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The Problem: Example DFT

Â Standard desktop computer, vendor compiler, using optimization flags

Â !ƭƭ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴǎ ƘŀǾŜ ǊƻǳƎƘƭȅ ǘƘŜ ǎŀƳŜ ƻǇŜǊŀǘƛƻƴǎ Ŏƻǳƴǘ ҒпƴƭƻƎ2(n) 

Â Maybe the DFT is just difficult?
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Evolution of Processors (Intel)

Era of
parallelism

High performance library development becomes increasingly difficult
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DFT Plot: Analysis

Memory hierarchy: 5x

Vector instructions: 3x

Multiple threads: 2x

High performance library development has become a nightmare
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Organization

Â Spiral: Brief overview

Â Parallelization using symbolic computation

Â Conclusion
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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

Â Research Goal: ά¢ŜŀŎƘέ ŎƻƳǇǳǘŜǊǎ ǘƻ ǿǊƛǘŜ Ŧŀǎǘ ƭƛōǊŀǊƛŜǎ
Á Complete 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., multicore): 
Update the tool and then regenerate library
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How Spiral Works

Algorithm Generation

Algorithm Optimization

Implementation

Code Optimization

Compilation

Compiler Optimizations

Problem specification (transform)

algorithm

C code

Fast executable
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Spiral

Spiral: 
Complete automation of 
the implementation and 
optimization task

Basic ideas: 
Declarative representation 
of algorithms

Rewriting systems to 
generate and optimize 
algorithms at a high level
of abstraction
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Linear Transforms

Â Mathematically: Matrix-vector multiplication

Â Example: Discrete Fourier transform (DFT)

Transform 
= matrix

Input vectorOutput vector


