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CHAPTER 2

AN UPPER BOUND FOR THE NUMBER OF DISJOINT BLOCKS
IN CERTAIN PBIB DESIGNS o Ce

2.1 Introduction

An upper bound for the number of disjoint blocks
in balanced incomplete block design was obtained by
Majumdar ZTE?_?. In this chapter, upper bounds for the
number of disjoint blocks in certain partially balanced
incomplete block (PBIB) designs are obtained. The PBIB
designs considered here are (i) semi-regular group
divisible (SRGD) designs, (ii) certain PBIB designs with
two associate ciasses haviﬁg trianguler association \
scheme (certain triangular designs), (iii) ceitain PBIB
designs with two associate classes having'a Ly
assoeiation écheme (certain Lg designs) and (iv)
certain PBIB designs with three associate elasses having
reectangular association scheme (certain rectangular
designs). The upper bounds are derived by using the

results proved by (i) Bose and Connor 67, (ii)

ey =
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Raghavarao / 34_/ and Vartak [/ 54_7.

2.2 An‘upper bound for the number of disjoint blocks
in SRGD designs.

An incomplete block design with v treatments
each treatment being replicated r +times, arranged in
b blocks of k plots each is said to be group divisible
(6D) (Bose and Shimamoto / 8_/), if the number ef
treatments in v = mn and the treatments can be divided
into m groups each with n +treatments, so that the
treatments belonging to the same group occur together in
A, DVblocks and the treatments belonging to different
groups occur together in A, blocks ( A, # 22). This
is a PBIB design with two associate elasses and the
first associates of any treatment are the treatments
belonging to the same group. The p;imary parameters of
this design are v = mn, r, k, 21, 22, n, = n~-1,

1

n, = n(m-1). The parameters obviously satisfy the

relations ~

(2.2.1) ' bk = vr,
(2.2.3) T2, TN

-~
-~

Bose gnd CGonner [f8_7 characterised semi-regular
group divisible (SRGD) desxgns by » - 21 2_ Q0 and
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rk ~'v32 = @, The following result was proved by Bose
and Connor / 6_/ for SRGD designs.

Theorem 2.2.1. For a SRGD design, k 1is divisible
"by m. If k = cm, then every block must contain ¢

treatments from every group.

We use Theorem 2.2,1 to obtain an upper bound for
the number of disjoint blocks which have no treatments in
common with a given block of SRGD design. The result is
given in Theorem 2.2.2. )

Theorem 2.2.2. A given block of a SRGD design

cannot have moere than

. ‘v(v~m)(r-1)2
[ (v~k)(b-r) (v—rk)(v—m) ]

b-1-

disjeint blecks w1th it and if some block has that many
disjoint blecks, then

= k[ (v-k) (b-r) - (v—rk) (v-m) ]/v (v-m) (r-—l)

Il

is a positive integer and each non-dlsgaint bloeck has

¢ treatments common with that given block.

Proof. Let the given block have 4 disjoint
blocks. et it have x; ‘treatments common with the
ith of the remaining (b - d - 1) blecks. Then

considering the treatments of the given bleck singly,
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we have
b-d-1
(2.2.4:) . E xi = k(r"l)c
i=1 A

~

The given block, by virtue of Theorem 2.2.1,
contains k/m treatments from each group which form
pairs of first associates. Hence considering the

treatments of the given block pairwise, we get

b-d-1 .
(2.2.5) iil x, (x,=1) = k[2, (k-n

P
7

)+ke2, (m=1)-m(k-1)] / m.

~ -~ -~ ~

Now for a SRGD design, 2, = rk/v. Then, from
BN+ gy = r(k-1), we get Ay o= r(k-m)/(v-m).

Substituting these values of 2, and aé in (2.2.5)
b-d~1 _ ’

and defining X = ¥ x; / (b-d-1), we get from (2.2.4)
i=1 . . ;

and (2.2.5) ’ ' - K

b-d-1 o

, T (x; - X)

i=1 i

(2.2.6) i g

_ P [rk) (bm)=(v-rk) 5m)] | kR (r-1)?
) [ Y N (=

-~ o ~

. b-d-1 2
As 121 (x; -%) 2 0, and [(v-k)(b-r) -

-~ ~ ~ ~

(v-rk)(v-m)] > 0, (Appendix 2.1), it follows from (2.2.6)
that i - a a
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) v(v-n) (r-—l)2 ,
[(v-k) (b-r) ~'(v~rk)(v-m)]

