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SELF-ORTHOGONAL CODES FROM ROW ORBIT MATRICES OF
STRONGLY REGULAR GRAPHS

MARIJA MAKSIMOVI €

ABSTRACT. We show that under certain conditions submatrices of rdvit or
matrices of strongly regular graphs span self-orthogowales. In order to

demonstrate this method of construction, we constructasétiogonal ternary

linear codes from orbit matrices of the strongly regulapgsawith parameters
(70,27,12,9). Also we construct non self-orthogonal hirlarear codes from

these orbit matrices. Further, we obtain strongly regutaplys and block de-
signs from codewords of the constructed codes.

1. INTRODUCTION

We present a method for constructing self-orthogonal crdes submatrices of
row orbit matrices of strongly regular graphs. Applyingstmethod we construct
self-orthogonal ternary linear codes from orbit matriceéstomongly regular graph
(SRG) with parameters (70,27,12,9) for grodg We also construct non self-
orthogonal binary linear codes from these matrices. Wehgesednstructed codes
to obtain strongly regular graphs and block designs. Moeeipely, the strongly
regular graphs and block designs are constructed from codevef a given weight
of the obtained binary linear codes.

The paper is organized as follows: after a brief descriptibthe terminology
and some background results in Section 2, in Section 3 weidegbe concept of
orbit matrices of strongly regular graphs, based on reguéisented in [3, 8], and
in Section 4 we present obtained orbit matrices of SRG(7029) for groupZo.
In Section 5 we present a method for construction of seliemonal codes from
row orbit matrices of strongly regular graphs, and in Sec@ave construct binary
and ternary codes from obtained orbit matrices. In Sectime ¢onstruct strongly
regular graphs and designs from codewords of the obtaingesco
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2. BACKGROUND AND TERMINOLOGY

We assume that the reader is familiar with basic notions fileeory of finite
groups. For basic definitions and properties of stronglylaggraphs we refer the
reader to [4] or [17].

A graph isregular if all its vertices have the same valency; a simple regular
graphl = (7, E) is strongly regularwith parametergv,k,A,p) if it has |7/| =
v vertices, valency, and if any two adjacent vertices are together adjacent to
A vertices, while any two nonadjacent vertices are togetlagacant tou ver-
tices. A strongly regular graph with parametévsk, A, ) is usually denoted by
SRGv,k,A, ). An automorphism of a strongly regular grapls a permutation of
vertices off", such that every two vertices are adjacent if and only ifrtheages
are adjacent.

An incidence structure = (P, B,1), with point set?, block setB and inci-
dencel C P x B, is at-(v,b,r,k,A) design if |P| =v, |B| = b, every blockB € B
is incident with preciselk points, everyt distinct points are together incident with
preciselyA blocks and every point is incident with exactlylocks.

A linear g-ary (n,k) code Kover the finite fieldrq of prime-power ordeq is a
k-dimensional subspace of tinedimensional vector space ov&y. Theweightof
a codeword is the number of its elements that are nonzerdherdidtance between
two codewords is thelamming distancéetween them, that is, the number of ele-
ments in which they differ. Theninimum distancéetween distinct codewords is
denoted byd. The minimum distance of a linear code is the minimum weidght o
its nonzero codewords. If a linear codleover a field of ordelq is of lengthn,
dimensionk, and minimum distancé = d(K), then we writgln, k, d|q to show this
information. An[n,k] linear codeK is said to be dest known lineafn, k| codeif
K has the highest minimum weight among all knojmrk| linear codes. Arin, k]
linear codeX is said to be awptimal linear[n, k] code if the minimum weight ok
achieves the theoretical upper bound on the minimum weigt k] linear codes,
andnear-optimalif its minimum distance is at most 1 less than the largestipless
value.

Thedual codeK* is the orthogonal complement under the standard inner prod-
uct(-,-), i.e. Kt ={ve F"|(v,c) = 0forallce K}. If K c K+, thenK is called
self-orthogonal

The supportof a nonzero codeword = {Xy,...,%,} is the set of indices of its
nonzero coordinates, i.supgXx) = {i | X # 0}. Thesupport desigrof a code of
lengthn for a given nonzero weight is the design with points the coordinate
indices and blocks the supports of all codewords of weight

3. ORBIT MATRICES OF STRONGLY REGULAR GRAPHS

In 2011 Behbahani and Lam introduced the concept of orbitioest of SRGs
(see [3]). While Behbahani and Lam were mostly focused oiit onbtrices of
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strongly regular graphs admitting an automorphism of primaer, a general defi-
nition of an orbit matrix of a strongly regular graph is givier{8].

