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Q1. (10 Marks) In a TV transmission, EgtLlre consists of 2 x 10° clements, 32 different brightness
levels and pictures are repeated at a rate of 32 plctures per second. I the brightness levels have equal
likelihood of oceurrence and picture elements are mdependent find avcrﬂge information rate of

this TV source? @l” f%5/5q] }/‘ E i() | ?() 73’2)( Yol -2 {
7 8 > 7
. @ (12 Marks, 3 each) For the Binary Symmetzlcql Chjmnels shown below: ) ;C
a) Find the Channel capacity whenp=1,p=0,p=0.5, and p= 0 3?7 P(a1) > P(bl)
\ D) Find the Maximum Capacity of the Channel? A _ P % f“ft
¢) Find the Input, output, channels forward probabilities, H(A), ... P
H(B), and H(B/A) when the channel works at Maximum Capacity?  P(a2) > P(b2)
d) How can you make the channel works at half of its Maximum Capacity? e
: Aarks, 2 each) Consider a ource with symbols Si, i=1,2,3,4. Table below lists 6 possible
3. (8 Marks, 2 each) Consid DMS S ith bols Si, i=1,2,3,4. Table below lists 6 ibl <
binary cod
m‘ar};ﬁies! . U, o Table of Codes of the source S
:1)\ rllf"l: wll{c! o.twm istine ‘co es are’ ! si [c1]cz[c3[ca [C5 Cé
i) Findwhich of themhprefix-free codcsfue e Ss1l00 11101 1111 (10 |0
¢) Find weather instantaneous codes are existence for 5z ezlo0l1 130100 [1110 J
thesa.codes? 53 | 0110 | 00110 10¢0 [ 110
( . d) Can you decide which code is the bLst code for this s#]o0lo1l11l0 1 10
" source, and why? S D =
4. (15 Marks, 3 each) Consider a Systematic Linear Block Code whose parity check equatlons are:
M p
Py = mo + m1+ m3, P1 = mo + mz+ ms, P2 = mo + m1 + mz2, and P3=mi + mz+ ms, e _(.
Where mj are the message bits, i = 0, 1, 2; 3, and Piare the check bits,i=0,1,2,3. K= 25 bl
: L
(a) Find the generator matrix of the code and draw the Encoder? A58)
(b) Find code bits, message bits, parity bits, code rate, Hamming weight? '
(¢) Find Hamming distance, the error- detection and error-correction capabilities of the code?
«d) Find the @yndrome look-up table?
o (e) Are the vectms; 101 W i 01 0 and (] 1o \l\] 1 00] Vd[ld codewords? (show the answer steps)
Rl s P‘i [
Q5. (4 Marks) leen a Binary Convolutional Bncoder with @ rate 1/3, and Impulse Response
% \(: 101011010. "Encode the innut sequence hite m — 101017 And write dewn the pelvnomial equatisns of
XD AR
the encoder? 6Er op ; | e S o 1$2 «o\3
) M% R TR
Q6."ﬁ3 Marks) Consider a (4,1,4) convolutional encoder with the following generator polynomials:
gl = [1010], g2 = [0101], g3 = [1110], g4 = [1001]. Draw the encoder and how many states does this
encoder have? 2 UL (_3 J, U Y, 3. U
A {/ - - 5 .
¥ ox = ) Moo
Q7. (8 Marks, 2 each) Briefly answer the following: o1\ o
@ [1] How do we measure information content in a message? o | ne = : 5 A
\§ Sig [2] What reduces mutual information between input and output of a channel?
'7;7/ [3] What is the purpose of source coding and channel coding? i)
[4] What is the advantages of convolutional codes over block codes? | © 0 © !
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QI. (12 Marlks) For the two Binary Symmetrical Channels (A & B) connected in cascade as shown

below, Find the input, output and channels forward probabilities.

v r'@
& -
CQ s

Vi

oht r p=
p(xi) =? . o— > - ——* D(z)=0.55

oS ><

P(z2) =?

P(x1)=0.56 o .

0.6

Q2. (8 Marks) Consider a DMS Source with symbols_Si, i=1,2,3,4. Table below lists 6 possible binary

codes

ki s
i 2
== - b 24
I a) Find which of them distinct codes are? | ) 0y ey - (2 Marks)
> (BY Find which of them prefix-free codes are? / | (2 Mawrks)

(i,

|

[ ¢) ) Find

Y ) G

l(;nl\';[fp table., z Nl

a) Find the Generator matrix of the code? TS 3;&-3;{

ar

you f'uui.‘ﬁ.,*.ueh-eeé:w“’r’"f"ﬁf FETSUSOGC 07 s source, and w hy? (2 Mg ks)

Q3. (24 Marks, 3 each) Consider the Systematic Linear Block Code with the following syndreme

