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INTRODUCTION

The cyclic designs were originally obtained by Nandi &
Adhikary (1970) and Adhikary (1966) in systematic manner. How-
ever, various particular cases of these designs have been previously
obtained by many authors [Roy (1955), Raghavaro (1960), Singh and
Singh (1965) etc.].

The method of differences for the construction of incomplete
block designs is by now a standard method. A complete bibliography
is available in Hall, M. Jr. (1967). Bruck (1955) extended the idea
of method of differences to that of group differences. Here we shall
consider different methods of group differences for the construction
of cyclic designs of various types. Proof of the general theorems
stated here will follow the usual lines laid down for such results on
the method of differences, and as such they will be omitted. Each
method has been explained by means of an example.

2.1 Cyclic association scheme (First type) :

2.1.1. Consider an abelian group G of order v=mmn. Let it be
possible to decompose G into direct factors : G=G,® G, where G,
consists of m, elements 1, &, ds, ...... s A . — L while the non-unit
elements of G, can be divided into two disjoint sets 4 and B of m,
and m; elements respectively, i.e., A=(ey, ey, ..., ey, ) and B=(f}, fo
«vs fimg ). Further, let the elements of 4 be such that all the inverse
elements are also in 4 and that among the m, (m,—1) non-unit ratios
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arising out of them, the elements of A are repeated « times and
those of B times each. Obviously, n=m,+m;+1, myx-tmg=my
(m—1). . B ' v :

e

With each element of G let us associate one treatment.

Let the first associates of any treatment 0 be 0 (G,—1), its
second associates be 8 G,® 4 and its third associates 0 G, B.

The parameters of the association scheme are
v=my.n, ny=my—1, iy=m, my, ny=myin;.

[m;—2 0 0
plj'k= 0 m1m2 0
0 0 mymy

B 0 ml_l 0
U oPa= il oma my (my—a—1).
0 my (mg—e—1)  m (mg—my+ou+1)

0 0 m;—1
D= 0 myf my (my—P)
Lmy—1 my (my—B) my (mg—my+B—1

Theorem 2.1.1. Let it be possible to find a set of ¢ blocks B,, B,,
.. , Bt satisfying the following conditions : '

(i) Every block contains k treatments (the treatments con-
tained in the same block being different from one another).

(ity Among the tk (k—1) ratios arising out of these #-blocks,
the non-unit elements of G, appear A,-times the elements
of G;®A4 appear A, times and the elements of G,;® B
appear A; times.

Then on developing these blocks (i.e. multiplying successively
by the elements of the group) we get the solution of the design whose
parameters of the second kind are :

v=mn, b=vt, r=kt, k, 7,, Ay, Ag.




THE CONSTRUCTION OF THREE ASSOCIATE CYCLE-DESIGNS 3

Example 1. Consider the group G formed by the elements a, ¢
and their different powers when

al=cr=1,
LetGi: 1, ¢ 4 a’, a%, a% a’, a8, g1
B:a, a d, a® a'° a'?
So, a=2, f=3.
Hence the parameters of the association scheme are
v=26, n,=1, n,=ng=12.

0 0 0 01 0 00 I

Pa=|0 12 0f;pa=|1 4 6]; PPi=|0 6 6
0 0 12 0 6 6 1 6 4

Consider the initial blocks (1, @% a%), (1, a%, a'c) ani (1, 4®, a%). Oa
developing these initial blocks we get the solution of the design

v=26, b=18, r=9, k=3, A\;=6, A,=1, A,=0)
2.1.2. Consider the multiplicative abelian group

G=[a] of order m,+ms+1.
Let us divide the non-unit elements of G into two disjoint sets 4 and
B with m, and m; elements respectively so that 4==4-! and among

the ratios arising out of the elements of 4, the elements of A4 appear
« times and the elements of B appear § times.

