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a binary erasure chennel shiown mn S22,
rr _o:o.ﬂhun

Py mrean s

the avercg: mulual nfvnnatcon in bils
The channsl capauiyy
Thevalves of rpand nios sweal micrmatisn s
Marks)
i
-2 .
Al\l\\\l =
/\V/ s s
- L \;\:.l.
2

{o: ADMShasan Evnmvoﬁ of seven symbols whose probabilities of cecurrense
are described her
Symbol : S S; S. Sy <5 Ss S
Prob : .23 0125 0.125 0125 0.125 0.0525 . 0.0225
nc.:urwo the Euifman code for this source, mowing a combined simzil 2
nizh as possible. Explain why the non,%c,no source code has an effic:ency
of 100% (8 Afarks)

{c) Consider a binary block code with 2" cods words of same length n. Show
! that the Kraft inequality is sausfied for such a code. (4 Marxs)

S. (2} Show that for 2 AWGN channel, ¢, IL.W.I. where »/2 = noise power speoiTa

ﬂnﬂm:m(. in watts/Hz. (6 Mzrks)

(b} Censider an: AWGN channel with 4xHz bandwidth and noise power speciral
density 7 = 1477 watts/Hz. The signal pover required at the receer :

G.lmw. Calcuizie the capacity of the chuannei. (4 2arks)
{e; iFz2s Soeipr = Liz, u...,-.L yorove that g,y =1 — L w1z (5 ¥arxs)
T ) Yy
{ci Consicer a contnous random variable havirg a istibution as given t=izw.,
P m I 0<:z¢ca
risi=9 e
" otherwise
R Find the differential enuwopy #(= {3 Marks)
6. {a} Design a single error correcting cods with a ge block size of 11! z2nd
) .Mowr Smﬁ Uv‘ an example that it can nonxnnn single error. {8 3farks)
N f &rand €, an (wo céde vectras in a (», k) Linear block code. show that <neir
sum is also a code vector. (4 Marks)
5."
, Show: CHY =g fora “linear block coge. {4 Marks)

vno«n.cumn the EEBCE distance of a inzi: hiock code is the smoilest
L .vi" of the 505 zero cede vector in the code. . {3 Marks)

T

Jm,w -un\mmSnBSn vo?dozﬁu_ for 2 (15,7) cyclic code is gizy=18:'e
/r Am. Find the cdde vector in systemati¢'form for the message
u.:b T.num- g ’

’

r_‘
’h

Conud.... 3

Fage Ne..

S

: burse ervor correctn

burst ermror corre

TE6T1/EC6T1

(S Marks) s~

(7
5

A linear hamming code is described by @ generator polynomial
¢iDi=122=20%

{ii, Detzmmine the generator matnx G and panty check mairix

(i) Desiin an encoder circuin 3 xiarks)

Expiain trielly the following :

{5 Marks)
ing the message sequence has lengih 1=2.
{14 Marks)

Jepur \

v
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Note:  Answer any FIVE full qdésAt'lon.s. |
All questions carry equal marks.

1. (a) Explain the concept of amount information associated with message.- Also explain what
is infinite information and zero information. . (5 Marks)

(b) The collector voltage of a certain circuit is to lie between -5V and -12 Volts. The
voltage varies and takes these values : -5V, 6V, -7V, -9V, -1V, -12Volts with respective

probabilities of 1/6, 2/6, 1/12, 112, /6, & % This voltage is recorded on plotter.

é ) Determine the average information associated with recorded value interms of bits/level.
. (5 Marks)
(c) The state diagram of mark off source is shown below in Fig.1 : (10 Marks)
i i) Find the entropy of a source.
f i) Find G1&G3 and verity G1 > G2 2 IT .
t C 1 )
cho
G, S0 o 2
-~ 3 Y%
% po=4 i |
- ' f@ =_L
’ 2- | 4 =5
ﬁﬁ 2. (a) Explain shannons - Fano Encoding algorithm. (6 Marks)

/ (b) The source emits the messages consisting of two symbols each. These messages and
3“:' their probabilities are given below in Table 1. Design the source encoder using shannons
e ’ encading algorithm and also find encoder efficiency. (10 Marks)

(c) Explain the disadvantages of variable length coding. © (4 Marks)
Table |
Mc[:‘/.;‘;\ ge Pr()hi\)li)ility \/ ﬁi“;:)\; .
AA 9/32 N
™. L AN
AC 32 : (/ 5
2 : e
cC 1/16 R : ey
N \\ ' // «lh) /
CB 3/32 NN R
CA 332 e
' BC 3/32 -
R BB 9/32
LIBRA OF
SOLLEGE
\,L;w\g\l\;\‘?gg NOLOGY - Contd.... 2
ENG 1Ufﬂ UR. D K.
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Xz.l

Find II(x), H(y), H(z,y) & channel capacity If v = 1000 symbols /sec, (10 Marks)
(b) Explain Shannon Hartely - law and its implication & prove that ‘ )
C = lim C = 1.44 S/No. - I TN ‘ . "~ (10 Marks)

, ‘B0
4. (a) A friend of yours says that he can design a system for transmitting the output of a micro
- computer to a line printer operating at a speed of 30 lines/minute over a voice grade
telephone line with a band width of 4kHz and S/N = 20dBs. Assume that line printer
needs. eight bits of data per character and prints out 80 character per line. Would you
believe him? ' S o (6 Marks)

(b) Find the channel capacity of discrete channel shownin fig 2. .. . - .. (10 Marks) .

o

b
( .
* 7 Y =l
= o, :
s e W‘k’“
|
(c) State and explain various properties of entropy. (4 Marks)
5. (a) Design a duaternary and binary source code for the source shown using Haffmans coding
procedure. -0
S:{5173%53,5-{,55’5(3»37} .
P = {9/32,3/32,3/32,2/32,9/32,3/32,3/32} o _\@
¢ ={0,1,2,3} and z =||0,1]| L
and find coding efficiency. o (12 Marks)

(b) For a binary erause channel shown in fig.3.find the following.
i) Average mutual information in bits. ‘

) The channel capacity.

\Q‘ N A Contd.... 3
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i) The values of p(z1) & p(mz) for max1mum mutual Informatlon [ Marks)

6. (a) Explain the following terms. (8 Marks)
i) Hamming distance i) Code rate

% i) Free distance  iv) Weight of code
Y aaliiiit:
- (b) Consider a (7,4) linear block code whose generator matrix is given below
Jq 100 0 : 1 01
’ 0100 11 1

CELY 001 0 s L 10

0 0 0 1 0 1 1
Find
a) Find all code vectors.

e

)
) Find the party check matrix.
¢) Find minimum weight of this code.

d) Draw the decoder circuit. (12 Marks)

7. (a) Explain how cyclic codes are generated from the generating polynomlals

6 'Marks)
(b) The generator polynomial for a (15,7) cyclic code is
g@)=1@c Haf o’ @a’
“ﬂd ) Find.the code vector in systematic form for the message D(x) = 2@z et
L i) Assume that first & last bit of the code vector V(&)forD(z) = z° ® 20 @t
y ; suffer transmission effort.
Find the syndrome of v(x). ' (14 Marks)

8. (a) Consider the convolutional encoder shown in fig 4. The message bits are shifted in-to
the encoder two bits at a time.

a)  Find the constraint length and the rate efficiency of the code.

LN
(AN

AR QLR
3 tN',(‘ S T CHNOLOGY
" FUTTUR, DK

(%
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b) Assume the |mt|a| content of the reglster to be zero and find the code block for the .
input message block (110101). .

. (12 Marks)
(b) Write short notes on : '
i) Burst error correcting codes. ‘

ii)  Shortened codes. . (2 X 4=8 Marks)

Kk Kk kk
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Nota: Answer any FIVE full questions.
Missing data may suitably be assumed.

