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An introduction to linear block codes, in this lecture we are going to describe how we can
use error correcting codes for error detection and error correction. So we will first
describe what we mean by syndrome and then we will show how we can use the

syndrome to do error correction and error detection.



(Refer Slide Time: 00:46)

= = e st =1 = .
J Temus: o FE CEEEEERENE | B ——

Lecture #3: Syndrome, error correction and error detection

So this lecture is about syndrome and error correction and error detection.
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Linear Block Codes

Cutline of the lecture

& Syndrome and error detection

We will first talk about what is a syndrome and how we can use it for error detection and

then we will talk about.
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Linear Block Codes

Outline of the lecture
@ Syndrome and error detection

@ Syndrome and arror correction

How the syndrome can be used for error correction.
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@ Let v = (wy, vy. -+ . ¥y—1) be a codeword from a binary (n.k) linear
block code with generator matrix G and parity check matrix H

So we know so far if we have an (n, k) linear block codes so that means we have k
information bits and n coded bits, and this (n, k) linear block codes is completely

described by a generator matrix and a parity-check matrix.



(Refer Slide Time: 01:01)

S - 0Q e :'1

B _llll'r:--lll.' &

@ Let v = (v, vy, - . ¥p—1) be a codeword from a binary (n.k) linear
block code with generator matrix G and parity check matrix H

@ Assume v is transmitted over 3 BSC, then binary received sequence,
r=(m.n fa-1) = v+e (modulo-2)
(vo. vy Va-1) + (@0, & a-1)

(m+eawte. - vog+e)

where the binary vector & = (&, &, - - .8, ) is the error pattern

So let us assume that we have a code word which is encoded using a linear (n, k) block
encoder, so we have an output of a, encoder which is of coded bits of length n. Now we

want to transmit this code word over a communication channel, for simplicity.
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@ let v=(w, vy -, ¥,_1) be a codeword from a binary (n.k) linear
block code with generator matrix G and parity check matrix H

@ Assume v is transmitted over a BSC, then binary received sEquEne.
o

r iy, P « v + madulo-2
(f.n 1) r+e  (mo ) =1 :
(. v1. V1) + (g, 0, 80 )
(w+e.v+e. v+ 8—1)s
where the binary vector e = (e, &, --- .8, ) is the error pattern

Let us consider a binary symmetric channel again let us recall what is a binary
symmetric channel so in a binary symmetric channel we have two inputs and two outputs,
so binary inputs 0’s and 1, binary output, 0’s and 1 and with probability let us say
probability 1-P, we received the bits correctly and there is a crossover probability of P
that the bits get flipped. So this is a binary symmetric channel.

Let us denote by r, our receive sequence receive code word which we sent over this
binary symmetric channel. So the types of, as I said the output of the binary symmetric
channel is also 0 and 1, so we can describe the output of a binary symmetric channel r as
our transmitted code word plus some error vector. So our transmitted code word is an n

bit tuple, similarly our error vector is also am n bit.
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Syndrome and error detection

@ Let v = (wy.v;. - . ¥p—1) be a codeword from a binary (n.k) linear
block code with generator matrix G and parity check matrix H
@ Assume v is transmitted over a BSC, then binary received sequenge,
a
r=({m.n fa1) v+e (modulo-2)
P = 1
(v, va—1) + (0. &, €a—1)
= (w+avit+e. - . Vaitag)

where the binary vector @ = (&, &.--- . &8, ) is the error pattemn

So we describe our error vector by eo, €1, €2, en-1, and whenever an ei term is 1 that means

that particular bit was not received correctly. So we can write an output of a
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Syndrome and error detection

@ Let v = (v, v, -, o1} be 2 codeword from a binary (n.k) linear
block code with generator matrix G and parity check matrix H

@ Assume v is transmitted over a BSC, then binary received sequenge.
o

F= {n.'l n "o l} = V+e {rhﬂduln.."}
sl =
(Vo Vi o o V1) + (B0 8,5 o8t}
= (wda.wta, v +en)
where the binary vector e = (&, &.-- - , 8, ) 15 the arror pattem

binary symmetric channel, so the first bit that we would receive is basically vo + eo, Vi
plus, second bit would be vi + e1, similarly v2 + ez and last finally we will get va — 1, €n -1

where this eo, e1, €2, en-11s my error pattern.
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@ Let v = (wy. vy, - . vp_1) be a codeword from a binary (n.k) linear
block code with generator matrix G and panity check matrix H

