ON LINEAR ESTIMATION AND
TESTING OF HYPOTHESIS

1. THE object of the present note is to con-
sider the most gencral problem in the theory
of linear estimaiion and get suitable generali-
sations of Markofl's theorem and to derive
suitable tests oi significance connected with
estimated functions.

2. There are nstochaslic variates Ty, T, ...
T.with the variance and covariance matrix
A~ ({a,)) such thal
E(T) =8 =ayntRiprt....+0nrn (2°1)
and m not necessarily less than n. Some of
the r's may be regression constanls in which
case their coeffcients will be functions of con-
comitant variates. We want a linear function
LIT) ~ b,y baTe+...... + ba ’I'. such that
E{LUT =0 =liry + by +.. ... + lmvm, 2 given
parametric function and V (L(T)) is minimum.
1f L(T) canbe found to possess such properties
then it is called the best estimate of 6.

3. It bas been shown that the set of equa-
tions

Q.=L:A“u'=‘72 LiAZ L/ n=ht (3.1
(i=1, 2,.. m), where L; and y are lge raw
malrices (a,, @y, -. ay) and (T, Ty, -..T.)
and lhe dash represents their trapspose
oblained by mimimising

L=XXM (Ti—0) (T,—8), (3:2)

where A" are the elements of A~%, are such that
Qi is the best estimate of h, and the best
estimate of # is given by ¥ ¢; Q, wherec¢’s are
such that ¢ =X ¢hy. If the rank of the matrix
of the equations (3.1) is less than m, then ail
parametric {functions are not estimable

4, The setof equations (3.1) possesges the
following properties.

{i) Variance of Q; is the coefficient of r
in the ith equation;

(if) Covariance of Q and Q, is the co-
efficient of r, in the ith equation ;

(il) 1t £ ¢t Qu=0, then the parametric
function X ¢(ry is not estimable ;

(w) It 2a,Qiand Sb(Q,are Lhe estimates
of ¥ lircand X my v, then their varian-
ces and covariances are given by

(Z al = bl
Zaeam I bm )

{v) The number of estimable parametrie
functions is equal to the number of
functionally independent Q’s.

(vi) Anintrinsic property is that all the
abovc five praperties hold gnod even
with a subset of the equations obtain-
ed by eliminating one or more r's.

(vii) The best estimate of any estimable
parametric function X lr is unique
and is obtained by subs(iluling any
pariicular solution for r’s obtained by
solving the equations (3:1) or any set
of equations derived from it; and so
also the expressions tor the variances
and cavariances,

5. [l we want totest the hypothesis Z1lvr = ¢
then we conatruct the statistic
TeQ—¢

v Sl

where ¥ cQ is the estimate of X lr and vefer
the normal tables {or tests of significance. If
we want to test lhe composite hypothesis
B =~Llyr,=4,1=1,2,.. k we takea linear
compound of these k relalions

Ea (Qi— 0
with the corresponding estimate
B A (Bey @ — &) =2 AP

W=
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and variance X X A¢a, V,; where Vi = cav (P,P))
and construct the above statistic
Vo SMP
VEE A N V“
We choose the compounding cocficients such

that V?is maximun. This leads to the deter-
mincntal equation

1P P;—VEV,l=0.

The distribution of Vi on the non-null
hypothesis is obtained as

v ¥=
Const-e 2 (V¥) ® [, (V$)d Ve
2

on the assumption that the y's form a multi-
variate normal system. The pecessary statis-
lics, when the variances and co-variances are
not known are obtained by studenlising the
above statistics. Some of the important dis-
tributions will be discussed in a paper to be
published in full clsewhere.
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