(2.2.7) a<b-1-~
which proves the first part of the theerem. If, however

v(v-m) (r-1)% ’
[(v=k) (b=r) = (v-trk)(v-m)]

- P - - -

(2.2.8) d=b -1 -

b~d-1 & x
then g (x - 2 = 0, showing that all x,'s are
o1

equal to ¢, where

k [(v-k) (b-xr) - (v~rk)(v»mll ,
~v(vem) (z-1) ~-

e vy

(2.2.9) c =

- ~

and the given bleck has ¢ treatments common with each

of the remaining (b-d-1) non-disjoint bloeks.

-

The following are the companion theorems te

Theorem 2.2.2.

Theorem 2,2.3. The necessary and sufficient
condition that a bleck of a SRGD design has the same
number of treatments common with each of the remaining

blocks is that (i) b = v-m+l and (ii) k(r-1)/(v-m) is

-~ - d - [t}

an integer.

Proof. Let a block of the given design have Xy

treatments common with the ith of the remaining (b-1)

™
{
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blocks. Them, putting d =0 in (2.2.6), we get

b k” (v-k) (b-r) (b~v+m-1)
(2.2.10) (xi - x)2 S vié-m?(é—1§+m -

i=1

where X = k(r-1)/(b-1). All factors on the r.h.s. of
(2.2.10) except (b-v+m-1) are positive. Hence, we get

the result from (2.2.10).7

Theorem 2.2.4., If a block of a SRGD design with
parameters v =mn = tk, b = tr, (%t an integer greater
than 1), has {t-1) ©bloeks disjoint with it, then the
necessary and sufficient condition that it has the same
number of treatments common with each of the non-disjoint
blocks is that (i) b=v -m + r and (ii) x/t 1is an

Eal o -~ -

integer.

Proof. Let a block of the given design have X

treatments common with the ith of the remalnlng

(b-t) =t(r-1) non-disjoint blecks. Then, we have from

(2.2.6), noting that 4 = t-1,

-

_ b=t o
(2.2.11) ® (x; - X)® = kg(y«k)(b—v+m~r) ,
, L i=1 i - v(v-m) S

= ”~

where X = k/t. The theorem follows from (2.2.11).

-

We get the folleowing twe corollaries from the above
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theeorem.

’

Corellary 2.2.1. For a resolvable SRGD design,

b > v-m+r.
This is also proved by Bose and Comnor / 6_/.

Corellary 2.2.?. The mecessary and sufficient
conditien that a reselvable SRGD design be affine
resolvable is that it has a bleck which has the same
number of treatments common with each block not belonging

to its own replication.

2.3 An upper bound for the number of disjoint blocks
in certain triangular designs

A PBIB design with two associate ¢lasses is said
to have a triangular association scheme (Bose and

Shimamoto /78 /), if the mumber of treatments is

v

n(n-1)/2 and the associatien scheme is an array of

n rows and n columns with the following properties:

(a) the positions im the principal diagonal are
" " blank,

(b) the n(n-1)/2 positicns above the principal
) diagonal are filled by the numbers 1, 2,

*rey

n(n-1)/2, corresponding te the treatments,

~

(e) the array is symmetric about the primcipal
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diagonal,

(d) for any treatment ©, the first associates
are exactly those treatments which lie in

the same row and the same c¢olumn as 6.

The design will be called as triangular design in
short. The primary paremeters of this design are
v = n(n-1)/2, b, r, k, s Ag » Dy = 2n-4,
n, = (n-3) (n-2)/2. VWe consider here triangular designms
in whiech rk -"va, = n{r - %,)/2. The following theorem
has been proved by Raghavarao / 54 /. |

Theorem 2.%.1. If in a triangular design,
rk - va =n(r - A)/2, then 2k is divisible by n.
Further ever& block of this design comtains 2k/n
treatments from each of the n rows of the association

scheme.

We use Theorem 2.%.1 to obtain an upper bound for
the number of disjeint blocks which have no treatments
common With a given block of the triangular design. in
which rk - VA, = n(r - 21)/2. The result is givem in

~

Theorem 2,3.2.

