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ABSTRACT

In the current information era, reliable digital communication is crucial, and this requires designing codes
that can be reliably decoded over noisy transmission channels. Error-Correcting Codes (ECC) is
essentially employed in a range of communication systems to detect and fix problems in a message that
has been transferred, which is usually rather important. In particular, a number of decoding techniques
for error reduction and correction remain difficult to implement in transmission channels. This study
presents a novel approach to code generation that utilizes hamming codes for error reduction and error
correction. Here, the error is checked using panty bits in hamming code (linear code), and the error
position in a codeword is identified using a hamming code parity check matrix in syndrome coding. After
error detection, next step is to use standard decoding with parity check matrix to reduce the error.
Experimental research on alternative decoding algorithms generally indicates that these approaches
improve the Hamming is the codes' ability to minimize errors above and beyond the bottom bound of
essentially standard decoding that was previously established.

Keywords: Hamming code, syndrome decoding, standard decoding, hamming distance.

1. INTRODUCTION

Many of the inventions in our past would never have been as efficient without ECC [1,2]. For example,
consider NASA's Mariner 9 program, whose goal was to send images back from Mars and whose error
tolerance was ensured by Reed-Muller codes As an outcome, the original driving force was the necessity
for error correction in communications and calculations, which was recently a difficult task [4]. A variety
of communication systems employ one of the ECC to detect and fix errors in a message that has been
conveyed [5]. We explore the idea of an ECC in this work. Spielman coined the name and defined for it, but
he only used it to describe a technique for creating low-complexity errorreducing codes—not as a stand-
alone notion [6]. These codes have been described as being similar to a form of joint-source-channel
coding [7] and ECCs have a significant part to play. In this study, we are interested in assessing the best
redundancy in Hamming codes, a particular kind of code that is used to correct single-bit errors. Our
foremostinvolvement is to provide a lower assurance on the usualquantity of faults that remain after
applying standard decoding techniques, especially when an opponent injects two errors [8]. Further, we
prove that Hamming codes are capable of achieving this lower bound. However, such decoding methods
are not the most efficient as far as minimizing errors is concerned [9]. We discuss several decoding
techniques for Hamming codes &display that it is feasible to achieve more than the traditional lower
bound of the average number of decoding errors using experimental analysis. This is especially so since
Hamming codes are perfect codes, incorrect decoding will always occur if there is more than one error
present [10, 11]. When assessing the success of decoded communications, it is reasonable to use the
number of errors in the decoded message as the measure of success since the total number of faults is
dependent on any potential error vector containing two errors [13]. Codeword is a block of bits and any
linear combination of these codewords is also a codeword when modulo-2 arithmetic is used [14]. In a
linear code, a generator matrix is used to encode the message (a binary vector) at the sender’s end by
appending it with the message. Also, the parity-check matrix which forms the basis of the null space of
the code is used in the decoding process of the message at the receiver side. The number of errors that
can be corrected by a code is at most |(d - 1) / 2| where d is the minimum Hamming distance between
the codewords [15]. Erroneous vectors cannot be corrected when this limit is exceeded, leading to
ambiguous behaviour. This drives research and development of new models aimed at minimizing the
number of mistakes in the received vector during decoding. Less correction for errors has been produced

505 Raviraju Balappa D et al 505-515



Journal of Computational Analysis and Applications VOL. 33, NO. 6, 2024

by ECC approaches such as Reeder Solomon codes, algebraic-geometric codes, as well as linear codes,
which were previously developed. As a result, the suggested approach clarifies how the aforementioned
Hamming code checks for errors using parity bits. It is suggested to use syndrome decoding to pinpoint
the error's location. This kind of linear code is used to decode a hamming code to locate errors in a vector
and reduce the error using standard decoding. The suggested model beats other current decoding
strategies like least sums decoding and minimum of maxima decoding by using normal decoding of the
Hamming code to reduce error in the code. The suggested techniques have the best capacity to reduce
errors.

