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2= R =1; %uncoded BPSK (1 bit/symbol)
3~ EbNo = 10”(EbNodB/10) ;
4~  sigma = sqrt(1/(2*R*EbNo)) ;

6~  BER_th = 0.5%erfc(sqrt(EbNo)) ;

8= N =1000; %number of bits of message per block

9~ Nerrs = 0; Nblocks = 100000;

10~ _for i = 1: Nblocks

msg = randi([0 1],1,N); %generate random message
$Encoding here

s =1 -2 * msg; %BPSK bit to symbol conversion
r = s + sigma * randn(l,N); %AWGN channel
$Decoding here

msg cap = (r < 0); %threshold at zero v
1 Gt

Ok. So this is the B P S K Simulation script that we had before. Hopefully you remember this

how we were doing,
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BSK simm L

8- N = 1000; %number of bits of message per block
9= Nerrs = 0; Nblocks = 100000;
10— ' for i = 1: Nblocks

L] msg = randi([0 1],1,N); %generate random message
12 $Encoding here

8= s =1-2 * msg; %BPSK bit to symbol conversion
14- r = s + sigma * randn(1,N); %AWGN channel

115 %Decoding here

6= msg_cap = (r < 0); %threshold at zero

17

18- Nerrs = Nerrs + sum(msg ~= msg_cap) ;

end
1=~  BER sim = Nerrs/N/Nblocks;

disp ([EbNodB BER_th BER_sim Nerrs N*Nblocks]) v
Isaript n3 G2

running the, the uncoded thing, how we were using this randi command to generate messages

etc etc, Ok.
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BPSK simm X +v
1- EbNodB = 10.5; -
2= R =1; %uncoded BPSK (1 bit/symbol)

3~ EbNo = 10*(EbNodB/10) ;

4~  sigma = sqrt(1/(2*R*EbNo)) ;

6~ BER_th = 0.5%erfc(sqrt(EbNo)) ;

8- N = 1000; %number of bits of message per block

9~ Nerrs = 0; Nblocks = 100000;

10~ [ for i = 1: Nblocks

msg = randi([0 1],1,N); %generate random message
$Encoding here

s =1 -2 * msg; %BPSK bit to symbol conversion
r = s + sigma * randn(l,N); %AWGN channel
$Decoding here

msg cap = (r < 0); %threshold at zero v
Isaript 3 G2

So now let us see how to modify this for getting the coding implemented.

So I am going to save this as something else. So I will save BP S K rep 3 sim
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r = s + sigma * randn(1,N); %AWGN channel
$Decoding here

msg cap = (r < 0); %threshold at zero v
saript n3 G2

Ok. So this is the
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1~ EbNodB = 10.5;

2= R =1; %uncoded BPSK (1 bit/symbol)
3~ EbNo = 10 (EbNodB/10) ;

4~  sigma = sqrt(1/(2*R*EbNo)) ;

6~  BER_th = 0.5%erfc(sqrt (EbNo)) ;

8- N =1000; %number of bits of message per block

9~ Nerrs = 0; Nblocks = 100000;

10~ [ for i = 1: Nblocks

msg = randi([0 1],1,N); %generate random message
$Encoding here

s =1 -2 * msg; %BPSK bit to symbol conversion
r = s + sigma * randn(l,N); %AWGN channel
$Decoding here

msg cap = (r < 0); %threshold at zero v
n3 G2

coded case with the repetition code. So the first thing is you can keep, may be E b over N

naught at some reasonable value 5 or something
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Z8 R=1; %ubcoded BPSK (1 bit/symbol)
3~ EbNo = 10”(EbNodB/10) ;
4~ sigma = sqrt(1/(2*R*EbNo)) ;

6~  BER th = 0.5%erfc(sqrt(EbNo));

8- N =1000; %number of bits of message per block

9~  Nerrs = 0; Nblocks = 100000;

10~ [for i = 1: Nblocks

msg = randi ([0 1],1,N); %generate random message
$Encoding here

s =1 -2 * msg; %BPSK bit to symbol conversion
r =s + sigma * randn(1l,N); %AWGN channel
$Decoding here

msg cap = (r < 0); %threshold at zero v
saipt n2 Col 10

that does not matter. First thing is the rate. Rate is going to 1 by 3.

So like I said n equals 3 repetition code. So this is 3 symbols for 1 bit, Ok so 1 by 3 bits per
symbol,
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it
1~ EbNodB = 5;
2= R =1/3; %n=3 repetition (1/3 bits/symbol)
3~ EbNo = 10 (EbNodB/10) ;

4~  sigma = sqrt(1/(2*R*EbNo)) ;

6~  BER_th = 0.5%erfc(sqrt (EbNo)) ;

8= N =1000; %number of bits of message per block

9~ Nerrs = 0; Nblocks = 100000;

10~ [ for i = 1: Nblocks

msg = randi([0 1],1,N); %generate random message
$Encoding here

s =1 -2 * msg; %BPSK bit to symbol conversion
r = s + sigma * randn(l,N); %AWGN channel
$Decoding here

msg cap = (r < 0); %threshold at zero

saipt 3 o2

Ok. So after you fix your rate, the rest of the calculation is not too bad. Your E b over N
naught is 10 power d B to regular value conversion and then you find the sigma

corresponding to E b over N naught Ok.

