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I Write your name on each paper.

I Start a new solution on a new sheet of paper. Use only one side of the paper.

I Solutions should clearly show the line of reasoning and follow the methods pre-
sented in the course.

I If any data is lacking, make reasonable assumptions.

I You are allowed to use a calculator, personal notes, books and printouts.

Good luck!



Problem 1

Consider the code given by the generator matrix

G =

[
1 0 1 0
0 1 1 1

]

(a) Determine the standard array of this code. Which error patterns can be corrected?
Motivate your answer.

(b) Use a syndrome decoder to decode the received vector r =
(
1 0 1 1

)
.

(c) What is the advantage of the syndrome decoder?

(d) Somebody asks you to design a code of rate R = 1/2 and length N = 10 that can
correct all single errors (i.e., t = 1). Is it possible to find such a code? Motivate
your answer.

(10p)

2



Problem 2

Consider the convolutional code C encoded by the generator matrix

G(D) =
(
1 +D2 1 +D +D2 1 +D

)
(a) Find a systematic generator matrix Gs(D) for the same code and draw an en-

coder realization in controller canonical form.

(b) Draw the state transition diagram of the encoder from (a) and determine the free
distance of C.

(c) The encoder is terminated to the zero state after L = 5 trellis sections. You want
to transmit the information sequence

u =
(
1 0 1 1 0

)
.

Determine the termination bits (information and parity bits) that have to be ap-
pended at the end of the sequence before transmission.

(d) Assume now that the code sequence is punctured according to the pattern

P =

1 1 0
1 0 1
0 1 1

 .

Determine the free distance and rate of the punctured code. Take into account
the termination after L = 5 trellis sections.

(10p)
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Problem 3

Consider Viterbi decoding of a punctured convolutional code C, whose encoder is de-
fined by the following state transition table:

u = 0 u = 1
s0 = 00 s0/00 s2/11
s1 = 01 s2/00 s0/11
s2 = 10 s3/01 s1/10
s3 = 11 s1/01 s3/10

The puncturing is applied according to the pattern

P =

[
1 1 0
1 0 1

]
,

and the code sequence is terminated to the zero state after L = 4 trellis sections.

(a) Draw the trellis diagram of the terminated convolutional code, including the
branch labels. Take into account the puncturing.

(b) Use the Viterbi algorithm to decode the received vector

r =
(
−1.5 −0.5 +1.0 −0.25 +1.5 +1.25 +0.5 −1.0

)
and write down the estimated codeword v̂ and information sequence û.
(Use a soft decision decoder that maximizes the metric λ(ri|vi) = ri · xi.)

(c) Is it possible to realize the given encoder without feedback?
Motivate your answer!

(10p)
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Problem 4

Consider a product code C that is built out of a length NA = 4 repetition code CA as hor-
izontal code and a length NB = 4 single parity-check (SPC) code CB as vertical code.
The array of L-values received from the channel is equal to:

+1.0 -1.25 -1.5 +0.5
+0.5 +0.5 -1.0 +1.25
-1.0 -0.5 -1.25 -1.0

+1.25 -1.0 +1.5 +0.5

(a) Decode the overall product code by means of iterative soft-decision decoding. To
simplify the problem we consider one decoding iteration only. Perform first hor-
izontal decoding of all rows and then vertical decoding of all columns. Finally,
compute the combined a-posteriori outputs for all symbols.

Hint: The following formula can be used for soft-decoding of a repetition code:

Le(vi) =
∑
j 6=i

Lin(vj) =
∑
j 6=i

(
Lch(vj) + La(vj)

)
,

which means that the extrinsic L-value of a symbol is equal to the sum of the in-
put L-values from all the other symbols. The SPC code can be decoded according
to the min-sum rule.

(b) Does the result of the decoder correspond to a valid codeword of the product
code? Motivate your answer.

(c) Determine the minimum distance and the rate of the product code above. How
many errors can the code correct?

(10p)
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Problem 5

Consider a Reed-Solomon code of length N = 4 and dimension K = 2 over GF(5).

(a) Show that α = 2 is a primitive element of GF(5).

(b) Use α = 2 to encode the input vector u = (2 4) with a systematic encoder.

(c) Assume now that some vector r is received, and the corresponding syndrome is
equal to S = (2 3). Find the corresponding error locator polynomial Λ(X) and
determine the error positions.

(d) Compute the error values and write down the resulting estimated error vector ê.

You can choose any of the methods from the lecture for solving (c) and (d).
(10p)
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