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1. INTRODUCTION

In symbology theory, many scientists have been studied a planar Galois field projective to
a finite field for example Hirschfeld [1],[2] Many researchers have studied the theories and
definitions between projective geometry and coding theory. AL- Seraji [3] Two papers
presented important results on the relationship between the projective plane of order 17 and the
error correction code. AL-Zangana [4] Classification of some concepts and study of the tools
of the notation theorem.

They presented the relationship the projective plane and command 19 - correcting the code
and the error values. Also, Yahya and AL-Zangana studied linear codes [5],[6]. In this research,
A g-ary (n,M ,d) code is an error - correcting code in coding theory that code a message of
length m using q symbols (i.e. elements of a finite field with q elements) in to a code word of
length n. the code is designed to detect and correct errors that many occur during transmission
of the code word overy a noisy channel the minimum distance d is the minimum number of
errors that can be corrected by the code.

1.1.Definition [2]: A code is e -error correcting if it can correct e errors.
1.2.Theorem [2]: (sphere packing or Hamming bound)
Aq—ary(n,M,2e+ 2) — code C satisfies
M{()+ (D@ -D+-+()@-D}=<q"
1.3.Corollary [2]: Aq —ary (n,M,d) code C is perfect if and only if equality holds in
Theorem 1.2
1.4.Definition [2]: A q — ary code C The subset of length is n of (F,)"
1.5.Definition [7]: let F(x) = 2™ — a,_;2™ 1 — --- — a, be a monic polynomial of degree n
over F, . It's companion matrix of F (x) is given by the n x n matrix.

0 1 0 0 0 1
0 0 1 0 0
c(f) = 5
0 0 O 0 1
ap a0y Apn—2 Op—1

nxn

2. Some results on a finite projective plane of order 13
The polynomial of degree three g(x) =x3—x2—2 is primitive in Fj3 =
{0,1,2,..,10,11,12} , since g(0) = 11,g(1) = 11,¢(2) = 2,6(3) = 3,4(4) = 7, g(5) =
7,8(6) =9,a(7) = 6,8(8) = 4,a(9) = 6,6(10) = 1,¢(11) = 12,g(12) =9,
The points and lines of PG (2,13) are generated as in the following:

0 1 o\'1?
pi=[1,0,0]C(g)i"1=[1,0,0]<0 0 1) i=1,..,183
2 0 1
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Table 1: The point of PG(2,13) are:
i D i Di i Di i Di
1 (1,0,00 52 (1,11,3) 102 (1,3,4) 152 (1,6,6)
2 (0,1,00 53 (1,11,11) 103 (1,5,9) 153 (1,12 1)
3 (0,0,1) 54 (1,3,1) 104 (1,8,8) 154 (1,7,0)

50 (1,11,10) 100 (1,9,6) 150 (1,9,10) 182 (1,12,0)
51 (1,2,3) 101 (1,12,11) 151 (1,2,12) 183 (0,1,12)

With selecting the points in PG (2,13) which are the third coordinate equal to zero, this
means belong to Ly = v(z), that is v(z) = tz = z for all t in F13\{0} and with p; =1, we
obtain

b, ={1,2,9,25,38,42,60,108,120, 129,135, 140, 154, 182}, that is

. 0 1 0\
L = L1C(g)'_1 =1, <0 0 1) ,(i=1,..,183
2 0 1

Table 2: The lines of PG(2,13) are:
L, | 1 2 9 25 38 42 60 108 120 129 135 140 154 182

L, 2 3 10 26 39 43 61 109 121 130 136 141 155 183
L 3 4 11 27 40 44 62 110 122 131 137 142 156 1

Eg1181 182 6 22 35 39 57 105 117 126 132 137 151 179
Lig, (182 183 7 23 36 40 58 106 118 127 133 138 152 180
Lig3] 183 1 8 24 37 41 59 107 119 128 134 139 153 181

In the following theorem the parameters n, M and d are constructed.
2.1.  Theorem : The projective plane of order thirteen is a code with a parameters [n =
183, M < 13*%*,d = 14].
Proof: The plane ;5 has an incidence matrix A = (ay;), where
1 if pjely
= {0 if P et
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Table 3
Construct a table of points in PG (2, 13) so that we the point that lies on line we put one

and for the point that does not lie on the line we put zero.

