INTRODUCT ION

This thesis is divided into three parts. The
first part deals with the block structure properties of
Balanced Incomplete Block (BIB) designs and Partially
Balanced Incomplete Block (PBIB) designs. The second
part deals with the problems of estimation of the
Parameters of some truncated distributions. The third
part deals with the problem of using apriori knowledge in
the estimation of a parameter from double samples. Phe
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PART I

Part I contains Chapters 1, 2, 3, 4 and 5. It
deals with properties of BIB designs and PBIB designs.
The following definitions of a BIB design and a PBIB

design will be useful in latter sectioms.

Definition 1. An arrangement of v treatments
in b blocks of k plots (k < v) is known as a
balanced inbomplete‘block désién {(B1B design), if every
treatment occurs once and only ence in r Dbiocks and

any two treatments occur fogethen in A blocks.
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Definition 2. An incomplete block design is said
to be partially balanced incomplete block (PBIB) design

when

(i) there are v treatments arranged in b
T blocks, each block containing k plots
with different treatments assigned to

each;
(ii) each treatment occurs in r blocks;

(iii) with respect to any treatment, the

remaining treatments can be divided into
m groups containing Ny Ny, e D
treatments, such that the treatments of
the i-th group oeccur with the given
treatment 2; times (i =1, 2, ..., m).

. The freatments of the i-th group are said
to be i-associates of the'given treatment.

2

The numbers nl, ng, vesy N and 9 Ags

m 1?
**+s Ap Aare independent of the given

]
treatment. Some of the A s may be equalg

(iv) . if the treatment 0 ig i-associate of g,

-7 then the treatment 8 1is i-associate of " 0.
If © and B are i-assoeciates, then the
number of treatments common between the

J-associates of © ang k-associates of J}



is pgk (i, jo k=1, 2y 0e.y m) and is
independent of the pair of treatments with

which we start.

Fisher's /19 7 fnequality b > v gives the lower
bound for the number of blocks in a BIB design. In
Chapter 1, an upper bound for the number of blecks in a
. BIB demign is obtained. Majumdar / 27_7 obtained the
upper bound for the number of disjoint blocks (bloecks
having no treatments in common) in a BIB design. In
Chapter 1, a generalization of this result is 6btained,
giving an uppér bound for the number of blocks in a BIB
design having a given number of treatments common with a
given bleck, from which the results of Cﬁakiabarti 10 7,
Parker /50_7 and Seiden [740_7 follow. Chapter 1 is
based on the papers published by the author ( éf42_7,

L4€7,£1£7)

Partially balanced incomplete block (PBIB) designs
were introduced by Bose and Nair /7 7 in the year 1939.
The PBIB designs with two associate classes were further
classified by Bose and Shimamoto /8_7 as (i) Group
Divisible (GD), (ii) Triangular, (iii) Iatin Square with
i constraints (I,), (iv) Singly Linked Block (SIB) and
(v) Cyclic. The 6D desighs were further elasSififd as
(2) Singular 6D, (b) Semi-regular GD and (¢) Regular GD.
PBIB designs with three associate ¢lasses " having a



rectangular association scheme were introduced by Vartak
/753 7. In Chapter 2, an upper bound is obtained for the
number of disjoint blocks in (i) semi-regular GD designs,
(ii) certain triangular designs, (ii1) certain two
associates PBIB designs having Lé aésqciatien scheme
and . (iv) certain three associates PBIB designs having
rectangular association scheme. Chapter 2 is based on

the paper published by the author / 45_7.

' In Chapter 3, bounds are obtained for the number
of common treatments between any two blocks of (i) semi-
regular GD designs, (ii) eertain triangular designs,
(1ii) certain two associates PBIB designs having L,
association scheme and (iv) certain three associates PBIB
designs having rectangular asseciation scheme. The
bounds were obtained by using certain results of (i) Bosé
and Connor 2"647,'111) Raghavarao / 34_/ and (iii) Vartek
[ 54 7. Simultaneously another kind of bounds fof the
number of common treatments between blocks of certain two
associates PBIB designs were obtained by Agrawal éfi;z,
who used the method based on the characteristic roots of
NN', N Dbeing the incidence matrix of the design.
Chapter 3 is based on the paper published by the asuthor
/a7,

In Chapter 4, the results of Chapter 1 are

generalized and upper bounds are obtained for the number
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of blocks hawing a given number l(g.k) of treatments
common with a given block im the four classes of PBIB
designs mentioned in Chapter 3 and conditions under
which two blocks of these designs are the same set, are

derived. Chapter 4 is based on the paper published by
the author /[ 48_7.

