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a. 1500 bps b. 12 kbps ¢. 100 kbps
P10-28. 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?
). Referring to the CRC-8 in Table 5.4, answer the following questions:
a. Does it detect a single error? Defend your answer.

b. Does it detect a burst error of size 67 Defend your answer.
What is the probability of detecting a burst error of size 9?
What is the probability of detecting a burst error of size 152
). Assuming even parity, find the parity bit for each of the following data
units.
1001011 0001100 ¢. 1000000 d. 1110111

We have created some Java applets to show some of the main concepts discussed in this
chapter. It is strongly recommended that the students activate these applets on the book
website and carefully examine the protocols in action.
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10.7.3
P10-1.

P10-3.

P10-4.

P10-5.

P10-6.

items when calculating the checksum.

Problems ¥ : |
Using the code in Table 10.2, what is the dataword if each of the following
codewords is received? R

a. 01011 b. 11111 ¢. 00000 .

d a dataword of two bits using FEC based on the Ham-

58 want to sen
Assume we wan datawords/codewords can auto-

ming distance. Show how the following list of ata
matically correct up to a one-bit error in transmission.

0000000 01— 01011 1010101 11— 11110
We can create a general formula for correcting any number of errors ‘(m) ina
codeword of size (n). Develop such a formula. Use the combination of n
objects taking x objects at a time.
Answer the following questions:
a. What is the polynomial representation of 1011 10?
b. What is the result of shifting 101110 three bits to the left?
¢. Repeat part b using polynomials.
d. What is the result of shifting 101110 four bits to the right?
e. Repeat part d using polynomials.
Traditional checksum calculation needs to be done in one’s complement
arithmetic. Computers and calculators today are designed to do calcul
in two’s complement arithmetic. One way to calculate the traditional check-
sum is to add the numbers in two’s complement arithmetic, find the quotient
and remainder of dividing the result by 2% and add the quotient and the
remainder to get the sum in one’s complement. The checksum can be found
by subtracting the sum from 2'® — 1. Use the above method to find the
checksum of the following four numbers: 43,689, 64,463, 45.112. and
59,683.
Given the dataword 101001111 and the divisor 10111, show the generation of
the CRC codeword at the sender site (using binary division).
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items when calculating the checksum.

10.7.3 Problems g .
P10-1. Using the code in Table 10.2, what is the dataword if each of the following
codewords is received? B o
a. 01011 b. 11111 ¢. 00000 .

i i ased on the Ham-
rd of two bits using FEC base:
bt o t of datawords/codewords can auto-

P10-2. Assume we want to

ming distance. Show how the following lis ata
matically correct up to a one-bit error in transmission.
00 — 00000 01— 01011 10 — 10101 11> 11110
P10-3. We can create a general formula for correcting any number of errors '( m)in a
codeword of size (n). Develop such a formula. Use the combination of n
objects taking x objects at a time.
P10-4. Answer the following questions:
a. What is the polynomial representation of 101110?
b. What is the result of shifting 101110 three bits to the left?
¢. Repeat part b using polynomials.
d. What is the result of shifting 101110 four bits to the right?
e. Repeat part d using polynomials.

P10-5. Traditional checksum calculation needs to be done in one’s complement
arithmetic. Computers and calculators today are designed to do calculations -
in two’s complement arithmetic. One way to calculate the traditional check:

sum is to add the numbers in two’s complement arithmetic, find the quotient

and remainder of dividing the result by 2'°, and add the quotient and the
remainder to get the sum in one’s complement. The checksum can be found
by subtracting the sum from 2'® — 1. Use the above method to find the
checksum of the following four numbers: 43,689, 64,463, 45.112. and
59,683.

P10-6." Given the dataword 101001111 and the divisor 10111, show the generation of
the CRC codeword at the sender site (using binary di

-y
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. Although it can be formally proved that the code
and cyclic, use only two tests to partially prove the fa i

a. Test the cyclic property on codeword 0101100.
b. Test the linear property on codewords 0010110 and 1111111,
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- Assume we need to create codewords that can automatically correct a one-bit p
error. What should the number of redundant bits (r) be, given the number of
bits in the dataword (k)? Remember that the codeword needs to be n = k + r
bits, called C(n, k). After finding the relationship, find the number of bits in r
ifkis 1, 2,5, 50, or 1000. 1

P10-12. Referring to the CRC-8 polynomial in Table 10.7, answer the following ques-
tions:

a. Does it detect a single error? Defend your answer.

b. Does it detect a burst error of size 6? Defend your answer.
¢. What is the probability of detecting a burst error of size 97
d. What is the probability of detecting a burst error of size 15?

P10-13. One of the examples of a weighted checksum is the ISBN-10 code we see
printed on the back cover of some books. In ISBN-10, there are 9 decimal dig-
its that define the country, the publisher, and the book. The tenth (rightmost)
digit is a checksum digit. The code, D1D2D3D4D5D6D7D8D9C, satisfies the
following.

[(10x D)) + (9 x Dy) + (8 x D) + .. I @K D NG Moo

In other words, the weights are 10, 9, . . .,1. If the calculated value for C is 10,
one uses the letter X instead. By replacing each weight w with its complement
in modulo 11 arithmetic (11 — w), it can be shown that the check digit can be
calculated as shown below.

290 PARTIII  DATA-LINK LAYER

C=[( xD,)+(2><D2)+(3xD3)+,..+(9xD9)]mod11 ko

Calculate the check digit for ISBN-10: 0-07-296775-C.

DIN.14 Thic nrohlem chowe a2 enecial cace in cherlkane &
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P10-12.

P10-13.
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Assume we need to create codewords that can automatically correct a one-bit
error. What should the number of redundant bits (r) be, given the number of
bits in the dataword (k)? Remember that the codeword needs to be n = k + r
bits, called C(n, k). After finding the relationship, find the number of bits in
ifkis 1,2, 5, 50, or 1000.

Referring to the CRC-8 polynomial in Table 10.7, answer the following ques-
tions:

a. Does it detect a single error? Defend your answer.

b. Does it detect a burst error of size 62 Defend your answer.

¢. What is the probability of detecting a burst error of size 97

d. What is the probability of detecting a burst error of size 15?

One of the examples of a weighted checksum is the ISBN-10 code we see
printed on the back cover of some books. In ISBN-10, there are 9 decimal dig-
its that define the country, the publisher, and the book. The tenth (rightmost)
digit is a checksum digit. The code, D1D2D3D4D5D6D7D8D9C, satisfies the
following.

[(10%Dy) +(9 x Dy) +(8 xDy) + ... + (2 X Do) H (I C)] Mo 1120

In other words, the weights are 10,9, . . _,1. If the calculated value for Cis 10,
one uses the letter X instead. By replacing each weight w with its complement
in modulo 11 arithmetic (11 — w), it can be shown that the check digit can be
calculated as shown below.

(6= 0! xD1)+(2><D2)+(3xD3)+,,.+(9xD9)]modu‘ =,§?
Calculate the check digit for [SBN-10: 0-07-296775-C.

Thic nrohlem chowe a2 enecial cace in cherlbene LoD e
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P10-22. Assume a packet is made only of four 16-
(903A)1¢, and (A123);6. Manually simulate the al,
find the checksum.

P10-23. Which of the following CRC generators guarantee the

bit error? i
a X+x+1 b. 1+ 2 (| a2+

P10-24. Assume that the probability that a bit in a data unit is corrupted during
;ion is p. Find the probability that x number of bits are corrupted

mi
of the following cases.

bit data unit for each
=1,p=02
6,x=3,p=03

» of the most used operations in the calculation of




