Introduction to Coding

Exercise 1: Compute the modulo-4 checksum, C, of a frame with
byte values 3, 1, and 2. What values would be transmitted in the
packet? What would be the value of the sum at the receiver if there
were no errors? Determine the sum if the received frame was: 3, 1,
1,C?3,1,2,0,C?1,2,3,C?
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Exercise 2. What is a modulo-2 sum? What is the modulo-2 sum
of 1, 0 and 1? What is the modulo-2 sum if the number of 1's is an
even number?
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Exercise 3: A (5,3) code computes the two parity bits as: p, =
d,®d, and p;, = d, ®d, whered, is the i'th data bit. What codeword

is transmitted when the data bits are (d,,d,,d,) = (0,0,1)? How
many different codewords are there in the code? What are the first

four codewords? In general, how many codewords are there for an

(n, k) code?

o & ®
V( AT @OQZ-

2 e = 3 \{9\16‘
C@o((zwﬁ‘ol&

# d. b1 T» T D,:a\.:. 4Z\T°ILYL\_)

O o O

& b6 ‘
oo\ o |
(/lO \ \ \ J

1§ | 9
O [ 0 P)

{

—
—

@
v O
[ (

O
\
O
| 1§

o
o

Exercise 4: What is the Hamming distance between the codewords
11100 and 110117 What is the minimum distance of a code with the
four codewords 0111, 1011, 1101, 1110?
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Exercise 5: What is the code rate of a code with 4 codewords each
of which is 4 bits long? Hint: If a code has 2 codewords, what is k?.

Exercise 6: The data rate over the channel is 50 Mb/s; a rate 1/2
code is used. What is the throughput?
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Exercise 7. Write the addition and multiplication tables for GF(2).
What logic function can be used to implement modulo-2 addition?
Modulo-2 multiplication?
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Exercise 8: Whatisthe polynomial representation of the codeword
01101?
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Exercise 9: What is the result of multiplying x> + 1 by x* + x if

the coefficients are regular integers? If the coefficients are values ( 95‘ + A \ (_17_} %3
in GF(2)? Which result can be represented as a bit sequence?
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Exercise 10: If the generator polynomial is G(x) = x> + x + 1 and

_ ~x=3 (J:’- o{ bids

.\y\ f&NQ'\Ao&U\

the data to be protected is 1001, what are n — k, M(x) and the CRC?

Check your result. Invert the last bit of the CRC and compute the = ordev é,
remainder again. e ({) >
3 >
k= 4 {\/\(7('];Q>c—» l)"c
Nk =3 2C
5 < ,“3 O > 2,6=x30
Calcylote | .3 D;c___]:/f_
Rew»)—i/\dﬂ-l" 7 - O o .
| "4 O Xty #1700 F t 0> >
¢ O [ ot 4 hc J
v+ | +0 O 0
6
e e 7- + O ‘ \:G
\:Jf,\r'ams/wc-\ Mf;%q ¢ ensdindin )
s d n-tk= - o
o |
= W | 1 O;‘ O L/J"—J
\’—-’n:n vem;\mQLW'
= CRC
Vo9 O o0 )
Lo\ 166] 110 = (611 )0e0otoLo0
L6t {,L ool o
_ ol ¢ \
ojo |1 R
| O] \ ) 0 (o
o ||

0 o0 <=

(

i

|




Exercise 11: Is a 32-bit CRC guaranteed to detect 30 consecutive
errors? How about 30 errors exgady distributed within the message?
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Exercise 12: What is the probability that a CRC of length n — k bits
will be the correct CRC for a randomly-chosen codeword? Assuming
random data, what is the undetected error probability for a 16-bit
CRC? For a 32-bit CRC?
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