@ Assume v is transmitted over a BSC, then binary received sequence,

r={(m.n,,f1) = ¥+e& (modulo-2)
(voo vy o Vg ) + (B0 017 8a1)
= (w+eaw+a. :¥p—1 + Bp_1).
where the binary vector e = (&g, 8. . 8n—1) is the error pattern

@ The “1's" in @ represent fransmission errors, .8,

- [ 1 F ri#wv
& 0 ifn=w

and e = 1 indicates that the /™ position in r has an error

Now when does an error occur, if my receive sequence is not same as my transmitted

code word then there is an error.
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Svndrome and error detection

@ Let w = (wy. vy, . ¥n—1) be a codeword from a binary (n.k) linear
block code with generator matrix G and panity check matrix H

@ Assume v is transmitted over a BSC, then binary received sequence,

r=(m.n fa-1) v+e (module-2)
(Wi, - Vaey) + (i 8y, -~ 1 801)
(wtewt+e - Vo1 +ei)
where the binary vector e = (&g. &, . 8,1 ) is the error pattem

@ The “1's" in @ represent fransmission errors, .8,

- 1 if r#Ew
& g F n=w,

and e, = 1 indicates that the /™ pesition in r has an error

So the error is 1 only if my receive bit is not same as my transmitted bit. If the receive bit
is same as my transmitted bit there is no error. So that, I will keep that bit ei 0, okay?
Now if a particular bit e is 1 what does it denote? It denotes that i bit is in error.

Now when we are sending this code word over a communication channel what are we
interested in, we are interested to find out whether any error has occurred, if any error has
occurred we are interested to find out the location where the error has occurred so that we

can correct those errors.
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@ Let v = (wy. vy, - . vp_1) be a codeword from a binary (n.k) linear
block code with generator matrix G and panity check matrix H

@ Assume v is transmitted over a BSC, then binary received sequence,

r={(m.n,,f1) = ¥+e& (modulo-2)
(vorvie- - s¥a1) + (@0 81~ 1 8a)
= (w+ewn+ea. :¥p—1 + Bp_1).
where the binary vector e = (&, &, . 8n—1) is the error pattern

@ The “1's" in @ represent fransmission errors, .8,

- [ 1 F ri#wv
& 0 ifn=w

and e; = 1 indicates that the /™ paosition in r has an error

Okay?
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Syndrome and error detection

@ After receiving r, the decoder must determine if r contains errors
(error detection), and locate the errors in r (error correction)

So first we are going to show how we can detect error.
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Syndrome and error detection

@ After receving r. the decoder must determine if r contains errors
(error detection), and locate the errors in r (efror correction )

@ Error detection 15 achieved by computing the (n-k) tuple

$=(50.5.""" . Sn-k IJ=rHT (syndrome)

So we define a term which we call as syndrome.
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@ After receiving r, the decoder must determine if r contains errors
(error detection), and locate the errors in r (error correction)

@ Error detection is achieved by computing the (n-k) tuple

5= (3.5, F-a-1) = HT (syndrome)
- e A=k

What is a syndrome, syndrome is computed by computing this rHT so is basically 1 x n
vector, H is my n- k x n vector, so H' n x n-k matrix. So this term rH' is known as

syndrome and this is when this is
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Syndrome and error detection

@ After receiving r, the decoder must determine if r contains errors
(error detection). and locate the errors in r {error carrection)

@ Error detection is achieved by computing the (n-k) tuple

$= (%5, Sn-k-1) = rH' ( syndrome)

@ ris a codeword if and only ifs=rHT =0

Non-zero it indicates that there is an error. So r is a code word if and only if the syndrome
is 0. So whenever the syndrome is 0, basically if the syndrome is O then r is the code
word if and only if syndrome is 0 and this is easy to check because we know that if v is a

valid code word then vHT will be 0.

