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Definition 1. Let X be a finite set of order n and R0, R1, . . . , Rd ⊂ X ×X. The adjacency matrix Ai

is a (0, 1)-matrix indexed by X such that (Ai)x,y = 1 if (x, y) ∈ Ri and (Ai)x,y = 0 otherwise. Let In, Jn
be the identity matrix and all-ones matrix of order n, respectively. The pair (X, {Ri}di=0) is called an
association scheme of class d if the following hold:

(i) A0 = In.

(ii)
∑d

i=0Ai = Jn.

(iii) For any i ∈ {0, 1, . . . , d}, there exists i′ ∈ {0, 1, . . . , d} such that Ai′ = AT
i .

(iv) For any i, j, k ∈ {0, 1, . . . , d}, there exists pki,j such that AiAj =
∑

k=0d p
k
i,jAk.

An association scheme is commutative if AiAj = AjAi holds for any i, j ∈ {0, 1, . . . , d} and non-
commutative otherwise. The algebra spanned by A0, A1, . . . , Ad over C is called a adjacency algebra. Since
the adjacency algebra is semisimple, it is isomorphic to

⊕r
k=1Mdk

(C) for uniquely determined positive

integers r, d1, d2, . . . , dr, where
∑r

k=0 d
2
k = n. We may construct a set {E(i,j)

k | 1 ≤ k ≤ r, 1 ≤ i, j ≤ dk}
as a basis (see [1]). Since the adjacency algebra has {A0, A1, . . . , Ad} as a basis, there exist q

(i,j)
k (l) such

that

E
(i,j)
k =

1

n

d∑
l=0

q
(i,j)
k (l)Al.

The square matrix Q = (q
(i,j)
k (l)) is called a second eigenmatrix.

Let V be a finite set of order v and B be a set of k-subsets of V . The pair (V,B) is called a t-
(v, k, λ)design if λ = #{B ∈ B | S ⊂ B} holds for any t-subset S of V . Let F = {(p, V ) ∈ V ×B | p ∈ B}.
In particular, t-(v, k, 1)-design is called a steiner system. In [2], for steiner systems with t = 2, (F , {Ri}6i=0)
is a non-commutative association scheme of class 6.

A quotient association scheme of class 2 is constructed from the non-commutative association scheme
(F , {Ri}6i=0). The quotient association scheme is commutative, and the primitive idempotents of the
quotient association scheme correspond to central idempotents of (F , {Ri}6i=0). In my talk, we reveal the
correspondence and construct the second eigenmatrix of (F , {Ri}6i=0).
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