And then, so this is not quite correct so there is no need for theoretical thing. So we can
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2= R =1/3; %n=3 repetition (1/3 bits/symbol)
3~ EbNo = 10*(EbNodB/10) ;
4~  sigma = sqrt(1l/(2*R*EbNo)) ;

6= h = 1000; %number of bits of message per block

7~ Nerrs = 0; Nblocks = 100000;

8- for i = 1: Nblocks

msg = randi([0 1],1,N); %generate random message
$Encoding here

s =1 -2 * msg; %BPSK bit to symbol conversion
r =s + sigma * randn(1l,N); %AWGN channel
$Decoding here

msg_cap = (r < 0); %threshold at zero

Nerrs = Nerrs + sum(msg ~= msg cap); v
saipt né Coi

delete that, Ok. So, so now here we have to change things a little bit, Ok. So you will, this n

will not really enter the picture
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EDTOR ! =0
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5K rep3 smm' |+
1~ EbNodB = 5; z
2- R =1/3; %n=3 repetition (1/3 bits/symbol)
3~ EbNo = 10 (EbNodB/10) ;
4~  sigma = sqrt(1/(2*R*EbNo)) ;
5
6~ Nerrs = 0; Nblocks = 100000;
7- for i = 1: Nblocks
85 msg = randi([0 1],1,N); %generate random message
4 %Encoding here
s =1 -2 *msg; %BPSK bit to symbol conversion
r = s + sigma * randn(1l,N); %AWGN channel
%$Decoding here
msg_cap = (r < 0); %threshold at zero
Nerrs = Nerrs + sum(msg ~= msg_cap) ;
saript n6 Col1

so we can delete it off. So you have blocks, each block is a codeword block, Ok. Remember

that, each block is a codeword block.

Let us say, we simulate 1000, 1000
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BSKepdsimm' 3| +

1~ EbNodB = 5;

2= R =1/3; %n=3 repetition (1/3 bits/symbol)
3~ EbNo = 10*(EbNodB/10) ;

4~  sigma = sqrt(1/(2*R*EbNo)) ;

6~ Nerrs = 0; Nblocks = 1000;

7- for i = 1: Nblocks

8= msg = randi([0 1],1,N); %generate random message
4 %Encoding here

s =1-2 * msg; $BPSK bit to symbol conversion
r = s + sigma * randn(1,N); $AWGN channel
$Decoding here

msg_cap = (r < 0); %threshold at zero

Nerrs = Nerrs + sum(msg ~= msg_cap) ;

st In6 Col26

codeword block. So what do we mean by codeword blocks? In one block there will be 1
message bit. It will get encoded into 3 codeword bits and that will be get transmitted, Ok. So

now we will have to do block after block after block, Ok.

So it is useful to define a few things here. We can define k as the number of message bits,
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2= R =1/3; %n=3 repetition (1/3 bits/symbol)
3~ EbNo = 10*(EbNodB/10) ;
4~  sigma = sqrt(1/(2*R*EbNo)) ;

6= k =1; %number of message bits

9~  Nerrs = 0; Nblocks = 1000;
10~ [ for i = 1: Nblocks
s msg = randi([0 1],1,N); %generate random message

12 $Encoding here

S= s =1 -2 * msg; %BPSK bit to symbol conversion
s r = s + sigma * randn(l,N); %AWGN channel

15 %Decoding here

msg cap = (r < 0); %threshold at zero v
Isaript 7 Gl

Ok and we can define small n as the number of codeword bits,
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5K repd s’ 3+

1~ EbNodB = 5;

2= R =1/3; %n=3 repetition (1/3 bits/symbol)
3~ EbNo = 10*(EbNodB/10) ;

4~  sigma = sqrt(1/(2*R*EbNo)) ;

6= k =1; %number of message bits
) n = 3; %number of codeword bits

9~  Nerrs = 0; Nblocks = 1000;

10~ [ for i = 1: Nblocks

msg = randi([0 1],1,N); %generate random message
$Encoding here

s =1 -2 * msg; %BPSK bit to symbol conversion
r = s + sigma * randn(l,N); %AWGN channel
$Decoding here

msg cap = (r < 0); %threshold at zero v
saript n? Gl %

Ok. So this is good to have. And once you have this, so let us go ahead here. The message
itself for every block, this loop goes for every block for i equals 1 to n blocks, and then in

every block I am going to generate a random bit, Ok.

So this will just be 1. So since I need just k bits, I will put 1 comma k, Ok, generate random

message, random k bit message, Ok,
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6= k =1; %number of message bits
7= n = 3; %number of codeword bits

9~  Nerrs = 0; Nblocks = 1000;

10~ [ for i = 1: Nblocks

msg = randi([0 1],1,k); %generate random k-bit message
$Encoding here

s =1 -2 * msg; %BPSK bit to symbol conversion

r = s + sigma * randn(l,N); $AWGN channel

$Decoding here

msg_cap = (r < 0); %threshold at zero

Nerrs = Nerrs + sum(msg ~= msg_cap) ;

saipt n 11 ol 82

alright. So now I have to put in my encoding, Ok.
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85K rep3 simm' |+ |

6= k =1; %number of message bits
7= n = 3; %number of codeword bits

9~  Nerrs = 0; Nblocks = 1000;

10—~ [ for i = 1: Nblocks

msg = randi([0 1],1,k); %generate random k-bit message
$Encoding

s =1-2 * msg; %BPSK bit to symbol conversion
r = s + sigma * randn(1,N); %AWGN channel
$Decoding here

msg_cap = (r < 0); %threshold at zero

Nerrs = Nerrs + sum(msg ~= msg_cap) ;

sapt n 1 col's

So remember my encoding is just repetition code and I know my k is just 1.

