Q1/ A binary symetric channel having the joint probability matrix of: 0.175 0-075] and

0.225 0.525
(x,) = 0.75. Determine the channel efficiency.
Solution:
P(x,y) - [0.175 0.075] P(X)=[0.25 0.75] from row sum
' 0.225 0.525 Ply)J=[0.4 0.6] from columnsum

_ Pxy) _ [0.7 0.3 .
P(y/x) = ro0 — o3 07 (symmetric channel)

Find K

2
K = Z P(y/x)log,P(y/x)) = 0.7log,(0.7) + 0.3 log, (0.3) = —0.881 bit/symbol
j=1
Find H(y) where P(y) =[ 0.4 0.6]

2
H(y) = —ZP(yj)logzP(yj) = —[0.4log,0.4 + 0.6 log,0.6 ] = 0.97 bit/ symbol
j=1

I(x,y) = Hly) + K = 097 - 0.881 = 0.09 bit / symbol
C = logom+K = log,(2)+ K =1-0.881 =0.119

_ I(x,y)  0.09

= 0 = 0
C 0.119*100 Yo = 75.63 %

Q2/A binary source sending x; with a probability of 0.4 and x, with 0.6 probability through

a channel with a probabilities of errors of 0.1 for x; and 0.2 for x,.Determine:

I- Source entropy.

2- Marginal entropy.

3- Joint entropy.

4- Conditional entropy H (Y | x ).
5- Losses entropy H (X | Y).

6- Trans information.
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Q4/ A source produces dots"." and dashes"-", if the time duration of a dash is twice as

long as dot and has "2 probability of a dot , if a dot intervals is 10ms. What is the average
rate of information transmission? Tgash = 2 Tdot

1
Pgash = E Pot

Taot = 10 msec " Tgash = 2 * Tot

=20 msec

Pgash + Paot = 1

= Pdot + Pyoy =1 " Py ==
and

Pgot = é
Heo = - Xito PxipLog2 Pxi)
H(x)=—[ Ln + = Ln—]
Hxy = 0.918 bits / symbol

= >, Ti Pxi=10 x2 - 120 *
T = 13.3 msec.

Ry =2 = —228 _ 69 bits / sec

Q5/ A channel has joint probability matrix

0.03 0.05 0.12
P(X,Y)=101 0.24 0.06|.
0.24 0.06 0.1

Find the binary channel efficiency and redundancy.



Solution /

0.03 0.05 0-12] LP(X)=[O.2 0.4 0.4] fromrow sum ]

P(X,Y) = [0'1 0.24 0.06 P(y)=[0.37 0.35 0.28] from column
0.24 0.06 0.1

0.15 0.25 0.6
Py/x) = L) =[ ]

0.25 0.6 0.15
P(X) 0.6 0.15 0.25

Find K

3
K = Z P(y/x)l0g,P (%)) — 0.15l0g,(0.15) + 0.25 log, (0.25) + 0.610g,(0.6)
=1

= —1.352 bit/symbol

3
H(y) = —ZP(yj)logZP(yj) = —[0.37 log,0.37 + 0.35l0g,0.35 + 0.28 log,0.28]
j=1

1.575 bit/ symbol
I(x,y) = H(y) + K = 1.575- 1.352 = 0.223 bit / symbol
C = log,m+ K = log,(3) + K =1.585 —1.352 = 0.232 bit / symbol

_I(x,y) 0.223
- C  0.232

R=1-u=1-09612 =0.038

* 100 % = 96.12 %



Q7/ The channel module shown below P(x1) = 0.6 and P(x2) =0.4.Find
a) Marginal entropy H(X) and H(Y)

b) Joint entropy H(X,Y). 4 b > I
¢) Noise entropy H(Y/X). = o
d) Losses entropyH(X/Y). 07 )
X = Y3
Solution /

P(x)=[ 0.6 0.4]

08 0.1 0.1
P(y/x):[o 0.7 03

0.48 0.06 0.0.6
P(x . y) = P(y/x).P(x) = | 0 028 0.12]

P(y)=[0.48 0.34 0.18]

a) H(X) = =YL, p(xi) log,p(x;) = 0.9710bit/symbol

b)  H(Y) =—X2; p(y;)logzp(y;) = 1.4828 bit/symbol

HX,Y) = = X2, XL, P(xi,y;) logaP(x;,y;) = 1.8766 bit/ symbol
c) H(Y/X) = H(X,Y) — H(X) = 0.4050 bit/ symbol

d) H(X/Y) = H(X,Y) — H(Y) = 0.3946 bit/ symbol

0.8 0.1 0.1
Q38/ The channel model shown P(Y/X)=1]0.1 0.2 0.7

0.3 06 0.1
The source information I(X;) = 2 and I(X;) = 4. Calculate

a- the noise(H(Y/X)).

b- loss entropy and (H(X/Y)).



