Information Theory and Coding (CM303)

Midterm (40%) 28 May 2018
Instructor: Eng. Hosam Almgadim Time Allowed: 2 hours

Q1. (10 Marks) Consider the following information channel, the channel input A with symbols al, a2,
and a3, and probabilities p(al)=0.6, p(a2)=0.3, and p(a3)=0.1. The channel output B with symbols b1,

b2, and b3. The channel is fully specified by the following channel matrix

7 0.5 0]
p(B/A)=|? 0 0.5]|-
0 0.5 7?7
a) Find the missing probabilities and draw the schematic of the channel? (2 Marks)
b) Obtain the output probabilities p(b1), p(b2) and p(b3)” (2 Marks)
¢) Find the Mutual Information I(A;B) and Channel capacity C? (4 Marks)
d) Find the probabilities and entropy of the 2"Y order extension 7(A%)? (2 Marks)

Q2. (04 Marks) In a telegraph source having two independent symbols dot and dash, the dot duration
is 1/3 of the dash duration and the total duration is 0.8 sec. The probability of dash occurrence is one
third of dot occurrence and the time separation between symbols is 0.1 sec. Find the following:

A. The information rate of this telegraph. (2 Marks)
B. The maximum possible information rate with the same average symbol duration. (2 Marks)

Q3. (14 Marks) Consider a Discrete Memoryless Source with symbols S ={a,b,c,d,e,f,g} have
probabilities P(S)={3/14, 1/14, 1/7, 1/7, 2/7, 1/14, 1/14} respectively.

o214 oo} Ty -2

1. Construct a Hutfman code for the source? (2 Miarks)
2. Compute the average code length, the efficiency and redundancy of the code? (3 Marks)
3. Is this code an optimal code? (Justify your answer) (2 Marks)
4. Find the Information Rate if the DMS generates 1 symbol randomly every 1psec? (2 Marks)
5. Encode the following message: aabacaatggetad (2 Marks)
6. Draw the decision tree of the code. (1 Marks)
7. Decode the following bit stream: 0101000110110&00001191111&10(%00003]1... (2 Marks)

€e g 'y ' 4'f atad | ¢
Q4. (12 Marks) Given the following code J d

message | Code Word message | Code Word message | Code Word message | Code Word
0000 | 000 0000 0100 | 1100100 | | 1000 | 101 1000 1100 | 0111100
0001 | 1100001 0101 | 0000101 | | 1001 | 0111001 1101 | 1011101
0010 | 0110010 0110 101 0110 a 1010 110 1010 1110 0001110
0011 101 0011 0111 011 0111 1011 000 1011 1111 110 1111
a) Find the Generator matrix of the code? (4 Marks)
b) Find the error detection capability and error correction capability? - (2 Marks)
¢) Find the parity check matrix of the code and its Transpose? (2 Marks)
d) Is this code a linear code? (Justify your answer) (2 Marks)
e) Encode the following bit stream 10110010000110111100....... (2 Marks)
félp_t_l_, | 5;/1 - Good luck
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& B) connected in cascade as shown
—— —— p(z1)=0.55
O~
pz)=7
0.6
Q2. (8 Marks) Consider a DMS Source with symbols Si, EL2.34. Table below lists 6 possible binary
codes
Table of Codes of the source S AR Y
31 | Code 1] Code 2[ Code 3| Code 4] Code 5| Code 6 25
S1| 00 11 0 1l 490 gt
, 32 a1 00 1 10 100 1110
'S3] 01 10 00 110 | 1000 | 110
[S4[00 o1 i _ 1o 1 | 10
a) Find which of them distinct codes are? ( 9 C+ £ (2 Marks)
b) Find which of them prefix-free codes are? - / (2 Marks)

[ ¢)) Find weather Instantaneous codes dre existence for these codes?

1 -
.l‘"'..“'r.. il"--:..- " w @ :r L - ',4 i)
:J} L0 SR TS T COCiae

witich code i the best cndoe

Q3. (24 Marks, 3 cach) Consider the Svstematic Linear Bloclk Code

look-up table.

Error Pattern {e]j_ S*,;r;drnﬂ't_g_(ﬂ

a) Find the Generator matrix of the code? : Ui;j —-—g SESES? ?fg -
b) Find zll the Code Words and the Minimum Hamming Distance? oo 000001 D___L 0
¢) Find code bits, message bits, parity bits, code rate, (he Serors  oonog 00 101

detection and error-correction capabilities of the code? iy 0001000 11? &
d) Write down the Parity Check Equations and draw the Encoder? ;f' | 0010000 001
¢) Are the generator vectors linearly independent? (Justify your ans’w?r) 0100000 010
{) Isthiscode 4 linear code? (Justify your answer) I ‘ oll [ 10000 a0 I e
g) Encode the bjt stream, m= 11011110001001...9 ‘:7; o e
h) If ri = 1101011 and r2= 0101101 were received, what are the transmitted code-words and

original messa ges? (clearly show the reco very steps)

