Al-Kitab Journal for Pure Sciences (2024); 8(1):136-144.
https://doi.org/10.32441/Kkjps.08.01.p12

AFKjtab Journal for Pure Sciences 1AS)
KJPS _ _ ~
AL Jourl for ISSN: 2617-1260 (print), 2617-8141(online) s [‘i@
A Nt
A= https://isnra.net/index.php/kips i) 53

Application of Coding Theory in Field 5

Hajir Hayder Abdullah™, Nada Yassen Kasm 2, Noor Hussain Abdullah?

!Department of Mathematics, College of Education for Pure Science, University of Hamdaniya
2Department of Mathematics, College of Education for Pure Science, University of Mosul

Corresponding Author: hajarhayder@uohamdaniya.edu.ig

Citation: Abdullah HH, Kasm NY, Abdullah NH.
Application of Coding Theory in Field 5. Al-Kitab J. Pure
Sci. [Internet]. 2024 May. 31 [cited 2024 May. 31];8(1):136-
144. Available from:
https://doi.org/10.32441/kjps.08.01.p12.

Keywords: projective plane, coding theory, incidence
matrix, distance, perfect code.

Article History

Received 12 Apr. 2024
Accepted 04 May. 2024
Available online 31 May. 2024

©2024. THIS IS AN OPEN-ACCESS ARTICLE UNDER THE CC BY LICENSE
http://creativecommons.org/licenses/by/4.0/

Abstract:

(CoM

The main aim of this paper introduce the relationship between the topic of coding theory and

the projective plane of order five where special points were found in field 5, which is 31 points,

in addition to 31 straight lines, and by applying the theorem that gives the number 1 for the

point that lies on the straight line and the number 0 for the point that does not lie on the straight

line, we get the code n = 31, d = 6, e = 2, from which we get the table m, v, n. ,n,h, and based

on these tables, the distance difference between the code elements was found, where the

minimum distance was 6 and the largest distance was 31. These values were used to test the

optimality of the code. We can generalize this theorem and apply it to larger fields such as 21

or 23 and others, test their ideality, and find the difference between field 5 and the rest of the

fields. M is the maximum value of the size of code over the finite field of order five and an

incidence matrix with the parameters, n (length of code), d(minimum distance of code ), and e

(error-correcting of code)have been constructed some example and theorem have been given.

Keywords: projective plane, coding theory, incidence matrix, distance, perfect code.
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1. Introduction:

This section tackles an explanation of the coding theory in PG(2,5). Coding theory is defined
as the study of the properties of symbols and their strengths for specific applications and the
polynomial function is also defined as a mathematical structure consisting of one or more
constants and variables [1], which are functions whose base algebraic terms or expression While
the projective plane is defined as a plan homogeneous space, just as it a plane in space in which
plane geometry is achieved, in the research, we have linked them and The theory of coding was
presented in the fifth field, which contains the elements (0,1,2,3,4) i.e., they are five in number
[2] [3]. By multiplying the first point by (1,0,0) by the matrix of its elements from an equation
of a certain degree, we obtain the rest of the points that we rely on to obtain the straight lines,
and the number of straight lines was 31 [4] [5].

Likewise, by relying on the theorem that gives the value 1 when the point lies on a straight line
and gives the value 0 when the point does not belong, thus we obtain the incidence matrix
whose elements are 0 and 1. Then we find the distance between each straight line of the
projective plane of the fifth order, and from the results, we get different values, where the lowest
value is relied upon to test the optimality of the code [6] [7]. The results obtained can be relied
upon and used in applying a theorem that shows the ideality of the code. These results are
considered important because they show us the values of the distance between the code
elements and the straight lines. The value of M was also obtained because of its importance in
testing the optimality of the code. The motivation for studying the theory of coding was to
encode certain elements belonging to a certain field, regardless of the field’s rank in the
projective plane, to transform the elements of the field into points that differ in the formula, to
find the lines and expressions in the plane, and to test the ideality of those elements if they were
converted into a code. The motivation for studying the theory of coding was to encode certain

elements belonging to a certain field, regardless of the field’s rank in the projective plane, to

P,
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transform the elements of the field into points that differ in the formula, to find the lines and

expressions in the plane, and to test the ideality of those elements if they were converted into a

code.
2. Preliminaries:

2.1 Definition: the plane m =m,has order q if some line contains exactly z+1 points in the
case it follows that m has .[8]
(1z%+ z +1 points