2. LITERATURE REVIEW

Pereira, FR.F. et al, et al,, 2021 [16] suggested algebraic geometry (AG) codes toward building numerous
relations of QUENTA codes with Euclidean as well as Hermitian designs. The maximal entanglement is
present also the quantum Singleton fault is the same as either zero or one in two of the created families.
By comparing with the codes of the other families, we show that the rate of our codes is higher than the
corresponding quantum Gilbert Varshamov bound. Lastly, by adopting asymptotically excellent towers of
linear complementary double numbers, improved asymptotically families of QUENTA codes with minimal
coupling are created. Besides, an elementary contrasted through quantum Gilbert-Varshamov bound
suggests that our method can be used producing an asymptotically huge family of QUENTA codes that go
above this limit.

Bordage, S. et al.'s 2020 analysis of closeness testing to codes for AG was published in [17]. A code for AG

C=C(X,P,D) across an algebraic curve X denotes matrix interplanetary connected toward

assessments scheduled Pcx denotesroles in Riemann-Roch space L, (D). AG codes are a good choice

for statistical proof structures, even if there are ineffective proximity tests available for them. We identify
suitable requirements to build efficient Oracle Proof of Proximity (IOPP) methods designed on behalf of
AG codes. The method is based on decomposition from the space of Riemann-Roch of every invariant
divisor scheduled a curve inside numerous explicit Riemann-Roch spaces preceding the quotient curve.
The proposed method offers enough information about AG code C such that C's proximity checking issue

can be reduced to address have issue with membership for a much smaller code C.

In 2021, Bartoli, D. et al. [18] looked into the building of quantum numbers using codes of self-orthogonal
algebraic geometry. Our method is based on two foundations: Certain unusual characteristics of the
algebraic curves underneath, which we call Swiss curves, and the CSS construction. As it happens, a
family of the most popular algebraic curves having a large number of rational points is called the Swiss
curve family. Instances of this include the Abd on-Bezerra-Quoos maximum curve, GK curves, altered GK
curves, as well as castle curves. We provide applications of our technique to these curves. We expand
upon a previous structure by Moyano-Ferniandez, Hernando, McGuire, and Monserrat.

The method for identifying faults and subsequently fixing them needs to be developed by Kumar, S. et al,,
(2020) [20] to provide effective communication and provide services in FSO. In this study, we have
concentrated on using Reed Solomon (RS) codes to identify and fix maximum received errors done the
finite Galois field (GF). The Bit Error Rate (BER), no of mistakes rectified, also Geometric Path Losses in
relation to link distance for the proposed FSO system with and without the employ of RS codes are
assessed. The model was created using the Modified Gamma-Gamma approach. With the maximum
allowable correction of error 399 mistakes for the link distance in the sent message spanning 500m
toward 5km, the geometric route sufferers have decreased from -8.76dB to -28.04dB.

Garcia-Herrero et al. [21] examined this decoding algorithm in 2020 and discovered that, in contrast to
other effective solutions, it uses majority logic approaches to utilize the identical parity check matrix
form without requiring calculation of Galois Field inversions, divisions, or logarithms. For the same
message length, the resulting architectures allow for an increase in the Galois Field's order while
maintaining comparable area and latency outcomes. Finally, By reducing the delay in decoding to two
clock cycles, the lag can be improved by up to five times while sacrificing the critical route, thanks to 3-
phasethe decoder's process: syndrome, magnitude estimate, as well as popular logic. The suggested
decoder can achieve a minimum 44% reduction in the area when dealing with codes that have a high
Galois Field order, or GF (28).