So if there is no error my receive sequence r would be just equal to v and then
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Syndrome and error detection

@ After receiving r, the decoder must determine if r contains errors
{error detection), and locate the errors in r (error correction)

@ Error detection is achieved by computing the (n-k) tuple
5= (5.5 .50 4.1) =rH' (syndrome)

@ ris a codeword if and only ifs=rHT =0

Syndrome would be vH' which is 0.
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@ After receiving r, the decoder must determine if r contains errors
(error detection), and locate the errors in r (error correction)

@ Error detection i5 achieved by computing the (n-k) tuple
5= (50,51, Sni-1) = THT (syndrome)

@ ris a codeword if and only fs=rHT =0

a Ifs # 0, risnot 3 codeword and transmission errors have been
detected

And if syndrome is not equal to 0 then it means there is an error. Now if the syndrome is

0 does it always mean that there is no error?
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@ After receiving r, the decoder must determine if r contains errors
(error detection), and locate the errors in r (error correction )

@ Error detection is achieved by computing the (n-k) tuple
5= (.5 .50-4-1) =rH" (syndrome)

@ ris a codeword if and only if s = rHT =0

@ Ifs # 0. ris not a codeword and transmission errors have been

detected

@ Ifs= 0, r is a codeword and no errors are detected. Ifris a
codeword other than the actual transmitted codeword, then an
undetected error occurs. T his happens whenever the error pattern e
is a non-zero codewoard

No there is a category of error which we call as undetected error. Now when does an

undetected error happen?
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Syndrome and error detection

@ After receiving r, the decoder must determine if r contains errors
(error detection). and locate the errors in ¢ (error correction)

@ Error detection is achieved by computing the (n-k) tuple

5= (%.51.--- ,Sn4-1) = tHT  (syndrome)

s =
@ ris a codeword if and only if s =rHT =0 i %

@ Ifs # 0, ris not a codeword and transmission errors have been
detected

@ If 5= 0. r i5 a codeword and no errors are detected. Ifris a
codeword other than the actual transmitted codeword, then an
undetected error occurs. This happens whenever the error pattern e
i5 a non-zero codeword

If your s is 0 and your receive sequence r is not the code word that you transmitted but
some other code word, let us say I transmitted a code word vi and my error e was such
that, that it transformed it into another code word v2, so receive sequence is v2. Now if |
compute syndrome because vz is a valid code word then vH' will be 0. So an undetected
error happens when your error pattern is such that it transforms your one code word to

some other code word.
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Svndrome and error detection

@ After receiving r, the decoder must determine if r contains errors
(error detection). and locate the errors in ¢ (error correction)

@ Error detection is achieved by computing the (n-k) tuple

5= (%.51.--- ,Sn4-1) = tHT  (syndrome)

s =
@ ris a codeword if and only if s =rHT =0 i %

@ Ifs # 0, ris not a codeword and transmission errors have been
detected

@ If 5= 0. r i5 a codeword and no errors are detected. Ifris a
codeword other than the actual transmitted codeword, then an
undetected error occurs. This happens whenever the error pattern e
i5 a non-zero codeword

And that is what we have written here, so if s is 0 and r is a code word that means no
errors are detected. However if r is a code word other than the actual code word
transmitted then an undetected error had happened, and this happens when an error
pattern is a non-zero code word, because we have said a property of linear block code,

that sum of two code words is also a code word.
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Syndrome and error detection

@ After receiving r, the decoder must determine if r contains errors
(error detection), and locate the errors in r (error correction)

@ Error detection is achieved by computing the (n-k) tuple

§= (5.5, .5n-s iJ=’HT [ syndrome

@ ris 2 codeword if and enly if s = rHT = 0.

@ Ifs # 0, ris not a codeword and transmission errors have b
detected

@ If 5= 0, r is a codeword and no errors are detected. Fris a
codeword other than the actual transmitted codeword, then an
undetected error occurs. This happens whenever the error pattern e
is @ non-zero codeword

So for this scenario to happen this e has to be a valid non-zero code word.
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@ The syndrome s computed from the received vector r actually
depends only on the error pattern &, and not on the transmitted
code word v

s=r-H' =iv-.—e]'H' —v-H +e-H'

So as I said we compute the syndrome from the receive sequence r, the interesting part is
syndrome depends only on the error pattern, it does not depend on what code word was

transmitted. And this is easy to see.
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Syndrome and error detection

@ The syndrome s computed from the received vector r actually
depends only on the error pattern e, and not on the transmitted
code word v

s=r-H =(vteH =v-H +e-H"

So syndrome is TH" which we can write r is my transmitted code word plus error vector,
this whole multiplied by H so this I can write as vH" and eH'. Now what is vH", vH" is

