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Simulation of (7,4) Hamming Code in MATLAB

* Example: (7,4) Hamming Code

r=(nr..n Had | b=[bb,...b) Find ¢ that ‘ {
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» »  minimizes |
Decision dylc, b)
Ifr<0,b=1
Message | Codeword Message | Codeword
o0 | ooooo k “o0 | owornn o h= [1010101]’ c‘: ?locorol
1| ooolon1 1001 | 1001110 e
0010 | 0010110 o1 | o010 ob= [0110110]: é=?
o101 | 0101100 or | 0111010
1011 | 1011000 110 | 1110100
0110 | 0110001 1001 | 1101001
1100 | 1100010 100 | 10001 [2
1000 @mel 4 | un | mnn

Hello, so in this lecture we will be looking at building decoders for the 7 4 Hamming code.
You remember in the previous Matlab coding lectures we saw how to build decoders for the
repetition code. We built both the soft decision decoder and the hard decision decoder. We ran
them and saw what the output was and compared it with some plots and we got good

anSwers.

We will do the same for the Hamming code. I will build it very quickly and show you. But a
couple of things I want to point out once again, remind you. The code I write primarily using
Matlab for the demonstrations, you can use Octave as well, and the same code that we

provide for you should work on Octave also, Ok.

So let us get started. So this is the Hamming code, the 7 4 Hamming code. So, I mentioned
that this is a linear code as well and one can write down the generator matrix for this linear
code. So this would come out like this. So you have G equals, remember it is a 7 4 code so it

will be 4 by 7 generator matrix,
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Example: (7,4) Hamming Code

el | bbbl + Frac bt | ¢
ecision dH(C, b)
Ifr>0,b=0
Ifr<0,b=1
Message | Codeword Message | Codeword
000 | 0000000 | 0100 | o011 o h=[1010101], é = 2lco0tel
0001 | 0001011 1001 | 1001110 T
0010110 wi | ooutor * b=1[0110110], é=?
0101100 out | o100 3
1011000 110 | 1110100
0110001 ot | 1101001 6\ -
1100010 100 | o001 |2 k
@ooD]y | mu | wuw

Ok. So it turns out since, since this encoding is systematic you can quickly write down the

generator matrix. So the generator matrix will look like this.

101
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Example: (7,4) Hamming Code

relfnhon] e | b=[iby.b) | Frdcte] ¢
Decision dyc, b)
Ifr;>0,b=0
Ifr<0,b=1.
Message | Codeword Message | Codeword
0000 | 0000000 { | 0100 | 0100111 eh= [1010101][ ¢ = ?loootol
0001 | 0001011 1001 | 1001110 S e "
0010110 o001 | oorton *h= [0110110]1 c=?
0101100 ol | 0111010 +
1011000 1110 | 1110100 C\‘ |]o oo | o\
0110001 101 | 1101008 -
1100010 1010 | 1010011 |2 &
@ooD]y | mu | wuw

and 111
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Example: (7,4) Hamming Code

b=[b,b,..b] -{ Find ¢ that

r=[nn.nll Had

" Decision
Ifr>0,b=0
Ifr<0,b=1.
Message | Codeword Message | Codeword
0000 | 0000000 - | 0100 | o0t
0001 | 0001011 1001 | 1001110
0010110 oot | oottior
0101100 ou | 0111010
1011000 1110 | 1110100
0110001 101 | 1101001
1100010 1010 | 1010011
@ooD]s | mu | wuw

and then youhave 001 0and 110
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minimizes .

dy(c, b)

* b=[1010101], ¢ = ?lecorel
« b= [0110110], é= ?
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Example: (7,4) Hamming Code

b=[b,b,..b] -{ Find ¢ that

[4

minimizes .

dy(c, )

*b= [1010101], ¢ = ?lecorol

« b=[0110110], é= ?
?-
_|lo oo | @}
C"ol°0|l\
) b loolo 10

r=[nn.nll Had
Decision
Ifr>0,b=0
Ifr<0,b=1.
Message | Codeword Message | Codeword
0000 | 0000000 ¢ | 0100 | o0t
0001 | 0001011 1001 | 1001110
0010110 oot | ootior
0101100 ou | 0111010
1011000 1110 | 1110100
0110001 1101 | 1101001
1100010 1010 | 1010011
@ooD]y | mu | wuw

and0001,01 1. Ok
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i Example: (7,4) Hamming Code

b=b;by...b] -{ Find c that

2

r=nn.n Hard

" Decision
Ifr>0,b=0
Ifr<0,b=1
Message | Codeword Message | Codeword
000 | 0000000 | 0100 | o011
0001 | 0001011 1001 | 1001110
0010110 wu | oouior
0101100 out | o1o10
1011000 110 | 1110100
0110001 ot | 1101001
1100010 100 | 1010011
@ooD]s | mu | wuw

é
minimizes
dy(c, b)

« b=[1010101], é = ?loocrol

——

« b=[0110110], é=?

so this is the generator matrix for this 7 4 Hamming code. So you have, when you multiply m

with G with the message bits appearing in the first 4 locations and then the first parity will be

m 0 plus m 1 plus m 2. The second parity will be m 1 plus m 2 plus 3. And the third parity is

m 1 plus m 2 plus m 4, Ok.

So this is the generator matrix. One can write down the parity check matrix as well for this,

for this code so that will be just p transpose and I 3 (()). And one can use it, Ok.

So, so I am giving you this just for, just for completing the previous lecture but this you may

want to use it in the, in your coding for instance when you want to do encoding this is a good

thing to use, Ok.

So let us move over to Matlab.
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SKiopd dmen % [+
EbNodB = 6;

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

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

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

9~ Nerrs = 0; Nblocks = 100000;

for i = 1: Nblocks

msg = randi([0 1],1,k); %generate random k-bit message
$Encoding
cword = [msg msg msqg]; %n=3 repetition

=1 -2 * cword; %BPSK bit to symbol conversion
= 5 + sigma * randn(l,n); %AWGN channel

So I am going to save this as 7 4 Hamming

(Refer Slide Time 03:16)
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1 - 2 * cword; %BPSK bit to symbol conversion
s + sigma * randn(l,n); %AWGN channel

1 Golt

o Golt

Ok so we will use the same 6 d B, remember the rate is 4 by 7 Ok so let us make a few quick

changes here.

This part
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EbNSdB = 6;
R = 4/7; %(7,4) Hamming (4/7 bits/symbol)
EbNo = 10 (EbNodB/10) ;

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

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

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 repetition

=1 -2 * cword; %BPSK bit to symbol conversion
= 5 + sigma * randn(l,n); %AWGN channel

does not change, k equals 4, n equals 7.
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EbNSdB = 6;

R = 4/7; %(7,4) Hamming (4/7 bits/symbol)
EbNo = 10 (EbNodB/10) ;

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

k = 4; %number of message bits
n = 7; %number of codeword bits

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 repetition

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

The number of blocks maybe we want to keep it at some low number

v
lina col 28

ln7 o6
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ol e =GkEe G R G e

W9SK Homming dmm® % | |
EbN8dB = 6;

1

2 R = 4/7; %(7,4) Hamming (4/7 bits/symbol)
3 EbNo = 10* (EbNodB/10) ;

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

5

6 k = 4; %number of message bits
1l n = 7; %number of codeword bits

¢ Nerrs = 0; Nblocks = 1000;

10 for i = 1: Nblocks

11 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

sarot n9 Col 2

just for simulation. This part is Ok. The message is k bits. Now the codeword I have to

change, right.

