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Information Theory and codes - Homework 1

Problem 1

Compute the maximum capacity (with respect to z) of a symmetric channel whose stochastic
matrix depends on the parameter z

1—4z 2 3z
3x x 1—4x

By observing the matrix, we can see that the channel has two input and three possible out-
put, so it can be modeled as a BEC channel whose Source set of symbols is S = {s;,1 = 1,2}
and User’s set of symbols is U = {u;,5 = 1,2, 3}.

1—4dx
81 g“ U1
U2
89 Us

1 —4x

In order to evaluate the capacity, we start considering the probability mass function of the
input symbols. :

Let us suppose to transmit the first symbol with probability P(s = s1) = p, and the second
one with probability P(s = $3) = (1 — p), where p € [0,1].

The channel stochastic characterization can be easily represented by the following:

, 1—4dz =z 3z
P(s)=[1£p], P(u|3):{ 3z 1~4:1:]

By the definition of conditional probability,

P(uls) = P(s,'u) P(s,u) = P(u|s)P(s)
We obtain the joint distribution:
P(s,u) = {P(s = sp,u=1uy),i=1,2,5 = 1,2,3}

P(S,'lb) = gia %I_B;)]; g;(lm—zi p) (1 - 4?;)/]()1 - p)
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Information Theory and codes - Homework 1

We may get to P(u) by summing over the columns.

(1 —da)p + 3z(1 — p)
= P(s = s;, Plu) = : 1—p) -
Z’ (s U). () op ipa— f(4w)(111>)_ )

That’s what we get by multiplying the two matrices P(uls) and P(s).

Given that we have a free parameter 2, we have to evaluate the range in which we want to
let such variable vary.

In order to get probabilities, the following has to be verified:

1) 0 < Puls) <1,Vs € S,u e U

which gives us z € [0, 1] C R.

2) Z Z P(s = sj,u=1uy) = Z Plu=mu;) =1

868 ugel u €U
that’s always true for every 2 € [0,4] C R and for every p € [0,1] C R.

Then we compute the mutual information between the source and the user.

Oz) = Ilrjl(a? I{u, s)

=37 3 Poaon (2920 = 3 5 i, (2282)

s;€S uzely ;€5 uyely

Since we had P(s,u) since before, we computed:

1—44 3 .
P(U!S) — p—’fa:p—f—&v 1 7:1:p—41§:p+1
P(’U;) 3z 1—4x

p—Tep+3x Top—dw—p+1

Then we discussed the singularities of the matrix:

p=0-—x#0

p—Tzp+ 3z #0 ”b?é(ﬁ?:ﬂ zzl—axzé
- =0 z#s
Tap—da—p+1#0  w# 5 gzljﬁié

Yields to singularities for the mutual information in (z = 0;2 = $) so we will consider
v €)0, ;[C R.

Ferro Demetrio, Minetto Alex Page 2 of 11



10

2¢

KD

HZ)

48

Information Theory and codes - Homework 1

In order to compute the capacity of the channel, in function of « and of the parameter p, we

wrote o Matlab code:

cle

7 clear all

close all

x=sym(‘x',’'real’};
p=gym(‘p’, ' real’);
Pxy=sym(’Pxy’, real’};

Py _x_y=sym{'Py_x_y’,'real’);

Py_x={[ 1-4%x X 3%x; 3%«Xx % 1-4xx];

v Px=[p; 1-pl;

Py=Py_x' «Px;

for i=lisize{(Py_x,1)
for j=l:size(Py_x, 2}
Pxy (i, 3)=Py_x (i, 3) «Px(i};
Py _x_y(i,))=Py_x(i, 1) /By (3);
end
end

Py_s=[p-T*xp*x+3xx; X; Txprx-p-4+*x+1];

Hx=sum (Px.*log2(1l,/Px)};
Hx_ev=[];

Hy=sum(Py_s.+x1log2{l,/Py_s}));
Hy_ev={];

