1. The average self information, or the entropy H(X) of a random variable X is
defined by

H(X)=-> pilogyp; [bit],
where p; = Pr(X = x;) is the probability that X takes on value z;.

(a) How much average self information is contained in one roll of a fair dice? Define
X be the number of dots observed on the roll.

(b) Find the entropy H(Y') of a geometric Y with

1 1.
PT(Y:Z):§(§)Z fOri:O,1,2,"'

2. The relationship between the joint entropy H(XY'), entropies H(X) and H(Y),
and conditional entropies H(X|Y) and H(Y|X) are illustrated below.

H(XY) = Area (X UY)

X
H(Y) H(Y|X) H(Y|X)
I(X;Y)
H(X)
H(XY) = H(Y) + H(X|Y) H(XY) = H(X) + H(Y|X)

H(XY) =I(X;Y)+ H(X|Y) + H(Y|X)
Or I(X;Y) = H(X) + H(Y) — H(XY)

(a) Interpret or explain in the plain language the relationship
H(XY)=H(Y)+ HX|Y).
(b) Interpret or explain in the plain language the concept of the mutual information
I(X;Y):
I(X;Y)=HX)+ HY)—- HXY).
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(Example) Designed digital filter

e Transfer function H(z):

1—1.0084,~1 4 272
H(z)= — aE—
1—-1.978421 +0.9801> 2

e Difference equation:

y[n] — 1.9784y[n — 1] + 0.9801y[n — 2] = x[n] — 1.9984x[n — 1] + x[n — 2
y[n] = 1.9784y[n — 1] — 0.9801y[n — 2] + z[n] — 1.99842[n — 1] + z[n — 2]
e Block diagram
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