!
Q4. (16 Marks) Given a Binary Convolutional Encoder with K=3

01011010, . 1o | S
4) Encode the iz1pi.:£f'equence bits m= 10101
@ Lll})r\ the tfni.,udL_L E show ].ffm ranswer) I L:/ r
) Draw the Trills diagram of the encodep” K. &
low o L —=3 ol -
L3 ‘
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for this source, and why?

with the following syndrome

(2 Marks)
(2 Marks)

e

Y

and Impulse Response

(SMarks) @O
(0 Marks)
(S Marks)
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O1. (12 Marks) Concider tha fallncin- e

- B dlimates Wi o Wik SyNIUULS ad, ac,
and a3, and probabilities p(al)=0.6, p(a2)=0.3. and p(a3)=0.1. The channe] output B thh symbols bl

b2, and b3. The channe] is fullv specified by the fr;)%lowq9 h %nel matrix
L L 3

& | af05 0.5 o0
- p(B/A) &40.5 0 .5
B0 05 0.5l

T

7 .a) Draw the schematic of the. channel? (2 Marks)
b) Obtain the output probabilities p(bl), p(b2) and p(b3)? 3 Marks)_
»¢) Find the Mutual Information I(A; B : | (5 Marks)
—d) Find the probabilities and entropy of the 2"" order extemmn Z of A? (2 Marks)

| L»H”Es YEYLK e

| % W) W\_X

\ 2 " 10 Marks) In a te] egra 1[1 source haung two independent swnlmls ot and daah /the dot duration
_ | r oyang

i

f._,..-—'-\ - e

_ T -
lb 0 7 sec and the dash duration i, (l 0.6 bt‘L The pml 1bility of kdut '“m,(,urrm(:t, is *kee times that of

ddxh and the time ';ep.cu fmon between symbols 1::,;[) l “%LL “ind the following:
N Z

H
J '“a

Tht mf{}rmatmn mte of this telegraph. PSR (3 Marks)

O The maximuam possible inf’ur-m.:ttnm rate with the same average sy mboi duration. (5 Marks)
7 ’ ; i T AT, e I

——— "
f

oy &

_-f;QB;? (18 Marks) Consider a Discrete Mcl}jl01‘};’_[_@:5_;5___51931}_:_? with symbols S ={a,b,c,d,e,f,g} have

probabilities P(S)={2/7, 3/14, 177, 177, 1/14, 1/14, 1/14} respectively.
\ur“’? & 4 ____'J"_ {1 i .\\ .{;.‘i C \b}

3{. I. Construct a Huffman code for the source? e gt ._ « A4 Ma\rks)
—2. Compute the average code length of the code. \ (2 Marks)
3. Find the efﬁéienw and the red u:ﬁlauu of the code? (2 Marks)
—4. Is this code an optimal code? (Justify your answer) . o (2 Marks)
(VJ Find RI if the DMS UE?HE‘I"ITLb 1 s;mbol IEiI'ldOH’L[} every 1@29 g% 1’3 (2 Marks)
6. Encode the followmg message: adbamafggehd (2 Marks)
7. Draw the decision tree of the code. (2 Marks)
ZB. Decode the following bit stream: 01010001101 L00100001 101 '_leiL()pﬂ_O()UUl (2 Marks)
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Good luck
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nl aZ and a3, and probabilities p(‘ll) 0 6, p(a2)= (.3, and p(.:13) 0 1 lhf, Chdll]’lf.,l outp,ut B _with

swmbols b1, b2, and b3. Ihe channel is fully Q,pE(,lﬁed by the following channel matrix

o L. S - |
05 05. 0o (b/a)leatay) { byvas)
‘ p(B/A)={05 0 0.5 (o lad (b ra)(oy loy)
= ..-F 4 - -
= P -0 05 05! } £F /o3) (b o /e 3 ) (fo sdaz )
T R /a ) Drawthe schematic of the channei? (3 Marks) " f
T b)—Eind the Miitual I nformation I(A B)?7- T (6 Marks)
. M/«! = )
' {
2. (10 Marks) Lr_mm_glu a source with a six-symbol a]phabet Xl, X2, X3, X4, 8 X5, and X, with
(3 (S
probabilities Py = {). ZCPT (. iT] !‘3 = 0 33 l’; (0. 8 Ps=0. 2, and Pg = (). 04 respectively.
~A. I'ind a Shannon-Fano code for this source. S4ep ; e (4 Marks)
= B. Compute the average code length of the code. v 2 & P wt (2 Marks)
,ﬁ( Design a deeiSion tl‘LL of the code? : (2 Marks)
" w)ﬁ,) 4 s_.t‘/ D. s the {,Od(.,rd!] uptnnal code? (JUS_tlf‘r }Uuzﬁafﬁer_)_h_ (2 Marks)
L | : R O e g v EB
o %'“ P J .r:I . :
Q3. (6 Marks) Given the lollowing code o Rl & -;
[ e e e _ : :aigp._fn;;_ﬂ;ﬁ_; = : ( .?'2. {/{ )
___mf:ssagi;*"x ( odef Word ) 1 Lode Wm:ﬁk; o]
() L5000 1 o0ulooto, | - L1100 3 R
) o TlonD Y@ ool S | OO b1
e T i N TTITITE Y, “fee2 LO0 < | 0 IG0W ~ &)

