TEST ON INFORMATION & CODING THEORY Name/Neptun Code: HEEEER
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Each problem must be worked out on separ ate sheet, except for Problem 5!
A detailed reasoning must accompany each numerical result !!!

1) Given a code set with lengths=1,1, = 2;|,= 2| ,=
Can this code be uniquely decodable (justify your answer) !

Solution: Not, because it does not fulfill the Kraft inequality.

2) Given a digital data transmission over a bandlimited channel
a) State the relationship between the transmitted and receiver filter for the sakienaf noise transformation.

b) Define the condition for ISI free transmission

Solution: a)H(f) = H; ()

H(f+mj‘=1; <=
T oT

3) a) Define the conditional entroplyl (Y|X)of two random variableX andY.

b) .

b) define the channel capacity by using entropies
¢) What is the joint entropy oK independent identically distributed random variables (where the marginalyentrop
is denoted by(X))

Solution

a) H (Y|x)=§X;§y; p(X, y)|d(m]

b) C:=maxl (X.Y)= maxH K }-H ¥¢[X |
p(X p(X

0) H Xy, Xy ) = KH (X )
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4) There is a source with quadrary alphabet with and a digital channel witkratesiion matrix

0.125 0.125 0.25 O.
0.125 0.5 0.125 0.25 into how long codewords should we extend 10 symbol long messagiences in order
0.25 0.125 05 0.12
0.5 0.25 0.125 0.12
to guarantee reliable communication ?

Solution:
Channel capacity:C =1d(4)—0.125*6- 0.25*2- 0.5*t 0.25>n=k C= 4

5) Indicate the true statements

- The dataspeed is proportional with the bandwidth over which the digitehaaication system is implemented (TRUE)
- The I-divergence between two distributida( p||q) is always positive (TRUE)

- The channel capacity is independent of the input distirbution

- For a symmetric channel the state transition matrix and its transpose are identical

6) Given a generator polynom of a cyclic code as follows
g(X) =X+ Yy X+ y" %X +y X +y &k y X %y x %y % Fyx+y , the length of the message vector
is 6. What are the parameters of the code ?

Solution:k=6, deg(g & ))= 9=n—k —>n= 1t

7) Construct a binary Hamming code with parametels.
a) Determine the parameters of the code
b) Give the generator and the parity check matrix

¢) How many vectors form a group belonging to a given synelnaguntors

d) Give the codeword which belongs to message vehttor(OlOOOOOOOOI

Solution:
a) C(15,1)
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000011111111 00

b) The parity check matrixl = 01 110001111010
1 0110110011001

1 1011010101000

1 000 O0O0OO0OOOOOOOTZ 11

01 000O0O0OO0OOO0OO0OOT1IO0T1

001 0O0000O0DO0O0OOO0OO0OT1IT1C

0001 00O0OO0OOO0OO0OO0OT1ITI1IT1

0 00O0O0O1O000O0OO0OO0O1TO0OQO0T"1

The generator matrix@8={0 0 0 0 0 1 0 0 0O O O 1 0 1 ¢
0 00O0O0O0OO0O10O0O0OO0O1TO0T1TT1
000O0OO0OO0ODO10O0O0O11O0TC

0 00O0OO0OOODO1O0O0O1T1O01

0 00O0OO0OO0DODOO21O0111C(

0 00O0OO0OO0OODOOO21I11 1121

c) The size of the group ifE | = 2
d) The second row of the generator matix(0,1,0,0,0,0,0,0,0,0,0,0,1,0

8) Implement the multiplication of (2*7) over GF(8) in a shift reggisThe representation of 7 must be downloaded
as an initial state into the shift register. Give the connection pattern and indicatalthesfit in the shift register.

Solution:
y(a+ay+ay’)=ay+ay’+ay’=ay+ay’+a y+l)=a+(aga)y+ay’

F* Pfo |
7r2=5 -
2‘7—_}y5—y6—y2+1—5

9. Given aC (?J, L=2G= {15, 9,9, ?;convolutional encoder

a) Give the number of states
b) What is the complexity of the Viterbi algorithm in the case of rawgithe sequence (1110101)
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c) Depict the architecture

Megoldas:
a) Az allapotszam: LDk _ 22 _ 4
b) O(V2*)=0(3*2")=0(3*16)=0(48)

7

— > )

P

<)

10) Given a C(%j L=2G= {3, 2} t convolutional encoder

a. Give the architecture

b. Give the state-graph

c. Give the transfer function

d. How many codesequence has weight 12
Solution:

SR\

-
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