So I have to have the message appearing by itself, Ok and then remember from my encoding,

my
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Example: (7,4) Hamming Code

r=lnnnll Had | B=[bby.. bw e
" Decision | %
dyc, b)
Ifr,>0,b=0
Ifr,<0,b=1
Message | Codeword Message | Codeword
0000 | 0000000 - | 000 | 0100111 b= [1010101], ¢ = ?looorol
0001 | 0001011 1001 | 1001110 L i
w10 | ooto10 oo | oornon ¢ b=0110110], ¢ = ?
0101 | 0101100 out | outolo +
1011 | 1011000 1110 | 1110100 G’ |]o oo | @\
o110 | 0110001 101 | 1101001 f ol oo (HiF)
100 | 1100010 1010 | 1010011 Jp. kloo LO (‘9 " L\)
w0 | oDy, | wn | o9l

message will come here by itself. The 4 bits of the message will come here. What about the
first parity? It is the first bit of the message XORed with the second bit of the message
XORed with the third bit of the message. Ok



So that is my first parity, so I can write that down here. So it is going to be m s g of 1 plus m s
g of 2 plus m s g of 3 and then I have to do modulo 2 and that you can do in this fashion, Ok.
So this is for the 7 4, 7 4 Hamming, Ok.

Now just to make the writing a bit clear I will use this dot dot dot which gives me the ability

to write over multiple lines.
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LG v GfCoToy Comment % g ()
o o ne tragorts

" e

5K Tabamming i +
6- k ="; %number of message bits
1] n = 7; %number of codeword bits
8

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

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

i3] cword = [msg mod (msg(1)+msg(2)+msg(3),2)...

1 mod(]; %(7,4) Hamming

15)

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

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

sarot n 14 Col 20

The second message, if you, the second parity bit if you look at it
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iExample: (7,4) Hamming Code

F=lrt o] b=[bb,...b,] Fin.dlc_that é
(€
Ifr,>0,b=0
Ifr,<0,b=1
Message | Codeword Message | Codeword
0000 | 0000000 | 0100 | 010011t * b=[1010101], ¢ = ?looorol
0001 | 0001011 1001 | 1001110 b
000 | 0010110 o1 | oottor ¢ b=0110110], é=?
0101 | 0101100 out | otio10 +
1011 1011000 1110 1110100 G’ I 0 00O | o \
00 | 0110001 101 | 1101001 0| 8 { |\
100 | 1100010 w010 | 1010011 Jp. oolo |l L\)
wo [@ooD]s | uu [ uuw ol

is actually m, m the second message bit XORed with the third message bit XORed with the
fourth message bit, right?



So I can
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6- k ="; %number of message bits 5
1= n =17; $number of codeword bits

8

9= Nerrs = 0; Nblocks = 1000;
10 for i = 1: Nblocks
ilili= msg = randi([0 1],1,k); %generate random k-bit message
12 $Encoding
13 cword = [msg mod (msg(1)+msg(2) +msg(3),2)...
14 mod(]; %(7,4) Hamming
15
16 s =1 -2 * cword; %BPSK bit to symbol conversion

U r = s + sigma * randn(l,n); ®AWGN channel
$Hard-decision decoding

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

the document abs arot n 1 Col 22

write that down. Remember this mod 2 you have to keep doing, Ok
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B T4bamiming sy

6- k = 4; %number of message bits |
7= n=7; $number of codeword bits
8
9= Nerrs = 0; Nblocks = 1000;
10 for i = 1: Nblocks
ilil= msg = randi ([0 1],1,k); %generate random k-bit message
12 $Encoding
13 cword = [msg mod (msg(1)+msg(2) +msg(3),2)...
14 mod (msg (2) +msg (3) +msg (4) ,2) ...
15 [l: $(7,4) Hamming
16
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 v
BPSK 74Hamna simm' of s tab. serot n 15 Col 18

and the third parity bit, oops sorry, (()) the third parity bit if you look at the
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Example: (7,4) Hamming Code

Py

dy(c, b)

Ifr>0,b=0

Ifr<0b=1
Message | Codeword Message | Codeword
wn oo [0 [omur| o h=[1010101], € = Plevorel
o001 | 0001011 1001 | 1001110 -
w00 | ooorto oon | oomtor * b=[0110110], é = ?
ow1 | 0101100 o | ouow +
w1 | 1011000 10 | 1110100 o oo | @)
0110 | 0110001 101 | 1101008 a— 0| 00 | |\
100 | 1100010 w010 | 110011 Jp_ kloo 1o 11 ?
oo | @oop|g, | | e

equation once again, it is the first message bit XORed with the second message bit and

XORed with the fourth message bit, Ok.

So one can write this down as m s g of 1 plus m s g of 2 plus m s g of 4 and comma 2 that is

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

18 cword = [msg mod(msg(1)+msg(2)+msg(3),2)...

14 mod (msg (2) +msg (3) +msg (4) ,2) ...

i5) modhug(l)msg(!)msg(d),l‘)]; %(7,4) Hamming
16

il 8 =1-2 * cword; %BPSK bit to symbol conversion

il r =5 + sigma * randn(l,n); %AWGN channel 1

19

20 $Hard-decision decoding

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

“Z if sum(b) > 1

msg_capl = 1;
else

msg_capl = 0;
end v
ot n 15 Col 45

So I have done my encoding, Ok. So 1, 2, 3; 2, 3, 4 and 1, 2, 4, so let us check that once

again,
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Example: (7,4) Hamming Code

é
.

= = Find ¢ that
r= =
[, Tn]_ Hard b=[bb,..b)] + it
Decision

dy(c, b)
Ifr>0,b=0
Ifr<0,b=1
Message | Codeword Message | Codeword
2
0000 | 0000000 4 | 0100 | ot00111 b= [1010i01]1 ¢ = ?loooiol
0001 | 0001011 1001 | 1001110 eI "
000 | 0010110 oot | ootior sb= [0110110]1 c=?
o101 | 0101100 ou | 0111010 T+
101 | 1011000 110 | 1110100 C\‘ |o oo | @)
010 | 0110001 1101 | 1101001 ol 00 j 1\
0
100 | 1100010 w00 | 110011 Jp kloo 1o (\D “ \
20
oo | @owop|e, | | {

exactly what it is, Ok.

(Refer Slide Time 06:05)
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11 msg = randi([0 1],1,k); %generate random k-bit message

12 $Encoding

13 cword = [msg mod(msg(1l)+msg(2)+msg(3),2)...

14 mod (msg (2) +msg (3) +msg (4) ,2) ...

15 mod (msg (1) +msg(2) +msg(4) ,2)]; %(7,4) Hamming
16

17 8§ =1 -2 * cword; %BPSK bit to symbol conversion

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

20 $Hard-decision decoding
21 b = (r < 0); %threshold at zero
if sum(b) > 1
msg_capl = 1;
else

msg_capl = 0;
end
ot n 15 Gol 45

So that is done. Ok, you have done the encoding. You can write this a bit differently. You can

store the generator matrix and do it if you like. There are various ways of doing it, Ok.

So after this the bit to symbol conversion is straightforward. It is the same thing. Nothing
needs to be changed. This gives you the symbol vector. And then this gives you the received
vector, right? I am adding, creating noise of Gaussian distribution multiplying with sigma and

then adding it to this.



Now hard decision decoding, the threshold at zero is the same but this condition is not going

to be the same,
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K T4panmig s | 4
16
i/

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; I
else

msg_capl = 0;
ﬂi

%Soft-decision decoding
if sum(r) < 0
msc}_;ap2 =1;
else v
ot 2 ol 2

but this condition is not going to be the same, right? So need to have something different

here; it cannot be the same as this. We will have to do something different

(Refer Slide Time 06:47)

here so let us delete this.

