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Abstract: In this paper, we introduce a method to find arcs in the privjegilane of order 9 coordinatized by elements of a left
nearfield of order 9. We give an algorithm for checking arcthia projective plane and apply the algorithm (implemerite@#) to
determine and classify arcs.
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1 Introduction

A projective planet consists of a sé® of points, and a sdt of subsets oP, called lines, such that every pair of points is
contained in exactly one line, every two distinct lines iséet in exactly one point, and there exist four points irhsaic
position that they pairwise define six distinct lines. A slalog of a projective plangis a setB of points and lines which
is itself a projective plane, relative to the incidencetietagiven inrt.

It is well known that there exist at least four non-isomompprojective planes of order 9. The known four distinct

projective planes of order 9 are extensively studied by Rédrkpatrick [4]. These are Desarguesian plane, the left
nearfield plane, the right nearfield plane and Hughes plahe.ldst three planes of order 9 are called "miniquaternion
planes” because they can be coordinatized by the miniquiatenear field. O. Veblen and J. M. Wedderburn [6]

discovered these miniquaternion planes in 1907.

A (k,2)— arcK is a set ok points no 3 of which are collinear in the plane (4 2)—arc is called simply an arc of size
or ak arc. A(k,3)— arcK is a set ok points no 4 of which are collinear of this plane.

In [1,5], an algorithm (implemented in C#) to determine afabsify Fano subplanes of the projective plane of order 9
coordinatized by elements of a left nearfield of order 9 i®giand 18 complete quadrangles which generate Fano plane
are determined. In this paper, the projective plane whogebahic structure is the left nearfield plane of order 9 is
constructed by using homogene coordinates and then alllebergrcs containing the Fano plane are obtained by using
“completion procedure” in this projective plane. We give agorithm for checking arcs in this projective plane and
apply the algorithm (implemented in C#) to determine andsifg arcs.

** This work was supported by the Eskisehir Osmangazi Unityeusider the project number 2013-289.
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2 The left nearfield system of order 9

The regular near field of ordep, for g an odd prime power, are defined taking the elementffg?), using the field
addition and definition a new multiplication on the eleméntterms of the field multiplication. This gives an algebraic
system in which the non-zero elements form a group under thgpiication and the right or left distributive laws hold.
The near field can be used to define and coordinatize the nkbpléae of order 9.

We give the left near field of order 9 by taking the elementsGéf(3) and using the field addition and a new
multiplication on the elements in terms of the left near figldltiplication, [1,2,3,5].

Definition 1. A left nearfield is a systefis, @,®), where® and® are binary operations on the set S and

(i) Sis finite
(i) (S@)is a group, with identity
(i) (S\{0},®) is a group, with identityl
(iv) 0ox=0forallxeS
(v) @ is left distributive overp, thatis x© (Y& 2) = (xoy) @ (x@2) forallx,y,z€ S
(vi) Given mn,k € S with m# n, there exists a unique S such thatmexenex=Kk.

Let (Fs,+,.) be the Galois field of order.®/e now constructS, ¢, ®), usingFs, a left nearfield of order 9.

The nine elements @area+ Ab, a,b € F3, A ¢ F3. Addition in Sis defined by the rule
(a+Ab)®(c+Ad)=(a+c)+A(b+d) 1)

and multiplication by

ac+ A (ad), if b=0

ac—b-ldf(a)+A(bc—(a—1)d),if b#0 @

(a+Ab)e(c+Ad)= {
where,a,b,c,d € F3, A ¢ Fs andf(t) =t? 4 1is airreducible polynom ofs.

