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1. Introduction

An adjacency algebra of an association scheme over a field of characteristic zero is
called the Bose-Mesner algebra. The Bose-Mesner algebra is always semisimple. Many
researchers have studied this case and there are many results [2,3]. An adjacency alge-
bra of an association scheme over a field of positive characteristic is called a modular
adjacency algebra. Hanaki and Yoshikawa determined the structure of the modular ad-
jacency algebras and the modular standard modules of association schemes of class 2 [9].
Using modular standard modules, they provided more detailed classification than using

E-mail address: shimabukuro@nagasaki-u.ac.jp.

http://dx.doi.org/10.1016/j.1aa.2015.10.012
0024-3795/© 2015 Published by Elsevier Inc.


http://dx.doi.org/10.1016/j.laa.2015.10.012
http://www.ScienceDirect.com/
http://www.elsevier.com/locate/laa
mailto:shimabukuro@nagasaki-u.ac.jp
http://dx.doi.org/10.1016/j.laa.2015.10.012
http://crossmark.crossref.org/dialog/?doi=10.1016/j.laa.2015.10.012&domain=pdf

O. Shimabukuro / Linear Algebra and its Applications 489 (2016) 238-252 239

parameters of strongly regular graphs. This indicates that structures of the modular
standard modules of association schemes provide more detailed characterization than
parameters of association schemes. In order to determine the structure of the modular
standard modules, we first need to obtain the structure of the modular adjacency alge-
bras. However, the structures of adjacency algebras over fields of positive characteristic
have not been sufficiently studied [8,9,11-13,17].

In this paper, we consider the structure of modular adjacency algebras of all types
of dual polar schemes and determine the structure of the modular adjacency algebras
of these schemes when their algebras are local algebras. The locality of algebras is
characterized by their parameters in Section 4. One of our main theorems is the fol-
lowing.

Theorem 1. Let F' be a field of odd characteristic p, v be an odd prime power which is
not divided by p and Ay be a dual polar scheme on [2Aaq(r)]. If FU4 is a local algebra,
then

Fy 2 P/W,,

where P is a quotient of a polynomial ring F[X1, Xa,...]/(XV, X2 ...) and Wy is an
ideal generated by monomials of P such that their weights are greater than d.

These structures of modular adjacency algebras of dual polar schemes on [2Ag4(7)]
decide other structures.

Theorem 2. Let I be a field of odd characteristic p, q be an odd prime power which is
not divided by p and €411 be a dual polar scheme on [Cog41(q)]. If F€oq 41 is a local
algebra, then

F&yy 11 2 P/Wy @ P/W;.

For dual polar schemes on the rest of types, we determined the structures of their
modular adjacency algebras using isomorphisms or epimorphisms.

The modular adjacency algebra of Hamming scheme H (n, p) over a field of characteris-
tic p is also a local algebra [17], because the modular adjacency algebra of an association
scheme with a prime power order is a local algebra over a field of characteristic the
prime [8]. However the orders of our dual polar graphs are not prime powers. Therefore
our situation is different from the modular adjacency algebra of Hamming scheme.

2. Preliminaries

Let X be a finite set with cardinality n. We define Ry, ..., R4 as symmetric binary
relation on X. The i-th adjacency matrix A; is defined to be the matrix indexed by X
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