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

%Soft-decision decoding
if sum(r) < 0
msg cap2 = 1;
else v
ot n 2 ol 1

Same thing with soft decision decoding,
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= 8 =1- 2 * cword; %BPSK bit to symbol conversion
18 r =s + sigma * randn(l,n); %AWGN channel

20 %Hard-decision decoding
il= b = (r < 0); %threshold at zero

$Soft-decision decoding 1

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

this cannot be the same. This will have to be real out, Ok. Remember what we do in hard
decision decoding, you have to find the distance of the hard decision vector b from every
codeword and find that codeword which is closest to it, Ok. So that is the task in hard

decision decoding.

And soft decision decoding, you have to find the distance between the received word, right,
real received word and all possible symbol vectors, right and then find that symbol vector

which is closest to, closest to the received vector in Euclidean distance, Ok.

But we also saw B P S K K S instead of finding the Euclidean distance and finding the
minimum symbol vector; you can take a dot product and find the maximum dot product. So

which symbol vector has maximum correlation with your received vector?

So that is also something that you can find, Ok. So once we will do it in that fashion. We will
do soft decision decoding in that fashion. I will take dot product with all symbol vectors and

pick that symbol vector which gives me the best one.

So for both these things I need the list of codewords, Ok. So I need the list of all codewords
of the Hamming code. And I want to store them in some, in a vector and then use it, Ok. And
also all symbol vectors right. So right, so both of these, both of these I need. I am going to

generate it.



For small codewords, codes like this one can quickly generate. It is not very difficult to write
a piece of few lines of code to generate these codewords. But in general if you have larger
code, it might be difficult and it won't work, Ok. But nevertheless let us get started with the,

with generating these codewords

(Refer Slide Time 08:41)
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Ok.

So I will do, I will describe how I usually generate codewords. This is not the only way to do
it. There are so many other ways in which one can do this so one can write down the, first

generator matrix, Ok.
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So let me take some help from what I have before,
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Example: (7,4) Hamming Code

relinenll b | D=Bib.b]

* b=[1010101],

« b=[0110110], é= ?

N\ Decision
Ifr,>0,b=0
IFr<0,b=1.
Message | Codeword Message Codbword
o0 | oo [ oo | oo
oot | oootort 1001 | 1001110
w0 | ooorto ot | ootnior
oot | o100 ot | owon
w01 | 1011000 o | 1000
o110 | outoont 1ot | tioto0t
100 | 1100010 w010 | 1010011
oo | @oop|e, | wu |

101,111(()Ok.

(Refer Slide Time 09:18)

@B 0P L v 0 v Professor Fles ¥ Prof. Andeew b 201118 ¥
Current Folder ©

Academic License

K repisi. ©
g

fx>>6=(1000101;0100111; 0010

Let us check.

1<
Co. @



(Refer Slide Time 09:19)

Example: (7,4) Hamming Code

r=ltr ot b=[b,b,..b Find c that | ¢
[ "]- D::I;sm UL "]-{ minimizes | s
dy(c, b)
Ifr>0,b=0
Ifr <0,b=1.
Message | Codeword Message | Codlword
0000 | 0000000 4 | 0100 | ot00111 e h= [1010101], ¢ = ?lecorel
0001 | 0001011 1001 | 1001110 e i
010 | 0010110 oo | oonte sb= [0110110]' c=?
o101 | 0101100 our | 0111010 ¥
1011 | 1011000 1110 | 1110100 G |o oo | @)
0110 | 0110001 1101 | 1101008 0) 09 j§ § |\
100 | 1100010 w010 | 1010011 Jp kloo 1o (\D |‘ ?
o
oo | @oop|e, | | %l

10011(()),0k
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so you can check. This is the generator matrix that I had before, alright. So now I have to
multiply with the message bits. How many message bits do I have? I have 4 message bits so
there are 16 possible binary vectors. So how do you get a list of 16 possible binary vectors?

So it turns out that there is this little command here which I use. There are, I am sure other

possibilities here.
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So if we do this,
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>»G=(1000101;0100111;0010110;0001011]
G =

1 0 0 0 1 0 1
0 1 0 o 1 1
0 0 1 0 a1 1 0
0 0 0 1 0 1 1
fx>> deczbinffo:15,4)|

I
. §

€. ¢

it will give you the list of all binary vectors in Matlab. Ok, so
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0000,0001,001 0. So the problem is this is a string and it turns out, I want to convert it

into vectors, right?

I do not want a string, [ want a matrix. For that I use this little trick. I usually subtract it,
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0 1 0
0 0 1 0
0 0 0 1
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will do it, no it will not. 48 would do it.
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and then you subtract 48 from it, Matlab does this conversion from strings to bits at least.

So you have 0 1, this is a good enough trick to use so I will do this. So this gives me the
vector of all possible binary sequences of length 4. Ok, you might have other ways of

generating this. So I am just generating it like this, Ok, 0000,000 1 soontill 1 11 1.

Ok this is 16 vectors here. So let us store this, you don't have to necessarily store this, you

can just keep this and multiply with G on the right. Ok
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but we have to do modulo 2. If you do not do modulo 2, you won't get right answers. Ok,

mod of this comma 2.
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f%>> mod((dec2bin(0:15,4) - 48)4G,2)

So turns out this is the list of all codewords that I want, Ok.

So this is the list of all codewords in the Hamming code. You see I found all the binary
sequences of length 4, multiplied with G. I did a modulo 2. I got the, I got all codewords, Ok.
So you can check if you like that we got the codewords, Ok.

So now I can do a simple cut and paste from here to my editor window,
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Ok. So one can, I mean one need not do it inside the simulation block. You can do it outside. I
can call it Ok, codewords Ok or you can use any other notation that you like. So here I can

paste it.



So it is good to put
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semicolons to indicate that the...So I want to immediately point out, this is something that
you cannot do for long codes, Ok. So if you have, if you have say k equals 100 or 1000, this

will be 2 power 100, you cannot list out all the codewords like this but for us it is Ok.

So this is a small enough operation. You can do it very easily, Ok. So once I have the list of

codewords
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29 $Encoding

80= cword = [msg mod (msg(1)+msg(2)+msg(3),2)...

31 mod (msq (2) +msg (3) +msqg (4) ,2) ...

32 mod (msg (1) +msg (2) +msg(4) ,2)]; %(7,4) Hamming
g5

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

35 r = s + sigma * randn(1,n); $AWGN channel

36 I

37 $Hard-decision decoding

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

39

10 $Soft-decision decoding

1

2= Nerrs = Nerrs + sum(msg ~= msg_cap2);
3

sarot n 38 Col 11

and I have my hard decision vector b, it is relatively easy to write down the hard decision

decoding, Ok.
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31 mod (msg (2) +msg (3) +msg (4) ,2) ...

32 mod (msg (1) +msg (2) +msg (4) ,2)]; %(7,4) Hamming
)

3= 8 =1-2 * cword; %BPSK bit to symbol conversion
35 r =s + sigma * randn(l,n); %AWGN channel

36

37 %Hard-decision decoding

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

39

40

11 %Soft-decision decoding

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

BER sim = Nerrs/k/Nblocks;

sarot n 40 Col §

So I have to find the distance between this vector b and every codeword in my array ¢ words,
Ok. So I had the lost of all codewords. I have to find the distance between this and that, Ok.
So even for this I am going to use a little bit of a device here. It is just to get it done very

quickly.

So I can do this repeating the matrix, Ok. So I will do it 16 times 1, Ok. So this will create a

vector of b
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Sl mod (msg (2) +msg (3) +msg (4) ,2) ...

