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P10-1. What is the maximum effect of a 2-ms burst of noise on data transmitted at the
following rates?

a. 1500 bps h. 12 kbps c. 100 kbps d. 100 Mbps
Solution:
Effect Bits = data rate * burst length
a. 1500(2*107-3) = 3 hits effected
b. 12x1073(2x10"-3) = 24 bits effected
c. 200 bits effected
d. 200000 bits effected

P10-3. Exclusive-OR (XOR) is one of the most used operations in the calculation of
codewords. Apply the exclusive-OR operation on the following pairs of pat-
terns. Interpret the results.

a. (10001) @ (10001) b. (11100) @ (00000) c. (10011) @ (11111)
Solution:
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P10-4. In Table 10.1, the sender sends dataword 10. A 3-bit burst error corrupts the
codeword. Can the receiver detect the error? Defend your answer.

Table 10.1 A code for error detection in Example 10.1

Dataword Codeword Dataword Codeword
00 000 10 101
01 011 11 110
Solution:

The answer depends heavily on what the codeword is corrupted to. If the
codeword is corrupted to 010 for example the error will be detected because that
codeword is invalid. If the codeword is corrupted to 000 however, the error will
not be detected.




P10-5. Using the code in Table 10.2, what is the dataword if each of the following
codewords is received?

a. 01011 bh. 11111 c. 00000 d. 11011
Table 10.2  Simple parity-check code C(5, 4)
Dataword Codeword Dataword Codeword
0000 00000 1000 10001
0001 00011 1001 10010
0010 00101 1010 10100
0011 00110 1011 10111
0100 01001 1100 11000
0101 01010 1101 11011
0110 01100 1110 11101
0111 01111 1111 11110
Solution:
a. ERROR
b. ERROR
c. 0000
d. 1101

P10-6. Prove that the code represented by the following codewords is not linear. You
need to find only one case that violates the linearity.

{(00000), (01011), (10111), (11111)}
Solution:
é (6eo6a), (6yey),(telll), (\uu)}

=)

«3zp
N A o e KOR B8 %

> \inear bleck cede
e CUANTIPHY
> twe C"‘Jwa;}s
R G|
. valid Codens ] ;

e ot valid codemecd G
. \e. L )

P10-7. What is the Hamming distance for each of the following codewords?

a. d (10000, 00000) b. d (10101, 10000)
c. d (00000, 11111) d. d (00000, 00000)



Solution:
The Hamming distance between two words (of the same size) is the number of

differences between the corresponding bits
a. 1

b. 2
c. 5
d O

P10-8. Although it can be formally proved that the code in Table 10.3 is both linear
and cyclic, use only two tests to partially prove the fact:
a. Test the cyclic property on codeword 0101100.
h. Test the linear property on codewords 0010110 and 1111111.
Solution:
a. Inacyclic code, if a codeword is cyclically shifted (rotated), the result is
another codeword.
0101100 left shifted = 1011000 which is a valid codeword in 10.3,
therefore cyclic
b. 0010110 XOR 1111111 =1101001 which is a valid codeword in 10.3,
therefore linear

P10-10. Assuming even parity, find the parity bit for each of the following data
units.
a. 1001011 b. 0001100 c. 1000000 d. 1110111
Solution:
a. 0

b. 0
c. 1
d 0



P10-11. A simple parity-check bit, which is normally added at the end of the word
(changing a 7-bit ASCII character to a byte), cannot detect even numbers of
errors. For example, two, four, six, or eight errors cannot be detected in this
way. A better solution is to organize the characters in a table and create row
and column parities. The bit in the row parity is sent with the byte, the column
parity is sent as an extra byte (Figure 10.23).