So I just have 1-bit message here. One can do a lot of things here. So I will do a very, very

simple encodingms gm s g ms g, Ok. So this is n equals 3 repetition code,
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6= k =1; %number of message bits
7= n = 3; %number of codeword bits

9~ Nerrs = 0; Nblocks = 1000;
10—~ [ for i = 1: Nblocks

= msg = randi([0 1],1,k); %generate random k-bit message
12 $Encoding

8 cword = [msg msg msg]; %n=3 repetition

= s =1-2 * msg; %BPSK bit to symbol conversion

r = s + sigma * randn(1,N); %AWGN channel
$Decoding here
msg_cap = (r < 0); %threshold at zero

Nerrs = Nerrs + sum(msg ~= msg_cap) ;

sait n 13 ol 43

Ok, alright? So now, so encoding is complete so maybe I will put down a little bit of a gap
here, Ok.

So then you have the symbol vector. It is 1 minus 2 into not message but codeword, right,
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BSKrpdsimm' ¥ % |
9~ Nerrs = 0; Nblocks = 1000;
10—  for i = 1: Nblocks

il msg = randi ([0 1],1,k); %generate random k-bit message
117 %Encoding

185 cword = [msg msg msg]; %n=3 repetition

14

15= s =1 -2 * cword; %BPSK bit to symbol conversion

GH] r =s + sigma * randn(l,N); %AWGN channel

17 %Decoding here

1] msg_cap = (r € 0); %threshold at zero

i)
20s Nerrs = Nerrs + sum(msg ~= msg_cap) o
21— -end

2

23~  BER sim = Nerrs/N/Nblocks;

saipt n 15 Col 22

B P S K bit to symbol conversion for the codeword and then after that this one come up, n,
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BSKrepdsmm' ¥+
9- Nerrs = 0; Nblocks = 1000;
10— for i = 1: Nblocks
1hl= msg = randi ([0 1],1,k); %generate random k-bit message
117 %Encoding
cword = [msg msg msg]; %n=3 repetition

s =1 -2 * cword; %BPSK bit to symbol conversion
r =s + sigma * randn(l,n); %AWGN channel
$Decoding here

msg_cap = (r € 0); %threshold at zero

Nerrs = Nerrs + sum(msg ~= msq_cap);

saipt n 16 Col 30

Ok. AW G N channel goes here. Is it Ok?

So hopefully you can see what I have done here. Nothing much has changed except that I
have a k-bit message in every block and then I have a codeword. This encoding operation can

be more complicated depending on what code you pick.

For the repetition code it is just message message message. No problem. Once you have the
codeword everything is same as before, Ok. So you do 1 minus 2 into ¢ word. You remember
how I did 1 minus 2 into, if a codeword bit is zero I get plus 1, if the codeword bit is 1 I get

minus 1, Ok.

And then you have the value of sigma. You multiply this with n Gaussian random variables.

Why do I do n here? Because that is my codeword right, so I have to generate n
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9~ Nerrs = 0; Nblocks = 1000;
10— ' for i = 1: Nblocks

il msg = randi ([0 1],1,k); %generate random k-bit message
12 %Encoding

185 cword = [msg msg msg]; %n=3 repetition

14

15 s =1-2 * cword; %BPSK bit to symbol conversion

16- r=s + sigma * ); %AWGN channel

17 %Decoding here

8= msg_cap = (r € 0); %threshold at zero

19

0= Nerrs = Nerrs + sum(msg ~= msg_cap) o
& -end

~  BER sim = Nerrs/N/Nblocks;

saipt tn 16 Col 31

Gaussian values with the standard deviation of sigma,
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BPSK rep3 simm* %
9~ Nerrs = 0; Nblocks = 1000;
10— ' for i = 1: Nblocks

it} msg = randi ([0 1],1,k); %generate random k-bit message
117 %Encoding

(85 cword = [msg msg msg]; %n=3 repetition

14

1= s =1 -2 * cword; %BPSK bit to symbol conversion

16- r=s+ * randn(1,n); $AWGN channel

il 4Decoding here

8= msg_cap = (r € 0); %threshold at zero

19

1 Nerrs = Nerrs + sum(msg ~= msq_cap);
& -end

- BER sim = Nerrs/N/Nblocks;

sait n 16 Col 18

Ok. So I do that, add it to the symbol vector s here.

So all these things becomes vectors. Matlab is quite decent about handling these kind of
things. We don't have to make much changes here, Ok. So after you get the received value

you have to do decoding, Ok.
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BPSK rep3 s + 1
9~ Nerrs = 0; Nblocks = 1000;
10— = for i = 1: Nblocks

il msg = randi ([0 1],1,k); %generate random k-bit message
12 %Encoding

13| cword = [msg msg msg]; %n=3 repetition

14 )

1L s =1-2 * cword; %BPSK bit to symbol conversion

G r =s + sigma * randn(l,n); %AWGN channel

17 ikDecoding

18

9= msg_cap = (r < 0); %threshold at zero

= Nerrs = Nerrs + sum(msg ~= msg_cap);
end

BER sim = Nerrs/N/Nblocks; v
Iscript In 17 Col 5

So you can do multiple types of decoding. So, so here I have done thresholding at zero, so

may be one can do hard decision decoding here, Ok.
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EDTOR 20l =0 ¢
G e @y WA~ —
Sk simmt X+ |
9= Nerrs = 0; Nblocks = 1000; =
10— ' for i = 1: Nblocks
dili= msg = randi([0 1],1,k); %generate random k-bit message
12 $Encoding
8% cword = [msg msg msg]; %n=3 repetition
14 g
i5= s =1 -2 * cword; %BPSK bit to symbol conversion
G = r = s + sigma * randn(l,n); %AWGN channel
11
18 %$Hard-decision decoding
19

20—
21

22— Nerrs = Nerrs + sum(msg ~= msg_cap);
23— -end

msg_cap = (r € 0); %threshold at zero

saipt n 19 Col 5

So remember hard decision decoding, you are still going to threshold at zero but we call that

vector as b, right? b, b is the vector which should be (()) thresholding at zero.
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+
9= errs = 0; Nblocks = 1000;
10— ' for i = 1: Nblocks