Letl be a SRGv,k,A, ) andA be its adjacency matrix. Suppose an automor-
phism groupG of I partitions the set of verticeég into b orbits Oq,..., Oy, with
lengthsny, ..., n,, respectively. The orbits divida into submatricegAjj], where
Ajj is the adjacency matrix of vertices @) versus those i@;. We define matrices

C=[gj] andR=[rjj], 1<i,j <b, such that
Cij = column sum ofy;j,
rij = row sum ofA;.

The matrixR is related taC by

rijni = Gijnj. (3.1)
Since the adjacency matrix is symmetric, it follows that
R=C'. (3.2)

The matrixR is the row orbit matrix of the graph with respect tdG, and the
matrix C is the column orbit matrix of the graghwith respect tds. The matrices
C = [¢j] andR = [rj;] satisfy the following conditions (see [8]):

b g
—CisCjs = &ij (K— M) + un + (A — W)Cjj
= nJ
b g
Z Frsirsj = 5”‘ (K—H) +pn+ (A — u)rji.
s=1""

Let us assume that a gro@acts as an automorphism group of a SR& A, ).
Each matrix with the properties of a matior C will be called a row orbit matrix
or a column orbit matrix, respectively, for a strongly regufjraph with parame-
ters (v,k,A, ) and a groupG (see [3]) although not every orbit matrix gives rise
to strongly regular graphs. The following definition of drbiatrices of strongly
regular graphs was introduced in [8].

Definition 3.1. A (b x b)-matrix R= [rj;] with entries satisfying conditions:

b b

N
z lij = zl—_rij =k
j=1 s N

b
n
S;n_srsirsj = Gij (k—H) +Hn+ (A —pr;

J

where0O <rj; <n;, 0<r; <nj—1and zib:lni =v, is called arow orbit ma-
trix for a strongly regular graph with paramete(s, k,A, 1) and the orbit lengths
distribution (ng, ..., np).
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Definition 3.2. A (b x b)-matrix C= [c;j] with entries satisfying conditions:

b b,
Gj = —Gijj = k
izi 121 N

L

> —CisCis = Bij (K— W) + un + (A — W)jj

s=1 n;j

where0 <¢j; <n;,0<¢cj <n—land Zib:1 ni =V, is called acolumn orbit ma-

trix for a strongly regular graph with parameters, k,A, ) and the orbit lengths
distribution (ng,...,np).

3.1. Orbit lengths distribution

Suppose an automorphism groGpof I partitions the set of verticeg into b
orbits Oy, . .., Op, with sizesny, ..., n,. Obviously,n; is a divisor of|G|,i=1,...,b,
and b

When determining the orbit lengths distribution we alsothesfollowing result
that can be found in [2].

Theorem 3.1. Let s< r < k be the eigenvalues of a SRk, A, ), then

- maX(A,u)V’
- k—r

where@is the number of fixed points for an nontrivial automorphism.

3.2. Prototypes for a row of a column orbit matrix

To construct orbit matrices with parametévsk,A, 1) and the orbit lengths dis-
tribution (ny, ..., ny) we first need to find all prototypes.

A prototype for a row of a column orbit matri@ gives the information about
the number of occurrences of each integer as an entry of eydartrow of C.
Behbahani and Lam [2, 3] introduced the concept of a prototigp a row of a
column orbit matrixC of a strongly regular graph with a presumed automorphism
group of prime order. We will generalize this concept, andcdbe a prototype
for a row of a column orbit matri of a strongly regular graph under a presumed
automorphism group of composite order.

Suppose an automorphism groGof a strongly regular graph partitions the
set of vertice/ into b orbits O4,...,Oy, of sizesny,...,ny,. With l;,i =1,...,p,
we denote all divisors 0G| in ascending ordeld{=1,....1, = |G|).