Figure 10.23 P10-11

Cl C2 C3 C4 C5 C6 C7 Cl C2 C3 C4 C5 C6 C7
Rl 1 1 0 0 1 1 1|1 R11 1 0 0o 1 1 1]1
R21 0 1 1 1 0 11 RZ1 0 1 1 1 0 1|1
R3 o 1 @1 0o 0o 1 — R3 0 1 1 o 1| o
R4 0 1 0 1 0 0 11 R4 0 1 0 1 0 0 1|1

a. Detected and corrected b. Detected

Cl C2 C3 C4 C5 Co C7 Cl C2 C3 C4 C5C6 C7
Rl 1 1 0 0 1 1 1|1 Rl 1 o o 1|2
R21 0o 1o 1|2 R2Z 1 0 1 1 1 0 1|1
R3 o 1 1o o 1|0« 3o 11 o0 1|0
R4 0 1 0 1 0 0 11 R4 0 1 0 1 0 0 1|1

0 1 0 1 0 1 01 o 1 0 1 0 1 o0z1

c. Detected d. Not detected

Show how the following errors can be detected:

a. An error at (R3, C3).

b. Two errors at (R3, C4) and (R3, C6).

c. Three errors at (R2, C4), (R2, C5), and (R3, C4).

d. Four errors at (R1, C2), (R1, C6), (R3, C2), and (R3, C6).

Solution:

a. In the case of one error, it can be detected and corrected because the two
affected parity bits can define where the error is.

b. Two errors can definitely be detected because they affect two bits of the
column parity. The receiver knows that the message is somewhat
corrupted (although not where). It discards the whole message.

c. Three errors are detected because they affect two parity bits, one of the
column parity and one of the row parity. The receiver knows that the
message is somewhat corrupted (although not where). It discards the
whole message.

d. The last case cannot be detected because none of the parity bits are
affected.



P10-12. Given the dataword 101001111 and the divisor 10111, show the generation of
the CRC codeword at the sender site (using binary division).

Solution:
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P10-18. Assume a packet is made only of four 16-bit words (A7A2),4, (CABF)g,
(903A)6, and (A123),6. Manually simulate the algorithm in Figure 10.17 to
find the checksum.

Solution:
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P10-20. This problem shows a special case in checksum handling. A sender has
two data items to send: (4567),4 and (BA98);s. What is the value of the

checksum?
Solution:
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P10-25. In the interleaving approach to FEC, assume each packet contains 10 samples
from a sampled piece of music. Instead of loading the first packet with the first
10 samples, the second packet with the second 10 samples, and so on, the
sender loads the first packet with the odd-numbered samples of the first 20
samples, the second packet with the even-numbered samples of the first 20
samples, and so on. The receiver reorders the samples and plays them. Now
assume that the third packet is lost in transmission. What will be missed at the
receiver site?

Solution:
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P10-26. Assume we want to send a dataword of two bits using FEC based on the Ham-
ming distance. Show how the following list of datawords/codewords can auto-
matically correct up to a one-bit error in transmission.

00 — 00000 01— 01011 10 — 10101 11 = 11110

Sloution:

We earlier discussed the Hamming distance for error detection. We said that to detect s
errors, the minimum Hamming distance should be d,;, = s + 1. For error detection, we
definitely need more distance. It can be shown that to detect ¢ errors, we need to have

In other words, if we want to correct 10 bits in a packet, we need to
make the minimum hamming distance 21 bits, which means a lot of redundant bits

need to be sent with the data. To give an example, consider the famous BCH code. In



dmin=2t+1
t is the number of errors
dmin=2*1+1=3

P10-30. In Figure 10.22, assume we have 100 packets. We have created two sets of
packets with high and low resolutions. Each high-resolution packet carries on
average 700 bits. Each low-resolution packet carries on average 400 bits. How
many extra bits are we sending in this scheme for the sake of FEC? What is
the percentage of overhead?

Figure 10.22  Compounding high- and low-resolution packets

Legend
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Solution:

N = 100, H=700, L=400
# of extra bits = (N-1)*L = (100-1)*400 = 39,600 bits.
Percentage of overhead = 39600/ (100*700+ 99*400) *100% ~ 36.19%



