PROBLEMS

7.1 Consider the triple-error-correcting RS code given in Example 7.2. Find the code
polynomial for the message

aX)=1+a’X +aX*+a’x8.

7.2 Using the Galois field GF(2°) given in Appendix A, find the generator polynomials
of the double-error-correcting and triple-error-correcting RS codes of length 31.
¥ 7.3 Using the Galois field GF (29) given in Table 6.2, find the generator polynomials
of double-error-correcting and triple-error-correcting RS codes of length 63.
>* 7.4 Consider the triple-error-correcting RS code of length 15 given in Example 7.2.
Decode the received polynomial

IX)= atx3 +a9x8 +a3X13

using the Berlekamp algorithm.

7.5 Continue Problem 7.4. Decode the received polynomial with the Euclidean
algorithm.

7.6 Consider the triple-error-correcting RS code of length 31 constructed in Prob-
lem 7.2. Decode the received polynomial

r(X) =a? +a? X2 + o’ ¥

using the Euclidean algorithm.

7.7 Continue Problem 7.6. Decode the received polynomial in the frequency domain
using transform decoding.

7.8 For the same RS code of Problem 7.6, decode the following received polynomial
with two erasures:

rX) = X3 + X + #) X8 + o3 x2

with the Euclidean algorithm.
7.9 Prove that the dual code of a RS code is also a RS code.
7.10 Prove that the (2™ — 1, k) RS code with minimum distance d contains the primitive
binary BCH code of length 2™ — 1 with designed distance d as a subcode. This
subcode is called a subfield subcode.



7.11 Let o be a primitive element in GF(2™). Consider the (2™ — 1, k) RS code of
length of 2" — 1 and minimum distance 4 generated by

g8(X) = (X —a)(X - a?)..(X — o)y,

Prove that extending each codeword v = (vo, vy, - -+, vpm_3) by adding an overall

parity-check symbol
m_2

Voo = — Z Vi
i=0

produces a (2™, k) code with a minimum distance of d + 1.
7.12 Consider a t-symbol error-correcting RS code over GF(2™) with the following
parity-check matrix:

1l « a2 (85T
1 o2 (aZ)Z LEA (al)n -1

H = . . . . ’
1 o (alt )2 i (a2l)n—1

where n = 2™ — 1, and e is a primitive element in GF (2™). Consider the extended
Reed-Solomon code with the following parity-check matrix:

0 1
0 0
et | Kt e |
00
10

Prove that the extended code also has a minimum distance of 2t + 1L

713 Leta(X) =ag+a1X +--- + ar_1X*1bea polynomial of degree k — 1 or less
over GF(2™). There are (2™)* such polynomials. Let « be a primitive element
in GF(2™). For each polynomial a(X), form the following polynomial of degree
2™ — 2 or less over GF(2™):

v(X)=a(l)+a@X +a@)X2+ ... +a@?" 2)x2"-2,

Prove that the set {v(X)} forms the (2™ — 1, k) RS code over GF(2™). (Hint: Show
that v(X) has e, o2, . . . , 2" %1 g5 roots). This original definition of a RS code is
given by Reed and Solomon [1].