To any element @’ let there correspond m, treatments,
(ai)ls (ai)Z’ soes (ai)ml,
Let us consider the first associate of

(ai).’l as (ai)l’ (a‘)ﬁs"w (ai)i—b (ai)i+l---s (a‘)ml ’

second associate of

(a)); as (a'. 4);,
where
¢ € A and the rest are third associates.

The parameters of the association scheme are
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n1=m1_ 1, Ry=mimy, "3==m1m3

m—2 0 0

Pljk = 0 My ] 0

_ 0 0 mymy

0 m—1 0 7
Pa=|m—1 m o my(my—o—1)

L O my(my—a—-1) my(ms—my~+o+-1) |
[ 0 0 Comy—1

PPin= 0 mp | m,(m,—) :
my—1  my(my—p) my(ms—my-+3—1) |

.m
N

Theorem 2.1.2.. Let 1t be p0551b1e to select a set of #-blocks
- By, By, ..., By such that

() Every block contains exastly k treatments (the treatments
contained in the same block being different from one
another).

(i) Among the kt treatments occurring in the ¢-blocks exactly

r treatments should belong to each of m,; distinct classes.

Obviously, m, r=*kt.

(Two treatments having the seme lower suffix j may be said to
belong to the j-th class].

(iif) Among the kt (k-1) ratios arising out of these z-blocks,
the ratios of thetype /;, ; will appear A; times for/ ¢ G
and i, j=1, 2, ..., my i%J ; the ratios of the type a;; where
acd, will appear A, times, for i, j=1, 2, ..., m, and the

ratios of the type by;, when b € B, will appear A, times for -

i,j=1,2, ..., m,.
So k (k— Dt=m,(my—1) A +mPmery+my2mah,
Then on developing these set of r-blocks (i.e. multiplying by elements
of G) we get the solution of the design.
v=m, (my+my+1)=myn, b=nt, r, k,

A, Agy Ay, my=my—1, my=mym,, na=mlm3,

1. By ratio of the type a;; we mean the ratio of two elements x; and y;

when x/y=a.
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my —2 0 0
Pli= 0 mymy 0
3

0 0 mm
0 m—1 o :
Plu=| m—1 ma mg(m,—o—1)
0 my(my—o—1)  my(mg—myta+1)
0 O ml_‘l ’ :
= 0 myf my(my—B)
m—1 my(m,—B) my(my—my+p—1)

Example. Consider the group G formed by a®=1.

. 3 5. .« g2 4.
Let A:a ad a® B ad at

So, 2=0, B=3.

With each element of G let us associate iwo treatments. Consi-
der the first associate of 6, as ;, when j#i, second associates of 9;
as (6, #); where ¢ € 4 and j=1,2 and the third associates of 6; as
(8.0); when ¢ € B and- j=1,2. So, the parameters of the associa-
tion scheme are
y=12, =1, ny=6, ny=4.

0 00 01 0 0 01
0 0 4 0 4 0] 102

Consider the set of six initial blocks (15, @, 1o), (13, @®;, 1) (15, @%,
1), (11, 1a, @), (13, 15, 6%,), (13, 12, @%).  On developing these blocks
we get the solution of the design v=12, =36, r=9, k=3, =6,
A,=2, A;=0. C

2.1.3. - Consider a group G=[a, c] where aMetimetleacn_1  With
each element of G, let us associate a set of ¢ elements. Let Gy=1,
€,C %.nry €1 Gy=1, @, @*..., @2 T8, S0, G=G,® G,. Let further, the
non-unit elements of G, be divided into two disjoint sets A and B of
m, and m, elements respectively such that 4=A4-", and among the
ratios arising out of 4, the elements of 4 appear « times and elements
of B appear § times. -




. 6 JOURNAL OF THE INDIAN SOCIETY OF AGRICULTURAL STATISTICS
Consider the first associates of any treatment 0; as [§ ® (G;— 1)1,
[0®G\] & k=1,2, ..., j—1, j+1, . t..., second associates of § as

(0PAQRGx, k=1, 2, ..., t; therest are third associates. .