For the sake of sorthness if we usleinstead ofa+ Ab in equation (1) and (2), then addition and multiplicatiobl¢s
are obtained as follows:

Table 1

@ [|00]01)02|10|11|12|20| 21| 22
00[00|01|02|10|11|12|20| 21| 22
01(01|02|00|11|12|10|21|22| 20
02102|00|01|12|10|11|22|20| 21
10/ 101112 20| 21| 22| 00| 01| 02
11111210 21| 22| 20| 01| 02| 00
1211210 11| 22|20|21|02| 00| 01
20020212200 0102|1011 12
21121222001 |02|00| 11| 12| 10
221 22|20{21(02|00|01|12| 10|11
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Table 2

® | 00]|01|02|10|11|12|20| 21| 22
00| 00| 00| 00| 0O0O|0O0O(|O00|00|O00]|OO0
01({00|20|10|01|21|11|02]|22] 12
020010, 20| 02|12 22|01| 11|21
10/00|{01]02|10| 11| 12| 20| 21| 22
11|00{12|21|11|20| 02| 22| 01| 10
121 00|22|11|12|01| 20| 21| 10| 02
201 00| 02|01(20|22|21|10| 12|11
21|00 11|22|21|02|10| 12| 20| 01
221002112} 22|10|01|11|02| 20

If we use the following equalities

[
NFRPoNMNPOMR O
NNNRPRPRPREOOO
S N N e N N N N N

© N U NWNPRO
I |

the addition and multiplication tables {§,®,®) can be arranged as follows :

Table 3

o N|o| g B w| DR oD
N| | O oo N| o] 01| | w| W
O[NP o oo N w| 01| B[
ROl N~ o 0o | w| Ul o
Al w| G| k| O] N N| w| 0| 0o
oo N| o gl M w|N| | O[G
o|lo|o|o|o|o|o|o|o|o
gl ool | B NN o] w| O w
Rl Wl No N0 ool O] N
W[N] R o M Ul N|O| N
N| o 01l W[ | | & 00| O| 0

~N| B[N 0O U | W O O O

O | BN W| o] N|O1 OO

IO W N[OOI N OIN

QN O O B W|N| | O| -

WO KON PO 0o N[~

Ol B W N | O| 00| N| O O

~N| O 00| AW U O|NN

| O N| W O | O|N| |-

O N| O O B W NP O|O

The system(S, @, ®) satisfies the conditions of Definition 2.1 and therefore erlearfield of order 9.

3 The projective planeP,S

It is well known that every projective plane has also an algiebstructure obtained by coordinazation. Conversely,
certain algebraic structures can be used to constructgingeplanes.

In this section, we will construct projective plane orderThe projective plane whose the points and the lines are
coordinated by the elements @ @, 0).

(© 2016 BISKA Bilisim Technology
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The 91 points oP,Sare the elements of the set

{(xy) :xyeSpu{(m):me SpU{(o)}.

The points of the form(x,y) are calledproper points and the unique poinfe) and the points of the fornim) are
calleddeal points The 91 lines oP,Sare defined to be set of points satisfying one of the threeitons:

={(xy) €S, y=moxakiu{(m)}
[a] ={(xy) € &, x=a} U{(w)}
[oo] = {(m) € S}U{(0)}.

The 81 lines having forig = m® x@ k and 9 lines having equation of the foom= A are called theroper linesand the
unique ling[eo] is calledthe ideal line.

The system of points, lines and incidence relation givervatefines a projective plane of order 9, which is the left
nearfiled plane.

Now, we are considering the projective plane of order 9 hoenegus coordinatized by elements of the above left
nearfield. We notice that the homogeneous coordinates ofra @@ not unique. Two triples that are multiples of each
other specify the same point. Thus the same point has masyoéiomogeneous coordinatdg;y,z) and (X,y,Z)
represent the same point if and only if there is sdmg 0, A € Ssuchtha’ =A ©x, ¥ =A Oy, Z = A ©z We convert

a point expressed in Cartesian coordinates to homogeneoudicates in left nearfield plane of order 9. We have seen
that a point(x,y) in the P.S has homogeneous coordinatéso (x,y,1) = (A ©xA O@y,A ®@1), A #0, A € S
Homogeneous coordinates of the forin® (m,1,0) do correspond to all ideal pointgn), m, A € S* in the RS
Homogeneous coordinates of the fo(, 0,0) do correspond to the unique point at infinity in theS . We have seen
that a line[m,k] in the P,S has homogeneous coordinates® [m,—1,kl = [uomue (-1),uek, u#0, 4 €S
Homogeneous coordinates of the forn® [x,0, 1] do correspond to all lineg], a # 0, a € Sin the P,S. Homogeneous
coordinates of the forrf0, 0, i] do correspond to the unique lifie] at infinity in theP,S.