Theorem 2.3.2. A given block of a triangular

design with rk - vy ="n(r - 2,)/2 cannot have more
than ° E
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v(v~n)(r~1)
I}v—k)(h-r) ~f(v—rk)(v-nf]

~ -

b-1-

disjoint bloecks and if some block has that many disjoint
blocks, then '

=k f(v-k) (b-r) - (v-rk)(v-n)] / v(v-n) (r-l)

~ Pl fad - R Wl o~ Il g

is a pesitive integer amd each nmn—disjoint block has e

treatments commen with that given block.

Proof. Let the given block have d disjoint
blocks. Iet it have x; treatments common with the ith
of the remaining (b-d-1) non-disjoint blocks. Then,

eonsidering the treatments of the given block singly, we

have

b-d-1 '
(2.301) - o=x, = k(r_l)o
. i=1 * )

~

Fad

Gonsidering treatments of the given block pairwise and

using Theorem 2.3.1, we have

b-d-1
T ox; (x - 1)
i_ s

-

(2.3.2) = n(zk/n)(Zk/m - 1)(% - 1)

fa ]

+ {k(k-1) - n(2k/n)(2k/n - 1)}(%2 1).

Let v = VqVgs Where v, = n/2 and v, = (n—l) = 2v,-1.

-~
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From rk - vA, = n(r - ?\1)/2, we get Ay = r(k - vl)/
2v1(vl’-— 1). Also, we have n, = 4(vy - 1),

nz‘ = (v]:. - 1)(1;'2 - 2), and Ag = J:(}t':v':L + v, - 2k)/
vy{vy =1)(v, = 2). Putting n = 2v, and substituting
the values of ‘Alﬁ and A, 1in (2.3.2), we get

b-d~-1 ( )
T x,.(x.;-1
i=1 iA i

-~

k% [y, (b-2r+1) - (v-rk) (v,~1)]

- - vl(;—évl) B o kfr-l?
(2,3.3) - [n(b..zx-;ti_g~rk) (n-z)] " xm)
x? [a(n-1) (b-2r+1) ~(v-rk) (n-2) (n-l)] - E(r-1)
n(n-l)(v-n) S
2 = - —
[+ kz'(bvléi-:)f rki (v- n>] - k(z-1).
Let ¥ = k(r-1)/(b-d-1). Then, from (2.3.1) and (2.3.3),

we have
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(2.3.4)
k2 [(v=k) (b=r)=(v-rk) (v-n)] - k2 (z-1)" >0

© wv(¥-n) 7 7 (b-a-1)

*

As  [(v-=k) (b-r)-(v-rk) (v-n)] > 0, (Appendix 2.1), it
follows from (2.3.4), that’ '

(2.3.5) a<b-1- v(v-n) (r-1)° .
e = (v-k) (b-r) =(v-rk) (v-n)

- - - -

-

2
v{v-n)(r-1
If, however, d =D - 1 - ( )¢ ) y then
(v-k) {b=r)2(v-rk) (v-n)

- - -~ s ~

b-d-1.

T (xi - 3:')2 = 0, showing that
is1 -
. k [(v-k) (b-r) - (v-rk) (v-n)] '
‘2‘°'6? Xy = v(v-n)(z-1)-- - ’

r ~ ~

- for all i. The theorem then follows from (2.3.5) and
(2.3.86).

- -

Dl fal

The following are the companion theorems to Theorem

2.3%.2.

Theorem 2.3.5. The necessary and sufficient
condition that a block of a triangular design with
Tk = vV2Ay = n{r ~ %1)/2, has the same number of
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treatments common with each of the remasiming blocks is

that (1) b =v ~n + 1 and (ii) k(r-1)/(v-n) is an

integer:

Proof. ILet a block of the given design have X

treatments commonw with the ith remaining (b-1) blocks.
Then, from {2.3.4), noting that 4 = 0, we get

o~

b-1. - g kz(b-r)(v-k)(b-v+m-1) .
(2.5.7? 1§1€Xi - xz‘ g ¥ T S

- o~

Phe theorem, then, follows from (2.3.7).

~ g

Theorem 2.3.4. If a2 bleck of a triangular design
with paremeters v = n(n-1)/2 = tk, (t an integer
greater than 1), b = tr and rk - vﬂﬁl =n(r - 2,)/2
has (t-1) blocks disjeint with it, then the necessary
and sufficient condition that it has the same number of
treatments common with each of the remaining non-disjoint
blocks is that (i) b=v + r = n and (ii) k/t is an

. . i -~

integer.