1
. - @ F LY A &«— ¥
DN = Q0L T 105001 MEA o1 s ondanT 4
@.fﬁ oo @) :

110 0100 == 110 {_4}011 1100 &

s mea Lo o g Hobdle

| — 0110 | 1010110 ¢ | u1 . | nodiﬁﬁ_"
cr o < Qb § ¥

___.,.--'\- ARl

2 TR o 110 1 11 1

L LR
.# J -':E
_~4a) lind_the (rLl’](,l"cl({}I“ mdtrn’. of the code? G [P;z Cnmred | IK‘S
S ._-‘“—___—-—_E__:-/{ R D | i o dvnf - |

=D Fand theer ror detiction Lﬂp;lhlllf}’ and error ccrfection capability?
i

L o o —— E‘c?
,:/t ) F'ind the pmw th’:Lk matr n: of the (,ode and 115'- Lransposed

e P

—~

i ,d) Is this COJL a lmcar code? (Iusllh wu:; answer

——-
T

Tﬂ/‘f) /\IL th Lcnudtm vectors hnmrh mdt, Lndtnt? aJustifv your answer) L
; d | B }*nu}d(, Ihc [{)Mo‘wmu blt strear (2 Marks)1 . 1 : e
{ 38) ])1 aw an encoder of tha, code? | ~ N : (2 Marks)
~—n__ 'f R
ol s 605 La bl . |
o 5ol 3B LO : Good luck
ool 2
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Q1. A discrete source transmits messages X:. X, x2 with probabiiities p(N1)= 0.3, p(x2)= 0.23. p (ny)

(.45, Vhe source 1s connected 10 The channel vhose conditional proBability matrix is

By M A |
k\)x-ljxﬁ 0.9 01 0\ “ i
S(Y/X) =~ 0 08 0.2 e x,

-----

Sl - 03 0.7 =

Ao Draw the channel schematic? And Obtaim | the joint pu)bdbllm matrix P X,Y)? (dMarks)

=

T
TX

v~ . Ootain the probabiiities p (1), p (v2) and p (}3}"“ | (6 Marks,

v : : . ; . i N JI ; ; g = o Easim
G2 Consider two bind ey symmetpical Channels are connected in cascade as shown below.

e

(8 Marks)

Wi s0 Constder a source with a Séx-:s}-'mbs:)l alohabet, XN, X, X3y Xas Xs.-and Newo with

progsniies Pe=a.2 7 = 0}, V3= 135, 14 =] B35, l s =401, and be = 0.4, Tespeenivery.
— w T —— .

LLoring s Slecamoo-Fano eode for this source. £ & -1 | ] (8 Marks)

3. L omnuie tae average code length of the coe. - (3 Marks)

o~

* (b (L0 Macksy Consider ihe Sy stewia tlL Linear Block Code with the following parity check matris

b & el . 'I G ?,,F ]
%f_#,é‘;ﬁ I R e L 001

: oo s B H=0 1 0/1 0 1 1

M lo- 0 171 1 1 0

e . . - -
i . { ’ /
Lo e by

PR3 dtithe coneds iunff'v error.correction “w’u: lind lhu.fé mi:ume l{mk up Idl}iL" T‘\ Marks)

5. Forthe received x-'::a::tur::; riand r2, recovee the transmitted {:{,s{;{:—wurd and thr;: ur:;;m::l messigee.
_F\l_,...--"'__"
v = L1GEULL, ro= 0101101, (cleariy show the recovery steps) (6 Marks)

Q5 (15 Marks) Goven the tollowing trellis dizeram of a convolutional code.

A. Encode the II"”')LII sequence bll% e ‘@ U B4
’/7/\ ecode the received vector r using Viterin Decoding.” -
R= Hn L1001 066 000. |

}LI {ow many errors are there in the recerved vector R _ }*
{.uux{m the error bits) and show the transmitted wctorU g W=
T\l I“'.. .’
| "
A, TR, _S=@ W IS L o, i S
- ; 0 " H e 2 g "_T_; o | L I s i
.i_.%:—&wle el e | ( _ s g b ey sy O\ \
g sl aleaa o Falall S | e e & ‘ ,
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Q1. (5 marks) Given that the mutual Information I(A;B)=H(A)—H(A/B), derive that ¥

I(A’B)=1(B?®A) *?

