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USN |/, " 15EC54

Flfth Semester B.E. Degree Examination, Dec.2017/Jan. 20»18;4,
(( Information Theory and Coding

Time: 3 hrs. Max Marks 80

Note: Anwver FIVE JSull questions, choosing any one full question from aach module.

Module-1
1 a. Derive an expression for average information content of symbols m long independent
sequence. : . (03 Marks)
b. For the Markov seurce shown below, find i) The stationary d‘lstnbutlon ii) State
entropies  iii) Source entropy iv) G; G, and show that G; > Gz 2 H(s). (10 Marks)
% s S
c. Define Self Information, Entropy and Information rate.. . (03 Marks)
OR

2 a. Mention different properties of entropy and prove external property. (07 Marks)

b. A source emits one of the four symbt)ls S1 S, S; and Si/with probabilities of
7, 5, 1 &1 Show that H(S?) ¥ ZH(S). (¢ (04 Marks)

16 16 8 8

c. In a facsimile transmission of a picture/ there are about 2.25 x 10° pixels/frame. For a good
reproduction at the receiver 12 brightness levels are necessary. Assume all these levels are
equally likely to occur. Find the rate of-information if one picture is to be transmitted every

3 min. Also compute the source efficiency. » (05 Marks)
Module-2
3 a. A discrete memory less source has an alphabet of five symbols with their probabilities as
given below : , ) (10 Marks)
Symbol So S 1 Sz S+ S4

Probabilities | 0.55 | 0.15 ] 0.15 [ 0.1.1.0.05
Compute Huffman code by placing composite symbol as. high as possible and by placing
composite symbol as low as possible. Also find i) The averaoe codeword length
ii) The variance of the' average code word for both the cases. )
b. Using Shannon Fano ~ coding, find code words for the probabllitv dmtrlbutlon

P= {l T _}. Fmd average code word length and efficiency. = ~ (06 Marks)
2.0 48" 8 P ‘
OR st
4 a. Writea short note on Lempel Ziv algorithm. " (05 Marks)
b. Derive Source coding theorem. : ) (05 Marks)
Cs Apply Shannon S encodmg algorithm and generate binary codes for the set of mchages
glven below ‘Also find variance, code efficiency and redundancy. ) {0 “Marks)
. M, [M; [M; [ M, M, )
1/8 1 1/16 | 3/16 | 1/4 | 3/8
Module-3 7N\
5 a Fmd the capacity of the discrete channel whose noise matrix is (04 Marks)
y 08 .02 0
P(K) =101 08 o1
0 02 08
1 of2
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b./j},;"iDeﬁne Mutual Information. List the properties of Mutual information and prove that

“TI(xy y) = H(x) + H(y) - H(xy) bits/system. (06 Marks)
cl ‘fA channel has the following characteristics : (A~
| i gt

1
(/J\— 3 3 6 6| &P(x;)=p(x2)=L.Find Hx), H(y), H(, y) agnd C/hannel
Lo R [ | 2
ibes Tis 2\
capa01ty 1fJ f —1000 symbols/sec. (06 Marks)
N OR AN
a. A binary symmstrig channel has the following noise matrix with sdu@§“probabilities of
B0 31 B
P(x;)= 2 and P(x») = ! and P(}/) i bl R (08 Marks)
3 3 T
- \ 4 4 =N
i) Determine H(x) , H(y)s H(x, y) , H(y/x) , H(x/y) and I(x y)
ii) Find channel capac1ty €. /7~ iii) Find channel eﬂ:’lclency and redundancy.
b. Derive an expression for channel efﬁcnency fora Bmary Erasure channel. (05 Marks)
c. Write a note on Differential Entropy. . ~AY (03 Marks)
; Module-4 '
a. For a systematic (6.3) linear block code genelafcd by Ci=di®ds , Cs= d2® ds
Ce=di & do.
i) Find all possible code vectors ii) Draw encoder circuit and syndrome circuit

iii) Detect and correct the code word if'the r\e'ce’m,d code word is 110010.
iv) Hamming weight for all code Vector ‘min’, hammmg distance. Error detecting and

correcting capability. (14 Marks)
b. Define the following : 1) Block code and Convolutional code i) Systematic and non —
systematic code. ; ,' N (02 Marks)
\ OR e
a. A linear Hamming code for (7, 4) is described by a generator polynomlal gx)=1+x+x.
Determine Generator Matrix-and Parity check matrix. < (03 Marks)

b. A generator polynomial fora (15, 7) cyclic code i 1s g(x) =1 + xt x +x+x5.
i) Find the code vector forthe message D(x) = X +x +x% Using: Cycllc encoder circuit.
if) Draw syndrome calculatlon Cll‘CUlt and ﬁnd the syndrome of&he recelved polynomial