= msg = randi ([0 1],1,k); %generate random k-bit message
12 %Encoding

1Lz cword = [msg msg msg]; %n=3 repetition

1 )

15— s =1 -2 * cword; %BPSK bit to symbol conversion

G r =s + sigma * randn(l,n); %AWGN channel

117

18 %Hard-decision decoding

19- b = (r < 0); %threshold at zero

Nerrs = Nerrs + sum(msg ~= msg_cap);
§ -end

st haws

And then I am going to basically see if b is either 000,00 1,01 0 or 1 0 0 if it has a fewer

number of 1s, so let me show you the entire picture. Here,
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so this is the lookup table I have to implement, Ok.

So there are various ways to implement the lookup table. I am going to basically count the
number of 1s in b. If it is 1 or 0, I will make the codeword as 0 0 0. If it is 2 or 3, I will make

the codeword as 1 1 1. Ok, so that is my strategy, so let us do that, Ok.

If sum of b which is going to count the number of 1s is greater than 1
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“_$' 895K rep3 simm* % l‘\‘
9~ Nerrs = 0; Nblocks = 1000; A
10~ for i = 1: Nblocks
L=} msg = randi ([0 1],1,k); %generate random k-bit message

%Encoding
cword = [msg msg msg]; %n=3 repetition

s§=1-21% cno.rd; %BPSK bit to symbol conversion
r =s + sigma * randn(l,n); %AWGN channel

%Hard-decision decoding

b = (r < 0); %threshold at zero
if sum(b) > 1

Nerrs = Nerrs + sum(msg ~= msg_cap) ;

saipt n 21 Col 9

Ok, then ¢ word cap equals 1 1 1,
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B9SK rep3 simm* X l‘\‘
9~ Nerrs = 0; Nblocks = 1000;
10— for i = 1: Nblocks

il msg = randi ([0 1],1,k); %generate random k-bit message
117 %Encoding

185 cword = [msg msg msg]; %n=3 repetition

1 :

15= s =1- 2 * cword; %BPSK bit to symbol conversion

LH] r =s + sigma * randn(l,n); %AWGN channel

il

18 %Hard-decision decoding

HCH] b = (r < 0); %threshold at zero
if sum(b) > 1
cword cap = [1 1 1];

Nerrs = Nerrs + sum(msg ~= msg_cap) ;
end

saipt n 21 Gl 2

Ok. So actually I mean if you think about it you won’t need the message, the

estimate,

codeword
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9~  Nerrs = 0; Nblocks = 1000;
10— = for i = 1: Nblocks

il msg = randi ([0 1],1,k); %generate random k-bit message
117 %Encoding
185 cword = [msg msg msg]; %n=3 repetition
1 :
1= s =1 -2 * cword; %BPSK bit to symbol conversion
GH] r =s + sigma * randn(l,n); %AWGN channel
17
18 %Hard-decision decoding
G b = (r < 0); %threshold at zero
2l if sum(b) > 1
21 msg cap = [1 1 1];
2
(23] Nerrs = Nerrs + sum(msg ~= msg_cap) ;
end

saipt n 21 Col 12

we can directly do the message estimate. We can simply say the message estimate is 1,
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BPSK rep3 simm* X +,
9~ Nerrs = 0; Nblocks = 1000;
10— ' for i = 1: Nblocks

it msg = randi ([0 1],1,k); %generate random k-bit message
117 %Encoding
185 cword = [msg msg msg]; %n=3 repetition
1 :
1= s =1 -2 * cword; %BPSK bit to symbol conversion
1GH] r =s + sigma * randn(l,n); %AWGN channel
i)
18 %Hard-decision decoding
9= b = (r < 0); %threshold at zero
20— if sum(b) > 1
21 msg_cap = 1;
22
285 Nerrs = Nerrs + sum(msg ~= msg_cap) ;
end

saiot n21 Gl 20

Ok.

So this is better. You can try to find the codeword but really you are interested in the message,

right? So that is, so you do that, else we say message cap equals zero. And then we can
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9~ Nerrs = 0; Nblocks = 1000;
10— ' for i = 1: Nblocks

il msg = randi([0 1],1,k); %generate random k-bit message
117 %Encoding

085 cword = [msg msg msg]; %n=3 repetition

1 :

15| s =1-2 * cword; %BPSK bit to symbol conversion

1GH] r =s + sigma * randn(l,n); %AWGN channel

%Hard-decision decoding
b = (r < 0); %threshold at zero

B osump) > 1
msg cap = 1;
else
msg cap = 0;
end

sapt n 24 Col 8

end it. So that is it. Ok. So that is the simple hard decision decoder.

So how do you implement soft decision decoding? So maybe I will call this as message cap 1
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WSKropdsimm' ¥ |

12 $Encoding

Lz cword = [msg msg msg]; %n=3 repetition

14

ibs 8 =1 -2 * cword; %BPSK bit to symbol conversion
16— r = s + sigma * randn(l,n); %AWGN channel

17 )

18 %Hard-decision decoding

195 b = (r < 0); %threshold at zero

A if sum(b) > 1

s msg capl = 1;

22— [ P ShieEatato e 2 stoces o ‘g cap'to g ot |
2= msg capl = 0;

24— end

25

26

sarpt n 2 col 17

to indicate that this is hard decision decoding, Ok. The next one is soft decision decoding,
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s =1-2 * cword; %BPSK bit to symbol conversion
r = s + sigma * randn(l,n); %AWGN channel

%Hard-decision decoding
b= (r<0); %t_hreshold at zero
if sum(b) > 1
msg_capl = 1;
else
msg_capl = 0;
end
%Soft-decision decoding

Nerrs = Nerrs + sum(msg ~= msg_cap); v
saript n 27 Col §

Ok.