32 mod (msg (1) +msg (2) +msg(4) ,2)]; %(7,4) Hamming
33

3= 8 =1 -2 * cword; $%BPSK bit to symbol conversion
35 r = s + sigma * randn(l,n); %AWGN channel

36

Sil $Hard-decision decoding

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

39 repmat (b,16,1)|

40

11 $Soft-decision decoding

42

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

44- -end

BER sim = Nerrs/k/Nblocks;

sarot n 39 Col 19

repeated 16 times. So you can try this out if you have installation, Ok. And then I will add it

to ¢ words and do a modulo 2,
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31 mod (msg (2) +msg (3) +msg (4) ,2) ...

32 mod (msg (1) +msg (2) +msq (4) ,2)]; %(7,4) Hamming
33

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

36

31 %Hard-decision decoding

38 b = (r < 0); $threshold at zero |

39 repmat (b,16,1) +cwords

40

11 %Soft-decision decoding

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

- BER sim = Nerrs/k/Nblocks;

sarot n 39 Col §
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il mod (msg (2) +msg (3) +msg (4) ,2) ...

32 mod (msg (1) +msg (2) +msq (4) ,2)]; %(7,4) Hamming
B8

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

36

37 $Hard-decision decoding

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

39 mod (repmat (b, 16,1) +cwords, 2)|

40

11 $Soft-decision decoding

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

BER sim = Nerrs/k/Nblocks;

sarot n 39 ol 33

Ok this will give me the XORs; I am XORing b with every possible codeword, Ok.

And then what do I do, Ok so this gives me just the XORs of all the codewords and now I can
look at the weights, right? So, so this I will call as the distance array, Ok.
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31 mod (msg (2) +msg (3) +msg (4) ,2) ...

32 mod (msg (1) +msg (2) +msg (4) ,2)]; %(7,4) Hamming
g8

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

36

37 %Hard-decision decoding

38 b = (r < 0); $threshold at zero |

39 dist = hod(rapmat (b,16,1) +cwords, 2)

40

11 $Soft-decision decoding

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

BER sim = Nerrs/k/Nblocks;
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So this is just the XORs, so how do I find the weight? So it turns out you can multiply a

vector on the right, Ok and this will give me the distances,
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31 mod (msg (2) +msg (3) +msg (4) ,2) ...

32 mod (msg (1) +msg (2) +msg(4) ,2)]; %(7,4) Hamming
33

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

36

37 %Hard-decision decoding

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

39 dist = mod(repmat(b,16,1)+cwords,2) *ones(7,1) ;‘

40

11 $Soft-decision decoding

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

et n 39 Col 51

Ok.

So I will illustrate it may be later on we will see how this works out. So I am repeating the
received vector b 16 times, I am doing XOR with each codeword. I get a list of XORs, they

are 16 in number each is a vector of length 7. How do I find the weight of that now?



I multiply on the right with 1s of 7 comma 1. So it simply multiplies and adds up and gives
me the weight, Ok. So I am not done now. I have to find, out of all these guys the one which

has the least distance, Ok.

So that one can find using this min, so min d comma position equals min of distance. So of

all these distances which one
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L
B Tabsmming simm' % |

Sl mod (msg (2) +msg (3) +msg (4) ,2) ...

32 mod (msg (1) +msg (2) +msg(4) ,2)]; %(7,4) Hamming
33

3= 8 =1 -2 * cword; %BPSK bit to symbol conversion

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

36

gil $Hard-decision decoding

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

39= dist = mod(repmat(b,16,1)+cwords,2) *ones(7,1);

40 [mind,pos] = min(dist);

11
2 $Soft-decision decoding

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

sarot n 40 Col 28

is the minimum, Ok? So that this solves and then once I know p o s, the minimum itself does

not really matter. I can find message cap 1 as ¢ words of pos comma 1 colon 4,
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31 mod (msg (2) +msg (3) +msg (4) ,2) ...

32 mod (msg (1) +msg (2) +msg(4) ,2)]; %(7,4) Hamming
33

3= 8 =1 -2 * cword; %BPSK bit to symbol conversion
35 r = s + sigma * randn(l,n); %AWGN channel

36

Sil $Hard-decision decoding

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

39= dist = mod(repmat (b,16,1)+cwords,2) *ones(7,1);

10 [mind,pos] = min(dist);

11 msg_capl = cwords (pos,1:4);

%$Soft-decision decoding

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

sarot n 41 ol 32

Ok.



So hopefully it was clear to people. I wrote it down a bit quickly. Think about what I am
doing. I am finding the distance between b and every possible codeword and finding that
codeword which is closest minimum distance between this and that, Ok. So let us do, so we
will run this. I mean I have to check if I have made any mistakes or not. Maybe I made a

mistake.

When we ran it we will know if it causes any errors, we will go and look at it and check it
out, we will do that at that time. So soft decision decoding, it is similar except that the
distance is going to be, it is not distance, I will call it correlation, correlation is going to be
with the received word r but I am going to have the list of symbol vectors. So it is 1 minus 2

into ¢ words multiplied by the transpose of .
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34— s =1- 2 * cword; %BPSK bit to symbol conversion
35 r = s + sigma * randn(l,n); %AWGN channel

36

31 %$Hard-decision decoding

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

39= dist = mod(repmat(b,16,1)+cwords,2) *ones(7,1) ;

10 [mind,pos] = min(dist); I

dl= msg_capl = cwords (pos,1:4);

42

43 $Soft-decision decoding

44 corr = (1-2*cvords)*r';J
5
= Nerrs = Nerrs + sum(msg ~= msg_cap2);

ot in 4 Col 20

Ok, so this will give me the list of all correlations and once again find m min and pos but in

this case, I have to do max, max of correlation
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Sls § =1 - 2 % cword; %BPSK bit to symbol conversion
35 r =s + sigma * randn(l,n); %AWGN channel

36

31 %Hard-decision decoding

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

s9= dist = mod(repmat(b,16,1)+cwords,2) *ones(7,1) ;

10 [mind,pos] = min(dist); |

1- msg_capl = cwords (pos,1:4);

42

13 $Soft-decision decoding

corr = (l-2*cwords)*r';
[mind,pos] = max(corr);

Nerrs = Nerrs + sum(msg ~= msg_cap2) ; v
scron n 46 Gol 8

and then what I have here is the same,
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3= s =1 -2 * cword; %BPSK bit to symbol conversion
35 r =s + sigma * randn(l,n); %AWGN channel

36

31 %Hard-decision decoding

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

S9= dist = mod(repmat(b,16,1)+cwords,2) *ones(7,1) ;
40~ [mind,pos] = min(dist); !

1- msg_capl = cwords (pos,1:4);

42

13 $Soft-decision decoding

44~ corr = (1-2*cwords)*r';
[mind,pos] = max(corr);
msg_cap2 = cwords (pos,1:4) ;

Nerrs = Nerrs + sum(msg ~= msg_cap2) ; v
ot n 46 ol 32

Ok. So, so Matlab is pointing out that, Ok so maybe I will call m ind1, m ind2 just to keep
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Matlab happy and then this is just a, just a way of counting errors. May be I will use hard

decision decoder first, Ok.

