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ABSTRACT. In the projective plane PG(2,q) a (n; 3)-arc may be generated
by a non-singular cubic curve, which generates an almost-MDS code. In this
work, 108 novel nearly-MDS codes are constructed from nonsingular cubic
curves over the order 25 Galois field, and their nearly-MDS status is shown.
With the exception of 26 and 26, which are incomplete, these codes are between
16 and 36 characters long. Also supplied are the covering radius and weight
distributions for these codes.
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Let F,=GF(q) represent the order g Galois field, where g is a prime power
(g =p™, pis a prime number, and m is a positive integer), and let PG(2, q) be
the projective plane over F,. A set of k points with r collinear points and no
(r + 1) collinear points is known as a (k;r) —arc. If a (k + 1,r)-arc does not
contain a (k; r) —arc, it is said to be complete. For further details on the salient
features of these geometric structures see [1] .

V(n,q) is a vector space of dimension n over F, , and C is a subspace of this
space of size dim(C) = k. This code is also known as a [n, k, d]_g-code or a
[n, k,d] linear g- ary -code C and the shortest distance is given by d(C) =d =
min w(x)|x # (0) € C} =min{d(x,y)| x # y}.

We indicate x = (X1, ...,X,) = X1...x, andy = (V1,.Yn)= V1 =" Yn Where
w(x)= |{i | x; # 0}, is the codeword's weight x. d(x,y) = [{i | x; # y;}|is
the Hamming distance between x and y. Generator matrix refers to a matrix G
whose columns serve as the building blocks of a linear code. An [n, k, d] g-code
If any two columns of the generator matrix are linearly independent, C is
referred to as a projective code (PG code). The term "e-error correcting code"
refers to a code of distance d, where e = [(d —1)/2]. The quantity A4;,
where i =0 to n , of Hamming-weighted codewords in C. The vector
(4g, ..., Ay ) represents the weight distribution of C.

For any y € C, dual code C of a [n,k,d]_g-code C is definedas Ct = {x €
Fl' | x -y = 0}. for Further information on linear code's characteristics see [2].

One of the most challenging coding theory problems is determining the
existence of a code with a given set of parameters (length, dimension, and
Hamming distance). Also, figuring out the values of k for which a complete
(k; r) —arc exists is one of the trickier and more challenging tasks in finite
projective geometry. Since the two issues are related, the outcomes of one of
them will have a beneficial impact on the other, as will be shown in the next
section.

One of the main areas of study in the projective geometry PG (n, q) is finding
complete (k; r)-arcs with the most points. A few of them looked at this problem
conceptually., as in [3]-[7], while others more researched it in the projective
plane for a certain field. and » = 3, as shown in [8], [9], and [10], q = 27.
Additionally, several writers examined codes through arcs for certain fields, as
in [10], ¢ = 17, [11], [12], q = 19, [13], q = 2,3,5,7, [14], q = 11,13, [15] ,
q=27.

To find original linear codes, this study makes use of the connection between
cubic curves and the PG linear code, Near-M DS codes providing information on
their weight distributions and covering radius..
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In order to establish linear coding of Near — MDS code, as well as To determine
the covering radius and weight distributions, it was necessary to identify the
generating matrices for each of these codes. These algorithms were built on a pc
with a Core i7-8565U CPU operating from Intel at 1. 99 GHz using the GAP
application [16]. RAM 8 GB.

BACKGROUND AND PREVIOUS RESULTS

This section contains a discussion of the calculation techniques as well as the
vocabulary and algebra used in this subject.

Definition 1 [2]. The [n, k, d]_g-code's covering radius C is the smallest integer
» UxecS(x,w) = F', where the ball S(x, w) has radius w and centre x .

Definition 2[17][18]. The term ™"almost-MDS code" (abbreviated "AMDS")
refers to a linear code C with d(C) =n —k and a Near-MDS code, or MDS ,
is d(C)=d(Ch).

Theorem 3[18]: Suppose C is an [n,k,d],-Near — MDS code, its weight
distribution is {A;|i = 0ton} and the weight distribution of Ct is {A] |i =
0 ton}. Then,

An—k"'S:(kr—ls) ;:(1)(_1)] (n_f-'-s)(qs_j - 1)+(_1)S(§)Ak—51
where s € {1,2, ..., k}, and
A pees= (1) 32817 ()@ = (=1 (") Ak
se{lton—k}

In [19] and [20] theoretically , the connection between projective coding theory
and the theory of a (n;r)-arcs is provided. Below is a summary of this
relationship.

Theorem 4 . [n, k,d],- code in F}* is identical to an (n;n — d)-arc in PG (k —
1,q).