Z(x)—1+x+)\ x® +x%+ x7 + x! + x (13 Marks)
Module-5
a. Consider the (3; l 2) convolutional code with g; =110 , g =101 g3 = 111 (12 Marks)
i) Draw the encoder block diagram ii) Find the generator matrlx :

iii) Find /the code word corresponding to the information sequence 11101 usmg time
domain and transform Domain approach. Py, ¥

b. Write short,,note on BCH code. \ .";(047Marks)

‘ OR (O
Fora (2, i 5 3) convolutional encoder with g; = 1011 , g, =1101. (16 Marks)
a. Draw the state diagram b. Draw the code tree.

CL me trellis diagram and code word for the message 1110 1.
d. Using Viterbi decoding algorithm decode the obtained code word if first bit is erroneous.

% %k % % %

2 0f2
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Fifth Semester B.E. Degree Exal xation, June/July 2018
Information Theory ‘and Coding
Time: 3 hrs. Max. Marks: 80
Note: Answer any FIVE full questions, choosing one full question from each module.
« Module-1

1 a. With neat sketch, explam the block diagram of an information system. (04 Marks)
b. Define entropy. State: vatious properties of the entropy. (04 Marks)

c. Acodeis composed ‘of dots and dashes. Assuming a dash is 3 times as long as a dot and has
one-third the. probdblllty of occurrence. Calculate:
i) The. m{omlatlon in a dot and a dash.
ii) The entropy of dot-dash code.
o iii) “The average rate of information if a dot lasts for 10mili seconds and the same time is
< . allowed between symbols. (08 Marks) <.

‘ - OR ~
2 “::-'Derive an expression for the entropy of n'™ extension of a zero memory source. (06 Maﬂis)
~b. The first order Markoff model shown in Fig.Q.2(b). Find the state probabllltles em}ropy of
each state and entropy of the source. (10 Marks)
0S .
O 2 o~ PR

n2 ‘.

02
0 . g e~ 8
Fig.Q.2(b)
Module-2 :
3 a. Apply Shannon’s binary encoding algorithm to fhe followmg set of symbols given in table
below. Also obtain code efficiency. aot (08 Marks)

Symbols | A sj?‘B 1 C | DJ|E
. P /811716 | 3/16 | 1/4 | 3/8
£ b. Consider a source S = {sy, s2} with probablhtles 3/4 and 1/4 respectively. Obtain Shannon-
Fano code for source S and its 2™ extenswn Calculate efficiencies for each case. Comment

; on the result. . (08 Marks)
] . OR
4 a. Consider a source with 8 alphabets A to H with respective probabilities of 0.22, 020, 018,
015, 0.10, 0.08, 0. 05 and 0.02. Construct Huffman’s code and determine its efficiency.
(10 Marks)

Important Note : 1. On completing your answers, compulsorily draw diagonat cross lines on the remaining blank pages.

b. Withan l]lustratrve c/xample explain arithmetic coding technique. (06 Marks)

] of 3
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Module-3 - !
5 a. Define: i) Input entropy ii) Output entropy iii) Equwocatlon iv) Joint entropy an::
v) Mutual information with the aid of respective equatmns (04 Marke

b. In a communication system, a transmitter has 3 mpht symbols A = {aj, a,, a3} and receivt
also has 3 output symbols B = {b;, bz, bs}. The matrlx given below shows JPM. (08 Mark: -

o‘\’ b, ‘_'EA ba

oL

' (g_
a | £
Sz
oA x
Plop) |
=

i) Find mi<51ng probabllmes (*) in the table.

ii) Fmtl\PLb) and P(—]
NS 4 b,

c. Atransmitter has 5 symbols with probabilities 0.2, 0.3, 0.2, 0.1 and 0.2. Given the chann |

-;jfmam ix P(B/A) as shown below, calculate H(B) and H(A, B). (04 Mark.:;
0 0 0] o
1/4 3/4 0 0
P(B/A)=| 0 /3 2/3 O
0 0 1/3 2/3 -
| 0 0 1 0 |
Fig.Q.5(c)
OR
6 a. A Gaussian channel has a 10MHz bandwidth. If (S/N) rat;o 19 1{)0 calculate the chann. i
capacity and the maximum information rate. T (04 Mark ;
3/4 1/4
b. A binary symmetric channel has channel matxi\x:\g;B(Y/X)=]1/4 3/4' with sourc¢
probabilities of P(X, )— = and P(X, )—~
i) Determine H(X), H(Y) H(Y/X) and H(X Y)
ii)  Find the channel capacity. (06 Mark-

c. Find the channel capacity of the chdimei shown in Fig.Q.6(c) using Muroga’s method.
. (06 Mark

o+ F
Fig.Q.6(c)

20f3
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i) - Draw the encoder diagram.