So in this case if you remember, | have to do r 1 plus r 2 plus r 3 and see if it is greater than 0.

So it is simply sum of r and if it is greater than 0

(Refer Slide Time 07:27)

LG b = (r < 0); %threshold at zero
20— if sum(b) > 1

2ls msg_capl = 1;

225 else

285 msg_capl = 0;

24- end

25

26 %Soft-decision decoding
2l if sum(r) >0

28

29

Nerrs = Nerrs + sum(msg ~= msg_cap);
end

BER sim = Nerrs/N/Nblocks;

saipt In 28 Col 9

I will set message cap to or maybe I will put that as less than 0,
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“§ BPSK rep3 simm* X | 4
19- b= (r € 0); $threshold at zero |
205 if sum(b) > 1
elis msg_capl = 1;
25 else
285 msg_capl = 0;
24— end
25
26 %Soft-decision decoding
2lls if sum(r) < 0
28 msg_caj
29

0—
=
2

B

Nerrs = Nerrs + sum(msg ~= msg_cap);
end

BER sim = Nerrs/N/Nblocks;

so have it similar to before equals 1

(Refer Slide Time 07:35)

A
19~ b= (r € 0); $threshold at zero |
20= if sum(b) > 1
2lis msg_capl = 1;
225 else
285 msg_capl = 0;
24- end
25
26 %Soft-decision decoding
Zls if sum(r) <0
28— msg_cap2 = 1;

Nerrs = Nerrs + sum(msg ~= msg_cap) ;
end

BER sim = Nerrs/N/Nblocks; v

else message cap equal to 0, that is it,
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Crpd +
19- b = (r < 0); %threshold at zero |
2l if sum(b) > 1
s msg_capl = 1;

22 else

235 msg_capl = 0;

24- end

25

26 %Soft-decision decoding
2ills sum(r) < 0

28 msg_cap2 = 1;

else
msg_cap2 = 0;
end

Nerrs = Nerrs + sum(msg ~= msg_cap);

saipt n 31 Col 8

Ok.

So these kind of, these kind of decoders for the repetition code are very, very easy to
implement. Hopefully you agree with me that it is the same, so I have done the hard

thresholding here. This is the threshold at 0 we spoke about how to do thresholding.
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18 §Hard-decision decoding
s %threshold at zero
20% if sum(b) > 1
21s msg_capl = 1;
LS else
28 s msg_capl = 0;
2h s end
25
26 $Soft-decision decoding
21- if sum(r) < 0
msg_cap2 = 1;
else
msg_cap2 = 0;
end

Nerrs = Nerrs + sum(msg ~= msg cap); v
saipt n 18 Col 8

We can simply set r less than 0. If it is negative it will become 1, if it is positive it will be 0,

right. So that is how it is. And I am counting the number of 1s
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BSKrepdsimm ¥ | 4

18 %Hard-decision decoding
ilCH b = (r < 0); %threshold at zero
20= if QU] > 1
d= msg_capl = 1;
225 else
285 msg_capl = 0;
24~ end
25
26 %Soft-decision decoding
21- if sum(r) < 0
g msg_cap2 = 1;
& else
msg_cap2 = 0;
end

Nerrs = Nerrs + sum(msg ~= msg cap);

saipt n 20 Col

here, Ok. If the number of 1s here is greater than 1, Ok then I set my message cap
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5
e 85K ep3 simm % [ 4
18 %Hard-decision decoding B
iG] b = (r < 0); %threshold at zero
20~ if sum(b) > 1
21-
225 else
23 msg_capl = 0;
24~ end
25
26 %Soft-decision decoding
21- if sum(r) < 0
g msg_cap2 = 1;
S else
msg_cap2 = 0;
end

Nerrs = Nerrs + sum(msg ~= msg cap); v
saript n 20 Col 18

as 1, 2 or 3 that is the case.

And here
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5K repdsimm X | 4

18 %Hard-decision decoding
9= b = (r < 0); %threshold at zero
20— if sum(b) > 1

= msg_capl = 1;

225 else

23- sg capt - 0.

24~ end

25

26 %Soft-decision decoding
21- if sum(r) < 0

gas msg_cap2 = 1;

] else
msg_cap2 = 0;
end

Nerrs = Nerrs + sum(msg ~= msg cap);

saipt n 21 Col 2

if, on the other hand if the number of 1s in b is 1 or 0, my message cap 1 is going to 0, Ok.
Now you have soft decision decoding which is message cap 2 here, 1 or 0, is that Ok? So

here, a number of errors you have to either pick 1 or 2, so
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23 E | msg_capl = 0;

2d= end

25

26 %Soft-decision decoding
Pl if sum(r) < 0

285 msg cap2 = 1;

295 else

Bls msg_cap2 = 0;

il end

3] Nerrs = Nerrs + sum(msg ~= msq_capl‘);
34— -end

BER sim = Nerrs/N/Nblocks;

disp([EbNodB BER th BER sim Nerrs N*Nblocks]) v
saript n 33 Col 40

maybe I will pick 1 here just to get the hard decision decoder working and after that I have to

make a bit of an adjustment here. The B E R simulation will actually be N errors divided by k
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2835 msg capl = 0;

] end

25

26 %Soft-decision decoding
2l if sum(r) < 0

28— msg_cap2 = 1;

205 else

Bls msg_cap2 = 0;

Bls end

32

Nerrs = Nerrs + sum(msg ~= msg_capl);
end

BER sim = Nerrs/k/Nblocks;

disp([EbNodB BER th BER sim Nerrs N*Nblocks])

saipt n 3 Col 18

by Nblocks.