) SPBIA Y

#__("‘_/A—‘ i __“"--________.__‘___________________________._ e e =
IOt
d Q2. (10 marks) Consider a DMS Source with symbols Si. i=1,2,3,4. Table below Jists {_-,-,;1717’
possible binary codes )
oy O/:L c%’if’ Table of Codes of the source S ]
N g
& 67?20\_‘,&1{)":? ()E Si | Code 1| Code 2| Code 3| Code 4| Code 5| Code 6
N\l ST =1, o T [0 o
oV \. %5 [Sz]01. |0b ¥ 10 100 | 1110
(nh- s3] 01 0 100 140 | 1000 -| 110
)\ - o Pl o sl e
3 S4 | 00 01 11 6 I 10
0( ’ /1 i | L
~-~a) Find which of them distinct codes are? 2 ; 3 | mséi ° \;\\LJ
~~b) Find which of them prefix-free codes are? Zi' | & L
Dy W@“Jc) Find weather instantaneous codes are existence for these code u,? ;5
L /d‘r ‘an you decide which (.,odf., 1S the best code for this source. and why? 5 ol }pLaL//U
,,, k/\_f',f"‘-:’; K '?‘9,:‘5 lf-)/t‘-*’” 'HF
3. (16 marks) Consider a DMS souree with symbois Xi. where i=1.2.3. and 4. x}y
X\ Mz iy KA _ o N B
probability. P(Xi)= 0.2. 0.35. 0. ﬂ‘% and 0.4, respectively? |
a) Construct a Huffman code for the source? & V. AIM b +/sec
//’
b) Find the mfmm‘atlon rate if the source generates one symbol randoml \,x\f//
.1 T i;’{ - — y \_ e —-_-;-':FFB"“'*
Jusec) [L ,,,d; \> e T g g PLE | - 7}5';” =
Z pr¥ ot % F o - Lm_- S \(K-
i e t? : 1-.(:_;:.1 l e
04 (10 marks) (,anadu tha., linear block code with the codew ord LIL(!I‘LL*‘l b\ '
_ N \ e w2 L et T . . o
? A ; ;
| U-=m1~+m2;+m tm3+mb\ ml+m2+m3, .ml , M2, m3, m4.
4 / 1. Find the ggneratf}r matrn (3"" U\ |
L2 Findallthe codewords—th o S
- '.,,;—-’if _‘/ : T (_,
,f-;'*}. ITIC Lje arity. -check matrix )} ] = /// o
A% T Find, c_éo_gie" it_s #@E*Pits pantv blt&@d? Mmmum dleaﬂL%(“i”
{ etection Yand er rm@}rre\:tmr capability: 3w s ol
E / T
- K / N-IS K<
: \,ff = N Good luck
@Y [\3. gy D '”___.,\ g 1 | &\ G
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‘\- A. ind a Shannon-Fano code for this source

o 5l
A p(x;)=0.6 xe \ .

s e s LS i et sl ;j*‘*—-“«f-iﬁu“ ps 2016 SE =) Al aatll
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Q1. (16 Marks) In a teiceraph source hav iy twe tndependent S) mbols do f_!nd dash. h; tlut Ji““!“”]

1s 0.2 sec and the dash daration 1s 0.6 se¢ The probabilic o dot occurrence is three lumrs that of

dash and the time separation between symbeis is G see. Find the (ollowine: g
'y
A The information vate of this telegraph. . (12 Marks)

1. Hu, nmumum possible mmfornmetion rate with tic same averagc symbol duraton. (4 Marks)

i

Q27416 Marks) Consider a sowce with a six-svmbol alphabet. .‘{1, .‘(:. X3, Xi, Xs, and Xeoath
e, ; | . x 1‘ [ o

bt /
S e e et i ] o N Ty : | -
Xprobabilities Py = 0.2, P2 = (.01, P35 (L35, Pa = 0.38, £ [ 6.02 ,I,dliti Po 7 0.04 respectively
| S A S+ A, Lo otd '

(, ))ff/ (8 ﬁ’l‘dfkf‘ij

;o e ol T g
/ 3. C ompute the average code length of this l#if}lwﬁ#’ca_ulc. {8 Murks,

-

e f_., 3 - b J ]
(5. (S Marks) Consider two binary symmetrical channels are connected i cascade as shown below
.. e . s s

e ;
ez, p(z,)=" ‘@

-
9
#
od

S
|

A. Frad the probabihities pizy ) and pér ). : (8§ VMiarks: (fZ‘

Q4 (16 Marks) Consider flu Systematic Linear Block Code with the following parity check matrin % %
o T Y ol / | .0
Tk GO v
\ )\\#Lf‘? 1 0 Q¢ 1.1 O .1 ; REEE \?\ - |
H={0 1 0.1 0 1 1| A= \5\)\ i
3 _ L MLl ¢
5.5 AL ad, o 0 0 111 141 Olgge r
rnp F ook e :
S AT v

A. Ifthe code is a single error correction code. ind the svadrome look-up table. (S Muarks)

B. For the received vectors riand r2. recover the transmitted code-word and the original message

'\é’_h

2 ] 3 : 2 : 1N i P,
re = FTOL01T, 2= 0101801, (clearly show the recarery steps) Z {3 Muarks) T
(5. (10 Viarks) Grven the toHowing Giellis diagram ol a convolutional code.
A. Decode the recerved vector rusing V iterbi Decoding,