0000000 | —ogo0 |

== R
Error Pattern (e} _Syndrome (s) |
T_ N O
e °/! 0000001

110

—_— b) Find zll the Code Words and the Minimum Hamming Distance? & o 0000010 DR
- ¢} Fiud code bits, message bits, parity bits, code rate, the error-
M A detection and error-correction capabilities of the code? - 0001000

d) Write down the Parity Check Equations and draw the Encoder? 0010000

{ i 3 ; T
: (\c) Are the generator vectors linearly independent? (Justify your ansle’r)

ki [) Isthis code a linear code? (Justify your answer) { ot
: £) Encode the bit stream, m= 1I'Q'I‘IAIQIOiQJD‘_I_QOL.',.? CC 3 [lo @
b If ny = L0011 and r= 0101101 were received, what are the transmitted code-words and _
original messages? (clearly show the recovery steps) : "
4 S = g {’[ J J, \ﬁ
! o
Q4. (16 Marks) Given a Binary Convolutional Encoder with K=3, rate 1/3. and Impulse Response ! ;/ A
401011010, ol E e Lo e
) ‘Encode the input sequence bits m = 101017 (5 Marks) @IS
- e s

(b D_l}h the en‘u)dg_ gshmv Your answer) HL\ \ WA (6 Marks)
¢} Draw the Trills diagram of the encoder? c _/ . | (5 Marks)
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Q1. A discrete source transmits messages xi, X5, a3 with probabitities p(x1)= 0.3, p(x2)- 0.235 p (ny)

\/ 045 The source is connected 1o the channel + hase conditional probability matris is
oy ) \

)y 3

\w)«[m' 0.1 0\ |
P(Y/X) 0 08 02 ,
AL 03 07 g
>

A. Draw the channel schematic? And Obtamn the ,u.m pmbablllh matrix P E 5 O (4 Murks)

v . Obtain the [)"‘Oh"h‘l‘ti‘ speilp '.2) anc p (\ 37 (6 Mu l/!’\)

G Constder two bivaey symmetpical Channels are connected in cascade as shown below:
\ & AN

C () = 0.6

o

8 Marky)

«; Consider a source with a sin-symbol alphabet, Xi, Xz, X3, Xs, Xs, and Ne. with

Hles B =02, Fr = L0, Ve

5= AL and e = WU, FCSPLCTive Iy

.
Lo s Shaanon-Faoo eode for this source Yo 0'(5"4 = e {8 Mlurks)
VT b s code 1 " AT R N L
3. Comnuie the average code length ol the core AR TR (3 Marks:

* Craoot Mk Consider ihe ‘s\sfe(‘r.(.tu Linear Block Code with the 1o Howing parity chicek matris.

o Schtute S #f

-G 170 0 C1oL 00
;i bt < H=:0 72 0i1 0 1 1
m loo o 17111 0

I [ £ AL ifthe consisa single error correciion vode. find ﬂu.(\mirom{, look- up Lll)ic‘ T Marks)

3. Forthe received vectors rrand ra. recover the transmitted code-word and the Ur:gin:l{ Nessaee.
N
r1 = LV0E01L, ro= 0101101, (cleariy sivow the recavery steps) (6 Maurks)

G (1S Marks) Gaven the following trellis dizeram of a convolutional code, cop
= ‘ e

* a=0) B —

7 ~ -
A A ) '(‘/
A. Encode the inpui sequence ms i @hﬂi 4 Y le B3
- : \L |
J\ Decode the received vector r using Viterhi Decoding.” L b=t @‘“{.\ \/\n =B
~,
/ :.
R=101 L1001 656 000, - A A
- W \ ":-lﬂ,. / /*
‘ i}&_}low many errors are there in the received vector R i hte ol \/
¢l
.uumt_\ the error bits) and show the transmitted \'cctoru W ./_._’f_‘ N
B i Tl y (;' \ Sl e 2 e R
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x—jlo 2.3 1%7 11 o

Pla/x)z o8 (/M) eon ,  Pl/X)= ®

P(9u/%2) = @B / Pw’j/}(t): 0. <

P(%:!X’L) =2
Plyn/X2) o3 P(S3/X3)= 0.7

P(‘:h”/)(‘{) e

7

PIX, YY) % dowA =

%ﬁz-ﬁ: 0«3 h
’ A g y! =2 44{
X2 @ 2.4 o 3:‘_
0+ . 2 .
X - q,
4 B o3
(37;}\ s

6o P P8 /x) = 0.X %o 8 =027

| .
" P(Xi) 0 (yp/x1) + PGB L @CX‘()P(E?. /X3)

T
- (;"3‘1( Q'D"}‘[‘g' ?_S:KDufS)'% (Oa L\S *043}3 o, 3

U — PP (8 ¥ RO (B3 /X8) <

*CQJS% o400, 45K ol 2V =l @, THLS

Gl P e o PVY .
' 11¢ "3@
PO i) -
P(Xir¥e) =
P(X2, ) =

s . -