(2) z%+ z +1 lines
(3) z+1 points on a line
(4) z+1 lines through a points
Here is the unique plane =PG(2,2)
2.2 Definition: companion matrix
Let f(x) = x?*1-a,x"a,_,x" ........ a, be any manic polynomial then it is companion

matrix c(F) is given by (n+1)x (n+1) matrix .[9]

o 1 0 .. . O
CFH=l0 0 1
ag a; a, . . . ay

2.3 Theorem: A z-ary (n, M ,2e +1)-code c satisfies.

ML) +() @D +(1) z— De}< 2™ [10][11]
2.4 Corollary: z-ary (n, M ,2e +1)-code c is perfect if and only if equality holds in theorem
2.3.[12] [13]

3. The classification of cubic over a finite field of order five

The polynomial of degree five f,(x) =x3-2x%-x +1 is primitive f; ={0,1,2,3,4} since
f,(0)=1,f,(1) =4,f,(2)=4,f,(3)=2 ,f,(4) =4 and we have by definition 1 z2+ z +1 points and
z2+ 7 +1 lines and z+1 points on a line d g+1 lines through a points t he companion matrix of

f,(x) =x3-2x2-x +1in f5(x) generated the points and lines PG (2,5) as follows. [14] [15]

0 1 0
P(k)=[1,0,0]c(g)k* :[1,0,0][0 0 1]
-1 1 2

The points of PG(2,5) are:
{ p,:=[1,0,0], p,=[0,1,0], ...., p30=[1,2,3] , p31=[1,2,4]} With selecting the point of PG(2,5)
which is the third coordinate equal to zero we obtain 1,={1,2,5,7,14,22} and 1, With selecting

the point of PG(2,5) which are the third coordinate[1] equal to zero we obtain

0 1 0
1,={1,2,5,7,14,22} and I, = 1,c(g)* =1, [ 0 0 1] k=1.2,....31.
~1 1 2

Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq

e

138



https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq

Abdullah HH, Kasm NY, Abdullah NH. / Al-Kitab Journal for Pure Sciences (2024); 8(1):136-144.

Table 1: The line of PG (2,5)

14 | 22

15| 23

16 | 24

12 | 19

13 | 20

14 |21

7
8
9

4
5
6

8110 |17 |25

4

5

4

29 1302
30313

31

1y

I

I3

1y

l29

l30

l31

=2,

=6,e

528].[16]
proof: the plan mghas an incidence matrix A

3.1Theorem: the projective plane of order five is a code with a parameter [n = 31 ,d

m

(aij),where

1 if p; €1; And also condition a;; =0 ifp; &1;

