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1. (6p.) Entropy. Consider the distribution

(a) Find H(x). (d)

(b) Find H (Y). (.)

(c) Find H(xlY). (f)

(a) broadcast channel,

(b) channel encoder,

(c) prefix code,
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2. (6p.) Terminology. Explain (in words, not mathematically)

(d) Markov chain,

(e) universal code,

(f) memoryless channel.

3. (6p.) Channels. Draw a channel (or argue why such a channel cannot exist)

(") (Zp.) with two input values, two output values, and capacity 1 bit per
transmissiou

(Zp.) with two input values, two output values, and capacity 0 bit per
transmission; and

(Zp.) with two input values, three output values, and capacity 1.2 bits
per transmission.

Hint: Recall that a channel has one node for each input value and one node
for each output value. There are edges between the input side and the output
side; these edges are labeled with probabilities. The probabilities related to
the edges from a node on the input side must sum to 1,

 . (6p.) Source coding.

(u) (tp.) Which codes give shorter expected length, Huffman codes or Shan-
non codes? (No moiivation needed here.)

(U) (gp.) Determine whether there exists a binary prefix code with codeword
lengths ( I r , l r , ls , la,15,Ia, I r )  :  (2,2,3,3,3,4,4).  I f  i t  exists,  present the
code; otherwise, give a nonexistence proof.

(.) (2p.) It is a well-known fact that if (h,12,...,1^) arc optimal codeword
lengths for a source distribution (p1, pz,. . . ,p*) and a q-ary alphabet,
then the associated expected length .L of an optimal code fulfills

HnV)<L<Hq(X)+1.

What trick can be used to reduce the overhead (+1) in the upper bound of
the expected codeword length per input symbol when sending a sequence
of many symbols?

(b)

( . )