A line in the P,S has general equation= m® x® k. Supposexy, Xz, X3), X3 # 0 are the homogeneous coordinates of a
point(x,y) on the line; hence = xgl Ox1 andy = xgl ® Xo. Substituting forx andy in the line equation and multiplying
through byxz, yields the conditions fofx, X2, x3) to be the homogeneous coordinates of a point on the line:

MOX1® (1) OxdkOx3=0.

The following table lists all homogeneous coordinates & #1 points and lines in the projective plane of order 9
coordinatized by elements of the above left nearfield.

4 The complete arcs containing the quadrangles constructgthe Fano planes in the projective
plane RS

A (k,n)—arcK in a projective plane is a set kfpoints, such that some but non+ 1 of them are collinear. Ak,n)—arc
K is complete if it is not contained in g+ 1,n)— arc. A line of the projective plane containing exadatlgoints of a

(k,n)— arc is called an—secant oK. For a(k,3)—arc each line of projective plane is a 3-secant, 2-secasgcant, or
0-secant.

It is known that a finite projective plane is coordinatizeddmy quadrangl®, |, X, P (4 points, no 3on aline). In[1,5], It

(© 2016 BISKA Bilisim Technology
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is seen that there are 18 Fano subplanes containingl,1,1), X = (1,0,0), 0= (0,0,1), P= (a,b,1) witha,b € Rz in
P.S.

In this section,(k,2)-arcs containing Fano planes BfS are determined selecting the quadran@lé, X, P such that

I =(1,1,1), X =(1,0,0), 0= (0,0,1), P = (a,b,1) with a,b € Fz in P,Sand the algorithm used in the classification of
(k,2)-arcs containing Fano planes BfS is described. By applying this algorithm (implemente#) a full listing the
complete(k, 2)-arcs containing Fano planes®iShas been achieved.

4.1 Method and algorithm

Our method had been staged into 2 steps. Firstly, we coraigeadrangle from Fano subplanes containirg(1,1,1),
X =(1,0,0),0=(0,0,1), P = (a,b,1) with a,b € F3 in ,S. Secondly, a point not on the lines of selected Fano plane is

(© 2016 BISKA Bilisim Technology


www.ntmsci.com

(_/
271 BISK A A. Bayar et. al. : On the complete arcs containing the quaglearconstructing the Fano planes...

added the sefO,l,X,P} and then a new point not in spanned by the previous set. leiatéd this argument. The
process ends when a complete arc is obtained. Now, we givigaritam (implemented#) to find these complete arcs.

Steps of algorithm

A «<Read(Excell File)

B < Read(Text File)

C+A

whiles(C) > 0

Bi «—input(),{b|beC,b¢ B,i—s(B)+ 1}
j=1

while j < s(B)

fork=(j+1)tos(B)

m <—the index of row orBj, By

D < Amn{Amn| Amn # Bj,Amn # Bx,n=1,...,10}
removeafromA; {a]ac A ac D}

C«+c {clceAc¢C}

end for

j=j+1

end while

end while.

4.2 List of the complete arcs containing the quadranglestracting the Fano planes

It is determined the complet#, 2)— arcs containing the quadrangles constructing the FandaupinP.S by using a

computer programme in [7].

