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The Future is Parallel and Heterogeneous

multicore

2009

2012 and later

Cell BE
8+1 cores

before 2000

Core2 Duo

Core2 Extreme

Virtex5
FPGA+ 4 CPUs

SGI RASC 
Itanium + FPGA

NvidiaGPUs
240 streaming cores

Sun Niagara
32 threads

IBM Cyclops64
80 cores

Intel Larrabee

XtremeDATA 
Opteron+ FPGA

ClearSpeed
192 cores

Programmability?
Performance portability?
Rapid prototyping?

CPU platforms

AMD Fusion

BlueGene/Q

Intel Haswell
vector coprocessors

TileraTILEPro
64 cores

IBM POWER7
2x8 cores

Intel Sandy Bridge
8-way float vectors
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Small + Portable = Beautiful = Slow

Â Fast code: ugly, lengthy, platform-specific, expensive

Â Hand tuning is waste of human resources (but unavoidable?)

Â How to get fastest code automatically for all performance critical kernels?
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Discrete Fourier Transform (DFT) on 2xCore2Duo 3 GHz (single precision) 
Performance [ Gflop /s]

12x

30x

platform specific: SSE, pthreads
5 ς50 kLOC(Spiral, FFTW, Intel MKL)

ANSI C, portable, beautiful
50 LOC (Numerical Recipes)
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Autotuning and Program Generation

Â Successful Problem Domains
ÁBLAS: ATLAS, PHiPAC

ÁLinear algebra: Sparsity/OSKI, Flame

ÁSorting

ÁFourier transform: FFTW 

ÁLinear transforms (and beyond): Spiral

ÁCompilers

ÁΧothers

Â Big Questions in Autotuning
ÁHow to build extensible systems?

ÁFor more problem classes?

ÁFor yet un-invented platforms?

Proceedings of the IEEE special issue, Feb. 2005
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Overcoming the Singularity of C Code

Numerical problem

Computing platform

algorithm selection

compilation
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Numerical problem
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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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Codification of Algorithm Knowledge

Traditionally Spiral Approach

High performance library
optimized for given platform

Spiral

High performance library
optimized for given platform

Comparable 
performance



Carnegie Mellon

Mathematics as Common Abstraction
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rewritingdefines

pick
search

hardware
abstraction

algorithm
abstraction

architecture
space

algorithm
space

Goal: orthogonal, machine-readable abstractions 
Â Computational algorithms

Â Computer architectures

Â Programtransformations

program transformation abstraction
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Viterbi DecodingLinear Transforms

Matrix-Matrix Multiplication Synthetic Aperture Radar (SAR)

interpolation 2D iFFT
matched 
filtering

preprocessing

convolutional
encoder

Viterbi
decoder
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Algorithm Codification: Examples