ai]- =

Table 2: Incidence matrix

P1P2(P3P4Ps5P6P7PsP9P1dP11P12P13P14P15P164P17P1dP19P20P21P22P23P24P25P26P27P284 P29 P3aP3

l/1/1/0/0J1/0j2/0|0|0O]0O]|O|JO|2]O|O]|O]|O|JO|JO|O]1|0O]|0O|OJO|O]O|O]O]O

,/0/1)1/0|0|2|0f1|0|0O]|0O]|O|JO|O]21|0O]|0O]|O|JOJO|O]|O|1]|0|0OJO|O]O|0O]O]O

;/0/0j1|1|0|/0|2|0|1|0]|0O]|0O|JO|O]JO|1]|]0]|0O|JO|JO|O]|O|O]1|0OJO|O]O|O]O]O

,/0/0/0f1}1]|0|0Of1|0|1]|0]0O|JO|O]JO|O]1]|0O|J0O|JO|O]|O|O]|O|1|0O|0O]O]|0O]O]O

I 0/0/jO|OJ1|2|0|0O|1|0]1]|0|JOJO]JO|O]|O]1|0O|JO|O]|O|O]|O|JOJ2|0O]0O]|0O]O]O

lg/0/OJjO|O|O|2)2/0|0|1]|0]1|0O|jO]JO|O]|O]|O|1|0O|O]|O|O]O|JOJOJ1]0O]|0O]0O]O

,|0/0/0OfO|O|O|2f1]|0jO}1|0|21|0O|JO|O]0O|O]|O]2|O|jO]0O]|O]|O]JO|O|1]0]|0O]O

lg|0/O0|OfO|O|O|Of1]|2j0O]0O|1]0)2|0O|0O]|0O|O]|O]JOJ2|0O]j0O|0O]|O]O|O|O]1]|0]O

lgj0/O|O|O|O|O|O|O|2fj1]0|0O|21|0OJ2|0]|0O|0O]|O]JOJO|1]0]|0O]|O]O|O|0O]O]1]O

l,40/0|0/0|O|0O|O|0O|Oj1]21]|0|0O)J2|0Oj1]0]0O]JOJO|0O]0O|21]0O]O|0O]0O]O]|O]O]1

l,41/0/0/0|0|0|O|0O|Oj0O]1]|2]|0O)0f1]0]2]0])OJO|0O]|0O]|0O]1]|0O|J0O]0O]O]|O]O]O

,,0(1|0/0|0|0|O|0O|OjO]0O|2]2)0j0O]1]0]21)0O)J0O|0O]|0O]|O]O]2|0]|0O]O]|O]JO]O

l,0/0/1/0|0|0|O|0O|Oj0O]0O]|0O]2)2/0j0O]2]0O]2|0|0]|0O]|0O]O]JO|J1]|0]0O]|0O]0O]O0

l,40/0|0|1]|0|0|O|O|O|O|O|O|O|2]|2|0O|0O]1|0J1|0]|0O|0O]|O|OJO|1]|0O|0O]O]O

,30/0/0|0O]1]|0|O|O|O|O]|0O]|O|JOJO]2|1]|0O]0O|2|0OJ21]|0O|0O]|O|OJOJO]1]|0O]0O]O

l,40/0|0O|O]|O|21|0OJO|O|O]|0O]|O|JO|O]O|1]|1]|0O|0OJ2]|0O]1|0]0O|0OJOJO]O|1]0]O

,-0/0/0/O]|O|O|2|/0O|O|O]|O]|O|JO|O]JO|O]1]1|0OJ0O]J21]|0O|1]|0fj0OJOJO]O]O]1]O

L,go0(0|0O|O|O|O|O|1|0|0|0O|0O|JOJO]JO|O]|O]1|2|0OJO]1|0]1|0jO|O]O|0O]O]1

l,41(0j0|0O|O|O|O|O|1|0|0O]|0O|JO|O]O|O]|O]|O|2|2]|O]|O|1]|0Of1|0|jO]0O|0O]O]O

l,40[1/0/0]|0|O|O|O|O|1]|0]|0O|JOJO]|O|O]O]|O|OJ2]|2]|0O|0O]1|0jJ1|0]0O]|0O]0O]O

l,,0/0/1/0]|0|O|OJO|O|O]1]|0|JO|O]JO|O]|O]|OfOJO]J2]|1|0]0Of1|0O|1]0]|0O]0O]O

,,0/0/0/1|0/0|0O|0O|Oj0O]0O|2]|]0)0O|0O]0O]|0O]O]OJO|0O]1]|2]0]J0OJ1]|0]1]0]0O]0

,0/0/0/0|1/0|0|0|Oj0O]0O]|O]2)0|0O]0O]|O]O]JOJO|0O]|0O|2]2]|0OJ0O]1]0[21]0]0

,40(0/0/0|0f1|0/0|Oj0O]0O]|O|O)J2|0O]|0O]|0O]O]JOJO|0O]0O]|O]J2]2|0]0O]1]0O]2 )0

l,s0/0|0/0|0|0O|1|0|Oj0O]0O]|O|O)J0O|1]/0]|0O]O]JOJO|0O]|0O]|O]O]J2|1]|0]0O]2]0O]12

l,g1/0|0/0|OjO0|OJ1|0/0]0O]|O]|O)JO|0O|1]0]0O]JOJO|0O]|0O]|O]O]JOJ1]1]0O]|0O]2 |0

l,»,0(1|0/0|0|0|0O|0O|2j0]0]|0O|]O)J0O|0O|0O]2]0O)OJ0O|0O]|0O]|O]O]JO|O]1]1]0]0O]12

l,g1/0|1/0|0/0|0|0|Oj1]0]|0O|O)J0O|0O]0O]O]21])0OJ0O|0O]|0O]|O]O]JO|0O]0O]1[2]0])0

l,40[1/0/1]|0|0|O|O|O|O|1]|0O|/OJO]|O|O]|O]|O|1|0O|O]|O|0O]O|OJOJO]JO|1]1]0O

I340/0|1/0]1|0|0|O|O|O|0O]1|0O|O]|O|O|O]|O|JOJ2|O]|O|0O]|O|JOJO|O]O|O]1]1

I341/0/0|1/0|1/0JjOJOjO|OfO|1|/0O]|0O|O]|OjO]|OfO]1|/0]0OjO]0Oj0O]OJO]0O]0]1
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{444,4444,444444444444444444444444% wehave

z={ 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,}
v={1,1,121111111111111111111111111111}

w={2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2}
={3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,}

Let,

g

=u+]j
Where

m;

{1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31}

That is:

Table 3: The first element is with the incidence matrix
2(2(1|1|2(1|2|1(1|1|1|1|1|2|2|21|1|1|2|1|1(2|1|1|a|r|1|1|2|1|1

11212(1]1)2)1)2)1|1(1|1j1]1|2|1|2|2[2]1]1)1|2)1|1|1|1j21|1|1]|1
11112(2]1)1)2)1|2|1(1|1j1j1j1|2|2|1[2|1]1)1|1)2|1|1|1j21|1|1]|1