(6,2)- arcis{11,6,11 21 38 58}

(7,2)- arcs are
{1,4,11,21,35,38,88},{1,4,11,21,37,38,73},{1,4,11,21,37,38,77}
{1,4,11,21,38,53,84},{1,4,11,21,38,60,66},{1,4,11 21 38,66,88}
{1,4,11,21,38,72,84},{1,5,11,21,38,53 89},{1,5,11 21 38,54,87}
{1,5,11,21,38,57,70},{1,5,11,21,38 57,72},{1,6,11,21,38,57,68}
{1,6,11,21,38,57,73},{1,8,11,21,30,53,80},{1,11,21,33,38,53 64}
{1,8,11,21,38,57,72},{1,9,11,21,30,38,70},{1,9,11, 21 30,38, 78}
{1,9,11,21,36,38,66},{1,9,11,21,36,38,87},{1,9,11,21,38 55,86}
{1,9,11,21,38/62,66},{1,9,11,21,38,68,86},{1,10,11,21,30,38, 73}
{1,10,11,21,30,38,90},{1,10,11,21,34,38,84},{1,10,11,21,38,57,68}
{1,10,11,21,3857,73},{1,10,11,21,38,59,68},{1,10,11,21,38,64,73}
{1,10,11,21,38,68,84},{1,11,21,30,38/49,73},{1,11,21,30,38,58,70}
{1,11,21,33,38,53,70},{1,11,21,33,38,54,68},{1,11, 21 33,38,64,79}
{1,11,21,33,38,67,89},{1,11 21 33,38,79,86},{1,11 21 34,38,49,60}
{1,11,21,34,38/49,86},{1,11,21,34,38/60,68},{1,11,21,34,38 72,78}
{1,11,21,34,38,62,73},{1,11,21,34,38 82,86},{1,11,21,35,38 49,67}
{1,11,21,35,38,49,72},{1,11 21 35,38,55,76},{1,11 21 35,38,59,68}
{1,11,21,35,38,59,72},{1,11,21,35,38,60,86},{1,11,21,36,38 54,59}
{1,11,21,36,38,55,57},{1,11,21,36,38/55,76},{1,11,21,36,38 55,88}

(© 2016 BISKA Bilisim Technology
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{1,11,21,36,38,59,82}, {1,11,21,36,38,60,77}, {1,11, 21,36,38,77,88}
{1,11,21,37,38,50,90}, {1,11,21,37,38,54,57},{1,11, 21, 37,38,54,89}
{1,11,21,37,38,55,62}, {1,11,21,37,38,62, 76}, {1,11,21,37,38,62,87}
{1,11,21,37,38,76,90}, {1,11,21,38,49,58,72}, {1,11, 21,38, 49,60, 86}
{1,11,21,38,49,62,66}, {1,11,21, 38,49,62, 73}, {1,11,21,38,49,72, 78}
{1,11,21,38,49,73,79},{1,11,21,38,49,77,87},{1,11,21,38,49,77,88}
{1,11,21,38,50,64,88}, {1,11,21,38,53,64,70},{1,11,21,38,53,70,76}
{1,11,21,38,53,70,77},{1,11,21,38,53,70,90}, {1,11 21,38, 54,59, 89}
{1,11,21,38,54,59,79}, {1,11,21,38,54,64,79},{1,11, 21, 38, 54,68, 76}
{1,11,21,38,55,59,72}, {1,11,21,38,55,62,88}, {1,11,21,38,55,72,78}
{1,11,21,38,57,77,88},{1,11,21,38,57,79,86}, {1,11,21,38,58,70, 76}
{1,11,21,38,58,72,84},{1,11,21,38,59,72,78}, {1,11, 21, 38,59, 78,89}
{1,11,21,38,60,66,76}, {1,11,21,38,60,68,76}, {1,11, 21, 38,60,68,90}
{1,11,21,38,60,77,86}, {1,11,21,38,62,73,90}, {1,11, 21, 38,62, 76,90}
{1,11,21,38,64,73,87},{1,11,21,38,72,78,89}, {1,11, 21,38, 73,79,89}
{1,11,21,38,64,70,77},{1,11,21,38,64,79,88},{1,11,21,38,64,70,87}
{1,11,21,38,64,70,77},{1,11,21,38,64,79,88},{1,11,21,38,64,70,87}
{1,11,21,38,67,76,87},{1,11,21, 38,68,76,84}, {1,11, 21,38,70,76,87}