1. (a) Derive the expression for entropy of a zero memory discrete source and herce define
entropy note, source efficiency and source redundancy. (10 Marks)

(b) In a facsimile transmissicn of picture there are zbout 2.25 x 108 pixels per frame. For
a good reproduction, 12 brightness levels are necessary. Assume all these levels are
equally likely to occur. Find the rate of information transmission if one picture is to be
transmitted every 3 minutes. What s the source efficiency of this facsimile transmitter?

. {10 Marks)

2. (a) For the first order Markov medel shown below find the state probabilities, entropy of each
state and the entropy of the source. (10 Marks) .

O-7_

O

O"8 6’8

(b) Give different properties cf entropy of a zero memery source. Prove the extremel property.
(10 Marks)

3. (a) Derive the expression for channe! capacity and efficiency of Binary Erasure Channel.
{10 Marks)
(b) Determine the rate of transmission of information through a channel whose noise charac-

teristic is as shown, given p(z1) = p(z2) = 1. Assume 75 = 10,000 symbols/sec
- (10 Marks)
I\
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4. (a) Two noisy channels shown below &re cascaded. Find I(z, y)&I(X, Z) (12 S57ks)
rL 127
6 6 3
PY/X)=1, 1 1
L2 1 4.
M1 1
P 0]
p(z/Y)= |3 § 0
0 3 3
(b) What are the croperties of 7(X,Y7). Show that I (X,¥Y) =0 (10 Marks'

5. (a) Aone dmensicnal random variebls nas & paf shown bsizw .

Koo T

—> X

i)  Determing the entropy of the source producing this variable.
iy i the signal is pagsed through 2 linear amplifier ¢f cain 16, cstermine the entrocy
of the output. (10 Marks)

(b) An analog signal has a 4KHz bandwidh. The signal is samnled at 2.5 times the Nyquist rate
_and each szmple is quantized into 255 equally likely leve's. Assume that the successive
‘samples are statistically independent,

)  Find the information rate of this source.

i) Can the cutnut of this sourcs £z transmittsd witheut emors over a Gaussian Channgi
of bangwidih 50 KHz and SN ratio of 26dB.

iii) f the output of this source is t3°be transmitted withcut errors over an analog channe!
having S/N ratio of 16dB, compute the bandwidth raquirement of the channel.
(10 Marks)

6. (a) i) Apply Hofiman encoding procedure for the following set of messages and determine
the eificiency of the binary code so formed

Symbols s T1 To I3

Probabiliies — 0.7 0.15 0.15

i) If the same technique is applied to the 2nd order extension for the above messages,
how much will the efficiency be improved. (10 Marks)

(b) Derive the expression for capacity ¢f a channel of infinite Bandwidth. (6 Marks)

(¢) Explain Randwidth - SNR trade off. (4 Marks)

BN Y 0 S
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7 (a3; Tne parity check bits of 2 (8.4) biock code are genér?tedb
Cs; =dy+do+dy
Co=dy+do+ds
Cr=d; +d3+dy
Cs =dy +dy —d;

Where d1, do ’.3 dﬂdu“_ arn
of the transmitted code vact
) Find the generator and the parity check matrix for this code.
i) Find the minimum weight of this code.
i) Find the error deteciing capabilities of this code.
t & W

lv)  Show throtzh an erzmple that this code can detect 3 errors/ceds word. . (10 Karks)

(b) The generator poiynomial fcr a (15,7) cyciccede is g(X) =1+ X+ X0 X7+ X8,

) Find the ccds vacter In systematic form for the message polynomial
w(XY) = X"+ X34 Xt
i) Assume that the first and the last bits of the coce vect rﬁ(‘\) ru(X) given above
suffer transmission errors. Find the syndrome of 4(X). (10 Marks) .
0. (a) Consider the (3,1,2) conveiutional code with impulse response.
g = (110), ¢*' = (101), ¢ = (111)
i) Draw the encoder block diagram.
) Find the generatnr matrix
iil)  Find the code word corresponding to the message sequerce 11101....
Iv) Draw the code tree. (16 Mark>)

(b) Define constraint lsngth and the rate efficiency of the convolutional enceder. (4 Marks)

k% %k k%
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Time: 3 hrs.] [Max.Marks : 100
Note: Answer any FIVE full questions.

1. (a) Discuss the reasons for using logarithmic measure for measuring the amount of information.
. (6 Marks)

(b) A fair coin is tossed repeatedly. Let
A={ event of getting 3 heads out of 5 trials }
B={ event of getting 5 heads out of 8 trials }

Which event convey's more information? Support your answers by numerical computation
of respective amounts of information. (6 Marks)

(c) A discrete memoryless source produces four symbols with probabilities p,, p,, ps and p,.

Using partial differentiation method show that the entropy of the source is maximum when
]’ all the four symbols occur with equal probability. Compute the value of the maximum
entropy. (8 Marks)

2. (a) What do you understand by the term ‘Extension’ of a discrete memoryless source. Show
that the entropy of the n-th extension of a DMS is n-times the entropy of the original
source. (8 Marks)

(b) For the JPM given below compute individually H(X), H(Y), H(X,Y), H(X/Y), H(Y/X) and
I(X,Y). Verity the relation ship among these entropies.

0.05 0 020 0.05

|0 o010 010 o0
PX.Y)=1 o 70 020 o0.10
0.05 005 0 0.10

(12 Marks)

. (a) What do you understand by the term ‘Adjoint’ of a Markov source? Consider the ‘ Adjoint’
y
| of themm-th extension of a first order Markov source. Show that

M H(_§ ):H(?)-&(%ﬁ—l)]‘](S) (8 Marks)
(b) For the first order Markov source shown in the figure below,
i) Find the stationary distribution

i) Find the entropy of each state and hence the entropy of the source




Page No... 2
i) Find the entropy of the adjoint source and verify H(S) < H ()

Figue q.3.(0)

4. (a) The noise characteristic of a channel is shown in Fig.Q.4(a). Find the channel capacity.
If it were a symmetric channel, recompute the channel capacity. (10 Marks)

0.8

Lo
L

— Y

(b) State Shannon-Hartley law. Derive an expression for the upper limit on channel capacity
as the bandwidth tends to infinity. (6 Marks)

(c) A Gaussian channel has a 10 MHz bandwidth and a two sided noise power spectral

density %, of 1071* watts/Hz. The signal power at the receiver has to be maintained at
a level lets than or equal to

(4 Mark
5. (a) Find the minimum number of symbols, rin the coding alphabet for devising an instantanec

code such that W = {0,5,0,5,5}. Device such a code (Note : W represents the set or

codewords of length 1,2,3...) (5 Marks)

(b) Construct Binary code for the following source using Shannon’s binary encoding procedure
S ={s1,52,53,84,55}
K
P = {0.4,0.25,0.15,0.12,0.08} (5 tarks)

{c) A source produces two symbols ‘A" and ‘B’ with probabilities 0.05 and 0.95 respectively.
Construct a suitable binary code such that the efficiency of coding is atleast 65%(10 Marks)

6. (a) For a linear block code with generator matrix G and parity check matrix 17, in systematic

format, prove that G I T =0 (6 Marks)

Contd.... 3

o5 Of a milliwatt. Calculate the capacity of this channel. ‘
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(b) The parity check bits of a (8,4) linear block code are genoraled using the relation.