1111(2]2)1)1)2)1|2(1|1}1]1]1|1|2| |2 |1]1)1)1)1|2|1|1j1|1|1]|1
1111122111 |2|1(2|1]1]1]1|1|1|2]1|1]1|1)1)1|1|2|1j1|1|1]|1
111(1(1)1)2)2)1)1|2(1|2]1]1 1|1 |2 |1[2]1]1|1)1)1|1|1|2j1|1|1]|1
1111111212111 (2|1|2]1 1|1 |2 |1[1|2]1|1)1)1|1|1|1|2]1|1]|1
11111112121 (1|2]1|2]1|1|1|1[1]1]2)1|1)1|1|1|1j1|2]1]|1
L1111 1)1)1)2|2(1|1j2]1|2|1|1|1[1]1]1|2)1)1|1|1|1j1|1|2]1
L1111 1)1)1)1y2(2|1j1j2]1|2|1|1[1|1]1)1|2)1|1|1|1j1|1|1|2
2|11)1)1)1)1j2j1j1j1|2|2|1[1(2]|1|2|1|1|1|1|21j1j2]1|1|1|2[1]1]1

112111111111 j1|2j2]1|1|2|1|2|1|1]1|1|1)1|2|1|1j1|1|1]|1

1112111111111 j2|2]1|1|2|1[2]|1]1|1|1)1|1|2|1j1|1|1]|1
1111211111111 j1j2|2|1|1|2]1|2]1|1|1)1|1|1|2j1|1|1]|1
1111 1)2)1)1)1)1)1j1j1j1j1j2|2|1|1|2]|1]2|1|1)1|1|1|1|2|1|1]|1

1111120111111 j1j1j1|2|2|1[1|2]1|2|1|1|1|1|1j1|2]1]|1

1111112011111 j1j1j1|1|2|2]1|1]2|1|2)1|1|1|1j1|1|2]1
L1111 1)1)2)1 111} ]2 j1|1|1|2]|2]|1]1|2|1|2|1|1|1j1|1|1|2
2111111212122 f2(2j1)1)1)2|2)1(1j2j1|2]1|1|1[1]1]1

1121111111121 |1 (21 ]2 2|2 |2|2[1]|2]2]|1|1|2|1|2|1j1|1|1]|1
1112111111121 (1 ]2 2|2 |2|2[2]1]2]|2|1|1|2|1|2|1|1|1]|1
1111211111121 |2]2 (22 |2|2|2[2]1]1]|2|2)1|1|2|1|2]1|1]|1
L1121 1)2)1)1)1 )11 (21|21 j2]2 2|2 |2|2[2]1]1)1|2|2|1|1|2|1|2]1]|1
L1 1)1)2)1 0111211 j1 (22 |2|2|2[2j1]1)1)1)2|2|1|1|2]1|2]1
L1221 1)2)1)1 121|121 (2|22 | (2 j1]1)1)1)1|2|2|1|1|2]1|2
211111112211 22| (2(2|2)1)1)1)1)1j2j21j21|1]2]2|1[1]2]1

112011111121 (2|21 (2 (2 j2|2|2| (211|111 |1|1|2|2]1|1|2
2|1112)1)1)1(2 (11222 [2(2)1)1)2)1|1)1|2j2j2|21|2|21|2][2]1]1

112112111111 (2|1 (122 |2|2|2[2]1]1)1)1)1|1|1|1j1|2|2]1
11112(1]2)1)1)1)1 1|21 |2(2 (22 |2|2|2[2]|2]1|1)1)1|1|1|1j1|1|2|2
2|11111211)2(1 (11122 (2]2(2]1)1)1)1|1|2(2(21(21|21|2|2|2[21[2)2

my

mp

mg

my

Mg

Mg

my

Mg

Mgy

myo

myq

myp

my3

my4

m;s

mye

my

myg

Mmyq

Mmjzo

myq

my;

my3

Myy

mys

Mye

my7

Myg

Myg

Mm3zo

Mmgzq

{1,2,3,45,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31}

w+]j

Where

W={2,2,2,222222272,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,272}

Vi
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Table 4: The second element is with the incidence matrix
313(2(2(3(2|3]|2|2|2|2(2(2|3|2|2|2|2|2|2|2|3|2]|2]|2|2|2|2|2|2|2