Therefore, there is a 1:1 correspondence between [n, 3,n — 3],-code C and
(n; 3)-arcsin PG(2,q) fork =3 andn —d = 3.

The primary finding upon which this study is predicated is presented in [8] and
is briefly summarized in the following Table.

Suppose F stands for collection of points on F’; (the cubic curve), where |F|
shows how many points are on F'; and the size of the whole curve created by
F(F';) is shown by M(F). Assume « is fundamental component of F,.
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TABLE 1. Elliptic cubic curves parameters
F! )ggef';';';;f_ |F| F; Coefficients ofXZZg(l + X,° ; |F|
bX, X, X, — M(F +bXy" X, +cX; — M(H
F a?! 18-36 | F,, a,a’ 28
F; a® 27 |F,), a,ab 28
F; 0 36 | F,, a’, a 29
F'| XoX X,+bX® F., a’, ald 29
F, a’ 18-31 | F,- 1,a?? 32
Fe a?l 18-31 | F) 1,a® 32
F/ | Coefficient of X,%X; Fy; 1,a' 32
+ X,° — bX,?
F¢ a? 21-36 | F)q a’, a* 34
F, at 21-36 | F), a’, at 34
F{ | Coefficient of Xy X; X, Fi, a??,1 34
+bX?3
Fy a 24 | F, 0,a’ 16-32
Fy a’ 24 | F, a*?,0 20-28
Flo a?? 24 | Fi, 0,a 31
F|;: a® 24 | F., 0,a’ 31
F/, o 24 | FL 1,0 32
F; all 24 | Fig a’,0 34
Fl, als 27 | F/ | Coefficient of X,* + aX,® +
bX,> — c XoX,X,
= a3 27 | FL, a,a? ab 18-30
Flg al? 30 | Fig a,a? a*? 18-30
F, at 30 | Fiq a,a’,a 27
Flg a?° 30 | F/, a,a’,a’ 27
Flq a?3 30 | Fg, a,a’,at® 27
Fy al® 33 |F, a,a’,at 27
Fj, a? 33 | F, a,a*,0 36
F{ | Coefficients of X,X, Fg, a,a?,ald 36
+ X2 + bX,° X,
+ ch3
Fy, 1,a® 17-32 | F/ | Coefficients of Xo°X;+ Xo° X, +
aX;’X,—b(X,> +aX,>+
a’X,® —c XX, X,)
F4 a’ 1 19-31 | Fis a,a'® at? 18-32
F;, a’,a’ 19-31 | F, a?,a*, a®® 18-32
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Fye a*?,a’ 20-28 | F., a,0 21
Fie a*?, a? 20-30 | Flq a%,0 21
F,, a%?  qlt® 20-28 | Fl, a,a’, at? 24
Fjg 1,a 22-27 | Fy, a,al3, al? 24
Fyo 1,al3 22-25 | F;, a,l, a’® 24
F3o 1,a® 22-27 | F,, a?, a3 a®® 24
F3, 1,a’ 22-25 | F;, a?,al® a?° 24
F;, a,at 23-26 | F), a?,al® a?® 24
Fs5 a,at 23-26 | F,< a,a'® o 27
F3, a??, ab 25 | Fj, a?,a, a®° 27
Fy: a??, o’ 25-28 | F, a,a,at? 30
F3 a??, at 25 | Fq a,a??, atd 30
F3, a,a 28 | Frq a?,1, a®° 30
Fiq a,a’d 28 | Fao a’,a’, a*° 30
Fiq a,l 28 | Fyy a,at, a®® 30
ELo a,a?? 28 | F3, a?, a??, a?° 30
Algorithm B :

Cic= points on the projective cubic curves F; as a group
1- for gin Cic do
P10=[] A collection of points within the code C, denoted as g, is observed.

M= A matrix is constructed such that each column represents a point

within the set denoted as "'g"".
KL=[]; The collection of Hamming distances between codewords.
2-forsin[1..g™n] Let n be the number of rows in M.
y= build from M at point
m= amount of y coordinates that are not zero;
Add(KL,m);
2- od;

d(C)= The code’s shortest Hamming distance derived from the KL
divergence is calculated.

W= Theorem 3's weight distribution for the code.

PO A subroutine is executed to evaluate positive integers in order to
calculate covering radius. Due to the excessive time required for this
process, it is separated into multiple partitions.)
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NMDS CODES OVER THE GALOIS FIELD OF ORDER TWENTY
FIVE

The subsequent theorem presented in this section provides a concise summary of
the research findings pertaining to Near-MDS codes derived from elliptic cubic
curves in the projective plane PG (2,25).