3.2.1. Prototypes for a fixed row

Consider the-th row of a column orbit matrixC. We say that it is a fixed row
of a matrixC if n, = 1, i.e. if it corresponds to an orbit of length 1. The entries i
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this row are either O or 1. Lel;, denote the number of orbits whose length lare
i=1,...,p.

Let xe denote the number of occurrences of an elereen{0, 1} at the positions
of ther-th row which correspond to the orbits of length 1. It follothst

Xo+ X1 = dl, (33)

whered; is the number of orbits of length 1. Since the diagonal elémehthe
adjacency matrix of a strongly regular graphs are equal itd@|ows thatxy > 1.

Let ygi> denote the number of occurrences of an eleneen{0,1} at the posi-
tions of ther-th row which correspond to the orbits of lendtiii = 2,...,p). We

have . _ ]
y8|)+y:(|_ll):d|i7 |:27"'7p (34)
Because the row sum of an adjacency matrix is equil itdollows that
p
x1+_§2|i =k (3.5)
The vector N

I I | |
pL = (0. X Yo" A7 ¥e” WA

whose components are nonnegative integer solutions ofgihaliges (3.3), (3.4)
and (3.5) is called a prototype for a fixed row. The length ofcqiype for a fixed
row is 2p.

3.2.2. Prototypes for a nonfixed row

Let us consider the-th row of a column orbit matrixC, wheren, # 1. Let dj,
denote the number of orbits whose length is=1,...,p.

If a fixed vertex is adjacent to a vertex from an orBit 1 <i < b, then it is
adjacent to all vertices from the ortd@;. Therefore, the entries at the positions
corresponding to fixed columns are either Onpr Let X, denote the number of
occurrences of an elemeste {O,n,} at those positions of the-th row which
correspond to the orbits of length 1. We have

X0+ Xn, = d1. (3.6)

The entries at the positions corresponding to the orbitsselhengths are greater
than 1 are O1,...,n, — 1 orn,. The entry at the positiofr,r) is0< ¢, <n, — 1,
since the diagonal elements of the adjacency matrix of glyaegular graphs are
0.

Let yg‘) denote the number of occurrences of an elereen{0,...,n; } of r-th
row at the positions which correspond to the orbits of lerigth=2,...,p). From

(3.1) and (3.2) we conclude that
CriNi = G Ny,

wherec;; € {0,...,nj}. If ¢ % Z{0,...,n}, thenyg:‘) = 0. It follows that
Ny
(1) :
ye' =d;, i=2,...,p. (3.7)
2,



314 MARIJA MAKSIMOVIC

Since the row sum of an adjacency matrix is equa, twe have that

P n (|) n|, k ( )
Xn,‘i’ yhl‘ = 3 38
iZZth Nr
If sj = SP_; CikCikk, thensy = SP_; cucrknk, and from the definition 3.2 we
have that P
oty 3 Yo b2y = s, (3.9)
iS2H

wheres; = (K— p)ny + pré + (A — p)ceny andeyy € {0,...,n, — 1}.
The vector | |
Pre = (X0 X0 1Yo Y25 YE o V)
whose components are nonnegative integer solutions ofigeesié3.6), (3.7), (3.8)
and (3.9) is called a prototype for a row corresponding todtmst of lengthn;.
The length of a prototype for a row which corresponds to tht @f lengthn; is
2+3P (0 +1).

4. ORBIT MATRICES OFSRG(70,27,12,9)

Let ' be a strongly regular graph with parameters (70,27,12,9rthEr, let
us assume that the gro@= (a | a® = 1) = Zg acts as an automorphism group
of I'. By d; we denote the number @-orbits of lengthi,i € {1,3,9}, and by
d = (di,ds,dg) we denote the corresponding orbit lengths distributionfifid all
orbit matrices of SRG(70,27,12,9) for grodp first we find all the orbit lengths
distributions(ny, n, ..., Np) for an action of the grou@g that satisfy Theorem 3.1.
Using the program Mathematica we get all the prototypes ¥eryeorbit length
distribution.