213(3]2]2]3|2|3|2|2|2|2|2|2|3|2|2|2|2|2|2|2|3]|2]|2]|2]|2|2|2|2|2
212(3]3]2]2|3|2|3|2|2|2|2|2|2|3|2|2|2|2|2|2|2]3]|2]|2]|2|2|2|2|2
212(213|3|2|2|3|2|3|2|2|2|2|2|2|3|2|2|2|2|2|2|2|3]|2]|2|2|2|2|2
212|2|2|3(3]2|2|3]|2(3]2|2|2]|2|2|2|3|2]|2|2]|2|2|2]|2|3|2|2|2]|2|2
212|2|2]2(3]3|2|2|3|2|3|2|2]|2]|2|2|2|3]|2|2|2|2|2]|2|2|3|2|2]|2|2
212(212]2]2]3|3]|2|2|3|2|3|2|2]2]|2|2|2|3|2|2|2]|2]|2]|2]|2|3|2|2|2
212(212]12]12]2|3|3|2|2|3|2|3|2]2|2|2|2|2|3|2|2]|2]|2]|2]|2|2|3|2|2
212(212]12]12]12]|2|3|3|2|2|3|2|3|2|2|2|2|2|2(3|2]|2]|2]|2]|2|2|2|3|2
vy |2|2(2]2]2]2)|2|2|2]3|3]|2[2|3|2|3|2|2]2|2]|2]2|3|2|2|2|2]|2]2]|2|3

f+1;, Where:

Vi

\F)

V3

Vy

Vs

Ve

vz

Vs

Vo

vy [3]2(2]2]2]212(2|2]2(3]3]2]|2[3|2|3|2]2]2]|2]2|2|3|2|2|2]|2]2|2|2

v, [2]3[2(2(2(2|2]|2(|2]|2]|2]|3]|3]|2|2|3|2|3|2|2|2]2]|2]|2|3|2|2|2|2]|2]|2

vi3 [2]2[3(2(2(2|2(|2(2]|2]|2]|2]|3]|3|2|2|3|2|3|2|2]2]|2]|2|2|3|2|2|2]|2]|2

vy, [2]2]2(3(2(2(2(|2(2]|2]|2]|2]|2]|3|3|2|2|3|2|3[2]2|2]|2|2|2|3|2|2|2]|2

vis [2|2(2]2]3]2)2(2|2]2(2]2]2]|2|3|3|2|2]3|2]|3]2|2|2|2|2|2]|3]2|2|2

vie [2|2]2]2]2|3)|2|2|2]2|2]|2]2]|2]2|3|3|2]|2|3]|2|3]|2|2|2|2|2]|2|3]|2|2

vi7 |2]12(2]2(2|2]3|2(2|2]|2]2|2]2|2|2]|3|3|2|2]|3]|2|3|2|2]|2]|2|2|2|3]|2

vig |2]2(2]2|2]|2]2|3|2|2]|2]|2|2|2|2|2]|2|3|3|2]|2|3|2|3|2]|2]|2|2|2|2|3

Ve |3]2(2]2(2]|2]2|2|3|2]|2]|2|2]2|2|2]|2|2|3|3]|2]|2|3|2|3]|2]|2|2|2|2|2

Va0 |2|3]2]2]2]2)2(2]|2]3|2]|2]2]|2]2|2|2|2]|2|3]|3]2|2|3|2|3|2]|2]2|2|2

Vo1 |2(2(3]2]2(2)2(2|2(2|3]|2]2]|2]2|2|2|2]|2|2]|3|3|2|2|3|2|3]|2]2]|2|2

Ve [2]2(2(3(2(2(2]2(2]|2]|2]|3]|2]|2|2|2|2|2|2|2|2|3|3|2]|2|3|2[3|2]|2]|2

Vo3 [2]2(2(2(3(2(2(2(2]|2]|2]|2]|3]|2|2|2|2|2|2|2|2]2|3|3|2|2|3|2|3]|2]|2

Vae |2|12]2]2]2(3]2(2]|2]2(2]2(2]3]2|2|2|2]|2]2]|2]2|2|3|3|2|2]|3|2|3|2

Vos [2(2(2]2]2(2)3(2]|2(2(2]2(2]|2|3|2|2|2]|2]2]|2]2|2|2|3|3|2]|2|3]|2|3

Vae |3]2(2]2]2]2)2|3|2(2|2]|2]2]|2]2|3|2|2]|2|2]|2]2|2|2|2|3|3]|2]2|3]|2

vy [2]3[2(2(2(2(2(2(3]|2]|2]|2]|2]|2|2|2|3|2|2|2|2]2]|2]|2]|2]|2|3[3]|2]|2]3

Vs [3]2[3(2(2(2(2(2(2]3]|2]|2]|2]|2|2|2|2|3|2|2|2]2]|2]|2]|2|2|2|3|3]|2]|2

Vae |2|3]2(3]2]2)2|2|2]2|3]|2(2]|2]2|2|2|2]|3|2]|2]2|2|2|2|2|2]|2|3|3|2

V3 [2|2(3]2]3]2)2|2|2]2|2|3]2]|2|2|2|2|2]|2|3]|2|2|2|2|2|2|2]|2]2|3]|3

Vs, [3]2[2(3]2(3]2]|2(2]|2]|2]|2]|3]|2]|2|2|2|2|2|2|3]2]|2]|2]|2]|2|2|2|2]|2]3

{1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31}

{3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3}, n;

