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Circulant Matrix

. all shifts of a periodic signal...
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y=(cxx)=Cx=vTUdg(U"c)U"x

[ 1 1 1
- A >k

Discrete r=VvTU z= |, _ o 5@
i 201 2(2
Fourier R (€ N ()

Transform : .
. (T-2)1 . (T—2)2
1 e—ZZWT e—zQWT
_ (T-1)1 . (T-1)2
|1 T T

(&

Multiplication in frequency domain...

vTU y = dg(vrUc)vTU

Y C h
1 1 i T ]
—i27r1(_2) —z'27r1(_1) °
& T e T I
o 2(=2 2(—1
6—@2% (T ) 6—127‘( (T ) 332
L (T2 (T-2) (D)
T € T LTT—2
o (T=1)(=2) o (T=1)(=1)
—i27 7 6—1277 T _ZET—l_

v Usc

€

€

viUr_sc

€

€

12

12

1

] 1(—2)
127 T

. 2(=2)
127 T

(T—2)(—2)

@ T

(T=1)(=2)
T

elementwise...

U = CLTk

€

€

viUr_qc

1

€

€

2

12

1

) 1(—1)
127 T

. 2(-1)
127 T

(@-2)(=1)
T

(T=1)(=1)
T




Circulant Matrix - parallels with continuous time

Discrete Time Continuous Time
T
Signals ¢, z,y € R c(t), z(t),y(t) tel0,AtT]
Eigen L ,[:27.‘.% ’2227'('& izﬂ.w T c Cn 12wt
functions Uk = {6 et g ] c N EAL
d . 5 AT () dr / e BTT() dr
gt — 4 0 0
Time o_ [0 Ira] g |0 M7 . . .
evolution |1 0 I 0 ...infinitesimal ...integration over a time step ...Integration over t time steps
Lapla_ce/ ) X T—1 5 th Lap'ace Z%(S) = E(ZIZ’(t)) = / G_StI(t) dt \
Fourier T =vil*r T = VT Z zie T T 0
Transform _ S :
=0 Fourier (W)= Fa(t) = [ e iz ) funotion
0 iInner product
T—1 o
Inverse 1 A A 2T oo
g Ty — —— T1é€ T . _ —1/4 _ 12wt 2
Tanstorms | £ =vwUZ = Tr 2 inv. Fourier  2(1) = F @) = | ey do
t
Convolution — (C >l< :l?) = (Cx Yt = Z Ct—rdr y(t) - C(t - T)m(T) dr

y = dg(¢)x Uk = Crlk §(s) = ¢(s)x(s)
Plancherel/ o i > .
Parseval’s (g, ) = U T = gy*UU*m =y x (g, 2) = %/ J(iw) T(iw) dw = / y(t) z(t) dt = (y, )
Theorem 0