Ixy=sum{sum(Pxy.*log2 (Py_x_y)});
Ixy_ev=f];

w=0:,01:,25;

s px=0;,1:1;

for i=1:11

1f (px (1) ==0)
px{i)=1le-10;

end

1f (px (1) ==1)
px{i)=1-1le-10;

and
if(x(1)==0)}

X (1)=1le-10;
end

if (x{end)==0,25)
% (end)=0,25~-1e-10;
end

p=px (i) ;
Px_ev=eval (Px);
Hx_ev=[Hx_ev; eval{Hx)];

subplot(2,11,1)
stem({0,1),Px_ev,’ £il1"}), hold on
axis({-0.5 1.5 0 1])
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Information Theory and codes - Homework 1

oo xlabel (sprintf {'p_0=%2,2f\np_1=%2,2f',p, {(1-p)));

or Py_s_ev=eval (Py_s);
Hy_ev={Hy_ev; eval (Hy)];
£
subplot (2,11, 1+11)
o stem({0,0,5,1],Py_s_ev,’£i11’), hold on
axis({-0.5 1.5 0 1])
i
Ixy_ev=[Ixy_ev; eval (Ixy}];
70 end

vz [Itrmax, Xindexmax]}=max (Ixy_ev’);
[C, Pxrindexmax]=max{Ixy_ev);
74 Cmax=Ixy_ev (Pxindexmax (1), Xindexmax (1))

7 legendCell = cellstr{num2stri{x’, 'x=%2,2f7));
h=legend(legendCell);
7o set (h, 'Font8izel, 8,/ Location’, ' BastOutside’ )

so £2=figure(2);
set (£2,'Name’,'Entropy of the source and of the user’)
subplot(2,1,1)
plot (px,Hx_ev,'r’), hold on
a4 title{’EBntropy of the source’);
ylabel ("B{s)’);
xlabel ('p = [0, 1]');
subplot (2,1, 2)
se plot (px,Hy_ev’)
legendCelll = cellstr (num2str(x’, "x=%2.2£7));
3¢ hl=legend{legendCelll)};
set (hl,/Font8ize’, 8, 'Location’, BastOutside’);
2 title ('Entropy of the user’);
ylabel ("H(u)");
94 xlabel ('p = {0,1)7);

5
S

b

o £3=figure(3); .
set (£3,/Nanme’ ,'Mutual information bhetween Source angd Userxr’)
g plot{x, Ixy._ ev)
hold on
1o plot (x {(Xindexmax {1)),Cmax (1) ,’x.’)
hold on
1ot legendCell2 = cellstr (numZstr{px’, "p=%2.2€f7));
h2=legend(legendCell2);
104 set (h2,'FontSize’, 8,/ Location’,’ BastQutside’);
title (*Mutual information between Source and User’);
106 text (x (Xindexmax (1)) +0.003,Cmax{1)-0.03, sprintf (’/Cmax=%2,2f’,Cmax (1)), ’'VerticalAdlignment’,
bottom’, ...
‘HorizontalAlignment’,  left’)
wy ylabel (P Ixy’);
xlabel{'x = (9, 1/4]7);
110
f4=figure(4);
112 set (£4,/Name’, "Mutual information behaviour in fuction of p and x7)
surf (x,px, Ixy _ev)
114 hold on
title ("Mutual information behaviour in fuction of p and x');
116 xlabel{’z [0, 1/417);
ylabel ('p (9, 117);
e zlabel (PI(u,s8)");

i

i}

Exercise 1 implementation in Matlab,
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Whose output is the following:
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Figure 1: Probability mass functions of the Source and of the User in function of p € [0,1] and z €0, ].
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Figure 2: Entropy of the Source and of the User in function of p € [0,1] and = €]0, §[.

At first we noticed that the Channel Capacity: C(z) = max I(s,u)
4

is achieved, for every «, in P(s) = [},1], sowhenp=1—-p=1.
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Information Theory and codes - Homework 1

Hutual Information babwveon Source and User
. Cmax=1.00 T T T

xw (0, 174}

Figure 3: Mutual Information between the Source and the User in function of p € [0,1] and @ €0, 3 [.

Mautua information behaviour n fuction of p and x

Pl s X [0, 4

Figure 4: Mutual Information between the Source and the User in function of p-€ [0, 1] and  €]0, 1l
The maximum Capacity in function of 2 is:  Chax = max () and it’s maximum when
x — 0 from the right, We may consider, then: 1in)1+ Chax(z) = 1.

