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6.02 Digital Communication Systems
Fall 2009

Quiz 2
Tuesday, November 10, 2009

Check your section Section Time Room Rec. Instr.
2 1 10-11 36-112 Vladimir Stojanovic
2 2 11-12 36-112 Vladimir Stojanovic
2 3 12-1 36-112 Bert Shi
2 4 1-2 36-112 Bert Shi
2 5 2-3 26-168 Fred Chen
2 6 3-4 26-168 Fred Chen

Directions: The exam consists of 6 problems on 15 pages. Please make sure you have all the pages.

Enter all your work and your answers directly in the spaces provided on the printed pages of this
exam. Please make sure your name is on all sheets.

To receive full credit, you must show your work!

This examination is closed book, but students may use one 8 1/2× 11 sheet of paper for reference.
Calculators may not be used.

Please leave the rest of this page blank for use by the graders:

Problem No. of points Score Grader
1 15

2 30

3 12

4 6

5 12

6 25

Total 100
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Problem 1 (15 points)

Two-bit Communications (TBC), a slightly suspect ISP, uses the following block code to protect
transmissions over its point-to-point links.

where P0 = D0, P1 = (D0 +D1) mod 2, P2 = D1.

As each 5-bit block arrives, TBC receivers compute the three syndrome bits as shown below and
attempt to perform single-bit error correction.

E0 = (D0 + P0) mod 2

E1 = (D0 +D1 + P1) mod 2

E2 = (D1 + P2) mod 2

1A. (8 points) For the eight possible combinations of syndrome values shown in the table below,
indicate the error detected (none, a particular data or parity bit, or multiple errors), making your
choice based on the smallest number of errors that’s consistent with the given syndrome.

E0 E1 E2 Error detected
0 0 0

1 0 0

0 1 0

1 1 0

0 0 1

1 0 1

0 1 1

1 1 1
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1B. (2 points) We often characterize block codes with a (n, k) designation. What are n and k for
this code?

(n, k):

1C. (2 points) Suppose that the 5-bit blocks arrive at the receiver in the following bit order:
D0, D1, P0, P1, P2. If the block 11011 arrives, what will the TBC receiver report as the received
data after error correction has been performed?

corrected values for D0, D1:

1D. (3 points) TBC would like to improve download speeds by switching to a shorter code while
still maintaining single-bit error correction. Each block in the new code would still have two data
bits (D0, D1) but only two parity bits (P0, P1). Please give the formulas for P0 and P1 that will
allow single-bit error correction, or briefly explain why no such code is possible.
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Problem 2 (30 points)

Consider the k = 3, rate = 1
3

convolutional code generated by the following block diagram:

During transmission the three parity bits generated for each message bit are sent in the order
p0, p1, p2. The transmit bit stream is sent over a noisy channel that introduces occasional bit errors.

2A. (8 points) Fill in the state transition diagram for the transmitter, shown in the form of a trellis
diagram below. The 4 states are labeled with x[n − 1]x[n − 2]. Add the appropriate transition
arcs between the current states on the left-hand column and the destination states in the right-hand
column. Label each arc showing the following information: x[n]/p0p1p2. For now, ignore the path
metrics written in the squares of the left-hand column and the “Rcvd: 111” at the top.
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2B. (4 points) At the right-hand end of each transition arc you entered in part (A) fill in the ap-
propriate hard-decision branch metric assuming that the received parity bits are 111. Recall that
hard-decision branch metrics are computed as the Hamming distance between the transmitted par-
ity bits and the received parity bits.

2C. (4 points) Please fill in the right-hand column in part (A) with the updated Viterbi path metric,
using the path metrics given in the left-hand column and the branch metrics you computed in part
(B).

Consider the following Viterbi decoder trellis diagram for the k = 3, rate = 1
2

convolutional code
used in Lab 5. The trellis shows the results of decoding the received parity bits shown across the
top with the path metrics entered in the squares and the two hard-decision branch metrics for the
incoming arcs shown in bold just to the left of each square.

2D. (6 points) In the figure above, circle the states along the most-likely path as determined by the
Viterbi algorithm.

