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Abstract

This paper provides two new series for the construction for General Efficiency Balanced Incomplete Block
Design using the combinatorial arrangement of Efficiency Balanced Incomplete Block Designs.
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1. INTRODUCTION

The arrangement of ‘v’ treatments in ‘b’ blocks of sizes k;, k,, ..., k, (when none of the block contains all
treatments) and the treatments are appearing exactly inr; 1, ..., Iy blocks such that n; pairs of treatments occur
in A; blocks, ny pairs occur in A, blocks and so on then the resulting design is said to be a General Incomplete
Block Design. The C matrix for an incomplete block design is in the form C = R-NK'N’ where N is the
incidence matrix of the incomplete block design and N’ is its transpose, R = diag(r), 1o, ... ry) and K= diag(k;, ks

, ... ky).

Definition 1.1: An incomplete block design is said to be ‘Balanced’ if all the non-zero characteristic roots of C
. r AV A

matrix are equal. When r; =r and k; = k, then C =11, kK '[(--V), + M,,] = C= ? 1- E J=0[1, -

v'!'Jvv] where 8 = Av/k is the characteristic root of C matrix.

Definition 1.2: An incomplete block design is said to be ‘Efficiency Balanced’ if all the v-1 treatment contrasts
are estimated with the same efficiency U where u= v/k or 1- (Av/rk) is non zero Eigen value of M = ul + (1-W)
Jr’ depends on whether the design is orthogonal or non orthogonal.

Definition 1.3: An incomplete block design is said to be “Variance Balanced’ if all the elementary contrasts are
estimated with the same precision, i.e the estimation of all treatment contrasts have the same variance.

Several authors provided methods for the construction of Balanced Incomplete Block Designs with nested rows
and columns. Some of them are Ehrenfeld [6], Agrawal and Prasad [1,2], Das and Ghosh [4], Cheng [3], David
and Uddin[5], Sreenath [11,12,13], Uddin and Morgan [17,18,19], Uddin [14,15,16], Prasad, Gupta and Voss
[8], Prasad [9]. Hishida and Jimbo [7], etc.
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Singh and Dey [10] first introduced a balanced incomplete block design with nested rows and columns and they
have given several methods of construction and examples. Agrawal and Prasad [1,2] provided methods for the
construction of Balanced Incomplete Block Design with nested rows and columns using the concepts of method
of differences. Further, Uddin and Morgan [17, 18, 19] and Sreenath [11,12] also worked on Balanced
Incomplete Block Design with nested row and column design. Uddin [14] provided four new infinite series of
designs, in which each of the row, column and block component designs is a Balanced Incomplete Block
Design, while Udddin [15] presented a recursive method for the construction of Balanced Incomplete Block
Designs with nested rows and columns. Uddin and Morgan [19] constructed two infinite series, which are
universally optimum for the analysis with recovery of row and column information, using the known series.
Prasad, Gupta and Voss [8] presented a paper on optimal nested row and column design. One of these series
achieves orthogonality with just v-1 replicates of v treatments, fewer than required by the latin square. Hishida
and Jimbo [7] presented a paper in which the given constructions generate Balanced Incomplete Block Design
Row-Columns having the same parameters as several series due to Uddin and Morgan [17] as their special
cases. Uddin and Morgan [17, 18, 19] developed a method of construction of class of universally optimal
structurally incomplete row column design.

This paper provides two new series for the construction of Variance Balanced Incomplete Block Design using
the combinatorial arrangement of Efficiency Balanced Incomplete Block Designs.

2. COMBINATORIAL CONSTRUCTION OF NEW SERIES OF GEBIBD’S

Method 2.1: Let N be the incidence matrix of an Efficiency Balanced Incomplete Block Designs with
parameters v, b, r, k. Arrange the incidence matrix N in the form

N’ = NN 2.1)
| '

The resulting design is the incidence matrix of a variance balanced design with parameters v'=v+1, b'=2b, r' =
(2b, 2r), ki'= (2b, k+1), where r = (2b, 2r) stands for ‘v’ treatments each replicated ‘2r’ times and the remaining
one treatment replicated ‘2b’ times.

The method is illustrated in the example 2.1.

Example 2.1: Let us consider N be the incidence matrix of an Efficiency Balanced Incomplete Block Design
with parameters v = 6, b= 11, r=4 or 5, k= 2, 4. The resulting design is the incidence matrix of a variance
balanced design with parameters v'=7, b'=22,r'=8 or 22, k'=3 or 5.

Table 2.1: Construction of Variance Balanced Design

N VBIBD

prirooooood | ) 000 0

11001100000

11000011000 11 000O0O11O0O0O0O(1 1T00O0OO0OT1T1OQO0O0

11000000110 1100 0O0O0OO0OT1T1TGOf(L1000O0O0O0T11

00101010101 0010101O01O01(0010101O010O0
0001010101100 010101°0°1

00010101011 _11111111111 1111111111

Method 2.2: The combinatorial construction of Variance Balanced Incomplete Block Design using Efficiency
Balanced Incomplete Block Design is presented below.

Let N, and N, be the incidence matrices of two Efficiency Balanced Incomplete Block Designs with parameters
v, by, 11, ki, and v, by, 15, ky . Arrange the incidence matrices N; and N, in the form

’ Nl N2
N = J ; (2.2)
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The resulting design is the incidence matrix of a variance balanced design with parameters v'=v+1, b'=b; + b,
I'l' = b1+ bz, I'i' =TI+ 1y, i= 1, 2, V+1, kj': (k1+1) fOI'j = 1, 2, ey bl’ kj' = (k2+1) J = b1+1, ey b1+b2.
The method is illustrated in the example 2.2.

Example 2.2: Let N, be the incidence matrix of an Efficiency Balanced Incomplete Block Design with
parameters v = 6, by = 11, r; =4 or 5, k; = 2, 4 and N, be the incidence matrix of an Efficiency Balanced
Incomplete Block Design with parameters v = 6, by = 21, r, = 15, or 30, k, = 5. The resulting design is the
incidence matrix of a variance balanced design with parameters v'=7, b'=32,k'=3, 5 or 6, r'= 19, 32 or 35.

Efficiency Balanced Designs Incidence Matrices Variance Balanced Design
1 1 1 1 0 0 0 0 0 0 O
1 1.0 0 1 1 O O O O O , |:N1 Nz}
1 1.0 0 0 0 1 1 0 0 0 N'=
N, = J
1 1.0 0 0 0 0O O 1 1 O
o 0 1 0 1 O 1 O 1 0 1
o 0 0 1 0 1 0 I 0 1 1]
[11111011110111111000 0]
111101111011110001110
111011110111001101101
1\5_110111101110101011011
101111011110010110111
011111111112222222222]

Note: A variance balanced design with unequal replications is not an efficiency balanced design but a Balanced
Incomplete Block Design with unequal replications becomes a variance balanced design.
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