F

Table 5:The third element is with the incidence matrix
414]3]3]4]3]4]3]3]3]3][3]3]4]3]3]3][3]3]3][3]4]3][3]3]3]3]3]3]3]3

3|414(3[3]4(3]4]3[3[3[3|3|3]4|3[3[3[3[3]3[3]4[3[3]3]3]3]3]3]3
3|3]|4(4[3|3]4|3]4]3]3[3|3|3[3]4]3[3[3[3[3[3[3[4[3]3]3]3]3]|3]3
313|3[4]4(3[3]4]3]4]3[3|3|3[3|3]4[3[3[3]3[3[3[3]4]3]3]3]3]|3]3
3(3|3[3[4(4]|3|3[4|3[4[3|3]|3|3[3]|3[4[3|3]|3|3[3]|3[3[4|3]3[3([3]|3
3/3|3[3[3|4]|4|3[3|4(3[4|3]|3|3[3]|3[3[4|3]|3|3|3]|3[3[3|4]3[3]|3]|3
3/3|3[3[3|3]|4|4(3|3[4[3|4|3|3[3]|3[3[3|4]3|3[3]|3[3[3|3]|4[3]|3]|3
313|13[3[3[3[3]4]4]3|3]{4|3]|4]3|3|3[3[3[3]4(3[3[3[3[3[3[3[4[3]|3
313[3[3[3[3[3|3]4]4]3[3]|4|3]4|3|3[3[3[3]3]4[3[3[3]3]3]3[3]4]3
313|3[3[3|3|3|3|3]|4]|4[3|3]|4|3]|4|3|3|3[3|3[3]4[3|3|3]3|3|3|3]4
413|3[3[3|3]|3|3[3|3[{4[4|3|3|4(3]|4(3[3|3]|3|3[3]|4[3[3]|3]3[3]3]3
3(4|3[3[3|3]|3|3[3|3[3[4/4|3|3[4]|3]4[3|3]|3|3[3]|3[4[3]|3]3]3]|3]3
3[/3|4[3[3|3]|3|3[3|3[3[3|4]|4|3[3]|4[3[4|3]|3|3[3]|3[3[4|3]3[3]|3]3
n;, [3/3[3[4[3[3[3[3[3[3[3[3[3[4(4(3[3[4[3[4[3[3[3[3[3[3[4[3[3][3]3

313[3[3[4]3[3|3]3|3[3[3|3|3]|4]|4|3|3]4|3]4]3|3[3[3]3[3]4]3]|3]3

3[(3|3[3[3[3]|4|3[3|3[3[3|3|3|3[3]|4[4[3|3]|4|3[4]|3[3[3|3]3[3]|4]3

31413[3[3[3[3|3|3]4]3[3|3|3[3|3|3[3[3]4]4[3[3[4[3]4[3]3[3[3]|3
313]4(3[3[3[3|3]3[3]4]3|3|3[3|3|3[3[3[3]4]4[3[3]4[3]4]3|3]|3]3
3133[4[3[3[3|3|3|3[3]4]3|3[3|3|3[3[3|3|3]4]4[3[3]4[3]4]3]|3]3
3[(3|3[3[4(3]|3|3[3|3[3[3|4|3|3[3]|3[3[3|3]|3|3[4]|4[3[3|4]3]4(3]|3

3[/3|3[3[3|3]4|3[3]|3[3[3|3]|3|4(3|3[3[3|3]|3|3[3|3[|4[4|3|3]4(3|4

3/4|3[3[3|3]|3|3[4|3[3[3|3]|3|3[3]|4(3[3|3]|3|3[3|3[3[3|4]|4|3(3|4

313/4[3[4|3[3[3]|3(3|3]|4(3|3]|3|3[3]3|3[4[3|3[3[3]3(3[3]|3|3]4]|4
413|3[4[3|4[3[3]|3[3|3]|3[4|3]3|3[3]3|3[3]4|3[3[3]3|3|3]3|3|3]4

