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SUMMARY. In the pmonoe of block effects tho esti of the
are cbtained by imposing an linear restriotion on the block parameters. Orthogonal

bleoking is also posaible under tho reatriction £ nyy e = 0 and snitably chosen blocking conditions.

1. INTRODUOTION
Scheffe (1068, 1963) and Murty and Das (1968) evolved a number of
designs for mixture experiments. Box and Hunter (1957) stated that block-
ing is & desirable property of any response design, as it is an important tool

for obtaining i d precisi Murty (1966) reached the conclusion
which was, however, based on emperical reasoning that a,c!.\ml blocking is
not possible in the gy tric simplex designs without repli g the design

itself. Nigam (1970) derived condlhons for estimating the pammeters of &
quadratic model in presence of block effects. Saxena and Nigam (1976)
constructed designs satisfying these conditions. Later Nigam (1076) found
that under these blocking conditions the design matrix is asingular, and
suggested corrections to the blooking conditions. But the new conditions of
Nigam (1976) as well do not remove the singularity of the design matrix.
The design matrix still remains aingular and estimates of parameters under
these conditions are not unique.

The estimation of the parameters by adjusting for block effects is possible,
only with suitable assumption on the block parameters. It has been shown
in Section 6 that under blocking conditions of Nigam (1970), orthogonal
blocking can be achieved, provided the restriction of the form

Z gy =0
v

is imposed on the block parameters.
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2. QUADBATIO MODEL IN PRESENOE OF BLOOK EFFECTS

Let » design pointa be arranged in ¢ blooks such that the w-th blook
contains 7y (w=1,...,¢) points and T n,, = n. Let y, denote the effect

of the tw-th block. A quadratic model in k variables in presence of blook
offects can be written as

3

Yu= Z izt T BiguZiut B Yutuuteu, (1)
=1 i<y w

where

i) Eles) =0,
(i) Eleuey) =0, if utu
= o, if u=1u
(iil) Zypu =1, if u-th point lies in the w-th blook
= 0, otherwise.
3, NORMAL EQUATIONS UNDEE THE SYMMETRY OONDITIORS
AND BLOCKING CONDITIONS

We assume that the design satisfies the symmetry conditions of Murty
and Daas (1968), viz.,

T, =4,

“ [ 1
2 #utu = B, |
u

I by = C,

u

= zupten = D,
“ . @
z z’(lux’u = E-

u

PETR IS A
u

snd

L g zprretiu = 6,
u

where 4,B,C, D, E,F and @ are constants

¥=12.,n

for all $3£5 % k51, and
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We further assurme the blocking conditions of Nigam (1978) viz,,
Mg
¥ z;y = K. (constant)
Hm-l

and @
LIl
T it = Ky (constant),
u~t

for all w=1,2,....0 and

Pjij=10 0k

The normal equations following from model (1) for a design satisfying the
above conditions are ns below :

(A=BBu+BEAAC--D) % Bk D £ Bt S Kune

o

= i‘; ( }leu,y,,) . v (8}

wol V-

for A=1,2..4

(C—DB,+B)+D T B-(E -2F+00Bp, +(P—0) T B+ T B,
i R

op

N I
+0 2 Byt T Kurvo= (I mimyuyn ) . (8)
iy w =l \ u=})
for y, 0 =12 ...,k and X and
~ "w
Ryw £ BitKue S Bybmubo = B yu = Bulsay), w= 1,2, .., 0
i i<y u—l

(8
Tt can bo easily shown that undor the modified blocking conditions of Nigam
a8 given in (3), the design matrix is still singular,
4. ESTIMATION OF PARAMETENS

In order to obtain a unique solution of tho normal equations some restric-
tion on the block paramotera is cssentinl.  “The implieation of thia

P

is that tho block offects. v, % and the regression parameters of the type fi's
can not be estimated uniquély, but theic comtrasts can be ostimated. The
set of equations which provide the optimum combination of Bhe wmixture
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variables involves only the contrasts of #'s. ‘Thus the estimation of optimpmy
combination of components does not suffer from the lack of uniqueness
of the estimates of regression parameters. It is. howover, of interest to find
that the estimate of y bhased on the prediction equation

#e= L Bo _):‘ﬂuéb'll';
i<

Jepends upon the

ption on the block purametors. and shonld be taken
ax an cstimate of y for the circumstances under which- the assumption is
appropriate. Yor example, if it is desired to have an estimate under condi-

tion of experiment represented by uverage block offoct, the reasonable
assumption is

S tpYw = 0
w

and, if the estimato is required for experimental conditions of the w-th bloek,
the assumption shounld bo

Yo = 0.

