1

double[3] acceleration( double[3] pos1, double[N,3] pos2s, double[N] masss)
{
res = [0d,0d,0d];
for( i=0; i< shape(masss)[[0]]; i++) {
res += accelaration( pos1, pos2s|[i]], masss|[il]);

}

return( res);
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Full N-Body ot

double[N,3], double[N,3] advance( double [N,3] planet_pos,
double [N,3] planet_vel,
double [N] planet_mass,
double dt)
{
accs = with {
(.<=1i] <=.) : acceleration( planet_pos[[i]], planet_pos, planet_mass );
} : genarray( shape( planet_mass), [0d,0d,0d]);
planet_vel = planet_vel + accs * dt;
planet_pos = planet_pos + planet_vel * dt;
return( planet_pos, planet_vel);

}
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Vectorisation Attempt | REezs

double[4] accelaration( double[4] pos1, double[4] pos2, double mass2) {
distance = nonzerol2norm( posO)osl);
return( ( pos@osl mass2 / ( distance * distance * distance)) );

}

double[4] acceleration( double[4] posl, double[N,4] pos2s, double[N] masss) {
res = [0d,0d,0d,0d];
for( i=0; i< shape(masss)[[0]]; i++) {
re@ accelaration( pos1, pos2s|[i]], masss|[][i]]);
}

return( res);

}
double[N,4], double[N,4] advance( double [N,4] planet_pos, double [N,4] planet_vel,
double [N] planet_mass, double dt) {

accs = with {
(.<=1i] <=.) : acceleration( planet_pos[[i]], planet_pos, planet_mass );
} : genarray( shape( planet_mass), [0d,0d,0d,0d]);
planet_vel = planet_ve cc t;
planet_pos = planet_po Ianet_ve@dt;
return( planet_pos, planet_vel);




HERIOT

Vectorisation Attempt I A

double[3,4] accelaration( double[3,4] posl, double[3,4] pos2, double[4] mass2) {

distance = nonzerol2norm( pos 0sl);
return( ( posOoslé massgjistance@iistance@)ﬁistance)) );
}
double[3,4] acceleration( double[3,4] posl, double[N/4,3,4] pos2s, double[N/4,4] masss) {
res = [0d,0d,0d];
for(i=0; i< shape(masss)[[0]]; i++) {
re@ accelaration( pos1, pos2s|[[i]], masss|[][i]]);

}

return( res);
}
double[N/4,3,4], double[N/4,3,4]
advance( double [N/4,3,4] planet_pos, double [N/4,3,4] planet_vel,
double [N/4,4] planet_mass, double dt) {
accs = with {
(.<=[i] <=.) : acceleration( planet_pos|][i]], planet_pos, planet_mass );
} : genarray( shape( planet_mass), [0d,0d,0d]);
planet_vel = planet_ve cc t;
planet_pos = planet_po Ianet_ve@dt;
return( planet_pos, planet_vel);

}
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Conclusions Pall

choice of data layout is critical for
vectorisation

layouts as types ensure consistency
inference is possible

enables high-level program transformation
optimal layout depends on hardware!

A