Because it takes up a lot of space, the generating matrix for the linear coding is
not printed; just the results are.

.Theorem 5. The omission of the generating-matrix for the linear-coding is
attributed to its extensive size, with only the outcomes being presented instead.

There exist a total of 82 PG Near — MDS codes of dimension three over the
field F,s, with a length ranging from 16 to 36, that are derived from cubic
curves..

The weight distributions and covering radius are supplied.
Proof.

Suppose F'; indicates the cubic forms, Cr,, is the linear code constructed from
F';,and C,ff,l, is the extension linear code from Cg,..

Following PG codes may be determined from Theorem 4 and Table 1
using procedure B.

For any cubic curve in PG(2,25) there is PG Near-MDS [n, k,d] —code
Cr,,i=1.2,..,82 , their weight distribution wd , error correcting code e and
covering radius cr of these codes it has been organized in the following table:

F;: PG Near-MDS Weight distribution wd Error covering
[n, k ,d] —code C, correctin | radius cr
g code e

F; :[18,3,15] -code ¢, ((1,0,0,0,0,0,0,0,0,0,0, 7 135w
0, 0, 0, 0, 1152, 216, 7344, <15
6912)

F,*:[36,3,33] -code Cr# (4,0,0,0,0,0,0,0,0, 0,0, 16 28<w
0,00000000,0,D0,0Q, <33
0,0, 0,0,0,0,0,0,0, 0,
4392, 1944, 5400, 3888)

F,: [27,3,24] -code Cp, (4,0,0,0,0,0,0,0,0, 0,0, 11 20w
0,00000000,0,0,Q, <24
0, 2664, 432, 7992, 4536)

F; :[36,3,33] -code Cr, ((1,0,0,0,0,0,0,0,0,0,0, 7 135w
0,000000,00,0,0,Q0, <15
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0,0 00000000,
4824, 648, 6696, 3456)

F,:[18315] code C;, |(1,0,0,0,0,0,0,0,0,0,0,| 7 13<w
0, 0, 0, 0, 1104, 360, 7200, <15
6960)

F,*:[31,3,28] -code C+ |(1,0,0,0,0,0,0,0,0,0,0,[ 13 24<w
0,0,0,0,0,0,0,0,0,0,0,0, <28
0,0, 0, 0,0, 2592, 3384,
4800, 4848)

Fs: [18,3,15] -code Cr, |(1,0,0,0,0,0,0,0,0,0,0, 7 13<w
0, 0, 0, 0, 1104, 360, 7200, <15
6960)

s+ [31,3,28] -code C.+ | (1,0,0,0,0,0,0,0,0,0,0,[ 13 24 < w

0,0,0,0,0,0,0,0,0,0,0,0, <28
0,0, 0,0, 0, 2592, 3384,
4800, 4848)

Fe: [21,3,18] -code C;, |(1,0,0,0,0,0,0,0,0,0,0, 8 15<w
0,0,0,0,0,0,0, 1536, 432, <18
7632, 6024)

F,*: [36333] -code|(1,0,0,00000000, 16 28 < w

Cr 0,0,0,0,0,0,0,0,0,0,0,0, <33
0, 0,000,000, 0,0,
3960, 3240, 4104, 4320)

F,:[21,3,18] -code C, |(1,0,0,0,0,0,0,0,0,0,0,| 8 15<w
0,0,0,0,0,0,0, 1536, 432, <18
7632, 6024)

F,*:[36,3,33] code C.+ | (1,0,0,0,0,0,0,0,0,0,0,| 16 28 < w
0,0,0,0,0,0,0,0,0,0,0,0, <33
0, 0,0000,000,0,
3960, 3240, 4104, 4320)

Fg: [24,321] -code C;, |(1,0,0,0,0,0,0,0,0,0,0,| 10 18<w
0,00 0,0 0,0, 0 0,0, <21
2040, 504, 7848, 5232)

Fo: [24,321] -code C;, |(1,0,0,0,0,0,0,0,0,0,0,[ 10 18 < w
0,0 00,0 0,0, 0 0,0, <21
2040, 504,7848, 5232)

Fio: [24,3.21] -code C,, |(1,0,0,0,0,0,0,0,0,0,0,[ 10 18<w
0,00 0,0 0,0, 0 0,0, <21
2040, 504,7848, 5232)