Tang, YJ. et al,, [22] presented two strategies in 2021 to address the shortcomings of the techniques that
were previously in use. In the initial method, several finite field buildings are investigated in an effort
toward additional minimizing the numeral of "1s" in matrix bit of Cauchy ground; also a novel examining
technique is created toward identifying the matrices by fewest "1s." The form of parity check matrix
Vandermonde matrix joined to an individuality matrix is used in the second method to construct RS
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codes. This allows the inverse erasure columns multiplied by. The two suggested methods improve the
encoding throughput aimed at 4-erasure-correcting RS codes over GF (28), on average, by 40% and 15%
more than previous research based on the Cauchy matrix as well as Vander monde matrix by RM change,
correspondingly, intended for a variety of codeword lengths. Furthermore, there is a notable
improvement in the decoding throughput as well.

2.1 Research gap

In a research study employing decoding algorithms, including algebraic codes, Reeder Solomon codes,
linear codes, etc., the best-case result was 1.6857 mistakes in the received message, which is extremely
higher. Nevertheless, using such techniques comes with a higher processing expense since they
essentially replace several searches inside of bigger sets with a matrix multiplication, which is rather
significant. Moreover, it was believed that the remaining mistakes in the sent codeword were algorithms
that did not provide individuality or attractiveness. As a result, the recommended approaches below
provide superior error-reducing capabilities when utilizing Hamming codes.

3. PROPOSED METHODOLOGY

ERR is an essential part of systems for electronic communication. Due to improvements in computational
capacity, higher-level error-correcting codes can now be used in real-world systems. This suggested
method explains the usage of Hamming code for standard decoding to minimize error code as well as
error detection and correction during information transfer and storage. Hammering codes are binary
codes that can identify and correct single-bit errors. Syndrome decoding is a method that uses a
Hamming code's parity-check matrix to identify flaws in a codeword. Reducing the code error while
transferring the most information possible without using redundancy is how standard decoding is
designed. The recommended strategy outperformed other decoding techniques, lowering the error from
1.765 to 1.652.

3.1 Codes, encoding and decoding
In this instance, F denotes a set of finite also think of it as an alphabet. Adjust optimistic numerals k,n

with K<n. Let RC Fk as well as D F" also refer to them accordingly as a source and a code. An
encoding rule Y denotes a bijective mapping as of Rto D also [25] rule of decoding A denotes a set of

mapping D by DcD"c F"toward D. An information transmission system is illustrated in the
material below.

R—=3sD— D —235C— 3R (1)

A transmitter drives the source’s symbol X € R via the channel in the direction of a receiver. The receiver

will receive an inaccurate symbol if an error is brought about by noise on the channel. Consequently, one
interprets the sign by using an encoder X codeword inside ®= E(X) €D. As of the received word

w eD a decoded word is induced by a decoder o" = 7(a)) €D, Atlast, the recipient receives the sign
X" =g (@") . Below is the simple e.g, as

F=R={01, D={000)(1L1)}, D'=F? @
In this scenario, let's say that 0 is sent, encoded as (0, 0, 0), and that the word that is received is (0, 0, 1).

By majority vote, the decoder determines that (0, 0, 0) is sent and sends 0 to the recipient. Error-
correcting codes were created with the aforementioned objective in mind.

3.2 Hamming code
It is a class of quadratic codes of error-correcting. It can be used to both detect and rectify one- and two-
bit mistakes without disclosing untreated problems. Mathematically speaking, binary linear codes are a

subset of Hamming codes. Aimed at every number I > 2 a codeword with a block of dimension exists

N=2" —1 as measurement of communicationk =2" —r —1. Therefore, the amount of hamming codes is
the highest that can be achieved for codes with a minimum distance of three (that is, a minimum of three-

bit transfers required to travel between a single message to another) and a block length 2" — 1_
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3.2.1 Decoding of hamming codes

Syndrome decoding is a useful technique in decoding linear block codes. Here, in terms of decoding
single-bit errors, namely given that subsequent semantics:

If there is a 0 or 1 error in the received word, the decoder will give back the accurate transmission
communication. If the message received contains greater than 0 otherwise 1 mistake, the decoder might
or might not provide the correct message (i.e.,, we make no guarantees) [23]. The following technique can
be simply expanded to handle block codes that correct more errors and to allow machine learning (ML)
decoding (i.e., send the message back associated with a codeword that has the fewest Hamming length
toward the word that was received).