2E. (4 points) How many bit errors were detected in the transmission? At which steps?

number of bit errors detected: , step numbers:

2F. (4 points) What was the most-likely message as determined by the Viterbi decoder?

most-likely message:
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Figures for Problems 3, 4 and 5 (30 points)

In answering the following three questions, please refer to the following three plots of the magni-
tude of three frequency responses, |HI(e

jΩ)|, |HII(e
jΩ)|, and |HIII(e

jΩ)|, given below.
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Problem 3 (12 points)

Suppose a linear time-invariant system has a frequency response HA(ejΩ) given by the formula

HA(ejΩ) =
1(

1− 0.95e−j(Ω−
π
2

)
) (

1− 0.95e−j(Ω+π
2

)
)

3A. (6 points) Which frequency response plot (I, II or III) corresponds to HA(ejΩ) above, and
what is the numerical value of M in the plot you selected? Please justify your selection and your
computation of M.

frequency response plot (I, II, or III) =

Numerical value of M =

3B. (6 points) For what values of a1 and a2 will the system described by the difference equation

y[n] + a1y[n− 1] + a2y[n− 2] = x[n]

have a frequency response given by HA(ejΩ) above? Show your work.

a1 =

a2 =
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Problem 4 (6 points)

Suppose the input to a linear time invariant system is the sequence

x[n] = 2 + cos
5π

6
n+ cos

π

6
n+ 3(−1)n

4A. (2 points) What is the maximum value of the sequence x, and what is the smallest positive
value of n for which x achieves its maximum? Show your work.

maxm x[m] =

Smallest n > 0 for which x[n] = maxm x[m]

4B. (4 points) Suppose the above sequence x is the input to a linear time invariant system described
by one of the three frequency response plots above (I, II or III). If y is the resulting output and is
given by

y[n] = 8 + 12(−1)n,

which frequency response plot describes the system, and what is the value of M in the plot you
selected? Be sure to justify your selection and your computation of M.

Frequency response plot (I, II, or III) =

Numerical value of M =
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Problem 5 (12 points)

Suppose the unit sample response of a linear time-invariant system has only three nonzero real
values, h[0], h[1], and h[2]. In addition, suppose these three real values satisfy the three equations:

h[0] + h[1] + h[2] = 5
h[0] + e−j

π
2
·1h[1] + e−j

π
2
·2h[2] = 0

h[0] + ej
π
2
·1h[1] + ej

π
2
·2h[2] = 0.

5A. (4 points) Which of the above plots, I, II or III, is a plot of the magnitude of the frequency
response of this system, and what is the value of M in the plot you selected? Be sure to justify
your selection and your computation of M.

frequency response plot (I, II, or III) =

Numerical value of M =

5B. (8 points) If

y[n] =
2∑

m=0

h[m]x[n−m]

and
x[n] = ej

π
6
n

for all n, please determine the complex numerical value for
y[n]

ej
π
6
n

.

It might be helpful to know the following numerical values: cos π
6

=
√

3
2

, sin π
6

= 0.5, cos π
3

= 0.5

and sin π
3

=
√

3
2

. Show your work.

y[n]

ej
π
6
n

=
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Problem 6 (25 points)

In this modulation problem you will be examining periodic signals and their associated discrete
Fourier transform (DFT) coefficients. Recall that a signal s[n] has DFT coefficients given by

S[k] =
N−1∑
n=0

s[n]e−j
2π
N
kn

and that the signal s[n] can be reconstructed from the DFT coefficients using

s[n] =
1

N

K∑
k=−K

S[k]ej
2π
N
kn

where N is the period of the signal and −K ≤ k ≤ K with 2K + 1 = N .

All parts of this question pertain to the following modulation-demodulation system, where all
signals are periodic with period N = 10001 and therefore K = 5000. Please also assume that the
sample rate associated with this system is 10001 samples per second, so that k is both a coefficient
index and a frequency. In the diagram, the modulation frequency, km, is 500.
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6A. (12 points) Suppose the DFT coefficients for the signal y[n] in the modulation/demodulation
diagram are as plotted below.

Assuming that M = 0 for the M -sample delay (no delay), on the two sets of axes on the next
pages, please plot the DFT coefficients for the signals w and v in the modulation/demodulation
diagram. Be sure to label key features such as values and coefficient indices for peaks.
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Plot of DFT coefficients for w
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Plot of DFT coefficients for v
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6B. (5 points) Assuming the DFT coefficients for the signal y[n] are the same as in part A, on
the axes below, please plot the DFT coefficients for the signal x1 in the modulation/demodulation
diagram. Be sure to label key features such as values and coefficient indices for peaks.

Plot of DFT coefficients for x1
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6C. (8 points) If the M -sample delay in the modulation/demodulation diagram has the right num-
ber of samples of delay, then it will be possible to nearly perfectly recover x2[n] by low-pass
filtering w[n]. Please determine the number of samples of delay that are needed and the cut-off fre-
quency for the low-pass filter. Please be sure to justify your answers, using pictures if appropriate.

Smallest M (number of samples of delay) > 0 =

Cutoff Frequency of Low Pass Filter =

End of Quiz 2!
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