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Abstract

The goal of this paper is to construct the linear code, and its dual which
corresponding to classification of projective line PG(1,31), we will present Some
important results of coding theory, the generator matrix of every linear code in
PG(1,31) is found, A parity check matrix is also found . The mathematical
programming language GAP was a main computing tool .
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1. Introduction

Coding theory is a part of mathematics established in 1948. In its beginnings, the related to
projective geometry were not known, the important advances between them were discovered in
the late twentieth century, often good codes come from interesting structures in projective
geometries.

A code is a mapping from a vector space of dimension over a finite field into a vector space
of higher dimension over the same field. In general, codes are often denoted by the letter C.
The length of a code is n and the rank is k.
A linear code of length n and rank k is a linear subspace with dimension k of the vector space
F;* where F; is the finite field.
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As a historical background, Hirschfeld [1] studied the construction the linear code on
PG(1,q) for q = 2,3,4,5,7,9,11,13; when q =16 studied by Al-Seraji [2] , then Al-Seraji and
Hirschfeld [3] showed the result for =17, Hirschfeld J W P and Al-Zangana [4] discussed the
matter when q=19.

In this paper, we will show the relationship between the coding theory and the sets of size k
, kK = 3,...,16 in the projective line of order 31, the linear code corresponds to the k-set of
PG(1,31) and its dual code are constructed.
As well as we provide some important definitions and basic properties.

2. Definitions and basic properties
The following definitions and theorem are important to the area of the research.

Definition 2.1.[6]: The number of different coordinates for x,y € (Fq)n: that is, if x =
X1X5 X, V = V1V2 . Yn ,» thend(x,y) = |{i; x; # y;}| is called Hamming distance.

Definition 2.2.[5]: A linear [n, k, d],-code C over a finite field is a subspace of dimension k
of the n- dimensional vector space V(n,q)=F;" such that any two distinct vectors in C are

different in at least of d places. The elements of the code are called codewords. Also, the
parameters n,k and d are called length, dimension, and minimum distance of C, respectively.

Definition 2.3.[6]: For any two codes word, the minimum distance (Hamming distance)
between c; and ¢, is denoted by d(c;, c,) and is defined to be the number of positions in which
the corresponding coordinates are different. The minimum distance of C is d(C) =
min{d(cy,c;); ¢1,¢3 € C,cq # ¢}

Definition 2.4.[5]: A maximum distance separable (MDS) is an [n, k, d, q] — code where d =
n—k+1.

Definition 2.5.[5] : The weight w(x) of x € V(n,q) is w(x) = d(x,0); that is, w(x) is the
number of non-zero elements in X.

Definition 2.6.[6]: Let C be a linear [n, k,d], -code and A; be the number of codewords of
weight i in code C, the list 4; for 0 < i < n is called the weight distribution of C.

Definition 2.7[5]: Two linear codes C; and C, inV(n, q) are equivalent if C; can be obtained
from C, by permuting coordinates and by multiplying coordinates by non-zero elements of F,.

Definition 2.8.[5]: A generator matrix of a linear [n, k, d], -code C is k x n matrix over finite
field a whose rows form a basis of C ; it is denoted by G; thus, if 1 = (44, ..., 4, ) € F/"\{0}
and c;,...,c,, are the columns of G, then x € C x=ZK_; A;cq, ..., X5 4 Aicy).

Definition 2.9.[5]: A linear code for which two columns of a generator matrix are linearly
independent is called a projective code.

Definition 2.10.[5]: The dual code of an [n, k, d], -code Cis C* = {x € F' |[< x.y >= 0 ,for
ally eC}. whichiis [n, k, d],-code .
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Definition 2.11.[5]: A parity check matrix of a linear [n, k, d]_q -code C is defined to be (n-
k)xn generator matrix of a dual code C* and denoted by H. Thus if x = (xy,..,x,) € E
andcy,...,c, are the columns of H, then x€C o x=xHT =0 or equivalently
X1C1y o) XnCp = 0.