F,,": [28325] -code|(1,0,0,0,00,0000,0,| 12 21< w

Cr. + 0,0,0,0,0,0,0,0,0,0,0,0, <25
0,0, 2472, 1656, 6744, 4752)
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Fy;: [24,3.21] -code C,, [(1,0,0,0,0,0,0,0,0,0,0,[ 10 18 < w
0,00 0,0 0,0, 0 0,0, <21
2040, 504, 7848, 5232)

Fi,: [24,3,21] -code C,, |(1,0,0,0,0,0,0,0,0,0,0,| 10 18<w
0,00 0,0 0,00 0,0, <21
2040, 504, 7848, 5232)

F,*: [28,325] -code|(1,0,0,0,0,0,0,0,0,0,0,| 12 21< w

Cp, + 0,0,0,0,0,0,0,0,0,0,0,0, <25
0, 0, 2472, 1656, 6744,
4752)

Fy3: [24,3.21] -code C,, |(1,0,0,0,0,0,0,0,0,0,0,[ 10 18 < w
0,00 0,0 0,0, 0 0,0, <21
2040, 504, 7848, 5232)

Fy4: [27,3,24] -code C, |(1,0,0,0,0,0,0,0,0,0,0,[ 11 20 < w
0,0,0,0,0,0,0,0,0,0,0,0, <24
0, 2664, 432, 7992, 4536)

Fys: [27,3,24] -code Cr,, |(1,0,0,0,0,0,0,0,0,0,0,| 11 20 < w
0,0,0,0,0,0,0,0,0,0,0,0, <24
0, 2616, 576, 7848, 4584)

Fi6: [30,3,27] -code Cr,, |(1,0,0,0,0,0,0,0,0,0,0,| 13 23 < w
0,0,0,0,0,0,0,0,0,0,0,0, <27
0, 0, 0, 0, 3264, 648, 7632,
4080)

Fy,: [30,3,27] -code C,, |(1,0,0,0,0,0,0,0,0,0,0,| 13 23<w
0,0,0,0,0,0,0,0,0,0,0, 0, <27
0, 0, 0, 0, 3264, 648, 7632,
4080)

Fig: [30,3,27] -code Cr,, |(1,0,0,0,0,0,0,0,0,0,0,| 13 23 < w
0,0,0,0,0,0,0,0,0,0,0,0, <27
0, 0, 0, 0, 3264, 648, 7632,
4080)

Fio: [30,3,27] -code C,, |(1,0,0,0,0,0,0,0,0,0,0,| 13 23<w
0,0,0,0,0,0,0,0,0,0,0,0, <27
0, 0, 0, 0, 3264, 648, 7632,
4080)

Fyo: [33,3,30] -code C,, |(1,0,0,0,0,0,0,0,0,0,0, 14 26 < w
0,0,0,0,0,0,0,0,0,0,0,0, <30
0,0,0,0,0,0, 0, 3984, 720,
7200, 3720)

Fy:: [33,3,30] -code Cf,, |(1,0,0,0,0,0,0,0,0,0,0, 14 26 <w
0,0,0,0,0,0,0,0,0,0,0,0, <30
0,0,0,0,0,0, 0, 3984, 720,
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7200, 3720)

Fy,: [17,3,14] -code C,, |(1,0,0,0,0,0,0,0,0,0,0,[ 6 12 <w
0, 0, 0, 960, 384, 6960, 7320) <14

F,,*: [32329] -code|(1,0,000,000,0,0,0, 14 25 < w

Cp, + 0,0,0,0,0,0,0,0,0,0,0,0, <29
0,0, 0,0,0,0, 2952, 3048,
5016, 4608),

F,5:[19,3,16] -code Cr,, (1,0,0,0,0,0,0,0,0,0,0, 7 135w
0,0,0,0,0, 1224, 432, 7320, <16
6648)

F,3™: [31,3,28] -code|(1,0,0,0,0,0,0,0,0,0,0, 13 24 < w

Cr,+ 000000000000, <28
0, 0, 0, 0, 0, 2832, 2664,
5520, 4608)

Fy4: [19,3,16] -code Cf,, |(1,0,0,0,0,0,0,0,0,0,0, 7 13<w
0,0,0,0,0, 1224, 432, 7320, <16
6648)

F24+: [31,3,28] -code|(1,0,0,0,0,0,0,0,0,0,DO0, 13 24 < w

CF24+ 000000000000, <28
0, 0, 0,0, 0, 2952, 2304,
5880, 4488)

Fys: [20,3,17] -code Cr,. | (1,0,0,0,0,0,0,0,0,0,0,[ 8 14 < w
0, 0,0 0,0, 0, 1368, 456, <17
7464, 6336)