(8,2)- arcs are

{1,4,11,21,34,38,48,64}, {1,4,11,21 34,38,60, 73}, {1,4,11, 21,34, 38,64, 73}
{1,4,11,21,34,38,64,84},{1,4,11,21, 34,38, 75,88}, {1,4,11, 21, 35,38, 48, 60}
{1,4,11,21,35,38,53,76},{1,4,11,21, 35,38,72,89}, {1,4,11, 21, 36, 38,48, 59}
{1,4,11,21,36,38,66,77},{1,4,11,21 36,38,59, 72}, {1,4,11, 21, 36,38, 72,88}
{1,4,11,21,36,38,59,77},{1,4,11,21,37,38,64,67}, {1,4,11,21,37,38,64, 75}
{1,4,11,21,37,38,67,76},{1,4,11,21 37,38,67,89}, {1,4,11,21,38,48,67, 76}
{1,4,11,21,38,50,59,72},{1,4,11,21 38,50,60, 77}, {1,4,11, 21, 38,50,64, 73}
{1,4,11,21,38,50,64, 75}, {1,4,11,21 38,50,64, 84}, {1,4,11, 21, 38,50, 72, 75}
{1,4,11,21,38,50,72,88},{1,4,11,21, 38,53,67, 76}, {1,4,11,21,38,53,67,89}
{1,4,11,21,38,58,66,76}, {1,4,11,21 38,58,66, 77}, {1,4,11, 21, 38,58,67,84}
{1,4,11,21,38,58,67,89}, {1,4,11,21 38,58, 77,89}, {1,4,11, 21, 38,59, 77,89}
{1,4,11,21,38,64,67,84},{1,5,11,21, 38,48,70,87}, {1,6,11, 21,33,38,50, 78}
{1,4,11,21,38,66,77,89},{1,4,11,21 38,72,75,88}, {1,5,11, 21,30, 38, 49,58}
{1,5,11,21,30,38,49,60}, {1,5,11,21 30,38,49, 77}, {1,5,11, 21, 30, 38, 54,58}
{1,5,11,21,30,38,54,89}, {1,5,11,21, 30,38,58,89}, {1,5,11, 21,30,38,60,77}
{1,5,11,21,34,38,49,58}, {1,5,11,21, 34,38,54,58}, {1,5,11, 21,34, 38,54, 72}
{1,5,11,21,34,38,58,70}, {1,5,11,21 34,38,68, 75}, {1,5,11, 21, 34,38, 72,82}
{1,5,11,21,34,38,72,84},{1,5,11,21 37,38,54, 75}, {1,5,11, 21,37,38,55 57}
{1,5,11,21,37,38,55,86}, {1,5,11,21, 37,38,57,87}, {1,5,11, 21,37,38,82, 86}
{1,5,11,21,38,48,82,89}, {1,5,11,21 38,49,58, 77}, {1,5,11, 21, 38,49, 77,86}
{1,5,11,21,38,53,57,77},{1,5,11,21 38,53,68, 77}, {1,5,11, 21, 38,53, 68,84}
{1,5,11,21,38,54,58,72},{1,5,11,21, 38,54, 72,89, {1,5,11, 21, 38,55 57,86}