Definition 2.12.[5]: The covering radius of linear [n, k, d], code C is the smallest

a = a (C) such that Uyec S(x, @) = F*.

Theorem 2.13.[6] :
There exists a projective [n, k, d, q]-code if and only if there exists an (n;n — d)-K-set in
PG(k —1,q).

3. The Main Results

3.1. The algorithm to construct the linear coding

The steps by which the linear code is found are summarized as follows
e Choosing K- set of PG(1,31) where K=3, 4,....,16;

e Construct generator matrix ;

¢ Determine the minimum distance of linear codes, weight and covering radius;
e Finding the dual code for every linear code;

[}

Theorem 3.2: In the PG(1,31) ,we have the following results

1. The set of size 3 gives the projective (3,2,2,31) — code.

2. The set of size 4 gives the projective (4,2,3,31) — code.

3. The set of size 5 gives the projective (5,2,4,31) — code.

4. The set of size 6 gives the projective (6,2,5,31) — code.

5. The set of size 7 gives the projective (7,2,6,31) — code.

6. The set of size 8 gives the projective (8,2,7,31) — code.

7. The set of size 9 gives the projective (9,2,8,31) — code.

8. The set of size 10 gives the projective (10,2,9,31) — code.

9. The set of size 11 gives the projective (11,2,10,31) — code.

10.  The set of size 12 gives the projective (12,2,11,31) — code.
11.  The set of size 13 gives the projective (13,2,12,31) — code.
12.  The set of size 14 gives the projective (14,2,13,31) — code.
13.  The set of size 15 gives the projective (15,2,14,31) — code.
14.  The set of size 16 gives the projective (16,2,15,31) — code.

Proof:
By Theorem (2.13), (n; n — d)- set of size K in PG (k — 1, q) is equivalent to a projective [n,
k,d,q] - code :
1- Let A ={(1,0),(0,2),(1,1)} with its stabilizer group:
1 0y (30 0y (0 30, 0 1y (30 30\ (1 1
{(O 1)( 1 1)’(30 0 )'(30 30)'( 130 00)’(00 301)}
1 30 30X+1 X 30

= {X'BOX t 1’§’ X+30’ 30X '’ X+30} =537 < ( 1 1)' (30 30) >=< 30%, X+30 >
gives the linear [3,2,2,31] — code defined by generator matrix G,y .
G = [1 0 1

0 1 1
d =2 with e = |(d — 1)/2]= 0, Weight distributions (4,, A1, 4, A3) = (1,0,60,900), 4, =
1,4, =60,4; = 900.
Then M = Ay + A, + A3 = 961 = 312 = ¢* and covering radius a = 3.
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2- Let B ={(1,0),(0,1),(1,1),(2,1)} with its stabilizer group:
1 0\ (30 0 0 30 0 1 1 1 1 1 29 30V (29 30
{(0 1)'(2 1)'(29 0)’(29 29)’(0 30)’(29 30)’(2 0)’(2 2)}

:{X,30X+2,2, 29 , X ,X+29’29X+2’29X+2}
1 iOX X629 )i+30 X+30 3XOX 3209X+2
=D,=< (O 30) , (29 29) >=< o> dives the linear [4,2,3,31] — code defined
by generator matrix G,y .
[t 0 1 2
© ‘[0 11 1]

d =3 with e = |(d — 1)/2]= 1, Weight distributions (4,, 41,4,,45,4,) = (1,0,0,60,900),
Ay =1, A5 = 60,4, = 900.
Then M = Ay + A; + A, = 961 = 312 = g* and covering radius = 4 .

3- Let C ={(1,0),(0,1),(1,1),(2,1),(3,1)} with its stabilizer group:

(6 (5 Dh=wmaoxes

=7, =< (330 ‘1))>: <30X+3>
gives the linear [5,2,4,31] — code defined by generator matrix G, s .
G :[1 0123

0 1 1 1 1

d = 4 with e=|(d-1)/2]= 1, weight distributions (A, A1,A4,, A3,A4,As) =
(1,0,0,0,60,900), A, =1, A, = 60,45 = 900.
Then M = Ay + A, + A5 = 961 = 312 = ¢* and covering radius a = 5.

