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‘ Today

Lecture

Project meetings

Project presentations
* 10 minutes each

* random order

* random speaker
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Linear Transforms

m Overview: Transforms and algorithms

m Discrete Fourier transform

m Fast Fourier transforms

m Optimized implementation and autotuning (FFTW)

m Automatic program synthesis (Spiral)
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http://www.fftw.org/
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Linear Transforms

m Very important class of functions: signal processing,
scientific computing, ...

m Mathematically: Change of basis = Multiplication by a fixed matrix T

Yo L0

y:l — Y — Tx r — T1

_ Ty
In—1 T = [ty o<k e<n n—1
Output Input

m Equivalent definition: Summation form

n—1

Y = Ztk75$g, O0<k<n
/=0
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Smallest Relevant Example: DFT, Size 2

Transform (matrix): T = E _ﬂ

To + 21

Y1

i 1 1 Yo
Computation: Yy = [ ] T or
o — 21

As graph (direct acyclic graph or DAG):
Yo m:>< 0
Y1 L]

/

called a butterfly



Transforms: Examples

m A few dozen transforms are relevant

m Some examples

DFT,,

RDFT,,
DHT

WHT,,

IMDCT, =
DCT-2, =

DCT‘3n
DCT-4,

_oklimi
[e kﬁﬂ'z/n]oék,g<n

- cos 2TEE | < | 3]
T r =
kL10<k.f<n> k/ _sin 27’;-Z]{;£’ k> I_%J

:COS(2k£7r/n) + sin(zkﬁw/n)}

(WHT, , WHT,
'WHT, , —WHT,

:cos((2k; +1)(204+1+ n)7r/4n)]
cos(k(2¢ + 1)m/2n)]

0<k,l<n

] . WHT, = DFT,

0<k<2n,0<t<n

L 0<k,l<n
DCT-2  (transpose)

:cos((2k + 1)(20 + 1)7T/4n)]

0<k,l<n

© Markus Piischel ETH

Computer SCieNnce  suis redentinstitute of echnology 2urch

universal tool

MPEG
JPEG



Blackboard

m Discrete Fourier transform (DFT)
m Transform algorithms

m Fast Fourier transform, size 4
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Linear Transforms

Yo L0
o =y="To e=|
Yn—1 Ln—1
Output Input

Example: T = DFT,

—2klmi
[e 2R M 0k
— 6—271'2'/77,

74
[wn ]ng,€<na Wn =



Eldgensssische Tachnische Hochsehule Zirich

Algorithms: Example FFT,n=4

Fast Fourier transform (FFT)

1 1 1 1 e s I (T [0 5 R
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Representation using matrix algebra
DFT, = (DFT, ®1,) diag(1,1,1,:)(I;  DFT5) L5

Data flow graph
zo _ DFT,  —m— 2 o
1— 2 L1
S e
DFT,
Yys — L3




© Markus Piischel ETH

COMPULEr SCIENCE St resertmsmruss ot casstomssoneh

Structured Matrices

m Useful for representing transform algorithms
m Cooley-Tukey FFT
m Blackboard