So for every block you have one message bit here. There is no B E R t h and we can simply
plot this, Ok. So this is how many bits, how many message bits were transmitted, how many

errors happened and what B E R you got in
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S smmt X |

28 msg_capl = 0; 5
24 end

25

26 %Soft-decision decoding

2illa if sum(r) < 0

28 msg_cap2 = 1;

2095 else

Bl msg_cap2 = 0;

il end

32
85& Nerrs = Nerrs + sum(msg ~= msg_capl);
end

BER sim = Nerrs/k/Nblocks;

disp ([EbNodB BER_sim Nerrs k*Nblocks]) v
saipt n 37 Col 1

simulation, Ok.

I am going to run this but let us, may be increase the number of blocks to 10000,
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h
) /
)
Urespen”

9~  Nerrs = 0; Nblocks = 10000;
10~ ' for i = 1: Nblocks

= msg = randi([0 1],1,k); %generate random k-bit message
12 $Encoding
e s cword = [msg msg msg]; %n=3 repetition
14
LS& s =1-2 * cword; %BPSK bit to symbol conversion
fles r = s + sigma * randn(l,n); %AWGN channel
17
8 %Hard-decision decoding
b = (r < 0); %threshold at zero
if sum(b) > 1
msg_capl = 1;
else
msg capl = 0;

Ok and my E b over N naught maybe I will keep it as 4,
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o

%
U
U, »

[t

1~ EbNodB = 4;

2= R =1/3; %n=3 repetition (1/3 bits/symbol)
3~ EbNo = 10 (EbNodB/10) ;

4~  sigma = sqrt(1/(2*R*EbNo)) ;

6= k =1; %number of message bits
7= n = 3; %number of codeword bits

9~ Nerrs = 0; Nblocks = 10000;

10~ [ for i = 1: Nblocks

msg = randi([0 1],1,k); %generate random k-bit message
$Encoding

cword = [msg msg msg]; %n=3 repetition

s =1- 2 * cword; %BPSK bit to symbol conversion
r =s + sigma * randn(l,n); %AWGN channel

Ok. So let us run this. So my, the name of this file is b p s k rep 3 sim.

So let me go to the command window.

e ol

1 ol
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€S L C» Uses 1 Adin  Docmens ¥ WATAB o]
]

Y Name [ Name +

Academic License

fi>> |

I do not think I am in the right directory.
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@B I L » 0 r professor s » Prof Andrew ¥

B Y
D Name:

J
wal

W..
Name.
Wl 20118

8l anm Academic License

>> cd D:\'Professor Files'\'Prof. Andrew'\

fr>>
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Ok. So Ok,
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< I L 0 Pofesor ks » Prof Andiew » 201118 ¥
Current Folder @
D Name:

0 . Coding tlorids

o 2011.18t5e0] Academic License
@ | 20111820

18] 8PSK g3 simasy

#) 895K rop3 simm

Brscimm

>> cd D:\'Professor Files'\'Prof. Andrew'\
>> cd 20.11.18\

fx>>

@ EIE L » 0 Professor ks b Prof. Andrew » 201118 ¥

CurrentFolder ©
0 Neme:
W ). Coding tutorials
8 201118890) Academic License
@11 2011182
&4 BPSK rep3 simasv|
#) 895K rep3 simm
st simm >> cd D:\'Professor Files'\'Prof. Andrew'\
>> ed 20.11.18\
>> BPSK rep3_sim
1.0e+04 *
0.0004 0.0000 0.0255 1.0000
fe>> |

so let us run this. So I need to do format short g
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Academic License
811 20111820
&4 89K rep3 simasv.
) 895K rep3 simm
st simm >> cd D:\'Professor Files'\'Prof. Andrew'\
>> ed 20.11.18\
>> BPSK rep3_sim

1.0e+04 *

0.0004 0.0000 0.0255 1.0000
>> format short g

fi>> |
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S Academic License
£ 69K ep3 smasv
£ 3 simm
Bewscsmm >> cd D:\'Professor Files'\'Prof. Andrew'\
>> cd 20.11.18\
>> BPSK rep3 sim

1.0e+04 *

0.0004  0.0000  0.0255  1.0000
>> format short g
>> BPSK rep3 sim

4 0.03 300 10000

S>>

so there you here. So it gives you an error of point zero 3. There were 300 errors if you

remember, is a good statistic. 300 errors is not too bad and we ran 10000 blocks.

So let us compare and see if this is sort of expected in the plot, Ok.
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AU

* Repetition code is not good enough »S«UJ' a“*
sThere are many others that are good! "

So 4 d B E b over N naught, 1,2,3 so this is point, point 3 so you can see 4 d B E b over N

naught this is the number

(Refer Slide Time 10:19)

Y

* BER vs. E,/N, Analysis

e

+ Repetition code is not good enough S«OJ'“

Vs
*There are many others that are good!

that I expect and that is point zero 3, Ok.
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* BER vs. E,/N, Analysis

BER

L
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- om e
» Repetition code is not good enough »S"C’{;“ g

Ve
*There are many others that are good!

So it is simulating correctly, may be one can do 6 d B as well.