V1 =U2+U3+U4, Vg =1U; +U3+U4, V3 =1L1+1L2+‘LL3 and V= +
i) Write tho generator and parily chock matrices. .

i)  Find the minimum distance of the code. ™
i) What are its error detecting and error correcting capabilities. 2
iv) Show with an example that this code can detect three orrors. LN Marks) //é\d/
(c) “Repetition codes” represent the simplest type of linear block codes. The generaté}lﬁijm . "’T’\.f"
of a (5,1) repetition code is given as ~
G=(111111]

1
i
i) Write its parity check matrix.
i)  Write the standard array along with the syndromes of co-set leaders. (7 Marks)

7. (a) Given n < 7, identify (nk) values of the cyclié codes generated by the following generator
polynomials
) gz)=1+z2+23
ii) g(:z:):1—%:1:—}—:1;2-{—:1:“1
iy g(z)=1+z+z?+2°+2? (8 Marks)

(b) The generator polynomial of a (15,7) cyclic code is g(Xg =14z 4+ 20 427 + 28,
Find the code word in systematic form for the message (0101010) clearly explaining all
the steps. In particular, list the states of the registers in each step of code computation.
Verify your answer by direct hand calculation. (12 Marks)

8. Consider the convolutional encoder given in Fig. Q.8

-acity
Aarks)

actral
ad at

el g
wdar

K

ec yj i
et or .

arks) | . =3 8-
adure
tMarks)

a) Construct the tree diagram for the encoder for L=4. ‘ (10 Marks)

wely. b) Find the generator matrix G(X) for the encoder. Using the generator matrix find the
arks) output code word produced by the’sequence w=(1011....) (6 Marks)

(c) Verify your answer using code tree. (4 Marks)

matic %k * kk

Marks)

1.8 1 FALEe
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Note: 1. Answer any FIVE full guestions.
: 2. All questions carry equal marks.

1. (2) Define the following :

) Information content cf a message

Q" i) Average information content of symbols
- ' i) Maximum entropy for & scurce with an alphabet of M-symbols,
:l;' iv) Average source informaticn rate. (5 Marks)

(o) The cutput of an informaticn source consists of 128 symbols, sixteen of which cceur with
a prebatility of 1/32 and the remaining occur with a probability of 1/224. The source
emits 1000 symbols per second. Assuming that the symbols are chosen independently,
find the average information rate of this source. : (5 Marks)

(c) Discuss the statistical modeliing of the symbol sequences emitted by a discrete source
with & discrete stationary Markoff random process, How are discrete stationary Markoff
sources often represented? Illustrate with an example. (7+1+2 Marks) *

2. (a) Describe briefly how you would compute the entropy and information rate of Markoff
sources. (6 Marks)

(0) The siaie diagram of a staticnary Markoff source is shown in the figure 2(b).
i ) Find the entropy of each state H.(1 =1,2,3)
’ i) Find the entropy of the source H,

[ 5 i) Find Gy, G, G4 and verify that,
: Gy > Go 2 Gy 2H

Pl i) - %

1':1/2/3,

(14 Marks)

S Contd.... 2




Page No... 2 EC/TE6T1

3. (a) Whatis the meaning of the tem cemmunication channel? Indicate the following in the
schematic of a practical communication system, when the input to the system and the

output from the system are binary
) Data communication channel

i) Coding channel and

fiiy Modulation channel. (5 Marks)

(o) Write the model of an M-ary discrete cnannel and explain. \When cc you say that the

channel is memory less? Derive the eguation for P(error) icr this channel. (8 Marks)

receives information from a channel of tandwidth ‘&' Hertz. Assuming

(c) An ideal receiver ‘ : .
eriz, compare rs signal-ic-noise power ratio
i

the message to te band imited t0 fm
ot the receiver cuiput io thei at its input. Assume that

compared 10 unity.

= QNRs ¢f interest are large
{6 Marks)

4. (a) What do you mean by source encoding? Namg fhe two iunctional rzguirements 10 ke
satisfied in the .davelopment of an efficient source encoder. (5 Marks)

(b) A discrete memcryless source has an zlphabet of saven g/mools whese probabilities of

ccourrence are as described here !

he Huffman code for this source moving a combined symbol as high as possible.

Compute t
(15 Marks)

Evaluate the code efficiency.

5. (a) Explain the channel matrix ‘P’ _used 10 conveniently descrice discrete memoryless
(5 Marks)

channel.
(b) Prove the following with usual notations:
[(X:Y) = I(Y;X)
Consicer 2 binary Sy eiric channel characterised by tne s-ansition crobabiiity | " Plot
the mutua! information Of the channel s a function of p,, the a prior ;r‘o'babl‘.\ty of symbol
zhility p=0, 0.1, 0.2,

" at the channet input; ¢o your calculations for the transition prob
' (9 Marks)

Ci P
0.3, 0.5.

6. () What is error control ceding? Which are the functional blocxs of a communication system
that accemplish fris? Indicate the function of each block.

What is the effect of error dstection and correction on the perfcrmance of the communication
(8 Marks)

system?

(6 Warks)

[N\
(C)

(o) A (7.4) linear code is generated by the matrix

0
1
1
1
g cods vord it received a2 5103110, Show Hevi & LeuoTel gsing the syndreme
r2n eorrect the ot uzing the standard array. (12 Marks)

W

Contd.... 5
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7. (a) What is binary cyclic code? Describe the features of encoder and decoder used for cyclic
codes using an (n-k) bit shift register. ' (10 Marks)

(b) Consider the (15, 11) cyclic code generated by g(z) =1+ X + X*
i) Device a feedback register encoder for this code.
i) lustrate the encoding procedure with the message vector 11001101011 by listing
the states of the register (the rightmost bit is the earliest bit). (10 Marks)

8. (a) Briefly describe single error correcting Hamming codes. (7 Marks)

(b) For the convolutional encoder shqwn in the figure 8(b) find n, k, K and the code rate.
Also find the output sequence for the input message sequence 110011,

(7 Marks)
IWM — ==
FE AT
: o/
[0 .-
‘.- o
¢
(c) Write the features of :
i)  BCH codes L
i) Majority logic decodable codes. (6 Marks)
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Time: 3 hrs.] [Max.Marks : 100

Note: 1. Answer any FIVE full questions.
2. Normal distribution table can be used.

1. (a) Define i) self information ii) symbol rate and iii) average information as applied to a discrete
memoryless source with an example. (6 Marks)

(b) Derive the expression for the maximum entropy of a discrete memoryless source and the
condiiions to achieve the same. (6 Marks)

(c) A source emits one of the four probable messages My, My, M, and M, with probabilitties
of §,1,1 and | respectively. Find the entropy of the source. List all the elements for
the second extension of this source. Hence show H(s?)=2H(s). (2+4+2=8 Marks)

2. (a) The state diagram of the Markoff source is given below :

p(state 1) = & fori=1,2,3

i) Find the entropy of each state H1
i)  Find the entropy of source If (8 Marks)

(b) What are the important properties of codes while enccding a source. (5 Marks)

(c) A source emits an independent sequence of symbols from an aiphabet consisting of five
symbols A, B, C, D and E with probabilities of 1,11, A& respectively. Find the
Shannon code for each symbol and efficiency of the coding scheme. (5+2=7 Marks)

3. (a) Explain Shannon’s source coding theorem. (5 Marks)

(b) Consider a discrete memoryless source with alphabets (S,5;52) and probabilities
(0.70,0.15,0.15) for its output.

& Contd.... 2
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i) Apply Huffman binary coding procedure for the source and find the average length
of the codeword.
ii)  Consider the second extention of this source. Apply Huffman encoding procedure
and find the average length of the codeword. '
iy  Find the coding efficiency in the second case. (3+6+2=11 Marks)
(c) List all the properties of mutual information. ‘ (4 Marks)

4. (a) A non- symmetric binary channei is given below

) Find H(z),H(y), H(2/y) and H(y/z) given plz = 0] =1, plz = 1] =3/4

o =0.75 and 8 = 0.9

i) Find the capacity of the binary symmetric channel a = 3 = 0.75. (8+2-10 Marks)
Write briefly about Gilbert's model for discrete channels with memory.

