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Solutions to ECE 154C Problem Set 1

1. Solution:

H2(X) =
∑

x

p(x)log2(1/p(x))

=
4

10
log2(

10

4
) +

3

10
log2(

10

3
) +

3

10
log2(

10

3
) = 1.571.

Solution is continued on scanned pages.

2. Solution: Refer to scanned pages.

3. a. Solution:

H2(X) =
∑

x

p(x)log2(1/p(x))

= 2 · 0.1log2(
1

0.1
) + 0.2log2(

1

0.2
) + 0.6log2(

1

0.6
)

= 1.571

Solution is continued on scanned pages.

4. Solution:
We will use induction to prove that H(Sn) = nH(S) where

H(Sn) =
∑

xn∈Sn

p(x)log(
1

p(x)
) (1)

We denote Sn to be the set of all possible n-tuples from the alphabet S.

For n = 1, it is true from the definition of entropy. Now we assume

H(Sn−1) = (n − 1)H(S) (2)

1



Then

H(Sn) =
∑

xn∈Sn

p(x)log(
1

p(x)
) (3)

=
∑

xn−1∈Sn−1

∑
x∈S

p(xn−1)p(x)log(
1

p(xn−1p(x))
) (4)

=
∑
x∈S

p(x)
∑

xn−1∈Sn−1

p(xn−1)

(
log(

1

p(xn−1)
) + log(

1

p(x)
)

)
(5)

=
∑

x

p(x)log(1/p(x)) +
∑
xn−1

p(xn−1)log(1/p(xn−1)) = nH(S). (6)

5. Solution:

% # of b i t s the symbols w i l l be encoded in to
b i t s = 0 ;
% generate source symbols
input symbol = randsrc (1 , 1000 , [ 0 1 2 ; . 4 . 3 . 3 ] ) ;
% map the source symbols i n to source codes
f o r i = 1:500

i f ( input symbol ( i ) == 0)
b i t s = b i t s +3;

e l s e i f ( input symbol ( i ) == 1)
b i t s = b i t s +3;

e l s e
i f ( input symbol ( i +1) == 0)

b i t s = b i t s +3;
e l s e i f ( input symbol ( i +1) == 1)

b i t s = b i t s +4;
e l s e i f ( input symbol ( i +1) == 2)

b i t s = b i t s +4;
end

end
end

avg = b i t s /1000
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