4- Let E ={(1,0),(0,1),(1,1),(2,1),(3,1),(4,1)} with its stabilizer group:
(G DG DE DG 3 fraocs s 2

340 (1)),(229 320)>:<30X+4,29X—+2>

= LyX25= < ( 30X+2
gives the linear [6,2,5,31] — code defined by generator matrix G,y -
G :[1 0 1 2 3 4]

0 1.1 1 11
d = 5 with e =2 weight distributions (4, A1, A,, A3, A4, Ag, Ag) = (1,0,0,0,0,60,900), 4, =

1,45 =60,4, = 900.
Then M = Ay + As + Ag = 961 = 312 = g* and covering radius = 6 .

5- Let F={(1,0),(0,1),(1,1),(2,1),(3,1),(4,1),(5,1)} with its stabilizer group:
1 0y (30 O\ _
{(0 1)'(5 1)}‘{X'30X+5}

EZ2=<(350 (1’)>= <30X+5>,

gives the linear [7,2,6,31] — code defined by generator matrix G, .
G :[1 01 2 3 4 5]

0 11 11 11
d = 6 with e =2, weight distributions (Ay, A1, 45, A3, A4, As, A, A7) = (1,0,0,0,0,0,60,900),

AO =1 y A7 = 60,A8 = 900.
Then M = Ay + Ag + A, = 961 = 312 = g* and covering radius = 7 .

6- Let M={(1,0),(0,1),(1,1),(2,1),(3,1),(4,1),(5,1),(6,1)} with their stabilizer groups:
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[ 9.C0 O -maoxro

=7, =< (360 (1)) >= < 30X+ 6>, this gives the linear [8,2,7,31] — code defined by

generator matrix Gyyg -

G=[10123456]

0 1111111

d =7 with e =3, weight distributions (4,, 4, ..., 4g) = (1,0,0,0,0,0,0,60,900), 4, =1, 4, =
60, Ag = 900.

Then M = Ay + A, + Ag = 961 = 312 = g* and covering radius = 8 .

7- Let N={(1,0),(0,1),(1,1),(2,1),(3,1),(4,1),(5,1),(6,1),(7,1) }with its stabilizer group:
(9.2 O =ousox+7)

=~ 7, =<(370 (1))>: <30X+7 >,

gives the linear [9,2,8,31] — code defined by generator matrix G,yq
G:[101234567

0 11111111
d = 8 With e =3, weight distributions (4,, 44, ..., 4¢) = (1,0,0,0,0,0,0,0,60,900), 4, =1,
Ag = 60,4 = 900.
Then M = Ay + Ag + Ay = 961 = 312 = g* and covering radius = 9 .

8- Let O = {(1,0),(0,1),(1,1),(2,1),(3,1),(4,1),(5,1),(6,1),(7,1),(8,1)} with its stabilizer group:

(092 =rxanns

=7, =< (380 (1)) >= < 30X+ 8 >, this gives the linear [10,2,9,31] — code defined by

generator matrix G,y1

G:[1012345678]

01 11111111

d =9 with e = 4 and weight distributions (4., 44, ..., A10) = (1,0,0,0,0,0,0,0,0,60,900), 4, =
1, Ay = 60,4, = 900.

Then M = Ay + Ag + Ao = 961 = 312 = g* and covering radius a = 10.

9- Let P ={(1,0),(0,1),(1,1),(2,1),(3,1),(4,1),(5,1),(6,1),(7,1),(8,1),(9,1)} with its stabilizer
group:

{5 D DY=<xz0x+9>

=7, =< (390 (1)) >= < 30X+ 9 >, this gives the linear [11,2,10,31]-code defined by

generator matrix Gy
G:[10123456789]
0 1111111111

d = 10 with e = 4 and weight distributions (4,, 44, ...,A11) = (1,0,0,0,0,0,0,0,0,0,60,900),
Ag=1, Ay, =604, =900.