(5 Marks)
Calculate the capacity of a Gausian channel with a bandwidth of 1 MHz and S/N ratic of
30 dB. (5 Marks)

State and explailn Shannon -Hartley law. Derive the upper limit of the channe! capacity
with increasing bandwidth. What are its implications ? (3+3+2=8 Narks)

An analog signal has a 4 Khz bandwidth. The signal is sampled at 2.5 times the Nycuist
rate and each sample quantized to 256 egually likely levels. All samples are statistically
independent.

i) What is the information rate of the signal ?

i) ~ Can the output of this source be transmitted without errors over a Gaussian channel
with a bandwidth of 50 khz and S/N ration of 23 dB ?

i) What will be the bandwidth required for transmitting the output of the signal without

erros if the S/N ratio is 10 dB. (3+3+2=8 Marks)
For the channel given in question 4(c), find the time it takes to transmit one million ASCHI
characters, if each character is considered as 8 bits (No start or stop bts). (4 Marks)
Consider the (7. 4) linear block code whose generator matrix is given below.
1 6 6 0 1 0 1
101 0 0 =1 1 1
[G]'_()OlO:ll()
0o 0 01 :0 1 1

Contd.... 3
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i) Find all code vectors
ii)  Find parity check mating H.

iy~ The minimum weight of this code.

How do you find the error detecting and correcting capabilities of a linear block B
llustrate the same considering a (G,3) code whose ‘G’ is given by

1 0 0 :0 1 1
[G]=]0 1 0 :1 0 1 (3+5=8 Marks)
{0 01 :1 1 O
The generator polynomiai of a (15,5) cyclic code is
glz) =14z +a?+z*+a°+a8 420
)  Draw the block diagram of encoder and syndrome calculator.

i)  Find the code polynomial for the message polynomial 1+ z* + z* in systematic
form.

iy Is V(z) =14 a*+ 2%+ 2% + 't a code polynomial? If not find the syndrome
for V(z). (1246+2=20 Marks)

Consider the convolutional encoder given below.

) Write the impulse response of the system.

iy Find the ofp corresponding to input message (10011) using time domain approach.
il Write the generator polynomial for this encoder. |
iv) Find the output using the generator polynomial for the message. (10111).

v)  Write the code tree to calculate the response for the input (101).
(2+47+2+4+5=20 Marks)

*k k kk
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Information Theory and Coding

Time: 3 hrs.) (Max.Marks : 100
Note: Answer any FIVE full questions.

1. (a) Define:
D) Amount of information
i) Average information and

i)y Rate of information as applied to a discrete memoryless source. (6 Marks)

(o) Prove that the entropy of a discrete memory less source is maximum, when all
the symbols are equally probable and hence plot entropy versus probability of a
source with two symbol outputs 0 and 1. (6+3=9 Marks)

(c) In conventional telegrapny we use dots and dashes to transmit messages. A dash
is thrice as long as a dot and one third as probable as a dot. Find

) Informationina dot and dash
iy average information in dot-dash-code

i) If a dot takes 2 msec and same time is allowed between symbols the
information rate of this code. (2+1+2 Marks)

2. (a) The state diagram of a Marleov source is given pbelow :

p (ctakd=2
st

/C’/" { (2’13

i)  Find the entropy of each state H;(1 = 1,2,3).
i)  Find entropy of the source H.

iy Find G, G, and G3 and show that Gy > Gy > G3 > A (3+2+7=12 Marks) -

" Contd.... 2
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(o) Consider asource Sgiving out symbols Sy, Sy dnd*S;, with prababilities of 7, 12 and }
respectively S s

") Find the entropy of the source
i)  Write all the symbols of the 2nd extension of S and find its entropy
iy Hence find relation between H(s?) & H(s) (2+4+2 Marks)

3. (a) What are the properties of codes? State Shannon’s source encoding theorem.
(3+3=6 Marks)

(o) Use Shannon’s encoding procedure for the following symbols and find coding
efficiency : )

Symbol S] Sg Sg 54 55
Probability; 0.4 0.2 02 | 01 0.1

(4+2=6 Marks)

(c) A source has an alphabet of 7 symbols with probabilities as given below :

Symbol 51 S'Z 53 54 55 SG S7
Probability; 1/4 1/4 1/8 1/8 1/8 1716 1/16

Construct Huffman binary code and find its efficiency. (6+2 Marks)

4. (@) A non-symmetric binary channel is given below :

iy Find H(z), H(y), H(zy)and H(y/z) given Plz = 0] =faond Plz =1 =
Also o = 0.75and 8 = 0.9
i) Find the capacity of the binary syrnmetric channel given a = £ =0.9
(7+2 Marks)

Heles

(by Define mutual information and list its properties. (5 Marks)
(c) For a channel whose matrix is given below :
Y

. 0.6 0.2 0.2

PY/X]=X 102 0.6 0.2

0.2 0.2 0.6
Find I(XY') and channel capacity given the |/P symbols occur with equal
probability. (4+2=6 Marks)

5. (o) State and explain Shannon, Hartley law. Find the upper limit of the channel capacity
with increasing bandwidth. Also explain the concept of S/N ratio and bandwidth
fradeoff. (3+3+3 Marks)

Contd.... 3
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An analog signal is band limited as 4 kHz. It is sampled at 2.5 times an Nyquist
rate and each sample is quantized to 256 levels. These levels are equally likely to
occur. The samples are assumed 1o be statistically independent. Find

) Information rate of the sampled signal

i) can yon transmit the signal without errors on a gaussan channel with 80 kHz
bandwidth and S/N rate of 23 dg?

i)~ What bandwidth is needed to transmit the signal without errors if S/N ratio is
10 dB? (3+3+2 Marks)

Write the channel diagram and matrix of binary erasure channel. (2+1 Marks)
Why do we need error control coding? What are the types of errors and types of
coding to combat them? (2+2+2 Marks)
The parity check bits of a (8.4) linear block code s given by

Cs =d;+dy +dy

Co=dy+dy)+ds

&

07 = dl + d3 + d4 'fj g
Cs=dy+dy+d, (E Lisrary
where dy,d,,d; and d, are data bits. \§ _
) Find the generator and parity check matrix of this code AN

N ~ .
i) Find the code vectors for all data inputs using the above generator matrix

i) Find the minimum weight of this coding scheme. (4+8+2 Marks')-»—
A(15,5) algebraic code is generated using the generator polynomial

gX)=14+X 4+ X2 4+ X4 4 X5+ X84 X10
Draw the block diagram of encoder and syndrome calculator

Find the code polynamial for the message polynomial 1 + X7 + X* using the
encoder diagram

Isv(z) =1+ 2%+ 2% + 28 + 214 a code polynomial or Not?  (5+54+7+3=20 Marks)

Consider the convolutional encoder given below :

- Contd.... 4



Page No... 4 EC63
(@) Write the impulse response of this encoder

(o) Find the output for the message (10011) using time domain approach

sform domain approach.
(3+5+5+7 Marks)

(c) Find the output for the message in (P) using tran

(d) Draw the code tree for the encoder.
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Note: Answer any FIVE full questions.
l‘ 1 a. Discuss the reasons for using logarithmic measure for measuring information

. (06 Marks)
b. The probability that a student passes an examination, given that he has studied, is
3 ’ 0.9. The probability that he passes the examination without studying is 0.2. Assume

that the probability of the student studying for the examis 0.6  (alazy student
; indeed ).What is the amount of information you have received if you are told that
the student has passed the examination? Further, what is the amount of information

you receive if you are told that he did study for the exam? (08 Marks)
; c. Show that the entropy of a discrete memory less source will become maximum when
all source symbols are equally probable. What is the maximum value of the entropy?