2
because, in our channel, for values very close to zero, the channel has in ideal behaviour,

its error probability is close to zero,
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Information Theory and codes - Homework 1

It can be seen easily by considering x = 0:

P(u

S)Luo = [ (1) 8 (1) ] P(e) = Zb Plu=s|s # i) =0
;€8

Yields to the maximum capacity, since we are transmitting as much amount of information
as possible, without any error,

Afterwards, we noticed that in 2 = %— the channel has zero capacity.

This may be easily seen by considering the ratio between the conditional probability and the
User’s symbol probability.

1-4 4
T sl BT )
ol 3 1—de
P(u) T ;:;ZT;{ 1 7:13])~4(B£13+1 1

w=i

In order to get to a deeper view, let us think to what the ratio stands for:
Pluls)  P(uls)P(s)  P(s,u)
P(u) — P)P(s) ~ P(u)P(s)

"The product of the probability mass function of source symbols and the probability mass
function of the user’s symbols is equal to the joint probability function!

=1, Vs, € S,uy €U —  P(s,u) = P(u)P(s)

In other words,P(s,u) = P(u)P(s) means that P(u) does not depend on P(s), then what
you get at the end of the channel does not depend on what you transmit anymore.

Z Z P(s,u)

8;€8 u €l

Moreover,  I{u,s)

L=

logy(1) =0, Vs; € S,Vu; € U,
7

-1
ﬂn——,,
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Information Theory and codes - Homework 1

Problem 2

An alphabet consists of five digits {1,2,3,4,5} which are used with the same probability.
Find the average length of the code words of an optimal Huffman binary code considering
words of two digits., Compute the efficiency of the code (i.e. the ratio between the enetropy
of the primary alphabet and the average length of the secondary words per symbol), and
compare this efficiency with that of a binary block code that encodes the words of two digits
in blocks of 6 bits.

In order to find the average length of the Huffman code for an alphabet of N digits mapped
in words of k digits, we have to compute all the possible combinations, consisting in N* words.

Since the digits of the primary alphabet are equiprobable with probability —11\7, we will get
equiprobabile words equiprobable with probability (%)’c

In our alphabet we have § digits X = z;,¢ = 1, ..., 5, equally distributed with probability
PX =mz)=3% Vi=1,.5

The alphabet built up considering words of two digits will have 25 words Y = y;,7 =1, ..., 25,
equally distributed with probability P(Y = y;) = 515, Vi=1,..,25.

Huffman coding requires to build up a binary tree.

In order to do that, we wrote a Matlab code:

clear atl
close all
cle

Nsymbols=5;
Ndigite=2;

M=Nsymbols“Ndigits;

1f mod{log2 (M), 1l}==

Depth=floor (log2 (M});

Ndots=2" (Depth+1)-1;
else

Depth=floor(log2 (M))+1;

Ndots=2+ ( (2" (Depth~1)~ (2 "Depth-M) L +2+2"Depth-M)-1;
end

Stepx=2"Depth;

TotDotsR=zeros (1, Depth+l);
TotDotsl=zeros{l,Depth+l);

rx=zeros(l,Ndots);
ry=1;

qy=0;

k=1;

kr=1;

kl=1;

ryprev=0;

ddot.s=0;

figure (1)
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Information Theory and codes - Homework 1

gset (gct, ' name’, sprintf (‘Hutfman Tree: %d symbols’,M), ' numbertitle’,’off’);,

for i=l:Ndots
h=waitbar (i/Ndots);
ry=floor (log2(i)};

if(gqy”=ry}
Stepx=Stepx/2;
k=k+1;

end

1f iwm=
rx{i)=0;
elself i==Ndots && mod{TotDotsL(k)+1,2) =0
rx{i)=5tepx*{(i+2);
TotDotsR{k})=TotDotsR (k) +1;
elgeif (mod (i, 2)==0)
rx(il)=Stepxx (i+1);
TotDotsR (k) =TotDotsR(k) +1;
else
rx{i)=-Stepxri;
TotDotsL (k) =TotDotsL(k)+1;
end
qy=ryi .
plot(rx(i),ry,’ k.’ ,'markersize’, 12)
% axis off

1f (L>=M)

text (rx{i)-0.1,ry+0,2, strcat {strcat (!X {/,num2str (1-M+1),/}17)});
and

title(sprintf (’ Huffman Tree: %d symbols',M));

hold on

if(rxy>1 && i<Ndots)
ddots=mod {1, 4);
if ddots < 2
plot ([rx (i) rx(round{i/2))},{ry ry-11,'k")

hold on
else
plot ({rx (i) rx{round(i/2)-1)],[ry ry-1],’k")
hold on
end
elseif (i>1 && 1<4) |} (i==Ndots)
plot ({xx(i) rx(floor(i/2})], (ry xy-1], k")
hold on
end
end
close(h);