In Chapter 5, an equi-replicate incomplete block

design is considered and two results for this design are
® derived: (i) the necessary and sufficient condition in
order that any two blocks will have the same number of
treatments in common and (ii) Bounds for the number of

- ~

disjoint blocks.
PART II

Part II contains Chapters é, 7, 8 and 9. In recent
years interest in truncated distributions has conéiderably
increaged. The truncated binemial distribution was
considered by Fisher /18_7, Haldane ( /207, L 217),
Finney /717 7, Wilkinson /755_7. Finney / 17_7 has shown
how to estimate the parameter of this distribution by an
iterative process which requires speeia; tables. He
mentions several practical problems in which aﬁtruhoated
binomial distribution n;igh't be met. Rider / 36_7 has
obtained simp;ified estimaters of the parameter of the

truncated binomial distribution, using the method of

/



moments, but no comparison was made by him with the
maximum likelihood estimator. In Chaﬁter 6, the
asymptotic variance of the method of moments estimater of
the parameter of the truneated binomial distribution is
obtained and comparison of the asymptotic efficiency of
the moment estimator of the parameter of the zero-truncated
binomial distribution has been made with that ef the
maximum 1ikelihood estimator. Comparison has been also
made with the ratio estimator (Patil /[ 30_7) of the
parameter of the zerq—tfuncateé binomial distribution.
Purther, in Chapter 6, the parameter of the doubly
truncaﬁed binomial distribution has been estimated by the
method ;f moments and comparison of its asymptotic
efficiency has been made with tﬁat of the maximum likeli-
hood estimator. Chapter 6 is Based on the papers

published by the author (Zf41_7, [f49;7).

~

The zero-truncated negative bimomial distributien
has been considered by Sampford /[ 39_7, Brass /[ 9_7,
David and Johmson /~15 7, Rider /[ 36_7 and Khatri /24 7.
The maximum likelihood estimators of the parameters of
the truncated negative binomial distribution are
complicated to caleulate. And so attempts (Rider / 36_/,
Brass / 9_7, Khatri / 24_7) have been made to obtain
simplified estimators. The three-moments estimators of
the parameters of the zero-truncated negative binomial

distribution were obtained by Rider / 36_/, but no
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comparison was made with maximum likelihood estimators.

In Chapter 7, the three-moments estimators of the
parameters of the truncated negative binomial distribution
in which k elasses from the iower end of the distribution
are.truncated, are derived and their asymptotic variances
and covariance are oﬁtained. Purther the asymptotic
efficiency of the three-moments estimators has been
studied in the case of the zero-truncated negative binomial

distributien.

In Chapter 8, a newlkind of the distribution i.e.
the displaced negative binomial distribution has'been
studied. This distribution has been defined on the lines
of the displaced Poisson distribution given by Staff [ 51 7.
The parameters of thié distribution have been estimated bj
(1) maximum likelikood method, (ii) using.éero~cell
frequency and the first three sémple moments and (iii)

~

using the first four sample moments.

The estimators of the parameters of the singly
truncated normal distribution have been obtained by Cohen*
13 7 in terms of the first three sample moments, which
are easy to compute as against the maximum likelihood
estimators whiech are not easily computed. In Chapter 9,
the estimators of the parameters of the dpubly“truncated
normal distribution are obtained in terms of the first

four sample moments. Chapter 9 is based on the paper



11

published by the author and M.C. Jaiswal, Gujarat
University, Ahmedabad, /[ 50_7.

PART ITI

Part ITIT contains Chapter 10. This chapter deals
with the problem of finding a better estimator of ‘ché
parameter of a population from double samples when some
guessed estimate gf the parameter ié available. It
generalizes the work of Katti /22 /. Chapter 10 is based
on the paper published by the author / 46_7.

At the end, there is a complete bibliography of the

papers consulted in preparing this thesis.

The results given in this thesis are, to the best’
of author's knowledge, new and are not submitted to anyi
university for any degree or diploma. The author feéls

that the results of this thesis contributes substantially

to the existing knowledge of the Designs and Inference.

The following are, in short, the new results

established in this thesis and to which c¢laim is made.

(1) An upper bound for the number of disjoint

" " blocks in (i) semi-regular group divisible
designs, (ii) eertain two associates PBIB
designs having triangular asseciation

scheme, (iii) certain two associates PBIB



(2)

(3)

(4)

(5)

(6)

PO

(7)

(8)

(9)

12

designs having a 52 association scheme and
{iv) certain three associates PBIB designs

having rectangular association scheme.

Bounds for the number of common treatments
between any two blocks of the four classes of

designs considered in (1).

~

Conditions under which no two bloecks of the
four classes of designs considered in (1)

e ™y

are the same set.

The necessary and sufficient cemdition in

order that any two blocks of an equi-replicate

incomplete block design will have the same

number of treatments in common.

Bounds for the number of disjoint blecks in

an equi-replicate -incomplete block design.

Asymptotic variances of the method of moments
estimators of the parameters of the truncated

binomial and negative binomial distributions.

- The moments estimator of the parameter of a

doubly truncated binomial distribution.
The displaeed negative binomial distribution.

Estimation of the parameters of the doubly
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trunecated normal distribution frem first four

sample moments.

(10) Preliminary test estimator of the parameter of
the population when some guessed estimate of

the valué of the parameter is available.