0 because v is a valid code word, then syndrome is nothing but eH".
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Svndrome and error detection

@ The syndrome 5 computed from the received vector r actually
depends only on the error pattern e, and not on the transmitted
code word v

.r1.=r-H"'=lq.|l--—|!}Hr —w-H  +e-HT

@ Sincev-HT =0,
s=e-H'

So syndrome does not depend on transmitted code word, it only depends on the error

pattern.
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Example 2.4: Consider a (7.4) linear code with parity-check matrnx

1 0 0|1 01 1
H=106 1 2/1 11 0
0 01j]0111

Letr=(0100001). The syndrome of ris

s = (s5.:)=r-HT
1 00
010
001
(0100001)- |1 1 0| =(111)4£0
011
B R
10 1

So I have an example here of a (7, 4) linear block code whose parity-check matrix is
given this. Now let us say my receive sequence is, received coded sequence is this, and I
am interested to find whether there is any error in this receive sequence. So how do I do

that? So first I will compute the syndrome.
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S:‘.‘T'I(irf_'ﬂ'l'lt': .,-H'Ind error detection

Example 2.4: Consider a (7.4) linear code with parity-check matrnx

1 0 0|1 01 1
H=106 1 2/1 11 0
0 01j]0111

Letr=(0100001). The syndrome of ris

s = (s5.:)=r-HT
1 00
010
001
(0100001)- |1 1 0| =(111)4£0
011
B R
10 1

So what is syndrome of r? This syndrome is tH" so r is this, and H is given, so HT is
basically 100,010,001, so this my H' and when I multiply this I multiply this by this,
multiply this by this, multiply this by this, what I get is 111 which is not 0. That means

there is an error in my received sequence.
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@ The syndrome 8 computed from the received vector r actually
depends only on the error pattern €, and not on the transmitted
code word v

s=r H =(vi+e)H" =e-H" (sincevHT = D)

As I said the syndrome only depends on the
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@ The syndrome s computed from the received vector r actually
depends only on the error pattern e, and not on the transmitted
code word v

s=r H =(vie)H =e H" [since vHT = D)

Error pattern, it does not depend on transmitted
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":_1, ndrome and error correction

@ The syndrome § computed from the received vector r actually
depends only on the error pattern e, and not on the transmitted
code word v

s=r H =(v+e)H' =e - H" (since vH™ = 0)

& For error pattern e = {qy. 0y, €s—1}, and H given by
H e .:PT:
1 00O 0| poa Pro = PA-10
010 0 pya P sar Py
_ 0 01 --- 0| paz Pz t Pa=13
000 1| Pon—k—1 Pra—s-1 Pa—1.n—%—1

the syndrome equations can be rewritten as

Si=6+e sty tcteamy. 0=5j=n—k

Code word, and if you have your parity-check matrix in a systematic form then you can
write your syndrome equations in terms of your error patterns like this. So these are your

basically n-k a syndrome equations.
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Syndrome and error correction

@ This is a set of n — k equations in o unknowns, &, &, -, 8,1

So to recap what we have said so far we have said that for error detection we need to
compute the syndrome and if the syndrome is non zero that means an error has occurred.
Now we will move into error correction and we will talk about how we can use the

syndrome for error correction. So as we saw basically
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":_1, ndrome and error correction

@ The syndrome § computed from the received vector r actually
depends only on the error pattern €, and not on the transmitted
code word v

s=r H =(v+e)H' =e - H" (since vH™ = 0)

& For error pattern e = {qy. 0y, €41}, and H given by
H e .:PT:
1 00 0| poo Pro . Ph-1p
010 0| poa Pr1 ser Pyony
- 001 --- 0| pa PLz “ Pa-13
000 1| Pon—k—1 Pra—s-1 Pa—1.n—%—1

the syndrome equations can be rewritten as

Si=6+e sty tcteamy. 0=5j=n—k

From the syndrome equations we had basically this was 1 x n and HT was n x n-k so we

essentially had
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Syndrome and error correction

@ This is a set of n — k equations in o unknowns, &, &, -, 8,1

n-k syndrome equations, so we had total n-k equations and how many unknowns we
have, we have n unknowns from location error at location 1 to error at location n. So we

have n unknown
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Syndrome and error correction

@ This is a set of n — k equations in o unknowns, &, &, -, 8,1

o, €1, €2 en1 whereas we have only n- k equations so we have less equations, more

unknown.



