Lecture 5

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

G = p(x=m = p"(i-p), whee O0SP<1: given parometer

Assume that the probability of a symbol '0' occurring is: p ) P(’I') =/-p for L.‘.m,‘/ Souvee

P(DO-~01) = png-
p"-(1-p)
anenj{k‘-‘ﬂ

geornd

Geometric random numbers

The geometric distribution is useful to model the number of failures before one success in a series of
independent trials, where each trial results in either success or failure, and the probability of success

in any individual trial is the constant p. \§ _
(-7)
>> X = geornd(1 - 0.9, 1, 1000000);
>> WhOS X | & Figure 2 - (] b
Name Size Bytes Class Attributes Fle Edit Miew lnsert Looks festop Mindow Help :

EEF T
PX=m) = 04" (1-0.9

X 1x1000000 8000000 double ik
>> doc histogram M
>> figure; histogram(X,138,'Normalization','pdf');
>> grid

0.08 -

>>Y =find(X == 1); '

>> length(Y)/length(X) 0.04
ans =

0.0897 [ oo02f

| | | | |

P(X:I) = D'q X ("0'?) = Oﬁ X 0-| = 0.0ﬁ ’ 60 80 100 120 140—-.}7L
>> max(X) >> min(X)
ans = ans =

137 0
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| 4 Figure 3

File Edit View Insert Tools Desktop Window Help
>>p=0.9; NSde @308k E
>>n =0:137; =P\

>>G =p.An*(1-p);
>> figure; plot(n, G); grid

Next, determine the mean E[X]:

Gin) = p*(i-py = P(X=n)
o0

ER) = 2 nePlx=n}

P"(1-p), where p=0

n O 1] 2‘0 4‘0 60 80
= S PG < S o
PrLU-p)y = (l-P) > np" P"G-py=1-p
h=o n=o
N~
P+ 2p*+ 3p>+ 4p¥4-
S = Prapt43ps dptan, )
PS = Pr+ 2P+ 3pY 4. 2)
-
Q-P)S=P+P"+P3+P“+~-- = I‘P-p_’ 0<P< )
oo b
G - F)l >> mean(X)

Thus E(xy = % =f,_'7 PV 2t S ERI]  ans-

2

f =04, E[Xj = %053 =9 8.9859
- _ ol _ ol _
P=o0., E[X) =7 - 0.1 ..
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Information Theory:
(1) Self Information (of an event A, which occurs with a probability P(A) )

. |
— I

P+ > 1A

Self Information of two events A and B

LB = log, S

If Aand B are independent, then P(AB) = P(A) x P(B); Also, P(A) = P(A|B), or P(B) =P(B|A)
If A and B are not independent, then P(AB) = P(A) x P(B|A) = P(B) x P(A|B): Bayes Rule

If Aand B are independent, {,(AB) = lel [TFI(T)}J(; = |012K—'A) +,°j‘—};|(8_)

= Al + i)
Example: Flip a biased coin, P(H) = 1/8, P(T) = 7/8.

i(H) = log, —,'/; =3 biks

M="log, 7 = 0.1926 by > 1082(8/7)
0.1926

- Source Entropy: Everage Self Information (uncertainty about the source X)

\./Y—-

H(Xy = 2 p(A)-1(h) = — S P(a) - log,P(A.‘) >>3/8 +7/8%0.1926
i )

Example: Flip a biased coin, P(H) = 1/8, P(T) = 7/8. ans =

HOX) = PE) - i() + P = Fx3+ Fx 04926 = 05435 by
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