Then M = Ay + Ay + A;; = 961 = 312 = g* and covering radius a = 11.
10- Let Q ={(1,0),(0,1),(1,1),(2,1),(3,1),(4,1),(5,1),(6,1),(7,1),(8,1),(9,1),(10,1)} with its
stabilizer group:

(0.0 D=
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=7, =< (ig (1)) >= < 30X+ 10 >, this gives the linear [12,2,11,31]-code defined by

generator matrix Gyyq
G:[1012345678910]
01111111111 1

d = 11 with e=5 and weight distributions (4g, Ay, ...,A12) =
(1,0,0,0,0,0,0,0,0,0,0,60,900), Ay = 1, A;; = 60,4, = 900.
ThenM = Ay + A;; + Ay, = 961 = 312 = g* and covering radius a = 12.

11- LetR={(1,0),(0,1),(1,1),(2,1),(3,1),(4,1),(5,1),(6,1),(7,1),(8,1),(9,1),(210,1),(11,1) } with its
stabilizer group:

{((1) (1))@(1’ (1))}:{X,30X+11}

=7, =< (i‘l) ‘1)) >= < 30X+ 11>, this gives linear [13,2,12,31] — code defined by

generator matrix G,x3
G:[l 01 2 3 45
1

011 111
d = 12 with e

(1,0,0,0,0,0,0,0,0,0,0,0,60,900),
AO =1 y A12 = 60,1413 = 900.
Then M = Ay + Ay, + Az = 961 = 312 = g* and covering radius a = 13.

6 7 8 9 10 11]
1111 1 1
= and  weight  distributions  (A4y,A44,...,413) =

12- Let S = {(1,0),(0,1),(1,1),(2,1),(3,1),(4,1),(5,1),(6,1),(7,1),(8,1),(9,1),(10,1),(11,1),(12,1)}
with its stabilizer group:

{(é 2)(?3 2)}: (X,30X + 12}

o (300 0y _ .
:zz_<(12 1)>_<30x+12>,th|s

gives linear [14,2,13,31] — code defined by generator matrix G,y 4
G:[10123456789101112

011111111111 1 1

d = 13 with e = 6 and weight distributions(A4y, A4, ..., A14) =
(1,0,0,0,0,0,0,0,0,0,0,0,0,60,900), Ay = 1, A;3 = 60,4;4, = 900.
Then M = Ay + Ay3 + A, = 961 = 312 = g* and covering radius a = 14.

13- LetT=
{(1,0),(0,1),(1,1),(2,2),(3,1),(4,1),(5,1),(6,1),(7,1),(8,1),(9,1),(10,1),(11,1),(12,1),(13,1)} with
their stabilizer groups:

(¢ 9.3 9= x30x+13)

0 1/°\13 1
=7, =< (30 0) >= < 30X+ 13 >, this gives linear [15,2,14,31] — code defined by

13 1
generator matrix G,y
G:[1012345678910111213]
0 1111111111 1 1 1 1
d = 14 with e = 6 and weight distributions (4y, 44, ..., A15) =
(1,0,0,0,0,0,0,0,0,0,0,0,0,0,60,900), A, = 1, Ay, = 60,4,5 = 900.

Then M = Ay + Ay, + A;s = 961 = 312 = g* and covering radius a = 15.

3027



Al-Serajiand Easa Iragi Journal of Science, 2023, Vol. 64, No. 6, pp: 3022-3035

14-  LetU=
{(1,0),(0,1),(1,1),(2,2),(3,1),(4,1),(5,1),(6,1),(7,1),(8,1),(9,1),(10,1),(11,1),(12,1),(23,1),(14,1)
} with their stabilizer groups:

{((1) (1’);(?2 (1))}={X,30x+14}

=7, =< (ig (1)) >= < 30X+ 14 >, this gives linear [16,2,15,31] — code defined by

generator matrix G,y ¢

G:[101234567891011121314
01111111111 1 1 1

d = 15 with e = 7 and weight distributions (4, 44, ..., A1)

= (1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,60,900), Ay = 1, A;s = 60, 4,5 = 900.

