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The Problem

Discrete Fourier Transform (single precision): 2 x Core2 Extreme 3 GHz
Performance [Gflop/s]
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DFT Plot: Analysis

Discrete Fourier Transform (DFT) on 2 x Core 2 Duo 3 GHz
Gflop/s
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High performance library development has become a nightma



Automatic Performance Tuning

A Current vicious circlewWhenever a new platform comes
out, the same functionality needs to be rewritten and
reoptimized

PROCEEDINGS#IEEE

Special Issue on:
PROGRAM GENERATION, OPTIMIZATION,

A Automatic Performance Tuning AND PLATFORM ADAPTATION
A BLASATLASPHIPAC
A Linear algebraSparsityOSKI, Flame
A Sorting
A Fourier transform: FFTW
A Linear transforms: Spiral
AX2iGKSNEA
A New compiler techniques

New challenge: ubiquitous parallelism
Proceedings of the IEEE special issue, Feb. 200
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What Is Spiral?

Traditionally Spiral Approach
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High performance library ZASEUEIEGIER  High performance library
optimized for given platform CakedbEWSSY o ntimized for given platform



Vision Behind Spiral
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A C code a singularity: Compiler has
no access to high level information
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SPIRAL
www.spiral.net

Future
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A Challenge: conquer the high abstracti
level forcomplete automation
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Main Idea: Program Generation

Model: common abstraction
= spaces of matching formulas

abstraction abstraction
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Architecturalparameter: timizati Kernel:
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Organization

A Spiral overview

A Parallelizationin Spiral
A Beyond Transforms
A Results

A Concludingemarks
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Spiral

A lerary generator for linear transforms
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A Wide range of platforms supported:
scalar, fixed pointyector, parallel,Verilog GPU
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A Complete automation of implementation and optimization A
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A When a new platform comes out:
Regenerate a retuned library

A When a new platform paradigm comes out (e.@PU+GPU):
Update the tool rather than rewriting the library

Intel usesSpiral to generate parts of their MKand IPP libraries



Carnegie Mellon

How Spiral Works

SPIRAL
www.spiral.net

Spiral:

Complete automation of
the implementation and
optimization task

Basic idea:
Declarative representation
of algorithms

Rewriting systems to
generate and optimize
algorithms

Problem specification (transform)
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Algorithm Generation

controls

Algorithm Optimization
1 algorithm

: controls
Implementation

Code Optimization

Compilation

: — performance
Compiler Optimization

1 Spiral

Fast executable



What is a (Linear) Transform?

A Mathematically: Matrixvector multiplication
input vector (signal)ij T
output vector (signal) transform = matrix

A Example: Discrete Fourier transform (DFT)

DFTn — [e_2k£71-i/n]0§k,£<n
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SPIRAL
Transform Algorithms: Example-doint FF]

Cooley/Tukeyfast Fourier transform (FFT):
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Fourier transform Diagonal matrix (twiddles)

| |
DFT, = (DFT, ®1,)T4(I,  DFT5) L3
| | |

Kroneckermproduct Identity Permutation

A Algorithms reduce arithmetic cost Ofh- O(nlog(n))
A Product of structured sparse matrices
A Mathematical notation exhibits structureSPL (signal processing language
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Examples: Transforms

Spiral currently contains 55 transforms



