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High Productivity
High Performance
High Portability
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Declarative Sales Pitch TYWATT

all effects are known !
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What if HWATT
TR ¥ UNIVERSITY

* no low-level fix!

* no cost intuition!

it all seems to hinge on the code generator...
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Cholesky Decomposition [ M=
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Direct Solution TYWATT
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*highly sequential!
N sirregular memory pattern!
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Direct Solution TYWATT
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for (i=0;i<n; i++)
for(j=0;j<i+1;j++){

s =0d;
for (k = 0; k< j; k++)

\ s +=A[i, k] *A[j,k];

N if (i == j)
N Ali,j] = sart (A[i,i] - s);
N else
AN Ali,jl = (1.0d / A[j,i]) * (A[i,j] - s);

A



HERIOT

A Data-Parallel Solution § A¥Es
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for(i=0;i<n;i++){
Ali,i] = sqrt( A[i,i]);

N A = with {
([i,i+1] <=iv < [i+1, n]) 2

N = withl ez
\\ ( [I+1ll-ﬁ\ij <= JI I)k];
AN } : modarray( A);
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Blocking for Locality ST

A1 AL _ (L O Li, Ly
A21 A22 L21 L22 O ng

: . _ L11L11 L11L54
for (bi = 0; bi < bn; b+ t LT, LmLQTl + Lo LT,
A[bi,bi] = cholesky( A[bi,bi]); o _

A = with {

([bi,bi+1] <= iv < [bi+1, bn]) :
N trisolve( A[bi,bi], A[iv]);

([bi+1, b|+1] <= [bj,bk] <

N\ A[bj,bk] —

matMul( transpose( A[bi,bj]), A[bi,bk]);
} : modarray( A);




Sequential Runtimes

SaC implementations

C implementations

1.2

1.0

0.8

0.6

0.4

0.2

0.0

1.4

1.2

1.0

0.8

0.6

0.4

0.2

0.0

* o o >

O~ -— . .

512 1024 2048 4096
pVe
>

2048

HERIOT
WATT

UNIVERSITY

—¢—reference
={i—data parallel
blocked (BS 128)

—¢—reference
== data parallel

=>=Dblocked (BS 128)




SMT Scaling

SaC implementations

C implementations
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% UNIVERSITY

=—¢—reference

== data parallel
=== blocked (BS 8)
== Dblocked (BS 16)
== blocked (BS 32)
=®-blocked (BS 64)
=== plocked (BS 128)

=—¢=clata parallel
== blocked (BS 8)
=== blocked (BS 16)
== Dblocked (BS 32)
== blocked (BS 64)
=@®=blocked (BS 128)
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CUDA Runtimes

SaC implementations
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% UNIVERSITY

==¢=CUDA data parallel
== CUDA blocked (BS 128)

reference
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Lesson Learnt SWATT

Choice of algorithm depends on
e target architecture

e problem size

e application context

e compiler capabilities
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Declarative Solution TYWATT

Fixed ChDice??? Equality - Declaration

doublel.,.] cholesky( double[.,.] A)
{...implementation 1...}

doublel.,.] cholesky( double[.,.] A) == non-deterministic choice by the compiler
{...implementation 2...}

doublel.,.] cholesky( doublel.,.] A)
{...implementation 3...}

—

A
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Parameterised Equalities | A

doublel.,.] cholesky( double[N,N] A)
{..}

doublel.,.]
cholesky[int bse | bse > 2 && bse < log2(N) ] (double[N,N] AA)

{
A = block (AA, 27bse);

.r.e.turn ( unblock(A));
}

A
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Open Questions PWaTT

» How to choose?
e cost model?
e context?
e performance prediction?
 machine learning?

A\

Can such a blocking be generalised and then staged?

A\

How far can such an approach bridge the gap to DSLs?

A
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