TotDots=TotDotsL+TotDotsR;

if mod (TotDots (end),2)==
TDots=0,5+TotDots (end) +Totbhots (end-1);
else
Thots=floor (0,5xTotDots (end) ) +TotDot s (end-1);
end

Lavg=(TotDots(end)*Depth+(2“Depth—M)*(Depth—l))/M;
Lavgl=Lavg/Ndigits;

Entropy_Ndigits=1/Ndigits«log2 (M};
Exercise 2 implementation in Matlab.
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Information Theory and codes - Homework 1

XZQ(Z?(@(I)(I&(\&("XB Huffman Tres: 25 symbols xﬂxt8<12(12(1!?(13<2&(22(22<25

Figure 5: Huffman Tree huilt on the set of words of two symbols belonging toa 5 digits alphabhet.

By this way, we may compute the average length of the code words:

-~ 7-4418.5
E:..———-—————————-——: .‘ 'ru‘
oF 4.72 bits

In order to evaluate the efficiency, we may compute the Entropy of the secondary alphabet:

H(Y)= )" P(y)log, ('j:"(l{jj)

yi€Y
25

1
HY)= % log,(25) = 2log,(5) = 4.64 bits/use.
=1

Then we compute the efficiency of the code:
_H(Y)  2logyb
e T TIm

=

= 0.98;

Then we proceed encoding the words of two digits in blocks of 6 digits.

Let us consider first the fixed block coding of the primary symbols:

Ferro Demetrio, Minetto Alex . Page 10 of 11



Information Theory and codes - Homework 1

000
001
010
011
100

DO} =

(G131~ Rb]

Worglslof two digits will be encoded considering the combination of couples of the previous
symbols:

11 ] 000 000
12 | 000 001
13000 010
14 | 000 011
15 | 000 100
21| 001 000
22| 001 001
23| 001 010
24| 001 011
25 | 001 100
31| 010 000
32 [ 010 001
33| 010 010
34 [ 010 011
35 | 010 100
41011 000
42011 001
43011010
44011011
45011 100
51 | 100 000
52 | 100 001
53 | 100 010
54| 100 011
55 | 100 100

In this case the length of the words is constant and equal to 6.
¢ = 6 bits
We may evaluate the efficiency of the coding by considering again:

H(Y) _ 2logy(s) -
/ 6 Y

=

In conclusion, we have that extended Huffman coding with words of two digits is more
efficient than binary block coding that encodes words of two digits, since 71 > 7.
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cyclic code (15,5,7) and sent on a

Information Theory and codes - Homework 2

O bt b2+ 1

Decode the following received message:

g9(z)

A message has been represented as a binary stream, with letters (blank and punctuation

signs counting for letters) represented by blocks of 5 bits according to the table loaded in

the Web site, folder Materiale.
The message has been encoded with a non-systematic

noisy channel, The code generator polynomial is:

Problem #3

))))))))))))))))))))))))))))))))))

~

R o T T N I N S e T T T T T N N I T T T T T T T T
77)77)7’)713713”,”?’13557777,)”3??

R T o T o T S R S N T T T e S
L T e T T N N T I T T T T ST 2 T P

B T T = T = T = T = TS S

Page 1 of 8

e T N

. m()

The whole encoded message can be found in the Web site, folder Materiale, file Encod-

edMessageHom2
The algebraic decoding may be performed working in the finite field F(2) with generator

polynomial:
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In order to decode the message, we considered the roots of the generator polynomial m(x)
in the extended field Faa.

o 1 a® a+a? a 14+ a4+ a?

o' o b P+l al! a+a?+ad

a? o? " T+a+od|a? l+a+a?2+ad
o b &b 14?2 % 14 a?+al

ot 1+ald® a?+ad at 1+a°

For every sequence of 15 bits received: [ry, 71,79, 73,74, 75, 76, 7,78, T, 10, 711, 712, 713, 14, |
we evaluate the corresponding polynomial:

[y = L]
r(x) = 1o + 112 + 192? + 732% 4 raz? + 1r5a® + ral + rpaT+
+rged + rox® 4+ 110210 + ratt 4+ rigat? 4 riget® 4+ rgeztt

Since the polynomial obtained corresponds to the received word, transmitted on a channel
affected by noise, 7(z) = c¢(z) + e(z), where c(z) and e(x) are respectively the code word
and the error polynomials.