(06 Marks}

2 a. Show that the entropy of the source  with the following probability distribution is

(TN

S | sy S2 S3 ) e 1§ veees | Spid Sn
TP 2 valys] 2 | (12T 12" |
i (06 Marks)
' b. Show that the cntropy of the n-th  extension. S"of r zero memory source S, Is
=2 H (S")=nH(S). (06 Marks)

¢ Consider a second order Markov source shown in {ig. 2 (c).HereS=1{0,1}and
the states are A= {00}, B={01},C={10}and D= {11}
i) Compute the probability of states

i) Compute the entropy of the sourcc. (08 Marks)
L,
-~ (;; v ’ \
( \
. . ’(E ,
P (Y=
e g N
PR, SO, I C}
- 7 —
. L]
] . /
A /
Ry Ny =
T L g

¢ Fig.2(c).

3 a. For the Joint probability matrix shown below, find H(x,y), H(x), H(y), H(x/y),
H(y/x) and I(x,y)

Contd...2
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02 0 02 0]
0.1 0.01 001 0.1
P(x,Y)=] 0 002 002 O (09 Marks)
0.04 0.04 001 0.6
| 0 006 002 02]

Show that the Mutual Information is always non-negative. (06 Marks)
State and explain the channel coding theorem with a practical example and
diagrams. (05 Marks)

Find the capacity of the discrete channel shown in fig. 4 (a).

Pa RN A N S e
G X o
e O
(e Ty, Y
% P !:'Q //(//u P /
;...;.VL \
T S e e e e
%, & 5
fig. 4 (a) . (06 Marks)
Draw the channel diagram of a Binary Erasure Channc! (BEC) and find its channel
capacity. (06 Marks)

A continuous random variable X is constrained to an average value (1/a) and is
unidirectional in the interval (0,).

i) Find the density function that maximizes H(X).

ii) Find the maximum value of H(X). (98 Marks)

4

Eb
W approaches In2 = 0.693 as
No )

Starting from Shannon — Hartley law, show that (
\

the band width tends to infinity. (06 Marks)

A voice grade telephone channel has a band width of 3.4 KHz. 1) Calculate the

channel capacity for a signal-to-noise ratio of 30 dB. 1) calculate the minimum

signal-to-noise ratio required to support transmission at the rate of 4800 bits/sec.

Given an eight symbol source with probabilities (04 Marks)

P=10.25,0.20,0.15, 0.15, 0.10, 0.05, 0.05, 0.05 } construct two binary Hulfman’s

codes as directed

i) Place the composite symbol as ‘low’ as you can

i) Move the composite symbol as ‘high’ as possible.

In each case determine the variance of the word lengths and comment on the results.
(10 Marks)

For a (5,2 ) lincar, systematic block code, choose the generator matrix and parity
check matrix with the objective of maximizing dmin For the matrix so chosen |
construct the standard array.

Determine which of the following polynomials can gencrate cyclic codes with code
word length <7. Find the (n, k) values for the codes that can be gencrated.

1) P+ +x i) PHx+x+x iii)l+x3+x5 iv) 1+x +x

vy | Fx 4N

. Contd...3
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7 a. A(15,11)cyclic code is generated by the polynomial g (x)= T+x+x2+x +x5
Draw the block diagram of a systematic encoder and find the code word for the
message u = ( 1,0,0,1, 0, 0, 0, 1, 0, 0, 1 ) by tabulating the contents of the shift

registers. (16 Marks)
For any positive integer m =23, what are the parameters for i) BCH codes ii) Reed
— Solomon codes. (04 Marks)

8  For the convolutional encoder shown in fig. 8,

i) Draw the Tree diagram and determine the output produced by a message
u=(1011...) (08 Marks)
i) Draw the Trellis diagram and extract the transmitted “u’ , using viterbi algorithm
for the received sequence.
r={101, 110, 101, 010, 101, 110,011 } (12 Marks)
R .,: ; N
y& Vv >V
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Sixth Semester B.E. Degree Examination, Dec. 06 / Jan.

Time: 3 hrs.] [Max. M

NEW SCHEME

EC/TE
Information Theory and Coding

Notc: I. Answer any FIVE full questions.

The information content of a message mg is given by, 1(m,) = 10g2(—1—} bits, where
Py

py is the probability of occurrence of message my. Justify the above equation.

(06 Marks)
A black and white TV picture consists of 525 lines of picture information. Assuming
cach line consists of 525 picture elements, cach element having 256 brightness
levels and the pictures are repeated at the rate of 30 / sec, calculate the average
information conveyed by a TV sctto a viewer. (08 Marks)
State and explain Shannon’s encoding algorithm. (06 Marks)

Explain ‘Rate of ‘aformation transmission’ over a discreic memoryless channel.

Justify that this is given Di = [H(X) - HX/Y)]rs biis / sec. (08 Marks)
Evaluate the mutual information of discreie channel shown in the fig.2(b). Assume
r. = 10,000 / sec. (08 Marks)

0-~8

! I
o2 >
> 2

3 -8

Fig.2(b)
Write a briel note on ¢hanieis {discrete) with memory. (04 Marks)

State and explain Shannon-Hartley theorem for continuous memoryless channel with

bandwidth (B) and additive Gaussian band limited white noise. (08 Marks)

An analog signal having 4 Hz pandwidth is sampled at 2.5 times the Nyquist rate

and cach sample is quantized into one of the 256 equally likely levels. Assuming the

successive samples are statistically independent,

i) Calculate the information rate of this source.

i) Can the output of this sourcc be transmitted without crrors over a Gaussian
channel with a bandwidth of 50 kHz and S/N ratio of 23 dB?

iif) What will be the bandwidth requirements of an analog channel for transmitting
the output of the source without crrors if S/N ratio is 12 dB? (12 Marks)

Develop a Mark-off statistical mode! for information sources. (06 Marks)

The state diagram of a stationary Mark-off source is shown in the fig.4(b). Find

i) Entropy of cach state

if) Entropy ol the source and

iii) G1 and G2 and verify that GGz (08 Marks)
y Contd.... 2
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Fig.4(b)
A technique used in constructing a source encoder is to arrange the messages in the
order of decreasing probability and dividing the message into two almost equal
probable groups. The messages in the first group are assigned the bit “0° and the
messages in the sccond group are assigned the bit ‘1°. The procedure is repecated
until no further division is possible. Using this algorithm find the code words for six

. . Pttt 11
messages with probabili 'ms—,— —_ (06 Marks)
6°12724° 24"
Explain the term mutual information and state the propertics. {05 Marks)
For an ideal systemn obtain an expression for plotting the bandwidth-efficiency
diagram. Comment on the choracteristic. (0% Murks)
A BSC has an error probability of 0.1. Find its capacities after deriving relevant
relation. (06 Marks)
State and explain the channel encoding theorem. (04 Marks)
Explain the principle of linear block codes for error detection and correction.
(04 Marks}
Comsidera (7, 4) i m.ear code whose geanerator matrix 1s G,
10 00! 1 ¢ 1 |
0Ot ¢ 0 1 1 1
G=| : {
G 6 1 0 110|
190 0 11 01 1]
Find: i) All the code vccfors of this code
ii) Parity check matrix of this code
iii) The minimum weight of this code. (12 Marks)
Explain the principle and design of binary cyclic codes. (u, \hrk ) :

A (i 5, 5) linear cyclic code has a generator polynomiai g(x) = Txrx x4t x
i) Draw the block diagram of an encoder and syndrome calculator fo1 th\s code.

ii) Find the code polynomial for the mcssage polynoxmal D(x) = (1+x’+x").

iii) Find the syndrome of V(x) = 14X LxCextex ) is V(x) a code polynomial or riot?