1SEC54
Module-4 Lo
Distinguish between “block codes” and “convolution ches’ (02 Marks)
ot
For a systematic (6, 3) linear block code, the par’itﬁéﬁﬁtrix is P=|0 1 1j.Find all possible
| e 11 0
code vectors. e | (08 Marks)

The parity check bits of a (8, 4) biock code are generated by cs = d; + d + dg,
ce=d; +dy+ds, cr=d; +d; +dsandcg = d2 + d3 + ds where di, d2, d3 and d4 are message
bits. Find the generator matrix and parity check matrix for this code. (06 Marks)

OR
A (7, 4) cyclic code has th~ generator polynomial g(x) = 1 + x + x’. Find the code vectors
both in systematic and nonsystematlc form for the message bits (1001) and (1101).(12 Marks)
Consider a (15, ll) cycllc code generated by g(x) = 1 + x + x*. Device a feed back shift
register encoder cxrcunt (04 Marks)

NN Module-5

Write! anotc on BCH codes. (06 Marks)
Conmdéx the (3, 1, 2) convolutional encoder with g(” =(110), g(z) =(101) and g(3) =(111).

Find the generator matrix.

viii)  Find the code word for the message sequence (11101). (10 M:i;]’m

OR
For a (2, 1, 3) convolutional encoder with g = (1101, g® = (1011), draw. the encoder
diagram and code tree. Find the encoded output for the message (11 ]Ol) by*iraversmg the
code tree. Ny N (10 Marks)
Describe the Viterbi decoding algorithm. N (06 Marks)

* ok ok % ¥

30f3
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g blank pages.

2. Any revealing of identification, appeal to evaluator and /or equations written eg, 42+8

Important Note : 1. On completing your answers, compulsorily draw diagonal cross lines on the remainin
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a.

Note: Answer any FIVE full questions, chdos m@ ONE full question ép@%@ach module.

4 m@

1%8 of which occur with a
hy Find the average information

The output of an mformation
probability of _°_and remaining,with
256 64
rate of the source if the source gmits 10,000 sym/s. (02 Marks)
In a facsimile transmisg iont of a picture, there fo 4 x 10® pixels/frame. For a good
reconstruction of the j g@wfatleast eight brightness_ Ieyels are necessary. Assuming all these
levels are equally h%éﬁ to occur. Find the a\?’ﬁge information rate if one picture is
transmitted ever (04 Marks)
Consider the following Markov source ShO% n ﬁg QI(c). Find i) State probabilities

i) State entroﬁ% i) Source entropy% iv) Gi,Gy v) Show that G; > G, > H.
(10 Marks)

a probab111ty of L

The international Morse code uses a sequence of symbols 0 ,dots and dashes to transmit
letters of Engh@h&l{phabet The dash isae esented by a &cj nt pulse of duration 2ms and
dot of 1ms. "[;ﬁ“e probablhty of dasg éﬁf as that of dot @0n51der Ims duration of gap is

06 Marks)
(04 Marks)
,shown n ﬁg QZ(@) find i) State probabilities ii) State
“S (06 Marks)

Module-2
With an exampleu%plam Prefix codes. (04 Marks)
Consider the folkwvmg source S = {A, B, C, D, E} with probabilities P = {0.5, 0.25, 0.125,
0.0625, 0.0625 } /Find the code words for the symbols using Shannon’s encoding algorithm.
Also, ﬁn,g the source efficiency and redundancy. (06 Marks)

1o0f3
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c. An information source produces a sequence of inde ‘ efident symbols having the following
probabilities. Construct binary code using Huffman Iico ing and find its efficiency.
, (06 Marks)
A| B G
1/3 | 1/27 1/27
4 State Kraft McMillan Inequality p (04 Marks)

o e

Z) with the corresponding
Yind the code words fo symbols using Shannon’s
algorithm. Also, find the sourgctefficiency and redundancy. (06 Marks)

c. Consider a discrete memox?eﬁless source with S = (X, %, Z) with respective probabilities

P =(0.6, 0.2, 0.2). Find the codeword for the message==YXZXY using arithmetic coding.
b4 (06 Marks)

Consider a discrete memory le:
probabilities P = (0.5, 0.3, 0%}

.»