The main concept is to make use of the code's linearity. First, we demonstrate the method and then move
through its broad aspects. Examine the Hamming code (7, 4) for which the generator matrix G is given by
Equation (3). Beginning with G, the parity equations can be stated in the same way.

10000110
0100001
“loo1 o011l (3
0001011
P,=D,+D,+D,
F’2=D1+D3+D4 4)
P,=D,+D,+D,

Since arithmetic is finished F2 to write these eqns, move Ps toward the similarsideways as that which is
parallel to the Ds (In modulo-2 arithmetic, the sign of the a-and a+ is the same).

D,+D,+D,+P, =0

D,+D,+D, +P,=0 (5)

D,+D;+D,+P,=0

Such equations are n-k in number. Using a parity check matrix, H may state the following formulae in
vector form in the following order:

H|D,D,.....DPP;... R ] =0 (6)

T
H is two matrices stacked horizontally, also known as concatenation: A", where A denotes sub-matrix
of an identity matrix's coding encoder.

G=lyfAand (i) )
T
H=A I(n—k)x(n—k) (8)
H denotes the quality that any legitimate c code words (signify bylx N matrix).
Hc' =0 9)
T

. T
herefore, aimed at some letter get back I'|acking mistakes, Hr =0.
Let’s say a term is received I consumes few mistakes in it. I' can remain described as C+ €, where Cjg 5

legitimate codeword as well as € denotes sector of mistake, denoted as1x Na matrix. Aimed at instance I
Hr' =H.(c+e)' =0+H.eg' (10)

If I consists of all zeroes and € at most one-bit mistake if there is at most one. In this instance, N +1each
of these numbers H e’ ;1 may represent precisely a single-bit mistake; additionally, these single values

. T . . .
would represent a no-error scenario H.e' =0.These n+1 potential carriers as well as the specific
symptoms. The syndrome associated with every error is pre-computed by syndrome decoding.
Considering that the code is organized systematically, each codeword has the form
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D,D,....DRP,..P . 1f =100 after that syndrome H e' denotes outcome once initial information
bit, D1 denotes error. Generally, speaking if an element i of eis lalso another fundamentals are 0, the

. T H . .
outcoming syndrome He fits the scenario where bit | denotes codeword is wrong [24]. Assuming that
there is only a single-bit error, we are concerned with saving the symptoms in the event that one of the
initial K basics of € is 1.

If H-rTis not the only zero, and if it doesn’t correspond with any saved pattern, The decryptor
determines that perhaps whichever parity bit is erroneous or that there were several mistakes. Here, the
received word strength only contains the initial k bits of the message. This method offers the ML
decoding in the event that a parity bit is erroneous, then it might not be the best approximation when
many faults are present.

Anything more intricate than simply sending the decoded message is the first k bits of the text that was
received may usually be avoided because single-error correction is frequently used in situations where
there is little chance of multiple-bit errors. The two chapters that come before it provides the basic
techniques for syndrome decoding for solitary bit defects and produce an ML approximation of given
communication in the instance where one bit or zero faults impact the codeword.

Modifying numerous mistakes: Since this decoding concept applies to the many mistake scenario,

expanding this syndrome is not difficult. Let’s say we want to fix every pattern of <t errors. In this

instance, pre-compute additional syndromes, which correspond to 012...t little mistakes. The decoder

needs to keep all of these. A total of syndromes need to be pre-computed and stored.

n n n n
+ + +. (11)
0) 1 2 t
In the event that one of these syndromes corresponds, the receiver flips those bits, giving the coded
message again via its initial of k bits of the codeword. It then knows precisely which bit mistake sequence

t
caused the syndrome. With this technique, the decoder must type (n )

syndrome contrasts, then every contrast of this kind entailed contrasting dual N -k bit-strings through
every further.
An instance: To comprehend the processes involved in decoding and encoding a comprehensive instance

could be helpful. Think about (7,4) Hamming code. The G code aimed at this linear block is given in eqn
(7). Assuming some k=4-bit communication M, the encoder creates a N= 7 —hit codeword, Cthroughen

largingM.G.(M is a 1xk matrix,G is a k x n matriXas well asCis a 1x N matrix.