F,e+: [28,3,25] -code|(1,0,0,0,0,0,0,0,0,0,0, 12 21<w

CF25+ 000000000000, <25
0, 0, 2232, 2376, 6024, 4992)

F,¢: [20,3,17] -code Cr,, (1,0,0,0,0,0,0,0,0,0,0, 8 14 <w
0,0,0,0,0,0, 1368, 456, <17
7464, 6336)

F26+2 [30,3,27] -code|(1,0,0,0,0,0,0,0,0,0,O0, 13 235w

CF26+ 000000000000, <27
0, 0, 0, 0, 2448, 3096, 5184,
4896)

F,,: [20,3,17] -code Cf,, |(1,0,0,0,0,0,0,0,0,0,0,| 8 14 < w
0, 0,0 0,0, 0, 1368, 456, <17
7464, 6336)

F,,*: [283.25] -code|(1,0,0,00,0000,0,0,| 12 21 < w

Cp, + 000000000000, < 25
0, 0, 2232, 2376, 6024, 4992)

F,g:[22,3,19] -code Cr,, (,00000000,0,0, 9 16 < w
0,000,000, 0, 1680, <19
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504, 7680, 5760)

Fys*: [27,3724] -code|(1,0,0,0,0,0,0,0,0,0,0,] 11 [20<w<

CF28+ 000000000000, 24.
0, 2208, 1800, 6624, 4992

Fy9: [22,3,19] -code Cp,, (1,0,0,0,0,0,0,0,0,0,0, 9 l6 <w
0,000, 0,0, 0, 0, 1680, <19
504, 7680, 5760)

F,o*: [253.22] -code|(1,0,0,0,0,0,00,0,00,] 10 19<w

Cp,,+ 0,0006060000,0,D0, <22
1896, 1512, 6888, 5328 )

Fso: [22,3,19] -code C,, |(1,0,0,0,0,0,0,0,0,0,0,[ 9 16 <w
0,000, 0,0, 0, 0, 1680, <19
504, 7680, 5760)

F3o™: [27,3,24] -code|(1,0,0,0,0,0,0,0,0,0,0, 10 20w

Cp,,* 0,00000000,0,0,0, <24
0, 2208, 1800, 6624, 4992 )

Fs,: [22,3,19] -code Cr,, |(1,0,0,0,0,0,0,0,0,0,0,[ 9 16 < w
0,000,0,0,0,0, 1680, <19
504, 7680, 5760)

Fy,*: [253,22] -code|1,0,0,0,0,0,0,0,0,0,0,0] 10 19<w

Cr, * 0,000,000 0, 0,0, <22
1896, 1512, 6888, 5328 )

F3,:[23,3,20] -code Cr,, (1,0,0,0,0,0,0,0,0,0,0, 9 17<w
0,0,0,0,0,0,0,0, 0, 1848, <20
528, 7752, 5496 )

F;,*: [26,323] -code|(1,0,0,0,0,0,0,00,00,| 11 20 < w

Cp,,+ 0000000000,0,Q0, <23
2112, 1464, 6960, 5088

Fs3:[23,3,20] -code C, |( 1,0,0,0,0,0,0,0,0,0,0 9 17 <w
0,0000,0,0,0,O0, 1848, <20
528, 7752, 5496 )

Fs:*: [26:3.23] -code|(1,0,0,0,0,0,0,0,0,0,0,| 11 |20<w<

Cp,,* 000000000000, 23.
2112, 1464, 6960, 5088

Fs4: [25,3,22] -code Cp,, |(1,0,0,0,0,0,0,0,0,0,0,[ 10 19<w
0,000000,00,0,0Qq, <22
2208, 576, 7824, 5016 )

F35:[25,3,22] -code Cr, (1,0,0,0,0,0,0,0,0,0,O0, 10 19<w
0,000000,00,0,0Qq, <22
2208, 576, 7824, 5016)

F;s: [28,3,25] -code|(1,0,0,0,0,0,0,0,0,0,0, 10 19<w

Cp, + 0,0,0,000,0,0,000 < 22
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2208, 576, 7824, 5016)

F3¢:[25,3,22] -code Cr,, ((1,0,0,0,0,0,0,0,0,0,0, 10 19<w
00000000000, <22
2208, 576, 7824, 5016 )

Fy,: [28,3,25] -code Cr,, |(1,0,0,0,0,0,0,0,0,0,0,[ 12 21<w
000000000000, < 25
0, 0, 2808, 648, 7752, 4416 )

F3g: [28,3,25] -code Cf,, |(1,0,0,0,0,0,0,0,0,0,0, 12 21 < w
000000000000, < 25
0, 0, 2808, 648, 7752, 4416 )