n

n,

n3

Ny

Ng

Ng

nz

Ng

Ny

LT
Ny
Ny
N3

N5

n [3/3[/3[3[3[4[3[3[3[3[3[3[3[3[3[4/4[3[3[4[3[4[3[3[3[3[3|3[4]3]3

n

ng [3/3[3|3[3]3|3]|4[3|3]|3|3[3|3[3[3|3]|4|4(3|3|4[3|4[3[3|3]|3|3|3|4

no [4/3|3[(3[3|3]|3|3[4]|3[3[3|3]|3|3|3]|3[3[4/4|3|3[4]|3]|4[3|3]3[3]|3]|3

Nyq
Nyq

Ny
N3

n,, [3/3[3|3[3[4|3]|3|3[3|3[3[3|4]3|3|3]|3[3[3|3|3|3[4]|4(3[3|4]3|4]|3

Nys

nye [413[3/3[3[3[3]|4|3({3|3[3[3|3|3[4(3|3[3[3|3|3[3(3|3[{4(4/3]|3]4(3

Nyy

n,g [4/3/4[3[3[3[3[3[3[4[3[3[3[3[3[3|3[4[3[3[3[3[3[3[3[3[3[4[4]3]3
Ny [3/4[(3]4|3[3[3|3[3|3]|4(3|3]3|3[3]|3|3[4[3|3[3[3]|3[3|3]|3[3[4]4]3

N3o
N3y
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0={4,4444444444400004484444444444444%

h;

=g+];

Where

{1,2,3,45,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31}

Table 6: The fourth element is with the incidence matrix
0(0(4|4(|0(4(0(4|4|4|4|4|14]|0]|4]|4|4|4|4|4]4(0(4(4(4|4|4|4]|4]|4]4

410]0]4]4]0[4|0|4]4]4]4]4|4|0|4]4]4]4]4|4|4]|0]4]4]4]4|4|4]4]4
41410]0]4]4(0/4]|0]4]4]4]4|4|4|0]4]4]4]4|4|4]14]0]4]4/4|4|4]4]4
h, [4]4(4/0|0]4|4]|0[4|0|4]|4]4]|4]4]4|0|4]|4]4]4]4]4|4|0]4]4]4]4/4|4

4|4]alalololalalo]alo]4]al4a]4]al4alo]a]a]4]4]a]4a]4]0]4]4]a]4]4
4|4]alal4alolol4aa]o]4alo]a]4ala]ala]a]0]a]4]a]a]a]a]a]0]4]a]4]4
4|4]alal4alaloloa]alol4]o]4a|4]a]a|4]a]o]4|a]al4a]a]a]4a]0]a]4]4
4|4]alal4alalalolo]alalo]alo|4]a]al4]a]al0]a]a]ala]a]4a]4]0]4]4
4|4]alal4alalal4alo]olal4]0]4a|o]a]al4]a]a]4]0]a]4ala]a]a]4]a]0]4

h;

hy

hy

hg

hg

h;

hg

hy

hyo |4|4|4]4]4a]4]a]4a]4]0]0]4|4]0]4a|0]a]4a]4]a]a]4]0]4a]4]a]a]4]4]a]0
hy, |0]4|4]al4al4]alal4]al0]o]a]alo|a]0]4|4]al4a]4]al0]a]a]a]a]a]a]4
hy, |4]0|4]al4al4]alal4]alalo]o]al4a|0]a]o]4]a]4a]4]alal0]a]a]4]a]a]4
hys |4]4|0]4]4]4]a]al4]alal4]0]0]4]a]0]4|0]4a]4]4]a]ala]0]4]4]a]a]4
hy, |4]4|4]0]4]4]a]al4]a]al4]a]0]0]a]a]0|4]0]4]4]a]ala]a]0]4]a]a]4
hye |4]4|4]a]0[4]a]al4]alal4]a]alo|o]a]4]0]4a]0]4]a]ala]a]4a]0]a]a]4
hy |4]4|4]a]4l0]a]al4]a]al4]a]al4a]0]0]4]4]0]4]0]4a]4a]4]a]4a]4]0]4]4
hy, |4|4|4]al4al4]0]al4]alal4]a]al4]a]0]04]a]0]4]0]4al4]a]4a]4]a]0]4
hyg |4|4]4|4]4]a]4al0]4a]4]4]4]a]4]a]4]a]0]0]4]a]0]a]0]a]4a]4]4]4]4]0