The parity check matrix, H aimed at this code can be acquired by usingeqn (12)

1101100
H={1011010 (12)
0111001

Assume c is transmitted across the television network and obtained via decoder as r. Aimed at
correctness, assume c=10100001 and r=1110001 (mistake in the subsequent bit).

The decoder has pre-computed the associated syndromes for every potential single-bit mistake. (In
actuality, it only wants toward pre-compute k of these, since everyone represents a mistake in the major
k-bitlocations of the codeword.) Here, k = 4 signs of importance described by:

H.[1000000] "=[110]'

H.[0100000] "= [101]'
H [0010000] "= [o11] (3)
H.[0001000] "= [111]'
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To sum up, it should come as no surprise that the syndrome aimed at single-bit mistakes in a single of the
parity bits is:

H .[0000100] " =[100]
H.[0000010] " =[010] (14)
H .[0000001] " =[001]'

To fix single-bit mistakes, the decoder follows these steps. Compute CI =H.r" For this instance
¢ =[01]

If C'is 0, after that send back the initial k bits of r by way of communication. In this instance CI isn't 0.

If C is not0, afterward contrast c through n pre-calculated syndromes, H £, where €, = [00 ...... 1. 0] is
a 1X N matrix by 1 in location I also 0 universally different.

If the error matrix matches what was carried out in the preceding phase €, then there is a mistake at bit

location "in the received word. Turn the bit, then put the first one back K components of r (keep in mind
that we only want to carry out this check for the initial K error vectors since it is enough to merely save

just one of those because only one of those may need to be flipped k syndromes of single error as well as
not N.

In this occasion, a condition H.[O].OOOOO] T:[]_O]_] Twhich equals .C' = H.I’T. As a result, the

interpreter performs an ML decoding of the transmitted message via flipping the extra bit & returning the
first k=4 bits of r. The returned estimate of the communication in this instance is.

The initial k bits of r must be returned if there is no connection. Even while it's not always ML decoding
when ma y bit errors happen, it's still a very excellent estimate if the bit error probability is low.It is
unlikely that the BER of a packet composed of multiple of these coded blocks will be sufficiently reduced
in this case to make full-fledged ML decoding worthwhile.

3.3 Error reducing of standard coding

Hamming code effectively by lowering the number of mistakes in the message that was received. On the
other hand, there are times when a message is sent that has a growing or unceasing amount of errors in
it. In this section, we will first go over our preliminary findings and offer some advice on how to choose a
high-quality generator matrix. We'll after showing the matrix that was discovered is the most effective
matrix aimed at creating [7; 4; 3].-Hamming code by standard decoding for every potential vector of
error, as determined by the message's average amount of mistakes that were received.

3.3.1 Hamming codes with standard coding
Remember the definitions from the introduction aimed at parity-check then generator matrices. It
consumes generator matrix G and also parity check matrix H, in the under neatheqn:

1110000
0001111
1001100]| 0
0101010 (15)
1010101
0011001

To further grasp the typical decoding for Hamming codes, let's examine one example. Assume that the

communication that has to exist is conveyed via y= (0101) - This communication will be decoded as

G'xy=[1010101] =x(say).
0= [0 00100 O]T Is additional toward

Let's currently imagine that a vector indicates an error.

codeword X.We have, X+5=[1011101]T.

After receiving this incorrect codeword, the location of the error can be determined by multiplying the
parity check matrix. The procedure of standard decoding by [7; 4; 3]-Hamming code. We have
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T
H x (X + 5) = [1 0 0] : It can be observed that column four of the parity check matrix also resulting a
column matrix match. H. It is evident that this matches the codeword after that portion was reversed.

