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Resolvability of a BIB Design of Takeuchi (1962)
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Abstract

A (3,3, 9)-resolvable solution of a BIB design with parameters: v = 21,0 = 35,r =
15,k = 9,A = 6, and listed as T47 in the Table of |Takeuchi (1962)), is obtained. The
resolvable solution is obtained by decomposing the incidence matrix into incidence matrices
of smaller BIB designs.
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1. The solution

Let the incidence matrix N of a balanced incomplete block (BIB) design may be

decomposed into submatrices as N = [IN|Ny| ... |N;] such that each row sum of N; (1 <
i <t)is a;. Then the design is (aq, ag, ..., ap)-resolvable [see |Kageyama/ (1976)]. If oy =
ag = -+ = a4 = « then the design is a-resolvable.

The following solution of a BIB design with parameters: v = 21,0 = 35,r = 15,k =
9, A\ = 6 using the method of differences may be found in Takeuchi| (1962):
[00, Lo, 20, 40, 01, 11, 21, 41, 25]; [Oo, 60, 5o, 30, 62, 42, 32, 29, 01]; [01, 61, 51, 31, 62, 42, 32, 22, O];
[007 207 607 117 317 417 127 227 42]7 [107 307 407 017 217 617 127 227 42] mod 7.

The incidence matrix N of the design may be decomposed into block submatrices as
follows:

N = (Nl‘NQ‘N;g):

B+B3+p | L+ 52+ | L+ 8+ 82+6 L+B82+8°+4° I,
L +22+6% 8+82+ 6 | I+ 5+ 52+ B I I, + 3 + 8% + °
BB +pY | B+5°+ 5 Ch BB+ 5+ 4B+

where I is the identity matrix of order 7 and § = circ(0 1 0...0) is a permutation circulant
matrix of order 7 such that 37 = I;. Since each row sum of the block matrices N, Ny and
Nj are 3, 3 and 9 respectively, the BIB design is (3, 3,9)-resolvable. The resolvable solution
is given below in Table

Further repeating above solution of the BIB design three times, we obtain a 9-
resolvable solution of BIB design with parameters: v = 21,06 = 105, r = 45,k = 9, A\ = 18.

Corresponding Author: Shyam Saurabh
Email: shyamsaurabh785@gmail.com


http://www.ssca.org.in/journal.html

362 SHYAM SAURABH [Vol. 22, No. 2

This solution may be considered new as this is not reported in the tables of Kageyama
(1973), [Kageyama and Mohan (1983)) and [Subramani (1990)).

Table 1: (3,3,9)-resolvable solution of the BIB design T47

Replication I Replication II
(4,5,7,8,9,13, 18,20, 21) | (1, 2, 6, 11, 12, 14, 18, 20, 21)

(1,5, 6,9, 10, 14, 15, 19, 21) | (2, 3,7, 8, 12, 13, 15, 19, 21)

(2,6,7,8,10,11, 15, 16, 20) | (1, 3,4, 9, 13, 14, 15, 16, 20)

(1,3,7,9,11, 12, 16, 17, 21) | (2, 4, 5, 8, 10, 14, 16, 17, 21)

(1,2, 4,10, 12, 13, 15, 17, 18) | (3,5, 6, 8, 9, 11, 15, 17, 18)
4

1
(2, 3,5, 11, 13, 14, 16, 18, 19) | (4, 6, 7, 9, 10, 12, 16, 18, 19)
(3,4, 6,8, 12, 14, 17, 19, 20) | (1, 5, 7, 10, 11, 13, 17, 19, 20)

Replication III

(1,4,6,7,8, 11, 13, 14, 20) (1, 8,9, 10, 12, 16, 18, 19, 20) (1,2,3,5
2,5,7,8,9, 12, 14, 21) (2,9, 10, 11, 13, 17, 19, 20, 21) | (2, 3, 4, 6, 9, 17, 19, 20, 21)
2,3,6,8,9,10, 13, 15) | (3, 10, 11, 12, 14, 15, 18, 20, 21) | (3 10, 15, 18, 20, 21
(2,3,4,7,9,10, 11, 14, 16) | (4, 8, 11, 12, 13, 15, 16, 19, 21) | (1
(1, 3,4, 5,8, 10, 11, 12, 17) | (5,9, 12, 13, 14, 15, 16, 17, 20) | (2
(2,4,5,6 (1

5,6, 7 (1

4,5,7, )
4,5, 6, 11, 15, 16, 19, 21)
5,6,7,12, 15, 16, 17, 20)

,4,5,6,9, 11,12, 13, 18) | (6, 8, 10, 13, 14, 16, 17, 18, 21) 3,6, 7 )

(3,5,6,7, 10, 12, 13, 14, 19) | (7,8, 9, 11, 14, 15, 17, 18, 19) 2,4, 7 19)

, 13, 16, 17, 18, 21
, 14, 15, 17, 18,
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