The encoding rule allows to recover up to 3 errors, given that d =7, d =2t + 1, where t = 3
is the maximum number of correctable errors,

By considering 7(z) = ¢(z) + e(x), where ¢(x) = g(z) - I(z) is the product of the generator
polynomial g(z) and the information polynomial I{z) and e(z) = E1a” + Epa’? + Eyx?,

But, being in a F, field, the magnitude of the error E; € {0,1},Vi = 1,2,3.

The decoding procedure was achieved by using the Peterson-Gorenstein-Zierler algorithm
(PGZ), We computed 2¢t = 6 syndromes: Si,Sq,Ss,5:, S5, 5 by evaluating the received
polynomial in the roots of the generator polynomial: Sy = r(a®),Vie=1,.--,2¢.

Si=cla)+el@) [ Si=al+altak

Sy = c(a?) + e(a?) Sy = o + o2 4 ¥
S3 = C(OdB) + G(CBB) = S3 = ot 4 o302+ o0
Sy =clat) +e(at) T ) Sy =¥+ a¥r 4ot
Ss = ;(of’g + e(a5§ S5 = o + @2 4 s
Sg = (}(0’6) + 8(0’6) L Sg = a1 4 iz 4 0

By considering r(o') = c(af) + e(a’) = e(af) =0 Vi = 1, ..., 6, since ¢(oy) = 0Vi = 1,..., 6.

The next step was the implementation of an Error Locator Polynomial. . '
First of all, we noticed that there could be a different number ot errors, running from 1 to 3.

In order to find the number of errors present in the received message, let us consider that v
is the actual number of errors, where v € {1, 2, 3}.
The error locator polynomial will be different depending on the number of errors v:

oW (z) =2 + 012" L+ .. oy

In order to find the solutions of the error locator polynomial, we may rewrite it differently:

v

.a(") (2) = H(z + %)

i=1
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Now, we want {z }%_; to be the roots of the polynomial.
' 15 j=1 y
zj + a,'z;-’"l +..+0,=0

Now, for t = 3 we will have:

2+ 012, + 0221+ 03 = 0 0183 + 0952 + 0351 = — 54
%+ 01z H ot o3 =0 =< 0194+ 0283+ 0,55 = =5
23 + 0123 + 092z + 03 =0 0155 + 0254 + 0353 = —56

which can be written easier this way:

St Sy Sy 03 —S4
SQ 5'3 34 . 09 o —Sr,
Sy Sy Sp oy —Sg
In general, we may say that there will always be;
S, o S, o, _gf‘“
TR o = | Tout2
Sy e Sopet 01 TP

Call M, the first matrix containing all the (2/s — 1) syndromes.

It can be shown that, if there are v < 3 errors, then the matrix M, is nonsingular,
but I\/If4 is singular if there are p > v errors.

Finding the largest v < ¢ such that det (M,) # 0, we get the number of errors.
So we may compute the {o;}%..; coefficients of the error locator polynomial.

Now, in order to find the c]{')OSitiOIl of the error, we have to evaluate the polynomial in all the
roots of the extended field.

iy [ =0 if there is an error in position 4, . _
o™(e) # 0 if there isn’t any error in position 4; Vi=0,..,14

Now that we know how many errors are present (), and which are their positions {J}7.1,
we may estimate the error polynomial:

14

bw) =Y ol

i=1
And the correct code word that we should receive:
&z) =r(z) + é(z).
Now, by dividing it by g(z), we get to the actual information message I(x).
é(x)
I{z) = —=
(@) g(x)

which will be mapped again in 5 bits, which will correspond to letters with a suitable function
that we developed, which will be shown further.
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~ e e e e s e e e

D I L = T - S = T N

R e T T T T T VR T SN

P T - TE NN

T T T T T T U S S Y

P T T T T T S

T T e T T T -

which corresponds to the string:

if we will be quiet and ready enough,we shall find compensation in every disappointment.”

That’s the coded one.