Fyo: [28,3,25] -code Cr,, |(1,0,0,0,0,0,0,0,0,0,0,[ 12 21<w
000000000000, < 25
0, 0, 2808, 648, 7752, 4416)

Fy: [28,3,25] -code Cr,, |(1,0,0,0,0,0,0,0,0,0,0, 12 21 < w
000000000000, < 25
0, 0, 2808, 648, 7752, 4416)

F,1: [28,3,25] -code Cr,, |(1,0,0,0,0,0,0,0,0,0,0,[ 12 21<w
0,00000000,0,0,QO0, <25
0, 0, 2808, 648, 7752, 4416)

Fy,:[28,3,25] -code Cr,, |(1,0,0,0,0,0,0,0,0,0,0, 12 21<w
000000000000, <25
0, 0, 2808, 648, 7752, 4416)

Fy3:[29,3,26] -code Cr,, |(1,0,0,0,0,0,0,0,0,0,0, 12 22<w
000000000000, < 26
0, 0, 0, 3024, 672, 7680,
4248)

Fy4: [29,3,26] -code Cr,, |(1,0,0,0,0,0,0,0,0,0,0,[ 12 [25<w<
000000000000, 26.
0, 0, 96, 2688, 1104, 7440,
4296)

Fys5:[32,3,29] -code Cr,. |(1,0,0,0,0,0,0,0,0,0,0, 14 25 < w
000000000000, <29
0, 0,0 0,0, 0, 3720, 744,
7320, 3840)

Fy: [32,3,29] -code Cr,, |(1,0,0,0,0,0,0,0,0,0,0, 14 25 < w
000000000000, <29
0, 0,0, 0,0, 0, 3720, 744,
7320, 3840)

Fy7: [32,3,29] -code Cr,, |(1,0,0,0,0,0,0,0,0,0,0, 14 25 < w
000000000000, <29
0, 0,0,0,0, 0, 3720, 744,
7320, 3840)
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Fyg: [34,3,31] -code Cr,, |(1,0,0,0,0,0,0,0,0,0,0,[ 15 27 < w
0,0,0,0,0,0,0,0,0,0,0,0, <31
0,0, 0,0,0,0, 0,0, 4224,
792, 6960, 3648 )

Fyo: [34,3,31] -code Cr,, |(1,0,0,0,0,0,0,0,0,0,0,| 15 27 < w
0,0,0,0,0,0,0,0,0,0,0,0, <31
0,0, 0,0,0,0, 0,0, 4224,
792, 6960, 3648)

Fso: [35,3,32] -code Cr,, |(1,0,0,0,0,0,0,0,0,0,0,[ 15 [28<w<
0,0,0,0,0,0,0,0,0,0,0,0, 32.
0,0, 0,0,0,0,0,0,0, 4488,
816, 6744, 3576)

Fs,: [16,3,13] -code Cr,, |(1,0,0,0,0,0,0,0,0,0,0,| 6 11<w
0, 0, 840, 360, 6744, 7680 ) <13

Fe,": [32329] -code|(1,0,0,000,00000 14 25 < w

Cr..+ 0,0,0,0,0,0,0,0,0,0,0,0, <29
0,0, 0,0, 0, 0, 2856, 3336,
4728, 4704)

Fs;: [20,3,17] -code Cr,, |(1,0,0,0,0,0,0,0,0,0,0,| 8 l4<w
0,0, 0,0, 0, 0, 1368, 456, <17
7464, 6336 )

Fe,™: [28,325] -code|(1,0,0,0,00,0000,0,| 12 21< w

Cr. + 0,0,0,0,0,0,0,0,0,0,0,0, <25
0, 0, 2136, 2664, 5736, 5088
)

Fs3: [31,3,28] -code Cr,, |(1,0,0,0,0,0,0,0,0,0,0,] 13 24 < w
0,0,0,0,0,0,0,0,0,0,0,0, <28
0,0, 0, 0, 0, 3480, 720,
7464, 3960)

Fs4: [31,3,28] -code Cr,, |(1,0,0,0,0,0,0,0,0,0,0,] 13 24<w
0,0,0,0,0,0,0,0,0,0,0,0, <28
0,0, 0,0, 0, 3480, 720, 7464,
3960 )

Fss: [32,3,29] -code Cr,, |(1,0,0,0,0,0,0,0,0,0,0, 14 25<w
0,0,0,0,0,0,0,0,0,0,0,0, <29
0,0, 0,0, 0,0, 3720, 744,
7320, 3840)

