Lecture 21

Entropy of the random variable X, with geometric distributions

RV with Geometric Distribution
X: takes non-negative integer values (n)

G = P(x=n) = P" (|~P) ’ where  0<P<| : given parometer

H(X) = H{1-p, p(1-p), ..., P (1 - P), ... }
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H(X) = = (-P)log,p 2 "P" = (-p)logfi-p) 2 p"
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(20 pts) A@om is ﬂlpped until the first tail occurs. Let X denote the number of flips
required. Find the entropy H(X) in bits.
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P(X-"\) = (%)H- ‘;‘ = (Jz-)“, wherg, n>|
ompared with -

Gm = P(X':n) = P"(|~,)) where 0<pP<] - Yoven parometer
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>> HX = H./(1-p); >>p =0.0001: 0.0001: 0.9999;

>> figure; >>H =-p.*log2(p) - (1 - p).*log2(1-p);
>> plot(p,HX); grid >> plot(p, H); grid
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>>p=0.7; >>p=0.9;
>>G = p.An.*(1-p); >>G = p.An.*(1-p);
>> figure; >> figure;
>> stem(n, G); >> stem(n, G);
Lyn+)
n =
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n Gn) Ceoedeword
1 iﬁ % In this special case, the Golomb code becomes the
2 178 1% unary code.
4 1732 11110 Reason: there is no remainder m => NULL
6§ 118 1111110 lgm =log| = 0 by
7 1/256 11111110 %% B! = L
i
9 /102« .
10 172048 11111111110 ACL of the Wnary ode When p= 4
—— 2
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= H(X)

For p = 1/2, Unary Code is optimal.
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