(10 Marks)
Write explanatory note on the following:
a. Code trec and state diagram for convolution code. (12 Marks)
b. Viterbi algorithm. (08 Marks)

khkk k%
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Sixth Semester B.E. Degree Examination, July 2007
‘Electronics and Communication Engineering

Information Theory and Coding

Time: 3 hrs.} [Max. Marks:1

Note : Answer any FIVE full questions.

1 a. Define: i) Self-information ii) Rate of source iii) Entropy of source, with an example.
(06 Marks)

b. Markoff source is shown below: (10 Marks)

(d \}\4 \ |
Iy B A : Plxo)= P o : 50
" CID\ //®3[q P(XD:Q" ” ‘,p' - !
T = Q2 e .
Pr=ty ¢ 1)y P2zl Pery) 78R = -
4 28 Plxg) =P 2 & > o
Fig. Q1 (b) Fig. Q3 (b)

Calculate i) Entropy of source.
if) Draw tree diagram, for 3 symbol sequences. ’
iii) Calculate probabilities of messages of length 1, 2 and 3.
iv) Information content of messages of length two.
v) Average information content per symbol in messages of length two.
¢. Compare advantages and disadvantages of fixed length codes and variable length
codes. (04 Marks)

From the table below, identify prefix codes, instantaneous codes and uniquely
decodable codes and give reasons. (10 Marks)

Symbols | Code —1 | Code —2 Code—3 | Code —4 | Code -5
Sy 00 0 0 0 0
S, 01 100 10 100 10
, S3 10 110 110 110 110
W S4 11 111 111 11 |

b. Explain how do you test for instantaneous property. (02 Marks)

¢. Prove that Lim—2-=H (s)
H—% pn r

Where Ln- average length of code for n-order source.

.t .
Hr (s) - Entropy of n ' extension of source. (06 Marks)

d. Define binary symmetric channel and write its channel matrix. (92 Marks)

The source emits messages consisting of 2 symbols cach, as per table given below.
Design a source encoder using Shannon encoding algorithm and find code efficiency
and redundancy. (08 Marks)

Symbol AA |AC [CC |CB |CA [BC |BB
Probability | 9/32 | 3/32 | 1/16 | 3/32 3/32 | 3/32 | 9/32

b. A discrete memoryless channel is shown below symbols are transmitted every
second. Calculate the capacity of this channel in terms of P. (12 Marks)

Contd....2
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. '“'State"Slijan.rliﬁbn‘ Héﬂiey law and its implications with éxamples foreach. (08 Marks)

Derive expression for Shannon’s limit for («-——) parameter illustrating with
0

n
Bandwidth - efficiency diagram. Explain this graph of Bandwidth — efficiency.
. (12 Marks)
Sltate the properties of mutual information. _ (04 Marks)
Prove thatI (X;Y) = 0. (05 Marks)

. For a given JPM, compute H(X), H(Y), H(X, Y), HX/Y), H(Y/X) and I(X, Y).

Verify relationships among these entropies. (11 Marks)
005 0 020 0.05

0 010 010 O
0 0 020 0.10
0.05 005 0 0.10

Prove that channel capacity of a BSC with rg = 1 msg symbol / sccond is equal to

P(X.Y)=

n
(1-h) where h= Zp _log—l—. (08 Marks)
J=1 J j

. Explain continuous channels and how they are dealt with. (04 Marks)

A continuous random variable has PDF as shown: ) (08 Marks)
i) Determine entropy of source. £ |
i1) If signal is passed through a linear / |
amplifier if gain = 16, find entropy at output. | / ‘L

o v o X=x
If C is a valid code — vector, then prove that CH' =0 where H' is transpose of parity
check matrix H. (06 Marks)
: 1 01
For a systematic (6,3) linear block code, P=|0 1 1}. Find all possible code-
1 10
vectors. (06 Marks)
1 0 1
For systematic (6, 3) code with P=|0 1 1| the received vector R= [1 1001()].
1 10
Detect and correct the single error that occurred due to noise. Draw its syndrome
calculation grant. (08 Marks)

1 0010 11
Consider a (6, 3) linear code whose G={0 1 0 1 1 OJ

001011

1) Find all code vectors. ii) Find all Hamming weights and distances.
ii1) Find minimum weight parity check matrix.

iv) Draw encoder current for above codes. (10 Marks)
A (15, 5) linear cyclic code has generator polynomial

g(x)=T+x+x2+x +x° +x8 410

i) Draw block diagram of encoder and syndrome calculator.
ii) Find code polynomial for message symbol,

2 . .
D(x)=1+x" +x%in systematic form.

i) Is y(x)=l+x4 +x% +x¥ 4 xMa code polynomial? (10 Marks)

kkkkk
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Note : Answer any FIVE full questions..

1 a. How is information content of a message measured? Comment on the information content
of the following messages :

i) Tomorrow the sun will rise from the East.

‘ ii) 1t will show in Bangalore this winter.
i iii) The phone will ring in the next one hour. (10 Marks)

b. Consider a discrete memoryless source *C* that outputs two bits at a time. This source
comprises two binary sources ‘A" and ‘B’ whose outputs are equally likely to occur and
cach source contributing one bit. Suppose that the two sources within the source *C" arc
independent. What is the information content of each output from the source C? (06 Marks)

c. Consider a binary source which tosses a fair coin and outputs a 1" if a head appears and a
‘0’ if a tail appears. What is the information content of each output from the source? Now,

suppose that the source is memory less. What then is the self-information of an m-bit lock
from the source? (04 Marks)

[ ICHS

: J?f)
<

L
[§%]

4. Define a Markoff information source. An information source that can remain in one of two
states has following property :
If it is in state-1 during a particular symbol interval having emitted a symbol ‘A’, then it
switches to the second state emitting a symbol ‘C” in the following symbol interval with a
probability of 0.2. On the other hand, if it is in the second state during a particular symbol
interval by cmitting a symbol ‘B’, then the probability that it will go to the first state
during the following symbol interval by emitting a symbol ‘C” is 0.7. The probability that
the system is in state-1 at the beginning of 2 symbol interval is just as likely as the
probability that system is in the second state at the beginning of the symbol interval.
Tlustrate the above information source in a graph form with your comments in brief.

. (07 Marks)
b. Design a source encoder using Shannon’s encoding algorithm for the information source
s given below for N = 3.

S

S
AN

¥
-

: 2 2z
| 2
2 5
p
i
‘ Fig.2(b) (13 Marks)
i

3 o Which part of a practical communication system is characterized as a data communication
: channel? What type of channel is the above? Hustrate the above channel by a schematic.
; (06 Marks)

. b. What is a binary symmetric channel? Determine the rate of information transmission over
i the channel. (10 Marks)

¢. Dvaluate the capacity of a binary symmetric channel and give the plot of the channel
capacity versus the average probability of error ‘P’ for the independent errors in the
transmitted binary sequence caused by the noise in the channel. (04 Marks)

11903/1193L
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6 a.

What is a discrete memortyless source? Evaluate the entropy of a binary memoryless
source and comment on the variation of the entropy as a function of the symbol
probability. (06 Marks)
What do you mcan by “data compaction™ as used in signal processing and what is the
outcome of the above operation? (04 Marks)
Consider a DMS with three symbols x; i =1, 2, 3 and their respective probabilities Py =
0.5. P, = 0.3 and Py = 0.2. Encode the sourcc symbols using the Huffiman encoding
algorithm and compute the efficiency of the code suggested. Now group together the
symbols. two at a time, and again apply the Huffman encoding algorithm to find the code
words. Compute the efficiency of this code. How can the coding efficiency be improved?