hig [0[4|4|4]|4]|4]4]4|0|4|4]|4(4]|4]4]4|4|4]|0]/0]4]4(0/4]|0]4]4]4]4/4]|4
hyo [4]|0]4(4|4|4]|4(4]4]0]4|4|4]|4]4]4]4]4|4|0]0(4]4]0]4|0)|4]4]4]4]4
hy; [414]0(4|4|4]|4(4]4]4]0|4|4]14]4|4]4]4|4|4]|0]{0]4]4/0/4]|0]|4]4]4]4
hy, [414]4]0(4|4]|4(4]4]4]4|0|4]14(4|4]4]4|4|4]4]0]0]4]4/0)4]|0]4]4]4
hy3 [414]4]4|0|4]|4(4|4]4]4|4|0]14]4|4]4]4|4|4]4]4|0]/0]4/4]|0]4]|0]4]4
hyy (414]4]4|4|0]14(4]4]4]4|4|4]|0(4|4]4]4|4|4]|4]4]4]0]/0/4]|4]|0]4|0]4
hys [414]4]4|4|4|0(4]4]4]4|4|4]|4(|0]4(4(4|4|4]|4]|4]4]4/0/0]4]4]0]4]0
hys [0]14]4]4|4|4|4(|0]4]4]4|4|4]14]4|0]4]4|4|4]|4]4]4]4]4/0|0]4]4]0]4
hy7 [4|0]4]4|4|4]|4]|4|0[4]4|4]|4]|4]4]4]0(4|4]|4]|4|4]4]4|4|4]|0]/0]4]4]0
hyg [014]0[4|4|4]|4(4]4]0]4|4|4]|4]4]4]4]0|4|4]4(4]4]4/4|414]0]/0]4]4

hyg [4|0]4]0(4|4]|4[4]4]4]0|4|4]4]4]4]4]4|0|4]4]4]4]4]4/4|4]4]0]0]4
hao [4]4]0]4|0|4]|4]4]|4]4]4|0|4]4]4]|4]4]4|4|0]4]4]4]4|4|4]14]4]4]0]0
hs; [0]4]4]0/4|0]4[4]4]4]4|4|0]4]4]4]4]4|414]0]4]4]4|414]14]4]4]4]0

Notes:

=3

z3173 k=n-rr

2- M=zK

3_
L m> 2

zMm—1

5-1
1k:

z—1

-r, =3

q'-1

z'-1

z—1 q—-1

4. Results:

By these results Table 6, a comparison was made between 31 lines. We notice that the

minimum distance is 6, and this value appeared by comparing u with m, z with I, w with v, f

with n, and g with h. This means that only these elements can be relied upon in testing the

optimality of the code. It must be noted that the largest distance value is 31. This means that

31 is the highest value.

the distance value is limited to the range of 6 and 31, d
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Table 6: Results

d(z,];) =6 d(g,m;) =31
d(u, ) =25 d(z,v;) =31
dw,];) =31 d(u,v;) =31
d(f, ;) =31 d(w,v;) =6
d(g,l;) =31 d(f,v;) =25
dd, 1) =10 i# d(g,v;) =31
d(z,u) =31 d(w,h;) =31
d(z,w) =31 d(h;, ;) =31
d(z,g) =31 d(m; , h;) =31
d(u,w) =31 d(vi,vi) =10 i#
d(u,f) =31 d(z,n;) =31
d(u,g) =31 d(u,n;) =31
d(w,f) =31 d(w,n;) =31
d(w,g) =31 d(z,1;) =6
d(f,g) =31 d(f, n;) =6
d(u,m;) =6 d(g,n;) =25
d(Z ) mi) =31 d(ni ) nj) =10 17&_]
d(li, mi) =31 d(Vi ) mi) =31
d(mi ) mi) =10 17/:_] d(ni ) mi) =31
d(Z 'hi) =25 d(ni 'li) =31
d(u,h;) =31 d(v;, h;) =31
d(W ) mi) =25 d(ni ) hl) =31
d(Vi 'li) =31 d(Vi B l'li) =31
d(f,h;) =31 d(g,h;) =6

This value is considered large compared to 6. Therefore, when finding the distance between
any two lines, it is preferable to write the elements that make the distance value large in a
dedicated table, which we call neglected values or values. That is unnecessary when applying
the theorem that depends on the minimum distance.

5. Conclusions:

In the conclusions in Table 7, we can notice the difference in the distance values, as the
large difference between the field in space and the plane was shown, meaning that the smallest
difference is 4 between the fields 3,5,2.

Table 7: The Conclusions

z=5 If we substitute the values of n = 31 ,d= 6 ,e =2 ,in inequality of theorem 1,we get M =528, Hence C
is a(31,5%8,6)-code

525{(5) +() +(3)

= 528(1 +31(4) +7440)

=528(7565) < z" ,n=31

C is not perfect

z=3 If we substitute the values of n = 31 ,d= 4 ,e =1 ,in inequality of theorem 1,we get M =3°, Hence C
is a(13 ,31°,4)-code

310{(103) +(113) (3_1) }
= 319(1 +26)
- 310
cis perfect
Field | Least distance The different between plane and space
3 4
5 6
2 3

9
25
4
P,
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