R=101 111 111 100001 ¢11.
B. How many errors arc there in the receved vector R

(1identify the error bits) and show the tra ﬂsmlttcd veetor l'

)"“—(’rj _p”" o n kAl S| ] i

o
" FE
\'3 )‘ y ] *:-_ ;‘_.l( e‘-;) L #
i

e
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!6 Marks) In a (clegraph source having two independent symbols dotand dash. the dot du ration

ix 0.2 see aud the dash duraticn is 9.6 see. The |3mhah|h|\ of dot ocenrrence is thru tmwa thar of &
ey _om———
dash and the time separation betwoen symbuols s 0.1 sec. | ind the foHow e

Py

A dhe minrnmuma rate ol this teiceraph. i]12 -‘.‘--’];n'h/

O I'he maximum possible information rate with the sane average symbol duration. (4 Marks)

\ AT TSR e
Q2. 16 Marks) (dlsldu f @l’lu. uillz 4 NIN- -\x%!-m! alphabet. Xy, xg,&;. Ao Xsoand Xa, with p
probabilites Py 4.2, P2 = 0.01, 13 - 0, .3"‘5 Ps = .38, P = 0.02, and P = 0.04. respectivie

AL bind a Shannon-Fano code ior this source. s i b (8 Marks)

_..--.* ir"? 'i \
B. Compute the average code length of this HulTman code he B g Aoy

(8 Marks) Consider two binary symmetrical channels are conneeied in cascade 4s showr, beiow

i 2> (:)
. 3"1'

p(H!}:P.G K1E

SEC @ St

v

p(x;)= 0.4 xe

. | | ; ' e 1

AL Find the probabiiitics Pz ) and pira) (8 Viarks)

J. (10 Marks) Consider the Svystematic Linear Block Code with ihe !'nllmx-mgﬂ;u'in choeok mairn.

—— e e
1 i

-
o S IR A R
: B=lo 3 WLIE8 1 A
0 0 1i1 1 1 .0

[T the code s a single er ror correction code. find the nmiiumr look-up ml}h* (5 Vlarks)
- = d e = __...-:-:'T"-—u-- e

= """'"""""—I---—_._...-.-u...._—-.n..---

o

3. For the received veclors and ra. recover the transmiticd uuic -word and Iin.r uris_{imii Message.
'LJJ._,?*-;

r = PEOTOTT, vo= QEOTYOL. (chearty shhow the recovery steps) (3 ,:";-1;“-]‘{;} | *

(1) Marks) Given the folloswing trellis diaoram of 4 convolutional code.

_— 4

X ;'_f)‘(’t‘f?{it"-"rl‘fn:* recerved vecter rasire Viterbe Brevodimg:
i{-:ml [L1 101 100 001DOL1. b 10

/’ B. J] fow many errors are lhs.,h_ i the received vector R
*‘"‘} il
vy i i

5T A (identify the error bits) and show ilh, transmitted veetor U
(=
-
* ¥ : I 1
o | o
EJ ) _f;aﬂ.s'—‘-‘u o PPNt
WH! s bdedd alaain o3 voddbaly Sl

LY

—
-
s ISy iy T T
’ i s 2 i
R e P T 2 e ) = = e Pt
.

TR ﬁ'ﬂﬁwi :..‘;’4-“;“-""-'5:'-'!:" i Rl A NI L T S T




Information Theory and Coding (CNI303)
Midterm 1l (40%)

14 May 2016
Instructor: MEng. Hosam Aimgadim Time Allowed: 2 hours

[: (S points) Consider a DMS S with sy mbaols Siot 1.2.5.4 Table beiow lists 6 possible binar codes
. | :

Table of Codes of the source S

S Code 1 ' (."miu? , Code 3 I Code d | Code 5 | Code (1 J
;"5'3" (o1 R T TR N ET R TV 110 |
jSill[}{j :{LL“’ III !-'u | J""l' ot )

a) bmd which ot them distinet codes are?
b) Find which of them prefix-free codes are?

Q2: (20 points) Consider a (7 4) hincar block Lnd with generator matrix G

—J1 1 1, &+ 0 0 0]
e |8 U S0 BB
—i 0 1 'l,~ 0 0 1 ¢
— {1 0 .0 0 1 kXL
Mind all the codewords ol the wgg('n k‘ f\i - t._ |
B. Find the parity-cheek matrix”” B \ TASRRD '

C. Find code bits. message bits. parity bits. code rate. mi'nmum distancelerror
detec tlun c.&pah:hh and error correciion czpa bility” S sag
Y278, Cempute the symdrome for the reocived weoinr 110 ?!H ihi s avalid code vector?

IS pomnts) For the oliowine st
i =

*diaoram.