Using our own programs written in GAP [11] we construct abibmatrices
for given orbit lengths distributions. In Table 1 we prestdrd number of orbit
matrices forZg for each orbit lengths distribution.

distribution  # OM ]| distribution  # OM | distribution # OM] distribution # OM
(L,2,7) 10 (7,0,7) 1 (13,4,5) 0 (22,4,4) 0
(1,56) 8 (7,3,6) 1 (13,7,4) 0 (25,0,5) 0
(1,85) 0 (7,6,5) 1 (16,0,6) 0 (25,3,4) 0
(1,11,4) 7 (7,9,4) 4 (16,3,5) 0 (28,2,4) 0
(4,1,7) 2 (10,2,6) 0 (16,6,4) 0 (31,1,4) O
(4,4,6) 4 (10,5,5) 0 (19,2,5) 0 (34,0,4) 0
(4,7,5) 3 (10,8,4) 0 (19,5,4) 0

(4,10,4) 7 (13,1,6) 0 (22,1,5) 0O

TaBLE 1. Number of nonisomorphic orbit matrices of SRGs with paranset
(70,27,12,9) for an automorphism group.Z
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5. SELF ORTHOGONAL CODES FROM ORBIT MATRICES OF STRONGLY
REGULAR GRAPHS

In 2003 Harada and Tonchev introduced a method of congtgusélf-orthogonal
codes from orbit matrices of a design (see [14]). In [8] a métfor constructing
self-orthogonal codes from column orbit matrices of stiprrggular graphs ad-
mitting an automorphism grou@ which acts with all orbits of the same length is
described. These codes were defined ¢yga finite field of prime ordeq, such
thatq dividesk, A, i. Methods of constructing self-orthogonal codes from row or
bit matrices of strongly regular graphs are given in [9]. édee give a construction
of self-orthogonal codes from some submatrices of row anitrices of strongly
regular graphs.

Theorem 5.1. Letl" be aSRG(v,k,A, ) having an automorphism group G which
acts on the set of vertices bifwith b orbits of lengths ..., ny, respectively, such
thatmp =ny, =..=n; = land gnsif ns > 1. Further, let p be a prime dividing k,

A, W Let R be the row orbit matrix of the graphwith respect to G. If p is a prime
then the code overgspanned by the fixed rows of R is a self-orthogonal code of
length b.

Proof. From the definition of an orbit matrix, faf" and jt" rows ofC we have
b

n
> fcjscisz5ij(k—l1)+uﬁ+(7\—u)cij- (5.1)

s=1""
Letn; =n; = 1. We have

SO b
Ns Ns
z CjsCis = Z —CjsCis — z —CjsCis
sns=1 S= nJ s,ns>1 nJ
= 0jj(K—p) +un + (A —pcij — Z NsCjsCis.
Sns>1

Becausep|ns we conclude tha¥ s, _1 CjsCis iS congruent to zero modul.
If nj =n; =1then

b
Z lisljs = z lisljs + Z lisljs
s=1 sns=1 sNs>1
Sinceris = cis'r‘]—is = Cishs We have
b

Zrisrjs: z CisCjs + Z NsCisl js- (5.2)
S—=

sns=1 Sns>1

From (5.1) and (5.2) and becaug#s we conclude thaz&lrisrjs is congruent
to zero modulap. O
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Theorem 5.2. Letl" be aSRG(v,k,A, ) having an automorphism group G which
acts on the set of vertices o6f with b orbits of lengths n...,ny, respectively,
such that there are f fixed vertices, h orbits of length w, anrd fb— h orbits
of lengths Riny1,...,Np. Further, let pwWns if w < ng, and prjw if ns < w, for
s=f+h+1,...,b, where pis a prime number dividing X, i1 and w. Let R be
the row orbit matrix of the grapl with respect to G. If q is a prime power such
that g= p", then the code overgFspanned by the part of the matrix R (rows and
columns) determined by the orbits of length w is a self-gjtimal code of length
h. If m=min{w,n¢ns1,...,Np}, such that pm and pnns if ns # m , then the
code over f spanned by the rows of R corresponding to the orbits of length
and columns corresponding to the orbits of length greatantm— 1 is a self-
orthogonal code of lengthb f.