So, this will give us the three associate cyclic¢ association scheme
. whose association parameters are v=m,(m,-+my+1), my=m;—1,
ny=myMmy, ng="m,m, where m,=tn

ml‘_‘2 O 0 -
Pa={ O mymy, 0
0 0 m1m3
B 0 ml_‘]. 0
Pa=|m—1 mo my(my—o—1)

0 my(my—a—1)  my(mg—my+a-t1)

- 0 0 mt—1 "I
PPi= 0 myB. my(ny— .
my—1  my(my— )] ml(ma—mz‘*“ﬁ— l)_l

Theorem 2.1.3. Let it be possible to select a set of ¢ blocks By, B, ...,
B, such that :

(i) Each block contains k distinct treatments.

(i) Among the k¢ treatments occurring in the #=blocks exactly
r treatments should belong to each of m;, distinct classes.

(iii) Among the ratios of the type (i, i), i=1, 2, ..., my/n the
non-unit elements of G, appear A, times, and among the
ratios of the type [l j] the elements of G, appear A, times,

the ratios of the type [z jli, j=1, 2 ., iy/n the elements
while among of G1®A appear A, tlmes and G1®B appear
23 times.

Then on develping the blocks (i.e., multiplying successwely by
the elements of G) we get the solutlon of the design

V=m1(m2+m3+l), b (m2+m3+ l)nt r= k n t/ml: k ;‘1’ 7\29 ?‘ .
Example. Consider the group G formed by aand ¢ together w1th
their different powers and product of their powers when a*=c*=1.
With each elemeént u of G let us associate two treatments u; and u,. y

Let61 1,c A:a,a® and B; &

So, =0, B=2.
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Consider the two initial blocks [1;, ¢;, 15, ¢y, (@®),] and [14, ¢y, 1a, ¢,
(@%).]. ~ The ratios arising out of these blocks satisfy the condition of
theorem 2.1.3 with A;=4, 3,=0, A,==2. Hence on developing these
blocks (i.e. multiplying successively by the elements of the group G)
we get the solution of the design

v=b=16, r=k=5, n,=3, n,=8, ny=4, \=4, \,=0, A,;=2.

2 0 0] 030 00 3
Pla= 10 8 0|p’=|3 0 4|p°4=|0 8 0
0 0 4] 0 4 0 3.0 0

2.2.. Cyclic association scheme (second type) :

2.2.1.  Consider the abelian group G; the factor groups Gy, G, and

the sets 4 and B of section 2.1. Let the first associates of any.treat-

ment 0 be 04, its second associates be 8B and its third associates

0G,®(G;—1). With each element of G let us associate a treatment.
N

The parameters of the association scheme are

V=myn, m=my, Ny=Mg, Ny=(m;—1) (my+my+1)

[~ @ my—o—1 ' 0. N
D= | my—a—1 mg—my+o+1 0

- B my—B 0 '1
PPir= m;— mg—my+B—1 0

L 0 0 - (m—Dn |

r 0 0 my
p3ik= 0 0 T Mg

L m my (m—2n |}

Theorem 2.2.1. Let it be possible to select a set of #-blocks
By, B, . .., B; satisfying the following conditions :
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(i) Every block contains k treatments. The treatments
contained in the same block are all distinct.

(i) Among the ik (k—1) ratios arising out of these z-blocks
the elements of A appear A, times, the elements of B
appear A, times and the elements of (G,—1)®Q G, appear 7\
times.

‘Hence on developing these blocks (i.e., multiplying successively
by the elements of G) we get the solution of the design whose
parameters of the second kind are v=myn, b=vt, r=kt, k, Ay, Ay, Aq.

Example 1. Consider the group G formed by ¢ and ¢

when at=c?=1.
Let Gi=1,c;4:a,ad% a4, a° B:d.
- So, a=2, B=4.