[101010]T ,consistent with the communication (0101) , so the error has been corrected.

3.3.2 Error reduction by[7, 4, 3] Hamming codes
When there are two inaccuracies, none of the faults can be accurately corrected by the parity check
matrix. Aimed at instance, within the framework of [7; 4; 3]-Hamming code, consider

0= [1 00100 O]T X = [1 01010 1]T where O denotes error vector containing mistakes in dual

T
places (columns 1 as well as 4). Currently multiplying H byy+5getH X (X + 5)T = [1 0 1] : Thus
column 5 is the freshly modified column. Once the perceived fault has been fixed, the codeword that was

T
received becomes 0011001. This resembles a communication of (0001) since G 2[0 01100 1] :

Consequently, although (0101) remained transmitted, (0001) remained decoded. There is a single error
in the message that was received. Nevertheless, the simulated communication route contained two
mistakes. This indicates that there were fewer mistakes in the decoded message than in the codeword.
Now, the task is to identify a workable construction that can replicate this outcome in different scenarios.

3.3.3 Basic facts for standard decoding

Here, [7; 4; 3] utilizedHamming code that contains two newly created mistakes 24 - 7 2 = 16 - 21 = 334
code words and error vector combinations that could be used in the event that two mistakes are
introduced (because each message corresponds to a single codeword).

Lemma 1: Assume that codeword by a Hamming code of every command by conventional decoding has
one or more faults in it. Let q denote the parity-check matrix column (i.e, the produce of erroneous
codeword also parity check matrix) that is found to remain mistaken. Q doesn't depend on the first
message that needs to be referred.

This is a clear reality since g=Hx(Xx+0)=HxX+H xd=H xJ depends on H and ¢ and not on X

Proposition 2: It is not reliant on the communication that was sent on the quantity of mistakes in the
decoded message (standard decryption).

Proof: Lemma 1 demonstrated that the incorrect column is solely based on the vector of errors. Given I
denotes the message that was received, I' denotes transmitted code word afterward alteration also f
denotes the vector that is applied to do the corrective procedure. As previously Y 5symbolizes the

source codeword being sent as well as 0 denotes mistake vector that was included in message frequency.
It contains =X+ 0 ; I'I =X+0+f .Currently allowg =0+f.
'=x+5=8=r -y (16)

Meanwhile O able to articulate by way of a linear combination of dual code words, given that hamming
codes are linear, it has to have a code word. A lower bound aimed at [7; 4; 3]-Hamming code via standard
decoding

We succeeded in bringing the total numeral of mistakes in codeword set down to an average of 1.652 yet,
these are not the essential restrictions of conventional decoding using [7; 4; 3]-Hamming code. Using the
generator matrix after (1) as a starting point, we can create the subsequent producer vector by
substituting the second row containing the prior two rows' modulo-2 total.

1110000]

0111100

G=
0101010 (17)

0011001

The conventional decoding of [7,4,3] hamming codes results in a median number of mistakes of 1.652 in
the resulting message for all dimensions.
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Lemma 2: consider a [n =2" —1,2” -1- n,3]. Use conventional coding with hamming code. The column

indexas incorrect through the parity check matrix's multiplication marked by Y will always match a zero

. . X contains two errors.
on the error vector in the event that the received vector

Proof: Assume that the parity check matrix multiplied by y corresponds toward 1 in the error vector
aimed at the column index classified by way of inaccurate. In the event of two mistakes, the rectified
codeword because the message that is completely zero will have a Hamming weight of 1. This suggests
that Codeword by a Hamming weight of one exists.