Then M = Ay + Ass + A = 961 = 312 = g* and covering radius a = 16.

Theorem 3.3: In the PG(1,31), we have the following results

1-The set of size 3 gives the dual projective (3,1,3,31)—code.

2- The set of size 4 gives the dual projective (4,2,3,31)—code.

3- The set of size 5 gives the dual projective (5,3,3,31)—code.

4- The set of size 6 gives the dual projective (6,4,3,31)—code.

5- The set of size 7 gives the dual projective (7,5,3,31)—code.

6- The set of size 8 gives the dual projective (8,6,3,31) — code.

7- The set of size 9 gives the dual projective (9,7,3,31) — code.

8- The set of size 10 gives the dual projective (10,8,3,31) — code.

9- The set of size 11 gives the dual projective (11,9,3,31) — code.

10- The set of size 12 gives the dual projective (12,10,3,31)—code.

11- The set of size 13 gives the dual projective (13,11,3,31) — code.

12- The set of size 14 gives the dual projective (14,12,3,31) — code.

13- The set of size 15 gives the dual projective (15,13,3,31) — code.

14- The set of size 16 gives the dual projective (16,14,3,31) — code.

Proof:
1. The set of size 3 gives the dual linear [3,1,3,31] — code defined by parity-check matrix H;
, since

1 0 1
G=[0 L] = el
where I, is the k X k identity matrix and 4 is a k X (n — k) matrix; so the parity-check matrix
is H=[-ATI,_,], that is:

H=[-1-1 1]
=[30 30 1]
2- The set of size 4 gives the dual linear [4,2,3,31] — code defined by parity-check matrix
H = [ —1 1 O]
0 1
_ [30 30 1 0
29 30 0 1
withe =1,

Weight distributions (4,, A1, A5, A3, A4),Ag=1,4,=0,4, =0,A45; = 60,4, = 900.
ThenM = Ay + A3 + A, = 961 = 312 = g™ ¥ and covering radius a = 4
3-The set of size 5 gives the dual linear [5,3,3,31] — code defined by parity-check matrix
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-1 -1 1 0 O
H=1-2 —1010]
-3 -1 0 0 1
30 30 1 0 O
:[29 30010]
28 30 0 0 1
withe =1,

Weight distributions (4, A, A5, A3, Ay, Ag),Ag =1,4A;, =0,4, =0,4; = 90,4, = 2700,
A5 =27000

Then M = Ay + A; + A, = 29761 = 313 = q™ ¥ and covering radius & = 5

4-The set of size 6 gives the dual linear [6,4,3,31] — code defined by parity-check matrix

-1 -1 1 0 0 0
y=|~2 -1 0 1 0 0
-3 =10 0 1 0
-4 -1 0 0 0 1
30 30 1 0 0 0
129 30 01 0 O
128 30 0 0 1 O
27 30 0 0 0 1

withe =1,

Weight distributions (A, A1, A5, A3, Ay, As, Ag), Ag=1,4;, =0,4, =0, A; = 120 ,4, =
5400, A5 = 108000, A¢ = 810000

Then M = Ay + A; + A, + Ag + Ag = 923521 = 31* = g™ ¥ and covering radius « = 5
5-The set of size 7 gives the dual linear [7,5,3,31] — code defined by parity-check matrix

-1 -1 1.0 0 0 O
-2 -1 01 0 0 O
H=]-3 -1 0 0 1 0 O
-4 -1 0 0 0 1 O
-5 -1 0 0 0 0 1
30 30 1 0 0 0 O
29 30 0 1 0 0 O
=128 30 0 0 1 0 O
27 30 0 0 0 1 O
26 30 0 0 0 0 1

M = 28629151 = 31° = q"°F.
6- The set of size 8 gives the dual linear [8,6,3,31] — code defined by parity-check matrix