6 d B I expect around 7 or 8
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oy’

* BER vs. E,/N, Analysis

‘ @ ® =

* Repetition code is not good enough 5'*0"&\“ a;*

*There are many others that are good!

into 10 power minus 3 so let us, let us run that as well so
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b
)
J
Urespen”

@B EE L 20 r professor s » Prof Andrew » 201118 ¥
Current Folder ©

T Academic License
@1 20111829
e BPSK rep3 simasv
) 895K rep3 simm i
Bwscinm >> cd D:\'Professor Files'\'Prof. Andrew'\
>> ed 20.11.18\
>> BPSK rep3_sim

1.0e+04 *

0.0004 0.0000 0.0255 1.0000
>> format short g
>> BPSK rep3_sim

4 0.03 300 10000

T | b g

to get that I am going to change the E b over N naught to 6,
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h
)
)
Uregpye”

BPSK repd simm* % | 4
1~ EbNodB = 6; 2
2= R =1/3; %n=3 repetition (1/3 bits/symbol)

3~ EbNo = 10 (EbNodB/10);

4~  sigma = sqrt(1/(2*R*EbNo)) ;

5

6= k =1; %$number of message bits

7= n = 3; %number of codeword bits

8 ;

9~ Nerrs = 0; Nblocks = 10000;
10~ for i = 1: Nblocks
il msg = randi([0 1],1,k); %generate random k-bit message
12 $Encoding
3= cword = [msg msg msg]; %n=3 repetition
14
15 s =1 -2 * cword; %BPSK bit to symbol conversion

~ r = s + sigma * randn(1l,n); %AWGN channel v
saript 1 Cn

Ok, save it and then come back to the command window then run it again,
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Hd

- Y

%
)
Ytggy

¢»08 1180
e e ]

|
Name* [

8 ), Coding Wloris b
8 it Academic License gos
5 | 20102 ove
&4 89K rep3 simasv. HibNo
) 895K rep3 simm il o

Horscinn >> cd D:\'Professor Files'\'Prof. Andrew'\ Hi
>> cd 20.11.18\ i
>> BPSK_rep3_sim -y
1.0e+04 * el
0.0004  0.0000  0.0255  1.0000 b

>> format short g ﬁf
>> BPSK_rep3_sim =5
4 0.03 300 10000 Co.. €

>> BPSK rep3_sim i

G 0.0073 13 10000
fx>>

Ok.

So you had 73 errors, may be this is not very reliable, may be you can increase the number of

blocks by 1 more but the answer we got was what we expected, around 7 or 8 into 10 power

minus 3.

Let me show that

(Refer Slide Time 11:01)

* BER vs. E,/N, Analysis
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Ve
*There are many others that are good!

to you once again. This was around roughly 7 into 10 power minus 3, Ok.
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* BER vs. E,/N, Analysis

L
10 2

@ oA
* Repetition code is not good enough 4= 0{:\“ g v

*There are many others that are good!

we are getting the right, right curve, so it is working out quite well. Let us do soft decision

decoding for the same s n rs, same E b over N naught 4 and 6,
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G I L b 05 Pofesor s b Fol Andrw » 203118 5
]
) Name:

W L. Coding tutorials b
o TAL I Academic License ’ Huews
i 201029 g
&L BPSK repd simasy N0
#) 805K rep3 smm I EbNe
B simm >> cd D:\'Professor Files'\'Prof. Andrew'\ Hi
e
>> cd 20.11.18\ mig
>> BPSK rep3_sim g
1.0e+04 * i
0.0004  0.0000  0.0255  1.0000 r
>> format short g ]:‘
>> BPSK rep3_sim ‘:m
4 0.03 300 10000 (Conat
Dewls -+ | >> BPSK rep3_sim
6 0.0073 13 10000
Select a fleto view deta jx >
>

Ok.

So I am going to do soft decision decoding, so for that all I have to do is to change my

message cap 1 to message cap 2. [ am doing actually both.
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I am just not using one of them.

(Refer Slide Time 11:40)

Current Folder @
D Name:

W ). Coding Wlorils
o 2011181sepo)

@ | 20111820
695K g3 sy
) 098¢ sep3 simm
& st gmm

disp ([EbNodB BER sim Nerrs k*Nblocks])

msg_capl = 0;
end

%$Soft-decision decoding

if sum(r) < 0
msg_cap2 = 1;
else
msg_cap2 = 0;
end

Nerrs = Nerrs + sum(msg ~= msg_cap2) ;

34= “end

36~  BER sim = Nerrs/k/Nblocks;

ot n3 oo

So let us go back to the command window, Ok

@POF L 0+ Polessr

Academic License

>> cd D:\'Professor Files'\'Prof. Andrew'\
>> cd 20.11.18\
>> BPSK rep3 sim
1.0e+04 *
0.0004 0.0000 0.0255 1.0000
>> format short g
>> BPSK rep3_sim
4 0.03 300 10000
>> BPSK rep3_sim
6 0.0073 73 10000
fx>>

and now remember [ am at 6 d B E b over N naught, 6 d B E b over N naught and soft

decision decoding.
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. Codg kol Academic License

a 201 1B

i 20111820

grsuna|  >> od D:\'Professor Files'\'Prof. Andrew'\

L LT >> cd 20.11.18\
>> BPSK rep3 sim
1.0e+04 *
0.0004 0.0000 0.0255 1.0000
>> format short g
>> BPSK rep3 sim

4 0.03 300 10000
>> BPSK rep3 sim
6 0.0073 13 10000
>> BPSK rep3 sim
6 0.0021 21 10000 .
fi>> .

Doing this and you can see the gains, right. So there were only 21 errors, may be this is not
very good in terms of reliability. So may be one can increase the number of blocks to say

100000.
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1- EbNodB = 6; L)
2= R =1/3; %n=3 repetition (1/3 bits/symbol)

3~ EbNo = 10 (EbNodB/10) ;

4~  sigma = sqrt(1/(2*R*EbNo)) ;

6= k =1; %number of message bits
7= n = 3; %number of codeword bits

9~ Nerrs = 0; Nblocks = 100000
10~ | for i = 1: Nblocks

msqg = randi([0 1],1,k); %generate random k-bit message
$Encoding

cword = [msg msg msg]; %n=3 repetition

;

s =1-2 * cword; %BPSK bit to symbol conversion

r =s + sigma * randn(l,n); %AWGN channel v
saript n9 Col 28

Ok, so this will also give you reasonably good answers.