Proof. Let a block of the given design have e

treatments common with the ith of the remaining

b=t = t{r-1) non-disjoint blocks. Then, we have from
(2.3.4), noting that 4 = t-1,

-

» b=t s
- i=1

n i - o~

K2 (vk) (b~v-r+n)
- v{v--mn) . -

b

- -~
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where x = k/t. The theorem follows from the

consideration of (2.3.8).

We get the following corsllaries from the above

theorem.

Corollary 2.3.1. For a resolvable triamgular

design with rk - v Ay = n(r - 21)/2, P>V +r-n,

-~

Corollary 2.3.2. The necessary and sufficient
condition that a resolvable triangular design with
rk - v, = a(r - 21)/2 be affine resolvable is that
it has a block which has the same number of common
treatments with each block not belonging to its own

replication.

2.4 An upper bound for the number of disjoint blocks

in certain Lz designs

A PBIB desigmn with two associatg classes 1is said
to have a Lé association scheme (Bose and Shimamoto
/7 8.7), if the number of treatments is v = 92, where s
is a positive integer and the treatments can be arranged
in an 8xs square such that treatments in the same row
or column are first associates, while ethers are second
assoclates. The primary parameters of this design are
v =15% b,k 210 %y my =2(s =~ 1), ny = (s - 1)%,
We call this design as L, design in short. We shall”
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consider here Lg designs in which rk - v:%l =
s(r -Al). The following theorem has been proved by
Raghavarao / 34_/.

Theorem 2.4.1. If in a LE design, rk =~ VA, =
s(r - 21), then k is divisible by s. Further
every block of this design contains k/s treatments
from each of the s rows (or columns) of the

~

agsociation scheme.

We use Theorem 2.,4.1 to obtain an upper bound
for the number of disjoint blocks which have no
treatments common with a given block of a 12 design in
which rk - v, = s{r - %1). The result is given in

=

Theorem 2.4.2.

Theorem 2.4.2, A given block of a Lz design

with rk - v, = s(r —921) cannot have more than

~ i~

v(r-—l)2 (s-l)g

(v-k)(b~ry—(€~rk$(3él)2

b -1~

~

disjoint blocks with it and if some block has that many
disjoint blocks, then

¢ = k[(v=k) (b=r)~(v-rk) (s=1)%] / v(z-1) (s-1)2

. -~ fa ! ~ o -~ o -

is a positive integer and each non-disjoint block has e

treatments common with that given block.
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Proof. Let the given block have 4 disjoint
blocks. Let 1t have x,; ?treatments common with the ith
of the remaining (b-d-1) non-disjoint blocks, i =1, 2,
vees (b-d-1). Then, considering the treatments of the
given block singly, we have

b=d-1

(2.4.1) T x = k(r-1).
. . ‘ =1

-~ ~

Considering the treatments of the given block pairwise

and using Theorem 2.4.1, we have

b-d-1 ’ )
T ox.(x;, ~1
i=1 1f 1 -
(2.4.2)
- - = k[2(k~s)%, + (sk+s-2K)7, - s(k-1)]/s.

~ . .. ~ -~

Now, rk -va, = s(r - 21) gives 2, = r(k - s)./s(s-l).

- ~

Also, nyA4 + 1,2, = r(k-1) gives Ag = r(sk+s-2k)/
8(s-1)2. Hence, substitating the values of 2, and 2,
in (2.4.2), we get

=

b-d-1 (eot)

2 ox.(x,~1

i S
(2.4.3) _ k[2r(k-5)®(5-1) +r (sk+s-2k) Zov (a-1) % (r=)]
) 3 - ~ e ~, ;(341)2‘».‘ ~ ~ .

™

- k(r-1)
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_ ¥?[(v=k) (b-r) = (v=rk) (s-1)*] _ £(2-1).

v(é-i)g

From (2.4.,1) and (2.4.3), we get

pA (xi -X)
i=1 -
(2.4.4)
k2 [(v=k) (b-r) - (v-rk) (s-1)%] _ k% (z-1)®
T e(a1)? - b—d-1-

=

> 0,

where X = k(r-1)/(b-d-1). As [(v-k) (b~r)-(v-rk)(5-1)%]
> 0, (Appendix 2.1), it follows from (2.4.4) that

(2.4.5) a<D ) 1 - v(s-1)%(z-1)* .