-1 -1 1.0 0 0 0 O
-2 -1 01 0 0 0 O
H= -3 -1. 0 01 0 O O
-4 -1 0 0 01 0 O
-5 -1.0 0 0 0 1 O
-6 -1 0 0 0 0 0 1
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30 30 1 0 0 0 0 O
29 30 0 1 0 0 0 O
_128 30 0 0 1 0 O O
127 30 0 0 01 0 0
26 30 0 0 0 0 1 O
25 30 0 0 0 0O 0O 1

M = 887503681 = 316 = g™k,
7- The set of size 9 gives the dual linear [9,7,3,31] — code defined by parity-check matrix

-1 -1 1.0 00 0 0 0
—2 =101 00 0 0 0
3 -1.0 0 10 0 0 0
H=[-4 -1 0 0 0 1 0 0 0
5 -1.0 0 00 1 0 0
6 -1 0 0 00 0 1 0
-7 =10 0 0 0 0 0 1
30 30 1 0 0 0 0 0 0
29 30 01 000 0 0
286 30 0 0 1.0 0 0 0
=[27 30 0 0 0 1 0 0 ©
26 30 0 0 0 0 1 0 0
25 30 0 0 0 0 0 1 0
24 30 0 00 0 0 0 1.

M = 27512614111 = 317 = q™°F.
8- The set of size 10 gives the dual linear [10,8,3,31] — code defined by parity-check matrix

-1 -1 1.0 0 0 0 0 0 O
-2 -1 01 0 0 0 0 0 O
-3 1.0 0 1.0 0 0 0 O
=4 -1 0 0 0 1 0 0 00
-5 —-1.0 0 001 00 0
-6 -1 0 0 00 01 00
-7 =10 0 000 0 1 0
-8 -1 0 0 00 0 0 0 1
B30 30 1 0 0 0 0 0 O O
2930 01 0 0 00 00
26 30 0 01 0 0 0 0O
127 30 0 0 01 0 0 0 O
{26 30 0 0 001 0 00
25 30 0 0 0 0 0O1 0 O
24 30 00 00O O 10
23 30 0 0 0 00 0 0 1

M = 852891037441 = 31_8 =qtk,
9- The set of size 11 gives the dual linear [11,9,3,31] — code defined by parity-check matrix
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-11 0 0 0 0 0 0 0 O

-1 01 0 0 0 0O O O O

—1
-2
-3
-4

-1 0 01 00O O O0TO

-1 0 0 01 0 0O 0O

-1 0 0001 0 0 0O

-1 0 0 00 O1T 0 0O

-6
—7
-8

L9

-1 0 0 0000 1 0O

-1 0 0 00OO O 1O0

-1 0 0 00O OO O O 1

H=|-5

30 30 1. 0 0 0 0 0 O O O

29 30 01 0 0O OO O OO

28 30 0 01 0 0 0 O O O

27 30 0 0 01 0 0 O 0 O
=126 30 0 0 0 01 0 O O O

25 30 0 0 00OO 1T O0O0TO

24 30 0 00O O O1O0O0

23 30 0 0 00O O O 10

22 30 0 0 0 0 0 0 0 O 1

26439622160671 = 31° = g™k,
10- The set of size 12 gives the dual linear [12,10,3,31] — code defined by parity-check matrix

M=

Cococococoooo - _
=R

cCcoocococococo O
cCoocococoococo o

cCcoococococo oo
cCcoocococooco-Ho o

cCcoocococo-o oo
coocococo-Hooo

coococo-Hoocoo
coococo-Hoocoo

coocoHooooo
coocodoococoo

coocdoocoococoo
coo-Hoooocoo

coHooocococoo
cCcodooocoococoo

oOoHoooocococoo
oOo-Hoocoocococoo

1o ocococococoo
oo ocococococoo

A T o T o TR o TR TR o R o T o O o R |
1 11 1 17 1 1 1]l cooococoocoocoocooo
Mmoo moem Mmoo ononon

o
TTTTTTTT7TT 22888030 S

1 1
I

819628286980801 = 3110 = gk,
11- The set of size 13 gives the dual linear [13,11,3,31] — code defined by parity-check matrix