Proof. Letn; =nj =w. Then
b

Ns Ns Ns Ns Ns
Z chscis = Z chscis + Z chscis + Z chscis + Z chscis
s=1"" sng=1""] s 1<ng<w ''J sNs=w '] snNs>w ')
So )
Ns 1 Ns Ns
CjsCis = —CjsCis — — CjsCis — —CjsCis — —CjsCis. (5.3)
n;j W W W
S,Ns=W s=1"" sns=1 s, 1<ns<w SNs>W

If se {1,2,...,f}, thencjs,Cis € {O,w}, socjsCis € {O,w?}. From (5.1) and
(5.3) it follows that:
n
Z CisCis = 5”‘ (k— |J) +un+ (7\ - Ll)Cij —W- (f —X) - Z —SstCis— Z —CijsCis,
S,Ns=W an5>WW s,1<ng<w
wherex = |{se {1,..., f} : ¢jsCis = O}|. If ns >wthenp|{E. If 1 <ns<wthen
, o
Pl CisCis: becauseis = risg = risyy., Cjs = Mjsit = Fjsp., andp| ..
Hencey s n.—w CjsCis IS congruent to zero modulo.
Sincerjs = Cisie andr s = Cjs1=, we have that
y _ersris = Z_ stﬁcis_i = Z_ CjsCis
,Ns= S,Ns=W J S,Ns=W
SO Y sn—wljsfis IS congruent to zero modul. Letn; = nj = m. We have
b
ljslis = z lslis + z ljslis.

s=1+4+1 S,Ns—=Mm S,Ns>M
Sincerjs = Cis?]—f it follows thatrjsris is divisible by p if ng > m.
Also N
anszzml’jsl’is = svnsZ:ijSCis = Qjj (K—p) +pun+A— Ll)Cij —m-(f-y) —svnszmmscj'scis,

wherey = [{se {1,...,f} : cjsCis = O}|.
Hence, we conclude thals,, _yrjsfis is divisible by p andzgf+1rjsris is con-
gruent to zero modul. O
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6. LINEAR CODES FROM ORBIT MATRICES OF SR(Y0,27,12,9)

In this section we construct self-orthogonal codes fronit anatrices of
SRG(70,27,12,9) for groufy presented in the Section 4 by applying theorems pre-
sented in Section 5. First we construct ternary self-ominadjcodes from the orbit
matrices. Also we construct non self-orthogonal binaryesoftlom the orbit matri-
ces. In Tables 2, 3, 4, 5, 6, 7 and 8 we present informatiorhfoobtained codes,
omitting the trivial codes. The codes were analyzed usingivia [5]. Codes
marked with« are optimal linear codes.

[ distribution [ [n,k,d] [ |Aut(K)| || distribution [ [nk,d] [ JAut(K)| |

(1,11,4) | [1153] | 12 (1,11,4) | [1L,4,6] | 24
(1,11,4) | [11,4,6]* | 72 (4,4,6) [4,1,3] |6
(4,7,5) [7,3,3] |18 (4,10,4) | [10,3,3] | 72
(4,10,4) | [10,4,3] | 216 (7.6,5) [6,2,3] | 72
(7,9,4) [9,3,3] | 1296

TABLE 2. Ternary codes from orbit matrices of SRG(70,24,12,9) fgoroB-
tained from part corresponding to the orbits of length 3

[ distribution [ [n,k,d] [ JAut(K)] [[ distribution | [n,k.d] | JAut(K)| |

(1,114) | [15,53] ] 288 (111,4) | [1546]] 576
(1,11,4) | [15,4,6] | 1728 (4,4,6) [10,1,3] | 30240
(4,7,5) [12,3,3] | 2160 (7,6.,5) [11,2,3] | 8640
(7,9,4) [14,3,3] | 1728

TABLE 3. Ternary codes from orbit matrices of SRG(70,24,12,9) fgoroB-
tained from rows corresponding to the orbits of length 3 antumns corre-
sponding to the orbits of length 3 and 9

[ distribution [ [n,k,d] | JAut(K)| || distribution [ [n,k,d] [ [Aut(K)] ]

1.2.7) 7331 [ 6 1.2.7) [7.23] | 12
(1,2,7) [7,2,3] | 18 1,2,7) [7,23] | 24
(1.2,7) [7,2.3] | 72 4.1,7) [7.1.6] | 72
4,1,7) [7,1,6] | 720 (4,4,6) [6,1,6]* | 72