Lemma 3: Let's say we wish to map a communication with a weight of2toward a weighted codeword that
three. In this instance, the generator matrix that is employed to encrypt the communication must include

a minimum of one row I', such that ﬁ(l’) -4,

Proof: Assume that the generator matrix's row weights are all three. Mapping a weight 2 communication
to a weight three codeword involves calculating the modulo-2 sum of the generator matrix's two rows.

Let &,0 denotes one 2 generator matrix rows. Take note of that, 0(@,0) > 2. Henceforth d(a,b) =4or 6.
In the two cases, no codeword of weight three is given as a + b.

Lemma 4:Study [n, k,3] Hamming code. Let t represents rows numeral that have a Hamming weight equal
to three in the generator matrix. The extremenumeral of communications with a mappable weight of two
to codewords in a weight of 2 if the weights in every other row add up to 4 3 is (k —t) xt.

Proof: Lemma 4 states that only when the generator matrix's two rows being added have weights of 3 and
4 can a weight-2 communication produce a weight-3 codeword. Given that the generator matrix only

contains rows by a Hamming weight of 3, this arrangement is able to occur in the most (k —t)Xt

dissimilar behaviors.

The aforementioned lemma suggests that [7; 4; 3] Hamming code, a maximum of threeCode words
weighting three can be translated to messages with a weight of two, provided a generator matrix single
row has a strength of 4 while entirely the remaining rows possess a weight of 3. This leads us toward the
assertion that follows.

Theorem 7: Suppose we have [7; 4; 3]-Hamming code. Let t be the collection of every distinct error vector
with weight 2 as well as length 7. Assume, that t denotes the mean numeral of mistakes discovered in the
decoded message at the recipient following normal decoding for all conceivable sums of each element in
E divided by each element in C, modulo 2.In the event that the standard decoder is intended to minimize

the Hamming code, then 1.652.

Proof: We can presume that the transmitted message is (0000) as a result of proposition 2. Lemmas 2 and
3 showed that E collapses toward seven set distinct vectors, which we will refer to as E0. To enable
conventional decoding, the vectors in EO have to be code words. The no of faults identified in the decoded
message will not ever be zero because normal decoding can never entirely repair dual mistakes with a
Hamming code (because only one repair is produced). This indicates that seven distinct set code words in
EO will be mapped to the 7 communications by the smallest separation from the source message by best
Hamming code. The three additional code words in E0 must match communications that are two
Hamming distances apart from the initial message since there are only four messages (0001, 0010, 0100,
and 1000) that are at an interval of one from the message 0000. For any message that is one distance
away as of 0000 toward a map toward a vector within EO, every row weight in the generator matrix needs
to be three. Nevertheless, lemmas 5 and 6 demonstrate that the generator matrix needs to contain at least
one row without a weight of 3 an important message that bears two has toward translate toward a vector
in EO (otherwise, the average number of remaining mistakes is (1 - 4 /7 + 3 - 3/7 = 13/7 ). In this
instance, code words in EQ can only be translated to three messages at an interval of one and three at a
distance of two from 0000. This indicates that to prevent changing, the generator matrix another row, a
seventh message that is three distances away from the initial message needs to be mapped to a codeword
in EO. This results in a Hamming distance average of 1-3/7 + 2-4/7 + 3 - 1/7 = 13 /7 as of initial message
0000, producing identical outcomes to those shown in (3)'s generator matrix.

This theory can be extended toward greater order Hamming codes, as shown in the following subset,
even though it is only applicable toward [7; 4; 3]-Hamming code by two mistakes. Finding a bound,
however, becomes more difficult in the case of three mistakes added, since this permits the error vector
to transform codewords into other codewords.
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Extension toward overall Hamming Codes
Theorem-8: Assuming a

[n =2"-1k=2"-1-n,d :3]Hamming code CforN>4,also E = {56 an 2,3(5) = 21}.
Discover the leastl € Z,0< | < [1/ 2], such that

k—1+1(k=1)>1/3(n/2) (18)
Next, a lower bound on the mean (more than any code words in C also entirely errors in E) noof mistakes
k-1
in a communication afterward standard decoding is 2——
1/3(n/2)

To show this, we must use the equation that follows.
Lemma 5: Aimed atallN>4, there is a | €Z,0<1< [k/Z]such that K— I +1(k —=1) >1/3(n/2) recall

that k=2"-n-1and n=2"-1.
k-1

Proof: If K is odd pickl = also if K is even, select| == For N> 4 these values | gratify the claim.