Module-3¢
5 a. Abinarycha T%a the following charac@@m’tlcs

respectlvely Fmd entroples H
b. Prove that the mutual info i
The noise characteristics:of

(03 Marks)
gative entity I(; %X )=>0. (06 Marks)
E@{g the capacity of the

(07 Marks)

Ww
6 a. State the propert i . (04 Marks)
b. Find the channel shown in fig.6(b). Let P(x;) = 0.6 and
P(x2) =0. (06 Marks)
LO-€
FigQ6(b) e’- 2&‘ !
’ Xcg' o’:’#— \é’z

C. on for the channel capacity of a Binary Symmetric Channel. (06 Marks)

20f3
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Module-4 :
For a (6, 3) code find all the code vectors if the eega@iﬁ ient matrix P is given by
1 10 !
P={0 1 1
1 01 o,

i) Find code vector  ii) Implemx tﬁiyencoder ii1) Find tge drome vector (S).

iv) Implement the syndrome circuits" (08 Marks)
Obtain the generator and parity, hm%%;gk matrices for an (n, k): it code with g(x) = 1+x+x’.
L (08 Marks)

o @* ’ OR
In an LBC, the syndr%mw% 1§-given by

Si=n +r2+r3+r5 Wy S=rntntritrs S3=ri+r3+rs+ry.
i)  Find the parity cﬁeck matrlx (H) ii), Draw the encoder circuit

iii) Find the c;dw '

drome for the recei ta 10110117 (08 Marks)
lic code, the generator po omial is given by g(x) = 1+x+ x 2rx x>+ xB+ x
diagram of an encoder 4nd syndrome calculator for this code. Find whether

iv) What is th
Ina (15 :
Draw tl

r(x) 1+ + %8+ x5+ xM (08 Marks)
Design a (15,7) binary BCH, code withr=2. _ ' (06 Marks)
C0n31der the (3, 1 2) c 1 y,g¥=(1 1)

Iengt
1v) Find the generatq;g matrix V) Fmd@e Lode word for t ssage sequence (11101)
using time — do;&gm and transfer — domain‘4pproach. (10 Marks)

(04 Marks)

Consider-the convolutlon engo
1) \@%ﬁthe impulse res \
i) Find the output for

F ) 1sing time — domain approach.
4ii) Find the output fo§ tgg 'message (1 0 a

using transfer — domain approach. (12 Marks)

0

Fig.Q10(b)

* %k k¥
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2. Any revealing of identification, appeal to evaluator and /or equations written eg, 42+8

50, will be treated as malpractice.

USN 15EC54
lnformatlon Thecvhrf‘%a%
ﬂi}} @
%
Time: 3 hrs

1 a
b.
B
2 a
b.

Define information content, €
A card is selected at random
colour, how much 1nfc>1'mw )
completely specify a card? w (05 Marks)
Prove the maximal property of entropy. « 7 : (08 Marks)

{

mxz m&a‘l@
\%

,l,l,l show
488

N | —

(06 Marks)

8= {s1, %2, $3, S4, S5,

%%u fficiency and v (08 Marks)
b. Using Shannon Fane'algorithm, encode the following set of symbols and find the P(0) and
P(1) {Probablll' Y ; (05 Marks)

C.

€ f g
: 0.03125 | 0.015625 | 0.015625
Write the decision tree for the followmg set of codes and check for KMI property:
Si 1
S;| 01
S; | 001
S4| 0001
Ss | 00001
(03 Marks)
1of3
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. @ﬁ@g&yl X) [0.4 06] ’Channel capaci

1SEC54

OR ~
A DMS has an alphabet of seven symbols with probabil
S = {81, 82, 83, 84, S, S6, 87}

A ECE N T Ot W
4°4°8°8°8°16° 16

& W . :
tatistics as given below:

ed.symbols as high
(08 Marks)

. (04 Marks)
g the code alphabet X =40, 1, 2} for the set of

Wf1 1111 1 A (04 Marks)
: 3 48 8 12 12 "';W 2
¢ (05 Marks)

g noise matrix. Compute mutual information,

(06 Marks)

(05 Marks)