L. P1 P2 P3 P1s1 P1s2 P1s3
1
b, 1 1 0 0 1 0
L, 0 1 1 0 0 1
b 1 0 1 0 0 0
Lig1 0 0 0 1 1 0
Lig 0 0 0 0
Ligs 1 0 0 1 0 1
Let
Y=[0,0,0,....0 ], p=[ L,1,1,....1 ], o=[ 2,2,2,....,2 ], u=[ 3,3,3,....,3 |, n=[ 444,....4 ], a=
5,5,5,...,5], 2=[ 6,6,6,...,6 ], o=[ 7,7,7,...,7 ], X=[ 8,8,8,....8 ], 2=[ 9,9,9,...,9 ], F=
10,10,10,...,10 ], A=[ 11,11,11,...,11 ], w=[ 12,12,12,...,12 ]
t=1,---,183
Table 4
mi=ﬂ+Li,ThatiS,
m=1+0=1 or m=1+1=2
my 2 2 1 1 2 1
m, 1 2 2 1 1 2
3 2 1 2 1 1 1
g, 1 1 1 2 2 1
Mg, 1 1 1 1 2 2
g3 2 1 1 2 1 2
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Table 5

s;=¢+%L;, Thatis,
5,=2+0=2 or s =2+1=3

54 3 3 2 2 3 2

Sy 2 3 3 2 2 3

Sq 3 2 3 2 2 2

$181 2 2 2 3 3 2

$182 2 2 2 2 3 3

$183 3 2 2 3 2 3
Table 6

t; =pu+1i;, Thatis,
t;,=3+0=3 or t;=3+1=4

t; 4 4 3 3 4
t, 3 4 4 3 3 4
ts 4 3 4
tig1 3 3 3 4
t182
t183
Table 7

ui=11+Li,ThatiS,
111=4'+0=4 or 111=4'+1=5

1 5 5 4 4 5 4

1, 4 5 5 4

Uy 5 4 5 4 4 4
g 4 4 4 5 5 4
Uigo 4 4 4 4
U1g3 5 4 4 5 4 5
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Table 8
v;=a+1%t; , Thatis,
v1=5+0=5 or v1=5+1=6
gl 6 5
v, 6
s 5 )
U181 5 5 5 6 6 5
V182
U183 6 5 5 6 5 6
Table 9
wi=!l+Li,Thatis,
w,=6+0=6 or w1 =6+1=7
wy 7 7 6 6 7 6
w, 6 7 7 6 6 7
ws 7 6 7 6 6 6
Wigy 6 6 6 7 7 6
w182 6 6 rE 7
Wig3 7 6 6 7 6 7
Table 10
)Si=0+Li,ThatiS,
)S1=7+0=7 or )S1=7+1=8
X1 8 8 7 7 8 7
X2 7 8 8 7 7 8
X3 8 7 8 7 7 7
X181 7 7 7 8 8 7
X182 7 7 7 7 8 8
X183 8 7 7 8 7 8
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Table 11
y; =X+1L;, Thatis,
41=8+0=8 or y1=8+1=9
Y1 9 9 8 8 9 8
Yo 8 9 9 8 8 9
Y3 9 8 9 8 8 8
Y181 8 8 8 9 9 8
Y182 8 8 8 8 9 9
Y183 9 8 8 9 8 9
Table 12
i =#A+1L;, Thatis,
21=9+0=9 or 3,=9+1=10
Z 10 10 9 9 10 9
Z; 9 10 10 9 9 10
Z3 10 9 10 9 9 9
Z181 9 9 9 10 10 9
Z182 9 9 9 9 10 10
%183 10 9 9 10 9 10
Table 13
i =fF#+%L;, Thatis,
1=10+0=10 or k;=10+1=11
k, 11 11 10 10 11 10
Kk, 10 11 11 10 10 11
K3 11 10 11 10 10 10
Kig1 10 10 10 11 11 10
Kig2 10 10 10 10 11 11
Kig3 11 10 10 11 10 11
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Table 14
n;, =A+1%;, Thatis,
n=11+0=11 or n;=11+1=12
ny 12 12 11 11 12 11
m, 11 12 12 11 11 12
s 12 11 12 11 11 11
Mygq 11 11 11 12 12 11
Mg 11 11 11 11 12 12
Myg3 12 11 11 12 11 12
Table 15
r;=w+1L;, Thatis,
r1=124+0=12 or r;=12+1=0
1 0 0 12 12 0 12
75 12 0 0 12 12 0
73 0 12 0 12 12 12
7181 12 12 12 0 0 12
7182 12 12 12 12 0 0
7183 0 12 12 0 12 0