Fse: [34,3,31] -code Cr,, |(1,0,0,0,0,0,0,0,0,0,0,] 15 27 < w
0,0,0,0,0,0,0,0,0,0,0,0, <31
0,0, 0,0,0,0, 0,0, 4224,
792, 6960, 3648)
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Fs,: [18,3,15] -code Cr,, |(1,0,0,0,0,0,0,0,0,0,0,] 7 13<w
0, 0, 0, 0, 1080, 432, 7128, <15
6984 )

F.,*: [30,327] -code|(1,0,0,0,0,0,0,0,0,0,0,| 13 23 < w

Cp,+ 0,0,0,0,0,0,0,0,0,0,0,0, <27
0, 0, 0, 0, 2520, 2880, 5400,
4824 )

Fsg: [18,3,15] -code Cr,, |(1,0,0,0,0,0,0,0,0,0,0, 7 13<w
0, 0, 0, 0, 1080, 432, 7128, <15
6984 )

Fes™: [30,327] -code|(1,0,0,0,0,0,0,00,00,| 13 23 < w

Cr,,+ 0,0,0,0,0,0,0,0,0,0,0,0, <27
0, 0, 0, 0, 2520, 2880, 5400,
4824 )

Fso: [18,3,15] -code Cp,, |(1,0,0,0,0,0,0,0,0,0,0, 7 13<w
0, 0, 0, 0, 1080, 432, 7128, <15
6984 )

Feo™: [32,3,29] -code|(1,0,0,0,0,0,0,0,00,0,| 14 25 < w

Cr..+ 0,0,0,0,0,0,0,0,0,0,0,0, <29
0,0, 0,0, 0, 0, 2904, 3192,
4872, 4656 )

Feo: [18,3,15] -code C,, |(1,0,0,0,0,0,0,0,0,0,0, 7 13<w
0, 0, 0, 0, 1080, 432, 7128, <15
6984 )

Foo*: [32,329] -code|(1,0,0,0,00,00,0,0,0, | 14 25 < w

Cr,.+ 0,0,0,0,0,0,0,0,0,0,0,0, <29
0, 0, 0,0, 96, 456, 1680,
3168, 6288, 3936 )

Fey: [21,3,18] -code Cr,, |(1,0,0,0,0,0,0,0,0,0,0,[ 8 15 < w
0,0,0,0,0,0,0, 1512, 504, <18
7560, 6048 )

Fez: [21,3,18] -code C, |(1,0,0,0,0,0,0,0,0,0,0,[ 8 15 < w
0,0,0,0,0,0,0, 1512, 504, <18
7560, 6048 )

Fes: [24,3,21] -code C, |(1,0,0,0,0,0,0,0,0,0,0,[ 10 18<w
0,0 00,0 0,0, 0 0,0, <21
2016, 576, 7776, 5256)

Fes: [24,3,21] -code Cr,, |(1,0,0,0,0,0,0,0,0,0,0,[ 10 18 < w
0,00 0,0 0,0, 0 0,0, <21
2016, 576, 7776, 5256 )

Fes: [24,3.21] -code C,, |(1,0,0,0,0,0,0,0,0,0,0,| 10 18 < w
0,00 0,0 0,00 0,0, <21
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2016, 576, 7776, 5256 )

Feo: [24,3,21-code Cr,, |(1,0,0,0,0,0,0,0,0,0,0,[ 10 18 < w
0,00 0,0 0,0, 0 0,0, <21
2016, 576, 7776, 5256 )

Fey: [24,3,21] -code Cr,, | (1,0,0,0,0,0,0,0,0,0,0, 10 18 < w
0,00 0,0 0,00 0,0, <21
2016, 576, 7776, 5256 )

Feg: [24,3,21] -code Cr,, |(1,0,0,0,0,0,0,0,0,0,0,[ 10 18<w
0,00 0,0 0,00 0,0, <21
2016, 576, 7776, 5256 )

Feo: [27,3,24] -code C,, |(1,0,0,0,0,0,0,0,0,0,0,| 11 20 < w
0,0,0,0,0,0,0,0,0,0,0,0, <24
0, 2592, 648, 7776, 4608)

Fyo: [27,3,24] -code Cr,, | (1,0,0,0,0,0,0,0,0,0,0,| 11 12<w
0,0,0,0,0,0,0,0,0,0,0,0, <24
0, 2592, 648, 7776, 4608)

F,y: [27,3,24] code C,. |(1,0,0,0,0,0,0,0,0,0,0,[ 11 20 < w
0,0,0,0,0,0,0,0,0,0,0,0. <24
0, 2592, 648, 7776, 4608)

