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4.  Representations of the 
symmetric group and the FFT



1.  The trivial representation ρtriv(σ) = (1)

2.  The alternating representation ρtriv(σ) = sgn(σ)

3.  The defining representation [ρdef(σ)]i,j = δσ(i),j

reducible!!!



Young diagrams

integer partitions λ ! n↔

↔ irreducible representations ρ ∈ R



Young Tableaux

1 3 6 7

2 5

4

standard tableau if numbers increase left to right 
and top to bottom

standard tableaux 
of shape λ ↔

dimensions of ρλ



Young’s Orthogonal Representation (YOR)

[ρλ(τk)]t,t = 1/dt(k, k+1)

[ρλ(τk)]τk(t),t =
√

1 − 1/dt(k, k+1)2
τk(t)if

standard

ρλ(σ)All            are real!



S4

d = 1

d = 1

d = 3

d = 3

d = 2

ρ(4)(σ) = (1)

ρ(1,1,1,1)(σ) = (sgn(σ))



Sn

d = 1

d = n − 1

d = n(n−3)/2

d = (n−1)(n−2)/2

d = n(n−1)(n−5)/6



Hook rule

li = length of hook i

dλ =
n!

∏n

i=1
li



Restricted representations

If     is a representation of      
        is a representation of        given by

ρ

ρ↓Sk

Sn

Sk

ρ↓Sk
(σ) = ρ(σ) σ ∈ Sk.



Young’s Rule

ρλ ↓Sn−1
(σ) =

⊕
ρλ−(σ)

λ− ! n − 1

λ− < λ

In YOR





Bratelli diagram