The remain vectors of code Care constructed combination of ¥, 8, ¢, u,n, a, 2, g, %, A,
7?1 A @, Li, Wy, 94, ti, uw;, v;, W, Xi, Yi, i) ki: m; and a where i= 1,...,183,
Note that d(Li , L‘,f-) = number of points on exactly one of L; or L; . Then

Table 16
the minimum distance d of a non-trivial code C.
a.t)=14 d(u;,t;)=183 ad(,m;)=183 d(o,u;)=183 a(,y;)=183
a(p.t;)=169 d(v,t)=183 a(f.,m;)=14 a(X,u;)=183 a(B.,y;)=183
d(p,L)=183 d(w,t)=183 A(pm;)=169 | d(h,u;)=183 a(p,y;)=183
d(u,k;)=183 d(x,t)=183 | d(um)=183 | d(#u)=183 | d(u,y;)=183
dnL)=183 | d(yt)=183 | d(nmm)=183 | d(Au)=183 | d(n,y:)=183
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d(a,)=183

d(z:,1)=183

d(a,m;)=183

d(w,u;)=183

d(a,y;)=183

d(2,L)=183

d(ki,ti)zl 83

d(02,m;)=183

A, v;)=183

a,y;)=183

d(o,L)=183

d(n,t)=183

d(om,)=183

d(B v)=183

a(o,y;)=183

d(X,L)=183

a(r,1;)=183

d(%,p;)=183

d(g,v1)=183

d(Xy)=14

d(A.L)=183

d(’U’i ,ui)z 183

d(#, m;)=183

d(p,vy)=183

d(f,y:)=169

d($,L)=183

d(wi,ui)Zl 83

A(#,)=183

d(n,v)=183

a(f.y)=183

d(AL)=183

d(x;,1;)=183

d(Am)=183

d(a,v)=14

a(A,y;)=183

d(w,L)=183

d(yi,1;)=183

d(w p;)=183

A(Q,0:)=169

d(w,y;)=183

d(mi,Li)=1 83

A(z;,1;)=183

d(1,s)=183

d(o,1)=183

d(y,z;)=183

d(si,Li)Zl 83

d(ki,ui)z 183

d(B.5,)~183

d(X,0;)=183

d(f,z;)=183

d(tia]:‘i): 183

d(ni,ui)Z 183

d(p,s)=14

d(hv;)=183

d(¢.z)=183

d(ui,Li)Zl 83

d(’l"{,ui)zl 83

a(p,s;)=169

A($,0:)=183

d(pu.z)=183

d(v,L)=183

d(wi,/tri)ZI 83

d(n,s;)=183

d(A)=183

d(n.3)=183

d(wik)=183

d(x;,07)=183

ad(a,s;)=183

d(w,1;)=183

d(a,Zi):l 83

d(x;,L;)=183

d(yi,17)=183

d(02,5)=183

A, uw;)=183

d(Q,7,)=183

d(yi,L;)=183

d(z,0:)=183

a(o,s;)=183

d(B,w;)=183

a(o,z;,)=183

d(z,L)=183

d(ki,’lfi)zl 83

d(%,5)=183

d(,w;)=183

d(X,7,)=183

a(k;,k;)=183

d(m,v,)=183

d(#,5)=183

d(p,wi)=183

d(/b, Zi): 14

d(ni,Li)Zl 83

d(’l’"{,’lfi)zl 83

d($,5)=183

d(n.wy)=183

da(#,3,)=169

d(ri,£)=183

d(x;,w;)=183

d(1,5)=183

d(a,wy)=183

d(1,2,)=183

d(Si,mi)zl 83

d(y;,w;)=183

d(w,5)=183

d(2,wy)=14

Ad(w,5,)=183
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d(ti,mi)= 183

d(z;,,)=183

d(,1)=183

d(o,w;)=169

a(p.k)=183

d(ui,mi)ZI 83

d(ki,’blfi)zl 83

d(B,t)=183

A(X,w)=183

a(B.k)=183

d(’l)’i,mi)=l 83

d(ni,’bl)’i)=l 83

d(g.t)=183

d(hur)=183

d(9.ky)=183

d(wi,mi)=l 83

d(ri,wy)=183

d(p.t)=14

d($,w;)=183

d(p.ky)=183

A (x;,1;)=183

d(y.%)=183

a(n,t)=169

d(Auw)=183

d(n.k)=183

d(yi,1;)=183

d(3;,%;)=183

d(at)=183

d(w,w;)=183

d(a k=183

A(z:,58;)=183