In this section we shall obtain cstimates of regression parameters by
adjusting for block effects under the symmetry conditions (2), blocking
conditions (3) and the assumption

S oY = 0. e (M)
w

If the cstimates of thu regression parameters aro required under some-
other assumptions, say

Xty = 9, e (8
”w

suitable adjustment. to the cstimates ohtained in this section, may be applied.
Such adjustments are discussed in Section 5. Using relutions (6) and (7),
cquations (4) and (3) can be written as

(A=BB+BEB(C-D) X By D N B,
i RY i<y

o ..
=Y | X MA.,_I[,,,) = X gy lord = 1.2, ...k [}
el U=l )



474

and

where
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(0" =D BrtB)+D" T Bt (B'—2F"+ 6B,
HE=0) (B Bt B4 E fu

[ .
=X ( z ”n@‘nu.'lu)
=11 yml

= ( 'Z zAuznuﬂu)‘
uet

w k]
gz (K
vy (5).
. J:¢]
rer )
K},
oy ()
( E z,\uz,.,y,)'= ui_‘:mz,uyu— E %’ N
"w
Zyu=2B,
u=1

(10)

The normal equations (9) and (10) are of the same form as those of Murty
and Daa (1968) exoept for some adjustment in the coefficients in the equations
obtained by differentiating with respect to fi;. The estimates of the para-
meters can bo obtained by following the procedure of Murty and Das. The
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variances and covariances of the estimatos of the rogreesion parameters can
be obtained by collecting the coefficients of appropriate terms in the solution

of the esti It should, h , bo noticed that g will be the coefficient

. KB,
onym'Eo(-::T") .

5. ESTIMATES AND VARIANORS UNDER TRE GENERAL ASSUMPTIONS
For obtaining the estimates of the regression parameters under the
ption (8), the estimates of the type £, obtained in the previous section
will be subject to an adj and the estimates of the type f;; will remain
the same.

Let f; (i = 1,2, ..., k) be the estimates undor the assumption (8). Then
we can casily obtain that

. p BenVe . _ .
Bi=BTga, i=h2k . ()
where 3, ia the estimate of y,. under (7) and is obtained from (6). Further

%:%r%%r,w=szl . (12)

where ¥, is the estimate of y,, under (8).

From (11) it is also clear that tho estimates of the el y contrast
under the two assumptions are tho same and hence the estimate is unique.

From (11) and (12) it is also obvious that the sum of squares for error
and that for regression are the same for both the assumptions. This estab-
lishes the uni of the regression sum of aq and error sum of squares.

q

The variances and covariances of the regression estimates under (8) can
also be obtained by spplying some adjustments to the variances snd co-
variances of the regression estimates under (7).

As B, are uniquely estimated, their variances and covariances are also
unique. Variances and covariances of other estimates can easily be obtained
88 bolow :

V(B)) = V(B)+4, . (18)

cov(B;, B)) = cov(By, By)+A,, . (14)
827
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and
cov(B;, By = cov(Bu, Bu)+4, forjorl=dorj#l+i4 e (16)
where
5(fae )
1 E(a Inew) } E__’n‘Lr ot .. (16)
b= {5 Ear DT
K,
3 (2K
2| B_ Lt a? 17
Ry =2\ K i -
and
p= E'+2(k—2)r'+(’“ig‘__3) o
6. ORTHOGONAL BLOOKING
Under the symmetry conditions (2) and the following blacking conditions
K _ K, (constant), forall w=1,2,...,¢
Nw
and
{-t“-‘ = K, (constant), foralw=1,2,...,¢ .. (18)
w

and assumpﬁon (7), the normal equations become free from block effects and
the can be ostimated by ignoring the block effects.
In thm 86nse, n. may be regarded as an orthogonal blocking. The designs

satisfying the above conditions have been constructed by Nigam (1970) and
Saxens (1974).
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