So
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). Codog kol Academic License
-‘ 2011 18tspr
2011.182p
grsuwna| 5> od D:\'Professor Files'\'Prof. Andrew'\

Bowsann >> cd 20.11.18\
>> BPSK rep3 sim
1.0e+04 *
0.0004 0.0000 0.0255 1.0000
>> format short g
>> BPSK rep3 sim

4, 0.03 300 10000
>> BPSK rep3 sim
6 0.0073 73 10000
>> BPSK rep3 sim
6 0.0021 21 10000 .
fi>> o |

if you repeat this,
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@B EE L 20 r professor ks » Prof Andrew » 201118 ¥
Curtent Folder ©
) Name:

o camuens | >> cd D:\'Professor Files'\'Prof. Andrew'\
§ominan | 3> cd 20.11.18\

@ [ 20111820
frsune|  >> BPSK rep3 sim
L L 1.0e+04 *

0.0004 0.0000 0.0255 1.0000
>> format short g
>> BPSK rep3 sim

4 0.03 300 10000
>> BPSK rep3 sim
6, 0.0073 13 10000
>> BPSK_rep3_sim
6 0.0021 21 10000
>> BPSK rep3 sim
6 0.00246 246 le+05 .
S>> | Ve

so you are getting 100000 blocks simulated 2 point 4 6 into 10 power minus 3, so one can
check that this is the correct value as well. So at 6 d B E b over N naught this is around 2

point 5. Right, this point is around, roughly around 2 point 5 into 10 power minus 3, Ok.
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So that is pretty good, so what we got in simulation agrees with that and you can see the gains
at the same E b over N naught because you did better decoding, soft decision decoding. You
had a gain of about factor of 1 half, a little bit more, Ok so 2 point 5 into 10 power minus 3

was the answer we got.

So hopefully the, this little coding exercise was good in terms of showing you how to, how to

do
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1- EbNodB = 6;

2= R =1/3; %n=3 repetition (1/3 bits/symbol)
3~ EbNo = 10*(EbNodB/10) ;

4~  sigma = sqrt(1/(2*R*EbNo));

6~ k =1; %number of message bits
7= n = 3; %number of codeword bits

9~ Nerrs = 0; Nblocks = 100000}

10~ [ for i = 1: Nblocks

msg = randi([0 1],1,k); %generate random k-bit message
$Encoding

cword = [msg msg msg]; %n=3 repetition

s =1 -2 * cword; %BPSK bit to symbol conversion
r = s + sigma * randn(l,n); %AWGN channel

sarpt 9 o2

error control codes. Let me quickly run through.



The first thing is the rate, Ok. You have to modify that and that changes your sigma

calculation and you have number of bits in each, number of message bits in each block,

number of codeword bits in each block, how many blocks you want to simulate and inside

that you have

(Refer Slide Time 13:21)

the same picture.

9-
10—
il
12

ilsh=
14

il
LG
17

18

i
2l
s
25

Nerrs = 0; Nblocks = 100000;
for i = 1: Nblocks

msg = randi ([0 1],1,k); %generate random k-bit message

$Encoding
cword = [msg msg msg]; %n=3 repeti'tion

8 =1-2 * cword; %BPSK bit to symbol conversion
r = s + sigma * randn(l,n); %AWGN channel

%$Hard-decision decoding
b = (r < 0); %threshold at zero
if sum(b) > 1
msg_capl = 1;
else
msg_capl = 0;

n 2 Col 1

You are encoding, you do the transmission, you could choose to do either
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Grame @y el g -

s =1- 2 * cword; %BPSK bit to symbol conversion
r =s + sigma * randn(l,n); %AWGN channel

$Hard-decision decoding
b = (r < 0); %threshold at zero
if sum(b) > 1
msg_capl = 1;
else
msg_capl = 0;
end

%Soft-decision decoding
if sum(r) < 0

msg_cap2 = 1;
else

hard decision decoding or soft decision

=10

n 2 Col 1
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%Hard-decision decoding
b = (r < 0); %threshold at zero
if sum(b) > 1

msg_capl = 1;
else

msg_capl = 0;
end

%Soft-decision decoding

if sum(r) < 0
msg cap2 = 1;
else
msg_cap2 = 0;

end

Nerrs = Nerrs + sum(msg ~= msg_capZ);

decoding, Ok. This is how it works. And then
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there are these minor adjustments in calculating the number of errors and all that

repetition code for you,

: msg capl = 0;
end

%Soft-decision decoding
if sum(r) < 0
msg_capz =
else
msg_cap2 = 0;
end

Nerrs = Nerrs + sum(msg ~= msg_cap2);

BER sim = Nerrs/k/Nblocks;

disp([EbNodB BER_sim Nerrs k*Nblocks])

n 3 ol 1

n 38 Col 1

. So that is
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Ok.

So, so far we saw the repetition code. We saw how to implement it, may be little bit of
analysis and then how to implement that in Matlab as well. And we generated these curves
and we plotted it and we saw that at the end of the day, we did not get coding gain in E b over

N naught that is because of the way the rate is normalized in the s n r, Ok?

So next code we are going to see a very famous code, it is called Hamming code and in that
code we will get some coding gain, Ok. It is, it is the first real code that we are going to see.

So let us go through that.