d(k;.x;)=183

d(Q,t)=183

d(.x:)=183

a(f.k;)=183

d(kt ,mi)=1 83

d(m;,x;)=183

d(c.t)=183

d(B%)=183

d(o.k;)=183

d(ni ,mi)= 183

d(r:,5)=183

d(%,t)=183

d(p,x;)=183

a(X,k;)=183

d(7i10)=183

d(zi,41)=183

d(A.t)=183

A(p.x;)=183

d(A.k)=183

d(ti,Qi): 183

d(kiy)=183

d($.4)=183

d(n.x,)=183

a(f k=14

d(ui,Si):l 83

d(n;,y)=183

d(At)=183

d(a,x;)=183

d(A.k;)=169

d(v,5,)=183

d(riy:)=183

d(w,1)=183

a(,x;)=183

d(w,k;)=183

d(w;,5;)=183

d(ki,Zi):l 83

A .u,)=183

d(O-aXi): 14

d(p,n)=183

d(%;,%;)=183

a(n;,z;)=183

d(B.u;)=183

a(%,x,)=169

d(B.n;)=183

d(y:,5)=183

d(71,3;)=183

d(p.,u;)=183

a(#,x,)=183

d(¢.n;)=183

A(z;,5)=183

a(n;,k;)=183

d(p.uy)=183

a(#.%:)=183

d(p,n;)=183

a(k;,s;)=183

a(ri,k;)=183

d(n.u)=14

a(A,%;,)=183

d(n,n;)=183

d(ni,Si):l 83

d(ri,m)=183

d(at,1,)=169

d(w,%;)=183

d(amn;)=183

d(7,8)=183

d(o,n;)=183

d(02,1;)=183

d(X,n;)=183

d(Q2,n)=183

d(e,u)=183

d(u,n)=183

d(n,a)=183

d(a,2)=183

d(02,0)=183
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den)=183 | d(ua)=183 | dm.02)=183 | d(a,0)=183 | d(2,%X)=183
d(@.0)=183 | d(u.2)=183 | d(n.0)=183 | d(a,%)=183 | d(,h)=183
d(@.2)=183 | d(u,0)=183 | dm.¥)=183 | d(a,h)=183 | d(2.§=183
d(@,0)=183 | duX)=183 | dm.A)=183 | d(a.p=183 | d(2,1)=183
d(@.X)=183 | d(uh)=183 | dm.H=183 | d(@)=183 | d(2,w)=183
d(@.,h)=183 | dup=183 | dn.1)=183 | d(a,w)=183 | d(hn)=183
@ f)=183 | duwr)=183 | dn.w)=183 | d(X.A)=183 | d($.n)=183
dp)=183 | duw)=183 | d(h$)=183 | d(XH=183 | d(rm)=14

d@.@)=183 | d$N)=183 | d(hN)=183 | d(XA)=183 | d(wmn)=169
d(A, @)=183 | d($w)=183 | d(hw)=183 | d(X.@)=183 | d@,r)=169
dBr)=183 | d(fr)=183 | d(0,X)=183 | d(,0)=183 | d(B.02)=183
d(@.r)=183 | d(Ar)=183 | d(c,h)=183 | dW.X)=183 | d(B.0)=183
dur)=183 | d(@r)=14 | do.$=183 | dW,h)=183 | d(B,X)=183
dmr)=183 | d,p)=183 | d(o,1)=183 | d@.$=183 | d(B,a)=183
dar)=183 | dh,p)=183 | d(o.w)=183 | d.)=183 | d(B.n)=183
dQr)=183 | dp.u)=183 | d(BA)=183 | dp,w)=183 | d(B,w)=183
d(or)=183 | dWn)=183 | dB.H=183 | d(B.9)=183 | d¥.2)=183
dXr)=183 | d@p,a)=183 | d(B.N)=183 | d(B.u)=183 | d(hr)=183

get M = g¥*1 = 13* . Hence C is a (183, 13%,14) — code.

If we substitute the values of n = 183, d = 14, e = 6, in inequality of theorem 1.2 , we
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(133) N (183) 13—-1)+ (133) (13-1)2 + <1§3> (13- 1)% + (123) (13— 1)

1
+ (1§3> (13-1)>+ (1§3) (13 -1)°

134

< 13183
By Corollary(1.3) , therefore C is perfect.
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