(10 Marks)
Consider a binary symmetric channel as shown in the Fig. 5(a). Let the input symbols be

equally likely
¥ 1’ )
(b

S
(1)
Fig5(a)

i) If the mutual information between x; and y;(i =j =0,1) is defined as :

4
I(xl ’i): log, ——F{T;—

Determine 1(0;0) and 1(1;0).
i) Suppose the channcl is an ideal one, what will be 1(0;0) and what do you conclude
from the result obtained? (10 diarks)
Define the term ‘differential entropy’ of a continuous random variable <X’. If the
probability density function of a random variable "X’ is

1 .
fx(x)z a, O<x<a

0, otherwise

ind the differential entropy of *X°. What do you understand from the result obtained as
compared to the entropy of a discrete random variable? (06 Marks)
Write a brief notc on mutual information between a pair of continuous random variables X
and Y. (04 Marks)

What is a block code? ‘The code «c> is a block code. Where

C = {00000, 10100, 111 10, 11001} what is the size of the alphabet presented to the block

encoder and which are the uncoded bits of cach alphabet? Supposc we have 1o transmit

sequence of 1's and 07s using the above coding scheme, what then is the corresponding

code word i the sequence 1o be encoded is 1001010011...7 Comment on the bit

redundancy. & (06 Marks)
2013
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For a (7,4) linear block code the generator matrix is gi
1 00010 11
0 10 0 1 1 1
0 01 0010
0001 010

Write the parity check matrix. What is the minimum distance for this code? (03 Marks)

State and prove the following theorems valid for a linear block code :

i) Theorem on the minimum distance of a linear block code.

ii) Theorem on the number of errors which the code can correct and the number ot
errors which can be detected. (09 Marks)

y o=

Write the scheme of an (n — k) stage shift register encoder, used for an (n, k) binary cyclic
code. What are the steps involved in the encoding operation and what are the hardwarc
requirements for implementing the encoding scheme furnished? (10 Marks)
Consider the (15, 11) cyclic code generated by, g(X) =1+ X+ X"
i) Device a FB registers encoder for this code.
ii) Ilustrate the encoding procedure with the message vector 11001101011 by listing
the states of the register (The rightmost bit is the earliest bit) (10 Marks)

An encoder for a (3, 1) convolutional code is shown in the Fig.8(a), explain the operation

of the encoder for an input message sequence of 10110 (take the left most bit as the first bit
sent to the encoder)

Twfut

e st vegister stage

codevoord ,»g@i-uence, 1%

Fig 8(a) (08 Marks)
What is viterbi algorithm? For an L — bit message sequence, and an encoder of memory M,
how does the algorithm proceed? Comment on {he advantage and disadvantage of the

viterbi algorithm. (08 Marks)
Write a brief note on shortened cyclic code. (04 Marks)
Kxkkk
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USN ST E 06EC65 -
Sixth Semester B.E. Degree Examination, June-July 2009
Information Theory and Coding :
Time: 3 hrs. Max. Marks:100
Note:1. Answer any FIVE full questions, selecting
at least TWO questions from each part.
2. Missing data may be suitably assumed.
PART - A
1 a Find an expression for average information content of symbols in long independent
sequences. * (03 Marks)
b. A source produces symbols A, B, C with equal probabilities at a rate of 100/sec. Due to
noise on the channel, the probabilities of correct reception of the various symbols are as
shown in Table Q1 (b).
¥i
PGH)|A|B | C
N A | %{x|O
" B (ALK
C |0 | XX
Table Q1 (b) .
Determine the rate at which information is being transmitted. (07 Marks)
c. For the second order Markov source Figure Q1 (c) with binary source alphabet (s = 0, 1),
find: i) State probabilities.  ii) Entropy of each state.  iii) Entropy of source.
iv) Show that G, > G, >H(s). (10 Marks)
1 .
[c]
.
(SEPY
HogEre
?b);l)__' Yo P(n)= ‘\L
o7
Fig. Q1 (¢) Fig. Q2 (b)
2 a. Explain the steps in the Shannon’s Encoding algorithm for generating binary code. (04 Marks)
b. Using Shannon’s encoding algorithm find the binary code for symbols of length 1 and 2 (ie.
N = 1&2) generated by the information source given in figure Q2 (b). Also compute the
average number of bits/symbol and efficiency of the codes for both cases. (10 Marks)
c. For the entropy of a zero memory source, prove the extremal property. (06 Marks)
3 a A non symmetric binary channel shown in figure Q3 (a) has a symbol rate of 1000

symbols/sec.

D) Find HCD), H(Y), HXX, Y), HX/Y), H(Y/X), I(XY). Take P(X=0)={, PX=1)=7,

a=0,75,8=0.9.
ii)  Find the capacity of channel for case ).
iii) Find the capacity of the binary symmetric channel when 0=3=0.75. (10 Marks)
L < o
[o}
Y
% \’Q o
o - L
Fig. Q3 (a)
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Explain mutual information. Find an expression for mutual information in terms of joint
probability, probabilities of input and output symbols. (05 Marks)
Show that mutual information is always positive. (05 Marks)

State and prove Shannon-Hartley law. Derive an expression for the upper limit on channel
capacity as bandwidth tends to . (08 Marks)
Two independent random variables x and y have density functions f(x) and f(y) as shown in
Figure Q4 (b).

£159 R

3

i

s, T
Fig. Q4 (b)

1)  Find the entropy of each signal and the joint entropy.
ii)  If the signals are overlapped find f(x, y) and the joint entropy. (04 Marks)
The output of a DMS consist of letters X,, X,, X; with probabilities 0.45, 0.35, 0.20

respectively.
i)  Compute the Huffman code for this source and also find code efficiency and variance.
i) If pairs of letter are encoded, compute the Huffman code, code efficiency and

variance. (08 Marks)
PART -B

Explain the need and meaning of error control coding. (05 Marks)

For a linear block code with generator matrix G and parity check matrix H, prove that

GH'=01in systematic format. (05 Marks)

For a systematic (6, 3) linear block code the parity matrix, [p]:l:

—_ O e

0 1

11

1 0

1)  Find all possible code vectors.

if)  Find the minimum weight of the code.

iii) Find the parity check matrix.

iv) For a received code vector R =1 111 01 detect and correct the error that has
occurred due to noise. (10 Marks)

Define cyclic code. Explain how cyclic codes are generated from the generating
polynomials. (06 Marks)
The generator polynomial for a (7, 4) binary cyclic code is g(x)=1+x + x°
1) Find the code vector in systematic form for a message vector 1 1 0 0.
if) Design an encoder for the above and verify its operation for message vector 1 10 0.

(14 Marks)
Consider a (3, 1, 2) convolutional code with g = 110, g?®=101, g®=111.
Draw the encoder block diagram.
Find the generator matrix. .
Find the code word corresponding to the information sequence (1 1 1 0 0) using time domain
and transform domain approach.
Draw the state table.
Draw the state diagram.

Draw the code tree and find encoder output for message sequence (11 1 0 0) (20 Marks)
Write short notes on:
RS codes. b. Golay codes. c. Shortened cyclic codes. d. Burst error correcting codes.
(20 Marks)
EEEE
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Time: 3 hrs.
Note: 1. Answer any FIVE full questions, selecting at least TWO questions from each part.

1
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* Library, Mangalore

06EC65

Sixth Semester BE Degree Examination, Dec.09-Jan.10
Information Theory and Coding

Max. Marks:100

PART - A

a. A source consists of six symbols with probabilities as given below:

o

S= {Sl, Sz, S3, S4, S5, SG}

po{LLLL L 1)
3’4’8’8712°12
Obtain Huffman i) Binary ; ii1) Quaternary coding. Find the efficiency
and redundancy in each case. (12 Marks)
thch of the following sets of word lengths are acceptable for the existence of an

instantaneous code, given x = {0, 1, 2},Table Q1(b). (08 Marks)

i1) Trinary and

Number of words of word length /, | Word length /4
Code A Code B Code C
2 2 1 1
Table 1(b). I 2 4 2
2 2 6 3
4 3 0 4
1 1 0 5

system.

