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Problem 1 Consider the linear code over 3 defined by the parity check matrix

a)

b)

d)

—= =0 = OO
_ N = O O
OO O N

Find a generator matrix for the code. What is the code’s dimension? How
many code words are there in the code?

What is the code’s minimum distance d? How many errors can the code
correct?” How many errors can the code detect?

You have received i = (1,2,0,0,2,1). If there are at most (d — 1)/2 errors,
what is the error vector?

Let € be the code C extended by adding a parity check symbol ensuring that
for every code word the sum of its coordinates is zero (it is even-like):

A

7
C= {(01,02,...,07) € FI | (c1,¢o,...,¢6) 6C/\Zc,~=0}.

1=1

Give a generator matrix and a parity check matrix for C. What is the di-
mension of C?

What is the minimum distance of C.

Problem 2 Let C be a linear code over the field F,, and consider the first
coordinate of the code words. Prove that either every code word has 0 in its first
coordinate, or exactly 1/q of all code words have 0 in their first coordinate.

Problem 3 Let w € F4 have the property that w? = w + 1. Consider the
convolutional code over Fy given by G = (v +1 2%+ 2+ w).

Encode the message 0,1, w,w +1,0,1,w,w + 1,0,0,0,0.
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Problem 4 Let 3 € Fig satisfy 3* = 8+ 1. Let C be the Reed-Solomon code
of length 15 with the twelve zeros {1,2,3,...,12} and generator polynomial
gl@) =B+ (B + B+ 1) a+ (85 +82) a® + B2 + (B + 1) 2
+ (B4 B2 +1) 2"+ Fat + a7 + R+ (B2 +1) 2
+ (53_1_ 1) 04 (52 + 1) 214 12,

a) How many errors can the code correct? How many erasures can the code
correct? What is the dimension of the code?

Can you find a linear code of the same length with the same minimum
distance over the same field, but with higher dimension?

b) A message has been encoded as m(z)g(x). You receive
y(w) =82+ (B + B+ B) v+ (B + 8+ 1) 2?

where all the other coefficients have been erased. Recover the encoded mes-
sage m(z).

Problem 5 In this problem we will consider cyclic codes of length 9 over F,.

It may be useful to know that 9 divides 26 — 1, that 2% + 23 + 1 is irreducible over
F, and that there is an element o in Fgy with order 9 satisfying o = o® + 1.

a) Describe all such cyclic codes. For each code, give a generating polynomial
and determine the minimum distance.

b) Consider the code with generating polynomial g(z) = 2% + 23 + 1. Suppose
you received
yx) =2+ + 2+ 2+ 2¥ o+ 1
and there is exactly one error. Find the location of the error and the correct
code word.