TABLE 4. Ternary codes from orbit matrices of SRG(70,24,12,9) fgoroB-
tained from part corresponding to the orbits of length 9

distribution | [n,k.d] | JAut(K)| || distribution [ [n.k,d] [ JAut(K)] |

(111,4) | [11,8.1] | 288 (1114) | [11,81]] 192
(1.11,4) | [11,81] | 288 (1,11,4) | [11,8,1] | 288
(1,11,4) | [11.81] | 576 (1,11,4) | [11,8,1]| 1152
(1,11,4) | [11,8,2]* | 5760 (4,4,6) [4,21] | 6
(4,7,5) 7,41 |24 (4,7,5) [7.41] | 144
(4,7.,5) [7.6,1] | 240 (4,10,4) | [10,8,1] | 4320
(4,10,4) | [10,8,1] | 10080 || (4,10,4) | [10,8,1] | 10080
(4,10,4) | [10,8,1] | 80640 || (7.9,4) [9,6,2]* | 1296
(7,9,4) [9,8,2]* | 362880

TaBLE 5. Binary codes from orbit matrices of SRG(70,24,12,9) ipoBtained
from part corresponding to the orbits of length 3
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[ distribution | [nk,d] | JAut(K)| || distribution [ [n,k.d] [ JAut(K)] |
.27 [10,1,3] | 30240 (L114) | [16.1,7] | 1828915200
(1,11,4) | [16,1,9] | 1828915200| (1,11,4) | [16,1,3] | 37362124800
4,1,7) [12,3,3] | 17280 4,1,7) [12,4,3] | 20160
(4,4,6) [14.4,3] | 17280 (4,4,6) [14,3,3] | 967680
(7,0,7) [14,4,3] | 846720 (4,7,5) [16,4,3] | 34560
(4,7,5) [16,3,3] | 967680 (4,10,4) | [18,4,3] | 155520
(4,10,4) | [18,3,3] | 2903040 || (4,10,4) | [18,3,4] | 11612160
(4,10,4) | [18,4,4] | 622080 (7,3.,6) [16,4,3] | 725760
(7,6,5) [18,4,3] | 1451520 || (7,9,4) [20,4,3] | 6531840
(7,9,4) [20,4,4] | 26127360

TABLE 6. Binary codes from orbit matrices of SRG(70,24,12,9) ola@difrom
fixed rows of row orbit matrices

[ distribution [ [n,k.d] [ [Aut(K)] [ distribution | [n,k,d] | JAut(K)[ |
@,2,7) [9.6.2F | 96 @,2,7) [9.6,1] | 216
1,2,7) 19,4,2] 216 1,2,7) [9,6,2]* | 4320
1,2,7) [9,8,1] 4320 1,2,7) [9,8,1] | 4320
1,2,7) [9,6,2]F | 4320 1,2,7) 9,81 | 4320
(1,11,4) | [15,10,2] | 8 (1,11,4) | [15,10,2] | 16
(1,11,4) | [15,10,2] | 72 (1,11,4) | [15,10,2]| 72
(4,4,6) [10,8,1] | 1296 (4,7,5) [12,10,1] | 8640
(4,10,4) | [14,12,1] | 172800 (4,10,4) | [14,12,1] | 362880
(7,0,7) [7,6,2] 5040 (7,3,6) [9,8,2]* | 362880
(7,6,5) [11,10,2]* | 39916800 || (7,9.,4) [13,10,2] | 31104
(7,9,4) [13,12,2]* | 6227020800

TABLE 7. Binary codes from orbit matrices of SRG(70,24,12,9) fpoBtained
from rows corresponding to the orbits of length 3 and colurmsesponding
to the orbits of length 3 and 9

[ distribution [ [n.k,d] [ JAut(K)[ ]| distribution [ Ink.d] [ JAut(K)| |
@,2,7) 7,247 | 72 @,2,7) [7,41] | 144
1,2,7) [7,42] | 144 1,2,7) [7,4,2] | 144
1,2,7) [7,6,1] | 144 1,2,7),(7,0,7),(4,1,7) [7,6,2]* | 5040
(4,7,5),(7,6,5)| [5,4,2]* | 120

TABLE 8. Binary codes from orbit matrices of SRG(70,24,12,9) fpoBtained
from rows corresponding to the orbits of length 9

7. SR(Gs AND DESIGNS CONSTRUCTED FROM CODES

In this section we use the codes constructed in Section 6tsrostrongly reg-
ular graphs and block designs. In order to construct styoregular graphs we
consider a set of codewords of certain weighdnd look at the pairwise distances
of the codewords. We identify the vertices of the graph byctiiewords of weight
w and define adjacency with respect to the Hamming distandeeafddewords. In
some cases the constructed graphs are strongly regulaib$®eve the cases when
the distances between two codewords take two, three or &ues.