Hence the parameters of the association scheme are
v=12, n,=4, nz—l n3—6
"2 1 07 4.0 07 C0 0 4
Pla=| 1 0 0 | pP=| 0.0 0 | plu=| 0 O 1
006 0 0 6 4 10
Consider the initial block (1, 43, ¢, ac, a*c). We can easily
verify that this injtial block satisfies the condition of theorem 2.4

having A;=1, A,=4, A\;=2. Hence on developing this block we get
the solution of the des1gn whose parameters of the second kmd are

v=b= 12 r=k=5, =1, \,=4, \;=2.

22.2. Let G=[a]lbeauw multlphcatlve abehan group of order
my+mg+1.

Let us divide the non-unit elements of G into two disjoint sets
A and B with m, and m; elements respectively where A-'=A4 and
among -the ratios arising out of the elements of 4, the elements of 4
appear « times and the elements of B appear B times. '

To any element af let there correspond m; treatments a?y, a’, ...,

a'my. Treatments denoted by symbols with the same lower suffix j

may be said to belong to the j-th class.
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Consider the Ist associates of 6; as [§® 4];, second associates
of 0; as [0 @ B);; and rest as 3rd associates. Hence the parameters
of the association scheme are

v=my (my+my+1), ny=my,, ny=my, ny=(m;—1) (my+my+1)

r o my—o—1 - 0 7

Pla= | my—a—1  my—mytatl S0
L 0 0 (my—1) my+mz+1
r B m—B 0 7

Pln= my—B - my—my+p—1 0
| L0 0 (my—1) (mytmg+1) |
i 0 0 - my i

D= 0 0 ms
L my mg (my—2) (m, +- mg+1)

Theorem 2.2.2. Let it be possible to select a set of -blocks Bl,Bz, v
B; such that

(i) Every block contains exactly k distinct treatments.

(i) Among the k¢ treatments occurring in the z-blocks exactly
r treatments should belong to each of m, distinct classes.
Obv1ously, mlr—kt

(iii) Among the ratios of the type |i, 1], i=1, 2, . ey My
arising out of these #-blocks, the elements of A appear A
times and the elements of B appear %, times; among the

ratios of the type Ei#j] i,j=1,2, ..., my; the elements of
G appear A, times.

'

Hence on developing the blocks (i.e., multiplying successively
by elements of the group G, we get the solution of the des1gn
v=my (ma+my+1), b=(m,+m-+1) t, r, k, A, Ay, A,

Example. Consider for example the group G=[a]

where ab=1, .
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Let A:a da°; B:d, at

So, a=0, p=3.

With each element of G let us associate two treatments.
Consider the first associates of 8; as [0(D(a, a®, a”)]; ; second associates
of ¢; as [6 @ (a? a")); and the third associates of 0; as (1;, aj, a%, @,

at;, a°) where j#i. So the parameters of the association scheme
are v=12, n;=3, n,=2, ny=~6.

T0 2 0 300 ro0 0 3
Pa=| 200 | pta=| 0 1 0 | pp=| 0 0 2
0 0 6 0 0 6 3 20

Consider the following two initial blocks

(14, @, a‘;, 1) and (1, a?,, a'y, a,).

It is easy to verify that among the ratios of the type (1, 1)or
(2,2) the elements of 4 do not appear at all, while the elements of -
B appear thrice. But among the differences of the type (1, 2) or
(2, 1) the elements of G appear once. So, on developing these
blocks [i.e., multiplying successively by 1, a, a2, a3, a*, a°] we get the
solution of the design '

y=b=12, r=k=4, \,=0, X=3, A=l

22.3. Consider a group G consisting of n(my+mz+1)

elements, a, ¢ and their different powers when ametmytl=en_jy,
With each element of G, let us associate a set of m,/n treatments.
(It is assumed that n is a divisor of m,).

Let G=1,¢,¢,...,c" % Gy=1,a,a*. .. ametms .

So, G=G;®G,.