{1,5,11,21,38,55,72,82},{1,5,11,21, 38,55,82,86}, {1,5,11,21,38,57, 77,86}
{1,5,11,21,38,58,70,77},{1,5,11,21 38,58, 72,89}, {1,5,11, 21, 38,60,68, 77}
{1,5,11,21,38,60,68,84}, {1,5,11,21, 38,60,77,87}, {1,5,11, 21, 38,68, 82, 86}
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{1,5,11,21,38,72,82,84},{1,6,11,21,33,38,50,60}, {1,6,11, 21, 33, 38, 50,68}
{1,6,11,21,33,38,53,68},{1,6,11,21,33,38,75,87},{1,6,11,21,35,38,48, 79}
{1,6,11,21,35,38,48,89}, {1,6,11,21,35,38,53,88}, {1,6,11,21, 35,38 57,79}
{1,6,11,21,35,38,62, 75}, {1,6,11,21, 35,38,62,88}, {1,6,11, 21, 35 38, 79,88}
{1,6,11,21,36,38,54,57},{1,6,11,21,36,38,54,87}, {1,6,11, 21, 36, 38, 57,88}
{1,6,11,21,36,38,60,66}, {1,6,11,21,36,38,60,78},{1,6,11,21,36,38,60,87}
{1,6,11,21,36,38,78,87},{1,6,11,21,38,48,60,73},{1,6,11,21,38,48,60,87}
{1,6,11,21,38,48,73,79},{1,6,11,21,38,50,60,66}, {1,6, 11, 21, 38, 50,60, 78}
{1,6,11,21,38,50,73,78},{1,8,11,21,33,38,58, 70}, {1,8,11,21, 38, 55,62, 84}
{1,6,11,21,38,53,62,68},{1,6,11,21,38,53,62,82},{1,6,11,21,38,53,62, 88}
{1,6,11,21,38,53,68,82}, {1,6,11,21,38,53,82,89}, {1,6,11, 21,38, 54,57,87}
{1,6,11,21,38,54,68, 75}, {1,6,11,21,38,54, 75 87}, {1,6,11, 21,38, 57,79,88}
{1,6,11,21,38,60,73,78},{1,6,11,21,38,62, 66,82}, {1,6,11,21, 38,62, 66,88}
{1,6,11,21,38,62,68,75},{1,6,11,21,38,62,82,89}, {1,6,11, 21,38, 73, 78,89}
{1,6,11,21,38,73,82,89}, {1,8,11,21,30,38,50,70}, {1,8,11, 21, 30,38, 62,73}
{1,8,11,21,30,38,70,90}, {1,8,11,21,30,38,73,78},{1,8,11,21,33,38,50, 75}
{1,8,11,21,33,38,58,84},{1,8,11,21,33,38,70,79},{1,8,11,21,33,38,79,84}
{1,8,11,21,35,38,55,62}, {1,8,11,21,35,38,57,86}, {1,8, 11, 21, 35 38, 72,75}
{1,8,11,21,37,38,50,73},{1,8,11,21,37,38,50,77},{1,8,11,21,37,38,50,86}
{1,8,11,21,37,38,55,57},{1,8,11,21,37,38,55,76}, {1,8,11,21,37,38,57,77}
{1,8,11,21,37,38,77,86},{1,8,11,21,38,48,73,90}, {1,8, 11, 21, 38, 48, 79,86}
{1,8,11,21,38,50,70,77},{1,8,11,21,38,50,70,90}, {1,8,11, 21, 38,55, 57,78}
{1,8,11,21,38,55,58,72},{1,8,11,21,38,55,58, 76}, {1,8,11,21, 38, 55,62, 73}
{1,8,11,21,38,55,73,78},{1,8,11,21,38,55,76 84}, {1,8,11, 21,38, 57, 77,86}
{1,8,11,21,38,58,70,79},{1,8,11,21,38,58,72,90}, {1,8, 11, 21, 38,58, 76,84}
{1,8,11,21,38,58,76,90}, {1,8,11,21,38,58,79,84},{1,8,11,21, 38,58, 79,90}
{1,8,11,21,38,62,76,84},{1,8,11,21,38,70,79,90}, {1,9,11,21,30,38,58,67}
{1,9,11,21,30,38,59,67},{1,9,11,21,30,38,59,82}, {1,9, 11, 21, 30,38, 59,90}
{1,9,11,21,33,38,55,58}, {1,9,11,21,33,38,55,64}, {1,9,11,21, 33,38, 55, 66}
{1,9,11,21,33,38,58,67},{1,9,11,21,33,38,67,78},{1,9,11,21,33,38,67,86}