»4‘44&

/ /¢ the engineer? \ (06 Marks)

ote on differential entropy et (05 Marks)

Consﬁer a binary symetri channel, whose channel matrix is given by
S

(05 Marks)

State error detec’hgng and correctin in fﬂcapablhty of block codes. (02 Marks)
Consider a hrﬁ% block code (6 .3). The check bits of this code are derived using the
following relations:

ca=di+d; yﬂ%ﬁ@&ﬁ%ﬁ&
cs=di+dy+ds ‘%M%&
ce=d+d3 o

i)  find generator métrlx G

i1) find all coder words of linear block code

it1) computeféegrmr 'detecting and correcting ability

iv) also ﬁncg Hand H. (07 Marks)

20f3
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For a linear block code, the syndrome is given by:

Birtinprmn Bem A in e B pen

1) Find H matrix  ii) Draw syndrome calculator cu’f.:ur,tjgg iii) Draw encoder circuit.
’ (07 Marks)

= [110], Also,
M (08 Marks)
Design a syndrome calculator 01rcu1'c«f (7, 4) cychc code having tﬁle generator polynomial

gx) = 1 + x + x’. Verify the c%fcuy operation using R = [1?0‘“1001] Also, perform the

relevant mathematical computgf %gs (08 Marks)
& Module-5

Write an explanatory note'on/BCH codes. (05 Marks)

Consider the (3, 1, 2) é%n%olutlonal encoder with g (1 10)g®=( 101), g(3) =(111)

i) Vind constragitlj %gth

ii) s

iii)

iv) Find the génerator matrix ,
V) Flmi therCode for the message,sequience (11101) using matrix and frequency domain
apprd*@ich (11 Marks)

For (2, 1, 3) convolutional encoder with g = (1 1%1);%@ «
1) Wnte state tran51t10 ble
il) State diagram
iii) Draw the code tree

1 Draw the t lhs diagram

(10 Marks)
(06 Marks)
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USN Y 15EC54

Fifth Semester B.E. Degree Examinatit‘)"n, Dec.2019/Jan.2020
Information Theory and Coding

Time: 3 hrs.

Note: Answer any FIVE full questwns,

’ ‘»Module-l N
1 a. Define entropy and list the propc,, es of entropy. Wl (04 Marks)
b. Consider a zero memory source emitting three symbols s;, s, and s3 with respective
probabilities 0.5, 0.3 and:0:2. Calculate: i) Entropy of the source ii) All symbols and the
corresponding probablhtles of the second order extension. Also, find entropy of extended
source iii) Show that H(s?) = 2H(s). (08 Marks)
c. Show that 1 Nat 1,443 bits. (04 Marks)

50, will be treated as malpractice.

U OR "
2 a Define M&rkoﬁ' source. Explain with typical transition state diagram. (06 Marks)
b. For the: M@rkoff source shown in Fig.Q.2(b), find
i) Statd pI'ObablllthS
ii) ‘State entropies
ii1)  Source entropy.

2. Any revealing of identification, appeal to evaluator and /or equations written eg, 42+8

(10 Marks)
3 a. State andﬁ?’“ source coding theorem. (08 Marks)
b. Consider a.discrete memoryless source with three symbols S = (X, Y, Z) with

P=(0.5,0.350.15)

i)  Use Shanon’s first. encodmg technique and find the codewords for the symbols. Also,
find the source efﬁmency and redundancy.

ii) Consider the second order extension of the source. Recompute the codewords,
efficiency-and redundancy. (08 Marks)

Important Note : 1. On completing your answers, compulsorily draw diagonal cross lines on the remaining blank pages.

1 of3
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OR
a. Consider a discrete memoryless source with S = {A, B, C, D

ith P = {0.4, 0.3, 0.2, 0.1}.

¥

Find the codeword using Huffman coding. Compute efficiency and variance. (08 Marks)

b. Write a note on LZ-Algorithm with an example. G (08 Marks)
Module-3 .

Show that (06 Marks)

4 For the Joint Probability Matrix (JPM) givet

i) H(Y) i) H(X, Y)
iv) H(Y/X) and v) H(X/Y)

b.
yi Y2
X020 _
0 0l
JIPM=P(X.Y)= (10 Marks)
x,10.10 @4~ 0 0.10
OR
a. State and explain Muroga’s theorem. N (04 Marks)
b. Find the capacity of the channel for the channel matnx P(Y/X):
B Y2 V3
x102 08 03
P(Y/X) x2 0.2 0.6 0.2 (08 Marks)
9%,/ 0.1 0.1 0.8
c. Br1eﬂy’ explam Differential Entropy. (04 Marks)

Module-4- .

a. Briefly explain the need of par1ty/redundant b1ts in the data transmlsstbn Also, explain how
errors can be tackled using, 4

i) FEC (Forward Error Correction) ) ARQ codes (Au!:omatlc Repeat Request Codes).