(Refer Slide Time: 12:13)

Syndrome and error correction

@ This is a set of n — k equations in o unknowns, &, &, -, 8,1
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@ This is a set of n — k equations in n unknowns, &, &, - , &,

@ The decoder must solve of these equations for the estimated error
pattern, & Estimated codeword is

e=r+é

And what we need to do is we need to solve these set of equations to find out what these

unknown quantities are, because to find out the error pattern we need to know
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@ This is a set of n — k squations in n unknowns, &y, &, . B

@ The decoder must solve of these equations for the estimated error
pattern, & Estimated codeword is

V=r+

[

What these ei’s are okay, so we need to solve these set of n-k equations to get back our
corrected sequence, and now what would be our corrected sequence? So our estimated
code word would be nothing but r, receive sequence plus estimated error pattern. So we
need to when we do error correction essentially what we are trying to do is we are trying

to estimate what the error pattern is.
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Syndrome and error correction

@ [hisis a set of n — k equations in n unknowns, &, 8, --- &,

@ The decoder must solve of these equations for the estimated error
pattern, & Estimated codeword s

V=r+@

@ There are 2 possible solutions to the syndrome equations and only
one solution represents the true error pattern

@ To mimmize the probahbility of a decoding error, the the mast
probable error pattern that satishes the above equations is chosen as
the true error vector

So as we can see from here because we have n-k equations and n unknowns we have total
2X solutions of these n-k equations. So there are total two k solutions to these syndrome
equation and out of them there is only one which is the correct error pattern, out of those
2k solutions there is only one error pattern which is correct. Now how do we choose the
most likely pattern from these 2¥ solutions, how do we choose the most likely pattern that
is basically what our objective is.

So when we try to minimize probability of error.
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5".‘ ndrome and error correction

@ This is 3 set of n — k equations in n unknowns, &, &, B

@ The decoder must solve of these equations for the estimated error
pattern, & Estimated codeword is

¥ =r+é

@ There are 2* possible solutions to the syndrome equations and only
one solution represents the true error pattern
@ To minimize the probability of a decoding error, the the most

probabie error pattern that satisfies the above equations is chosen as
the true error vector

We want to choose the most probable error pattern, we want to choose the most probable

error pattern from those 2 solutions of this set of equations, and as we said we did an

exercise
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@ This is a set of n — k equations in n unknowns, e, &, , 8,1

@ The decoder must solve of these equations for the estimated error
pattern, & Estimated codeword is

$=r+@

@ There are 2° possible solutions to the syndrome equations and only
one solution represents the true error pattern

@ To minimize the probability of a decoding error, the the mosr
probabie error pattern that satishes the above equations is chosen as
the true error vector

@ Recall for BSC, the maximum likelihood decoder choose ¢ as the
codeword ¢ that minimizes Hamming weight of the error pattern e

You know in previous lectures we have shown the decoding rule for maximum-likelihood
decoding rule for a binary symmetric channel and we have shown that for maximum-

likelihood decoder we will choose
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@ This is a set of n — k equations in n unknowns, &y, &, B

@ The decoder must solve of these equations for the estimated error
pattern, & Estimated codeword is

¥ =r+@e

@ There are 2° possible solutions to the syndrome equations and only
one solution represents the true error pattern

@ To minimize the probability of a decoding error, the the mosr
probable error pattern that satishes the above equations is chosen as
the true error vector

@ Recall for BSC, the maximum likelihood decoder chaasei.is the
codeword ¥ that minimizes Hamming weight of the error pattern e

Our estimated code word as one that will minimize the hamming distance between the
receive code word and the transmit code, in other word which would minimize the
hamming weight of the error pattern e. So from the 2¥ different solutions basically the one
which has the least hamming weight that is the best solution for a maximum likelihood

decoding rule for a binary symmetric channel.
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Example 3.1: Let
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Suppose v= (100101 1) is transmitted and r=(100100 1) is
received. Then the syndrome of r is

s=(5, 85 5)=rH =(111)

Let & = (&, &, &1, 84, &4, &, 85 ) be the error pattern

So let us take an example now, so we have a 7, 4 code whose parity check matrix is given
by this and our transmitted code word is this and received code word is this, we can see

that
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Syndrome and error correction

