
Q1 Optimal Decoder for Communication over BSC
Friday, September 12, 2014 11:48 AM

   ECS452_HW_2014_2_Sol Page 1    



   ECS452_HW_2014_2_Sol Page 2    



Q2 Optimal Decoder for Communication over DMC
Friday, September 12, 2014 10:48 AM

   ECS452_HW_2014_2_Sol Page 3    



   ECS452_HW_2014_2_Sol Page 4    



% MATLAB Script for Q3 of HW2 for ECS 452

% By Asst. Prof. Dr. Prapun Suksompong. 

close all; clear all;

tic

load HW_DMC_Channel_Data

% Part 

(a) ----------------------------------------------------------------

S_X = unique(x)

% Part 

(b) ----------------------------------------------------------------

S_Y = unique(y)

%% Statistical Analysis

n = length(x);

% Part 

(c) ----------------------------------------------------------------

% The probability values for the channel inputs

p_X_sim = hist(x,S_X)/n % Relative frequencies from the simulation

% Part 

(d) ----------------------------------------------------------------

% The channel transition probabilities from the simulation

Q_sim = [];

for k = 1:length(S_X)

    I = find(x==S_X(k)); LI = length(I);

    rel_freq_Xk = LI/n; 

    yc = y(I);

    cond_rel_freq = hist(yc,S_Y)/LI; Q_sim = [Q_sim; cond_rel_freq];

end

Q_sim                   % Relative frequencies from the simulation

% Part 

(e) ----------------------------------------------------------------

% Part 

(e.i) --------------------------------------------------------------

p_Y_sim = hist(y,S_Y)/n % Relative frequencies from the simulation

% Part 

(e.ii) -------------------------------------------------------------

p_Y_sim2 = p_X_sim*Q_sim

%%

p_X = p_X_sim;

Q = Q_sim;

% Part 

(f) ----------------------------------------------------------------

%% Naive Decoder

x_hat = y;

% Part 
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% Part 

(f.i) --------------------------------------------------------------

% Error Probability

PE_sim_Naive = 1-sum(x==x_hat)/n % Error probability from the simulation

% Part 

(f.ii) -------------------------------------------------------------

% Calculation of the theoretical error probability

PC = 0;

for k = 1:length(S_X)

    t = S_X(k);

    i = find(S_Y == t);

    if length(i) == 1

        PC = PC+ p_X(k)*Q(k,i);

    end

end

PE_theoretical_Naive = 1-PC

% Part 

(g) ----------------------------------------------------------------

%% MAP Decoder

P = diag(p_X)*Q; % Weight the channel transition probability by the 

                 % corresponding prior probability.

[V I] = max(P); % For I, the default MATLAB behavior is 

                %that when there are multiple max, the 

                % index of the first one is returned.

Decoder_Table_MAP = S_X(I) % The decoded values corresponding to the 

                           % received Y

% Part 

(g.i) --------------------------------------------------------------

% Decode according to the decoder table

x_hat = y; % preallocation

for k = 1:length(S_Y)

    I = (y==S_Y(k));

    x_hat(I) = Decoder_Table_MAP(k);

end

PE_sim_MAP = 1-sum(x==x_hat)/n % Error probability from the simulation

% Part 

(g.ii) -------------------------------------------------------------

% Calculation of the theoretical error probability

Decoder_Table = Decoder_Table_MAP;

PC = 0;

for k = 1:length(S_X)

    I = (Decoder_Table == S_X(k));

    Q_row = Q(k,:); 

    PC = PC+ p_X(k)*sum(Q_row(I));

end

PE_theoretical_MAP = 1-PC

% Part 

(h) ----------------------------------------------------------------

%% ML Decoder

[V I] = max(Q); % For I, the default MATLAB behavior is 

                %that when there are multiple max, the 

                % index of the first one is returned.

Decoder_Table_ML = S_X(I) % The decoded values corresponding to the 

                          % received Y
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                          % received Y

% Decode according to the decoder table

x_hat = y; % preallocation

for k = 1:length(S_Y)

    I = (y==S_Y(k));

    x_hat(I) = Decoder_Table_ML(k);

end

% Part 

(h.i) --------------------------------------------------------------

PE_sim_ML = 1-sum(x==x_hat)/n % Error probability from the simulation

% Part 

(h.ii) -------------------------------------------------------------

% Calculation of the theoretical error probability

Decoder_Table = Decoder_Table_ML;

PC = 0;

for k = 1:length(S_X)

    I = (Decoder_Table == S_X(k));

    Q_row = Q(k,:); 

    PC = PC+ p_X(k)*sum(Q_row(I));

end

PE_theoretical_ML = 1-PC

toc

>> HW_DMC_Channel_Estimation_2
S_X =
     1     2     3
S_Y =
     1     2     3
p_X_sim =
    0.2004    0.4002    0.3994
Q_sim =
    0.4988    0.2012    0.3000
    0.3002    0.4000    0.2998
    0.2000    0.2003    0.5997
p_Y_sim =
    0.3000    0.2804    0.4196
p_Y_sim2 =
    0.3000    0.2804    0.4196
PE_sim_Naive =
    0.5004
PE_theoretical_Naive =
    0.5004
Decoder_Table_MAP =
     2     2     3
PE_sim_MAP =
    0.4802
PE_theoretical_MAP =
    0.4802

Results in the command window:
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    0.4802
PE_theoretical_MAP =
    0.4802
Decoder_Table_ML =
     1     2     3
PE_sim_ML =
    0.5004
PE_theoretical_ML =
    0.5004
Elapsed time is 0.410464 seconds.
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