If there are two possible values for a distance between twlewords, denoted
by d; andd,, then we define two verticesandy to be adjacent if and only if
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d(x,y) = d; (for the complementary graph we define tiegndy are adjacent if
and only ifd(x,y) = db).

If there are three possible values for a distance betweeradewords, namely
d; andd, andds, we have more possibilities to define adjacency. Firstlydafine
two verticesxandy to be adjacent if and only d(x,y) = d;, Secondly, two vertices
x andy are adjacent if and only d(x,y) = dy, and thirdly, two verticex andy are
adjacent if and only ifl(x,y) = ds.

Let there be four values for a distance between two codewdi@dd,, dz and
d4. Firstly, we define two verticesandy to be adjacent if and only d(x,y) = dj,
or d(x,y) = d, secondly, two vertices andy are adjacent if and only di(x,y) =
d; or d(x,y) = d3 and thirdly, two verticesx andy are adjacent if and only if
d(x,y) = dj ord(x,y) = ds. Further, we define adjacency taking into cosideration
only one intersectiondq, d», d3 or ds4). The construction is conducted using the
GAP package Grape [16]. The obtained strongly regular grapé presented in
Tables 9, 10, 11.

[ (vkApw  [JAut(G)| | Distribution |
(15,6,1,3) 720 (7.6,5)
(21,10,3,6) 5040 (4,10,4)
(27,10,1,5) | 51840 (7,9,4)
(28,12,6,4) | 40320 | (4,10,4)
(36,14,7,4) | 362880 | (7,9.4)
(45,16,8,4) | 3628800| (4,10,4)

(120,56,28,24) | 3628800| (4,10,4)

(126,100,78,84) 3628800| (7,9,4)

TABLE 9. SRGs from binary codes obtained from part correspondinchéo t
orbits of length 3

| (VKA 1) | |Aut(G)| | Distribution |
(10,3,0,1) 120 (1,5,6)
(15,6,1,3) 720 1,2,7),
(28,12,6,4) 40320 | (1,5,6),(4,1,7)
(36,14,7,4) 362880 (7,3,6)
(45,16,8,4) 3628800 (4,4,6)
(55,18,9,4) 39916800 (7,6,5)

(78,22,11,4) | 6227020800  (7,9,4)
(119,54,21,27) | 394813440 (4,7.,5)
(120,56,28,24) | 3628800 (4,4,6)
(126,100,78,84) | 3628800 (7,3.6)

(330,266,211,228] 39916800 (7,6,5)

TABLE 10. SRGs from binary codes obtained from rows correspondingéo t
orbits of length 3 and columns corresponding to the orbiten§th 3 and 9

[ (vkAwp [ ]Aut(G) | Distribution |
(10,3,0,1) 120 (4,7,5),(7,6,5)

(15,6,1,3) 720 (1,5,6),(4,4,6),(7,3,6
(21,10,3,6) 5040 (1,2,7),(4,1,7),(7,0,7
(35,16,6,8)| 40320 | (1,2,7),(4,1,7),(7,0,7

TABLE 11. SRGs from binary codes obtained from part correspondinghéo t
orbits of length 9
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The strongly regular graph with parametét§, 3,0, 1) is the Petersen graph, the
unigue SRG with these parameters. The constructed stroeglyar graphs with
parameterg15,6,1,3) and (21,10,3,6) are complement of the triangular graphs
T(6) andT (7). Strongly regular graphs with parameté28,12 6,4),(36,14,7,4),
(45,16,8,4), (55,18,9,4) and(78,22,11 4) are the triangular graphs(8), T(9),
T(10), T(11) andT (13) respectively. The constructed strongly regular graph with
parameterg35,16,6,8) is the complement of the distance 2 graph in the John-
son graphl(7,4) and(27,10,1,5) is a complement of a Schlafli graph. The con-
structed strongly regular graph with parametdr20, 56, 28, 24) is the complement
of the distance 2 graph in the Johnson grdph0,3) and strongly regular graph
with parameter$126,100 78,84) is the complement of the distance 1 or 4 in the
Johnson grapld(9,4). The constructed strongly regular graph with parameters
(330,266,211 228) is the complement of the distance 1 or 4 in the Johnson graph
J(11,4) and the strongly regular graph with parametdrk9,54,21,27) is O (8,2)
polar graph.