(v-k) (b-r) = (v-rk) (s-1) 2

P

This proves the first part of the theorem. If, however

2 2
deb -1~ v(s-1)“(r-1) ,

(v=k) (b-r) = {v-rk) (s-1)2

b-d-1 =
then 121 (xi - xX)*=0, giving

_ E[(v=k) (o) - (v=rk) (s-1)%] _

®©
'#(r-i)(s~1)2'

i

for all i. Hence the resulst.



The following are
2@402.

Theorem 2.4.3. Th

condition that a block of
s(r -'21) has the same n
each of the remaining blo

and (ii) k(r-1)/(s-1)% 1

Proof. Let a bloc

treatments common with th

blocks. Then, from (2.4.

b-1
(2.4.6)

Theorem 2.4.3 follows fro

Theoren 2.4,4, If

= 5% = tx,

parameters v

than 1), and rk - VA,

-2
El(xi - X) =

39

the companion theorems to Theorem

e necessgary and suffiecient

a I? design with 1k - v 21 =

umber of treatments common with

cks is that (i) b =v - 28 + 2

8 an integer.

k of the given design have Xy
e ith of the remaining (b-1)

4), noting that 4 = 0, we get

-

k% (b-1) (v=k) (b-v+25-2)
v{b-1) (s-1)%

m (294.5).

a block of a I?

(t an integer greater

design with
b = tr,

= s{r -«al)” has (t-1) blocks

disjoint with it, then the necessary and sufficient

condition that it has a b
of treatments common with

blocks is that (i) b = v

an integer.

Proof.

Let a blec]

lock which has the same number

- 25 +r + 1 and (ii) k/t is

ik of the given design have Xy

each of the remaining non-disjoint
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treatments common with the ith of the remaining (b-t) =

t(r-1) non-disjoint blocks. Then, from (2.4.4), noting
that 4 = t-1, we have )

b=t - K2 {v-k (b-v-r+2s-1)
(2»49?) z (xi - X)z ( ? : ) °
. i=1 v{s-1)

~

The result follows from the censideration of (2.4.7).

We get the following corollaries from the above

theorem.

Corollary 2.4.1. For a reselvable L2 design
with rk-v;\1=s(r-A1), b>v -2 +1r + 1,

-

Corollary 2.4.2. The necessary and sufficient
condition that a resolvable L2 design with
rk - v3, = s(r - Al) be affine resolvable is that it
has a block which has the same number of treatments
common with each block not belonging to its own

replication.

2.5 An upper bound for the number of disjoeint blocks

in certain rectangular designs

A PBIB design with three associate classes is

said to have a rectangular associatiom scheme

(Vartak Zf53~7), if the number of treatments is v = V1,

and the treatments can be arranged in the form of a
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rectangle of v, Tows and Vg columns, so that the
first associates of any treatment are the other

(v2 - 1) treatments of the same row, the second
assocliates are the other (vl - 1) treatments of the
same column; while the remaining((v1 - 1) (v, - 1)
treatments are the third associates. The primar&
parameters of this design are v = ViVos b, r, k,

ng = vy - i, D, =V, ~ 1, Nz = MyAgy, A4y Ag and
25, We shall call this design as rectangular design
in short. Vartak / 53_/ has proved that the
characteristic roots of NN*¢ (N being the incidence
matrix of the design) of this design are

90 = rk,

0 = T -2y + (vy = 1), - 2g),

- -~ d

i

r=2g + vy = 1)(A; = 2g),

<
i

3 l‘*?\l-?\z‘i-?\so

Here, we consider the rectangular designs in which

61 =0 = 02. The following theorems were proved by

Vartak /54 7.

Theorem 2.,5.1. If in a reetangular design,
61 =0, then k is divisible by Vs and every block
of this design contains k/v2 treatments from every

column of the association scheme.
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Theorem 2.,5.3. If in a rectangular design,

8, = 0, +then k is divisible by vy and every bleck

2
of this design contains k/v1 treatments from every row

of the association scheme.

We use Theorems 2.5.1 and 2.5.2 to obtain an
upper bound for the number of disjoint blocks which
have no treatments common with a given block of a
rectangular design in which 61 =0 = 62. The result

is given in Theorem 2,5.3.