(06 Marks)
b.
1) All codewords ;
S)"  All Hamming weights
Minimum Hamming weight and distance
Parity Check Matrix (PCM)
Draw the encoder circuit. S (10 Marks)
OR
a. Explain the syndrome caloulatlon and error detection with the help of neat circuit diagram
for cyclic codes. S (06 Marks)
b. Consider a (15, 7) binary’ cychc code with g(x) =1 +x* +x® + x” + x°
i)  Draw the encoder circuit
ij)  Obtain the codeword for the input (00111)

iii) Draw the!’éyndrome calculating circuit. (10 Marks)

2 of 3
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Module-5
Briefly explain: i) Golay codes  ii) BCH codes. (06 Marks)
Consider the convolution encoder shown in Fig.Q. 9(b) \
i)  Write the impulse response of the encoder. )
ii)  Find the output for the message (10011) usmg tlme domain approach.
iii) Find the output for the message (1001 1)_,\],151ng transform domain approach.
Fig.Q.9(b)= (10 Marks)
p OR :
Explain various, Ways to represent convolution codes. (06 Marks)

For the convoluti@p encoder g = 110, ¥y, g® =111
i)  Draw‘the’ encoder block diagram for (3 1, 2) convolution code
ii) Fm&generator matrix

ii1) Fmdgpodewords corresponding to information sequence 11101 using time domain and
@;lansform domain approach R (10 Marks)

¥ % %k Xk %k

3 of 3
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Important Note : 1. On completing your answers, compulsorily draw diagonal cross lines on the remaining blank pages.

50, will be treated as malpractice.

2. Any revealing of identification, appeal to evaluator and /or equations written eg, 42+8

USN

Y A\

VE

1SEC54

Fifth Semester B.E. Degree Examination,’Aug.‘/Sept.Z()ZO
Information Theory and Coding

Time: 3 hrs. oy Max. Marks: 80

Note: Answer any FIVE full questions, choosmg ONE full question from each module.

Module-1
Derive an expression for average information content (entropy) of long independent
sequence. (04 Marks)

Consider an information source modeled by a discrete ergodlc Markoff random process
whose graph is shown in Fig.Q.1(b). Find the source entropy H and the average information
content per symbol in messages containing one, two and three symbols that is, find
Gy, G; and G;. 9, ; (12 Marks)

Fig.Q.10H 79

‘OR
A code is composed of dots and dashes. Assuming that a.dash is 3 times as long as a dot and

has one third the probability of ocecurrence. Calculate the information in dot and dash.
(04 Marks)

Design a system to report the heading of a collectlon of 400 cars. The heading is to be

quantized into three levels: heading straight (S), turning left (L), and turning right (R). This

information is to be transmitted every second.’Based on the test data given below, construct

a model for the source and calculate the source entropy and information rate.

i)  On the average, during a given reporting interval, 200 cars were heading straight,
100were turning left, and 100 cars were turning right.

ii)  Out of 200 cars that reported heading straight during a reporting period, 100 of them
(on the average) reported going straight during the next reporting period, 50 of them
reported turning left during next period, and 50 of them reported turning right during

_the next period.

iii) On the average out of 100 cars that reported as turning during a signaling period, 50 of
them continued their turn during the -next period and the remaining headed straight

; during the next reporting period. < .

iv) The dynamics of the cars did not allow them to change their heading from left to right
or right to left during subsequent reporting periods. (12 Marks)

- + Module-2

Consider a source with Alphabet S = (A, B, C, D) with the corresponding probabilities

=(0.1, 0.2, 0.3, 0.4). Find the code words for symbol using Shannons encoding algorithm.
Also find the source efficiency and redundancy. (06 Marks)
Consider the following source:
S=(A,B,C,D,E, F)
P =(0.10, 0.15,0.25, 0.35, 0.08, 0.07)
Find the codewords for the source using Shannon Fano-Algorithm. Also find source

efficiency and redundancy. (06 Marks)

[llustrate with example whether the code is uniquely decodeable or not by applying kraft

inequality. (04 Marks)
: liof3
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OR
An information source produces a sequence of independent symbols having the following
probabilities: o

