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We gave a new approach and a new perspective on the study of combinatorics, that
is,recognizing a combinatorial structure over finite fields and Galois rings as an image of a subset of a
local field by natural projections. We obtained an infinite family of Menon-Hadamard difference sets
over Galois rings of characteristic a power of 2 from a subset of 2-adic field by natural projections,
which has a nested structure. Furthermore we showed that there exist difference families and Hadamard
matrices over Galois rings of characteristic 4. For odd characteristics, we constructed a decoding
algorithm of BCH codes with at most 2 errors. For a characteristic a square of a prime and an extension
degree 2, we constructed difference families and Hadamard matrices.
In addition to the above results, we constructed Cayley graphs and their lifting and provided a new
insight of the classification of skew Hadamard matrices over finite fields.

Hadamard difference family



Z p t 2,r
Z/p'2 v
GR(p", 1)
1994 Sloane
2? GR(2 , r)
Gray map
22
8
4

design, graph

@
v=2" k=2"(2"-1), A =

2" 21- 1) (v, k, A)
Menon-Hadamard Ma, Davis,
Dillon
Menon-Hadamard
Kraemer, Davis

Menon-Hadamard

Dillon
GR(2%, 2) -
GR(22, 1)
GR(2%, 2)

2007 GR(2%, 1)

2'(t: ) )

GR(2Y, 1)
GR(2%, 1)
GR(2*2, r)
@
1970
Blake,Spiegel, Shankar

BCH 1994 Sloane

2010 2t

Reed-Muller code

2vt Reed-Muller code
2t Reed-Muller code
Lee
1 cos
order 1 Reed-Muller code
Lee 28

Reed-Muller code
generalized extended Hamming code BCH code
generalized
extended Hamming code Goethals-Seidel
code 4
2

(3) difference family

difference family

4
©)
p
GR(p*, 1)
, difference family,

Hadamard

p

Hadamard

pt

r



H_Kharaghani (Canada), R.Craigen(Canada),
Q. Xiang(U.S.A.), J. Seberry(Australia)

p
GR(2', 1)
GR(2Y, 1) GR(2'2, 1)
2
p log
2007
p log
2014 6

Workshop on Algebraic Designs Theory and
Hadamard Matrices 2014(Lethbridge
Canada) Workshop

Springer Proceedings in Mathematics
and Statistics

22
divisible difference family, symmetric
Hadamard matrix

BCHcode 2
Preparata code
BCH code
The 3" Taiwan-Japan
Conference on Combinatorics and its
Applications(2014 3 Chiayi
Taiwan) p?

, Skew Hadamard

Cayley graph, skew Hadamard
3class association
scheme

15
(1) Mieko Yamada, Menon-Hadamard
difference sets obtained from a local
field by natural projections,
Springer Proceedings in Mathematics
and Statistics(Algebraic Design
Theory and Hadamard Matrices),
(2015)
URL :www . springer.com/series/10533
(2) T. Feng and Koji Momihara,
Nonsymmetric primitive translation
schemes of prime power order, Journal
of Algebraic Combinatorics,
41 (2015), 1-20,
DOI1:1007/s10801-014-0523-8
(3)T. Feng, Koji Momihara, Q. Xiang,
Constructions of strongly regular
Cayley graphs and skew Hadamard
difference sets from cyclotomic
classes, Combinatorica,
(2015),
DO1:10.1007/s00493-014-2895-8
(4)T. Feng, Koji Momihara, Q. Xiang,
Cameron-Liebler line classes with
parameter x = ¢®> - 1/2, Journal of
Combinatorial Theory, Series A,
133 (2015), 307-338.
DOI: 10.1016/j-jcta.2015.02.004
(5) Koji Momihara and Mieko Yamada,
Divisible difference family from
Galois rings GR(4, n) and Hadamard
matrices, Designs, Codes and




Cryptography,
897-909
DO1:10.1007/s10623-013-9833-4
(6) Koji Momihara, Q. Xiang, Lifting
constructions of strongly regular
Cayley graphs, Finite Fields and their
Applications, 26 (2014),
86-99.
DO1:10.1016/j -ffa.2013.11.003
(7) Mieko Yamada, Difference sets over
Galois rings with odd extension degree
and characteristic an even power of 2,
Designs, Codes and Cryptography,
67(2013),37-57.
DO1:10.1007/510623-011-9584-2
(8) Koji Momihara, Skew Hadamard
difference sets from cyclotomic
strongly regular graphs, SIAM Journal
on Discrete Mathematics, 27
(2013), 1112-1122.
DO1:10.1137/120888788
(9) T. Feng and Koji Momihara, Evaluation
of the weight distribution of a class
of cyclic codes based on index 2 Gauss
sums, IEEE Transactions on Information
Theory, 59 (2013), 5980-5984
DOI: 10.1109/T1T7.2013.2259538
(10) Koji Momihara, Inequivalence of skew
Hadamard difference sets and triple
intersection numbers modulo a prime,
Electronic Journal of Combinatorics,
20-P35 (2013), 1-19
URL: www.combinatorics.org
(11) Koji Momihara, Strongly regular
Cayley graphs, skew Hadamard
difference sets, and rationality of
relative Gauss sums, European Journal
of Combinatorics, 34 (2013).
DO1:10.1016/j-ejc.2012.10.006

73 (2014),

21
@
11
2015 3 4-5

@

2014 6
19-20

(3) Mieko Yamada, Menon-Hadamard
difference sets obtained from a local
field by natural projections,

Workshop on Algebraic Design Theory
and Hadamard Matrices 2014, 2014
7 8-11 , Lethbridge(Canada)

(€)) Menon-Hadamard
difference sets obtained from a local
field by natural projections,
Workshop on Hadamard Matrices and

Combinatorial Designs, 2014 10
31 -11 1

) Cyclotomic schemes and
related problems,
2014 2014 6 15-18
(6) Three-valued Gauss periods
and related designs and association
schemes, RIMS
2014 12 16-19
(7) Koji Momihara, Inequivalence of skew
Hadamard difference sets, The 3™
Taiwan-Japan Conference on
Combinatorics and its Applications,
2014 3 21 Chiayi(Taiwan)
(8) T. Minagawa and Mieko Yamada, A
decoding algorithm of BCH codes over
Galois rings, The 3™ Taiwan-Japan
Conference on Combinatorics and its

Applications,
2014 3 21 Chiayi(Taiwan)
(©)) skew Hadamard difference set
2013 8 8

(10) Koji Momihara, Lifting constructions
of strongly regular graphs and
association schemes in F; RIMS

2013
1 8
(11) Koji Momihara, Lifting construction
of strongly regular Cayley graphs
inF,, The 2" Japan-Taiwan Conference
on Combinatorics and its
Applications, 2012 11 12

(12) Koji Momihara, Strongly regular
Cayley graphs and rationality of

relative Gauss sums, Combinatirics
2012, 2012 9 14  Perugia ltaly

http://ww._educ.kumamoto-u.ac. jp/~momih

ara ( )

o
YAMADA, Mieko

70130226

@
MOMIHARA, Koji

70613305