Page 4 of 8
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8.4

Information Theory and codes

- Homework 2

Here is reported the code developed to solve the assigned problem:

clear all

v close all

cle

fdrxmsg =fopen(’receivedmesgsage . txt’, v’ );
Rstgutextscan(fdrxmsg,'%d’,’delimiteg’, oY
RxMsg=RxMsg{1,1};

syms X g.x m_x I_x_bin_tot alpha roots roots_ev

I_x_bin_tot={];
n_err_tot={];

m_xX=x"44x+1;

roots=[(alpha”12 alpha®11 alpha"13 alpha”10 alpha”7 ...
alpha”14 alpha”9 alpha"8 alpha”6 alpha"5 alpha®4};

roots_ev=[l+alphatalpha”2+alpha”™3 ...
alpha+alpha“2+alpha”3 ...
l+alpha®2+alpha®3 ...
l+alphatalpha“2 ...
l+alphatalpha®3 ...
l+alpha™3 ...
alpha+alpha™3 ...
l+alpha®2 ...
alpha"2+alpha”3
alpha+alpha”2 ...
l+alphal;

g_x=X"10+X"B+xX"5+x"4+x"2+x+1;
wordIndex=0;

fprintf (' Starting to decode ...\n’);
for wordIndex=1:15:length (RxMsqg)

syms r.x c_x e_x I_x I_x_bin
S1 82 $3 S4 85 S6 z sigma_z sigmal sigma2 sigma3

RxWord=RxMsg (wordIndex:wordIndex+14);

% COMPUTE THE SYNDROMES
r_x=poly2sym{RxWord (end:-1:1)};

Sl=subs({r_x, x,alpha);

S2=subs{r_x,x,alpha"2);
S3=subs{r_x,x,alpha”3);
S4=subs{r_x,x,alpha”4};
$B=subs {r_x,x,alpha”5);
S6=subs (r_x,x,alpha”6);

[gl, S1)=quorem(S1, subs (r_x, x, alpha)};
{q2,52)=quorem (32, subs (m_x, x,alpha));
{g3, 83)=quorem (83, subs (m_x, x,alpha));
{qd, 54)=quorem (84, subs (m_x,x,alpha)); .
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Information Theory and codes

¢

- Homework 2

[as5,85]

=qguorem (85, subs {m_x, ¥,alpha))};
;

{g6, S6]=quorem (86, subs (m_x, x, alpha))

Sl=mod (51, 2);
S2=mod (S2, 2);
S3=mod (53, 2);
S4=mod (S4,2);
S$5=mod (55, 2) ;
86=mod(s6 2);

1f mod (subs (mod (det
if mod(subs (mod
|1 mod(subs (mod
|1 mod{subs (mod
|1 mod{subs (mod
11 mod (subs (mod
i} mod (subs (mod
|1 mod (subs (mod
n_err=1;
@lse
n_err=2;

{s1, 82,
det ([83,
det ([S2,
det ([S52,
det ([S2,
det ([S1,
det ([S1,
det ([83,

n_err=3;
end
n_err tot=[n_err_tot,
switch(n_err)
case 1
sigma_z=2z+81;

case 2
Bgl=$3+sigmal+S2+sigma2+31;
Bq2=S4+sigmal+*383+sigma2«S2;

[sigmal, sigma2}=solve(Egl,

sigmal=subs (sigmal, roots,

83; 83, 83, %4,
S4;
34; 83,
33; 83,
83; 54,
52; S3,
$4; S84,

52,
84,

54;

851).2)
$47),2)

85)),2)
S41),2), roots, roots_ev),
55)),2),roots, roots_ev),

n_err);

EQ2);

roots_ev);

[sigmalnum, sigmalden]=numden (sigmal};

sigmalnum=mod (sigmalnum, 2);
sigmalden=mod (sigmalden, 2);
sigmals
sigma2=subs (sigma2, roots,
{sigma2num,
silgmaZnum=nod (sigma2num, 2) ;
sigmaZ2den=mod (sigma2den, 2);

subs (simplify (sigmalnum/sigmalden),

roots_ev, roots);

roots_ev);

sigma2denl=numden (sigmaz);

sigma2=subs (simplify (sigma2num/sigma2den), roots_ev,ronts);

sigma_z=z"2+sigmal”2+z+sigmai;

case 3

Eql=-S4+sigmalx$3+sigmal«$2+sigmad«S1l;
Eq2=-85+sigmal+S4+sigma2«S3+sigmad«52;
Eq3=-~S86+sigmal+85+sigma2+S54+sigmald«$3;

