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5.  Clausen’s FFT



Define the contiguous cycle

!i, j" = (i, i+1, i+2, . . . , j)

!1, n"Sn−1, !2, n"Sn−1, . . . , !n, n"Sn−1The cosets

form a partition of Sn

Idea:  decompose FT over      into     smaller 
FTs over the                cosets.

Sn n

!i, n"Sn−1



=
n∑

i=1

∑

σ′∈Sn−1

ρλ(!i, n"σ′) f(!i, n"σ′)

=
n∑

i=1

ρλ(!i, n")
∑

σ′∈Sn−1

ρλ(σ′) f!i,n"Sn−1
(σ′)

=
n∑

i=1

ρλ(!i, n")
⊕

f̂!i,n"Sn−1
(λ−)

λ− ! n − 1

λ− < λ

f̂(λ) =
∑

σ∈Sn

ρλ(σ) f(σ)
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Op count

•          is a product of           adjacent transpositions!i, k" k − i

ρλ(!i, j") · M•  Computing                     takes          time2 d
2

λ

d
2

λ = k!λ ! k•  For           

n∑

k=1

k∑

i=1

2 (k − i)n! = n!
(n + 1) n (n − 1)

3

•  Layer     has          Fourier transforms.k n!/k!



Snob



http://www.cs.columbia.edu/~risi/SnOB

http://www.cs.columbia.edu
http://www.cs.columbia.edu
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Sparse transforms



Twisted transforms

Restrict to two sided cosets σLSkσR