‘Explain the properties of entropy and obtain an expression for maximum entropy of a

(10 Marks)

I(AB).

Design a system to report the heading of a collection of 400 cars. The heading levels are:

heading straight (s), turning left (L) and turning right (R). This information is to be

transmitted every second. Construct a model based on the test data given below.

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

ii)  Out of 200 cars that reported heading straight, 100 of them reported going straight '

' during the next reporting period. 50 of them turning left and remaining turning right
during the next period.

iii) Out of 100 cars that reported as turning during a signalling period. 50 of them
continued their turn and 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.

I) Find the entropy of each state ; II) Find the entropy of the system ; III) Find the rate of

transmission. (10 Marks)
With suitable example explain the properties of code. (06 Marks)
State and explain kraft inequality. (04 Marks)

For the channel matrix shown in Table 3(c). Find H(A), H(B), H(AB), H(A/B), H(B/A) and
(10 Marks)

0.1 0.05
002 0.1
0.1 0.05
0.1 0.1

0.06 0.04
0.05 0.1
0.02 0.1
0.05 0.05

Table 3(c). PlAB] =

10f2_
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What is binary erasure channel? Obtain an expression for the channel capacity of the binary

erasure channel. (06 Marks)
State and explain Shannon — Hartley law and derive an expressmn for maximum capacity of
a noisy channel. (10 Marks)

A Gaussian channel has a bandwidth of 4 kHz and a two sided noise power spectral density

n
—=10""watts/Hz. Signal power at the receiver has to be maintained at a level less than or

equal to 0.1 milli watt. Calculate the capacity of the channel. ' (04 Marks)
PART -B

Design a linear block code with a minimum distance of three and a message block size of

eight bits. (08 Marks)

In a linear block code the syndrome is given by :

Si=r1 +rptry+rs

S=n +1y+14+ 16

S;=rt+r3+r+n

Find :

1)  Generator matrix [G] ; ii) Parity check matrix [H]

i) Write encoder and decoder circuit ; iv) Find the code word for all the messages

v)  How many errors it can detect and correct vi) Write the standard array.

11)  Find the syndrome for the received data 1011 011. (12 Marks)

Ina(15.5) cychc code the generator polynomial is given by
g)=l+x+x>+x* +x°+x¥+x10
1)  Write the block diagram of encoder and decoder.
ii)  Find the codeword for the message 10101
iii) If the received data is 100010101000001 is it a valid code? (10 Marks)
In a (7.4) binary cyclic code the generator polynomial is given by g(x) =1 +x + x°. Find the

codeword for messages (1001) and (1011). Show the contents of registers at each step.
(10 Marks)

For the (3, 2, 1) convolution encoder shown in Fig.7(a). Find the codeword for the input
sequence u=[110110], using

i) Time domain approach ; ii) Transfer domain approach ; iii) Using generator matrix. =

(10 Marks)

Fig.7(a)
For the convolution encoder shown in Fig.7(b)
1) Find the code rate and constraint length

ii)  Write tree, state and trellis diagram. (10 Marks)

Write short notes on:

R.S codes b. Shortened cyclic code

Burst error correcting codes d. Golay codes. (20 Marks)
% %k ¥ ¥k *
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pulsorily draw diagonal cross lines on the remaining bie

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

Important Note : 1. On completing your answers, <

USN 06EC65
Sixth Semester B.E. Degree Examination, May/June 2010
Information Theory and Coding
Time: 3 hrs. Max. Marks:100
Note: Answer any FIVE full questions, selecting

at least TWO questions from each part.
PART - A
1 A binary source is emitting an independent sequence of 0’s and 1’s with the probabilities P and

(1 — P) respectively. Plot the entropy of the source versus probability {0 < P < 1]. Write the
conclusion. (04 Marks)
In a facsimile transmission of picture there are about 3.25 x 10° pixels per frame. For a good
reproduction, 15 brightness levels are necessary. Assume all these levels are equally likely to occur.

Find the rate of information transmission if one picture is to be transmitted every 3 minutes.
(05 Marks)

The state diagram of the Mark off source is as shown in the Fig.QI(c). P(state i) = % fori=1,2,73.

Find : i) the entropy of each state Hi, ii) the entropy of source H, iii) G;,Gyand H. (11 Marks;

Fig.Q3(b)

What are the important properties of codes while encoding a source? (05 Marks)
A source emits an independent sequence of symbols from an alphabet consisting of five symbols A,

B, C, D and E with probabilities of 1, 1, 1, 3 and 5 respectively. Find the Shannon code for
4 8 8 16 16

each symbol and efficiency and redundancy of the coding scheme. (06 Marks)

For a channel whose matrix is given below for which P(x1)=%, P(x2)=P(x3):% ans

1, = 10000/sec, find H(x), H(y), H(%) , H(x, y), I(x, y) and the capacity.

08 02 0
Yy — 09 Marks
P[K}~ 01 08 0.1 (09 Marks)
0 02 08

Design a quaternary and binary source code for the source shown, using Huffman’s coding scheme.
3 3
S = (S, Su S5, Si, S5, 56, S} ; P = {—(’—13‘—3—3——9———} ;X ={0,1,2, 3} and

X =1|0, 1|I. Find the coding efficiency. (12 Marks)

For a binary erasure channel shown in Fig.Q3(b), find the following:

i)  Average mutual information

ii)  Channel capacity

iii) Values of P(x;) and P(x,) for maximum mutual information. (08 Marks)
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State and explain Shannon Hartley law. Derive the expression for the upper limit of the channel

capacity. (06 Marks)

A voice grade channel of the telephone network has the bandwidth of 3.4 KHz. Calculate:

i) The channel capacity for a SNR of 30 dB

ii)  The minimum SNR required to support information transmission at the rate of 4800 bits/sec.
(06 Marks)

Show that : i) I(x,y)20 ; ii) [(x,y)=(y,x) ; iii) I (x, y) = H(x) + H(y) - H(x, y). (08 Marks)

PART -B
Consider the (7, 4) LBC whose generator matrix is given below. Find:
i) All code vectors ii) Parity check matrix, H
ii1) The minimum weight and distance of this code.
1000 101
[G]= 0100 11t (10 Marks)
0010 110
0001 011
Prove that CH' = 0. (04 Marks)
Why do we need error control coding? What are the types of errors and types of coding to combat
them? (06 Marks)

A (15, 5) linear cyclic code has a generator polynomial, g(x) = 1D x®x*®x*®x’ ®x* ®x'°.
i)  Draw block diagrams of an encoder and syndrome calculator circuit for this code.

ii)  Find the code polynomial for the message polynomial D(x) =1® x* @ x*(in a syStematic

form).

i) Is VX)) =10x* dx*®x®®x!" acode polynomial? If not, find the syndrome of V(x).

(12 Marks)
What is a binary cyclic code? Discuss the features of encoder and decoder used for cyclic codes
using an (n — k) bit shift register. (08 Marks)
Explain briefly the following: (09 Marks)
i) Golay code ii) BCH code
i11) Shortened cyclic code iv) Reed Solomon code.
Consider a [15, 9] cyclic code generated by g(x)=1® x> ® x* ® x> ® x°. Find the burst error
correcting efficiency of this code. (06 Marks)
List the advantages and disadvantages of cyclic codes. (05 Marks)
Fig.Q8 below shows the convolutional encoder:

Fig.Q8

Write the impulse response of this encoder. (03 Marks)
Find the output for the message (1001 1) using time domain approach. (05 Marks)
Find the output for the message (10011) using transform domain approach. (05 Marks)
Draw the code tree for the encoder. (07 Marks)

* ok % k %
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