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Prove the optimality of the Huffman encoding scheme and discuss its
advantages and disadvantages when used as a practical method of source
coding. Explain how you would implement the method in practice.

An analogue information signal is sampled and its sample values, z, have a
probability density function, F'(z), given by

Fz) = 3(1-%); 0<z<4
= ;(1+2) —4<z2<0
=0 ; elsewhere

If the sampled process is quantized using a uniform 8-level quantizer, what is

the entropy of the quantizer output?

After quantization, the signal is encoded using a 3-bit fixed-codeword-length
encoder that uses its most significant digit as a sign digit and its other two
digits as binary-coded-decimal digits with the digit pair 1, 1 being used for the
largest magnitude sample. The output from the encoder is then transmitted
over a binary communication channel that is corrupted by zero-mean additive

white Gaussian noise of variance ¢2.

Derive an expression for the maximum rate in bits/binary digit, at which

information can be transmitted error-free over the channel.

2
D

If, in connection with the quantizer, a simple\%ait binary-coded decimal
converter had been used, how would this have affected your results?

What is the maximum error-free rate of communication if the quantized

samples are encoded using a Huffman encoder prior to transmission over the

channel? Comment on the significance of your results.
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An information source selects its outputs, one at a time, from a set of N
symbols. The source has memory that extends over R successive outputs
generated by the source.

If ‘blocks, S;, consisting of L successive source symbols are found to have
associated probabilities P(S;), ¢ = 1, ..., N*, prove that provided L > R,

= S P(S)logP(Sy) = (I — R) Hi{z)+ 6,
=1

where H(x) is the entropy of the source, and § is a positive constant that is
independent of L.

Explain carefully what the expression H means and, further, explain the

physical significance of the result you have proved.

An analogue signal is sampled and its sampled values, x, have a probability
density function P(z). If the sampled values are quantized using a uniform
quantizer of step-size A, derive an expression for the entropy of the quantizer
output if successive samples are statistically independent.. Examine what
happens to the entropy as /A — 0, and comment on the physical significance
of the result.

M
Prove that the entropy function H( Py, ..., Pyy) = — > P, log P;
i=1

satisfies the condition
H(Py, ..., Pu) <log M

Discuss and interpret the result.
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Explain what you understand by the 'asymptotic equipartition theorem', and
illustrate your answer with a simple example.

Explain what you understand by Shannon's random coding argument. Why is

the concept so important in Information Theory?

Explain in detail why the random coding argument cannot be used to arrive at

a practical channel coding scheme.

State Shannon's capacity theorem for noisy communication channels and
explain through a carefully selected example how, in principle, block coding

can be used to achieve the results promised by the theorem.

A 4-phase modulation system transmits information by selecting from the set
of signal points shown in Figure 1. If the transmission system suffers from
zero-mean additive white Gaussian noise, obtain the channel matrix in terms
of notional transition probabilities, and determine the capacity as a function of

these probabilities. What is the capacity at high signal-to-noise ratios?

s T

Figure 1
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Binary information digits are to be transmitted over an associated binary
communication channel. The communication system employs a simple code
in which each information digit is sent three times and a majority logic
decision maker is used at the receiver, If +v and -v volt pulses are used to
transmit ones and zeros respectively and the channel is corrupted by zero
mean additive white Gaussian noise of variance o2, derive from first principle

an expression for the capacity of the overall binary communication system.

If instead of using the simple code, each binary digit was transmitted only
once, and information from the source has to be transmitted at the same rate in
digits/second as when using the code, derive an expression for the channel
capacity.
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Text which is made up of a sequence of letters drawn from the twenty-six
letter English Alphabet, together with the 'space letter’ is to be transmitted over
a noiseless communication channel and security is to be provided by

encryption. Examine the following two proposed methods of encryption:

) the letters are represented respectively by the integer numbers O to 26
and, prior to transmission over a 27-level amplitude modulated
channel, an integer drawn from the set 0 to 26 is added modulo-27 to
the integer representing the letter. The added \Tétter\wre equally
probable and are statistically independent one from another.

(i1) the letters are first encoded using a binary source coder which removes
all source redundancy and a binary digit is then added modulo-2 to
each source digit. The added numbers are generated by an m-stage
shift register system that generates sequences whose periodicity is
2™ — 1 and is such that the number of ones in the sequence differs
from the number of zeros by one.

Derive an expression for the capacity of a channel whose matrix is

Y1 Y2 Y3
z l-p—q ¢ D
T2 D q 1-p—g¢q

Explain the physical significance of the channel.

The channel is to be used for binary data transmission and a single-parity-
check code is used in conjunction with the channel to provide error protection.
The single-parity-check code takes blocks of k information digits; I1, Io, ...,
Ir. It appends to these a check digit, C, which is obtained using the parity
check equation

L+L+...+1 =C,
where + denotes modulo-2 addition.

Examine the error protection capabilities of the codes, given that the receiver
re-computes the parity-check equation. Explain how the characteristics of the
channel can be used to provide an increased protection against transmission

€ITors.
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