Sol: P(x;) = 272 =0.25 P(x2)= 27%=0.0625  P(x3)= 0.6875
P(x)=[025 0.0625 0.6875]

0.2 0.05 0
P(x,y) =P(y/x).P(x) =0.00625 0 0.05625
0.20625 0.48125 0

P(y)=[0.4125 0.53125  0.05625]

H(X) = bit/symbol
H(Y) = bit/symbol
H(X,Y)= bit/symbol

H(Y/X)=H(X,Y)-HX) = bit/symbol
H(X/Y)=H(X,Y)-H(Y) = bit/symbol

Q9 /Having thetext (* * * # * S HSS# # *** & # # # $ &) .Find:

a- The text probability P(x) and Entropy H(x).

b-If t(*) = t(#) = ©(§) = 0.1 psec and t(D) = 0.2 psec. Calculate average source
entropy rate R(X).

c- The source information of A and B [I($), | (&)]

d- Find maximum information rate that a transmitted over channel 3.3KHz
bandwidth and SNR(dB) = 18 dB.

Solution /

Variable Number P(x) 7(x)
* 7 0.35 0.1usec

# 7 0.35 0.1usec

$ 4 0.2 0.1usec
& 2 0.1 0.2usec

H(x) = - X, P(xi)Log, p(xi) = 1.857 bits/symbol
T=Y& .7 Pxiy=0.7 msec

Rx)= 230~ 65 Kbisec

T



Q70 / A binary symmetric channel (BSC) with the model of Fig. has been connected with

a binary source of information whose symbol probabilities are p(x;) = 0.75 and p(xz) =
0.25.

Find the channel capacity C with the mutual information I(X,y)

X, 0.7 Y,

p(Y 1) = [07 03]

0.3 0.7 . ), Y,

Since the channel 1s symmetric then

C=log;m+K andn=m
where n and m are number row and column repestively
K = 0.7l0og,0.7 + 0.3log,0.3 = —0.88129

C=1-0.88129 = 0.1187 bits/symbol

The channel efficiency 1 = -2

C
I(x1) = —log,P(x1) = 2
P(x,) = 0.75 then P(X2) = 0.25

And we have P(Xi,y]-) = P(Xi)P(y]- | Xi) so that

_[0.75x 0.7 0.25x 0.3]_
PXY) = 0.75 x 0.3 0.25 X 0.7]
P(Y)=[ 06 0.4] - H(Y) = 0.97095 bits/symbol
I(X,Y) = H(Y) + K = 0.97095 — 0.88129 = 0.0896 bits/symbol
Then n = 2222 = 75.6%

0.1187



Q77/  Having the text  MMMAAAHHMMMMOOAAAAHH] Find:

1- The text probability p (x) and entropy H (X).

2- The self information of A and B.

3- If the t(M) =1(4) = ©(H) = 0.1 usec and 7(0) = 0.2 usec. Calculate the
source entropy rate R (x).

Variable Number P(x) T(x)
M 7 0.35 0.1usec
A 7 0.35 0.1usec
H 4 0.2 0.1usec
O 2 0.1 0.2usec

H(x) = - Y, P(xi)Log, p(xi) = 1.857 bits/symbol
T=Y% .1 Pxiy= 0.7 msec
Reo= X =2 65 Kb/sec

T

Q78/ A system having the following joint probability matrix:

0.0625 0.0625
Px,y)=| 0 0.125 Find:
0.5 0.25

1- Marginal entropies
2- Joint entropy

3- Conditional entropies
4- Transinformation

Sol: P(x) =[0.125 0.125 0.75]
P(y) =[0.5625 0.4375]
H(x,y)=

H(x) =

H(y) =

H(x/y) = H(x,y) - H(y)

H(y/x)= H(x,y) — H(x)



Q79/ Consider the joint probability is

_[0.183 0.067
Pey=[7," 0549
Find the channel capacity and channel efficiency of this channel.