Fyy: [27,3,24] -code C,, |(1,0,0,0,0,0,0,0,0,0,0,| 11 20 < w
0,0,0,0,0,0,0,0,0,0,0,0, <24
0, 2592, 648, 7776, 4608)

Fys: [27,3,24]-code Cr,, |(1,0,0,0,0,0,0,0,0,0,0,| 11 20 < w
0,0,0,0,0,0,0,0,0,0,0,0, <24
0, 2592, 648, 7776, 4608)

Fy4: [27,3,24]-code Cr,, |wd (1,0,0,0,0,0,0,0,0,0,| 11 20 < w
0,0,0,0,0,0,0,0,0,0,0,0, <24
0,0, 2592, 648, 7776, 4608)

Fys: [30,3,27]-code Cr,, |(1,0,0,0,0,0,0,0,0,0,0,| 13 23<w
0,0,0,0,0,0,0,0,0,0,0,0, <27
0, 0, 0, 0, 3240, 720, 7560,
4104)

Fye: [30,3,27]-code Cr,. |(1,0,0,0,0,0,0,0,0,0,0,| 13 [23<w<
0,0,0,0,0,0,0,0,0,0,0,0, 27.
0, 0, 0, 0, 3240, 720, 7560,
4104)

F,,: [30,3,27]-code Cr,, |(1,0,0,0,0,0,0,0,0,0,0,[ 13 23 < w
0,0,0,0,0,0,0,0,0,0,0,0, <27
0, 0, 0, 0, 3240, 720, 7560,
4104)

Fyg: [30,3,27]-code Cr,, | (1,0,0,0,0,0,0,0,0,0,0,| 13 23<w
0,0,0,0,0,0,0,0,0,0,0,0, <27
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0, 0, 0, 0, 3240, 720, 7560,
4104)

F.4: [33,3,30]-code Cr,, (,0,00,00000,0,0, 14 26 S w
000000000000, <30
0,0,0,0,0,0, 0, 3960, 792,
7128, 3744)

Fgo: [33,3,30]-code Cry, (1,0,0,0,0,0,0,0,0,0,0, 14 26w <
000000000000, 30.
0,0,0,0,0,0,0, 3960, 792,
7128, 3744)

Fgy: [36,3,33]-code Cr,, |(1,0,0,0,0,0,0,0,0,0,0,| 16 28 < w
000000000000, <30
00000000, 0, DQ0,
4752, 864, 6480, 3528)

Fg,: [36,3,33]-code Cr,, (1,0,0,0,0,0,0,0,0,0,0, 16 28 < w
000000000000, <30
00000000, 0,DQ0,
4752, 864, 6480, 3528 )

CONCLUSION

There exist 108 non-metric distance scaling (NMDS) codes that exhibit
projective distinctiveness over the finite field F,g, with a dimension of three.
The length of these codes spans all values between 16 and 36, excluding the
value 26. Among the set of Near — MDS codes, there exist 26 codes that are not
capable of being extended. These codes possess a length that corresponds to one
of the following values:21, 24, 25, 26,27, 28, 29, 30, 31,32, 33, 34,35 ,36.

COMPARISON BETWEEN THE PARAMETERS OF THE LINEAR
CODES IN PG(2,25) AND THE PARAMETERS OF THE LINEAR
CODES IN PG(2,27)

From [15] and above results , we conclude the following:

(i)

PG(2,25) PG(2,27)

The cell T : p refers to the number of points the projective linear code F, (F+ for

extended codes ) t and corresponding number of such distinct projective code p :

Fe. s

27:9

Fe, 18:2 19:1 20:4 21:6 23:3

16:1 17:1 18:7 19:2 20:4 24:12 26:6 279 28:2 29:3

21:4 22:4 23:2 24:12 25:3 30:12 32:6 33:6 35:3 36:8
28:6 30:8 31:2 324 37:1 38:1
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33:4 34:3 351 36:3 Fe+: 253 2611 27:8 28:3 29:4
Fe+ 1 252 26:3 27:2 28:2 30:3 30:6 32:4 332 34:1
32:3 36:3

(i)  Thecellm : n refersto the value of e (error correcting code ) for the projective
linear code F;, m and corresponding number of such distinct projective code n
6:2 7:10 88 9:6 10:19 11:12 7:3 8:10 9:3 10:15 11:21 12:12

12:13 13:18
13:17 14:12 15:4 16:5 14:18 15:4 16:9 17:1
(iti)  Minimum value of the covering radius | Minimum value of the covering radius
cr for projective linear code F,, is 11 and cr for projective linear code F, is 13 and
Maximum value is 33 Maximum value is 35
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