4% ’) i ¥ AT . § an j I‘ COISICES s by "!"J“-I‘a' sk e eyt ek oyt i S Li

d) draw the encoder usimge st FURISICTS, IMICUL0-20 Qaders, ang 4 commulator’ (U\ \ ¥ e

b) I'ind the generator polynomial o the encode, 3*1": )

¢) Encode the input scquence bits m = 101017 LA 2

) put s Qo 9 d o

| 06 | o
0 ;
T H o (2
S a2y
o -
_m:_-,,_,p,_ cF Ty __'“_"\1- j
J
- -
- *
!!:l .ﬁ-s;‘ S fﬂ&gs
'ﬂ- .: Good lck
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; g N %
v 4 i, B :
R
:-". = ﬁ
f“!i g —

ik L




Information Theory and Coding (CM303)

Midterm Exam (40%)
16 April, 2016

Instructor: MEng. Hosam Almgadim Time Allowed: 2h 15min

QL (10 Marksj Consider the following binary information channe] 5
M) o
. T

\) ) (éf%) . & L— o
"(h=9/ =

Determine H (A), H (A/B)? H (B/A) and mutual information I (A: B) 2
$. !;Q,HBA&% - £ 5. 0 E6E

Q2.%(15 Marks) In a PCM system the voice signal 1s quantized in 16 levels with the

following probabilities:
Pl =P2=P3="P4=(.1] P5=P6=P7 =P8 =10.0%
PY9=P1o=¢11=PI12 =0.475 P13 =P14 =P15= P16 = 0.025

a) Calculate the entropy.

b)Calculate the Information rate. Assume £, = 4 kHz.

¢) Calculate the entropy of the third order extension of this source H(z=s).

3. (15 Marks) ('ox'midm;laf Discrete Memoryless Source with svimbols 8i =

1,2,3,4,5,6,7 have prob;ablmms PiS)={2/7, 3/14, 1/7, 1/7, 1/i4, 1/14, 1/ 4}
. " -.286  0.72\u3 i &%
respectively. | 2 ! A3
i r C‘:y J
{},11'; 256
a) Construct a Huffman code for the source?
b)'ind the efficiency and the redundancy of the code?

¢) Is this code an optimal code? (Justify your answer)
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Sl g Cilaghaall 4, 05 - 5 ¥ digriagy AQuidill dyl4
2016'01'05 :f}g;i«lﬁ ¥ 8 Cailene of Eiectionic Technology - Tripat
e P 3 o | it i
L DA R cd il ] F SPUTE U LJWLLAJ"!JL—IMYI Al 2016- -2015 L.ﬂ.:_).‘; uuU.ﬁl{La.ﬂl
S 3 R ‘_::‘_"‘_ji-.:’_':_ ] :"'"‘_‘:'_""_'-".‘— """" : JELEJ? F‘EJ 3 -::r--rt--r ----------------------------------------- : ‘-JILEI M}
Ql: ina telegraph scurce having two independent symbols dot and dash, the dot duration s 0. -1s and the
dash duration is (.55, The probability of dot occurrence s four times that of dash and the time separation
i 4
yﬂ symbols is 0 Is Find the mfurnmtmn rale of this tuleorgpj}_,s_.gurue_’m (16 Marks) _ A
-I;"Ij:.-‘l\
Q2: Consider a DMS S with svmbols si, 7=],2.3 4 3,0 and with probabilities p(s;) 0.36, p(s:)—ﬂ 24,
P(s3)=0.15, p(sa)=0. 12, p(s=)=0.08. and Plse)=.05. Construct a Huffman code for thf: soume and find the
ef{‘{:tencv of the constructed code? (16 Marks)
#__,,.,.--r"'f’ e - " - >
? _r"-f""\-ﬂ,f e [( fi!r { / [' ‘{ f:': \\-u’\_____,--"""!. E,f" o > ) ‘Ir st
s \( . ST S A e e ?_ g
i e . b
i ; . Fi=8 &= @t
g Q3 ‘Consider g Systematc bloch code whose Panity check equations are: P <k e
NS < 1W NV y
f/ ri_ ; ."-."._"_-; " Ang e ,_:E-I,,.;- - W : L Jﬂi{f_ . 2 R i
g e 0 L R el o = (O Jﬂl/‘? o HEN N i B N
kK = #ne) ) =Ty AL 4 e - e -1 e
. 3 : L .1 |
b, = 1 by —r .erm ¢ ___‘:?(I ”- :'Ii| i O .l. l
£ E )5' ‘1'1 l \.. '!l '1 O -
N Uy = M, 4 iy 4 24 e -J; \ e . =g 8 X X
Where myare the NEssage s/ K= 0. [ 2 3 angk b, are the x_l‘u.i bw el O U Lt & z/
_“.%] What are the parameters AW R ! T s L figrtor matrix for the code. - (2 Marks)
(D) What :5\the minimum }Ltrt aiing distance” Jfow nuny errors CJH the code correct? (2 Marks)
7c) Is the vt,r:tor‘[I 010 I U | "= avahd codeword? = o 2 Tﬂ'. i (2 Marks)
(d) [s the vEClor [U i 0 U Al alid Ct"dr_‘w "ILE Lk‘vuﬁ ‘X (2 Marks)
2 | |
2 £ = - j
‘t\ !%4 bor the given encoder (re il oran:; : i @/UD%
| SWie ol D f‘ _ %" ﬂ!,-, T
4)  Draw the encoder Stalte dhwersng® (4 Marks) " _
D) Draw the mefa,l :’(:.ham LU IR WET ) (+ Marks) ¥ - AT
; e, e - o v i i 5™ o
R Wreite the generator po Ht':.f;,‘-.;'FHt."_,}l-.l!1.'-‘~1-L"i’im_'t‘i.';'l (2 Marks) b4 :"'-"L—_a.ﬂ_;:_:‘_lh ot =0l
_//?d) Encode the message sequetice J (3 Marks) : ;“j‘*’:f:fb-h -y (g
_ 5 Py P o 2
Yol g2 (2 Lo fr i T e T N e S
) - | L b b | ‘ G (9
’ i‘ ' ; : ??LI‘ I-"r _}"' A _."- : 1 '&QL_,.-"’".L i u:“j "
=i { 1 - : - A ) = gl
P !r' ] : ‘\I . § . T e {h}n R T . (/ 'r (s ,
' f.f".| £1°) Y, L .:;_.--}

