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The Problem
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Numerical Recipes
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DFT Plot: Analysis
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Discrete Fourier Transform (DFT) on 2 x Core 2 Duo 3 GHz
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Memory hierarchy: 5x

SIMD vector instructions: 3x

Multiple threads: 2x

High performance library development has become a nightmare
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Automatic Performance Tuning

Â Current vicious circle:Whenever a new platform comes 
out, the same functionality needs to be rewritten and 
reoptimized

Â Automatic Performance Tuning
ÁBLAS: ATLAS, PHiPAC

ÁLinear algebra: Sparsity/OSKI, Flame

ÁSorting 

ÁFourier transform: FFTW 

ÁLinear transforms: Spiral

ÁΧƻǘƘŜǊǎ

ÁNew compiler techniques

Proceedings of the IEEE special issue, Feb. 2005

New challenge: ubiquitous parallelism
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What is Spiral?

Traditionally Spiral Approach

High performance library
optimized for given platform

Spiral

High performance library
optimized for given platform

Comparable 
performance
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Vision Behind Spiral

Numerical problem

Computing platform

algorithm selection
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Current Future

ÁC code a singularity: Compiler has
no access to high level information

ÁChallenge: conquer the high abstraction 
level  for complete automation
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Main Idea: Program Generation
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Vector length, 
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rewritingdefines

Kernel: 
problem size, 
algorithm choice

pick
search

abstraction abstraction

Model: common abstraction
= spaces of matching formulas

architecture
space

algorithm
space

optimization
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Organization

Â Spiral overview

Â Parallelization in Spiral

Â Beyond Transforms

Â Results

Â Concluding remarks
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Spiral
Â Library generator for linear transforms 
ό5C¢Σ 5/¢Σ 5²¢Σ ŦƛƭǘŜǊǎΣ ΧΦύ ŀƴŘ ǊŜŎŜƴǘƭȅ ƳƻǊŜ Χ

Â Wide range of platforms supported: 
scalar, fixed point, vector, parallel, Verilog, GPU

Â Research Goal: ά¢ŜŀŎƘέ ŎƻƳǇǳǘŜǊǎ ǘƻ ǿǊƛǘŜ Ŧŀǎǘ ƭƛōǊŀǊƛŜǎ
ÁComplete automation of implementation and optimization
Á/ƻƴǉǳŜǊ ǘƘŜ άƘƛƎƘέ ŀƭƎƻǊƛǘƘƳ ƭŜǾŜƭ ŦƻǊ ŀǳǘƻƳŀǘƛƻƴ

Â When a new platform comes out: 
Regenerate a retuned library

Â When a new platform paradigm comes out (e.g., CPU+GPU):
Update the tool rather than rewriting the library

Intel uses Spiral to generate parts of their MKL and IPP libraries



Carnegie MellonCarnegie Mellon

How Spiral Works

Algorithm Generation

Algorithm Optimization

Implementation

Code Optimization

Compilation

Compiler Optimizations

Problem specification (transform)

algorithm

C code

Fast executable

performance
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Spiral: 
Complete automation of 
the implementation and 
optimization task

Basic idea:
Declarative representation 
of algorithms

Rewriting systems to 
generate and optimize 
algorithms



Carnegie MellonCarnegie Mellon

What is a (Linear) Transform?

Â Mathematically: Matrix-vector multiplication

Â Example: Discrete Fourier transform (DFT)

input vector (signal)

output vector (signal) transform = matrix
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Transform Algorithms: Example 4-point FFT

Cooley/Tukeyfast Fourier transform (FFT):

ÁAlgorithms reduce arithmetic cost O(n2) ­O(nlog(n))
ÁProduct of structured sparse matrices
ÁMathematical notation exhibits structure:SPL (signal processing language)
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Fourier transform

Identity Permutation

Diagonal matrix (twiddles)

Kroneckerproduct
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Examples: Transforms

Spiral currently contains 55 transforms


