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Ao =1,AL A, ..., Ay pairwise commuting symmetric
(0,1)-matrices Y%, A = J, (e.g.DRG)
AA; = Zﬁ'zo piijk (closed under multiplication)

Ao A1

A

Ag | .
[__ } diagonalize

l
mult=1 |1
mult=m; |1
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GF(16)* = (a) D (éﬁ).

e Cay(GF(16) (a®)),

e Cay(GFE(16) a(a®)Ua¥(e?) (CYIey graphs)
complementary pair of strongly regular grapbs(G with
diametex 2).

The latter is & edge-subgraphs each of which is
Isomorphic to the former.

a4 1 _53

P=[1 -3 = P=
L1 1 1
~ 1 1

Consider, more generally, GiH{ = (@) D (a®).
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GF@Q)* = (@) D {(a®), e|o_| -1, ScZ.=1{0,1,...,e—1}.
I's = Cay(GF(@), Uics @'(a)).

g = 16,e = 3, r{o},r{l’z}.

Setf =(q-1)/e.

Ao A

I 17

/.

mult=1 1 f
mult=f 1

X X Po:
mult=f 1
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Recall Clebschg = 16,e = 3.

1 5 1 5 5
1 -3 1
1 -3 =
1 1 1 1 -3
- 1 1 1

Bannai (1991), Muzychuk (1987$3ubscheme, fusion

scheme, fusing relations.

1 r --- S
P=|. .
1l s r
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Uniform Cyclotomy

In general, if a cyclotomic scheme has

1 f ... f _

1 r ... s 1 nf (e—n)f
P=|. . =11 r+(n-1)s CERVE

- 1 ns r+(e-n-1)s

_1 S --- T ) )

— V¥Sc{0,1,...,e—1}, UrsIy: SRG.

— q=p™, ep™ + 1, m|m. Baumert—Mills—Ward1982),

Brouwer—Wilson—Xiand1999).

An association schem@d = |, Ay, ..., Aq) ISamorphousf

VO £ S c{l....d, st

van Dam—-Muzychulpreprint)
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1 273 273 273
1 17 17 17
1 17 -15 -15
1 -15 17 -15
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Association Schemes q — 212, e — 45, F{O} — Cay(G FQ), <Cke>): SRG,

Clebsh Graph

Cyclotomic Schemes eigenvalueS F{o} 91, 19, 11, 3, —5,

gF(;l;; S sy, 91, 3, -5, -5, 11,
Ii)c/;rznme)tric BESIE F{lO} 9 1’ _5’ 1 1’ — 13’ 1 1,
B [0s510: SRG (e Langel995), eigenvalues 2787,
Cycletomic SRG [os10 =T y =T 1, Lrest SRG, association scheme
(van Dam2003)
1 273 273 273 1T 11 273-ceeeennnnnnn.. 273
1 17 17 17 1
1 17 -15 -15 |
I -5 27 —iE 1 Po
1 -15 -15 17 |11 (15x 15)
F{0,5’10}+3i (I =0,..., 14) (17 15) INC. mat.
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mult=1 1 f f
mult=f 1
o Po
mult=1f 1 (d x d)

(pseudocyclic scheme)

Theorem.If Py has 2 distinct entriesands, thenPg IS an

(r, s)-incidence matrix of &
Po € (I, J)).

(possibly

Proofis immediate from the orthogonality relations.
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Symmetric Designs

Association Schemes o oo

Clebsh Graph AO Al Ad

Cyclotomic Schemes mU|t.: 1 1 f c f

Uniform Cyclotom ]

oF@2 mult=1 1 (pseudocyclic scheme)

Symmetric Designs .