F Y . - > il i _ f} - ] ‘_{,_,_F'" ! : (,"
W2 =ttt B i;/;_i;

. n
]
— —

QS: Given that the mutual Jr‘:f'{-;'.-;-,':z'-ma‘t X V) & - X coyey D(Y J’HOQ{P(}’ Y)/p( ). derive
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Information Theory and Coding (CM303)

Midterm Exam (40%)
| 07 June, 2015

tor: MEng. Hosam Almgadim Time Allowed: 2 hours

(’// ' What is the maximum ¢ntropy H(s) for Binary Discree Memoryless Source//

) .- 3 , e mJ__u—--——w——-—*——m-—-
(BDMS)'? Plove Your answer'/ J o i M }_1,0 Polnts)

' - . x#*'_-—'._-‘_“wf-h 1 T / : ,a"’if. g ™y = “ 1; :,

E A X - /
h duranon 1s 0.6

/ telegmph source h?VII]g two Svn’lbols; dot and dash. ic‘(i:,:_t;

ngldi’* and the d%n 15 two th)d ofthe dash duratlon Fhe pmbabi 1% of
the idot occumm, 18 tw;ce that of the ¢ dash, and the | ‘ume between symbofs s 0. oy
seconds. Lalcu}%te the Informatlon rate of the telcglaph source? (10 points)
5 | )\QK | Jra 1

¥ @}\SY | o

WA A discrete memoryless source has an alphabet of seven symbols withﬂ

probabilities for its Ouiput as described in following table:
> g g i — y

'S[; _ S; | Sg 83 S-fl 85 S(}

_._._.._—\_a—..._.-\_..-\. e

0-25 10.25]0.125 [0.125 | 0.125 0.0625_'0.0625,3;)5

. | i
——n, bl

7/ 1. Construct a Shannon Pann code for tl the source and calculate the cff'cmn__cy of

coding? e - o (10 points)
2. Construct a Hufﬁnan code for the source and calculate the cfficiency of
coding? And compare (he resuls? (10 points)

e )
- _::__.'-——___bl-w— x

Good luck!



Information Theory and Coding (CM303)

Answer of Midterm Exam (40%)
; 07 June, 2015 |

—— A

Instructor: MEng \Hosam Mmffadrrm - Time Allowed: 2 hours

Q]_. Answer:

Since it BDMS then the source has two symbols sl and s2. Let the probability of s
1S p(s1)=a then the pmhahtllfy 0f s2 is p(SZ)—~I-a. The entropy H(s) of this source:
H(s) = -a loga(a) - (1-a) log,(1-a) ij
Note that when  3=0 -2 H(s) =0

a=1l =2 H(s) =0 _
The maximum entropy can be found by the differentiation of H{s):

- C s -l (1)
dH(s) B d(—a log,(a) = (1—a) log, (1 — a)) ~ *’“iﬁ H_ﬂ%@o]ﬂi BY ‘;L;\ j )

da da 4‘\
g, ) W/ [ "@\) b/'i“t} ( '
dH(s) , f M;Gvf/r i
. —log;(a)4 Iogz(l_-—.a)
a’H(s) at l—a
da 08> ( J
The maximum is found when dgf) = U=,
e | 1—a
log, ( ) = 0 when =1
LA a

" a:O.S

Whach ‘means when a= O 5 H(s ) IS mammum L

e

H(s) = OSlogp(O 5 (1 0.5) ’Ogg(l 0.5)= 1 bit/symbol

Good luck!



Q2. Answer:

Given that: L. Dash duration: 0 6 see.
2. Dot duration: 273 x 0.6 = 0/ d sec.
3. P(dot) =2 P (dash).
4. Space between symbols is 0.2 sec.
Information rate =9

1. Probabilities ot dots and dashcs:

Let the probability of a dash b% o }Th{,refore the probability of a dot will be ¢ "2P7. The total
probability of transmitting dots and dashes is cqual (o 1.