M=

3031
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-1 1. 0 0 0 00O 0 0 0 O
-1 0 1. 0 00O O0OO0OO0TO0OTO
-1 0 01 00OO0OO0OO0OO0OO0OTO
-1 0 001 00 0 O0O0O0OTO
-1 0 0001 0 0 O0O0O0TO

-1 0 00001 0 0 O0O0DO0

[ —1
-2
-3
—4
-5
—6
-7
-8
-9
-10

—11

-1 0 0000 01 O0O0O0O0

-1 0 00000 0O 1 O0O00O0

-1 0 0 000 0 O0OO0OT1TTO0TO0

-1 0 0 000 0 O0OO0OO0OT1TTPO

-1 0 00000 O OO0 O 1

30 30 1. 0 0 0 0 0 0 0 0 O O

29 30 0 1. 0 00O OOO0OO0OO0OTO

28 30 0 01 0 0 0O O O0O0OTPO

27 30 0 0 01 00O O O0O0OTO

26 30 0 0 001 0O O0OO0OO0OO0OTO

25 30 0 00001 O0OO0OO0OO0OTO0

24 30 0 0000 O0O1O0O0O0TO0

23 30 0 0 000 OO 1T 00O

22 30 0 0 00O OOO0ODT1TO0TUO

21 30 0 0 0O OO OOOOT1TFO

20 30 0 0 0 O OO O OO O 1

25408476896404831 = 31!t = g™k,
12- The set of size 14 gives the dual linear [14,12,3,31] — code defined by parity-check matrix

M =

-11 0 0 0 00O O 0 0 0 O
-101 0 0 O OO0 O O0O0O0O
-1 0 01 0 000 O0O0OO0OTO0OF@®O
-1 0 001 000 O0O0OO0OO0OFUPO
-1 0 0001 00 O0O0O0TO0OUO0
-1 0 00001 0 O0O0O0O0FUO
-1 0 000001 0O0O0O0O
-1 0 00000 O0O1O0O0O0O0
-1 0 000 00O O O0O1O0UO0TUO
-1 0 00 00O O O0O0O1TUO0O
-1 0 000 OO O O0OO0OO0OT1TO
-1 0 00000 O0 O OO O 1

[ —1
-2
-3
—4
-5

—6
-7
-8
-9
-10
-11
L—12

H=

3032
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30 30 1. 0 0 0 0 0 0 0O 0O 0 0 O

29 30 0 1. 0 00 OO OO0OO0OTUO0OTPO

28 30 0 010 0 00 0 O0 O0O0TDO

27 30 0 0 01 0 0 OO O O O0OTUPO

26 30 0 0 001 00O OO0OO0OTO0OTO

25 30 0 0 0001 OO OO0OTO0OTPO

24 30 0 0 00001 0O0OO0OTO0OTO

23 30 0 0 0000 O0O1TO0O0OO0TO

22 30 0 0 00O O OO0OT1TO0OTO0TPO

21 30 0 0 0 OO O OOTUOT11TO0OTPO

20 30 0 0 00O OOO0OO0OO0OT1TDO

qn—k )

k19 30 0 0 0 0O OO OO O O O 1

787662783788549761 = 3112
13- The set of size 15 gives the dual linear [15,13,3,31] — code defined by parity-check matrix

M =

-1 1.0 0 00O 0 0 0 0 0 0 O
-1 0 1. 0000 O0OO0OO0OO0OTO0OTO0OFPO
-1 0 01 0000 O0O0OO0OUOUOT®O
-1 0 001 0 0O0OO0OO0OO0OO0OTO0OFPO
-1 0 00 01 00 0 O0O0OO0OO0OTO
-1 0 00 001 0 0 O0O0OO0OO0TO