Let further G,=AUBU {1}, when 4=4"", and among the
ratios arising out of the elements of A, each element of A appears «
times and each element of B appears [ times.

Consider the 1st associates of any treatment §; as (8 @ A,
second associates of 0; as (9D B); and the rest are third associates.
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‘ The parameters of the association scheme are

Ny =My, By=my, ny=(m;—1) (m2+m3—|—1)

(i) Each block contains k treatments

F o my—a—1 . 0 7]
Pla= | my—o—1 my—my+ot1 0
i 0 0 (my—1) (my+my+1)
| [ B my—B .0 i
;- Plix= m,—p mafm2+(3_1 0
| L o 0° (m—D) (D)
0 0 my , ]
Pim= _ 0 4 ) my ‘
. L my oomy m—=2) (my+mz+1) |
Theorem 2.2.3. Let it be possible to select a set of ¢-blocks
By, By, ..., By such that :

@) Among the kr treatments occurring in the f-b]ocks exactly
r treatments should belong to each of m, distinct classes.

(i) Among the ratios of the type [i, i] i=1, 2, ..., m,fn arising
out of these t-blocks, the elements of 4 appear A; times,
the elements of B appear 2, times and the elements of
(G,—1)@G, appear A, times. While among the ratios of
the type [i,j] the elements of G appear A,-times ; [, j]
=1,2, ..., my/n. Then on developing these set of ¢ blocks
we shall get the solution of the design v=m, (m,+m;+1),
b=(myt+mg+1) 1, 1, k, M, Ay, Dy, By=mmy, Hy=mg,
ng=(my—1) (my+mz+1)

o my—o—1 0
Plp= my—o—1 mz—my—a—1 0 .
0 0 (my—1)(my +my+1). J
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( - B my— 0 "l |
D= my—B my—m,+B—1 0 ~

L 0 - - 0 - (m—Dmytmy+1) |

- 0 ) 0 . m, |
o= 0 <0 nig ]

iy Ty (my—2)(my+ms+1)

Example. Consider the group G=l[a, c] where a*=c?=1
Let B - Gy:l,c;A:a,a°:B:a®
So, =0, p=2,

Consider the set of 12 initial blocks

(11, (az)l; Cl): (al, (aa)h C]), (12s (az)Zs CZ); (02’1(“3)23 CZ),

(12, (az)ls C2)s (al’ (as)l: 02), (al, (aa)ls 12), (11’ ((12)1, 12)’ ‘

(11, ]-2a (az)z): (12) (dz)Zs Cl): ((a)za (aa)é; cl)’ ((az)‘.h (aa)b 14)
“Then on developing these blocks (i.e., multiplying successively

by 1, a, a%, @, ¢, ac, a’c, a®c), we get the solution of the design v=16,
b=96, r=18, k'—_3, 7\1'=0, );2:12, 7\3=2, n1=2, n2=1’ na=]_2_

[o1 o} 200
pljk:, 1 0 Ol ij=‘ 00 Ol 'p35k=.
00 12] 00

r
L 12 L 12| L

2.3. Cyclic-triangular Association Scheme .(First type) :

00 2
00 1
21 8

Consider an abelian group G=[a, ¢] where g"n-1i2=cm[=1,
Let G=G1(—DG2, where G, : 1, ¢, ¢? ..., e™1,

Let the n(n—1)/2 elements of G, be divided into the folldwing
(m—1) sets when n=2m—1 ;
S[):(l, am—l’ a’.’.(m_—l)’ ey @ (11—%)(m—-1))

S\=(a, a™, @ ™, .., g ("1 (m-D41) . (2.3.0)

— -2 2m-3 Im -4 -1 - —
Sm—g=(am ,a m , a m y wens a (n=1) (Mm-1)+(m 2))
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and when n="2m, be divided into the following m—sets :
S=(1, a™ @™, ..., a'n-Bm)

S]_E_(a, am+1’ a2m+1’ . a(n—2)m+1)

i e (2.3.2)
! Sm_lz(am—I, a'.Zm-l’ (137”“1, am(n——l)—l)

Let it be possible to select s sets (where t=m—1 if n——2m—1‘
and t=m if n=2m of -elements Ao, Ay e, Ay from the non-unit
elements of Gz, where

Ay=(a%1, gfor .., gdny)

AIE(adll , g2 o adlnl)
o (2.3.3)

A=, adee . gdim)
having the properties

(i) di's are all different for a fixed i.