PG(m, q) 5 5 PO

Spreads in PG(J)

Csclotomic SRG mUIt: f 1 (d X d)
Theorem.If Py has 2 distinct entriesands, thenPg IS an
(r, s)-incidence matrix of & (possibly
Po € (1, J)).
Proofis immediate from the orthogonality relations.
Example.
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AO Al . e Ad
mult=1 1 f L f
mult=1 1 (pseudocyclic scheme)
S Po

mult=f 1 (d x d)
Theorem.If Py has 2 distinct entriesands, thenPg IS an
(r, s)-incidence matrix of & (possibly
Po € (1, J)).

Proofis immediate from the orthogonality relations.
Example.

q=2%e=45—-d=15,P;:
q=2%°e=75—-d=15,P;:
q=21,e=49->d=7,Py: PC2
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Clebsh Graph

Cyclotomic Schemes mu |t: 1
Uniform Cyclotomy

m+1
GF(22) mult.= T d=1 1.
Symmetric Designs . . q - l

PG(n.q) N Po : PG(m, Q)
Spreads in PG(3)) .
Cyclotomic SRG mUIt_ f 1 d X d

Association Schemes AO Al . Aq+1 “e Ad
1

Ag, ..., Ag1: points on aine of PG, g).
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Symmetric Designs
PG(m, q)

Spreads in PG(3))
Cyclotomic SRG

Ao Ar---Agi
mult=1 | 1 f...f
mult=f | 1
mult=f | 1 dxd

Ag, ..., Ag1: points on a

Ao Ay Agy oA
1 f... f (d-—qg-1)f
1
: (q+2)x(g+2)
1
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Clebsh Graph
Cyclotomic Schemes mu |t: 1
Uniform Cyclotomy

m+1
GF(2) mult= 1 d= 5 1.

Symmetric Designs . . q - l

PGM.q) . > I:)O : PG(m’ q)
Spreads in PG(3)) mult.= f 1 dxd

Cyclotomic SRG
Ag, ..., Ag1: points on aine of PG, g).

(van Dam2003)

273 273 273 3276
17 17 17 -52
17 -15 -15 12

-15 17 -15 12

-15 -15 17 12 |

Association Schemes AO Al . Aq+1 “e Ad
1

foof  (d—q-1)f

Ao AcAgs  SLA
1
1

PR R R

(Q+2)x(g+2)

1
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Clebsh Graph
Cyclotomic Schemes mu |t: 1
Uniform Cyclotomy

m+1
GF(212) mult.= f d= d 1.

Symmetric Designs . . q - 1

PGM.q) . > I:)O : PG(m’ q)
Spreads in PG(3)) mult.= f 1 dxd

Cyclotomic SRG

Association Schemes AO Al . Aq+1 “e Ad
1

Ag, ..., Ag1: points on aine of PG, g).
(van Dam2003)

d A

A:\LO Alf A]g+1 dZi=0+2'i" CI[L 273 273 273 3279

d-a-Df |1 17 17 17 -5
1 1 17 -15 -15 12
: 1 -15 17 -15 12
: (@+2)x(q+2) 1 -15 -15 17 12
Similar on{ po!nts }

points
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Clebsh Graph
Cyclotomic Schemes mu |t: 1
Uniform Cyclotomy

m+1
GF(212) mult.= f d= d 1.

Symmetric Designs . . q - 1

PGM.q) . > I:)O : PG(m’ q)
Spreads in PG(3)) mult.= f 1 dxd

Cyclotomic SRG

Association Schemes AO Al . Aq+1 “e Ad
1

Ag, ..., Ag1: points on aine of PG, g).
(van Dam2003)

d A
A:\LO Alf A]g+1 dZi=0+2'i" CI[L 273 273 273 3279
d-a-Df |1 17 17 17 -5
1 1 17 -15 -15 12
: 1 -15 17 -15 12
: (@+2)x(q+2) 1 -15 -15 17 12
Similar on{ Eg:ztz } Classq+2=4
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Clebsh Graph
Cyclotomic Schemes
Uniform Cyclotomy
GF(2?)