We also use the codes from Section 6 to construct designsgtaito consider-
ation a set of codewords of certain weight. Identifying ciioate positions of the
codes with the points, and codewords of a welghtith blocks, we obtain an inci-
dence structure having all blocks of sizeln other words, we consider the support
designs of the constructed codes. In some cases these sdepigns are designs.

In Tables 12, 13 and 14 we present information on the obtainredy,b,r, k,A)
designs for which < k < v—t.

[ t—(vbrkA) []Aut(D)| | Distribution | t—(v,b,rk,A) [ |Aut(D)| [ Distribution |
2-(10,120,36,3,8) | 3628800] (4,10,4) || 2-(10,120,84,7,56)] 3628800] (4,10,4)
2-(10,210,126,6,70) 3628800 (4,10,49) 2-(10,210,84,4,28)| 3628800 (4,10,4)
2-(10,252,126,5,56) 3628800| (4,10,4) || 3-(10,210,126,6,35) 3628800| (4,10,4)
3-(10,210,84,4,7) | 3628800 (4,10,49) 3-(10,252,126,5,21) 3628800 (4,10,4)

2-(6,20,10,3,4) 720 (7,6,5) 2-(9,126,56,4,21) | 362880 | (7,9,4)
2-(9,84,56,6,35) | 362880 | (7,9,4) 3-(9,126,56,4,6) | 362880 | (7,9,4)

TABLE 12.Designs from binary codes obtained from part correspondinye
orbits of length 3

[ t—(v.b,r,kA) [ JAut(D)[ T Distribution ]| t—(v.b,r,k,A) [ [Aut(D)[ T Distribution |
2-(8,56,21,3,6) 40320 @10 2-(8,70,35,4,15) 40320 @17
3-(8,70,35,4,5) 40320 4,1,7) 2-(10,120,36,3,8) 3628800 (4,4,6)

2-(10,210,84,4,28) | 3628800 (4,4,6) 2-(10,252,126,5,56) | 3628800 (4,4,6)
3-(10,210,126,6,35) | 3628800 (4,4,6) 3-(10,210,84,4,7) 3628800 (4,4,6)
3-(10,252,126,5,21) | 3628800 (4,4,6) 2-(9,84,56,6,35) 362880 (7,3,6)

3-(9,126,56,4,6) 362880 (7,3,6) 2-(11,165,120,8,84) | 39916800 (7,6,5)
2-(11,330,120,4,36) | 39916800 (7,6,5) 2-(11,462,252,6,126)| 39916800 (7,6,5)
3-(11,330,120,4,8) | 39916800 (7,6,5) 3-(11,462,252,6,56) | 39916800 (7,6,5)
2-(13,1287,792,8,462) 6227020800 (7,9,4) 2-(13,1716,792,6,330) 6227020800 (7,9,4)
2-(13,286,220,10,165) 6227020800 (7,9,4) 2-(13,715,220,4,55) | 6227020800 (7,9,4)
3-(13,1287,792,8,252) 6227020800 (7,9,4) 3-(13,1716,792,6,120) 6227020800 (7,9,4)
3-(13,715,220,4,10) | 6227020800  (7,9,4)

TABLE 13.Designs from binary codes obtained from rows correspontbrige
orbits of length 3 and columns corresponding to the orbiten§th 3 and 9
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[ t=(wbrrkA) [ ]Aut(D)] | Distribution |
2-(7,35,20,4,10) 5040 (1,2,7),(4,1,7),(7,0,7
2-(6,20,10,3,4) 720 (1,5,6),(4,4,6),(7,3,6

TaBLE 14.Designs from binary codes obtained from part corresponddnye
orbits of length 9
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