(i) 1f 8 is any element of S; and 6. a%ir belongs to S, then
a—%% ghould belong to A;. ‘

(iif) If for any element ¢ belonging to S;, 6. a%* belongs to S,
then among the ordered ratios that arise by taking the
ratios of all elements of 4, from every element of 4; (i.e.,

- all possible adil/ad-”) the element a%* should be repeated
n—2 times. If for any element 8 belonging to S;, 8.4%«,
where a®* is any non-unit element of G,— A4;, belong to S;,
then among the ordered ratios that arise by taking the
ratios of all elements of 4; from every element of A4,, the

element a®#* should be repeated 4 times.

With each element of G let us associate a treatment. It follows

from Adhikary (1969), that if we consider the Ist associates of any

[ treatment 9 € S; as 6X)(G,—1) the second associates of 9 as §G,®

? A;, third associates of 8 as 8 G,R(G,— A;—1), the parameters of the
association scheme will be v=mn(n—1)/2,
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ny=my—1, n,=2m,(n—?2), ng=m, (h—?2) (n—3)/2

™~ m,— 0 0
D= 0 2m,(n—?2) 0
Lo 0 my(n—2) (n—3)/2
0 m;—1 0
= m—1  m(n—2) m,(n—3)
L0 my(n—3)  my(n—3) (n—4)/2
~ 0 0o . my—1
Pu—| O dm;  2my (n—4)
L oy —1 2m, (n—4) m, (n—4) (n—>5)/2

[It may be noted that the first type of cyclic-triangular asso-
ciation scheme was obtained by Singh and Singh (1964). Adhikary
(1966) obtained the same association scheme in a systematic manner
independently of Singh and Singh. "However, this representation of
cyclic association scheme which is essential for cyclic generation of
cycle-triangular P.B.I.B. design is due to Adhikary (1969).]

Theorem 2.3.1. Let it be possible to select a set of s blocks
By, B;, ..., Bs satisfying the following conditions :

(i) Every block contains k treatments,

(i) Among the ks treatments occurring in the s-blocks, the
number of elements appearing from S;®G,, j=0,1, 2, ..,
. t—1 is constant, equal to r. Obviously, ks=tr.

(#ii) The all possible ratios arising out of these s blocks can be
classified in the following :

Consider the elements within blocks which belong to S;PG;.
Let « be any such element occurring in, say, the /-th block. Then
form the ratios a;/« where a; is any element other than « in the -th
block. Among the ratios obtained from all the elements of S;,
occurring in the s blocks the elements of (G;—1) will appear A, times,
the elements of 4,DG, appear A, times and other non-unit elements
appear A; times ; j=0, 1, 2,..., t—1,

e azerda el . . e
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Sq,
t§ (m=1) ht2my (n-2) Dok B (n-3) (1—4) x3§=s'k k—1)

Then, on developing these blocks (i.e., multiplying successively
by 1, at. a*. ..., a?-v¢ ¢ ate, ., a'P Vi, ceug™7L gle-Dt eml-l

where pt= _n(n_;l)_ ,

i.e., elements of S, ® G, we get the solution of the cyclic triangular
design v=mn (n—1)/2, b=p s my, r, k, Ay, Ay, As.