-1 0 0000 01 O0O0O0O0O0O0

r—1
-2
-3
—4
-5
—6
-7
-8
-9

-10
-11
—-12
L—13

-1 0 00 000 O0O1O0O0O0O0TO

-1 0 0000 0 O0OO0OT1TO0O0OO0OTUPO

-1 0 00 000 O0OO0OO0OT1TUO0O0TO

-1 0 00 000 O0OO0OO0OO0OT1TTUO0TO

-1 0 00 00O O OO0OO0OUOT1FO0

-1 0 00000 O OO0OOUO O 1

30 30 1. 0 0 0 0 0 0 0O 0 0 O O O

29 30 0 1. 0 00 0 O OO OO0OO0OTDO

28 30 0 01 00 0 OO OOO0OO0OTUDO

27 30 0 0 01 0 0 O OO O O0OO0TDO0

26 30 0 0 001 0 00O O OO0OO0OTUDO

25 30 0 0 00O 1 0O0OO0OO0OO0OO0TO

24 30 0 0 000 O0O1O0O0O0OO0O0OTDO

23 30 0 0 000 0 0O 10 O0O0O0TODO

22 30 0 0 00O O OO0OT1TO0OTO0TO0TDO

21 30 0 0 0O OO O OOOT1TO0OTGO0OFPO

20 30 0 0 000 O O O0OO0OO0OTI1TTO0OTDO

19 30 0 0 0 000 00O O0O0OO0OT1TDO

0O 000 0 0 0 0 1

118 30 0 0 0 O

H=

24417546297445042591 = 3113 = g™k,

M =

14- The set of size 16 gives the dual linear [16,14,3,31] — code defined by parity-check matrix

3033
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20 30
19 30
18 30

119 30
M = 75694393522079632032

S

-1 -1 10 0 0 00O O OO0 OO0 0 O
-2 -1 01 0 0 O OO0OOOO0OUO0OTUO0OTGO0OTO
-3 -1 0 01 0 0 0 O O0OOO0OUO0OO0OO0OTPO
-4 -1 0 0 01 000 O O OOTUOOTPO
-5 -10 0 0 01 00 O0OO0OO0OTO0OTGO0OTO0OTGO
-6 -1 0 0 0001 00O O O0O0O0OTPO
H= -7 -1.0 0 0O O O1O0O0OO0OO0OTO0OTO0OTO
-8 -1 0 0 00 00O 1 O0O0OO0O0O0OTPO
-9 -1 0 0 00 00O O0OT1TO0O0O0OO0OTPO
-10 -1 0 0 0 O OOOOOT1TTUO0OO0OTO0OFO
-1 -1 0 0 0 0 0 00O OO O0OT1TO0TO0TPO0
-12 -1 0 0 0 0 0 0O0OO O O O 1T 00O
-3 -1 0 0 0 0O 0OOO OOO0OO0OO0OT1TFPO
-4 -1 0 0 0 0 0 0OO O O O0OOTO0O 0O 1

30 30 1. 0 0 0 0O OOO O O OO0OTUO0OTUDO

29 30 0 1. 0 0OOOOO0OO0OO0OO0OGO0OTGO0OTP®

28 30 0 0 1. 0 00 OOO0OOTO0OUO0OTGOTPO

27 30 0 0 01 00O O OO0OO0OO0OO0OTUO

26 30 0 0 0O0O1T OO OO0OO0OO0OO0OO0OTUO

25 30 0 0 00001 00O O O0OO0OO0ODO0OTPO

124 30 0 0 0 0O OOO1T O O0OO0O0O0O0O

123 30 0 0 00OOOO1O0TUO0TO0O0TUO0UDO

2230 0 0 000 O OO1TUO0OTG0OTUGO0OTUO0OTFO

21 30 0 0 0O OO OOOOT1TTO0TGO0OO0OO

0O 0o 00O OO0OOOOTI1TO0UO0TPO

0O 0o 00 0O O0OO0OOOO0OOTI1TTUO0TPO

0O 0o 00 0O O0OO0OOOO0OOTU OTI1TO

0O 0o 0OOOOOOTO0OUOTU O0OUO0OT1

1= 14 _ -

31

_

Conclusion

From the projective line of order 31, we constructed the linear code which corresponding to
the K-Set of PG(1,31), where K= 3,4,....,16,and find its dual code. The minimal distance of
linear code, weight and covering radius and the elements of code and its dual are founded.
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