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Overview

m First Part: From the algorithm to the code
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m Second Part: Spiral extension for Shared Memory
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m Discussion
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Spiral: generating optimized implementations

m Start formula: DFT v

TRANSFORM
l m Cooley-Tukey Rule:

DFT,,, —
(DFT,, ® In) Dy, 1,

FORMULA GEN + OPT <— (Im ® DFTn)Lﬁn

l

CODE GEN + OPT  <—

l

COMP + EVAL —

l

OPT IMPLEM

Lsource: FFT Program Generation for Shared Memory:
SMP and Multicore



Spiral: generating optimized implementations

m Start formula: DFT v
TRANSFORM
m Cooley-Tukey Rule:
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l m Example:
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l
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Spiral: generating optimized implementations

m Start formula: DFT v
TRANSFORM
m Cooley-Tukey Rule:
l DFT,,, —
(DFT,, ® In)Dmm

FORMULA GEN + OPT <— (Im ® DFTn)Lﬁn

l

m SPL to code translation table:

CODE GEN + OPT  <«— y= (ApnBp)x t[0:1:n-1] =
B(x[0:1:n-11);
l y[0:1:n-1] =
A(t([0:1:n-11);
y=(UImn®A,)r for (i=0;i<m;i++)
COMP + EVAL — yli*n:1:i*n+n-1] =
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OPT IMPLEM
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Spiral: generating optimized implementations

m Start formula: DFT v
TRANSFORM
m Cooley-Tukey Rule:
l DFT,,, —
(DFT,, ® In)Dmm

FORMULA GEN + OPT <— (Im ® DFTn)Lﬁn

l

m SPL to code translation table:

CODE GEN + OPT  <«— y= (ApnBp)x t[0:1:n-1] =
B(x[0:1:n-11);
l y[0:1:n-1] =
A(t([0:1:n-11);
y=(UImn®A,)r for (i=0;i<m;i++)
COMP + EVAL — yli*n:1:i*n+n-1] =
l A(x[i*n:1:i*n+n-11);
OPT IMPLEM

m Search space:
factorizations and base cases

Lsource: FFT Program Generation for Shared Memory:
SMP and Multicore
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Extending Spiral for Shared Memory

m New tag: m Steps:
DFT > Identify parallel constructs
~— (and their implementation)
smp(p,p)

> Define rewriting rules

» Number of processors: p » Derive a paraIIeI Cooley-Tukey
» Cache line size: p m Issues:
m Find parallel Cooley-Tukey: > Load Balancing
DFT,, — - » Synchronization overhead

smp(p, i) > False Sharing



False sharing

Main Memory

m Circumstances: . .
m Leads to cache line thrashing

» Different data .
m Solution: one processor per cache

» Same cache line line

» Consecutive accesses
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Parallel Constructs: Block-Diagonal Products

m Given A € Cn#xnu, Yy
A —
A
(I®A)x = . x

A <~

m Multiplication with a Block-Diagonal
Matrix <

m Embarassingly parallel

m Implementation: OMP for DR
#pragma omp parallel for schedule(static) «
shared(x, y)
for (i=0; i<p; i++)

yli*n:1:i*n-1] = A(x[i*n:1:i*n+n-1]);
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m Given A; € CHXxni, Yy
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m Multiplication with a Block-Diagonal
Matrix <

m Embarassingly parallel

m Implementation: OMP for
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Parallel Constructs: “Reordering” Cache Lines

n (P®I,) Yy
P a permutation matrix
m Example:
01 0 0
0 0 1 0
P= 1 0 0 O
0 0 0 1
I,
Iy
(P®I/L) | I
“w
I
m Implementation (no data permutation!): —




Parallel Constructs: “Reordering” Cache Lines

n (P®I,) y X
P a permutation matrix ¢

m Example: —

0
P:

oo o
o o= O

0
1
0

(P®I/L) = «—

m Implementation (no data permutation!): —

» Modify access pattern of next construct
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Rewriting Rules

m Identify appropriate
Rewriting Rules

» Transform Cooley-Tukey
FFT to a Multicore
version

» Don't exist for all
Transforms

» They exist for FFT: a
major contribution of the

paper
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The Result: A Multicore Cooley-Tukey FFT
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The Result: A Multicore Cooley-Tukey FFT
m Recall the Cooley-Tukey FFT rule:

DFT,, — (DF Ty, ® I,) Dy (I ® DET,,) LT"
m Cooley-Tukey FFT adapted for Shared Memory:
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Discussion
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m Peculiarities of FFTW
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> Enables high-level optimizations

2.2 GHz Opteron Dual-core (4 processors) 2 .
and reasoning

> No need for loop analysis

» Automatizes implementation

250urce: FFT Program Generation for Shared Memory:
SMP and Multicore



