ECE 563 Midterm Exam Fall 2009 Name:
1. A quaternary channel has transition matrix Q
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a) Suppose that v =0, 3 = 1. What is the capacity?
b) Suppose that v = 8. What is the capacity?
c) Suppose that v # 8. What is the capacity?
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2. A binary source has distribution p = (0.89,0.11). Determine if it is possible to encode (combined
source code and channel code) so that the bit error rate is smaller than any given € > 0 for
the ternary channel with transition matrix
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3. A Huffman code is used to encode a dictionary of 4,096 English words into sequences of bits.
Prove that every codeword is at least two bits long if the most probable symbol has probability
less than % Does this conclusion depend on the size of the dictionary?
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4. Use Stirling’s approximation (n! = v/2n7n (%)n) to show the following statements for large n.
a) Show that (}) =~ enHs(7),
b) Show that m";T,) ~ e"1(P) where py = ng/n.

c) Consider a data compaction code that processes a source block of length n over a K-
ary alphabet by first counting the frequency of the kth source symbol (ng) for the
actual block, then describing the sourceword in two parts, first stating the composition
(no,m1,...,ng—1) of the block in a compact binary representation, then stating the
specific sourceword by giving its position in an ordered list of all sourcewords with this

composition. Is this a universal code for large blocklength?
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4. Use Stirling’s approximation (n! = v/2nnw (%)n) to show the following statements for large n.
a) Show that (}) ~ e Hb(3),
b) Show that -ﬁ% ~ e"1P) where p, = ni/n.

c) Consider a data compaction code that processes a source block of length n over a K-
ary alphabet by first counting the frequency of the kth source symbol (ny) for the
actual block, then describing the sourceword in two parts, first stating the composition
(no,m1,...,ng—1) of the block in a compact binary representation, then stating the
specific sourceword by giving its position in an ordered list of all sourcewords with this
composition. Is this a universal code for large blocklength?
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