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Instructions: Answer all questions. All parts of a single question must be answered together. 

1. Consider the random variable X = {x1, x2, x3, x4 , x5 , x6 , x7} with probabilities 

{0.49,0.26,0.12,0.04,0.04, 0.03,0.02}. 

Find a binary Huffman code for X and calculate the expected codelength. Next, find a ternary (3-ary, 

i.e., instead of only 0, 1 use three alphabets such as 0,1,2) Huffman code for X. [3+3] 

2. The block diagram of an optical communication system is shown below, in which to transmit a 

binary 1 we turn on the light source forT seconds, while a binary 0 is transmitted by turning off for 

the same time period. Let X be the number of photons counted during aT second interval at the 

detector. When a 0 is sent a relatively low number of photons is typically observed; whereas when a 

1 is sent a higher number of photons is typically counted. Suppose the pmfs of the count is given by, 

R§ 
P(X = kiOsent) = k!exp(-R0),k = 0,1,2, ... , 

Rf 
P(X = kl1 sent)= k!exp(-R1),k = 0,1,2, ... , 

Note, R0 < R1 . Assume the prior probabilities P(O sent) and P(1 sent) are equal. Determine the 

decision rule for the minimum error probability receiver. Also, derive the probability of error ofthe 

receiver. 

The parameter R0 is a characteristics ofthe photodetector used. The parameter R1 is controlled by 

the intensity of the incident light. Now for a given photodetector (suppose R0 = 1) briefly describe 

how you will design the communication system, if the desired error probability is 10-6
. [6] 
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3. (a) A 4-level quantizer is defined by the following input-output relation: [2 + 2] 
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let the input be a Gaussian random variable X, of zero mean and unit variance, N(O,l). Compute 
the probability mass function {PMF) of the output Y = g(X) i.e., P(Y = y) for y E {±1, ±3}. 
Express your results in terms of the Gaussian Q-function. 

(b). Find the maximum amplitude of a 1KHz sinusoidal signal input to a delta modulator that will 
prevent slope overload, when the sampling rate is 10,000 samples/sec and the step size is ll= 0.1. 

4 (a) A binary symmetric channel (BSC) has an error probability Pe=l0-5
. A sequence of 10 binary 

digits is transmitted over this channel. Determine the probability of receiving exactly 2 bits in error. 

(b)Suppose X and Yare two jointly defined random variables. The marginal distribution of X is the 
standard Normal distribution N(0,1) and the marginal distribution of Y is also the standard Normal 
distribution N(O,l). Further, X andY are uncorrelated i.e., Cov(X,Y) = 0. Does this imply that X andY 
are independent? Justify your answer. [2+2] 

5. In a binary erasure channel, a fraction a of the bits is erased. The receiver knows which bits are 

erased. The binary erasure channel has two inputs {0,1} and three outputs {O,e,l} as shown below. 

Find the capacity of the binary erasure channel. [6} 
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6. Derive the Wiener-Hopf prediction equations for the 1-step linear predictor based on past N 

samples. [4] 


