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Signal Processing

“The name of the game then was distinguishing the signal from the noise,
which was often difficult. The key question on my mind was typically: What part
of each monthly observation on inflation is durable and what part is fleeting?”

= Former Vice Chairman of Federal Reserve Bank Alan Blinder
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Complex
Dynamic
sSystem
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Monthly Return Rates of S&P 500 Index 01/50 — 02/08
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Signal Processing Task before modeling Complex Dynamic System

<— Fourier Analysis 9>

Short-Time Fourier & Wavelet Analysis
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Future-Spot Return-Rate Spread
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Analog in Structural Nature of Signal
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Global Warming
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Trend of Global Warming
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Trend of Global Warming
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De-noising Puzzle of Signal Processing

Observed Time Series = Signals + Noises
in

ri know the structure of the underl
now how to nicely get the de-noisin

ally do not have much information

til we are somehow doing it properl
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Foundation of Signal Processing — Fourier Analysis

f(0)=[ f(e™"dt, weR

¢ Duel Identities of the Signal

b 1 ; itw
f(t)—gLf(a))e dw, teR
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Foundation of Signal processing — Fourier Analysis

m (@)= [ f(t)e “dt, weR

o

D 1 p itw
f(t)—ijf(a))e do, teR.

1
f 2m-periodic C” 1 Z

N=——o0

F()=> ce™
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Singularity vs/& Irregularity
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Foundation of analyzing Signal Structure

e Exploring Taylor’'s Expansion ===

R()

ooth as R® |0 asi too.
d as R 1o asi oo,

gular as RM =0 at someii.
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Types of Singularity
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Foundation of analyzing Noisy Behaviors

X =X =[a"(t)- %'k

. a"isreakvalued, v}ismonotone increasing, and 37

real-valued random variable, «
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Foundation of analyzing Noisy Behaviors

X =X =[a"(t)- %'k
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Examples of Uncertain Fluctuation
I

X =X =[a"t) x'k

Deterministic Smooth Motion.

i

Consider the trivial case where z =1 with probability 1, v'(x)=x and
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Examples of Uncertain Fluctuation
1

X=X =[a"t)xn'l

Set a =1 without loss of generality..

® Wiener Process (Brownian Motion)-

+

Consider the simple nontrivial case

‘= +1  with
‘(1 = 4

‘z -1 with prob
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Examples of Uncertain Fluctuation
1

Xi = XL =["t) x'l
HEEHHY
® Poisson Process.

+I

B (=1 with probability ﬁ-
A = |: 0 with probability 1 - ,'1+

H
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Basic Framework of filtering Signal

Y (@) = H (o) X (@)




Basic Framework of filtering Signal
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Sophisticated Framework of filtering Signal
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Tims

(a) Signal and its Fourier
transforimn
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Multi-resolution Power of analyzing Financial Signal

Change-points

ularities Jumps

Shocks (& Shock Waves)

ses (Heteroscedastic Fractional Components
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Dynamic Relations of Multi-resolutional
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various filter functions for emphasizing on capturing different patterns = » =
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Slave Market with the Disappearing Bust of Voltaire, Dali (1940)
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Regression = Signal Processing ?!?

from Perspectives of Abstract Inference

Nonparametric Modeling
over wavelet bases

Nonlinear Regression Density Estimation

95]] Nonpararr|1etric LAN [NU

Gaussian White Noise Model
dY . (t) = f@)dt + (o//)dW ()

1 1
e A oA(DAYn(t), Oy = fo () f (t)dt,

Ynd =0\ + €nns A €A =UjenyAj

{H{oth=t,...0s H{Via k=1, 20-1D }ien} —p Ivo 6‘) nﬂo @ Wvl (‘B

building models on a unified ground
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Financial Signal Processing sasedon INfOrmation Theory
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Heuristic Example for understanding Information Theory

inference via moment-generating & entropy-based information calculation
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