Example 3.1: Let

1 0 0]t 01 1
H=|0 101110 Eorver
0 0 1/]0111

I

Suppose w=(100101 1) is transmitted and r = (100 1 0@1} is
received. Then the syndrome of r is

s=(%.5.%)=rH =(111)

Let & = (&, &, &, &, &, & &) be the error pattern

There is an error in this location, this was transmitted as one and this was received as
zero, so there is an error in this location. Now how do we find out that there is an error
and there is an error in this location? So first thing that we will do is we will compute the

syndrome, when we compute the syndrome which is rH®
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Example 3.1: Let

ST 1 T T T |
H=|010|1 11 0 Erver
0 0 1/]0 1 11 |

Suppose v=(1001011)is transmitted and r = (100 1 D@I} is
received. Then the syndrome of r is

s=(%.5.5) =rH =(111) 5kp

Let @ = (&, &, &, &1, 85, &, &) be the error pattern

What we get is a non zero and since this is a non zero this means there is an error. Now

next step is to find out where the error has occurred. So in this case
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S‘:,-‘I'Idrfjl'ﬂff d I'H',‘i error correction

Since
s=eH'

we have the following 3 equations:

1 m+etEg+a
l = g+t t+eoy

1 &+eateatey

We can write the syndrome in terms of error bits, so we have three equations and we have

total 7 unknown’s right and these equations are basically given by this.
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Er‘,." l'IL',ifL','H'I'If_" = nd error correction

Example 3.1: Let

ST 1 G - T |
H=|0 10| 1 1 0 Erver
0 01|01 11

!

Suppose v=(1001011)is transmitted and r = (100 1 D@I} is
received. Then the syndrome of r is

s=(5.5.5%)=rH =(111) g

Let @ = (&, &, &, &1, 85, &, &) be the error pattern

We have our H matrix is given by this, this is our error pattern so when we
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Since

= eHT

we have the following 3 equations:

1 m+etEg+a
l = g+t t+eoy

1 &+eateatey

When we compute eH' we get these set of three equations.
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S‘-,'I'Idf(,'.‘ll'l"lif ._-'!I'ld error correction

@ The solutions are

=TT iiilI1=

(obooo0010) (1010011)
(1101010) (0111011)
(0110110) (1100111)
(1l011110) (00O01111)
(1110000) (01000D0T1)
(0011000) (1001001)
(L00D100) (0010101)
(0101100) (1111101)

And there are sixteen solutions to this set of equations this set of three equations where
there seven unknowns there are total 2* different solutions and these are the sixteen
different solutions and as we said the maximum likelihood decoding rule for a binary

symmetric channel will choose an error pattern that as minimum Hamming weight.
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[

Syndrome and error correction

@ The solutions are:
(0000010) (1010011)
(1101010) (0111011)
(0110110) (1100111)
(i011110) (0DO1111)
(1110000) (0100001)
(0011000) (1001001)
(Lbo0o0100) (0DOD010101)
(0101100) (1111101)

So which has minimum number of ones, so you can see among these sixteen solutions the
one that has minimum hamming weight minimum number of ones is this, all other have
this has four ones, this have four ones, the five ones, three ones, two ones, you can check
basically this one have the least number of ones, so this error pattern has the least of

hamming weight so this is out of those 2* solutions. This is the most likely solution and
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@ The solutions are
(0000010) (1010011)
(1101010) (0111011)
(0110110) (1100111)
(l011110) (00O01111)
(1110000) (D1I0D00D01)
(0011000) (1001001)
(L1000100) (DOD10101)
(0101100) (1111101)

@ Note that the true error pattern,

[ F+v
= (1001001)+(1001011)
(00000 10)
is one of the 16 possible solutions. It is also the most probable

solution

This we can verify also because we were given the receive sequence and we knew the
what were the transmit sequence was error pattern indeed was this which we found out
from by solving this set of equations. So to recap then now when we want to do error

correction what do we need to do, we need to solve for
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S\,"I'Idr'.'}mt':' .':'H'Id error correction

Since
s—eH'

we have the following 3 equations

1 o+ eyt 8+ 8y
1 = aa+taatat+s
1 &+ &+ &+ &

This syndrome equations and there are n-k equations but there will be n unknowns, so
this will have 2¥ solutions and we will have to pick the most probable solutions from
these set of 2¥ solutions. The next lecture we are going to talk about a general decoding
algorithm for a linier block code, thank you.
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