So let us see how this works. So one useful thing I do usually when I run this is I put a

breakpoint here
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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

dist = mod(repmat(b,16,1)+cwords,2) *ones(7,1) ;
[mindl,pos] = min(dist); I

msg_capl = cwords (pos,1:4);

%Soft-decision decoding
corr = (1-2*cwords)*r';
[mind2,pos] = max(corr);
msg_caﬂ2 = cwords (pos,1:4) ;

Nerrs = Nerrs + sum(msg ~= msg _cap2) ;
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%Soft-decision decoding
corr = (1-2*cwords)*r';
[mind2,pos] = max(corr) ;
msg_cap2 = cwords (pos,1:4);

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

et n 3 Col 5
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I run it to see what is going on. So maybe, maybe we will put lower
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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); %threshold at zero

dist = mod(repmat(b,16,1)+cwords,2) *ones(7,1);

[mindl,pos] = min(dist);
m!g_capl = cwords (pos,1:4);

$Soft-decision decoding
corr = (1-2*%cwords)*r';
[mind2,pos] = max(corr);
msg_cap2 = cwords (pos,1:4);

Nerrs = Nerrs + sum(msg ~= msg_capl) ;
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EbNodB = 1;

R = 4/7; %(7,4) Hamming (4/7 bits/symbol)
EbNo = 10 (EbNodB/10) ;

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

k = 4; %number of message bits
n = 7; %number of codeword bits

cwords = [0 0 0 0 0 0 03
0
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31 mod (msg (2) +msq (3) +msg (4) ,2) ...
32 mod (msqg (1) +msq (2) +msg (4) ,2)]; %(7,4) Hamming
33
34~ 8 =1 -2 * cword; %BPSK bit to symbol conversion
SKH] r = s + sigma * randn(l,n); $AWGN channel
36
3 %Hard-decision decoding
3809 b = (r < 0); %threshold at zero
895 dist = mod (repmat(b,16,1)+cwords,2) *ones(7,1) ;
0= [mindl,pos] = min(dist);
41 msg_capl = cwords (pos,1:4);

$Soft-decision decoding
corr = (1-2*cwords)*r';
[mind2,pos] = max(corr) ;

sarot n 38 Col 1

run it, Ok.

So it has come up to this point and stopped and to see what it is doing, you can go
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here and look at the message that was generated,
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>> BPSK_74Hamming_sim
K>> msg
msq = I
1 a2 0 1
o> L

1101, the c word
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>> BPSK_74Hamming_sim
K>> msg
msg =
1 1 0 1
K>> cword
cword = I
1 1 0 1 0 0 1
feo> | !

that was generated 1 1 01 0 0 1 and then s
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>> BPSK_74Hamming_sim .
K>> msg
msg =
1 1 0 1
K>> cword
cword = ¢
1 1 0 1 0 0 1 Co.. ¢
K> s
s = 1
-1 -1 1 =1 1 1 -1
f‘, K> s

which is minus 1 minus 1 1 etc and thenr,
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K> s
8 =
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K>
r=
Columns 1 through 6 Co. ¢
-0.7342  -2.0902 0.6385 -0.7144 3.9833 3.3088
Column 7
-2.1254 5
f‘,K» ¥ T

Ok.

So you can see noise got added. Lot of things have happened. It does not appear there has

been an error but nevertheless let us see what happens, Ok. So this is 1,
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mod (msg (2) +msg (3) +msg (4) ,2) . ..
mod (msqg (1) +msq (2) +msg (4) ,2)]; %(7,4) Hamming

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

dist = mod (repmat(b,16,1)+cwords,2) *ones(7,1) ;
[mindl,pos] = min(dist);

msg_capl = cwords (pos,1:4);

$Soft-decision degoding
corr = (1-2*cwords)*r';
[mind2,pos] = max(corr) ;

Ok. So I am going to run one step, so I will get
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b, Ok. So let us check what b is,

m X[ #

URULU =[Sy UG (SY (L] TISY £ TISY (3] 4] -
mod (msg (2) +msq (3) +msg (4) ,2) . ..
mod (msg (1) +msg (2) +msg(4) ,2)]; %(7,4) Hamming

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

%Hard-decision decoding

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

dist = mod (repmat(b,16,1)+cwords,2) *ones(7,1) ;
[mindl,pos] = min(dist);

msg_capl = cwords (pos,1:4) ;

$Soft-decision decoding
corr = (1-2*cwords)*r';
[mind2,pos] = max(corr);
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-1 -1 1 -1 1 1 -1
K>
r=
Columns 1 through 6
-0.7342  -3.0902 0.6385 -0.7144 3.9833 3.3088
Column 7
-2.1254
K> b s
]
i 1 0 il 0 0 1 r
B b

Ok.

So it sort of agrees with the codeword here but nevertheless let us to go through

(Refer Slide Time 18:40)

b/ =

A ;
,
agrpar?”

what the decoder is going to do.

LUSY WOU SY (L) THISY (2] TWSY () 2] + -+
mod (msqg (2) +msg (3) +msg (4) ,2) ...
mod (msg (1) +msg (2) +msg(4) ,2)]; %(7,4) Hamming

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

%Hard-decision decoding

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

dist = mod (repmat(b,16,1)+cwords,2) *ones(7,1) ;
[mindl,pos] = min(dist);

msg_capl = cwords (pos,1:4) ;

$Soft-decision decoding
corr = (1-2*cwords)*r';
[mind2,pos] = max(corr);

It is going to find distance,

v
n 39 Col 1
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LUSY WUU ISY (1] TISY (2] TSY (3] 2]+«

31 mod (msg (2) +msg (3) +msg (4) ,2) .. .
32 mod (msg (1) +msg(2) +msqg(4) ,2)]; %(7,4) Hamming
33

34~ 8 =1 -2 * cword; %BPSK bit to symbol conversion

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

36

8il $Hard-decision decoding

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

39- dist = mod (repmat(b,16,1)+cwords,2) *ones(7,1) ;

10-% [mindl,pos] = min(dist);

41 msg_capl = cwords (pos,1:4);

$Soft-decision decoding
corr = (1-2*cwords)*r';
[mind2,pos] = max(corr) ;

sarot n 40 Col 1

Ok. So let me show you how this worked. It gave you a array of distance.

(Refer Slide Time 18:49)

It tells you what the distances are from every possible codeword, Ok.

So how did it work? We did this repmat of b comma 16 comma 1,
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Y
1 2
&

3
Wil oz 3
& B 7AHammin. 1 |
#) BOSK TdHamnin.
P 3
|BPSK simm
4
4
3
3
0
4
3
K>> repma(b,16,1) r
Undefined function or variable 'repma'. b
Did you mean: o
ftk>> repmat (b,16,1) o

sorry Ok
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w1 onm
& s o

'! RPSK TAHarnin
BPSKsimam

R R N
e R N
© o0 o000 oo©0 oo oo o
R e I
© oo o0oo©0oo0oo oo oo o
© o0 o000 o0o0o0oo0 oo oo o
T T I S

so it repeated the same received vector 16 times. And then I did a XOR of this with my ¢

words,
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1 " = 5
rgypee?’