ATB[c [P E [ K%G
1313 [ 1/9|1/9 | 127 ['12711/27
Construct binary code using Huffman encodmg procedure and find its efficiency and

redundancies. (08 Marks)

Discuss the following coding technique with example

i) Arithmatic coding i) Lempel-zev a}gonthm 2 (08 Marks)
Module-3 '

The Joint probability matrix of a channel'is given by
0.05° 0 HD.20 B 0051

o o1 b1 oy

P(xy) = (N
= o 0 0.20g%
0.05 005 ! Q #0110 e

Compute: i) H(X) 11) H(X,Y) iii) H e iv) H — (08 Marks)
The noise characterlstlcs of channel as shown in F1g Q. S(b) Find the channel capacity.

| (05 Marks)

F1g Q.5(b) :
State the properties of mutual information. A (03 Marks)
OR

A CRT terminal is used to enter alphanumeric data into a computer. The CRT is connected
through a voice grad telephone line, usable bandwidth of 3kHz and an output S/N of 10db.
Assume that the terminal has 128 characters and data 1s sent in an independent manner with
equal probabilities. ;

i) “Find the average information per character

i) » Find capacity of the channel

iil) Find the max1mum rate at which data can be sent from the terminal to the computer

without error. (08 Marks)

.~ Find the mutual mformation for the channel shown in Fig.Q.6(b). Given that P(x;) = 0.6 and

P(x2)=0.4 o ¢ (08 Marks)

FigQ.6(b)

20f3
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Module-4
For a systematic (6, 3) linear block code the parity matrix P is given by
110 b d
= HOEaE]
SN
Find all possible code vector. (05 Marks)

Construct the standard array for a (6, 3) linear block code whose generator matrix is given
below:

I OERORe [R5 S8 ()
(Gi= 0= R 0RO RS ]

Bl B , :
Decode the received vector 111100 - £ (06 Marks)
For a (7, 4) binary cyclic code the generator polynomial is g(x) = 1 + x + x°. Obtain code
word for the message 1010 in systematic and non systematic form. (05 Marks)

: OR ;

Design an encoder for the (7, 4) binary cyclic code generated by g(x) = 1 + x + x* and verify
its operation using the message vector (0101). (06 Marks)

For (7, 4) cychc code, the received vector z(x) = 1110101 and generator polynomial is
gx)=1+x+ x’. Draw the syndrome calculation circuit and correct the single error in the

received vector. (06 Marks)
Define Hamming weight, Hamming distance and minimum distance with example.
‘ (04 Marks)
Module-5 -~ LSS
Write a explanatory note on Golay code. \ ; ' (04 Marks)

The convolution encoder has the following two generator sequence g( Y= (11D, g7 = oD
i)  Draw the convolution encoder

iy  Find the output for the message 10011 using time domain approach. (06 Marks)
Explain Viterbi algorithm. ‘ (06 Marks)

OR ;
Consider a (3, 1, 2) convolutiomencoder with g =(110), g¥ = (101) and g® = (111).
i)  Draw the encoder block diagram
ii) ' Draw state table
iii) . Draw state transition table
iv) Draw state diagram

v)  Find the encoder output by traversmg through the state diagram for input message

sequence of (1 1101)
vi) Draw code trellis and obtaln the output of the encoder for the same input sequence of
(11101)." s (12 Marks)
Briefly explain BCH codes. : (04 Marks)
* %k k %k %k
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1

2

17EC54

a.

C.

Suppose you are planning a trip to @ Florlda from Minneapolis in the winter time. You
are receiving the following mformatlon from Miami Weather-bureau:

(i) Mild and Sunny day 1%0’% day (1i1) Possi};lg‘?snow flurries

Explain the amount of informat on content in each statement. (06 Marks)
The output of an 1nformat;@ source consists of 128 §ymbols 16 of which occurs with

probability of :%2 and ighee@‘r“emammg 112 occurs; gg;pwprobablhty of 55—4 The source emits

1000 symbols/sec 'summg that the symbols are “chosen independently. Find the Average
is source. - (06 Marks)

The state dig,gr%;w of a stationary Mark gﬁ? yource is shown in Fig.Q1(c):

(1) Fmd@ﬂ%«gentropy of each state %

(i) F; he entropy of the souree, ¢

(08 Marks)

tvio%g‘? Mentions 1esg“§%fanous measuring units and also mentions the

i “g loganthmlc functlgn ‘ (06 Marks)
¢ épendent sequence of 0’s 1’s with probabilities of P and

f this source versus probability. (06 Marks)