P (dot) + P (dash) = I
(dot) + P (dash) -
Pit 2P Y . P=1/3
Probability of dash— 1/3 -
And  Probability of dot. = | 2/3

. Average information H (X) per symbol:
H(X) =p (dot) log, [1/P (dot)] + P (dash) - log, [1/P (dash)]
H(X) = (2/3) logd?&] +(1/3) log, [3] =0.3899 +0.5283=0.9182 bits/symbol.
3/., Symbol rate (Number of symbols/sec. )z |
The total average time Per symbol can be calculated as follows:
- Average symbol time ﬁ ”Drw X PDOT)] + [Tpsey % P (DASH)] + T St

= 0.4 x 2/3] + [06x1/3]+02 06(675&/&,}1}1[}{}]
) m—‘

ﬁl--—-—....-q.

Hence the average rate ol symho! transmission is given by:
a Ry = 1/T= [.5000 symbols/sec.

: T e T ——
4. Information rate (Ry): S

Ri = /RyxH(s)=1.5000x 0.9182 = 1./ bits/sec

"} TS

Good luck!



Q3. Answer:

- Shannon-Fano code:

Symbols | Probability | Step 1 | Step2 | Step 3 Step 4 | Code word
S, 0.25 0 0 | 0 |
S 0.25 0 | i 01
S, | 0.125 | 0 0 " 7100
Ss | 0125 o ! 101
s, 0.125 | | 0 w110

T &, 0.0625 1 | | 0 1110
Ss- | 00625 | 1 | | T

Average code word length (L): L= Z;(z:g Pi X ni

=(0.25x2)+(0.25x2)+(0.125x3 ) +( 0.125 x 3 )+ (0.125x 3 )+ (0.0625 x 4 ) + ( 0.0625 x 4)
=2.6250 bits/message == -

Entropy of the:éour'ce'(l-l}:
6 . ; | |
H (si) =Xk=o Pix log,(1/p;)
=0:25 logs (1 /0.25) +0.25 log, (L1 0:25) + 0.125 logy (1 1 0:1257% 0.125 log, (1/70.125) +
0.125 log, (1 /0.125) + 0.0625 log, (1/70.0625) +0.0625 log, (1/0.0625) =2.6250 bits/symbols

H 2,025
Code efficiency n =R Iﬂ():,”: :}"x 100

A

1N = |00{3fu

Good luck!
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Q1. (10 Marks) In a TV transmission, picture consists of 2 x 10° elements, 32 different brightness
levels and pictures are repeated at a rate of 32 pictures per second. I the brightness levels have equal
likelihood of occurrence and picture elements are independent, find average information rate of
this TV source? -

Q2. (12 Marks, 3 each) For the Binary Symmetrical Channels shown below:

1-
a) Find the Channel capacity whenp=1,p=0, p=0.5, and p = 0.37 P(al) : P(b1)
b) Find the Maximum Capacity of the Channel? A P 5
¢) 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) 1 P(b2)

d) How can you make the channel works at half of its Maximum Capacity?

Q3. (8 Marks, 2 each) Consider a DMS Source with symbols Si, i=1,2,3,4. Table below lists 6 possible
binary codes

a) Find which of them distinct codes are? Si 1C fagl; “{;?dgiﬂf tgl;snmgeﬁs
b) Find which of them prefix-free codes are? s1 00|11 01111 |10 0
¢) Find weather instantaneous codes are existence for s2 lo110011 |10 | 100 |1110
these codes? | | $3 /0110 |00 | 110 | 1000 | 110
- d) Can you decide which code is the best code for this salo00l01l11l0 |1 10
( "~ source, and why? - L L

Q4. (15 Marks, 3 each) Consider a Systematic Linear Block Code whose parity check equations are:
Po = mo + m1+ m3, P1 = mo + mz2+ m3, P2 = mo + m1 + mz, and P3 = m; + mz + ms3, 2
Where mi are the message bits, i =0, 1, 2, 3, and Pi are the check bits, 1=0, 1, 2, 3. K = 2§ A = {
(a) Find the generator matrix of the code and draw the Encoder? L
(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 syndrome look-up table?

0 (e) Arethe vectors [10101010]and[01011100]valid codewords? (show the answer steps)

<« U ; : ; .
3 Q5. (4 Marks) Given a Binary Convolutional Encoder with K=3, rate 1/3, and Impulse Response
= \'% 101011010. Encode the input sequence bits m = 101012 And write down the pelynomial equations of
-’x\ L

B 5 9 = o 1S2 ‘ﬁb‘irj

the encoder? Ss 6 B(f L

& il B
o T~

Q6. (3 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? &\5 (;% J, Uy ‘Jg 3. U
) ~ 10|
Q7. (8 Marks, 2 each) Briefly answer the following;: o\ | B
1] How do we measure information content in a message? ot — ; "
2] What reduces mutual information between input and output of a channel?
3] What is the purpose of source coding and channel coding? | l o |
4] What is the advantages of convolutional codes over block codes? | © 0 © \
’ ot oo | OV
Zo LG colo &1 oF
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