[sigmal,
sigmal=subs (sigmal, roots,
[sigmalnum, sigmalden])
sigmalnum=mod (sigmalnum, 2);
sigmalden=mod{sigmalden, 2);

sigma2, sigma3d]=solve (Eql, Lqg2, Eqg3);

roots_ev});

=numden (sigmaly;

sigmal=subs (simplify (sigmalnum/sigmalden), roots_ev, roots);

851),2), roots, roots_ev),2)=

,roots,roots-ev),2)==0
,roots, roots_ev), 2)==0
55]) 2) ,roots, roots_ev),2) ==
, roots, roots_ev), 2) ==0
2)==0
2)==0

.

.

B

+

.
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Information Theory and codes - Homework 2

sigma2=subs (sigma2, roots, roots_ev);

[sigma2num, sigma2den]=numden (sigmaZ);

sigma2num=mod (sigma2num, 2);

sigma2den=mod (sigma2den, 2);

sigma2=subs (simplify (sigma2num/sigma2den), roots_ev, roots);

sigmad=subs (sigma3, roots, roots_ev);

[sigma3num, sigma3den)=numden (sigmal);

sigma3num=mod (sigma3num, 2);

slgma3den=mod (sigma3den, 2} ;

sigma3=subs (simplify (sigma3num/sigmaldden), roots_ev, roots);

sigma_z=z "3+sigmal+z "2+sigmal+zt+sigma3;
end

e_x=0;

for j=0:14
sigma_z_ev=subs (sigma_z,z,alpha”j);
[sigmanum, sigmaden)=numden (sigma.z_ev);
modsigmanum=mod (sigmanum, 2} ;
[sigmaquot, sigmarem]=quorem(modsigmanum, subs (m_x, x,alpha));
modsigma=mod (expand (sigmarem}, 2);
if (modsigma==0Q)
e_x=e_x+x"7j;
end
end
c_x=mod{e_x+r_x,2);
(I_x, I_x_rem]=quorem(c_x,qg_x);
I_x=mod{I_x,2);
I_x_bin=sym2poly (I_x);
tofit=5-length(I_x_bin);
for i=1;tofit
I_x_bin=(0,I_x_bin};
end

> I_x bin_tot=[I_x_kin,I_x_bin_tot};

clg;
fprintf{’Decoding in progresa: %2.0£%¢\n’, (wordIndex+15)/length (RxMsg) «100,'%")
end

cle
fprintf (! Decoding complete:\n’);

fdcorrectmsg =fopen (/ correctnessage.txt’,’'w');
fprintf (fdcorrectmsg, ' %d, ', I_x _bin tot(end:-1:1));

[IndexRes, StrRes] = MappingToString('correctmessage.txt!, 5,7 alphabetmapping.txt’);
disp{StrRes);

felose (fall?);

Problem solution implementation in Matlab.

which does exactly what was theoretically formulated in the previous pages.
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Information Theory and codes - Homework 2

The following is a function which maps the coded 5 bits in letters:

function [IndexRes, StrRes] = MappingToString(RxMessage, Step, AlphabetMapping)
fdrxmsg =fopen (RxMessage, '©’);
fdabmap =fopen (AlphabetMapping,’x’);

¢ RxMsg=textscan(fdrxmsg,’%d’,’delimitexr’, 7, '});
& AlphaBetMap=textscan (fdabmap,’%c %s8’,'delimiter’, 7_');
16 RxMsg=RxMsg{l,1};

1% AlphaBetMap=AlphaBetMap{l,1};
StrRes="7;

IndexRes=[];

18

18 for i=l:8tep:length(RxMsq)
Index=0;

for j=0:S8tep-1
a3 Index=Index+2" (Step~1-7j) «RxMsg(Jj+i);
end

if Index==26
26 StrRes=strcat {StrRes, {¥ '}});
else
25 StrRes=strcat (StrRes,AlphaBetMap (Index+1));
end
kD)
IndexRes=[IndexRes, Index];
32 end

awt folose(fall’y;

A end

Mapping to string implementation in Matlab.
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