1 1 0 1 0 0 1
[Trpetting 1 1 0 1 0 0 ]
| b e e TR !
dlm&ww 1 1 0 1 0 0 1 |
A b bt ettt St stk
5 s ] s 1 S
e R TR
R A
R i A R A O A
AR 0 0
T
i o Qb (s i A
L e R e S
1 1 0 1 0 0 1 L
fex>> modffrepmat (b, 16, 1) +owords, 2)| L

Ok so this gave me all the distances,
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LN J
Urggape”’

@B L > 0 Profesor ks b Prof Andrew » 201118 5

Current folder ©
) Name:

0 . Coding ttor
8 2011 Rtccpo)

w1 0mrp
&bk Ao,

1

1

#) 405K TaHarrmin 1
P 1
BPSK simm 1

1

1

o e e e e
o oo oo o
R
© oo o o o

© o oo oo o

S I S S

1 0 1 0
K>> mod (repmat (b, 16,1) +cwords, 2)
ans =

BPSK rep3 si..
ncodng

P T
CcokrE R M
oo rroo
o+ or or
)
o r orro
o oror

Ok. How do I find the weight of each
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Urgsape”’

@B L 0> PofessorFes » Pro. Andrew » 201118 >
Current Folder ©

IA
%,

g O A A o A
-t . DA i LR i
| Ly 1 0 0 1 1 1 0
q"smmu 1 0 0 0 1 0 1 |
PRI (G B TR
i O i O O i 1
i D e e 0 0
iR e R e g Ry
0 1 1 1 0 1 0
OEEE G 0= 0
0 0 0 al 0 1 1
BPSK rep3 si.. v 0 0 0 0 0 0 0
e 0 0 1 1 1 0 1 g
0RO s Rl gk e s R R 0
o> i

of these guys? I simply multiply the right with 1s of 7 comma 1.
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Urggape”’

¥
L’

1 1 1 1 1 1 1
g 1 1 1 0 1 0 0
| Pt T O D et AR o
va«w 1 0 0 0 1 0 1 |
1 0 1 1 0 0 0
1 0 1 0 0 1 1
0 1 0 i 1 0 0
0 1 0 0 | 1 1
0 1 1 1 0 1 0
0 1 | 0 0 0 1
0 0 0 1 0 1 1 -
0 0 0 0 0 0 0
0 0 1 1 1 0 1
0 0 1 0 1 1 0
f%K>> mod (repmat (b, 16,1) +cWords, 2) *onesl‘l,l) "

So this gives me this vector,
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2
w1 onm
& 58 o
#) BOSK Tabamrin

WA O WW e S We WWa e

Ok.

So this is the same as my dist vector,

(Refer Slide Time 19:42)

%
i3]
Current Folder © o
1 Name- e

01, e 7 ol
& 2011 18tcpeo)

1 20 p 4 oo,
L BPSK TAHammin. ) w0
#) BSK T4Hammin. dist

3 N
| i
3 o
A \
e
3 n
i i
e
4 i
3 in
3 Co @
0 o
4
3
fixo> dist]

Ok. So the next step finds the minimum
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BSK Tabomming dmm % | +
ou

URULU = ISy WOU ISY (L) TISY (£ ] TUSY (3] 2]+ - -
31 mod (msg (2) +msq (3) +msg (4) ,2) . ..
32 mod (msg (1) +msg (2) +msg(4) ,2)]; %(7,4) Hamming
38
34— 8 =1 -2 * cword; %BPSK bit to symbol conversion
HES r = s + sigma * randn(l,n); $AWGN channel
36
3 %Hard-decision decoding
380 b = (r < 0); %threshold at zero
39- dist = mod (repmat(b,16,1)+cwords,2) *ones(7,1) ;
10-% ‘ [mindl,pos] = min(dist);
41 msg_capl = cwords (pos,1:4);

$Soft-decision decoding

corr = (1-2*cwords)*r';

[mind2,pos] = max(corr) ;

i i G o GG

and then sets the message cap. So let us check what it did. The position

(Refer Slide Time 19:55)

?
Yergypee’

Current Folder
3 Name+

1. Codng o
8 201 Btpo)

o1

is 14 and message cap 1
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b <
A ;
" W
Urgypee”

3
Wil oz 4
&S o, 4
#) 405K TaHurrwin
P 3
BFSKsimm
3
0
4 I
3
K>> pos
pos =
14
K>> msg_capl
msg_capl =
1 1 0 1
fexo>

agrees with the message,
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o @ 8 L > 0 PofesorFils » Prol Andrew » 201116 5
EM{YM‘ folder ©
| g 3
al ke 3
& 89K T4Hammin 0
#) ROSK TaHarmmin
4
BPSK simm
3
K>> pos
pos =
14
K>> msg_capl
msg_capl =
1 1 0 1
K>> msg
msg =
1 d] 0 1
o>

Ok. So this was how the decoder worked.



(Refer Slide Time 20:03)

B T4bamiming simm.
Ju

Cmotu = sy W sy |4 TSy (£ ) TG 3] 2 -
3 mod (msq (2) +msg (3) +msg (4) ,2) .. .
32 mod (msg (1) +msg (2) +msqg(4) ,2)]; %(7,4) Hamming
33
34- § =1 -2 * cword; %BPSK bit to symbol conversion
5ES r = s + sigma * randn(l,n); $AWGN channel
36
37 $Hard-decision decoding
380 b = (r < 0); %threshold at zero
89S dist = mod (repmat(b,16,1)+cwords,2) *ones(7,1) ;
40- [mindl,pos] = min(dist);

41 msg_capl = cwords (pos,1:4);

$Soft-decision decoding
corr = (1-2*cwords)*r';
[mind2,pos] = max(corr);

arot n 44 Col 1

So let us see if my soft decision decoding is implemented correctly or not. The first step is the
correlation, Ok. So remember it works with the soft decision decoding. So correlation will be

number, Ok

(Refer Slide Time 20:19)

Current older ©
Nar
K>> msg_capl
msg_capl =
1l a 0 1
K>> msg
msg =
1 1 0 1
K>> corr
corr =
2.2664 !
1.3282
-13.5948
-1.2977
-3.8866
-0.0910

fi

see you get a whole bunch of numbers. The next step is the max of the correlation and

assigning message cap.

So pos, again
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1 ', = P
Urgypee?”

= -0.0910
SR e 9.4206
 festbre -0.0192
0.0192
-9.4206
0.0910
3.8866
1.2977
13.5948
-1.3282
-2.2664
K>> pos
pos =

1
frio> |

BFSK simm

it is 14 and message cap 2
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LN /
' N
Urgpsgr”

@@ L 0> PofessorFes » Pro. Andrew » 201118 >
Current folder ©

o1 o 0.0192
-t -9.4206
| b 0.0910
% 3.8866
1.2077
13.5948
-1.3282
-2.2664
K>> pos
pos =
1
K>> msg_cap2
msg_cap2 =
R S
frio> | ’

and message also agrees.
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Y
%
H]
5

@B T L > 0 Profesor ks » ProfAndrew » 201118 b

EusM(Fo\dll )
S 3.8866
SR e 1.2977
| b 13.5948
% -1.3282
-2.2664
K>> pos
pos =
14
K>> msqg_cap2
msg_cap2 =
1 1 0 1
K>> msg
msg =
1 1 0 1
o> E

So it is just a easy enough calculation. So this is something that I typically do, just continue

and you can quit debugging, Ok.

(Refer Slide Time 20:46)

7| Gemt
BOSK 4komming simm % | 4 2 Cleaybrskpnts il s
Su UWULU = [IUSY mUU ISy [y -
31 nod (mag| Ml A e D) | .,
82, mod (msg ] e 2)1; %(7,4) Hamming
5 ) b e et o oo
i SeCondion
34- §=1- 2% cword; 4] L “rmshosimiinn | conversion
S5 r = s + sigma * ran el
e
36 e ter
31 %Hard-decision decod| s tete)
A il i Ry
380 b= (r<0); %threshwa i
89= dist = mod(repmat(b,16,1)+cwords,2) *ones(7,1);
40— [mindl,pos] = min(dist);

a1
2

3 $Soft-decision decoding
corr = (1-2*cwords)*r';

=1 [mind2,pos] = max(corr);

msg_capl = cwords (pos,1:4) ;

et n 38 Col 1

So you can clear this thing, so it looks like
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EbNodB = 1;

R = 4/7; %(7,4) Hamming (4/7 bits/symbol)
EbNo = 10* (EbNodB/10) ;

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

k = 4; %number of message bits
n = 7; %number of codeword bits

cwords = [0 0 0 0 0 0
0

oo oooo
b H e rooo
-~ oorro
o roror
corrEEoO
o oror e
el o

n 38 Col 1

things are working fine. So let us may be pick E b over N naught 4 and then run this then see,

use for the hard decision decoder see what happens. So let me just save this. I have E b over

N naught 4, T am going to run it now b p s k 7 4 hamming sim

(Refer Slide Time 21:09)

M

so let us do its format short g,

Current Folder ©

K>> msg_cap2
msg_cap2 =
1 1 0 1
K>> msg
msg =
1 1 0 1
>> BPSK_74Hamming_sim
1.0e+03 *
0.0040 0.0000 0.0600 4.0000

fi>> |

vvvvv
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¢*0d
Current Folder

Ok.