0.7333
X1 Y1
X2 Y2
0.7333
Solution /
P(x,y)= 0'123 0'05657] P(X)=[0.25 0.75] from row sum
0. 0. P(y)=[0.383 0.617] from column sum
__[0.7333 0.2667]
P(y/x) = [0.2667 0.7333

2
K = Z P(y/x)log,P(y/x)) = 0.7333log,(0.7333) + 0.2667 log, (0.2667)
=1

J
= —0.836 bit/symbol

Find H(y) where P(y) =[ 0.383 0.617]

2
H(y) = —ZP(yj)logzP(yj) = —[0.383 log,0.383 + 0.617log, 0.617 ]
j=1
= 0.96 bit/ symbol

I(x,y) = H(y) + K = 096- 0.836 = 0.124 bit / symbol
C = logom+K = log,(2) + K =1—-0.836 = 0.164 bit / symbol

_ I(x,y) 0.124

= 0 = 0
- o1es” 100% = 75.6 %




Q25/ For the BSC shown: X, 0.6 Y,

Find the channel capacity and efficiency
if I( X,) =2bits.

0.6
Sol:

p(Y1%) =06 04]

04 0.6

e Since the channel is symmetric then
C=log;m+K andn=m
where n and m are number row and column repestively

K = 0.6log,0.6 + 0.4log,0.4 =

C=log,m+ K =  bits/symbol
The channel efficiency n = @

I(x;) = —log,P(x;) = 2
P(x,) = 272 =0.25 thenP(X2) = 0.75

And we have P(xi,y]-) = P(Xi)P(y]- | Xi) so that

P& = (04 075 06 xo0rs

P(Y) =

- H(Y) = bits/symbol

IX,Y) =H(Y) +K = bits/symbol

Thenn =



Q25/ Two BSC 1s cascaded as shown:

0.8 Vi 0.6
X2 o
08
V2 0.6

a- Find the resultant channel matrix; then, plot the final model
b- Find the channel capacity and efficiency of resultant channel matrix if
[(X2) = 2bits

Solution / a/
(Z/X) = P(Y/X) »P(Z/Y)
_ [0.8 0.2 . [0.6 0.4] _ [0.56 0.44
0.2 0.8 04 0.6 0.44 0.56
X‘ 056 = Zl
.‘/‘/
X o. LY
7
2.5 b Z‘\,
b/ 1(X2) = 2bits = > P(X2) = 272 =10.25

P(X))=1-P(X2) =1—-0.25 = 0.75
P(X) = [075  0.25]

0.56 0.44

P(x, 2) = P(z/x).P(x) = [ 0aa 0ce

] *[0.75  0.25]

_10.42 0.33
P(x,z) = [0.11 0_14] from Colum sum we get

P(Z) = [0.53 0.47]



Find K from P(z/x )

2
K = Z P(z/x)log,P (;)) = 0.56l0g,(0.56) + 0.44 log, (0.44)
=1

J
= —0.989 bit/symbol

Find H(Z) from P(Z) = [0.53 0.47]

2
H(z) = —z P(zj)log,P(z;) = —[0.53 log,0.53 + 0.47 log,0.47 ]
—

J
= 0.997 bit/ symbol

I(x,z) = H(z) +K = 0.997 - 0.989 = 0.008 bit / symbol
C = logym+K = log,(2) +K=1-0989 = 0.011

_ I(x,y) 0.008

= 0 = 0
- 001l 100 % = 72.7%

Q27/ Find the code efficiency of a fixed length code for 15 equiprobable messages

n=15

Lc=int[ log,15] + 1 = 4 bits/message
H(x) =log,15 = 3.906 bits/message

_H(X)  3.906

= 0/, — 0,
= 7 *100% =97.6 %




Q29/ Design Huffman code for the following text AABBAABAAACCBCBBDAAA” then
find code efficiency, p(0), and p(1).

= O
Symbol P(x) °.5

A O o5 z D"')*
o o I |
B 03 — > .73 'D"';
¥ ]\/’
CHOo.15 ]ﬁ°2

D \"' 0.05

Symbol | Number | P(x) Codeword | i 01 li
A 10 0.5 0 1 1 0
B 6 0.3 10 2 1 1
C 3 0.15 110 3 1 2
D 1 0.05 111 3 0 3

H(X) = —Y!,P(Xi)log,P(Xi) =1.64bit/symbol

Lc=Y?_, P(xi)Li = 1.7 bit/symbol

Zoip(xi)

_ =l —
p(0) = DT 0.558  Pay—1- Py - 0442



Q29/ For the following joint probability matrix:

032 008 0 ]

p(x,y)=[ 0 0.32 0.08
0.04 0 0.16

Find the channel efficiency if p(x1) =0.4 and p(x2) =2p(x3).

