ENEEG626. Midterm examination, 10/25/2007 Instructor:A. Barg

All answers should be accompanied with proofs or sufficient xplanation. Intermediate
calculations should be shown.

10 points for each of the questions marked (a),(b),...,(g).

1. (max 60)
Consider a binary linear codg, with the generator matrix

11111000
1111

= O

(a) What is the distance @f;?
(b) Do positions 1,2,3 form an information set? What aboGf7P,
(c) Write the generator matrix @ in the systematic form in which the message positions ar&.1,6

(d) Write a parity-check matrix of the codg, in the systematic form in which the check positions are
2,3,4,5,8.

(e) Use the matrix that you found in step (d) to encode the ages801 (the message positions are still
1,6,7).

(f) Give an example of correctable double error with respediiL decoding of the codé€’;.

2. (max 70)

(@) LetK = Fym(m > 3),L = F,2, F = FF, be finite fields. Give precise definitions of the following
facts:

() elementsay, as, ..., ay € K are linearly independent ovét;
(i) a given set of elements df forms a basis of< over F;

(iii) elementsby, by, ..., b, € K are linearly independent ovér (assuming thal is a subfield of
K).

(b) Leta be aroot ot + 23 4 1. Prove directly (without writing out all powers of) thato is primitive.
You may use the fact thét of part (d) below is primitive.

(c) Write out a table ofy¢ with 2 columns: first represent each element as a polynomialdf degree
3 or less, then as a power af

(d) Let 3 be a root ofr* + = 4 1. Add another column to the table obtained in (c), showing émeesen-
tation of every element in that table as a positive powe?.of

(e) Using the definition you gave in part (a), prove that tremantse, a2, a?, o8 form a basis off ;4
overlFs.

() Expressa” anda!'? in the basisy, a?, a?, o8.

(g) Letw = 3° be a primitive element df .
(i) Prove that the polynomiaf (z) = 22 + = 4 w is irreducible oveiF,.
(i) Let v be a root off. Prove thaty = o' or a'*.



