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SUMMARY
A technique of constructing group divisible incomplete block designs from
known designs is described. This method when applied to a special class of
- designs leads to the solution of one new design and new solutions of some
other designs. All solutions have a cyclic structure.
i ;
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Introduction

A group divisible design is an arrangement of v = mn treatments inb
blocks such that : '

(i) each treatment is replicated 7 times;
(ii) each block contains & distinct treatments, k& <@ v; A
(iii) the treatments can be divided into m groups of n treatmients each,
. any two treatments being fifst associates if they bélongto the same
. group and second associates if they belong to different groups;
(iv) two treatments which are mufually ith associates occur together
in A blocks, i = 1; 2.

Group divisible designs have been extensively tabulated by Clatwerthy

- [1]. Several other new designs have been reported recently by Freeman
[3], John and Turner [4] and Dey [2]. ' ‘

In this paper, a method of construction of group divisible designs using

a known design is described. This miethod when applied to a special class

of designs leads to the solution of a design hitherto unknown. New solu-




164 JOURNAL OF THE INDIAN SOCIETY OF AGRICULTURAL STATISTICS

tions of some other designs are also obtained. All the solutions reported
have a cyclic structure.

2. The Method

Let there exist a group divisible design D, with parameters v/ = m'n’,
b, kK, A =0,2, m', n = st (s> 2,t> 2). The association scheme
for this design can be written as below: ' '

A1y + o « s Aipgty oo o Aryas o o« A1y(t1)8 o o « Q1yls

am...az,ag,a—}—1...ag,zs...ag,(g_m...az,u

't o o o A Quy’s g41 + « - Qmgag o o« Am’s (2—1)8 « « » Am’ste, . (2-1)
where ay; (i=1,..., m'j =1, ..., st) denote the treatments, two

treatments being first associates if they belong to the same row of the
array (2.1) and second associates otherwise. Replace each of the treat-

ments, diy, ..., & by a new treatment A,,, each of the treatments
Qisstys - - » 5 Qiszs DY Aig, €tCo, and finally the treatments ait—1)s, - - - 5 Gists
by 4i fori = 1,..., m'. The new array is thus :

All Alg e Alt :
Ay Ags ... Au 2.2)
Am’l Am'g eo o Am

If the same replacement of old treatments ai; by new treatments A is
done in the design D;, we get a group d1v1s1ble design, say Dg, with
parameters

V¢ = y[s = m't,b* = b, r¥ = sr'’, k¥ = I,
A;: = 0 Az = SAz, # o= m n¥ =t . (23)

The association scheme of D, is provided by the array (2.2) with two
treatments being first associates if they belong'to the same row of (2.2)
and second associates otherwise.

The procedure described above is equivalent to merging the s treat-
ments belonging to each of the ¢ disjoint sets within the groups. Similar
merging can be done when the disjoint sets are of unequal sizes which
leads to designs with unequal replications. For details on such des1gns
the reader is referred to Puri and Nigam [5, 6].
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The design D, in general has foo many replications ‘and designs
obtained through this procedure in general may not lead to any useful
design. However, if D, is taken to be of a special type, new designs can
be obtained through this procedure. These are described in the following
section. ‘ ‘

3. New Desigas

Suppbse D, has by o= pv' blocks (p 2 1) and a solution of D; is obtain-
able by developing p initial blocks. The design D. in such a case has s
repetitions of a group divisible design D;. The parameters of Dy are

y=V[sb="0bs,F=r k=K, N= 0; Ay =8\, m=m',n=1

3.1

Further, D; also has a cyclic structure. Useful designs obtained thus
are given in Table 1. -

TABLE 1—PARAMETERS OF THE DESIGNS

. Number .A v r -k b m n M Ay Number of
N - Dl
R 55 § 6 3 16 4 _ 2 0. 2 RS
R136 g 10 516 4. 2 4 6. R 86
Ri%a 24 7 7 24 8 3 0o 2  RIB
R1% 20 9 9 20 1o 2 0 4  R202

, Rzoo;z 40 9 9 -4 10 4 0 2 R 202

The design numbers refer to the table of Clatworthy [1].
Initial blocks for each of the designs Table 1 are given in Table 2.

TABLE 2—INITIAL BLOCKS FOR DESIGNS >IN TABLE 1

Number . Initial Blocks

R 55 (1,2, 3), (1, 3, 6) mod 8

R136 (1,5,6,7,8), (1,3, 5, 6,8) mod 8
R 180a (1,2, 5,7, 11, 12, 14) thod 24
R197a . (1,2,3,4,6,10; 15, 17, 18) mod 20

R 200a ‘1, 3, 4, 6, 10, 17, 18, 22, 35) mod 40
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Solutions for des1gns R 55 and 136 have been reported by Clatworthy
[1]. However his solutions are obtained by duplicating the solutions for ‘
designs R 54 and R 134 respectively, The solutions for these designs given
here are without repeated blocks and are non-lsomorphlc to the’ ones
given by Clatworthy [1].

- Design 180a has been reported by Freeman [3] who also gives a cychc
solution for this design.

Design 197a has been reported by Dey [2]. However, his solution is
without a cyclic structure while the design reported here does have a
cychc structure,

Design 200a is new as its solution does not appear elsewhere. The
average eﬁimency factor for this design works out to 0.91.

. It would be noticed that both the designs R 55 and R 136 can be
obtained by using the de51gn R 86 as D,. However, the deSIgn R 136 is
also complementary to R 55. Again, both R 197aand R 200q are obtajned
usmg the design R 202, The initial block for the desi ign R 197a can “also

~ be obtained by reducing mod 20 the elements of the initial block of the
design R 200a. '

Another design of interest is the design R 57 with parameters v = 8§,
r-—9 k=3,b=24A=0X=3m=4n=2, a solution of which
has been reported by Clatworthy [1] by repeating the de51gn R 54 three

" times. A cyclic solution with distinct blocks for R 57 can be obtained by\
developing each of the three initial blocks: .

(19 2, 3)5 (19 2, 4), (1, 3,6) mod 8.
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