Solution /
V i, N p—
32\ 0.08 /0 P X)= o1/
p(x,y) =||{c0 | 0.32] 0.0 PN = o 1/ ] X
04/ \ 0 |01 PWXl=ot | 2P

(P\b)_'[o.]_/ o L OQj Ty

NS
1) PMHx) = [‘D_{E’_b_)_ B)bos’ ’
Y\ DY N Y
i\XJb\) a2\
s

/



Q15) Having thetext [ AABBAABAAACCBCBBDAAA], what is the

minimum codeword using Huffman code. What is the code efficiency?

Solution:
A 05— 05—b» 050 |0 1
B 0.3 — 0.3 ir'* 051 |10 2
[}
¢ |0.15 AI** 02 1] 110 3
D 0.05 1] 111 3

H(x) = Xi-; P(xi) logz P(Xi) =0.51l0920.5+ 0.3 logz 0.3 + ------
=1.64bit/symbol

L. = Y7, Li P(xi) = 1.7bits/symbol

= HL(") = 96.4 %

c

32



Q7) Develop Huffman code for A=[aj,azas,as,as] having the corresponding
probabilities [0.05, 0.4, 0.3, 0.15, 0.1] find code efficiency and redundancy.

Solution:
symbol | Pro. Stepl |Step2 |Step3 |Stepd | Code |Li

2 | 0.4 0.4 0.4 0640 P 1 1 1
\\/ i

as| 0.3 0.3 0.3-° /0.4 -1 00 2
| /

2, 0.15 0.15{° P 037 010 3

H
as| 0.1 9_ > 0.15H1 0110 4
a, | 0.05 - 0111 4

HOO = = ) p(x) logap(x)
i=1

B [0.4ln0.4 + 0.31n0.3 + 0.151n0.15 + 0.1in0.1 + 0.051n0.05
- In2

= 2.008 bit/symbol

Lc=04%14+03%24+0.15*3+0.1+x44+0.05%4
= 2.05 bits/symbol

33



8
X 100 = x 100 = 97.959
Lc 2.05 o

redunduncy = 100 — ef ficiency% = 100 — 97.95% = 2.05%

Q8)
A) Design Shannon Fano for A=[ay, a,, as, ay, as, as, a7] having the corresponding
probability [0.4, 0.08, 0.16, 0.12, 0.1, 0.1, 0.04] find code efficiency.

B) Find code efficiency for 32 equiprobable messages coded using fixed length

code.
Solution:
Symbol Probability | Code Li
al 0.4 0|0 2
a3 0.16 0|1 2
ad 0.12 110 1|0 3
ab 0.10 110 |1 3
a6 0.10 11110 3
a2 0.08 111 |1 |0 |4
a7 0.04 111 (11 |4
n
HOO = = ) p(x) logap(x)
i=1
_ [O.4ln0.4 + 0.16[n0.16 + 0.12(n0.12 + 2 * 0.1n0.1 4+ 0.08[n0.08 + 0.04[n0.04
In2
= 2.460 bit/symbol

34



Lc=04%2+016%2+4+012%x3+2%x0.1*3+0.08+4+ 0.04*4
= 2.56 bits/symbol

HX) X 100 = 2460 X 100 = 96.093%
L, ~ 256 D

T’ =
B) L.=log,n =1log,32 = 5bit
H(x) = log,n = log,32 = 5 bit/symbol

H(X)
Lc

X 100 = 100%

’r]:

Q2) A symbols (X1, X2, X3, X4, X5, Xg and X7), with a prpbabilities of (0.11, 0.04,
0.12,0.13,0.45, 0.1 and 0.05) respectively. Develop Hufmman code to obtain

the binary code for each symbol. Calculate the code efficincy.

Solution

35



| 2.26279

- x 100 = 97.750
m="223 00 >%

Q18) For the following symbols for {ai,az,asasas,as,az} having the probabilities
(0.25, 0.35, 0.03, 0.12, 0.07, 0.18}:

(@) Design Shannon-Fano code.
(b) Calculate the code efficiency

Solution:
a.
A P(A) Code l;
a2 035 0 O 2
al 025 0 1 2
a6 018 1 0 0 3
a4 012 1 0 1 3
a5 007 1 1 0 3
a3 003 1 1 1 3
b.
H
= ™ 100
L¢
H(x) = Y log, P(x;) X P(x;)
H(x) =
(0.35x1In(0.35)+0.25XIn(0.25)+0.18x1n(0.18))+0.12xIn(0.12)+ 0.07xIn(0.07)+0.03xIn(0.03)
In(2) o
bit
2.26279 —=
symbol

L = z I; X P(x;)
i

= 2% (0.35+ 0.25) + 3 x (0.18 + 0.12 + 0.07

bits
+0.03) = 24—
message
2.26279
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