{1,9,11,21,33,38,70,87},{1,9,11,21 36,38,48, 70}, { 1,10, 11, 21, 37,38, 73,90}
{1,9,11,21,36,38,48,90}, {1,9,11,21,36,38,70,82}, {1,9,11, 21, 36,38, 70,88}
{1,9,11,21,38,49,58,66},{1,9,11,21,38,49,67,75},{1,9,11,21, 38,49,67, 78}
{1,9,11,21,38,49,67,86}, {1,9,11,21,38,49, 78,87}, {1,9,11, 21, 38, 55, 58,66}
{1,9,11,21,38,55,62,82}, {1,9,11,21,38,55,64,88}, {1,9, 11, 21, 38,55, 66,88}
{1,9,11,21,38,59,67,86},{1,9,11,21,38,59,68,82}, {1,9,11,21, 38,59, 68,90}
{1,9,11,21,38,59,75,90},{1,9,11,21,38,62,68,90}, {1,9,11,21, 38,62, 75,87}
{1,9,11,21,38,48,59,82}, {1,9,11,21,38,48,59,86}, {1,9, 11, 21, 38,48, 70,82}
{1,9,11,21,38,64,70,82},{1,9,11,21,38,64,70,88}, {1,9,11,21, 38,64, 75,88}
{1,10,11,21,30,38,53,88},{1,10,11,21,34,38,54,68}, {1,10,11, 21 34,38,54, 79}
{1,10,11,21,34,38,64,88}, {1,10,11,21,34,38,68,86}, {1,10,11, 21, 34, 38, 79,86}
{1,10,11,21,36,38,54,57}, {1,10,11,21,36,38,54, 76}, {1,10,11, 21, 36, 38,57, 78}
{1,10,11,21,36,38,59,90}, {1,10,11,21,36,38,78,84}, {1,10,11, 21 37,38,54, 64}
{1,10,11,21,37,38,54,66}, {1,10,11,21,37,38,54,90}, {1, 10,11, 21 37,38,66, 76}
{1,10,11,21,30,38,49,67},{1,10,11,21,30,38,53,67}, {1,10,11,21,30,38,53, 78}
{1,10,11,21,38,49,66,76}, {1,10,11,21,38,49,66, 79}, {1,10,11, 21 38,49,66, 86}
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{1,10,11,21,38,49,79,88},{1,10,11,21,38,53,57,88}, {1,10,11, 21,38,53,64,67}
{1,10,11,21,38,53,67,78},{1,10,11,21,38,53,78,84}, {1,10,11, 21, 38,54,57,79}
{1,10,11,21,38,54,66,76}, {1,10,11,21,38,54,79,90}, {1,10,11, 21, 38,57, 79,88}
{1,10,11,21,38,59,67,78},{1,10,11,21,38,59,79,86}, {1,10,11, 21, 38,66, 79,86}
{1,10,11,21,38,67,76,84},{1,10,11,21,38,67,78,84}, {1,10,11, 21,38, 73, 79,90}
{1,11,21,30,38,49,60,78}, {1,11,21,30,38,50,59, 78}, { 1,11, 21, 30,38,53, 62,90}
{1,11,21,30,38,53,77,89}, {1,11,21,35,38,49,62, 75}, { 1,11, 21, 36,38,48, 70,90}
{1,11,21,30,38,54,58,90}, {1,11,21,30,38,59,77,89}, { 1,11, 21, 33,38,53, 78,89}
{1,11,21,33,38,54,64,87}, {1,11, 21,33,38,54, 75,87}, { 1,11, 21, 33,38, 55,64, 84}
{1,11,21,33,38,55,78,84}, {1,11, 21,33, 38,60,68,86}, { 1,11, 21, 33,38,64,67,75}
{1,11,21,33,38,64,75,87},{1,11,21,33,38,67,75,87}, {1,11,21,34,38,48, 73, 82}
{1,11,21,34,38,49,58,79}, {1,11,21,34,38,49,62, 75}, {1,11,21,34,38,49, 72,88}
{1,11,21,34,38,49,75,88}, {1,11, 21,34,38,58, 79,84}, { 1,11, 21, 34, 38,60, 78,84}
{1,11,21,34,38,72,75,88}, {1,11,21,34,38,62, 75,88}, { 1,11, 21, 35,38,49, 60, 76}
{1,11,21,35,38,49,62,76}, {1,11,21,35,38,49, 75,88}, { 1,11, 21, 35,38,53,57,67}