Example : Consider the group G formed by a**=c*=1.
Let Gi=1, ¢, G,=1, 4, d%..., @°
Sy=(1, a2, a4, @, a®) A,=(a, &%, a*, &', &%, a°)

S].E(as aﬂ; asa a7> aD) -Al—:—'(a5 aas (14, aﬁ: a7, ag)

So, _ t=2,
The parameters of the association scheme are

v=20, n;=1, n,=12, ny="0.

0 0 0 " Fo 10 001
Pla=| 012 0 Pa=| 1 6 4| pa=| 084
' 00 6 0 4 2 , 140

Consider the set of six initial blocks
(a, &%, ac), (@, @, a®c), (a, a¥ %), (@, &, a%), (1, @b ©)
and (1, @b, a5¢c).

" We can easily verify that these blocks satisfies all the conditions
of theorem 2.3.1 with r=9, X;=6, A,=0, A;=2,
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Hence developing these blocks (i.e. multiplying these blocks successi-
vely by elements of S,PG,) we gat the solution of the design

v=20, b=60, r=9, k=3, A, =6, A\,=0, A\;=2.
2.4. é’y.clic-T.rian,;gular Association Scheme; (Second Type) :
- Let us take the group G, G,, G, ; the sets 4/sand Sis
(i=1, 2, ...t when, t=m—1 if n=2m—1 and t=m if n=2m)
és in éu'ficlc 2.3. With éach ele'men.tbf G let us associ®te a treatment.
Consider the first associates of any treatment- f € S; as 64,

second associates of 6 as 8@(G;—'Ai—l)‘and the third associates
of 6 as 0 G,((G,—1). .

The parameters of the association scheme are

v=myn(n—1)/2, n=2(n—2), ny=(n—2) (n—3)/2, 113:%(m1—1)11(11—1)/2.

n—2 , n—=3 0
: o C(43) (1 =4
pla={ n—3’ ("—+)§"—) 0
0 : 0 (my~Dan—1)/2

2(n—4) 0

(n—Hnn—>5)/2 0
0 (my—Dn(n—1)/2

Plix= .

0 0 2n—2)
Dlin= o . . 0 (n—2)(n—23)/2
An—2) (1—2) (1=3)2 (my—2n(n—1)/2

Theorem 2.4.1. Let it be possible to select a set of s blocks By, B,,
... B, satisfying the fol_low»ingbonditions._

(i) Every block contains k treatments
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(i) Among the ks treatments occurring in the s blocks the
number of elements appearing from S;PG,, ]=0 1,
t—1 is constant equal to r.

(iti) Among the different types of ratios that can be formed
from the blocks by taking one element from S; (—DGI, the
elements of A; appear 7\1,t1mes the elements of (G;—4; —1)

" appear A, times and the elements of (G,—1)DG, appear
g times. Then on developing these ¢ blocks (i.e., multiply-
ing successively by the elements of S,PG;), we get the
solution of the design

)

o

i)=m1n(lz—1)/2, b=m; ps, when pt=—m ry ks Ays Dy, Ay,

‘Example. Consider the group G formed by a15‘-=ca‘=l‘.>
 Let .Gl :Le Gy, a d? ..., a% So,t=3.

So: (1, d% a% a a'®) A, : (a, @ ab, a® o', a2, a%®)

Si: (e, at, av’. a%, @) A, : (a, @, a3, @b, a*°, a, a'3, g1%)
S, (a2, b, a®, a, a') 4, : (& @b, a5, ab, &, &11’ a3, gl4)
So, the paraméters of the' association scheme are

" y=45, n;=8, n,=6, n;=30

Let us develop the initial blocks (1, @4, a'9), (1, a5, a%),
(1, a7, a') partially by multiplying them successively by elements of
S,PG, and develop the blocks (1, a’c, a’c?), (1, a’, a’c®), (1, a'c, c?),
(1, ab¢c, a’®) and (1, a’c, a*°c?) completely by multiplying successively
by the elements of the group G. Then we get the solution of the
design,

v=45, b==270, r=18, k=3, M=0, dy=1, A,=1.
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