For the ﬁrﬁ*@%‘&er Markov statlsﬁgl model as shown in Fig. Q2(c)

(i) Find the probability of eachst?ate (i1) Find H(s) and H(s

Fig.Q2(c) where A, B, and C are the states. (08 Marks)
1of3
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Module-2 :
Identify whether the codes shown in Table.Q3(a) are instantanegus. Justify your answer.
Symbols | Code A | Code B | Code C

Sy 00 1
S, 01 01
S; 10 001
S4 11 00 Id o~

Table.Q3(a) N ; (06 Marks)

Consider a Discrete Memory Source (DMS)@Wﬁﬁ S = {X, Y, Z} with P = {0.6, 0.2, 0.2}.
Find the code word for the message “YX using Arithmetic codes= (06 Marks)
An information source produces a seq f independent symb’o}%havmg the following
probabilities. More composite symbol as slow as possible.

Symbol D EIFIG A
Probabilities [ 1 - e ’1{ sy
g 19197 W,
Construct Binary Huffman ¢ en 2oding and find its efﬁcxenoy (08 Marks)

Y oR
Write the Shannon’s ﬁ@%ﬁoggig Algorithms. g‘%&zi»
Consider the following source with probablhtlesg@*
S= {A, B, &.DvE, F} P={0.§ 0:2, 0.2, 0.1,0.08, 0.02}
Find the code words using Shannon-Fa v
&
Con51der Wllowmg discrete memoryless source:
ﬁ%& S2, S3, Sa} P =40.55, 0.15, 0.15, 01005}
Comptite %ﬁff man code by placm@&mposne symbol a
codé Word length and variance 6fithé code word.

(06 Marks)

ay

(08 Marks)

¢ Module-3
What is Joint Probab111ty»53§atnx‘7 How it is obt%‘gnggd from ChanneW@trm and also mention
properties of JPM. 3 (06 Marks)
For the commumcat}@gn channel shown, f‘ﬁg Q5(b), determme Mutual Information and
Information Rate- if s = 1000 symbols/se 'Y 076 and P(X,) = 0.4.

A, 4
= w‘%@
¢
. ?@?%g Q5(b)
’K (06 Marks)
Dmguss the Bmary Erasur Channel a d“%ﬁ‘l%‘o prove that the capacity a Binary Erasure
(08 Marks)
@@w AL “OR
a. What is Mutgal Iﬁformatlon’? Meﬁmm its properties. (06 Marks)

b. The noise ct} \actenstlcs ofac el shown in F1g Q6(b). Find the capacity of a channel if

Fig.Q6(b)

i (06 Marks)
ve the Shannon-Hartley Law. (08 Marks)

20f3
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Module-4

What are the advantages and disadvantages of Error Contro
of controlling Errors.
The parity check bits of a (7, 4) Hamming code are ger
C,=d, +d, +d,
C,=d, +d, +d,
C,=d,+d,+d,
where d;, d;, d; and d, are the message bits. oV :
(i) Find G and H for this code. A
(i) Prove that GH' =0. N (06 Marks)
Design a syndrome calculating circuit “%3? a(7,4 cychc code \gitﬁ’f”’g(X) =1+X+X’ and

-oding? Discuss the methods
(06 Marks)

also calculate the syndrome of th (08 Marks)
(1) Find all possi @f%‘”code words. w@;“:

(i) Find error detecting and correcting eqpablllty (06 Marks)

A (7 4) 11(} code has the generato po"iynomlal g(X)=1+X+X>. Find the code vector

@%blts (1101). (06 Marks)

hift Registers and explain it.
(08 Marks)
Module—%‘f‘ ? o
Consider (3, 1, 2) Co on Encoder wit g@) ?3’ 110, g® =101 an&g‘” =111.

(i) Draw the encoder diagram. ﬁ%

(i) Find the code word for the message Sequence (lllml%msmg generator Matrix and

Transformedomain approach. . Ly (16 Marks)

Discuss the B@%%odes e (04 Marks)

y
V3

A % OR "@ﬁ %%‘
Cons{:d%r the convolution en@g} er'shown in Fig. Qﬁ@(a)
(i) &W“nte the nnpulse réSponse and its pol omial.

domam apprgacl%

R~ f%
Wm ¥ Fig.Q10(a) (16 Marks)
b. Write a note on Golax codes. (04 Marks)

* % %k ¥ %k
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