Symmetric Designs
PG(m, q)

Spreads in PG(3))
Cyclotomic SRG

Spreadsin PG(3q)

Po: (r, s)-incidence matrix of PG, q).
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Spreadsin PG(3q)

associationschemes  Pg: (I, S)-Incidence matrix of PG{ g).
Clebsh Graph

cydotomicschemes POINtS Of PG, () = L1 U Lo U --- U Lgz,q: Spread

Uniform Cyclotomy

GF(2?)
Symmetric Designs A0: I,ZA',ZA', o Z A|
PG(m, q)

Spreads in PG(3)) l€Lg lelo IELq2+1
Cyclotomic SRG

form an association scheme.
Example.Cyclotomic scheme on G2, e = 45
points of PG(32) « {0,5,10} + 31 (i=0,...,14)
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Spreads in PG(3))
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Spreadsin PG(3q)

Po: (r, s)-incidence matrix of PG, q).
points of PG(,q) = LU L, U--- U Lg,;: spread

Po=1, ) ALY A YA

el ey iequJrl

form an association scheme.
Example.Cyclotomic scheme on G2, e = 45
points of PG(32) « {0,5,10} + 31 (i=0,...,14)
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Association Schemes
Clebsh Graph
Cyclotomic Schemes
Uniform Cyclotomy
GF(21?)

Symmetric Designs
PG(m,q)

Spreads in PG(3))
Cyclotomic SRG

Spreadsin PG(3q)

Po: (r, S)-incidence matrix of PG{ g).
points of PG(,q) = LU L, U--- U Lg,;: spread

Po=1, ) ALY A YA

el ey iequJrl

form an association scheme.
Example.Cyclotomic scheme on G2, e = 45
points of PG(32) « {0,5,10} + 31 (i=0,...,14)
A spread

{0,5,10,...},{1,6,11,... },{2 7/,...},{3,8,...},{4,9,...}.

leads to the class 5cyclotomic scheme

another spreadalthough spreads are equivalent under
GL(4, 2)) the resulting SRG (hence amorphous scheme) is ne
Isomorphic to the aboveyclotomicexample.
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Assumel’g: SRG. Then, fog < 107, either
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Association Schemes
Clebsh Graph
Cyclotomic Schemes
Uniform Cyclotomy
GF(2!?)

Symmetric Designs
PG(m, q)

Spreads in PG(3))
Cyclotomic SRG

GF@)* = (@) D (a®), €elq - 1.

Cyclotomic SRG

Io = Cay(GFQ), (a%)),
Assumel’g: SRG. Then, fog < 107, either

5(q=p®™, ep™ +1,mm, Py € (1, ), or

field design eigenvalues
GF(3®) | (115,2) 22, 4, -5
GF(3?) | (35,17,8) 15184 118 -125
GF(®) | (19,9,4) | 1953125 296 —329
GF(?) | (37,9,2) | 1090638 584 -1817
GF(17) | (43,21,10) | 453190 650 -681
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Cyclotomic SRG

Association Schemes GF(q)X = <C¥> D) <C¥e>, elq — 1

Clebsh Graph

Cyclotomic Schemes 1—‘{O} — CaY(G FQ)a <ae>);
uniiern Gyclotemy - Assumel’;: SRG. Then, foig < 107, either

GF(2'?)
Symmetric Designs
m, . N2 m
o e 5(g=p™, ep™ + 1, mm, Po <1, J)), or
Cyclotomic SRG - - -
field design eigenvalues
GF(®) | (115,2) 22 4, -5

GF(3?) | (3517,8) | 15184 118 -125
GF(5) | (19,9,4) | 1953125 296 —329
GF(?) | (37,9,2) | 1090638 584 —1817
GF(1T) | (43,2110)| 453190 650 —681

GF(3): Berlekamp—van Lint-Seidel (1973), Delsarte (1973),
van Lint—Schrijver (1981)Coset graph of the ternary Golay
code
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