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Abstract. Affine (u),... ,ue)-resolvable (r, \)-designs are introduced. Construc-
tions of such designs are presented.

1. Introduction.

An (r, \)-design is a binary block design with parameters v, b, 7, k; (j = 1,... ,b)
such that every pair of treatments occurs exactly in A blocks. In particular, when
k1 = ... = ky, the (r, ))-design is a balanced incomplete block (BIB) design.

A block design with parameters v, b, 7, k; (j=1,... ,b) issaidtobe (p1,... , pt)-
resolvable if the blocks can be separated into t(> 2) sets of my,... ,m¢ (> 1)
blocks such that the set consisting of m; blocks contains every treatment y; (> 1)
times (i = 1,...,t). Here r = Y&, pi- When py = ... = u, (= p, say),
the design is called y-resolvable. In particular, when y = 1, it is called simply
resolvable. !

In order to introduce the affine (u1,... , p¢)-resolvability, attention will be re-
stricted to only those (u;, . .. , 4¢) -resolvable block designs which have a constant
block size with each set. The constant block size within the Zth set may be denoted
by kj for £ = 1,... ,t. For other cases it is hard to introduce such property (see
Mukerjee and Kageyama [2]).

A (p1,... ,pse)-Tesolvable block design with a constant block size in each set
is said to be affine (y,, ... , y¢)-resolvable if:

(i) forg=1,...,t, every two distinct blocks from the Zth set intersect in the
same number, say gy, Of treatments;

(ii) fore+# ¢ =1,...,t,every block from the 2th set intersects every block of
the #th set in the same number, say gge, of treatments.

It is evident that for affine (4., ... , ut)-resolvable block designs
qee(me — 1) = kj(pe— 1), geeme = kjpe (LF€=1,...,1).
In this paper, we consider some constructions of affine (4, ... , ;) -resolvable
(7, A)-designs.

The definitions of BIB designs and group divisible designs can be found in
Raghavarao [3]. ‘
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2. Construction.

Four methods of construction of affine (1, ... , s¢)-resolvable (r, \) -designs are
provided by using some BIB designs and group divisible designs. The proofs are
straightforward. The following notations are used: 1, is an s-dimensional column
vector with all elements unity, I, is the identity matrix of order v, and ® denotes
the Kronecker product of matrices.

Method I (trivial): Let N be the v* x b* incidence matrix of an affine resolv-
able BIB design with parameters v*, b*, r*, k*, A*. Then for an integer p > 1
[ N:1,1%] is an affine resolvable (r* + p, \* + p)-design with gge = k** /v*, k*,
or v*,

Method II. Let N be the v* x b* incidence matrix of an affine resolvable semi-
regular group divisible design with parameters v* = mn, b* = v*+ r* - m, r*, k*,
A1, Az = A1 + 1. Then [ N: I, ® 1,] produces an affine resolvable (* + 1, ;)
design with gz = 0, gee = k¥ Jv*or k*/m.

Note that when k* = n, the design constructed by Method II is an affine resolv-
able BIB design and then it can be further utilized for an application of Method
I

Method ITI. Let N be the v* x b* incidence matrix of an affine resolvable BIB
design with parameters v* = 82, b* = s(s+ 1), r* = s+ 1, k* = s, \* = 1. Then
[N': I,.1 ®1,] gives an affine (s, 1)-resolvable (s + 1, 1)-design with ¢;; = 1,
g2 =1,¢22 =0.

Note that there always exists the above design if s is a prime or a prime power.
Method IV. Let N be the v x v incidence matrix of a symmetric BIB design with
parameters v = b, r = k, and ). Without loss of generality, we can put

— l'r o'b—r
N= N Ny |
Then [1,_;1’, — Ny: N, ] gives an affine (r — )\)-resolvable (2(r — ), r — \)-
designwithq" = v—2k+}\,q12 = k—)«,qzz = A

3. Some remarks.

We shall present some characterization of (7, \) -designs with two different block
sizes ki, ka. Let N be the v x b incidence matrix of an (7, \)-design, and N;
is a sub-incidence matrix corresponding to blocks of size k; for i = 1,2. In this
case, referring the definition of variance-balanced block designs to Mukerjee and
Kageyama [2], we can obtain the following.

Proposition. An (r,)\)-design is variance-balanced if and only if off-diagonal
elements of Ny N (or N2 N} ) are constant.
This observation can be used to construct affine resolvable (r, \) -designs through
affine resolvable variance-balanced designs discussed in Mukerjee and Kageyama
[2], and Kageyama [1].
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