{1,11,21,35,38,53,57,68}, {1,11,21,35,38,53,57, 70}, { 1,11, 21, 35,38,53,67, 76}
{1,11,21,35,38,53,70,88}, {1,11 21, 35,38,55,59,86}, { 1,11, 21, 35,38, 57, 68,86}
{1,11,21,35,38,57,70,79}, {1,11,21,35,38,48,59,86}, { 1,11, 21, 35,38,48, 59,89}
{1,11,21,35,38,59,79,89}, {1,11 21, 35,38,62,68, 75}, { 1,11, 21, 35,38, 62, 68, 76}
{1,11,21,35,38,62,75,88}, {1,11 21, 35,38,48,67,86}, { 1,11, 21, 35,38,48,67,89}
{1,11,21,35,38,48,79,89}, {1,11,21,36,38,48,60,87}, { 1,11, 21, 36,38,48, 60,90}
{1,11,21,36,38,48,76,87}, {1,11,21,36,38,48,76,90}, { 1,11, 21, 36,38,54, 66, 76}
{1,11,21,36,38,55,66,82}, {1,11,21,36,38,57, 72,78}, { 1,11, 21, 36,38, 70, 76,90}
{1,11,21,36,38,72,78,87},{1,11,21,37,38,50,64, 75}, { 1,11, 21, 37,38,50,64, 77}
{1,11,21,37,38,55,66,86}, {1,11,21,37,38,57,73,87}, {1,11,21,37,38,62, 73,89}
{1,11,21,37,38,64,67,75}, {1,11,21,37,38,64, 75,87}, {1,11,21, 37,38,64, 77,87}
{1,11,21,37,38,66,77,86}, {1,11, 21,37,38,67, 75,87}, {1,11,21, 38,48,59,67,86}
{1,11,21,38,48,59,67,89}, {1,11,21,38,48,59,82,86}, { 1,11, 21, 38,48,60,73, 87}
{1,11,21,38,48,60,76,87},{1,11, 21,38,57,67,78,87}, {1,11,21 38 57,72, 78,87}
{1,11,21,38,48,60,76,90}, {1,11, 21,38,48,64,70,79}, { 1,11, 21, 38,49,60,73, 87}
{1,11,21,38,49,67,78,87},{1,11,21,38,50,66,77,88}, { 1,11, 21, 38,50,68, 75,90}
{1,11,21,38,53,57,68,77},{1,11,21,38,53,57,70,88}, { 1,11, 21, 38,53,62, 76,84}
{1,11,21,38,53,64,82,84}, {1,11, 21,38,54,57, 72,87}, {1,11, 21, 38,54,58, 76,90}
{1,11,21,38,54,59,72,75},{1,11,21,38,55,57,73, 78}, { 1,11, 21, 38,55,59, 82, 86}
{1,11,21,38,57,73,78,87}

(9,2)- arcs are

{1,11,21,30,38,50,70,77,88}, {1,11,21,30,38,62,73,82,89}, {1,11, 21, 33, 38, 50,60, 66,86},
{1,11,21,33,38,50,60,68,84}, {1,11, 21,34, 38,48, 64,70,82}, {1,11, 21,34, 38,48,64,73, 79},
{1,11,21,36,38,55,72,82,84}, {1,11,21,37,38,62,66, 82,89}, {1,11, 21,38,50,59, 72, 75,90},
{1,11,21,38,54,59,68,75,90}, {1,3,11,21,36,38,55, 72,84}

5 Conclusion

We had described procedure for searching all comgle® — arcs with 6< k < 10 containing the quadranglés |, X,
(a,b,1), with a € F3, b € S\F5 constructing the Fano subplanes in the left nearfield planeder 9. By applying a method
and an algorithm (implementé&¥) a full listing the completék, 2)—arcs were determined and classified . These can be
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represented by four groups. There are 1 classe of the canifl@)— arcs, 108 classes of the compléfe2)— arcs, 319
classes of the comple(8, 2)—arcs, 11 classes of the complé®e2)— arcs.
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