Theorem 2.,5.3. A given block of a reectangular

design with 91 = 0 = 92 cannot have more than

vp(r—1)2

b -1~
(v-k) (b=r)-p(v-rk)

disjoint blocks with it and if some block has that many
disjoint blocks, then

e =k [}v-k)(b—r)-p(v-rk)] / vp(r-1)

- - « ~

is a positive integer and each non-disjeint block has
¢ treatments common with that given block,where

p= (v, -1y, - 1).

Proof. Let a block of the given design have 4
disjoint blocks and let it have Xy treatments common

with the ith of the remaining (b-d-1) non-disjoint
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bloeks. Then, considering the treatments of the given
block singly, we have
b=-d~1
(265.1) £ x; = k(r-1).
i=l
Considering the treatments of the given bleck pairwise

and using Theorems 2,5.,1 and 2.5.2, we have

b~d-1 ( )
2 x.(x,~-1
i=1 1 } 1 .

(2.5.2) = k[vz(k"vl) (9\1"33)""‘;1(1{"172) (22' 23)

+v(k=-1) (23—1)] / V.

Next, we have

(2.5.3) 0 =7 -2y + (vy - 1)(2, -2g) =0,

(2.5.4) 92””"'?‘2"’ (vz-—l)(ﬁl—%s) = 0,
(2.5.5) r(k - 1) = gl(vz -1) + ‘>‘2(v1 - 1) + AgDe

Solving equations (2.5.3), (2.5.4) and (2.5.5) for Aq s
Np and Ny , we obtain ’ i
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Ay = rvglk - vy)(vy - 1)/vp,
?\2 = I'vl(k - vz) (vg = 1)/Vp,
Ag = r{v + kv - kv, - kvg)/vp.

Substituting the values of 2, , %A, and Az in (2.5.2),

we get
b~d~1 ( )
L x.{(x,-1
i=g 2L

(2.5.6)

= k2[1v~k)(b—r)-p(v—rk)]—k(r-l).

- -

From (2.5.1) and (2.5.8), we get

b-d-1  _
% (xiax)
i=1 i
(2.5.7) o o
= %*[(v—k) (b-r)-p(v-rk)] - E ), 0.

(b=d-1) =

As [Cv-k)(b~r)—p(v~rk)] > 0, {Appendix 2.1), it follows
from (2.5.7) that )

¥p(r-1)% .
(v-k) (b~r)~-p(v-rk)

~

(2.5.8) a<b~-1-

This proves the first part of the theorem. If, however

vp(r—1)2
(v-k) (b=r)-p(v-rk) ’

oy o~ - -

d =59 ~1 -
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then pA (xi -X) = 0, giving
i=1
k| {(v-k) {b-r)-p(v-rk) |
(2.509) Xi = = ’

vp(r=1)

for all i. Hence the result.

The following are the companion theorems to

Theorem 2.5.3.

Theorem 2.5+4. The necessary and sufficient
condition that a block of a reetangular design with

91 = Q = 92 has the same number of treatments common

with each of the remaining bloecks is that (i) b = p+l

.....

and (ii) k(r-1)/p is an integer.

Proof. Let a bloeck of the given design have Xy

treatments common with the ith of the remaining (b-1)
blocks. Then, from (2.5.7), noting that d = 0, we get

b-1 —\2 _ E(v-k) (b-r) (b-p-1)
(2.5.10? 2 (x, -X)° = o (oD

i=1 *

from which the result follows.

Theorem 2,5.5., If a block of a rectangular design

with 91 = 0 = 62 and parameters v = v = tk, b = tr,

172
(t+ an integer greater than 1) has {(t-1) blocks disjoint

with it, then the necessary and sufficient condition that
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it has the same number of treatments common with each
of the non-disjoint blocks is that (i) b =p + r and
(ii) k/t is an integer.

Proof. Let a bleck of the givenm design have
Xy treatments common with each of the remaining

b-t = t(r-1) non-disjoint blocks. Then from (2.5.7),

noting that d = t-1, we have

b-t —s o
(2.85.11) £ (xi -xXx)" =%X"(v -x)(b - r - p)/vp,

b~

from which the result fellows.

We get the follewing corollaries from the above

theoren.

Corollary 2,5.1. PFor a resolvable rectangular

design with 91 = 0 = 62, b2 p+r.

Corollary 2.5.2. The necessary and sufficient
condition that a resolvable rectangular design with
91 =0 = Oy be affine resolvable is that it has a block
which has the same number of treatments common with each

block not belonging to its own replication.