(Refer Slide Time 21:16)

Current Fold

Name
Coding tt

8 2011 Btepeo)

So we get point 0 1, there were 4000 bits that were transmitted. Remember we had 1000
blocks of 4 bits each, codeword is 7000 bits but then, 4000 bits were the message bits. There

)

K>> msg_cap2
msg_cap2 =
ki 0 1
K>> msg
msg =

1 1 0 1
>> BPSK_74Hamming_sim
1.0e+03 *
0.0040 0.0000
>> format short g

fes> |

0.0600

4.0000

K>> msg_cap2
msg_cap2 =

1 1 0 i
K>> msg
msg =

il 0 1
>> BPSK_74Hamming_sim

1.0e+03 *
0.0040 0.0000 0.0600
>> format short g
>> format short g
>> BPSK_74Hamming_sim
4 0.01525

fi>>

4.0000

61

4000

were 61 bit errors and you got this.

Now it turns out one more error to track
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gES b = (r < 0); %threshold at zero

2O dist = mod(repmat(b,16,1)+cwords,2) *ones(7,1) ;
40 [mindl,pos] = min(dist);

11- msg_capl = cwords (pos,1:4);

42

13 $Soft-decision decoding

44= corr = (1-2*cwords)*r';

15 [mind2,pos] = max (corr) ;

16- msg_cap2 = cwords (pos,1:4);

a7

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

BER sim = Nerrs/k/Nblocks;

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

anot n 20 Col 27

which is very important is the block error bit, Ok. So far we did not have to do it; we were

just looking at the message errors.

(Refer Slide Time 21:44)

26~  Nerrs = 0; Nblocks = 1000;
27~ [for i = 1: Nblocks

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

29 $Encoding |

8o cword = [msg mod(msg(1l)+msg(2)+msg(3),2)...

31 mod (msg (2) +msg (3) +msg (4) ,2) . ..

32 mod (msq (1) +msg (2) +msg(4) ,2)]; %(7,4) Hamming

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

%$Hard-decision decoding v
saot n 26 ol 2

So this I will make a little bit of a modification here. So this I will make as n-bit errors and

Matlab does this thing of (()) convert everything, this is good.

And I will have n-block errors which is also zero, which will be,
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24 1 1 1 1 1 1 1];

26— Nbiterrs = 0; Nblkerrs = 0; Nblocks = 1000;
27~  for i = 1: Nblocks

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

29 $Encoding 1

BUS cword = [msg mod(msg(1l)+msg(2)+msg(3),2)...

31 mod (msqg (2) +msg (3) +msg (4) ,2) ...

32 mod (msqg (1) +msg (2) +msg(4) ,2)]; %(7,4) Hamming

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

$Hard-decision decoding v
ot 2 col

I mean how many codeword errors you have? So what will happen here is,

(Refer Slide Time 22:05)

- WS i X |
85 r = s + sigma * randn(l,n); %AWGN channel &
36
Bl %Hard-decision decoding
SH= b = (r < 0); %threshold at zero
39 dist = mod(repmat(b,16,1)+cwords,2) *ones(7,1) ;
10~ [mindl,pos] = min(dist);
il msg_capl = cwords (pos,1:4);
12 I
43 %Soft-decision decoding
44 corr = (1-2%cwords)*r';
455 [mind2,pos] = max(corr);
des msg_cap2 = cwords (pos,1:4);

Nbiterrs = Nbiterrs + sum(msg ~= msg_capl) ;

sarot n 48 Col 28

so I will count this N errors as sum of this guy, Ok. So this is the
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55 r = s + sigma * randn(l,n); %AWGN channel
36

Bl %Hard-decision decoding

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

39 dist = mod(repmat(b,16,1)+cwords,2) *ones (7,1) ;
10~ [mindl,pos] = min(dist);

il msg_capl = cwords (pos,1:4);

42

13 %Soft-decision decoding

44 corr = (1l-2%cwords)*r';

ass [mind2,pos] = max(corr);

msg_cap2 = cwords (pos,1:4);

Nerrs = sum(msg ~= msg_capl);

Nbiterrs = Nbiterrs + ; v
o s

error in one block, Ok.

And if N errors is greater than zero, if there is an error I will add N bit errors plus this,

(Refer Slide Time 22:47)

05C Mlamming s % | |

40— [mindl,pos] = min(dist);

s msg_capl = cwords (pos,1:4);

42

43 $Soft-decision decoding

44 corr = (1-2*cwords)*r';

5 [mind2,pos] = max(corr) ;

46— msg_cap2 = cwords (pos,1:4);

a1

18- Nerrs = sum(msg ~= msg_capl); I
19 if Nerrs > 0

50~ Nbiterrs = Nbiterrs + Nerrs;

il

end

BER sim = Nbiterrs/k/Nblocks;

sarot In 51 Col 9

and N block errors equals N block errors plus 1,
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10- [mindl,pos] = min(dist);

dils msg_capl = cwords (pos,1:4);

12

43 $Soft-decision decoding

44 corr = (l-2*cwords)*r';

(5= [mind2,pos] = max(corr) ;

46= msg_cap2 = cwords (pos,1:4) ;

a7

18- Nerrs = sum(msg ~= msg_capl); 1
49 if Nerrs > 0

50 Nbiterrs = Nbiterrs + Nerrs;

Nblkerrs = Nblkerrs + 1;

BER sim = Nbiterrs/k/Nblocks;

sanot n 82 ol 9

Ok.

(Refer Slide Time 22:56)

BSK Tabomming i’ % | 4

10— [mindl,pos] = min(dist);

- msg_capl = cwords (pos,1:4);

12

43 $Soft-decision decoding

44 corr = (l-2*cwords)*r';

a5s [mind2,pos] = max(corr) ;

46= msg_cap2 = cwords (pos,1:4) ;

a7

18- Nerrs = sum(msg ~= msg_capl); 1
19 Nerrs > 0

50 Nbiterrs = Nbiterrs + Nerrs;

)il Nblkerrs = Nblkerrs + 1;
end

end

BER sim = Nbiterrs/k/Nblocks;

sarot In %2 ol 8

So once again what I am doing here, I am looking at if there was an error in this block. If
there was an error in this block I am incrementing N block errors by 1 and then N bit errors

by number of errors, Ok.

So this is a simple way. B E R is this, and F E R sim is actually N block errors by N blocks,
Ok.