Proof of theorem 8: Once more, we can presume that the entire conducted message is 0. Assume M
denotes a collection of messages that correspond to weight 3 codewords. The communication vectors'

N . Every communication of Hamming weight 1 in N he code words

needs to be included in the generator matrix as rows. Considering that the lemma 3 |N| :1/3(n 2>k 1t
required toward map weight two otherwise additional messages onto weight three codewords.
Conversely, in case the generator matrix's weight is 3 in each row, then, from lemma 4 there will be
related correspondence bearing a three or higher for each of the remaining weighted code words three.

average weight must be reduced

So, N will include messages with weights between one and three otherwise may be higher. Lemma 4
claims that “messages by M that are classified as 1 be removed" by "removing weight 3 rows from the

generator matrix and swapping them out with weight 4 code words." This will enhance equal to |(k - |)
novel communication of weight 2; significance up to |(k - |) messages in M that have a Hamming weight
of three or more will be deleted. Stated otherwise, if M still contains members with weights of three or
higher, then the members of M's average Hamming weight should either decrease or remain the same
when a row of weight three is substituted by a row of weight four in the generator matrix. When M is left
with no members that have a Hamming weight of three or more (which it does because of lemma 9), this

condition is precisely the same as the one in (4). Once N comprises only messages with weights of 1

otherwise 2, in which case the average Hamming weight of the participants in N will be

k—1+2@1/3(n/2)-k-1)
1/3(n/2)
residual members (1/3(n/2) -k —1of them) will weigh two pounds.

over the lowest value that satisfies the requirements (18) inevitably needs to rise typically using weight

as a metaphor for weight one in N gha)l be substituted with a weight two message. Given that the

.Take note of that N must containK —| hamming weight members 1 also the

. Here, it is evident that growing |

selected generator matrix will match and l that reduce members' regular weight N, it must be optimal.
There are several challenges with extending Theorem 8's result to three or more faults. The main issue is
that the weight of the codeword that is added to the incorrect vector during the usual decoding
procedure can no longer be expected to be 3. This would necessitate revising Theorem 8's definition of
the set M.

Table 1. Hamming code with various decoding techniques

Introduced Average no. of mistakes in decoded message
no. of. Errors Standard Optimized Min of | Min of | Majority
Decoding Standard Sums Maximum Bit
decoding decoding decoding decoding
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4 1.9581 1.8524 1.5296 1.5641 1.2958
5 2.3000 2.1562 1.8671 1.7785 1.7957
6 1.9530 1.8325 2.1539 2.0654 2.1539

A comparison of suggested and current decoding methods is provided in Table 1. Presenting no. of errors
are 4, 5, and 6. The location of the fault is found via syndrome decoding, and the error is reduced by
regular decoding. The suggested decoding strategies achieve reduced error in a delivered message as
contrasted with alternative decoding methods already in use.

4.CONCLUSION

In conclusion, substantial progress in ECC has been made possible by hamming code. The simplest code
to use when examining a signal's transmitted message error is the hamming code. It was found that using
traditional decoding severely limits the error reduction capabilities of Hamming codes; this finding
motivates further study into alternate decoding methods. By employing typical decoding techniques,
syndrome decoding decreases the error by 1.652 and makes it easy to locate the fault employing the
Hamming code of parity-check matrix. Generally, one should encompass the bound from Theorem 8
toward an arbitrary no of errors. In order to reduce errors to a greater extent while maintaining a low
level of complexity, also, it is intriguing to look into recommended decoding methods in particular, which
is really important.
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