(Refer Slide Time 23:20)

o gl s L U0 DR e

4P ]
I R R L L ———

B Tabamming simm* % |+

12 A
43 $Soft-decision decoding

44 corr = (l-2*cwords)*r';

45— [mind2,pos] = max(corr) ;

46 msg_capz = cwords (pos,1:4) ;

47

48= Nerrs = sum(msg ~= msg_capl);

49 if Nerrs > 0

a0= Nbiterrs = Nbiterrs + Nerrs; I
51 Nblkerrs = Nblkerrs + 1;

528 end

end

BER sim = Nbiterrs/k/Nblocks;
FER sim = Nblkerrs/Nblocks;

sarot n 6 Col 28

So this is the frame error rate just like I report bit error rates I have to report the, so B E R

came out this way, so I will just make a few adjustments here.

N block errors will be output. I will put out F E R sim, B E R sim, bit errors, may be the bit

errors can come later, block errors

(Refer Slide Time 23:53)

Qruim @ wmEH- £ 0
L/ Canose v fcaTo v caneen 5 g ) D Iﬁ Bm&
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B T4bamming cmm® % |

43 $Soft-decision decoding =
44- corr = (1-2*cwords)*r';

45 [mind2,pos] = max(corr) ;

16- msg_cap2 = cwords (pos,1:4);

a1

18- Nerrs = sum(msg ~= msg_capl);

49= if Nerrs > 0

50 Nbiterrs = Nbiterrs + Nerrs;

51= Nblkerrs = Nblkerrs + 1; I

52 end

53- -end

BER sim = Nbiterrs/k/Nblocks;
FER_sim = Nblkerrs/Nblocks;

disp([EbNodB FER sim BER sim Nblkerrs Nbiterrs Nblocks])

et n %8 Col 48

then N blocks. I have made a few changes here. [ am tracking block errors as well.

You can see how I track block errors here. I am counting the number of errors in the block. If

there were any errors in the block I am incrementing the number of block errors by 1 and

number of bit errors by N error.



So this is also something important. B E R, F E R we run so, so let me think if I have made

any changes here which are problematic? So let us run it once again.

(Refer Slide Time 24:21)

1 - § [ e 4 Awas oo vy [T @ 0
W D gee & L weem e 5 Y o
‘Ih New Open . Compars. Save = bk Loy AdIOm ey 3 Roquest Suppon.
Mm%
QBT L 2 0 Pofessor e » Prof Androw » 201118 ¥ ol
el |
0 msg = e
ok mistar ahfiitayiito it |
> BPSK_?AHa:m\inq_sim zuw
1.0e+03 * tr‘».:\
0.0040 0.0000 0.0600 4.0000 i

>> format short g
>> format short g 3
>> BPSK_74Hamming_sim
4 0.01525 61 4000 [pm\:
>> BPSK_74Hamming jsim Eo?
Columns 1 through 5
4 0.034 0.014 34 56
Column 6
1000

fi>>

So you get more answers. So there were, so you can see we ran 1000 blocks, Ok. There were

34 block errors, 56 bit errors.

Remember every block error may correspond to one or more bit errors. So number of bit

errors will be greater than the number of block errors and the block error rate is point 0 3 4,

bit error rate is point 0 1 4 Ok. So as figure of merit you should have at least like 20, 30

blocks in error. Ok, so that is a good number to have to get a good reliable statistic Ok.

So you can do the soft decision decoder
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Godims g2 mEE G R Hpee @

Lo+ Gfeate o comen g 3
L P L et

B Tabamiming simm % |

13 %Soft-decision decoding o
44— corr = (1-2*cwords)*r';

45 [mind2,pos] = max(corr);

46— msg_cap2 = cwords (pos,1:4);

a1

18- Nerrs = sum(msg ~= msg_capl);
495 if Nerrs > 0

50 Nbiterrs = Nbiterrs + Nerrs;
oills Nblkerrs = Nblkerrs + 1;

52 end

B3S -end |

BER sim = Nbiterrs/k/Nblocks;
FER sim = Nblkerrs/Nblocks;

disp ([EbNodB FER sim BER sim Nblkerrs Nbiterrs Nblocks])

sarot n 58 Col 48

as well. So how do you I check for the soft decision decoder? I can simply change this to 2,

Ok. So if I change this to 2, I should get the soft decision decoder, so let us run the same

(Refer Slide Time 25:05)

(pOmvaiatn v R Tnn
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Current Folder ©
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oo

>> format short g
>> format short g
>> BPSK_74Hamming_sim
4 0.01525 61 4000
>> BPSK_74Hamming_sim
Columns 1 through 5
4 0.034 0.014 34 56
Column 6
1000
>> BPSK_74Hamming [sim
Columns 1 through 5
4 0.005 0.002 5 8
Column 6
1000

o 2011 18tiecf
L 201 182

fi>>

thing and you can see it is significantly better. Ok the soft decision decoder is almost an order

of magnitude better than the hard decision decoder.

There were just 5 block errors out of 1000 and bit errors were just very small in number, Ok.
So that is, that is the magic of doing soft decision decoding and you can see clearly soft

decision decoding is significantly better in the Hamming code, Ok.



So, so, so you can see how this encoding and decoding has worked for small codes. This is
something you can do, for instance the 6 comma 3 example that we saw in the lectures, you

can make

(Refer Slide Time 25:41)

G g =38E R 8 e
R s i WA 4 " ” e e
m“ﬂmm X[+
3 mod (msg (1) +msg (2) +msg (4) ,2) ] ; #(7,4) Hamming -
33
34 § =1 -2 * cword; %BPSK bit to symbol conversion
1) r =85 + sigma * randn(l,n); %AWGN channel
36
31 $Hard-decision decoding
38~ b = (r < 0); %threshold at zero
89= dist = mod(repmat(b,16,1)+cwords,2)*ones(7,1);
10~ [mindl,pos] = min(dist);
1 msg_capl = cwords (pos,1:4) ;
42 I

$Soft-decision decoding
corr = (1-2*cwords)*r';
[mind2,pos] = max(corr);
msg_cap2 = cwords (pos,1:4);

et n %2 ol %

quick modification here to change the encoding and change
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29 $Encoding

30 cword = [msg mod (msg(1)+msg(2) +msg(3),2)...

3 mod (msg (2) +msg (3) +msg (4) ,2) ...

32 mod (msg (1) +msg (2) +msg (4) ,2)]; %(7,4) Hamming
33

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

36

31 $Hard-decision decoding

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

39 dist = mod(repmat (bl,16,1)+cwords,2) *ones(7,1) ;

[mindl,pos] = min(dist);
msg_capl = cwords (pos,1:4);

%Soft-decision decoding

corr = (1-2*cwords)*r'; v
ot n 32 ol 2

the decoding, the list of codewords will have to be changed and you will get your decoder to

bug, Ok?
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43 $Soft-decision decoding

44 corr = (l-2*cwords)*r';

45— [mind2,pos] = max(corr) ;

46 msg_capz = cwords (pos,1:4) ;

47

48= Nerrs = sum(msg ~= msq_capZ);
19 if Nerrs > 0

50— Nbiterrs = Nbiterrs + Nerrs;

51 Nblkerrs = Nblkerrs + 1;
525 end [
end

BER sim = Nbiterrs/k/Nblocks;
FER sim = Nblkerrs/Nblocks;

So that is the end of the simulation for 7 4 Hamming code. Hopefully you can take this
template and modify it for some other small codes as well. But however if the code size

becomes really, really large this is the difficult thing to implement, Ok.

So, so we will stop here for this lecture and the next lecture will be a very nice and important
bridge between the modern codes and the starting point of classical codes. We will take 2
codes and look at their decoders in, in very closely and think about them and how they can be

used in multiple ways, Ok.

So the two codes we will use are very simple codes, the repetition code and what is called a
single parity check code. These two are very crucial. They play a very important role in the
bigger decoders, very popular decoders for modern codes. So we will do that in the next

lecture. Thank you very much.



